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MONDAY, 5
TH

 OF OCTOBER, 2020 

8
00

 ï 13
00

 ï registration of CNMô6 participants
 

13
00

 ï 14
00

 ï lunch 

15
00
ï 15

15
 ï Opening MEETING  (official speakers) 

PLENARY   
Chairman: Karbivskyy V.  

15
15

 ï 15
55

 ï 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
55

 ï16
30

 ï coffee-break 

16
30

 ï17
10

 ï PHOTORREFRACTIVE AND DIELECTRIC PARAMETERS OF 

DOUBLE-DOPED Sn2P2S6 CRYSTALS  

M. Tsyhyka, S. Hasynets, A. Molnar, R. Pavlyshyn, ʂ. Glukhov, ɸ. ʂohutych,  

A. Grabar  

17
10

 ï17
50

 ï COMPUTER-INTEGRATED MODEL OF A s-S ATOMIC CLUSTERS 

CONDENSATION  

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

17
50

 ï18
20

 ï LASER RECORDING OF NANOSIZED ELEMENTS ON THIN FILMS 

OF CHALCOGENIDE GLASSY SEMICONDUCTORS  

KryuchynA.A. , Petrov V.V., Rubish V.M., Kostyukevych S.O. 

18
20

 ï18
50

 ï INNOVATIVE NANOMATERIALS AND DEVELOPMENTS AT THE 

NATIONAL ACADEMY OF SCIENCES -USE AND OPPORTUNITIES 

FOR COMMERCIALIZATION  

Bespalov S.A., Malchevsky I. A., Uvarov V. N. 

19
00
ï 20

00
 ï dinner
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TUESDAY, 6
TH

 OF OCTOBER, 2020 

8
00

 ï 9
00

 ï breakfast 

PLENARY   
Chairman: Rubish V. 

9
00
ï 9

40
 ï MODEL CALCULATIONS OF THE COMPLEX CRYSTALS 

PHONON SPECTRUM DISPERSION 

Nebola I.I. 

SECTION 

9
40
ï 10

00
 ï OPTICALLY ACTIVE COATING BASED ON CHALCOHENID 

GLASSES FOR MIDDLE IR RANGE PHOTODETECTORS  

Kabatsii V.M.  

10
00

 ï 10
20

 ï GOLD NANOPARTICLES FOR BIOMEDICAL APPLICATION  

Mukha Iu. , Vityuk N., Khodko A., Severynovska O., Eremenko A. 

10
20

 ï 10
50

 ï coffee-break 

SECTION 

Chairman: Nebola I. 

10
00

 ï 12
20

 ï ON THE GROWTH AND PROPERTIES OF PURE AND Ag-DOPED 

ZnO NANOCOMPOSITES  

Ievtushenko A., Karpyna V., Shtepliuk I., Ericksson J., Yakimova R., 

Khranovskyy V. 

12
20

 ï 12
40

 ï THE MORPHOLOGY, ELECTRONIC STRUCTURE, OPTICAL 

PROPERTIES AND CYTOTOXICITY OF Ag -DOPED ZnO 

NANOSTRUCTURES 

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

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

Khranovskyy V. 

12
40

 ï 13
00

 ï GLUCURONIC ACID -BASED HYDROGELS 

Dil K.V. ,  Okovityʫ S.I., Kondratyuk N.V. 

13
00

 ï 14
00

 ï lunch 

SECTION 

Chairman: Barabash M. 

14
00

 ï 14
20

 ï EPR STUDY OF MAGNETIC NANOPARTICLES ENSEMBLES 

PROMISING FOR BIOMEDICAL APPLICATIONS  

Konchits A.A., Shanina B.D., Krasnovyd S.V., Shevchenko Yu.B., 

Petranovsôka A.L., Rieznichenko L.S. 
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14
20

 ï 14
40

 ï BINDING OF CALIX[4]ARENE TO THE A -KNOB OF FIBRIN: IN 

SILICO PROVES IN VITRO  

Didkivkyi V.A. , Hrabovskyi O.O., Humenyuk A.S., Selikhova A.I.,  

Banya M.O., Cherenok S.O., Chernyshenko V.O. 

14
40

 ï 15
00

 ï OBTAINING TECHNOLOGY OF HYBRID NANOMATERIALS 

CARBON NANOTUBES - GRAPHENE NANOPARTICLES  

Sementsov Yu.I., Ivanenko K.O., Grebelna Yu.V., Kartel M.T., 

Karachevtseva L.A., Makhno S.M., Zhuravskyi S.V., Wang Bo, Yang Weiyou 

15
00

 ï 15
30

 ï coffee-break 

SECTION 

Chairman: Ivanitsky V.  

15
30
ï 15

50
 ï MANIFESTATION OF FERROELECTRIC PROPERTIES OF 

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

15
50
ï 16

10
 ï 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., 

Ievtushenko A. I. 

16
10
ï 16

30
 ï 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., 

Rubanik V.V., Rubanik V. V. Jr., Ferreira M. G. S., Vieira J. M. 

16
30
ï 18

00
 ï POSTER SECTION (DISCUSSION) 

19
00
ï 20

00
 ï dinner 
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WEDNESDAY, 7
TH

 OF OCTOBER, 2020 

8
00

 ï 9
00

 ï breakfast 

PLENARY  

Chairman: Rubish V. 

9
00
ï 9

40
 ï THE SPECIAL TECHNOLOGIES OF SYNTHESIZING MATERIALS 

WITH SPECIFIC PROPERTIES  

Zhiguts Yu.Yu. 

SECTION  

Chairman: Zhiguts Yu. 

9
40

 ï 10
00

 ï NEW TECHNOLOGIES OF DIFFUSION SATURATION  TITANIUM 

OF STEEL SURFACE 

Zhiguts Yu.Yu., Krajnjaj I.I., Karpovych V.A.  

10
00

 ï 10
20

 ï RESEARCH OF TECHNOLOGIES FOR PRODUCING FUNCTIONAL 

COATINGS BY COMBINED METHODS OF SHS -ALLOYING 

SURFACES OF STEEL BY METALS 

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

10
20

 ï10
40

 ï EQUIPMENT FOR PLASMA SPRAYING  

Zhiguts Yu.Yu., Legeta Ya.P., Strukov B.M. 

10
40

 ï11
10

 ï coffee-break 

SECTION  

Chairman: Zhiguts Yu. 

