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MONDAY, 5™ OF OCTOBER, 2020

827 13°f regi str at i6panicipafts CNM®S
1307 147 lunch
15 15" OpeningMEETING (official speakers)

PLENARY
Chairman: Karbivskyy V.

157 15°7 THERMAL TRANSPORT IN VAN DER WAALS CRYSTALS
MM'P2(S,Se)6 (M- Cu, Ag; M' - In, Bi) WITH DIFFERENT DIPOLE
ORDERING
Liubachko V., Oleaga A., Salazar A., Glukhov K., Kohutych A.,
Pogodin A. Vysochanskii Yu.

15°716°71 coffeebreak

16°717° 1 PHOTORREFRACTIVE AND DIELECTRIC PARAMETERS OF
DOUBLE-DOPED SnP,S; CRYSTALS
M. Tsyhyka, S. Hasynet s, A. Mol nar ,
A. Grabar

17°°717°1 COMPUTER-INTEGRATED MODEL OF A sS ATOMIC CLUSTERS
CONDENSATION
lvanitsky V.P., Kovtunenko V.S., Ryaboschuk M.M.

17°°7118°1 LASER RECORDING OF NANOSIZED ELEMENTS ON THIN FILMS
OF CHALCOGENIDE GLASSY SEMICONDUCTORS
KryuchynA.A. , Petrov V.V., Rubish V.M., Kostyukevych S.O.

1891181 INNOVATIVE NANOMATERIALS AND DEVELOPMENTS AT THE
NATIONAL ACADEMY OF SCIENCES -USE AND OPPORTUNITIES
FOR COMMERCIALIZATION
Bespalov S.A., Malchevsky I. AJvarov V. N.

19°% 20°°71 dinner
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TUESDAY, 6'" OF OCTOBER, 2020

81 9%

PLENARY
Chairman:

900|- 940 i

SECTION
9% 107

10%°7 1077

10°%7 10°°7

SECTION
Chairman:

10%°7 122

122%7 12%%%

12*%7 13%%

13°7 14%°

SECTION
Chairman:

14%°71 1470

breakfast

Rubish V.

MODEL CALCULATIONS OF THE COMPLEX CRYSTALS
PHONON SPECTRUM DISPERSION
Nebola I.1.

OPTICALLY ACTIVE COATING BASED ON CHALCOHENID
GLASSES FOR MIDDLE IR RANGE PHOTODETECTORS
Kabatsii V.M.

GOLD NANOPARTICLES FOR BIOMEDICAL APPLICATION
Mukha lu., Vityuk N., Khodko A.,Severynovska O., Eremenko A.

coffeebreak

Nebola I.

ON THE GROWTH AND PROPERTIES OF PURE AND Ag-DOPED
ZnO NANOCOMPOSITES

levtushenko A, Karpyna V., Shtepliuk I., Ericksson J., Yakimova R.,
Khranovskyy V.

THE MORPHOLOGY, ELECTRONIC STRUCTURE, OPTICAL
PROPERTIES AND CYTOTOXICITY OF Ag -DOPED ZnO
NANOSTRUCTURES

levtushenko A, Khyzhun O., Karpyna V., Bykov O., Zahornyi M., Dzhagan

V., Yukhymchuk V., Valakh M., Zagorodnya S., Naumenko K.3, Zaremba P.

Khranovskyy V.

GLUCURONIC ACID -BASED HYDROGELS

DiIKV., Okovityk S. 1., Kondrat yuk N. V.
lunch

Barabash M.

EPR STUDY OF MAGNETIC NANOPARTICLES ENSEMBLES
PROMISING FOR BIOMEDICAL APPLICATIONS

Konchits A.A., Shanina B.D., Krasnovyd S.V., Shevchenko Yu.B.,
Petranovsodédka A. L., Ri eznichenko L.

S.
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14?71 14

14071 15%0

1527 15%

SECTION
Chairman:

15%% 15°0%

15°% 1607

16'% 16%07

16%% 187
19°% 20

CNM-6

BINDING OF CALIX[4]JARENE TO THE A -KNOB OF FIBRIN: IN
SILICO PROVES IN VITRO

Didkivkyi V.A. , Hrabovskyi O.O., Humenyuk A.S., Selikhova A.l.,
Banya M.O., Cherenok S.O., Chernyshenko V.O.

OBTAINING TECHNOLOGY OF HYBRID NANOMATERIALS

CARBON NANOTUBES - GRAPHENE NANOPARTICLES

Sementsov Yu.l, lvanenko K.O., Grebelna Yu.V., Kartel M.T.,
Karachevtseva L.A., Makhno S.M., Zhuravskyi SWang Bo, Yang Weiyou

coffeebreak

Ivanitsky V.

MANIFESTATION OF FERROELECTRIC PROPERTIES OF
ALUMINUM -SUBSTITUTED NANOSIZED LITHIUM -IRON SPINELS
Kaykan L.S., Sijo A.K., Mazurenko J.S., Ostapovych N.V.

INVESTIGATION OF THE MORPHOLOGY AND LUMINESCENCE
PROPERTIES OF MG-DOPED ZnO NANOSTRUCTURES GROWN
AT DIFFERENT SUBSTRATE TEMPERATURES

Myroniuk D. V., Karpyna V. A., Myroniuk L. A., Khranovskyy V. D.,
levtushenko A. I.

ULTRASONIC AND MAGNETIC -FIELD -ASSISTED

ARRANGEMENT OF NANOSIZED CRYSTALLITES OF COBALT -
CONTAINING LAYERED DOUBLE HYDROXIDES

Pashkevich Yu. G, Salak A. N., Vieira D. E. L., Lukienko I. M., Shapovalov
Yu. O., Fedorchenko A. V., Fertman E. L., Babkin R. Yu., Shilin A. D.,
RubanikV.V., Rubanik V. V. Jr., Ferreira M. G. S., Vieira J. M.

POSTER SECTION (DISCUSSION)

dinner
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WEDNESDAY, 7" OF OCTOBER, 2020

8% 9%7 preakfast

PLENARY
Chairman:

9% 9%y

SECTION
Chairman:

97 100

1077 1074

107207

1071 11

SECTION
Chairman:

1197 11

11307 11%°%%

11%°7 129

1297 12%%

Rubish V.

THE SPECIAL TECHNOLOGIES OF SYNTHESIZING MATERIALS
WITH SPECIFIC PROPERTIES
Zhiguts Yu.Yu.

Zhiguts Yu.

NEW TECHNOLOGIES OF DIFFUSION SATURATION TITANIUM
OF STEEL SURFACE
Zhiguts Yu.Yu. Krajnjaj I.l., Karpovych V.A.

RESEARCH OF TECHNOLOGIES FOR PRODUCING FUNCTIONAL
COATINGS BY COMBINED METHODS OF SHS -ALLOYING
SURFACES OF STEEL BY METALS

Zhiguts Yu.Yu., Segeda Yu.\Kasynetsj S.O.

EQUIPMENT FOR PLASMA SPRAYING
Zhiguts Yu.Yu., Legeta Ya.PStrukov B.M.

coffeebreak

Zhiguts Yu.

INTEGRATED DIFFUSION SATURATION OF THERMITE STEEL
SURFACE BY POLYMERS
Zhiguts Yu.Yu.,Zub |.M.

PONDEROMOTIVE FORCES AS A REASON FOR DESTRUCTION
OF VIRUS INTERACTING WITH NANOPARTICLES
V. Lozovski,N. Rusinchukand V. Lysenko

JOINT ADSORPTION OF METHANE AND WATER ON
HYDROPHOBIC AND HYDROPHILIC SILICA ADSORBENTS
Turov V.V., Gun'ko V.M. Krupska T.V.

PHOTOCHEMICAL SYNTHESIS OF METAL -SEMICONDUCTOR
COMPOSITES BASED ON CRYSTALLINE GRAPHITIC CARBON
NITRIDE FOR PHOTOCATALYTIC HYDROGEN PRODUCTION
Shvalagin V.V.,Korzhak A.V., Kutsenko O.S., Kuchmiy S.Ya.
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12°°7 12°°7 SERS SUBSTRATES BASED ON LATERALLY ORDERED GOLD
NANOSTRUCTURES FOR DETECTING ORGANIC MOLECULES
Hreshchuk O.M., Yukhymchuk V.O., Dzhagan V.M., Indutnyi I.Z.,
Mi nbko V. I ., Lytvyn P. M., Danko V. A.

1% 14%°7 lunch

14°°7 14°°1 METALLIC REPLICA OF THE NANOSTRUCTURED TEMPLATE
SURFACE AS A TOOL FOR SMART TEXTILES
Barabash M.Yu., Suprun N.P., PozhileMesmiyan G.M.Martynchuk V.E.,
Kolesnichenko A.A., Rybov L.V., Litvin R.V.

14%°71 14*°7 FESEM STUDY OF SURFACE MORPHOLOGY OF ARRAYS OF
NOBLE METALS NANOPARTICLES
Makar L.I. , Mudry S., Rubish V.M., Shtablavyi I., Yasinko T.I.

147157 coffeebreak
157 18”7 POSTER SECTION (DISCUSSION)
19°% 20°°7 dinner
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THURSDAY, 8™ OF OCTOBER, 2020

8% 9%7 preakfast

PLENARY
Chairman:

90§ 9%

9™ 107

107%1 10°%%

SECTION
Chairman:

10°71 1199

1197 11%

1137 1199

1107 129

1297 12%%

12%§ 12%°%

Karbivskyy V.

FORMATION OF Ag AND Au NANOPARTICLES ARRAYS AND
SOME ASPECTS OF THEIR PRACTICAL USE

Rubish V.M.

ON THE LONGITUDINAL ELECTRO -SCALAR WAVE IN THE
NANOSTRUCTURES, WAVE GUIDES AND MAXWELL
ELECTRODYNAMICS

Simulik V.M., Zajac T.M.

coffeebreak

Simulik V.

MULTIPLE MECHANISMS OF HOLOGRAPHIC GARTING
RECORDING IN POLYMER NANOCOMPOSITES WITH GOLD
NANOPARTICLES

S. Kokenyesj l.Csarnovich, S.Molnar, A. Bonyar, D. Alkhalil, A.Burunkova

THE POLARIZABILITY OF METAL NANOISLANDS ON A
DIELECTRIC SUBSTRATE
Korotun A.V., Titov I.M., Rubish V.M.

INNOVATIVE NANOLAYER VACUUM ARC COATINGS FOR
SURFACE HARDENING OF PRODUCTS THAT OPERATE IN
DIFFICULT CONDITIONS

Stolbovoy V.A., Andreev A.A., Voevodin V.N., Serdiuk I.V.,
Dolomanov A.V.

THERMOMAGNETIC EFFECT IN NANOFILMS AND
CAPILLARIES
Shewhenko S.l.,Konstantinov A.M.

FORMATION OF THIN DRY DRAWN GRAPHITE FILMS AND
PROPERTIES OF PHOTOSENSITIVE GRAPHITE/n -InSe
JUNCTIONS

Savitskii P.I., Kovalyuk M.Z., Tovarnitskii M.VKovalyuk Z.D.

SAPATIALLY MODULATED PHASES IN ANTIFERRODISTORTIVE
MULTIFERROICS

Anna N. Morozovska, Eugene A. Eliseev, Deyang Chéadislav Shvetz
Christopher T. Nelson, and Sergei V. Kalinin

137 14%°7 lunch

11
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Chairman:

14%7 14%°7
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14971 1597

15207 15297

15971507

SECTION
Chairman:

1507 1659
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Zajac T.

OPTICAL CUBIC NONLINEARITY OF THIN FILMS OF
PALLADIUM OXIDE: VALUE, DYNAMICS AND NATURE
V. Liakhovetskyi, A. Brodin, V. Rudenko, M. Brodyn, V. Styopkin

MANIFESTATION OF FERROELECTRIC PROPERTIES OF
ALUMINUM -SUBSTITUTED NANOSIZED LITHIUM -IRON SPINELS
Kaykan L.S., Sijo A.K., Mazurenko J.SOstapovych N.V.

SYNTHESIS AND CHARACTERIZATIONS OF COLLOIDAL

Ag,ZnSnS, AND Cu,ZnSnS, NANOCRYSTAL THIN FILMS

DEPOSITED BY SPIN-COATING

Mazur N.V., Dzhagan V.M., Havrylyuk Ye.O., Valakh M.Ya., Kapush O.A.,
Hreshchuk O.M., Yukhymchuk V.O.

THE MECHANISMS AND DYNAMICS OF ANTIOXIDANT ACTION

OF NANOCERIA AND CERIA -BASED NANOPARTICLES

Vladyslav Seminkq Pavel Maksimchuk, Ganna Grygorova, Elena Okrushko,
Yuri Malyukin

coffeebreak

Ivanitsky V.

ELECTRICAL PROPERTIES OF MERCURY MODIFIED
AMORPHOUS SELENIUM

Kyrylenko V.K., Rubish V.M., Nykyruy L., Pisak R.P., Durkot M.O.,
Zapukhlyak Z.R., Fedelesh V., Uvarov V.N.

AMORPHOUS CHALCOGENIDES WITH PHASE -CHANGE EFFECT
Durkot M.O.,Kyrylenko V.K. , Kryuchyn A.A., PetrovV.V., Pop M.M.,
Rubish V.M., Yurkin .M.

POSTER SECTION (DISCUSSION)

dinner

12
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FRIDAY, 9™ OF OCTOBER, 2020

8%

9% breakfast

Satellite conference ACCELERATE

Invited lectures:

Chairman V. Rizak

900
930

10%

10*°

1 100

1 130

1270

12%°

Grand opening of the ACCELERATE Satellite Session

Vladimir Matolin, Salma Baghdadi, Natalia Popovych, Vitalii Bilanych, Oleksandr
Chobal, Vasyl Rizak
uvhe outpost CERIGERIC in Ukraine: Current State and Prospects

Mat a9 Orend8|, Slavom2r Gab8ni, Pavol F e
Gabri el Prist8g, Konrad Siemensemeyer, |
Magnetic phases in twedimensional geometrically frustrated ShastrySutherland

system TmB4

Vladimir Matolin, Natalia Tsudi, Natalia Popovych, Vasyl Rizak
Investigating the short range order of chalcogenide amorphous materials by
photoelectron spectroskopy

Leonid Dubrovinsky, Iryna Chobal, Anna Pakhomova, Oleksandr Chobal, Aleksandr
Kurnosov, Volodymyr Adamiv, Vasyl Rizak

Structural, mechanical and thermodynamic properties of lithium potassium
tetraborate crystals under high pressure: DFT calculations and synchrotron
radiation X -ray diffraction

M. Vorokhta, L. Piliai, I. Khalakhan, Dl o me | e k , P. Fitl M. Vr
Mat ol 2nov 8§,

V. Mat ol 2 n

Near ambient pressure XPS for in operando study of gas sensors

Bih.L., Guranich P.P., Mykaylo O.APisak R.P.Rizak I.M., Rubish V.M., Solomon
A.M., Tsiple M.

Structure and properties of chalcohalodenide glasses and composities on their
basis

Elouadi B., Barj M., Gasinets S.M., Guranich P.P., Makar L.I., Mykaylo O.A., Pop
M.M., Rizak I.M., Rubish V.M., Solomon A.M.
Nanocomposities with ferroelectric properties inAs(Ge)Sh-S(Se}l system

13%14° Dinner

Chairman V. Rubish

13
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14%° Latyshev V., Kozejova M., Vorobiov S., Shylenko O., You. H., Komanicky V.

Non-precious metal catalyst systems prepared by magnetron sputtering for
hydrogen evolution reaction

15°Kostyuk O.B., Ggowa G., Naidych B.P.,
Nykyruy L.I.
Analysis of the Growth and Crystal Structure for Pb0.9Cd0.1Te:Pb Thin Films

15%° Lofaj F., Shilenko O., Bilanych V.S., Bilanych B.V., Komanicky V., Feher A., Rizak
V.M.
Investigation of laser induced effects in ASSe glasses and films based on them by
nano- and microindentation methods

16”° Korposh S. O., Trikur I. 1., Sichka M.Y., ®ma l. Y., Rizak V. M.
Bacteriorhodopsin as a biological material for optical recording, processing and
security information.

16%° zapukhlyak Z.R., Rubish V.M., Wisz G., Yavorskyi R.S., Nykyruy L.1.
SCAPS simulation of ZnO/CdS/CdTe/CuO heterostructure fophotovoltaic
application

17°° Csach K., Bilanych V.S., Jurikova A., Miskuf J., Bilanych V.V., Rizak V.M.
Studies of AsSe glasses and films based on them by differential scanning
calorimetry

17 Popovych N., Gagova Z., Rizak V. M.
Application of the photoelectron spectroscopy to study the organic materials
properties: adenine molecules and amyloid fibers

18 Discussion of invited lectures and closing ceremony of the ACCELERATE
Satellite Session

18%° Closing MEETING

14
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POSTERS

EFFECT OF Se-CONTENT DOPING ON EL ECTRONIC, DYNAMICAL AND
MECHANICAL PROPERTIE S OF TlInS; LAYERED CRYSTAL

T.BABUKA, O.0. GOMONNAI, K.E. GLUKHOV, L.YU. KHARKHALIS, A.V. GOMONNAI,
D.R.T.ZAHN, M. MAKOWSKA-JANUSIK

DEVELOPMENT OF HIGH -EFFICIENT SOLAR CELL S WITH PYRAZOLINE
LUMINOPHOR COATING L AYER

|E.V. BELIAK , D.YU. MANKO

MIXING AND SELF -ORGANIZATION OF THE STRUCTURE OF MATERIA LS UNDER
SEVERE PLASTIC DEFORMATION

BEYGELZIMER Y., KULAGIN R.,DAVYDENKO O.,DMITRENKO V.

ELECTROCHEMICAL SYNT HESIS OF NANOCRYSTALLINE M o-RICH
SUPERALLOYS

BERSIROVA O.L., KUBLANOVSKY V. S.

INDENTATION SIZE EFF ECTS AND MECHANICAL PROPERTIE S OF SUPERIONIC
MIXED CRYSTALS WITH ISOVALENT CATION SUB STITUTION

BILANYCH V.S, SKUBENYCH K.V., BABILYA M.Il., POGODINA.I., STUDENYAK I.P.
ELECTRONIC STRUCTURE OF Na,GeSe; CRYSTALS
BLETSKAN D.I., VAKULCHAK V.V., STUDENYAK I|.P.

THIN FILMS OF SAMARI UM VANADATE NANOPARTICLES FOR EN HANCED
LIGHT HARVESTING OF NEAR UV AND VISIBLE LIGHT

CHukovA O.V., DorRoOFEEVAA.l., NEDILKO S.A., NEDILKO S.G.,VOITENKO T.A.,
Paszkowicz W., RAHIMI MOSAFERH.S.,MANOUSAKI M., SAVWA K., STRATAKIS E.I.

PROXIMITY -INDUCED TRIPLET SUPE RCONDUCTIVITY IN
BiszzC&zCU306+x:L a3 1,13MNO3 NANOCOMPOSITES

DMITRENKO V.Y U., KRIVORUCHKOV.N., TARENKOV V.Y U.

SURFACE MORPHOLOGY A ND OPTICAL CHARACTERIST ICS OF ARRAYS OF
RANDOMLY DISTRIBUTED GOLD NANOPARTICLES

DURKOT M.O., KYRYLENKO V.K., TARNAJA.A., VLAYKOV G.G., KREMENITSKY V.V,
NOVICHENKO V.M.

DIELECTRIC PROPERTIE S OF Cs,AQ,P,Ses CRYSTALS
MOLNAR A., GAL D., BAN H., HAYSAK A.

THERMOKINETICS OF FO RMATION AND OXIDATIO N OF CARBON NANOFORMS
GARBUZ V.V., SILINSKA T.A., KUzZMENKO L.M., PETROVAV .A.

FIRST PRINCIPLES STUDY OF FERROELECTRIC AND ANTIFERROMAGNETI C
STATES IN MIXED M1M2 P,;S(Se)s CRYSTALS

GLUKHOV K.E., BAaBUKA T.YA., KHARKHALIS L.YU., VYSOCHANSKII YU.M.

15
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DETERMINATION OF TOX ICITY OF HYBRID NANO COMPLEXES COMPRISING
NANOPARTICLES OF GAD OLINIUM ORTHOVANADAT E AND CHOLESTEROL

GOLTSEV A.M.,IMALYUKIN YU.V., BONDAROVYCHM.O., BABENKO N.M., GAYEVSKA YU.O.,
DuBRAVA T.G.,VoLKOVA N.O.,KLocHkoV V.K., OSTANKOVA L.V.

INVESTIGATION OF RAD IOPROTECTIVE ACTIVIT Y OF CERIUM OXIDE CE O2.x
AND ORTHOVANADATE G do¢Eug1VO4 NANOPARTICLES IN VIVO

GRYGOROVA G.V.,KLocHKoV V.K., YEFIMOVA S.L.

EFFECT OF INCREASING THE THERMAL CONDUCTI VITY OF SOME MOLECUL AR
CRYSTALS

YU.V. HORBATENKO , O.0.ROMANTSOVA, A.l. KRIVCHIKOV, O.A. KOROLYUK
DIELECTRIC PROPERTIE S CHANGESIN AGED GLASSY SELENIUM
HORVAT A.A., MIKLA V.V., MINKOVICH V.V., MOLNAR A.A., SOLOMONA.] . RUBISHV.M.

SYNTHESIS AND CRYSTAL STRUCTURE OF NEW MIXED ORTHOVANADATES
ProsRosVO4 (R =Sm, Gd, Dy, Er, Yb)

HREB V.M., TuPYSA.M., VASYLECHKO L.O.

ORTHOVANADATE G dYVO4Eu®* NANOPARTICLES WITH S WITCHABLE REDOX -
ACTIVITY

HuBENKO K. O., YEFIMOVA S. L., MAKSIMCHUK P. O.,KAvok N. S., KLocHkoVv V. K.,
MALYUKIN YU. V.

TEMPERATURE DEPENDEN CE OF SURFACE-DOPED TiO; EMISSION
O.F.IsAIEVA, V.I. DZHAGAN, V. SHYMANOVSKA, D.R.T. ZAHN, G.YU. RUDKO

THE DIELECTRIC FUNCT ION OF THE COMPOSITE WITH THE METAL -
GRAPHENE NANORODS

KARANDAS YA.V., KOROTUNA.V., TITOV .M.

MECHANISMS OF FORMAT ION AND PHYSICAL PRO PERTIES OF 2D-STRUCTURES
Al AND In

KARBIVSKA L.I., SMOLYAK S.S. KARBIVSKYY V.L., ROMANSKY A.A.

TECHNOLOGICAL APPROA CH TO ZnO NANOSTRUCTURES GROWTH FROM
METALORGANIC COMPOUN DS FORPHOTOCATALYTIC APPLICATIONS

KARPYNAV .¢ ., MYRONIUK L.A., MYRONIUK D.V., BYKOV O.l.,ZAHORNYI M.M.,
|[EVTUSHENKOA.I.

TOPOLOGY OF BAND STRUCTURE AND SPATIAL D ISTRIBUTION OF ELECT RON
DENSITY IN SEMICONDU CTORS OFIn-Se SYSTEM

KHARKHALIS L.Y U., LIAKH M.V., GLUKHOV K.E., BABUKA T.YA.

AB INITIO INVESTIGATION OF STR UCTURAL AND ELECTRON IC PROPERTIES OF
THE INSE DILUTED MAG NETIC MATERIALS

KHARKHALIS L.YU., GLUuKHOV K.E., BABUKA T.YA., KOROLEVYCHO.O.

CNTS FORMATION BY PR ODUCTS OF METHANE Al R CONVERSION AT
MODERATE TEMRERATURE S

KHovAVvKO A., NEBESNIYA., SYYATENKO A., FILONENKO D., KoTovV., BONDARENKO B.,
NIE G.

16
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STRUCTURE AND MECHAN ICAL PROPERTIES OF VACUUM ARC V-O-N
COATINGS
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THERMAL TRANSPORT IN VAN DER WAALS CRYSTALS MM'P  ,(S,Se)
(M - Cu, Ag; M' - In, Bi) WITH DIFFERENT DIPOLE ORDERING

Liubachko V?, Oleaga A, Salazar A, Glukhov K!, Kohutych A?,
Pogodin A!, Vysochanskii Yu?

Ynstitute for Solid State Physics and Chemistry, Uzhhorod University, Pidgirna Str. 46, 88000
Uzhhorod, Ukraine
Departamento de F2sica Aplicada |, Escuel a
Torres Quevedo 1, 48013 Bilbao, Spain

The big familyof metal thie and selenophosphates compounds is attracting huge interest
from the scientific community as multifunctional van der Waals layered materials, searching for the
development of 2D materials with correlated magnetic, structural and ferro@egptoperties. In
particul ar, | ayered crystals of hexachaXscogen
( M, - Mé&al cations, X S, Se) are promising candidates as they are semiconductors with an
intermediate bandgap suitable for new electromipplications, while they also exhibit
(anti)ferroelectric, (anti)ferromagnetic and piezoelectric properties. The knowledge of their thermal
properties, alongside with the ferroelectric ones, is necessary for their applications in technological
devices, ieluding the possibility of finding compositions with exceptionally low thermal
conductivity.

We present a complete study of the compounds withQvu , A gln, Bidrad X- S, Se
in the form of AgBIRB(S,Se} and CuBiBSe monocrystals. Due to their layst character, the
anisotropic thermal properties (thermal diffusivity and thermal conductivity) were evaluated in two
directions: one contained in the layers and another one perpendicular to them. Thermal diffusivity
was measured with a higlsolution tebnique, paying special attention to the presence or absence
of any kind of dipole ordering which should be appreciated as some kind of singularity on the
thermal diffusivity curves as a function of temperature; heat capacity was calculated from first
principles theories and, combining both physical properties, thermal conductivity have been
extracted [1, 2].

A complete explanation of the thermal properties as ions are substituted has been developed,
showing the role played by disorder, electronic levelgibigation, ion coordination, or size on the
second order Jakfeller effect. The evolution of the thermal diffusivity and the thermal
conductivity with temperature has shown, on the one hand, strong thermal anisotropies and, on the
other hand, that heat effectively transferred by phonons, with some of the compounds (especially
those with Bi) presenting very low values due to the enhancement of phonon scattering events,
expressing a strong anharmonic behavior, which is justified in detail on the basisrattions
among optical and acoustic phonon branches as well as the presence of electron lone pairs. This
study opens the possibility of designing new materials for applications where a low thermal
conductivity is essential.

1. V. Liubachko,A. OleagaA. SalazarA. Kohutych,K. Glukhov,A. Pogodin,Yu. Vysochanskii.
Thermal diffusivity and thermal conductivity in layered ferrielectric materials
MYM*PyS,Sey (Mt = C\g; M3 = BI) MPhaseTransitions2019,i V. 92,7 P. 494- 499.