11
10

 ï 11
30

 ï INTEGRATED DIFFUSION SATURATION OF THERMITE STEEL 

SURFACE BY POLYMERS 

Zhiguts Yu.Yu., Zub I.M.  

11
30

 ï 11
50

 ï PONDEROMOTIVE FORCES AS A REASON FOR DESTRUCTION 

OF VIRUS INTERACTING WITH NANOPARTICLES  

V. Lozovski, N. Rusinchuk and V. Lysenko 

11
50

 ï 12
10

 ï JOINT ADSORPTION OF METHANE AND WATER ON 

HYDROPHOBIC AND HYDROPHILIC SILICA ADSORBENTS  

Turov V.V., Gun'ko V.M., Krupska T.V.  

12
10

 ï 12
30

 ï PHOTOCHEMICAL SYNTHESIS OF METAL -SEMICONDUCTOR 

COMPOSITES BASED ON CRYSTALL INE GRAPHITIC CARBON 

NITRIDE FOR PHOTOCATALYTIC HYDROGEN PRODUCTION  

Shvalagin V.V., Korzhak A.V., Kutsenko O.S., Kuchmiy S.Ya. 
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12
30

 ï 12
50

 ï SERS SUBSTRATES BASED ON LATERALLY ORDERED GOLD 

NANOSTRUCTURES FOR DETECTING ORGANIC MOLECULES  

Hreshchuk O.M., Yukhymchuk V.O., Dzhagan V.M., Indutnyi I.Z.,  

Minôko V.I., Lytvyn P.M., Danko V.A. 

13
00

 ï 14
00

 ï lunch 

14
00

 ï 14
20 
ï METALLIC REPLICA OF THE NANOSTRUCTURED TEMPLATE 

SURFACE AS A TOOL FOR SMART TEXTILES  

Barabash M.Yu., Suprun N.P., Pozhilov-Nesmiyan G.M., Martynchuk V.E., 

Kolesnichenko A.A., Rybov L.V., Litvin R.V. 

14
20

 ï 14
40 
ï FESEM STUDY OF SURFACE MORPHOLOGY OF ARRAYS OF 

NOBLE METALS NANOPARTICLES  
Makar L.I. , Mudry S., Rubish V.M., Shtablavyi I., Yasinko T.I. 

14
40

 ï15
10

 ï coffee-break 

15
10

 ï 18
00 
ï POSTER SECTION (DISCUSSION) 

19
00
ï 20

00
 ï dinner  
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THURSDAY, 8
TH

 OF OCTOBER, 2020 

8
00

 ï 9
00

 ï breakfast 

PLENARY  

Chairman: Karbivskyy V.  

9
00

 ï 9
40

 ï FORMATION OF Ag AND Au NANOPARTICLES ARRAYS AND 

SOME ASPECTS OF THEIR PRACTICAL USE  

Rubish V.M. 

9
40

 ï 10
20

 ï ON THE LONGITUDINAL ELECTRO -SCALAR WAVE IN THE 

NANOSTRUCTURES, WAVE GUIDES AND MAXWELL 

ELECTRODYNAMICS  

Simulik V.M.,  Zajac T.M. 

10
20

 ï10
50

 ï coffee-break 

SECTION 

Chairman: Simulik V.  

10
50

 ï 11
10

 ï MULTIPLE MECHANISMS OF HOLOGRAPHIC GARTING 

RECORDING IN POLYMER NANOCOMPOSITES WITH GOLD 

NANOPARTICLES  

S. Kokenyesi, I.Csarnovich, S.Molnar, A. Bonyar, D. Alkhalil, A.Burunkova 

11
10

 ï 11
30

 ï THE POLARIZABILITY OF METAL NANOISLANDS ON A 

DIELECTRIC SUBSTRATE  

Korotun A.V. , Titov I.M., Rubish V.M. 

11
30

 ï 11
50

 ï 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. 

11
50

 ï 12
10

 ï THERMOMAGNETIC EFFECT IN NANOFILMS AND 

CAPILLARIES  

Shevchenko S.I., Konstantinov A.M. 

12
10

 ï 12
30

 ï FORMATION OF THIN DRY DRAWN GRAPHITE FILMS AND 

PROPERTIES OF PHOTOSENSITIVE GRAPHITE/n -InSe 

JUNCTIONS 

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

12
30

 ï 12
50

 ï SAPATIALLY MODULATED PHASES IN ANTIFERRODISTORTIVE 

MULTIFERROICS  

Anna N. Morozovska, Eugene A. Eliseev, Deyang Chen, Vladislav Shvetz, 

Christopher T. Nelson, and Sergei V. Kalinin 

13
00

 ï 14
00

 ï lunch 
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SECTION  

Chairman: Zajac T. 

14
00

 ï 14
20

 ï OPTICAL CUBIC NONLINEARITY OF THIN FILMS OF 

PALLADIUM OXIDE: VALUE, DYNAMICS AND NATURE  

V. Liakhovetskyi, A. Brodin, V. Rudenko, M. Brodyn, V. Styopkin 

14
20

 ï 14
40

 ï MANIFESTATION OF FERROELECTRIC PROPERTIES OF 

ALUMINUM -SUBSTITUTED NANOSIZED LITHIUM -IRON SPINELS 

Kaykan L.S., Sijo A.K., Mazurenko J.S., Ostapovych N.V. 

14
40

 ï 15
00

 ï SYNTHESIS AND CHARACTERIZATIONS OF COLLOIDAL 

Ag2ZnSnS4 AND Cu2ZnSnS4 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. 

15
00

 ï 15
20

 ï THE MECHANISMS AND DYNAMICS OF ANTIOXIDANT ACTION 

OF NANOCERIA AND CERIA -BASED NANOPARTICLES  

Vladyslav Seminko, Pavel Maksimchuk, Ganna Grygorova, Elena Okrushko, 

Yuri Malyukin 

15
20

 ï15
50

 ï coffee-break 

SECTION  

Chairman: Ivanitsky V.  

15
50

 ï 16
10
ï 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. 

16
10

 ï 16
30
ï AMORPHOUS CHALCOGENIDES WITH PHASE -CHANGE EFFECT  

Durkot M.O., Kyrylenko V.K. , Kryuchyn A.A., PetrovV.V., Pop M.M., 

Rubish V.M., Yurkin I.M. 