2. V. Liubachko,A. Oleaga, A. Salazar, A. Kohutych, K. Glukhov, A. Pogodin, Yu. Vysochanskii.
Cation role in the thermal properties of layered materididWI'P,(S,Se} (M** = Cu, Ag; M** =
In, Bi) // Phys. Rev. Materials 2010V. 3,7 P. 10441511 1044159.
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PHOTORREFRACTIVE AND DIELECTRIC PARAMETERS OF DOUBLE -
DOPED SnP,S; CRYSTALS

M. Tsyhyka, S. Hasynets, A. Molnar, R. Pavlyshyn,
s . Glukhov,¢ . s ohutych,A. Grabar

Uzhhorod National University, Institute for Solid State Physics and Chemistry,
Pidhirna 46, Uzhhorod 88000, Ukraine
al_grabar@hotmail.com

The report presents the results of studies of optical, dielectric and photorefractive
characteristics of SR,S; crystals doped with various metals, as well as doped simultaneously with
pairs ofelements (Sb + Cu, Sb + Ag, Te + Cu, Te + Ag), in the amount of 1 mol.% of each element.
The purpose of this modification is to find the optimal combinations to improve the photorefractive
(PR) characteristics, i.e. increase the coefficient ofwawe mking and accelerate the rate of the
PR lattice formation. The spectral dependences of the optical absorption coefficient in the region of
transparency, dielectric spectra, as well as the dependence of theawoe | nt er act i on
at different peods of the photorefractive lattice and the intensities ofNlddaser radiation (633
nm) were measured in all grown samples. It was found that a significant improvement of these
parameters is observed only in samples doped with 1% copper and 1% antimony.

By approximating the dependences of the coefficieah the period of the PR grating, the
model parameters were obtained, namely, the elegitioal coefficient and the concentration of
photoactive centers. From a comparison of the PR parameters ahtpkes with double doping of
Cu and Sb, and the crystals doped only with Sb, it follows that copper atoms partially compensate
the vacancy defects that are present in sidglged crystals. This assumption correlates with the
results of theab initio calcuations of electron spectra 8inbP.Ss with embedded Sb and Cu atoms,
which indicate that defect energy states of these two impurity atoms are forming a common
impurity level. It is also shown that a significant advantage of such ddopled samples is ¢h
higher temporal stability of the gajn in comparison with th8n,P,Ss: Sb andSnpP,Sg: Te crystals.
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COMPUTER-INTEGRATED MODEL OF AS -S ATOMIC CLUSTERS
CONDENSATION

lvanitsky V.P., Kovtunenko V.S, Ryaboschuk M.M.

'National University of Uzhhorod, Engineering department, Universytetska $treet
88000, Uzhhorod, Ukraine
’Cherkasy State University of Technology, Shevchenko Blvd 460, 18006, Cherkasy, Ukraine

For modeling with the use of firgrinciple quantunmmechanical methods of condensation
processes of fourand fiveatomic As$Sy clusters, it is sufficient to take a flat monolayer of the
graphite structure with 12 carbon atoms the free valences of which are saturated with hydrogen as
the smallest fragmentfadhe carbon substrate. Theoretically, there have been investigated the
condensation processes of 12 different clusters which are more stable in vapor phase and have
different dimensional structure: chain, polygon, branched structuréiefa a r 0 atial ahppe , s p
ofafr oof 6 type and closed polyhedron. For all
energies of their adsorption on the carbon substrate have been determined. For this, there has beer
used the value of full energy of the atomicteys, consisting of a monolayer, substrate and the
appropriate AsSy, cluster optimally placed above itentre.

The analysis of modeling results shows that the adsorption on the carbon substrate of most
As\Sy, clusters occurs due to the break of one or ofvdheir chemical bonds followed by their
transformation into the chain shape, which is covalently bonded with the substrate by its end atoms.
Thus, the saturating hydrogen atoms of the substrate didn't form strong chemical bonds with atoms
of clusters ad had a little effect on energy and geometric parameters of their adsorption. Separate
clusters with pentagon and polygon shapes are highly probable to be also adsorbed on the substrate
without changes in their spatial shape due to Van der Waals foreeas{fonolecules this is the
main adsorption mechanism). In all cases the area (8 A&tusters during adsorption is positioned
in parallel to the substrate surface.

The system achieves a deeper energy minimum if during adsorption not only the structure
transformation of AsSy clusters occurs, but also the atomic structure of the carbon substrate
changes, to a certain extent, especially on the edges and in the vicinity of those carbon atoms which
are covalently bonded with the cluster. The most importdnthem are the change in their
hybridization type from spto sp by such atoms and their elevation above the surface of the
graphite monolayer. Also, such changes have been substantially more significant if the covalent
bonding of the cluster had occed with the participation of more independent edge carbon atoms.

In most cases the value of adsorption energy @BAslusters on the carbon substrate can
be approximately calculated based on the difference in energy levels of chemical bonds of the
systen before and after adsorption. However, such values are approximately~20 % higher than the
values calculated with the use of the quantaechanical method DFT. Such differences are
namely due to the forces of the mechanical tensions inside the system.
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LASER RECORDING OF NANOSIZED ELEMENTS ON THIN FILMS OF
CHALCOGENIDE GLASSY SEMICONDUCTORS

KryuchynA .A.', PetrovV.V.!, RubishV.M.}, KostyukevychS.O.?

Ynstitute for Information Recording, NAS of Ukraine 2, Shpak str., 03113 Kyiv, Ukraine
2V. Lashkaryov Institute of Semiconductor Physics, NAS of UkraimeakhectNauky, 03028
Kyiv, Ukraine

At all stages of the creation of optical recording systems, thin films of chalcogenide vitreous
semiconductorsGhVS) were widely used and continue lbe used, which allowed the registration
of elements with dimensions that were determined mainly by the resolution of the focusing systems
of the exposing radiation. Inorganic resists based on chalcogenide glassy semiconductors have a
high resolution dueotthe small size of the main structural units and strong covalent bonds, which
can be used in optical lithography [1, 2]. Laser recording was perform€t\6&films of different
compositions, which were determined mainly by their field of applicatiomast possible to record
elements of the order @/ 2 on thinChVSfilms. Thin films of chalcogenide glass systems have
been successfully used for recordingaster discsCDs in formats CD and DVD [1]. The
nonlinearity of the exposure characteristic asdediavith local heating of the material in the
recording area and the generation of a large number of eldaitenpairs contributes to the
creation of micreand nanerelief structures by focused laser radiation on the films of chalcogenide
glassy semicasuctors[1]. The maximum reduction in the diameter of the recortiedmarksvas
obtained by the authors of the study, who reported experimental results in the formatien of
marks with a diameter of about 100 ~ 150 nm on thin films of chalcogenide alidy a
semiconductor laser with a wavelength @ = 650 nm and a focusing lens with a numerical
aperture of 0.65 (NA ). Obtaining the sizestbé markssmaller than the diffraction limit (the
diameters of the labels are approximately 1/10 of the foclightl spot) is explained by the
nonlinear absorption of a thin film of radiation with a Gaussian intensity distrib{Bjonrhe
thermolithographic recording method was used to recordntheks Due to the fact that the
thermolithographic recording modg unstable, the formation of nanoscale relief structures on thin
films of chalcogenide glassy semiconductors by diffraelimited optical systems is problematic
the formation of nanoscale relief structures on thin films of chalcogenide glassy semioconbyct
diffraction-limited optical systems is problematic. For the formation of nanosized elements and
structures, it was proposed to use Hezld systems for focusing optical radiation or to change the
structure of the thufilm recording medium4].

To record nanoscale structures, it is proposed to use the technology of excitation of metal
nanoparticles and to expose photosensitive layers based on chalcogenide glassy semiconductors
with optical neaffield radiation. Nobel metal nanoparticles with sipésabout tens of hanometers
can have a significant impact on information recording processes in various types of optical and
magnetic media. The technology of using nanoparticles is one of the ways to overcome the
diffraction limit in the process of recard information and the formation of nanoscale structures
by diffractionlimited optical systemsNobel metal nanopatrticles placed in a certain way in the
recording medium can act as plasmonic antennas, concentrating the recording radiation in a region
much smaller in size determined by the resolution ability of diffraelimited optical systemsg].

The influence of nanoantennas in chalcogenide semiconductors on the formation of submicron
structures in them is being actively studied. Optical nanoanteareathe metallic nanostructures
which confine electromagnetic waves into sudwvelength volumes at resonant conditions.
Combining extremely large electromagnetic field enhancement in plasmonic resonant nanoantenna
with high optical nonlinearity of chalcegide glass leads to a leWweshold broadband light
generation scheme in swavelength chigscale structure§7]. The problem is in choosing the
placement of noble metal nanopatrticles in the structure of the photosensitive layer to implement the
recordirg of nanoscale structures.
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Increasing the resolution of recording media based on glassy chalcogenide semiconductors
can be achieved by selecting recording modes and compositions of glasses, in which the most
pronounced nonlinearity of the exposure chargties of the photosensitive material,and the
introduction into the structure of the recording media of nanopatrticles of nobel metals for excitation
of local plasmon resonance

1. PetrovV., Kryuchin A., KostyukevichS., RubishV. InorganicPhotolithographyKyiv: Institute
for Physics of Metals, NAS of Ukraine, 2007196 p.

2. Vicek M., Jain Himani. Nanostructuring of chalcogenide glasses using electron beam
lithography //Journal of Optoelectronics and Advanced Materials,.2008, No.6.T p. 2108
2111

3. Wei J., Jiao X. Superresolution nanopatterns and optical recording in chalcogenide phase
chang thin films by direct laser writing //Proc. SPIE 7125, Eighth International Symposium on
Optical Storage and 2008 International Workshop on Information Data Storage, 712505 (19
March 2009)https//doi.org/10.1117/12.825533

4. Kryuchyn A.A., Petrov V.V., Rubish V.M., Trunov M.L., Lytvyn P.M., KostyukevigtA.
Formation of Nanoscale Structures on Chalcogenide Films // Phys. Stat. Solidi B,i 2B17.
1700405 https://doi:10.1002/pssb.201700405

5 Trunov M. L., Lytvyn P. M., Nagy PBghMndyced@mssk A.
transport in amorphous chalcogenides: Toward surface plaassisted nanolithography and
nearfield nanoimaging /Phys.Stat Solidi (B) Basic Resear¢l2014 i V.251, No.7.7 P.1354
1362.https://doi.org/10.1002/pssb.201350296

6.06Connor D . ,ThezZhard @asnsonicArevdlution //Nature Nanotechnolo2@10. i
V.5, No.7.1 p. 482 483.d0i:10.1038/nnan0.2010.137.

7. Duman H. Design and fabrication of resonant nanoantennas on chalcogenide glasses for
nonlinear photonic application2013https://tezarsivi.com/desigandfabricationof-resonant
nanoantennasn-chalcogenidaylassedor-nonlinearphotoric-applications
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INNOVATIVE NANOMATERIALS AND DEVELOPMENTS AT THE
NATIONAL ACADEMY OF SCIENCES -USE AND OPPORTUNITIES FOR
COMMERCIALIZATION

S.A.BespaloV, I. A. Malchevsky, V. N. Uvarov*

'Presidium of NAS of Ukraine, 54, Volodymyrska st., 01R$i¥, Ukraine
°G.V. Kurdumov Institute of Metal Physics, NASU, 36, Academican Vernadsky Blvd., 036680, Kyiv,
Ukraine

The results of the works carried out at the National Academy of Sciences of Ukraine about
creation and investigation of the structure and ertgs, about the usage of solid surface and
multilayer nanostructures, carbon nanomaterials, nanoparticles, nanopowders and consolidated on
their basis materials, nanomaterials for medical and biological purposes, alloys in the

nanostructuredtate, nanaamposites materials are discussed.
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MODEL CALCULATIONS OF THE COMPLEX CRYSTALS PHONON
SPECTRUM DISPERSION

Nebola L.I.

Uzhhorod National University, Voloshin str., 54, 88000, Uzhhorod, Ukraine
e-mail: ivan.nebola@uzhnu.edu.ua

Numerical simulation ofthe dispersion dependences of singgeticle excitations in
complex crystalline compounds opens up the possibility of predicting the physical properties of new
materials, which is especially important in studying the lattice dynamics of partially destrder
objects with various disturbances in both structure and chemical composition.

Symmetric description taking into account additional "physical" parameters (colour, phase,
charge sign, spin, etc.) in the description of the crystal structure allowed t® &itbeory of colour
symmetry [1] and the concept of superspace symmetry [2]. Based on the generalized symmetry, it is
convenient and clear to describe the structure ugBwd)- dimensional models to describe

complex crystalline formationsunited by a single metric and the scale of the function of the
protocrystal carrier [3].The formation of (3+d)- dimensionalmetricsis basedon its higher

symmetryandis associatedvith additionalinternal”phasé d - dimensionakpacewhich makesit
possibleto describecomplexcrystalsandsystemsasnatural (sa® sa® sa) - superlattices

The compositional features of the realization of complex crystals and solid solution systems
by the mechanism of filling vaous atoms and vacancie$ translationally equivalent positions
given by the protocrystal basis, are covered by the concept of supraspace syhmibisycase,
various combinations of the protocrystal bases and real crystalline formation can be taken in
account together with all possible variants of the compositional filling of crystallographic positions;
the latter allows taking into account their partial fillingging a complete set of modulation vectors
allows to determine the amplitudes of massioiation functions and on their basis to generate a
generalized dynamic matrix of a real physical object and a matrix of mass perturbation. The first is
given in the form of a superposition of protocrystal dynamic matrices defined at different points of
the Brillouin zone (ZB) connected by modulation vectors. The second is described by the
amplitudes of mass modulation functions, which are modified by various filling of the positions of
crystallographic orbits [4, 5].

) LOf ot sdetso Odets iz o dfi & ‘sH W ts det dgdetd dsth) ' Mndz'] € St
mMfsdkzze¢d odL dzOyoOs Is+ mw , w ¢ tesLoOwWLCd d3OIsted ydats
o d L dzO ydzd 9nhe prgpoded approach, the dispersion curves of the crystalline compound
phonon spectrum are defined as solutionshef matrix equation under the condition that the
determinant of the form:

Dab(k"'qi)' Wzdaﬂj'WZr(i-j)daJ:Q (1)

is equal to zero,
whereD, (k+gq,)- dynamicmatricesof a monoatomicprotocrystaldefinedat ZB points

(k+q), Ty :ri(q,D*h*j) - the amplitudes of the mass modulation function given for the
modulation vector(qi - qj), k- wave vector g - modulation vectorsa, b i coordinatesx,y,z.

The solution of the matrix equation relatively g (k) allows to determine the phonon spectrum

dispersion dependences, and taking into account various variants of the compositional thlling
track their genesis [5].
Dynamic matrices ahe protocrystaD, [k + ¢ ) are determined from the ratio

D, {k+a)= & a, =2 {t- ) @

(n, 0)

28



@ CNM-6

2020

where a, - the force constant of atom interaction @ position andn- neighbouring atom
n,,n, - vector projectionsh on the axisa, b.

In the equidistant approximation, the force characteristic depends only on the distance
between the atoms and, then, the interaction of different atoms, which are in equidistant positions, is
the same. This allows to form a dynamic matrix in cuesgonalform. In the norequidistant

approximationa, - is determined both as the distance between the positions and as the difference

in physical characteristics of the objects that occupy them.
The values of the amplitudes of the mass charatiter r(q;) are obtained by solving a

system of equations relative to the amplitudes of the mass modulation furictipns ” :
m()=8 r(q) €™, 3)
j=1

where s- thenumberof possiblepositionsof atomsin the superlatticem(ry) - mass characteristics
in these positionsg; ian array of modulation vectors, the number of which coincides with the
number of positions in the superlattice.

The developed mathematical software allows calculations of dispersiwrs within the
Brillouin zone.

1. stsfyds 1. ¢ .- talzjfttftasiols j¢ A3 ISSH T o WdLd¢j tj Odz
YOLBern fjtjratsHtse [ ] .-dtekfdtsphyds/ &k stspstcjasd ¥
B3 ¥ HEdzOt6. Tfj i3d d2@R3D.Ow . -388.8

2. Janssen T. @the lattice dynamics of incommensurate crystal phases /T. Janssen// J.Phys.C:
Solid State Phys. 1979.1 V.12, No.24i P. 53815392.

3.14BtSdZO R . R. JddziLdm MmMlstezCIskzter d G8dgl LBOIsj &z
Mo jtrtcjh jlsCBs2 [/ R. RRODge8BAZO) . ¢ . sqdaHI@BIs/ /| A0
v. 35,14, T1866.2

4. 3+D Dimensional bases for the complex crystals lattice dynamics modeling / [I.I. Nebola, I.M.
Shkirta, A.F. Katanytsia, A.K.V. Dolynai] // The 19th Small triangle meetinghmoretical
physics.i Medzilaborce, 2017.p. 141148.

5. Model research of phonon spectra of argyrodites family / [I.I. Nebola, A.Ja. Shteyfan, V..
Sidey, A.F. Katanytsia, |.P. Studenyak, I.M. Shkyrta] // Semiconductor Physics, Quantum
Electronics & Optoactronicsi 2018.1 v . 2 17, p. 134128.
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THE SPECIAL TECHNOLOGIES OF SYNTHESIZING MATERIALS WITH
SPECIFIC PROPERTIES

Zhiguts Yu.Yu.

Uzhhorod National University, 46, Pidgirna Str., Uzhhorod, Ukraine, 88000

The lack of materials with required complex of physical, chemical, mechanical, technological
and auxiliary properties for the relevant functional purposes has raised an urgent problem of
synthesizing corresponding alloys and developing technologies ofpitoeluction. Synthesis of
materials with specific properties will allow not only the new areas of their application to be
opened, but also the new trends in further scientific research to be formulated. Combined methods
of material synthesis are based the use of the two types of reactions, namely, the metallothermic
ones and the seffropagating hightemperature synthesis (SHS). Combined processes versatility is
related to the possibility of synthesizing almost any cast material, i.e. ferrous alloy&rrous
metals and alloys, instrumental, higpeed and special steels, as well as materials being produced
earlier by the metal powder industry techniques only, i.e. hard alloys, carbide steel etc.

1. Subject relevance.The urgent industrial problem of wadays is not only creation of
new materials but also improvement of traditional material properties and advance development of
technologies of their production. Detailed studies of the problem allow us to state that this task
could be successfully solvdxy using specially synthesized alloys produced by combined processes
based on the combustion of exothermic powder mixtures.

The above technologies are based on the combined processes and allow the predetermined
structure to be synthesized with specifidtbya properties at cast formation with the use of
synthesized materials for the emergency repairs of products, part surface layer recovery and for the
use of the synthesized alloy for the cast saving in the exothermic cast additive technologies.

The syntlesis technologies developed in this work differ from traditional ones by a series of
obvious advantages: the lack of need in the powerful electric energy power supplies, the possibility
to use simple and cheap casting equipment, the high process pragyatioy synthesis time may
vary from 30 seconds to a couple of minutes), the possibility of using secondary productioh waste
graphite electrode grinding, aluminium or magnesium chips, iron cinder, blue powder, i.e. the dust
from the filters of the castg shops producing manganese alloys. All the aforementioned have
caused an urgent need in carrying out research described in this paper. The above technologies
could be successfully applied to save metal at the-Vofime and mass production factories
producing casts and instruments. Creating materials on the basis of tpeopaljating high
temperature synthesis (SHS) and combined (metallothermy + SHS) processes as well as studying
the influence of new technological methods of metal production on dke microstructure,
chemical composition and mechanical properties have gained large practical importance. Their use
in the existing casting technologies, e.g. in producing steel casts with thermite cast additives
increases considerable process efficiency.

2. Research goalThe main goal of the present research was to predict the structure and the
phase composition of the synthesized alloys, to elucidate the influence of combined technologies on
the material properties and to determine the most optimal afé¢he above alloys application. In
addition, this work is intended to study the synthesized materials, namely the thermite cast iron,
alloy steel, construction steel, stainless steel, rapid tool steel, hard alloys, carbide stisgtonen
alloys etc.

3. Theoretical part. Taking into account the necessity to predict the alloy structure, phase
composition and properties, the authors have developed the principles of the synthesized alloy
formation. The techniques based on the above principles allowed ttreewic burden adiabatic
combustion temperatures to be determined. The methods of geometric thermodynamics for the
structure optimization and prediction were modified as well.

30



@ CNM-6

2020

Method of recovering the exothermic mixture adiabatic combustion temperature ash
selecting reactions suitable for the alloy synthesig.o find the boundary conditions of the alloy
synthesis the authors have developed a method on the basis of adiabatic temperature dependence o
the molar composition of synthesized compounds. Thisvatiothe synthesis reactions to be
divided into two principal groups. The first of them includes those reactions, the adiabatic
temperature of which is higher than the temperature of separation of the synthesized alloy and slag.
These reactions are applitalfor the alloy formation. The second group of reactions occurring at
the ingredient interaction results in the formation of an alloy in a form of separate "grains" in the
slag or leads to the slag part reeparation from the alloy itself. These reactiane not acceptable
for further experimental use.

After determining the burden composition according to the stoichiometric coefficients and
after correcting them by the burden component fixation coefficients, it is recommended to calculate
the metallothermic reaction adiabatic combustion temperatfE 3]. In these calculations of the
burden adiabatic combustion temperature according to the methods developed, the aluminum
sublimation was not taken into account giving the error of findip@nd thereaction heat.
However, in spite notwithstandintpe mixture reaction temperatures must (heat sink being taken into
account) be sufficient to smelt the reaction components and prdgucts - ;¢4 ; Tre(Fes0q) =1810K 3

melFeO

Tme(Fe =1800K;  Trgy ) =830K 5 T, =232k ). That is, the principal criterion of the cast

el(AO3)
production is thatsp for all reactions must exceed the reaction product temperagureThe tp
value calculation, obviously, does not take into account the heat losses during combustion and the
completenes of reactants transformation into reaction products.

Taking into account the condition that all the heat is spent to heat the burden up, i.e. the
enthalpies of the initial and final products are equal, we find:

A (HEo)-1 ) =2 (1)

where up is the adiabatic combustion temperatusg;is the initial temperatureQ) is the
reaction heat anklis the number of reaction products.

In more complex equations, when more than three reaction psoshece produced;sowas
found in accordance with the following formula:

Uo=Q' aHi(Tner)- a L +aCig@pme , (2)

ag'1ic

whered andL; are the reaction product heat capacity and smelting heat, respecigeliye
liquid phase part in the combustion product;

eg=0atv o< U 1,
ig 0 < Unel (3)
[ 9=0atvg>U g

Obviously, due to the lack of the full data table on thedependence ors at high
temperatures [13], we exrapolated the values in accordance with the suggested conclusions:

o #) =7 0Abmol elbdeg) ,

wheredso( #) IS the product heat capacity at the smelting temperatuig;a number of
atons in the product molecule aibds the coefficient of transition from kkal to J.
For the linear dependence of the specific heat on the temperatuwe T T el

cr)=c’ + Cme ¥ (5 y7) (5)
Umel- U

where” is the experimental specific heat valuevat & is the maximal experimental
temperature at the ( wlétermination.

4. Experimental part. The experimental studies carried out by the authors were stimulated
by the necessity to confirm the developmentaafomplex of theoretical notions. This work was
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carried out to synthesize the differathss thermite steels and cast irons, alloyed steels, tool
materials (higkcarbon, higkspeed and highly alloyed steels), hard cast alloys and carbide steels,
ferrous(i.e. copper, aluminium etc.) alloys.

Taking into account the data of the studies we have developed and realized the production of
the different carbon steels as a result of the aluminothermic reduction of the iron cinder with
introduction of carbon andefrous alloys into the thermite. Based on the special alloys of
exothermic burdens, the thermal steels 20&5 G L , 30GSI4,0mMA2 Mm200M5 [ L ( wi
perlitef er ri te structure) and 20m5ulL, 40m9u 2L (wi
It hasbeen found that introduction of more than 20% dopants to the thermite mixture results in the
termite alloy and slag separation termination in the conditions of the laboratory thermite
microsmeltings at the burden mass below 300 g. In case of the exatibemtén mass from 0.3 to
5 kg, the dopant content in it could reach 25%, while for i&%® &g masses it is 30%.

High percentage content of impurities and ferrous alloys excessively "cools" the exothermic
reaction, and then the calculated burden composition for the high alloy steel does not ensure the
optimal combustion temperature of the exothermic mixture. Incdmse it is necessary to use the
other, different from the above one, direction of the alloy steel synthesis. It is related to the
synthesis of a preset alloy chemical composition not by adding a certain quantity of ferrous alloys
but by composing a speciaéxothermic burden comprising the alloying oxides (e.g.,

u 10,,CrO,, NiO, CuO,V,0, and others) and the iron cinder reduced by aluminium in the course of

the aluminothermic process. The technique of the relevant calculations and the synthesis technology
havelren devel oped to obtain the thermite high
steel on the basis of the Fe, Ni, Cr oxide to be synthesized [3]. Titanium was introduced into the
exothermic burden not in the form of Ti®ut asthe 30% ferrousitanium due to the low titanium
reducibility from its oxides using aluminium. The burden composition was as folloy®, 1

172%; Fe,O, T 50%; Nio T 6,6%; A T 26,2% [3]. Both carbn and titanium at their introduction

into the metallothermic burden move the synthesis reaction from the metallothermic class to the
combined one, i.e. to that involving the metallothermic reaction and the SHS reaction. The chemical
analysis of the syntls&zed metal samples has demonstrated poor chromium reducibility from its
oxides.

Continuing this work, we have carried out the experiments in the regs@mabinction
conditions with the use of the above burden compositions for the cast additions obyhetesls
[3]. The use of the graphite pot leads to a slight nihard strength increase. In general, the
microsmelting conditions establish such intense melt cooling regime that the influence of the
reactor lining stops dominating. All the casts made ofnthards had no external signs of shrink
holes and cast cutting and macroanalysing confirmed these conclusions. No chemical composition
liquation over the cast volume was found.

Synthesized thermite wegroof cast irons, i.e. nihards, relate to the chromnickel
martensitic cast irons, graphitizing probability of which at the alloy synthesis using the
aluminothermic method decreases significantly due to the large temperature gradient and high rates
of heat removal. The microstructural analysis has shbatin the thermite cast irons the cementite
content is not less than 50% that resultsinthe IAD@ 50 1V har dness.

Continuing this work, we succeeded to combine the metallothermic and the SHS processes to
obtain the tungstenobalt hard alloys according to the following reaction scheme:

AO- A+BO andA+C- AC,

where ¢, 1, 4 edreenenhse; syntilsesgihe oxi di zer (
reaction products (i .e. carbides, silicideos

The studies of the microstructure and the properties of the alloys produced allow the
following results to be presented, e.fpr thehigh-speeds t e e | i{ 1 83%5) grainsiaell o g U e
10, har dirts6 % p,=120 O 0 hdaPelistar@139 28 s .

Solution of the industrial problem related to the synthesis of the superheated copper bronze
al | oiytsp 404 G analogueC%b 4 0 0 satn[dASHBI5 G analogue LGRin the industrial
conditions has become a proof of the "combined" technology flexibility.
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Thus, we succeeded to prevent the excessive roasting of expensive components of the bronze
alloy exothermic burden and to rexu(by 60%) the bronze alloy mass for the casting addition.

Another promising direction of the use of developed exothermic burden compositions is the
development of the thermite smelting technology on the basis of simultaneous reduction of certain
compounls. This technology provides a possibility to produce the copper alloy cast in the
inaccessible areas, not specialized agricultural shops and even in the field conditions with no
classical casting equipment and electric energy power supplies.