16
30

 ï 18
00
ï POSTER SECTION (DISCUSSION) 

19
00
ï 20

00
 ï dinner 
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FRIDAY, 9
TH

 OF OCTOBER, 2020 

8
00

 ï 9
00

 ï breakfast 

Satellite conference ACCELERATE 

Invited lectures: 

Chairman V. Rizak 

9
00

 Grand opening of the ACCELERATE Satellite Session 

9
30

 Vladimir Matolin, Salma Baghdadi, Natalia Popovych, Vitalii Bilanych, Oleksandr 

Chobal, Vasyl Rizak  

ʊhe outpost CERIC-ERIC in Ukraine: Current State and Prospects   

10
00

 Mat¼ġ Orend§ļ, Slavom²r Gab§ni, Pavol FarkaġovskĨ, Emil Gaģo, Jozef Kaļmarļ²k, 

Gabriel Prist§ġ, Konrad Siemensemeyer, Natalya Shitsevalova, and Karol Flachbart  

Magnetic phases in two-dimensional geometrically frustrated Shastry-Sutherland 

system TmB4 

10
30

 Vladimir Matolin, Natalia Tsudi, Natalia Popovych, Vasyl Rizak  

Investigating the short range order of chalcogenide amorphous materials by 

photoelectron spectroskopy 

11
00 

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  

11
30

 M. Vorokhta, L. Piliai, I. Khalakhan, D. Tomeļek, P. Fitl, M. VrŔata, J. Lanļok, I. 

Matol²nov§,  

V. Matol²n  

Near ambient pressure XPS for in operando study of gas sensors 

12
00

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

A.M., Tsiple M. 

Structure and properties of chalcohalodenide glasses and composities on their 

basis 

12
30 

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 in As(Ge)-Sb-S(Se)-I system
 

13
00

-14
30 

Dinner  

Chairman V. Rubish 
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14
30

 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
00

 Kostyuk O.B., Gğowa Ğ., Naidych B.P., Tsymbalyuk T.P., Mezhylovska L.Y., 

Nykyruy L.I.   

Analysis of the Growth and Crystal Structure for Pb0.9Cd0.1Te:Pb Thin Films 

15
30

 Lofaj F., Shilenko O., Bilanych V.S., Bilanych B.V., Komanicky V., Feher A., Rizak 

V.M.  

Investigation of laser induced effects in As-Se glasses and films based on them by 

nano- and microindentation methods 

16
00

 Korposh S. O., Trikur I. I., Sichka M.Y., Tsoma I. Y., Rizak V. M. 

Bacteriorhodopsin as a biological material for optical recording, processing and 

security information. 

16
30

 Zapukhlyak Z.R., Rubish V.M., Wisz G., Yavorskyi R.S., Nykyruy L.I. 

SCAPS simulation of ZnO/CdS/CdTe/CuO heterostructure for photovoltaic 

application 

17
00

 Csach K., Bilanych V.S., Jurikova A., Miskuf J., Bilanych V.V., Rizak V.M.  

Studies of As-Se glasses and films based on them by differential scanning 

calorimetry  

17
30

 Popovych N., Gaģova Z., Rizak V.M.  

Application of the photoelectron spectroscopy to study the organic materials 

properties: adenine molecules and amyloid fibers 

18
00

 Discussion of invited lectures and closing ceremony of the ACCELERATE 

Satellite Session 

18
20

 Closing MEETING  
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POSTERS 

 

EFFECT OF Se-CONTENT DOPING ON EL ECTRONIC, DYNAMICAL AND 

MECHANICAL PROPERTIE S OF TlInS2 LAYERED CRYSTAL  

T. BABUKA , O.O. 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  

IE.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.I., POGODIN A.I., STUDENYAK I.P.  

ELECTRONIC STRUCTURE  OF Na2GeSe3 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., DOROFEEVA A.I., NEDILKO S.A.,  NEDILKO S.G., VOITENKO T.A.,  

PASZKOWICZ W.,
  
RAHIMI MOSAFER H.S., MANOUSAKI M., SAVVA K., STRATAKIS E.I. 

PROXIMITY -INDUCED TRIPLET SUPE RCONDUCTIVITY  IN 

Bi2Sr2Ca2Cu3O6+X:L a2/3Sr1/3MnO3 NANOCOMPOSITES 

DMITRENKO V.YU., KRIVORUCHKO V.N., TARENKOV V.YU.  

SURFACE MORPHOLOGY A ND OPTICAL CHARACTERIST ICS OF ARRAYS OF 

RANDOMLY DISTRIBUTED  GOLD NANOPARTICLES  

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

NOVICHENKO V.M.  

DIELECTRIC PROPERTIE S OF Cs2Ag2P2Se6 CRYSTALS 

MOLNAR A., GAL D., BAN H., HAYSAK A.  

THERMOKINETICS OF FO RMATION AND OXIDATIO N OF CARBON NANOFORM S 

GARBUZ V.V., SILINSKA T.A., KUZMENKO L.M., PETROVA V.A.  

FIRST PRINCIPLES STUDY OF FERROELECTRIC AND ANTIFERROMAGNETI C 

STATES IN MIXED M1M2 P2S(Se)6 CRYSTALS 

GLUKHOV K.E., BABUKA T.YA., KHARKHALIS L.YU., VYSOCHANSKII YU.M.  
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DETERMINATION OF TOX ICITY OF HYBRID NANO COMPLEXES COMPRISING 

NANOPARTICLES OF GAD OLINIUM ORTHOVANADAT E AND CHOLESTEROL  

GOLTSEV A.M., MALYUKIN  YU.V., BONDAROVYCH M.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 d0.9Eu0.1VO4 NANOPARTICLES IN VIVO  

GRYGOROVA G.V., KLOCHKOV V.K., YEFIMOVA S.L.  
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The big family of metal thio- 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 ferroelectric properties. In 

particular, layered crystals of hexachalcogenohypodiphostates with the general formula MMôP2X6 

(M, Mô - metal cations, X - S, Se) are promising candidates as they are semiconductors with an 

intermediate bandgap suitable for new electronic applications, 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, including the possibility of finding compositions with exceptionally low thermal 

conductivity. 

We present a complete study of the compounds with M - Cu, Ag; Mô - In, Bi and X - S, Se 

in the form of AgBiP2(S,Se)6 and CuBiP2Se6 monocrystals. Due to their layered 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 high-resolution technique, 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 levels hybridization, ion coordination, or size on the 

second order Jahn-Teller 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 is 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 basis of interactions 

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. 
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The report presents the results of studies of optical, dielectric and photorefractive 

characteristics of Sn2P2S6 crystals doped with various metals, as well as doped simultaneously with 

pairs of elements (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 of two-wave mixing 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 the two-wave interaction coefficient ɻ 

at different periods of the photorefractive lattice and the intensities of He-Ne laser 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 coefficient ɻ on the period of the PR grating, the 

model parameters were obtained, namely, the electro-optical coefficient and the concentration of 

photoactive centers. From a comparison of the PR parameters of the samples 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 single-doped crystals. This assumption correlates with the 

results of the ab initio calculations of electron spectra of Sn2P2S6 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 double-doped samples is the 

higher temporal stability of the gain ɻ, in comparison with the Sn2P2S6: Sb and Sn2P2S6: Te crystals. 
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For modeling with the use of  first-principle quantum mechanical methods of condensation 

processes of four- and five-atomic AsnSm 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 fragment of the 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 structure of a ñ starò shape, spatial shape 

of a ñroofò type and closed polyhedron. For all such shapes of isomorphic forms of clusters the 

energies of their adsorption on the carbon substrate have been  determined. For this, there has been 

used the value of full energy of the atomic system, consisting of a monolayer, substrate and the 

appropriate AsnSm cluster optimally placed above its centre.  

The analysis of modeling results shows that the adsorption on the carbon substrate of most 

AsnSm clusters occurs due to the break of one or two of their 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 and 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 forces (for As4 molecules this is the 

main adsorption mechanism). In all cases the area of AsnSm clusters 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 AsnSm 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 important of them are the change in their 

hybridization type from sp
2
 to sp

3
  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 occurred with the participation of more independent edge carbon atoms. 

In most cases the value of adsorption energy of AsnSm clusters on the carbon substrate can 

be approximately calculated based on the difference in energy levels of chemical bonds of the 

system before and after adsorption. However, such values are approximately~20 % higher than the 

values calculated with the use of the quantum-mechanical method DFT. Such differences are 

namely due to the forces of the mechanical tensions inside the system. 
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At all stages of the creation of optical recording systems, thin films of chalcogenide vitreous 

semiconductors (ChVS) were widely used and continue to be 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 due to the small size of the main structural units and strong covalent bonds, which 

can be used in optical lithography [1, 2]. Laser recording was performed on ChVS films of different 

compositions, which were determined mainly by their field of application. It was possible to record 

elements of the order of ɚ / 2 on thin ChVS films. Thin films of chalcogenide glass systems have 

been successfully used for recording master discs CDs in formats CD and DVD [1]. The 

nonlinearity of the exposure characteristic associated with local heating of the material in the 

recording area and the generation of a large number of electron-hole pairs contributes to the 

creation of micro- and nano-relief structures by focused laser radiation on the films of chalcogenide 

glassy semiconductors [1]. The maximum reduction in the diameter of the recorded the marks was 

obtained by the authors of the study, who reported experimental results in the formation of the 

marks with a diameter of about 100 ~ 150 nm on thin films of chalcogenide alloy with a 

semiconductor laser with a wavelength of  ɚ = 650 nm and a focusing lens with a numerical 

aperture of 0.65 (NA ). Obtaining the sizes of the marks smaller than the diffraction limit (the 

diameters of the labels are approximately 1/10 of the focused light spot) is explained by the 

nonlinear absorption of a thin film of radiation with a Gaussian intensity distribution [3]. The 

thermolithographic recording method was used to record the marks. Due to the fact that the 

thermolithographic recording mode is unstable, the formation of nanoscale relief structures on thin 

films of chalcogenide glassy semiconductors by diffraction-limited optical systems is problematic 

the formation of nanoscale relief structures on thin films of chalcogenide glassy semiconductors by 

diffraction-limited optical systems is problematic. For the formation of nanosized elements and 

structures, it was proposed to use near-field systems for focusing optical radiation or to change the 

structure of the thin-film recording medium [4]. 

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 near-field radiation. Nobel metal nanoparticles with sizes of about tens of nanometers 

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 recording information and the formation of nanoscale structures 

by diffraction-limited optical systems. Nobel metal nanoparticles 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 diffraction-limited optical systems [6]. 

The influence of nanoantennas in chalcogenide semiconductors on the formation of submicron 

structures in them is being actively studied. Optical nanoantennas are the metallic nanostructures 

which confine electromagnetic waves into sub-wavelength volumes at resonant conditions. 

Combining extremely large electromagnetic field enhancement in plasmonic resonant nanoantenna 

with high optical nonlinearity of chalcogenide glass leads to a low-threshold broadband light 

generation scheme in sub-wavelength chip-scale structures [7]. The problem is in choosing the 

placement of noble metal nanoparticles in the structure of the photosensitive layer to implement the 

recording 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 characteristics of the photosensitive material,and the 

introduction into the structure of the recording media of nanoparticles of nobel metals for excitation 

of local plasmon resonance 
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The results of the works carried out at the National Academy of Sciences of Ukraine about 

creation and investigation of the structure and properties, 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 

nanostructured state, nanocomposites materials are discussed. 
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Numerical simulation of the dispersion dependences of single-particle 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 disordered 

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 to create a theory 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 using -+ )3( d dimensional models to describe 

complex crystalline formations, united by a single metric and the scale of the function of the 

protocrystal carrier [3]. The formation of -+ )3( d dimensional metrics is based on its higher 

symmetry and is associated with additional internal "phase" -d dimensional space, which makes it 

possible to describe complex crystals and systems as natural -³³ )( sasasa superlattices. 

The compositional features of the realization of complex crystals and solid solution systems 

by the mechanism of filling various atoms and vacancies of translationally equivalent positions 

given by the protocrystal basis, are covered by the concept of supraspace symmetry. In this case, 

various combinations of the protocrystal bases and real crystalline formation can be taken into 

account together with all possible variants of the compositional filling of crystallographic positions; 

the latter allows taking into account their partial filling. Using a complete set of modulation vectors 

allows to determine the amplitudes of mass modulation 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]. 

ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʠʩʧʝʨʩʽʡʥʽ ʢʨʠʚʽ ʬʦʥʦʥʥʦʛʦ ʩʧʝʢʪʨʫ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʧʦʣʫʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʷʢ ʨʦʟʚôʷʟʢʠ ʤʘʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʠ ʫʤʦʚʽ ʨʽʚʥʦʩʪʽ ʥʫʣʝʚʽ 

ʚʠʟʥʘʯʥʠʢʘ ʚʠʜʫ:  In the proposed approach, the dispersion curves of the crystalline compound 

phonon spectrum are defined as solutions of the matrix equation under the condition that the 

determinant of the form: 

( ) ,0)(

22 =--+ - ababab drwddw jiijiqkD  (1) 

is equal to zero, 

where ( )-+ iqkDab  dynamic matrices of a monoatomic protocrystal defined at ZB points, 

( )iqk+ , ( )**

)( , jiiiji bq D=- rr  - the amplitudes of the mass modulation function given for the 

modulation vector ( )
ji qq - , -k  wave vector, -iq  modulation vectors, ba,  ï coordinates zyx ,, . 

The solution of the matrix equation relatively to )(2 kw  allows to determine the phonon spectrum 

dispersion dependences, and taking into account various variants of the compositional filling - to 

track their genesis [5]. 

Dynamic matrices of the protocrystal ( )iqkD +ab  are determined from the ratio: 
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where -na  the force constant of atom interaction in -0 position and -n neighbouring atom, 

-ba nn ,  vector projections n  on the axis ba, . 

 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 quasi-diagonal form. In the non-equidistant 

approximation -na 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 characteristics )( jqr  are obtained by solving a 

system of equations relative to the amplitudes of the mass modulation functions ”ή ”: 

() ()
1

,j k

s
iq r

k

j

m r q er
=

=ä  (3) 

where -s  the number of possible positions of atoms in the superlattice, m(rk) - mass characteristics 

in these positions, qj ïan array of modulation vectors, the number of which coincides with the 

number of positions in the superlattice. 

The developed mathematical software allows calculations of dispersion curves within the 

Brillouin zone. 
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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 of their production. 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 on the use of the two types of reactions, namely, the metallothermic 

ones and the self-propagating high-temperature synthesis (SHS). Combined processes versatility is 

related to the possibility of synthesizing almost any cast material, i.e. ferrous alloys, non-ferrous 

metals and alloys, instrumental, high-speed 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 nowadays 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 solved by 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 specified alloy 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 synthesis 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 productivity (alloy synthesis time may 

vary from 30 seconds to a couple of minutes), the possibility of using secondary production waste ï 

graphite electrode grinding, aluminium or magnesium chips, iron cinder, blue powder, i.e. the dust 

from the filters of the casting 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 high-volume and mass production factories 

producing casts and instruments. Creating materials on the basis of the self-propagating high-

temperature synthesis (SHS) and combined (metallothermy + SHS) processes as well as studying 

the influence of new technological methods of metal production on the cast 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 goal. The 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 areas of the 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 steel, non-ferrous 

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 the exothermic burden adiabatic 

combustion temperatures to be determined. The methods of geometric thermodynamics for the 

structure optimization and prediction were modified as well.  
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Method of recovering the exothermic mixture adiabatic combustion temperature and 

selecting reactions suitable for the alloy synthesis. To find the boundary conditions of the alloy 

synthesis the authors have developed a method on the basis of adiabatic temperature dependence on 

the molar composition of synthesized compounds. This allowed the 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 applicable for 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 non-separation from the alloy itself. These reactions are 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 temperature ʊʘ [1ï3]. 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 finding ʊʘ and the reaction heat Qr. 

However, in spite notwithstanding, the mixture reaction temperatures must (heat sink being taken into 

account) be sufficient to smelt the reaction components and products ( KT FeOmel 1640)( = ; KT OFemel 1810)43( = ; 

KT Femel 1800)( = ; KT
Almel 830

)(
= ; KT

OAlmel 2320
)32(
= ). That is, the principal criterion of the cast 

production is that ʊʘ for all reactions must exceed the reaction product temperature ʊmel. The ʊʘ 

value calculation, obviously, does not take into account the heat losses during combustion and the 

completeness 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:  

( ) ( )( ) ,
1

QʊʅʊH
ʽ

k

i

ʦʘ =-ä
=

                                                              (1) 

where ʊʘ is the adiabatic combustion temperature; ʊ0 is the initial temperature; Q is the 

reaction heat and k is the number of reaction products.  

In more complex equations, when more than three reaction products were produced, ʊʘ was 

found in accordance with the following formula:  
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=
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ʊ                                                         (2) 

where ʉ̔ and Li are the reaction product heat capacity and smelting heat, respectively; ɔ is the 

liquid phase part in the combustion product;  
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Obviously, due to the lack of the full data table on the ʉ dependence on ʊ at high 

temperatures [1ï3], we extrapolated the values in accordance with the suggested conclusions: 

ʉsol(ʊmel)=7nĀb (J/moleĿdeg),                                                           (4) 

where ʉsol(ʊmel) is the product heat capacity at the smelting temperature; n is a number of 

atoms in the product molecule and b is the coefficient of transition from kkal to J.  

For the linear dependence of the specific heat on the temperature at ʊlik<T<Tmel:  

() ( ),*
*

*
* -

-

-
+= ʊʊ

ʊʊ

ʉC
CTC

mel

mel                                                            (5) 

where ʉ
*  

is the experimental specific heat value at ʊ=ʊ
*
; ʊ

*
 is the maximal experimental 

temperature at the ʉ(ʊ) determination.  

4. Experimental part. The experimental studies carried out by the authors were stimulated 

by the necessity to confirm the development of a complex of theoretical notions. This work was 
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carried out to synthesize the different-class thermite steels and cast irons, alloyed steels, tool 

materials (high-carbon, high-speed 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 and ferrous alloys into the thermite. Based on the special alloys of 

exothermic burdens, the thermal steels 20GLï35GL, 30GSL, 32ʍʆ6Lï40ʍL, 20ʍ5ʄL (with the 

perlite-ferrite structure) and 20ʍ5ʊL, 40ʍ9ʉ2L (with the martensitic structure) were obtained [3]. 