As known, tle simplicity of the transition from the laboratory experiments to the industrial
production is a specific feature of technologies based on the metallothermic reactions. In this case
the combustion process is considerably simplified and its indices arevegpifor the large
volumes of the metallothermic burden [3].

One more direction of the use of the combined (SHS + metallothermy) synthesis processes is
the hard alloy material smelting onto the steel or cast iron surfaces. Especially promising from this
viewpoint are the technologies that combine the laser surface hardening (LSH) with thassdS
smelting. An example of such use of the complex technologies is given below.

The mixture of the Ti powder (68 mass %), C powder in a form of a smoke blanlagk3%)
and the Fe powder (14 mass %) was used instead of thealgbtbing paint. The above mixture
was deposited onto the Steel 10 and Steel 20 surfaces with the subsequent drying in the air
producing the 80, 200 or 500 em | ayer.

Thermochemical calcations have shown that in such mixture almost all Ti reacts at the
expense of the oxygenee combustion with carbon producing the TiC carbide. Carbon excess and
very small amount of titanium jointly alloy iron producing a liquid steel of eutectoid cotigposi
t hat at rapid cooling is transformed into tr
ignited by the ray of the continuous gfaser with longitudinal pumping at the 150 W power and
25i3 5 \l(amthe 0.82.0 mm "spot" diameter). Scanning speed was varied within th2010
mm L*sange. In series of studies to provide additional protection of the melted surface we have
used a focusing attachment with a possibility of additional surface blowithginert and less
active gases (Ar, CON; etc.). After the experiment, we measured the maamd microhardness in
the alloyed layer, thermal influence zone and in the main alloy. The typical microstructure of such
~500 em thick | amhkenedpsotessesrdgettonthe S8HSANd$H contbination.

Thus, in these studies we succeeded to organize the SHS process in the relatively thin layer at
the expense of using the LSH to solve two tasks simultaneously: heating, smelting and
carbonization of irn, as well as the Ti particles smelting and "burning” in carbon with the TiC
carbide production.

5. Conclusions.The results of the theoretical and experimental studies presented above are
related to the synthesis of materials by combined technologies bast#t metallothermy and
SHS. On the basis of developed methods of calculations the compositions of burdens have been
found and a wide spectrum of differagpe alloys have been synthesized.

The specific features of smelting using combined methods hese found, the mechanical
properties and the structure of alloys produced have been studied, the recovery coefficients for the
alloy elements in the metallothermic and combined processes have been found. In addition, the
technologies of the thermite weldinand smelting onto the supeard surfaces have been
developed, while combining the LSH and SHS processes in one operation allowed one to solve a
complex of technical problems of production of the carbide -fiteeimaterials and hard alloys on
the metaburface.

1. Zhiguts, Yu.Yu. (2004). The method for calculating the metallothermic charge for the supply of
cast ironsEngineering Sciencé, 4346.

2. Zhiguts, Yu.Yu.,& Pokhmurski, V.I.(2005). The materials, synthesized metallothermy and
SHSprocesseRkeport of the National Academy of Sciences of Ukr&n@399.

3. Zhiguts, Yu.Yu.,& Lazar, V.F. (2014)The technologies and features of alloys synthesized by
combined processeSzhgorod, Invazor.
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FORMATION OF Ag AND Au NANOPARTICLES ARRAYS AND SOME
ASPECTS OF THEIR PRACTICAL USE

Rubish V.M.

Institute for Information Recording Uzhgorod laboratory of optoelectronics and photonics
materials of the Institute for Information Recording of the NAS of Ukraine
4, ZamkoviskhodySt, 88000Uzhgorod Ukraine

The results of the some investigations (devoted to the design of eguipment and technological
conditions for the formation of silver and gold nanoparticles (NPs) arraysiotisanorphology;
study of optical characterictics and surface morplgglof NPs arrays;study of photoinduced mass
transport in chalcogenide amorphous films under fgapllight irradiation and processes offase
relief gratings (SRGs) formatipninvestigation of influence of nedield illumination on the
formation of surfae reliefs in chalcogenide amorphous films in the composite structures
"Ag(Au)NPs / chalcogenide film" under the appropriate excitation of surgblasenon resonance
by means of laser détion; investigation of the structure of nanosized chalcogenide filmsedy th
SERS (surfacenhancedRaman spectroscopy method which carried out at the Uzhgorod
laboratory of optoelectronics and pbioics materials of the Institetfor Information Recording
NAS of Ukraine, are dmssed
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ON THE LONGITUDINAL ELECTRO -SCALAR WAVE IN THE
NANOSTRUCTURES, WAVE GUIDES AND MAXWELL
ELECTRODYNAMICS

Simulik V.M., Zajac T.M?

Ynstitute of Electron Physics, NAS of Ukraine, 88012hgorod 21 Universitetska Str.
2Uzhgorod National University, Engineerittgchnical FacultyDepartment of Electronic Systems,
88000,Uzhgorod, 13 Kapitulna Str.

The theoretical and experimental description of the longitudinal electromagnetic waves is a
subject of the different level discussions. There are many indications of the existench ofaves
in different media. Note, for example, the longitudinal waves in plasmons and in plasma.
Nevertheless, these oscillations only sometimes are considered as the electromagnetic ones. The
longitudinal electromagnetic waves are well known to wavkgengineers. Let us mark especially
the recent observations of the longitudinal electric wave in an interacting laser beams. On the other
hand, it is well known fact that the Maxwell equations for the free electromagnetic field contain
only the transverssolutions.

The purpose of this study is to draw attention to the existence of longitudinal -slesi#o
waves in nanostructures. In this short article, we consider the role of such waves and an explanation
of their existence within the framework of Magiis standard electrodynamics. The brief review of
the contemporary general experimental and theoretical situation with the longHschie
electromagnetic waves investigations is given.

In [1] the theory of electromagnetic waves in a crystal, wiesx@tons are produced, has
been considered. The stricliyngitudinal electric waves are shown to exist in such crystal. In [2]
the nteraction of an electromagnetic wave with nanostructure of a cylindrical form with nonlinear
dependence of dielectric peeability on a field is considered. The mathematical model and
algorithm of finding of a longitudinal electromagnetic wave considering influence of a transverse
wave and contribution of potential of interaction near a singular point of system is offerédte On
basis of the developed algorithm numerical results for a metal nanocluster were réReoedly
in [3] the properties of longitudinal electromagnetic oscillations in metals and their excitation at
planar and spherical surfaces have been studied.

It is well known that the electromagnetic field in the waveguide is not purely transverse, but
has longitudinal components. Moreover, on the basis of waveguides "Longiscihat
electromagnetic wave radiating device RU 2287212 C1" has been suggested [4]

Recently in [5] a simple experimental method for generating an intense longitudinal electric
field from transverse electromagnetic waves (laser pulses) with radially symmetric polarization has
been presented. A method of receiving longitudinal eleetwes from interacting transverse
electromagnetic waves was developed in different contemporary experiments with laser pulses [6
9], see also the theoretical comments in [10].

The authors of theoretical article [11] have studied the problem of plasmaQED
vacuum. It has been shown that the bosonized version of -imEnsional QED admits the
existence of classical stable tirperiodic solutions, i.e., standing waves of the longitudinal electric
field and the vacuums polarization density. Note tlsaegions about longitudinal electromagnetic
waves in plasma are known from [12, 13]. Recent information on longitudinal electric and scalar
waves in antennas can be found in [14].

The goal of this paper is to contribute in the problem by means of sfactessical
electrodynamics, e.g., by the exact solutions of-aefined physical and mathematical systems of
the Maxwell equations. Below we presented the result that the longitudinal wave component of the
electric field strength vector (together witmptudinal scalar wave) is the exact solution of the
standard Maxwell equations with specific gradigmte case of electric current and charge
densities.
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Note that in literature one can find some confusion in using the notions "longitudinal electric
wave" and "longitudinal wave component of the electric field strength vector". It leads to the
confusion in understanding.

The question about longitudinal electromagnetic waves is the old problem of classical
electrodynamics. There is a large probability thatTésla was the first in such investigations.
Nevertheless, today it is difficult to distinguish the legends about N. Tesla from his real
investigations, see, e.g., [15]. The first known theoretical model has been considered in [16].
Longitudinal electromgnetic waves between parallel plates were investigated.

The hypothesis about the longitudinal electromagnetic waves, which presence in the
mathematical formalism follows from the massless Dirac equation, (on the basis of a link between
the massless Diraqd slightly generalized Maxwell equations) was suggested in [17]. The start in
[17] was related to the results [18]. Following [17, 18], in [19, 20] we have been presented our
preliminary point of view on this problem. Longitudinal electric wave appedi9ir20] in the pair
with scalar wave. Here the problem on the longitudinal electromagnetic waves is considered
independently (without any relation to the massless Dirac equation and the Maxwell equations in
the Diraclike form), see the article [21] asell. The further review can be found in [14].

In the period after our publications [19, 20] an interest to the problem of longitudinal
electromagnetic waves in electrodynamics has been arose. The problem on longitudinal
electromagnetic waves is today thebgct of different investigations. Many authors used
essentially our results [19, 20], but, unfortunately, without any reference to [19, 20] (see, e.g., K.J.
van Vlaenderen, A. Waser, Hadr. J. 24 (2001)). The necessary comments on some publications of
tha kind are already given in [14].

As ordinarily in the foundations of the electromagnetic field theory the system of units

e=m=>=c=1 Is chosen.In the Minkowski spacéme M(],B):{xl (x”):(xozt,;(’l (xj))};
m=0,3j=1,2,3 the metricis given byg=(g”j=(+- - ), @”=g”%,, and summation over the
twice repeated indices is impliedh our main calculations we use the rigged Hilbert space
S E H* E S, where the Schwartz test function sp&* is dense in the Schwartz generalized
function spaceS** and H** is the quanturmechanical Hilbert space ofebmponent functions
over R* E M(1,3).

Consider the Maxwell equations in the form

WE <urlH =grace®, Hup cuE O )

divE=- YE°, divH &
The first description and application of the form (1) was given in [19, 20]. Compare (1) with the
standard Maxwell equatlons for the friesdd

pOE curlH = 0, pOH curlE = 0,

d|VE=O, divH =0, (2)

and with the standard Maxwell system with electric sources.
From the physical point of view, equations (1) are the partial case of the standard Maxwell

eguations (the partial case of a standard classical electrodynamics). In this case, theT(xDrrent
and charger (X) densities have the form

J9 = gracE’ k), r &)= Bl (x) 3)

The mathematical point of view shows that objects (1) and (2) are the different systems of

partial differential equatits. Indeed, the general solution of the system (2) is well known and is
given by the transverse electromagnetic waves only. The presence of the longitudinal solutions [19,

20] of the system (1) follows from the existence of additional partial derivaiyE® and gracE®

in (1). Therefore, any contradiction with mathematical physics is absent. On the other hand the
restriction on the form (3) of sources is absent in classical electrodynamics. Thus, the contradiction
with classical electrodynamics is absent as well. thésreason why the result of [19, 20] on the
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presence of longitudinal electric and scalar waves is quite possible in the framework of ordinary
classical electrodynamics.
Consider at first the general solutions of the system (2):

1 RN T
0= Lo Edes o) e bee F9)E z

Here (I%J(x),ﬁ/(x)) are the real electric and magnetic field strengtiisc’ are the complex

guantummechanical momentuwnelicity amplitudes of a photon (the amplitudes of the transverse
electromagnetic waves),

kx=ut -kx w FR, ©))
and the 3component basis vectorél’,(é:, é’), which, without any loss of generality, can be taken as
. nk? - ik'k® ‘
8= W KK B E e s (6)
20K+ KK ey ey w

are the eigen vectors of the quantamachanical hetiity operator for the spin s = 1.
The general solution (4) is ordinarily found by the Fourier method, and the normalization

factor C1 v 5 in (4) is taken from the condition
\ 2(20)
1. - - _ 2 2
po :End?’x( B +H7) _qi'fw(\ d |d ) )

i.e., from the demand to have the dimension of energy. The conservation law of momentum is given

by the Pointing vector

It is interesting to find the general solution of the system (1), which is expected to have
another (maybe not only tmaverse) form. The Fourier method in the corresponding rigged Hilbert
space leads to the general solution (some details on the useful functional spaces are given in [22]):

- 1 o Wi o oo\ i (s g aed
E(x)=Wndy\Eygéel e, a8) ¢ (§¢ PR 49 ¥

9= ik 2 g g -ge) e (¢8 FH)E g @
opn. 1 s W ke 3k

E(x)_Wndv\E(aEe +4 &),

It is easy to see that here the electric field strenﬁ([h) contains (together with the ordinary
transverse waves) the longitudinal wave as well. This longitudinal electric wave is determined by
the amplitudeac. Thescalar functionE®(x) specifies the electric current and charge densities in

the Maxwell system (1). The scalar waB(x) is longitudinal as well and is determined by the
amplitudeac.

The validity of the solution (8) can be verified by the direct substitution of (8) into equations
(1). The analysis of found solutions (8) demonstrates that longitudinal components are located near

the corresponded current and charge densities, whichesotirces of such fields. It follows from
the fact that current and charge densities and the corresponded longitudinal components in the

solutions are determined by the same amplitudgsa;i:. The best examples of corresponding

37



@ CNM-6

2020

physical rality are such big charges as the whole water area of closed sea, the planet Earth in
general, and their oscillations, and corresponding longitudinal electric and scalar waves.
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METALLIC REPLICA OF THE NANOSTRUCTURED TEMPLATE
SURFACE AS A TOOL FOR SMART TEXTILES

Barabash M.Yu'., Suprun N.B, PozhilovNesmiyan G.M., Martynchuk V.E.,
KolesnichenkA.A'., Rybov L.\A, Litvin R.V™.