It has been 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 exothermic burden mass from 0.3 to 

5 kg, the dopant content in it could reach 25%, while for the 5ï50 kg 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. In this case 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 special exothermic burden comprising the alloying oxides (e.g., 

 OV CuO, NiO, ,CrO ,Oʉr
52332

 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 

have been developed to obtain the thermite high alloys. For instance, this allowed the 12ʍ18ʅ10ʊ 

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 TiO2 but as the 30% ferrous titanium due to the low titanium 

reducibility from its oxides using aluminium. The burden composition was as follows: 
32

OCr  ï 

17,2%; 
43

OFe  ï 50%; NiO  ï 6,6%; Al  ï 26,2% [3]. Both carbon 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 synthesized metal samples has demonstrated poor chromium reducibility from its 

oxides. 

Continuing this work, we have carried out the experiments in the research-production 

conditions with the use of the above burden compositions for the cast additions of the alloy steels 

[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 of the nihards 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 wear-proof cast irons, i.e. nihards, relate to the chromium-nickel 

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 shown that in the thermite cast irons the cementite 

content is not less than 50% that results in the 1000 ï 1050 ʅV hardness.  

Continuing this work, we succeeded to combine the metallothermic and the SHS processes to 

obtain the tungsten-cobalt hard alloys according to the following reaction scheme:  

BOAAO +  and ACCA + , 

where ɸ, ɺ, ʉ are the synthesis elements; ʆ is the oxidizer (say, oxygen etc.); ɸʉ are the 

reaction products (i.e. carbides, silicideôs and so on); ɺʆ is a slag.  

The studies of the microstructure and the properties of the alloys produced allow the 

following results to be presented, e.g., for the high-speed steel ñʈ18ò (analogue 3355): grain size ï 

10, hardness ʅRC ï 65ï67, ůb=2600 ʄPʘ, heat resistant 913ï928 ʂ.  

Solution of the industrial problem related to the synthesis of the superheated copper bronze 

alloys (ñɹʨɸɾ 10-4ò ï analogue C95400 and ñɹʨʆʎʉ 5-5-5ò ï analogue LG2) in 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 reduce (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 

compounds. 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, the 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 are improved for 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 the SHS-based 

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 black (18 mass %) 

and the Fe powder (14 mass %) was used instead of the light-absorbing 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 ɛm layer.  

Thermochemical calculations have shown that in such mixture almost all Ti reacts at the 

expense of the oxygen-free combustion with carbon producing the TiC carbide. Carbon excess and 

very small amount of titanium jointly alloy iron producing a liquid steel of eutectoid composition 

that at rapid cooling is transformed into troostite in the 80 ɛm thick layers. These layers were 

ignited by the ray of the continuous CO2 laser with longitudinal pumping at the 150 W power and 

25ï35 WĿm
-2

 (at the 0.3ï2.0 mm "spot" diameter). Scanning speed was varied within the 10ï20 

mmĿs
-1

 range. In series of studies to provide additional protection of the melted surface we have 

used a focusing attachment with a possibility of additional surface blowing with inert and less 

active gases (Ar, CO2, N2 etc.). After the experiment, we measured the macro- and microhardness in 

the alloyed layer, thermal influence zone and in the main alloy. The typical microstructure of such 

~500 ɛm thick layer strengthened by combined processes due to the SHS and LSH combination.  

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 iron, 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 based on the metallothermy and 

SHS. On the basis of developed methods of calculations the compositions of burdens have been 

found and a wide spectrum of different-type alloys have been synthesized.  

The specific features of smelting using combined methods have been 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 welding and smelting onto the super-hard 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 steel-like materials and hard alloys on 

the metal surface.  
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The results of the some investigations (devoted to the design of eguipment and technological 

conditions for the formation of silver and gold nanoparticles (NPs) arrays of various morphology; 

study of optical characterictics and surface morphology of NPs arrays; study of photoinduced mass-

transport in chalcogenide amorphous films under band-gap light irradiation and processes of surfase 

relief gratings (SRGs) formation; investigation of influence of near-field illumination on the 

formation of surface reliefs in chalcogenide amorphous films in the composite structures 

"Ag(Au)NPs / chalcogenide film" under the appropriate excitation of surphace plasmon resonance 

by means of laser radiation; investigation of the structure of nanosized chalcogenide films by the 

SERS (surface-enhanced Raman spectroscopy) method which carried out at the Uzhgorod 

laboratory of optoelectronics and photonics materials of the Institute for Information Recording 

NAS of Ukraine, are discussed. 
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The theoretical and experimental description of the longitudinal electromagnetic waves is a 

subject of the different level discussions. There are many indications of the existence of such waves 

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 waveguide engineers. 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 transverse solutions. 

The purpose of this study is to draw attention to the existence of longitudinal electro-scalar 

waves in nanostructures. In this short article, we consider the role of such waves and an explanation 

of their existence within the framework of Maxwell's standard electrodynamics. The brief review of 

the contemporary general experimental and theoretical situation with the longitudinal-scalar 

electromagnetic waves investigations is given. 

 In [1] the theory of electromagnetic waves in a crystal, where excitons are produced, has 

been considered. The strictly-longitudinal electric waves are shown to exist in such crystal. In [2] 

the interaction of an electromagnetic wave with nanostructure of a cylindrical form with nonlinear 

dependence of dielectric permeability 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 offered. On the 

basis of the developed algorithm numerical results for a metal nanocluster were received. Recently 

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 "Longitudinal-scalar 

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 electric waves 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 plasmons in a QED 

vacuum. It has been shown that the bosonized version of (1+1)-dimensional QED admits the 

existence of classical stable time-periodic solutions, i.e., standing waves of the longitudinal electric 

field and the vacuums polarization density. Note that assertions 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 standard classical 

electrodynamics, e.g., by the exact solutions of well-defined 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 with longitudinal scalar wave) is the exact solution of the 

standard Maxwell equations with specific gradient-type 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 that N. Tesla 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 electromagnetic 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 Dirac and 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 appears in [19, 20] 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 Dirac-like form), see the article [21] as well. 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 the subject 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 

that kind are already given in [14]. 

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

==me 1==c>  is chosen. In the Minkowski space-time { };))( ,()()3,1(M 0 jxxtxxx ¹==¹=
Cm

1,2,3,j ,0,3 ==m  the metric is given by ,  ),()( n
mnmmn agagg =---+==

 
and summation over the 

twice repeated indices is implied. In our main calculations we use the rigged Hilbert space

,SHS *4,34,34,3 ËË  where the Schwartz test function space 
4,3S  is dense in the Schwartz generalized 

function space 
*4,3S  and 4,3H  is the quantum-mechanical Hilbert space of 4-component functions 

over ).3,1(MR ,3 Ë  

Consider the Maxwell equations in the form 
0

0 0

0

0

curl grad ,   curl 0,

div = ,   div 0.

E H E H E

E E H

µ - =- µ + =

-µ =                                                                            

(1) 

The first description and application of the form (1) was given in [19, 20]. Compare (1) with the 

standard Maxwell equations for the free field 

,0curl0 =-µ HE
CC

 

,0curl0 =-µ EH
CC

 ,0div =E
C

   div 0,H =           (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 

equations (the partial case of a standard classical electrodynamics). In this case, the current )(xj
C

 

and charge )(xr  densities have the form 
0 0

0( ) grad ( ),   ( )= ( ).j x E x x E xr=- -µ                                                                                   (3) 

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

partial differential equations. 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 derivatives 0

0Eµ  and 0gradE  

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. It is the reason 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): 

 ( ) ( )
3

1 2 *1 * *2 *

1 32 1 323/2

1
( ) e e e e

(2 ) 2

ikx ikx

k k k k
E x d k c c e c c e

w

p

-è ø= + + +
ê úñ , 

( ) ( )3 1 2 *1 * *2 *

1 2 1 23/2/
( ) e e e e .

(2 ) 2

ikx ikx

k k k k

i
H x d k c c e c c e

w

p

-è ø= - - -
ê úñ                                   (4) 

Here ( )( ),( xHxE
CC

) are the real electric and magnetic field strengths, 1 2,
k k

c c  are the complex 

quantum-mechanical momentum-helicity amplitudes of a photon (the amplitudes of the transverse 

electromagnetic waves), 

2,   ,kx t kx kw w= - =                                                                                                          (5) 

and the 3-component basis vectors ( 321  , , eee
CCC

), which, without any loss of generality, can be taken as 

2 1 3

1 2 3 *

1 2 1 3
1 1 2 2

1 1 2 2

1
e ,   e e ,   e ,

2( )
( )

k ik k
k

k ik k
k k k k

i k k k k

w

w
ww

-

= - - = =
+

+

                                             (6) 

are the eigen vectors of the quantum-mechanical helicity operator for the spin s = 1. 

The general solution (4) is ordinarily found by the Fourier method, and the normalization 

factor 
3)2(2 p

w
¹C in (4) is taken from the condition 

( ) ( )2 2
0 3 2 2 3 1 21

,
2 k k

P d x E H d k c cw= + = +ñ ñ                                                   (7) 

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 transverse) 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]): 

( ) ( )

( ) ( )

( )

3 1 2 *1 * *2 * * *

1 2 3 1 2 33/2

3 1 2 *1 * *2 *

1 2 1 23/2

0 3 *

3/2

1
( ) e e e e e e ,

(2 ) 2

( ) e e e e ,
(2 ) 2

1
( ) .

(2 ) 2

ikx ikx

k k k k k k

ikx ikx

k k k k

ikx ikx

k k

E x d k c c e c c e

i
H x d k c c e c c e

E x d k e e

w
a a

p

w

p

w
a a

p

-

-

-

è ø= + + + + +
ê ú

è ø= - - -
ê ú

= +

ñ

ñ

ñ

                      (8) 

It is easy to see that here the electric field strength )(xE
C

 contains (together with the ordinary 

transverse waves) the longitudinal wave as well. This longitudinal electric wave is determined by 

the amplitude 
k
Ca . The scalar function )(0 xE  specifies the electric current and charge densities in 

the Maxwell system (1). The scalar wave )(0 xE  is longitudinal as well and is determined by the 

amplitude 
k
Ca . 

 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, which are the sources 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 amplitudes 
* ,
kk
CCaa . The best examples of corresponding 
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physical reality 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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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 textiles. The replication of the simplest nanoobjects 

- 2D nanostructures of gold-amorphous molecular semiconductor (AMS) by injection molding of 

plastic from a template sample was tested. The task of developing a textiles structural dyeing method 

using nanotechnology in the processes of nanoimprint or crazing is relevant. The developed lattice 

samples with an area of about 5 cm
2
 and a period of about 700 nm were made using an electrostatic 

template created by holographic lithography in counter beams. The surface of the template was 

metallized with gold by thermal evaporation in vacuum. Replicas of the lattice were obtained by 

electroforming [1]. The mold-forming surfaces of the casting replicas were deposited from Ni-Co alloy 

as a solid surface layer with thickness of 150 ɛm. Subsequently, the upgrading of replicaôs surface by 

nickel was continued in another bath to a thickness of 2 mm. 

 

1. ɹʘʨʘʙʘʰ ʄ.ʖ., ʉʫʧʨʫʥ ʅ.ʇ., ʂʦʣʝʩʥʽʯʝʥʢʦ ɸ.ɸ., ɻʨʠʥʴʢʦ ɼ.ʆ., ʃʝʦʥʦʚ ɼ.ʉ., ʉʧʝʨʢʘʯ ʉ.ʆ. 

ʄʝʪʘʣʝʚʘ ʨʝʧʣʽʢʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʝʤʧʣʘʪʫ ʷʢ ʽʥʩʪʨʫʤʝʥʪ çʨʦʟʫʤʥʦʛʦè 

ʪʝʢʩʪʠʣʶ // ʅʘʥʦʩʠʩʪʝʤʠ, ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ. - 2020. ï T.18, ˉ 2. - ʉ. 345-356. 
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 The high sensitivity of surface-enhanced Raman scattering (SERS) spectroscopy is 

increasingly being used for the diagnosis of substances in chemistry, physical and biological 

sciences, environmental monitoring and medical diagnostics. 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 significant 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 SERS-substrates is the impossibility of registering the full 

spectrum of high-molecular 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 so-called plasmonic nanocavities 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 wavelengths of 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, which is formed due to internal re-reflection 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 center of the nanocavity is 

characteristic for 633 nm and 785 nm. Similar 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 increased electric field strength is 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 plasmon-supporting metal (silver or gold) 20 - 

100 nm thick. In our work, chalcogenide glass (CG) is used as a relief-forming layer. 