Technical Center, N. A.S. of Ukraine, 13,
?Kyiv National University of Technologiesid Design(KNUTD)
Nemyrovychébanchenkéstreet, 2 Kyiv 01011 Ukraine

The purpose of the work is to establish the possibility of using the technique of replicating the
nanostructured templates surface as a tool for smart teXtieseplication of the simpst nanoobjects
- 2D nanostructures of goelimorphous molecular semiconductor (AMS) by injection molding of
plastic from a template sample was testdte task of developing a textiles structural dyeing method
using nanotechnology in the processes of mapont or crazing is relevanithe developed lattice
samples with an area of about 5°cand a period of about 700 nm were made using an electrostatic
template created by holographic lithography in counter bedims.surface of the template was
metallizedwith gold by thermal evaporation in vacuuReplicas of the lattice were obtained by
electroforming1]. The moldforming surfaces of the casting replicas were deposited fre@oNilloy
as a solid surface |l ayer witulpgtrlaide hgeod afeplb
nickel was continued in another bath to a thickness of 2 mm.

1.1 Ote@OBONM [ . 5., wbkftkzd 1.1., stdjfmde yjdeSts ¢. ¢.

[js50djo® tjfd SO fojtld GOLSMsCESEkRBAESEs.
s j S flyy Gdzs ) d G gaty RO lsdgQatztOalion, - RB2GT A8, .24 . -356.5

40



@ CNM-6

2020

SERSSUBSTRATES BASED ON LATERALLY ORDERED ARRAYS OF
NANOCAVITY OF NOBLE METALS

Dan'ko V.A.}, Bandarenka H.V, Dolgyi A.L.2, Indutnyi 1.2,
Lytvyn P. M.}, Lukaniuk M.V?, Mynko V.11, Redko S.\2

v, Lashkaryov Institute of Semiconductor Physics Natl. Acad. of Sci. of Ukraine.
45 Prospect Nauky, 03028, Kyiv, Ukraine.

“Belarusian State University of Informatics and Radioelectronics,
6,P. Brovki Steet, Minsk 220013 Belarus

The high sensitivity of surfaeenhanced Raman scattering (SERS) spectroscopy is
increasingly being used for the diagnosis of substances in chemistry, physical and biological
sciences, environmental monitoring and medaalgnostics. The giant enhancement of Raman
scattering is explained by the interaction of incident light with metallic nanostructures
(nanoparticles, nanotips, rough surfaces, laterally ordered relief nanostructures, etc.). Such
interaction leads to a siditant increase in the electric field of exciting electromagnetic radiation
and scattered light as a result of the excitation of surface plasmons in such nanostructures (SERS
substrates) [1].

A disadvantage of traditional SERSbstrates is the imposdity of registering the full
spectrum of highmolecular compounds due to the fact that not all bonds of such a molecule fall
into the places of localization of the plasmon excitation field [2]. This problem can be overcome by
using secalled plasmonic namavities or antinanoparticles [3]. This opens up the possibility of
obtaining the SERS spectrum, in which all the bands characteristic of the target molecule are
present, since it can be located inside the nanocavity and will be uniformly exposed to the
electromagnetic field.

The simulation of the distribution of the electric field strength at the surface of
nanostructures (nanocavities) was carried out using the COMSOL Multiphysics 5.3a platform
(AC/DC module). A normally directed plane wave with wavetae@f 473, 532, 633, 785, and 980
nm was used to simulate the exciting light. Nanocavities in a silver film, as well as that in silicon,
conformally coated with silver, were considered. Calculations have shown that the maximum of the
field strength, whih is formed due to internal sreflection in silver nanocavities, shifts from the
bottom to the inlet of the nanocavity with an increase in the excitation wavelength from 473 to 980
nm. Localization of the electric field strength maximum in the centerhef rtanocavity is
characteristic for 633 nm and 785 nBimilar results were obtained for nanocavities in silicon,
conformally coated with a 20 nm thick silver film. The only difference is that, for samples with a
more thin silver film, the region of increadelectric field strengtlis more blurred in the bulk of the
nanocavity. Thus, the simulation results showed that cavities can be formed in a semiconductor or
dielectric layer and then covered with a layer of a plassupporting metal (silver or gold)02
100 nm thick. In our work, chalcogenide glass (CG) is used as afmelieihg layer.

This paper presents the results of the development and optimization of the processes of
formation of SERS substrates in the form of #himensional arrays of nobleatal nancavities
using interference photolithograph¥] based on a twdayer chalcogenide photoresist. For the
formation of nanocavities with a deep relief (up to 500 nm), it was proposed to uselaydwo
chalcogenide photoresist consisting of suceedgi deposited layers of AgGepSso and
As40S30S60. The top layer of AgSzSey is a highresolution lightsensitive photoresist and can be
used to obtain an interference lithographic mask. TheG&scSeo layer is practically insensitive to
light, butis mechanically and thermally more stable in comparison witgSAsSeso. This layer is
used to form a matrix of nanocavities of a given shape and size. The recording of interference
structures on chalcogenide films was performed using an interfereneengedtn heliumtacadmium
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Fig. 1. AFM images and crosgction of SERSubstrate for detecting higholecular compounds
with a period of 1207 N 0.5 nm and different

laserr adi ati on (wavelength & = 441.6 nm) wi t h
photoresist and metal after exposure was monitored in situ by recordirfghotwactive longwave

light was diffracted from the relief structure. After removal of thetptesist residues, washing and
drying, the formed periodic structure of the nanocavities array in th&&sSs, film was obtained.

After optimization of the parameters of the processes of vacuum deposition of layers, interference
exposure of a twaayer photoresist, postxposure processing of the photoresist and r&ighing

layers, and taking into account the simulation results, prototypes of SERS substrates were made
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substrates with different spatial frequencies (from 1200 to 80d)namd depths fonanocavities

(from 250 up to 500 nm). As a result of scanning the surface of substrates based on nanocavities in
CGs with a diameter of 37@00 nm and a depth of 12800 nm, quasconformally coated with

films of silver 4G 90 nm thick and gold films 20 nm thick, it was shown that the intensity of the
SERS signal from lysozyme molecules, adsorbed on silver nanocavities is three times higher than
on gold nanocavities.

Thus, as a result of numerical simulation of the electric field strength distributtion
nanocavities based on noble metals when a light wave falls and surface plasmons are excited, it is
established that a region of high electric field strength is formed inside the cavity. This effect is
almost identical both for cavities in silver layeasd in layers of other substances conformally
coated with a silver layer. The use of such nanocavities with sizes larger than 500 nm allows
efficient analysis of the structure of macromolecules by swdabanced Raman light scattering
spectroscopy, sinceacromolecules completely overlap with regions of increased electric field
strength inside the nanocavities. It is shown that the technology of interference lithography based on
two-layer chalcogenide photoresists makes it possible to form effective SHR8ates in the form
of laterally ordered matrices of nanocavities with specified morphological characteristics (spatial
frequency, nanocavity sizes, composition and thickness of a conformal metal coating) for detecting
high-molecular compounds.

1. Moskovits, M. Surfacenhanced spectroscogyev Mod. Phys 57, 783 826 (1985).

2. G. Arzumanyan, N. Doroshkevich, K. Mamatkulov, S. Shashkov, K. Girel, H. Bandarenka,
V.Borisenko, Phospholipid detection by surfam#hanced Raman scattering using sildere
porous silicon substrates, Physica Status Solidi (a) 2017, 214 (8), 1600915;
https://doi.org/10.1002/pssa.201600915.

3. T.A. Kelf, Y. Sugawara, R.M. Cole, J.J. Baumberg, Localized and delocalized plasmons in
metallic nanovoids, PhyRev. B. 74, 245418 (2006).

4. Dandko V., I ndut nyi ., Mi néko V., Shepel yayv
resists on the basis of chalcogenide glassy semiconducfpsoelectronics Instrum.
DataProcess. 2010, 46:48®0.
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CARBIDE PHASES NUCLEATION DURING MELTS ELECTROLYSIS

Malyshev V.V., Gab A.l., Shakhnin D.BDemochko M.V.

Open International Uni ver si,26yLviskaStH8lba n De \
Kyiv, Ukraine

We studied mechanisms of Mo and W carbides-teghperature electrochemical syegis and
initial stages of crystal nucleation the electrochemical methods used in the study of ghas&tion
with simultaneous investigation of the microstructure of the substrate surface and electrolysis
products. The experimental apparatus consistagésistance furnace with stainless steel reactor, of
analytical Radiometer Voltalab PST 0% measuring voltammograms and galvanostatic switch
(potentiattime) curves, which are, in fact, the dependences of th&@lecpotential on time after the
action of the initial current pulse, and of equipmenttfa microstructural studies based on MBS
microscope. Measurements were performed in the #bestrode cell. The anode, platinum crucible,
simultaneously serve@s melt container; the working electrode was the edge electrode (made from
different metals) of 0.51.0 mm diameterfused in quartz glass. The reference electrode was
diaphragmed platinuroxygen electrode £ Pt|{NaWO,-20 mol%WQ or was consistedf pressd
Mo,C and WC strips on platinum currehead. After being washed with distilled water, the
deposits were studied on the DR@N-ray diffractoméer and in the StereoscamScanning electron
micrascope. The grain size was averaged oveX@DgrainsThe surface morphology of the layers was
determined in the Camebax scanning electron microscope.

Mechanism of hightemperature electrochemical synthesis of molybdenum and
tungsten carbides.The reduction wave of lithium molybdate was observed at voltammogfam
NaoWO,4-Li,MoO, (1-5 mol%)Li,CO; molten system at potential 1.61.7V versus Pt
(O2)/[NapWO4-WO3 (20 mol%) reference electrode. Adding of lithium carbonate up to 2.5 mol%
does not allow to observe the €Qreduction wave. Instead, however, the high increase of o0
reduction wave and its shift to electropositive region are observed. During further rise of lithium
carbonate concentration at voltammetric curves one can obseryge@@tion wave at more
podtive potentials. At the same time the MgGand CQ joint reduction wave arises. At carbonate
concentration 8 mol% all three processes combines into the one wave stretched along the potential
axis. Galvanostatic and potentiostatic electrolysis at trmsditions give only one produttMo-C.

The electroreduction of the carbonate and tungstate ions in a sodium tungstate melt was
discussed in literature. It is difficult to detect the reduction wave of lithium tungstate on the
background of NAVO,. Adding ithium tungstate up to 20 mol% gave rise to no waves but caused a
positive shift of the voltammetric curve relative to that of pure tungstate. A wave is detectable only at
lithium tungstate concentrations above 20 mol%. The reduction waveWfLiis obseved at its
concentration 40 mol % and a potentialidf8 toi1.9 V relative to a Pt (yNayWO,-WO; (20
mol%) electrode. Adding lithium carbonate to the\N@®,-Li WO, melt initially causes an increase in
the height of the lithium tungstate reduction waiee reduction wave of the carbonate ion, followed
by lithium tungstate electroreduction, appears at lithium carbonate concentration of 10 mol%. At the
lithium carbonate concentration of 15 mol %, the tungstate and carbonate reduction waves merge in a
single broad electroreduction wave. Potentiostatic electrolysis data, in relation to ,@@; Li
concentration are follows=00 mol%- W; 0.1-2.57 W and WC traces; 2.%.0 mol %i W, W,C and
WC traces; 54.51 W,C, WC; 7.510.01 WC, W,C; 10.615.01 WC.

Molybdenum and tungsten carbides coatings electrodepositiolCoatings electrodeposition was
realized from Ng@NO4LioM0O4-Lio,CO; and NaWO4-Li,WO,-Li,COs;. Molybdenum carbide
coatings form if LiMoO, concentration in the melt is 245 mol%, LyCO; concentratiori 2.5
10.0 mol %. At higher concentrations ofMoQ,, in parallel with tungsten carbide, molybdenum
oxides and free carbon are observed, at less concentratietallic molybdenum.

More available industrial reactant is M@OUsing it as mlybdenum source, lithium
carbonate concentration must bémes higher than using AMoO,. Continuous deposits of MO

44



@ CNM-6

2020

were obtained at 1078223 K (the higher is temperature, the largher deposit grains are). However,
at 1073 K carbide layer is Ifin thidk and has low adhesion to substr#tetemperature lower than
1073 K deposits in the form of powder are obtained. Continuongorm, absolutely pore
freecoatings with good adhesiowere obtained at cathode current density @Qa1 A/cnf.
Molybdenum carlile deposition rate is-80 mm/h (at cathode current density 004 A/cnf),
thickness of these coatings up to 268, current yield of MgC in form of coating is 90%. With
electrolysis duration increases current yield of,®@laecreases. Tungsten carbmsatings were
deposited from NAVO,-Li,WO,4(40 mol%}Li,CO; (10-15mol%) melt, with electrodeposition
regularities (including carbonate usage) being the same. Thicknesg€asWp to 100, current
yield of W,C in the form of coating is up to 75%. Thacrohardness of M€ is 17.618.6 GPa,
while that of WC is 28.430.4 GPa. As the result of coating deposition, the durability of steel
specimens increases9aimes, and the abrasive resistanee6 times.

Initial stages of nucleation of carbide phaseslt is known that carbide electrodes in
tungstatemolybdatecarbonate melts of certain compasis have equilibrium electrode potentials.
Theseresults were also confirmed by the study of the rea&tivgtics in electrodeposition of carbide
coatings ontosolid electrodes. fle deposition of carbide onto the solid foreigubstrate at the
switchedon current is characterized by three important features: the shift of the potential to the
electronegative regigthe shift of the poteral to the electroposite region untill reaching theertain
value (stationary state), and the equilibrivadue of the potential of the deposited compound after
switchingoff of the current

It is established that the first crystals start growing immediately after the apjeeafdne peak
on thepotentiodynamic curves. The repeated switclingf the cuent within a short period of time
(5-10 s) does not givese to peak formation. These facts indicate that the crystallization overvoltage is
associated with thredimensional nucleation. Based on the experimeamtsllts, we evaluated the
crystallization overvoltagelue to considerable energy consumption for componentatiatieat the
first moments of synthesis. These overvatagt the Ag electrodes in the tenghere rang®73
1023 K reach the values of2® mV. The carbideleposition onto the substrates prepared from the
samesolid materials was not accompanied by crystallizabeervoltage. Maximum value of initial
overvoltage hnax consisting of steady overtabe during londerm current passing and of
crystallization overvoltage is directly proportional to electrode surface area. Undecahégens,
the stage of surface diffusion does limit the rate of the process at the electrode. With an intnease of
rate of carbide deposition, the number of crystallization centers increases, which reduces deceleration
related to surface diffusion. As a result, higher woktages seem to change the limiting stage so that
the process rate is determined either by tite of electroriransfer or by the rate of diffusion from
the meltvolume.

An increase in the melt temperature may complittaecrystallization process because of the
interaction between the deposited components and the material matrix. For metalg &lopgwith
thedeposited components, crystallization overvoltagebiserved for a surface oxide film. After
mechanical treatment of the surfaces of the working electrodes, they were electrochemically polished
with simultaneous control of the substratate in a microscope. The time of electrical polishing was
determined with allowance made for the dissolution timenethanically damaged layers of metal
surface.

A typical potentiodynamic curve corresponding to carbide electrodeposition onto the native
substrate over wide temperature (@24¥3 K) and current density (i = 0020 Alcnf) ranges
indicates the absence of any hindrances to crystallization and any passivating films on the surface. To
determine the degree of the substrate inertness, wedsthdievervoltage maximum and the time of its
formation during electrocrystallization of M® under galvanostatic conditions on the Mo, Ti, Ni, Ag,
Cu, Pt, and MgC substrates. The choice of the material of the working electrode was made with due
regard fo its metallochemical properties and phase diagrams of binary metal systems with the Mo and
C components.

It is characteristic that the height of the overvoltagaximum for the above metals is
proportional to theeciprocal time of their formation. ThEeems to bassociated with the partial

45



@ CNM-6

2020

penetration of the depibsd components into the substrate bulk due to gui@ase diffusion, which

allowed us to qualitatively chacterize the degree of inertness of the substraterialat€hus,
crystallization oervoltagehmax on the Nisubstrate is observed only at certain curdgrsity

values. On a Pt substrate, one observes noticeable depolarization with two distinct waves that seem
to corespond to the formation of alloys with different quusitions.

An increase in the melt temperature usually\ates the cathode surface, increases the rate
of mutualdiffusion of the deposited components of the sysitterl material and the substrate, and
also intensifiegheir chemical interaction. We showegperimentallythat MaC electrodeposition
at tempeatures above 1173 K, even in the case of an inersélgstrate, is accompanied by
depolarization due to alloy formation. Measurements performed ovevitleetemperature range
(9731123 K) indicate a redar change ofltte initial stages of M&C electrocrystaization on the
substrate with an increase in tempera. An increase in the temperature up to 1173 K removes
the crystallization hindrances at the moment of formation of stable aggregates of new phase. A
further increase in the temperature results in the fixation of obvious depolarization proddmses.
crystallization overvoltage increases wath increase in the current density.

According to literature data, if the decelerated stage is the stage of primaryidormfathree
dimensional nuclei, then the following relationship should be fulfillgt= A + (K/h?), wheret is

the time of formation of thredimensionalnuclei, Aand Kare the constants dependent ontties
electrodemateral, andh is the crystallization ovepltage. In actual fact, the experimental points
in thelgz-1/h? coordinates fit the straight lines different melt temperatures. The further deposit
growthproceeds by the layday-layer mechanism.

Epitaxial ratio of carbides galvanic coatings. The epitaxial growth of MgC on
molybdenum or tungsten substrate by melt electrolysis has not been studied. Heteroepitaxial layers
were obtained by electrocrystallizing of molybdenum carbide from melt on monocrystalline
substrates of migbdenum and tungsten of different orientations at 1173 K and with cathode current
density being 10Am™. The deposits were investigated byray diffraction method with the use of
DRON-3 diffractometer and Camebax scanning electron microscope. For exaatpMoC
deposition on monocrystalline seeds made of Mo and W not only dimensional, but also structural
mismatch is observed.

The structure in which molybdenum carbide crystallization is hexagonal -gdased
structure with the lattice parameters: &2 A, c=4.722 A. The structure of molybdenum and
tungsten is a bodgentered cubic structure with the lattice parameters:3147 A, §=3.165 A.

Thus, when molybdenum carbide is deposited on molybdenum and tungsten single crystals, there is
not only a dmensional but also a structural discrepancy. Therefore, obtaining of monocrystalline
molybdenum carbide layers can be hardly expected.

However, under these crystallization conditions, molybdenum carbide layers with one or two
orientations were obtained anonocrystalline molybdenum with the {110}, {100}, {112} and
{111} orientations and on tungsten with the {110} and {112} orientations.

The microstructure of the surface of Mbdeposited on a {110} Mo face consists of layers
extended in the [1210] directio In the other faces of both molybdenum and tungsten however,
molybdenum carbide crystallizes as hexahedral platelets differently oriented relative to the
substrate. The main plane present in the deposit is the basal {001} plane.

The following heteroepitaal relations were determined usingrXy structure analysis:

(1010) {0001} Mo2C || (110) [110] Mo

(2023) Mo2C || (100) Mo

(1011) Mo2C || (100) Mo

(1120) [0001] || Mo2C || (111) [112] Mo

(1122) Mo2C || (112) Mo

When MaC is deposited on monocrystallinengsten with the orientations {110} and {112}, other
heteroepitaxial relations occurred:

(1011) Mo2C || (100) W

(0001) Mo2C || (110) W
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(1013) Mo2C || (112) W

From the analysis of the relations obtained and the surface morphology it can be concluded that
molybdenum single crystals with the {110} orientation are the most suitable substrates for obtaining
monocrystalline molybdenum carbide layers under the given conditions.

Conclusions.Mechanisms of higlblemperature electrochemical synthesis of molybdenum
ard tungsten carbides from tungstatelybdatecarbonate melts were studied. The conditions of
gualitive galvanic coatings on different materials were determined experimentally.

This experimental study of the initial stages of Mcelectrocrystallization éim tungstate
molybdatecarbonate melts with electrodes prepared fuamous materials over a wide temperature
range allowsus to put forward the following concepts of nucleation. Using inert substrates at T<1073
1173 K, weobserved considerable crystadiion hindrances associated with the formation of three
dimensional nuclei. An increase in the electrolysis temperature facili#fiesion of atoms of the
components into the substratehich results in a decrease of the crystallization l&ge.
Simultaneously, a transition from the thrée two-dimensional nucleation is evidenced and, in some
instances, associated to depolarization phenomena due teplsaid saturation of the electrode
boundary layersvith the components (molybdenum and carbaraloy formation.
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BINDING OF CALIX[4]JARENE TO THE A -KNOB OF FIBRIN: IN SILICO
PROVESIN VITRO

Didkivkyi V.A. !, Hrabovskyi O.0", Humenyuk A.S, Selikhova A.F, Banya M.O",
Cherenok S.3, Chernyshenko V.0.

! palladin Institute of biochemistry, NAS of Ukraine, 9, Leontovych Str., 01054, Kyiv, Ukraine
Z Institute of organic chemistry, NAS of Ukraine, 5, Murmanska Str., 02660,
Kyiv, Ukraine

C-145 (octasodium salt of calix[4]aretetramethylenebis-phosphonic acid) was
previously considered as a specific antithrombotic agent that affects fibrin polymerization [1].
Hydrophobic hole of calix[4]arene molecule was expected as the active site that specifically blocks
polymerization sites of fibrin 'Aknobs [2]. T0 prove this hypothesis we compared the action on
fibrin polymerization of calix[4]arenes-C45 and €937 (disodium salt calix[4]arermethylene
bis-phosphonic acid) that differ by the number of methylbisgohosphonic moieties four and
one respectively

The change of turbidity during fibrin clot formation induced by AREa&gent in the
presence of calix[4]arenes was measured using a Multiscan reader (ThermoFisher Scientific, USA).

To investigate the interactions between the fibrin moleculecahxi4]arenes the molecular
docking method was performed using Autodock vina software. The structure of the fibrinogen
molecule, defined by Xay crystallography (PDB Entry: 3GHG), was taken as a basic model, in
which, however, there were no-tdrminal rgions of Al-chains, which play a major role in
interactions. Missing parts were modelled using Modeller 9.19.

Turbidity studies showed that at the concentration affB3C-145 completely inhibits fibrin
formation, while G937 prolonged the lag period B9 seconds compared to the control value. The
effect of G937 on the exponential growth phase and the final turbidity of the media were not
observed. At a concentration ofedd C-145 prolongs the polymerization lpgriod more than
twice and 2.5 times inhits the rate of fibrin clot formation.-@37 at the same concentration
extended the lageriod by 25 s compared to the control.

Fig.1. Binding mode between calix[4]arenel@5 and Nt e r mi n uchain offthe fibith
molecule
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According to the molecal docking data three bisphosphonate moieties are involved in the
interaction of G145 with the Alchain of fibrin, forming hydrogen bonds with Gly17, Arg19,
Val21, Glu22, Arg23 (Fig. 1). At the same time, the complex betwe®B87Cand fibrin is less
stabke because it is only stabilized by hydrogen bonds between one bisphosphonate moiety and
Argl9, Glu22, Arg23, His24 (Fig. 2).

Thus our results directly showed the much higher-polffmerization efficacy of €45 in
comparison to @37. The conclusion abotlte importance of bisphosphonate moieties in the fibrin
interaction with calix[4]arene was proven by molecular docking.

Fig.2. Binding mode between calix[4]Jaren€987 and Nt e r mi n uckain offthe fbiih
molecule

The research was a part of Jex@ according to the targeted complex program of NAS of
Ukr ai ne for fundament al research AProspect.i
nanomaterials and nanotechnologies for the industry, healthcare and agricultw2 @@2@ o .
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GLUCURONIC ACID -BASED HYDROGELS

Dil K.V., OkovitylzS.I., Kondratyuk N.V.

Oles Honchar Dnipro National University
Gagarin Avenue, 72, Dnipro, 49000 Ukraine
katerina.vlodimirovna@ukr.net

Today, nutrition is an important factor in the impact of metabolic metabolism. The question
of ways to remove xenobiag8, which is impossible to avoid getting into the body, is acute. Despite
the very wide range of functional products and studies of the action of biologically active
substances (BAS), to determine the role of nutrition in the development of metabolismsrema
problematic.

Research in the field of modeling structures and studying the characteristics of food products
containing functional ingredients with a high concentration of BAS are relevant and important for
the implementation of the idea of shaping hanmealth. Uronic acids have a sufficient range of
technological properties and physiological features aimed at the detoxifying effect of heavy metals
and radionuclides. Today, glucuronic acid from its raw materials (xanthan and licorice extract) is
important for study. Glucuronic acid is actively involved in the inactivation of xenobiotics.

The aim was:modeling of food process media based on xanthan and licorice root extract.

Tasks:

U substantiate the development of food processing environments based amnentapthat
contain glucuronic acid;

U0 model models of glucuronic acid, xanthan and licorice root.
The objectof the study are gels containing glucuronic acid.
Subjects of research:

U quantum chemical models of glucuronic acid, xanthan and licorice root;

U solutions based on a mixture of xanthan and licorice root extract.

Research methodsvere to study quantum chemical models of glucuronic acid dimers using
the PM3 method. Quantum chemical models of the functional units of xanthan and glycyrrhizin
were builtusing HyperChem 8.0.8, the models were visualized using GaussView 5.0.8

Physicechemical parameters of the finished product were studied by conventional methods.

The influence of technological factors on the structarathanical and physiechemical
properties of glucuronic acitbased hydrogels has been studied. The influence of additionally
introduced substances on organoleptic and struetueahanical characteristics of GGK is studied.

The result of the study.On the basis of quantum chemical modetsynypes of thermo
and acidstable food films have been created, which are based on combinations of uronate
polysaccharides of xanthan and glycyrrhizin, capable offeetiation and biodegradation.

Using quantum chemical models of xanth@ng.1) and glyyrrhizin (Fig.2), glucuronic
acid (Fig.3) formulations of hydrogels have been developed that can become a medium for the
formation of useful foods for humans.

Developed products can provide rapid gastric emptying, enteral absorption of nutrients from
the raw materials of these and other products, increase physical performance and prevent fatigue
and stress. All products are sweet in taste, but do not contain sugar, which allows them to be
classified as dietary and diabetic products.

It should be noted thathe useful properties of glucuronic acid are realized in the
composition of the predicted food products during consumption, as the content of the components
allows to ensure its activity in the structure of glycyrrhizin and the release of xanthan from the
macromolecule. The processes of activation and release are controlled by gastrointestinal acidity
and gastric motility.
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Fig.2. Quantum chemical model of glyrizinin

iy

Fig.3. Quantum chemical model of gluronic acid

Conclusions.The processes of formation of hydrogels on the basis of glucuronic acid are
theoretically substantiated in the work. It is predicted that these systems act as a matrix that
immobilizes biologically active substances of high reégtin the environment and in the stomach.
Keeping such compounds intact allows the motility of the stomach to deliver them to the target
organs and release from the matrix, which is destroyed by the change of pH (frtr8@ t0%.8-

7.2) when enterinthe department small intestine.

Quantum chemical was proposed as the best method for modeling, which fully reflects the
chemistry of the composition. Models of basic polysaccharides involved in the gelation process are
given.

According to the results of gatum chemical modeling, and taking into account the
rheological properties of xanthan hydrogels and solutions containing glycyrrhizin associates, the
ratios of glucuronideontaining raw materials between themselves and water were derived.
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ECO-FRIENDLY SYNTHESIS OF METAL NANOPARTICLES AND THEIR
BIOLOGICAL BENEFITS FOR PROBIOTICS DEVELOPMENT

Dybkova K., Rieznichenko %, Dybkova &, Gruzina T?

'Biology and Medicine Institute Science Educational Center of Taras Shevchenko National
University of Kyiv, Glushkova Av., Ryiv, 02000, Ukraine
F D. Ovcharenko Institute of Biocolloidal Chemistry NAS of Ukraine, Vernadskogo Av., 42, Kyiv,
03142, Ukrane

Modern developments of probiotic preparations for the treatment of dysbacteriosis in
humandés and ani mal s organisms are aimed at f
activity of cells of probiont strains and thus accelerate the reldapeobiotic cultures from a
lyophilized state. Such activators of the physiological activity of the microorganisms can be metal
nanoparticles. Now there is an increased interest in nanomaterials that obtained by the methods of
"green synthesis" and withing of ecofriendly reagents, which increase their biocompatibility. At
the same time, using of various nanoparticles preparations require a detailed assessment of their
potential danger to the genetic apparatus of prokaryotes and eukaryotes.

The purpose fothe work was to synthesize nanoparticles of metals (gold and silver) using
ecofriendly reagents that ensure their biocompatibility in the composition of probiotic preparations
and to study their biosafety in terms of genotoxicity.

For the synthesis ofald and silver nanoparticles, a 5% solution of tannin was used as a
reducing agent. Tannin is an extremely biocompatible substance and also exhibits astringent, anti
inflammatory and antimicrobial effectsl[AuCls] A ®Mas used as initial substance tothgsize
gold nanoparticlegn aqueous solution. Silver nanoparticles were synthesized using silver nitrate,
tannin, and potassium carbonate.

The synthesized gold and silver nanoparticles were visualized by transmission electron
microscopy. Threer epar ati ons of gold sol with a concé
preparations of silver sol with a concentration of 0.8 mg/ml by metal were synthesized. Gold
nanopreparations were represented by spherical nanoparticles with an average giadidlé@sm
(1st preparation), 20 nm (2 preparations) and 30 nm (3 preparations). Silver nanopreparations
consisted of spherical nanoparticles with an average size of 25 nm (first preparation) and 30 nm
(second preparation).

The genotoxicity of the synthieed metal nanoparticles were assessed by the Comet assay
in alkaline conditions according to the Guidelines of the Ministry of Health of Ukraine "Assessment
of the safety of nanopreparations". The essence of the Comet assay consists on registration of
differences in electrophoretic mobility of DNA that when migrates to the anode forms
el ectrophoretic track, which ali ke dAtail o, w t
experiment al DNA. -&/omaitad 60 zlad s o hileomesiengd Midtescodye d b
(fluorescence microscope ALUMAM R80 (exciting
filter 530 nm, magnification X264 0 0 ) ) . For each mi ecroonpertespoa rvaittitl
itail so overl ays have blfecameamnal ywaes . c Arnrail gk |
dividing on 5 relative types withcapptrdoprThe e
of DNA damage in this cacsoemehtads ibnedeenx d(euiD NAe)d, |
by the formula:

w D N A(Ong+1n;+2n+3n3+4n,)/E,

wherenp-nsinumber of e achmettispiem HEDNCAG DBIAS O .
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Evaluation of the genotoxicity of hanopreparatianyitro by the Comet assay was carried
out using the following cell culture lines: Chinese hamster (&) hepatocarcinoma (HEp
line); transplanted culture fibroblasts of mice (line L929).

In vitro tests of the genotoxicity of the synthesized metal nancofesthave shown that the
gold nanoparticles with the average sizes of 10 and 20 nm have been characterized like genotoxic.
Such nanoparticles are potentially dangerous for the genetic apparatus of a eukaryotic cell.

All other tested synthesized nanopregams (30 nm gold nanoparticles, 25 and 30 nm
silver nanoparticl es) di dnodt reveal ngiasizet oXi C
silver nanoparticles 25 nm and 30 nm, in the synthesis of which biocompatible tannin was used, can
be recommeded for biotechnological using as protectors and stimulators of physiological and
biochemical parameters of microbial cells in conditions of lyophilization stress and thetetamg
storage.
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DEVELOPMENT OF OPTICAL SENSORS USING METAL
NANOPARTICLES FOR MONITORING OF PATHOGENS AND TOXINS

Dybkova S.M1, Gruzina T.G., Rieznichenko L.$?

'E.D. Ovcharenko Institute of Biocolloidal Chemistry NAS of Ukraine, Vernadskogo Av., 42, Kyiv,
03142, Ukraine
%Institute of Veterinary MedicindAAS of UkraineDonetska Str., 30, Kyiv, 13151, Ukraine

Strict control of food productsd contamin
necessity for continuous monitoring of the sterility of different biotechnological industries make the
relevance of the develommt of modern highly sensitive, rapid and quite cheap control methods.
Modern bie and nanosensors are among the devices which parameters correspond to the above
mentioned requirements for such control [1, 2]. The use of metal nanoparticles in the tonstruc
of sensors allows to highly increase their selectivity and sensitivity owing to unique physical and
chemical properties of such nanomaterials [3].

The goal of the work was to study the approaches for the development of optical sensors
based on the symesized metal nanopatrticles to provide the rapid monitoring of pathogens and food
toxins.

Nanoparticles of gold (AuNP), silver (AgNP), copper (CuNP) and iron (FeNP) with
different size and shape have been synthesized to study their potential as theecrigromptical
nanosensors construction.

It i s known that the range of nanoparti cl
composition, shape, surface characteristics, and so on. All these parameters can significantly affect
the nature of the naparticles interaction with biomolecules and cells, including bacteria ones.
Therefore, to develop optical nanosensors with high sensitivity and response rate it is necessary to
understand the effects of used metal nanoparticles on biomolecules as wefsiadopgical and
biochemical parameters of pathogenic and opportunistic bacterial icgltstential targets for
detection.

The interaction of CuNP (20 nm), FeNP (40 nm), AuNP (30 nm), AuNmi®0 AgNP
(20nm), AgNP (30 nm) with pathogenic bacteria stsaif Escherichia Salmonella
Staphylococcuys Streptococcusand Clostridium have been studied. It was shown that the
synthesized metal nanoparticles with certain size and shape were actively accumulated both on the
surface and inside the studied bactemdiscchanging the main physiological and biochemical
characteristics of the microorganisms like growth rate and enzyme activity.

Based on the revealed peculiarities of the metal nanoparticles interaction with bacteria cells
approaches to optimize the medis for monitoring and control the content of coliform bacteria and
Escherichia colihave been developed. It was shown that the use of the synthesized iron, silver and
gold nanopatrticles can accelerate the time of the officially recommended chromogetni reya 9
times. The sensitivity of the proposed method using the chromogenic environment with gold, silver
or iron nanoparti cl®€BU/m)n comtast to the reositiaty lsné df the 11 1
chromogenic reaction for the presence Ef coli betagalactosidase using Colilert (RNL8
(sensi tiCFU/Mml)y 27 10

The features of contact interaction of the synthesized metal nanoparticles with biomolecules
have been studied using different types of amino acids and proteins.

It was shown, for theynthesized spherical gold nanoparticles with the average particles size
20 nm and 3@m the revealed peculiarities of interaction with amino acids can serve as a basis for
the construction of an optical nanosensor to determine the quality of food ¢yntieat of biogenic
amines.

The viability of the proposed approach was tested on samples of seafood (mussels): fresh
products and those stored in inappropriate conditions. According to the test results, a visual change
of color from red to bluewasobsedve i N t he sampl e with mussel sé
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storage conditions (Fig. 1), while the test sample of fresh products did not cause the color change of

nanoparticles. It should be noted that the organoleptic characteristics (color, odicityelest.) of
mussel sbé sample after i mproper storage condit

Fig. 1. Testing the quality of fresh mussels (left, red color) and improper storage conditions
(right, blue color) using synthesized gaoldnoparticles.

Thus, the obtained data show the perceptiveness of the synthesized metal nanopatrticles use
in development and construction of simple, sensitive optical nanosensors to rapid determination of
pathogens and food toxins.

1. BuT., Jia P., Liu J. et al. 2019 Diversely posiolearged gold nanoparticles based biosensor: A
labelfree and sensitive tool for foodborne pathogen detedfiood Chemistry: X3 100052

2. Peng H., Chen I. A. 2019 Rapid Colorimetric Detection of Badt8pacies through the Capture
of Gold Nanoparticles by Chimeric Phage€S Nanol 3 124471 1252

3. AbdelKarim R. et al 2020 Reviewd Nanostructured MateriaBased Nanosensors.
J. Electrochem. S0d.67 037554
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PHOTOLUMINESCENT PROPERTIES PARTIALLY UNZIPPED
CARBON NANOTUBES.

Danilov M.O., Rusetskiy I.AEFomanyuk S.S, Kolbasov G.Ya.

v.1.Vernadskiy Institute of General and Inorganic Chemistry of the National Academy of Science
of Ukraine, 32/34 Academic Palladin Avenue, Kyiv, 03142, Ukraine.
e-mail: Foma7@ukr.net

The development methods for the synthesis of carbon nanoparticles is a promising area of
research since it allows one to obtain environmentally friendly and safe for medical purposes
photoluminescent materials [1]. Of particulareirdgst are monolayer or bilayer carbon nanoparticles
and nanotubes, since they have interesting optical properties by the plasmon effect and blue
photoluminescence. In combination with their harmlessness to living organisms, these properties
are useful forcreating sensitive optical materials for the determination of cadmium in biological
fluids [2] and bioviazulization of the action of antitumor drugs in medici@8e Carbon
nanoparticles luminesce due to defects and edge carbon atoms. For research, paetiatgd
unzipped multwalled carbon nanotubes obtained by us by the electrochemical méihaib [
enhance of the photoluminescence, partially unzipped -walted carbon nanotubes (PUMCNTS)
were subjected to ultrasonic crushing at a frequency ofH22160 W/cni on a UD11 ultrasonic
device. Micrographs of such PUMCNTSs are shown in Fig. 1 where the cuts are seen on a partially
unzipped nanotube along its entire length Fig. 1a, and fully unzipped nanotube is shown as an
unfolded sheet in Fig. 1b.

Fig.1 SEM of electrochemically obtained PUMWNT a) partially unzipped b) fully unzipped

Samples of multivalled carbon nanotubes have different in degrees of unzips depending on
the time of electrochemical oxidation. Thus, samples of rudtied nanotubegartially and fully
unzipped multwalled nanotubes, were studied by the method of luminescence spectroscopy.
Sample 1 is initial MWCNTSs, sample 2 after electrochemical oxidation for 2 hours is partially
unzipped and sample 3 after electrochemical oxadafor 4 hours is fully unzipped carbon
nanotubes. In fig. 2 shows the results of photoluminescence investigations of samples of PUMWNT
after 1 hour ultrasonic treatment at 22 kHz (150 Wjcm
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Fig. 2 PL excitation spectrum and photoluminescence spectra at different excitation wavelengths
after 1 hour of ultrasonic treatment on a-dD ultrasonic device with a frequency of 22 kHz
(150 W/cnf) 0.1 g of powder of PUMWNT in 50 ml distillated was8rsample 1.
a) sample. 2. b) sample No. 3.

After ultrasonic treatment, a colloidal solution is formed, which, as can be seen from Fig. 2,
upon excitation by UV light with wavelengths of 220, 255, and 320 nm at the maxima of the PL
excitation spectrum)eads to a blue glow of the sample at a maximum of-48D nm.
Luminescence investigations shown that the degree unzipping carbon nanotubes after 1 hour of
ultrasonic treatment with a frequency of 22 kHz (150 W)cam the UD11 (ultrasonic device)
affectson increase of luminescence intensity (Fig. 2b, sample 3) comparatively (sample 2, Fig. 2 a),
but the shape and position of the PL spectra in Fig. 2 at that a remain unchanged. Carbon materials
can luminescent due to edge and internal structural defectgbon nanoparticles. In our case, the
maximum of the PL spectrum in Fig. 2 at 400 nm at light absorption a2220m with a shoulder
of 257 nm and a peak at 320 nm, respectively. A broad peak @24220m with a shoulder of 257
is attributedtothé 7~ * transi ti oinC =00 andapdhylaidizedC i G carkbrs
bonds p]. For bilayer and singtevalled carbon nanotubes with a decrease in diameter from 3 to 1
nm, the peak at 240 nm shifts to the UV region to 206 6jnBlased on these ta[6], the scatter of
the carbon nanoparticles obtained by us i$ 3.Bm. The peak of light absorption at 320 nm is
caused by the terminal groups C = O / COOH, OH, ai@C of carbon nanoparticleg][ Usually
this peak for carbon nanoparticles is okiedrat 356860 nm [3] but in the case of one or tlayer
carbon nanoparticles with a lateral layer of-0.8 nm, it shifts to the UV region at 320 n8tJ0].
Accordingly, we can conclude that during ultrasonic treatment in a colloidal solution, one-or tw
layer small carbon nanoparticles of small size3 rim dominate. Thus, electrochemical oxidation
and ultrasonic crushing promote the formation of nanosized carbon fragments of nanotubes with a
more number of defects and groupings that contribute tefmoinescence.

1. Zhang G., Sun X. Size Control Methods and Siependent Properties of Graphene chapter
from: Graphene Science Handbook, Sxpendent Properties CRC Press 2020
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