 This paper presents the results of the development and optimization of the processes of 

formation of SERS substrates in the form of two-dimensional arrays of noble metal nanocavities 

using interference photolithography [4] based on a two-layer chalcogenide photoresist. For the 

formation of nanocavities with a deep relief (up to 500 nm), it was proposed to use a two-layer 

chalcogenide photoresist consisting of successively deposited layers of As10Ge30S60 and 

As40S30Se30. The top layer of As40S30Se30 is a high-resolution light-sensitive photoresist and can be 

used to obtain an interference lithographic mask. The As10Ge30S60 layer is practically insensitive to 

light, but is mechanically and thermally more stable in comparison with As40S30Se30. 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 interference pattern from helium-cadmium  
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Fig. 1. AFM images and cross-section of SERS-substrate for detecting high-molecular compounds 

with a period of 1207 Ñ 0.5 nm and different filling factor. 

 

laser radiation (wavelength ɚ = 441.6 nm) with a given spatial frequency. The etching of the 

photoresist and metal after exposure was monitored in situ by recording non-photoactive longwave 

light was diffracted from the relief structure. After removal of the photoresist residues, washing and 

drying, the formed periodic structure of the nanocavities array in the As10Ge30S60 film was obtained. 

After optimization of the parameters of the processes of vacuum deposition of layers, interference 

exposure of a two-layer photoresist, post-exposure processing of the photoresist and relief-forming 

layers, and taking into account the simulation results, prototypes of SERS substrates were made - 

ʘ 

ʚ 
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substrates with different spatial frequencies (from 1200 to 800 mm
-1
) and depths of nanocavities 

(from 250 up to 500 nm). As a result of scanning the surface of substrates based on nanocavities in 

CGs with a diameter of 370ï700 nm and a depth of 125ï400 nm, quasi-conformally coated with 

films of silver 40ï90 nm thick and gold films 20ï50 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 distribution in 

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 layers and 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 surface-enhanced Raman light scattering 

spectroscopy, since macromolecules 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 SERS substrates 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. 
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We studied mechanisms of Mo and W carbides high-temperature electrochemical synthesis and 

initial stages of crystal nucleation by the electrochemical methods used in the study of phase formation 

with simultaneous investigation of the microstructure of the substrate surface and electrolysis 

products. The experimental apparatus consisted of resistance furnace with stainless steel reactor, of 

analytical Radiometer Voltalab PST 050 for measuring voltammograms and galvanostatic switch 

(potential-time) curves, which are, in fact, the dependences of the electrode potential on time after the 

action of the initial current pulse, and of equipment for the microstructural studies based on MBS-9 

microscope. Measurements were performed in the three-electrode cell. The anode, platinum crucible, 

simultaneously served as melt container; the working electrode was the edge electrode (made from 

different metals) of 0.5-1.0 mm diameter fused in quartz glass. The reference electrode was 

diaphragmed platinum-oxygen electrode O2, Pt|Na2WO4-20 mol%WO3 or was consisted of pressed 

Mo2C and W2C strips on platinum current lead. After being washed with distilled water, the 

deposits were studied on the DRON-4 X-ray diffractometer and in the Stereoscan S-4 scanning electron 

microscope. The grain size was averaged over 50-100 grains. The surface morphology of the layers was 

determined in the Camebax scanning electron microscope. 

Mechanism of high-temperature electrochemical synthesis of molybdenum and 

tungsten carbides. The reduction wave of lithium molybdate was observed at voltammogram of 

Na2WO4-Li 2MoO4 (1-5 mol%)-Li 2CO3 molten system at potential ï1.6-1.7V versus Pt 

(O2)/Na2WO4-WO3 (20 mol%) reference electrode. Adding of lithium carbonate up to 2.5 mol% 

does not allow to observe the CO3
2-

 reduction wave. Instead, however, the high increase of MoO4
2-

 

reduction wave and its shift to electropositive region are observed. During further rise of lithium 

carbonate concentration at voltammetric curves one can observe CO2 reduction wave at more 

positive potentials. At the same time the MoO4
2-
 and CO2 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 these conditions give only one product ï Mo2C. 

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 Na2WO4. Adding lithium 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 wave of Li2WO4 is observed at its 

concentration 40 mol % and a potential of ï1.8 to ï1.9 V relative to a Pt (O2)/Na2WO4-WO3 (20 

mol%) electrode. Adding lithium carbonate to the Na2WO4-Li2WO4 melt initially causes an increase in 

the height of the lithium tungstate reduction wave. The 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 the Li2CO3 

concentration are follows: 0-10 mol% - W; 0.1-2.5 ï W and W2C traces; 2.5-5.0 mol % ï W, W2C and 

WC traces; 5.0-7.5 ï W2C, WC; 7.5-10.0 ï WC, W2C; 10.0-15.0 ï WC. 

Molybdenum and tungsten carbides coatings electrodeposition. Coatings electrodeposition was 

realized from Na2WO4-Li 2MoO4-Li 2CO3 and Na2WO4-Li 2WO4-Li 2CO3. Molybdenum carbide 

coatings form if Li2MoO4 concentration in the melt is 2.5-7.5 mol%, Li2CO3 concentration ï 2.5-

10.0 mol %. At higher concentrations of Li2MoO4, in parallel with tungsten carbide, molybdenum 

oxides and free carbon are observed, at less concentration ï metallic molybdenum. 

More available industrial reactant is MoO3. Using it as molybdenum source, lithium 

carbonate concentration must be 2 times higher than using Li2MoO4. Continuous deposits of Mo2C 
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were obtained at 1073-1223 K (the higher is temperature, the largher deposit grains are). However, 

at 1073 K carbide layer is 10 mm thick and has low adhesion to substrate. At temperature lower than 

1073 K deposits in the form of powder are obtained. Continuous, uniform, absolutely pore-

freecoatings with good adhesion were obtained at cathode current density 0.01-0.1 A/cm
2
. 

Molybdenum carbide deposition rate is 5-20 mm/h (at cathode current density 0.02-0.1 A/cm
2
), 

thickness of these coatings up to 200 mm, current yield of Mo2C in form of coating is 90%. With 

electrolysis duration increases current yield of Mo2C decreases. Tungsten carbide coatings were 

deposited from Na2WO4-Li 2WO4(40 mol%)-Li 2CO3 (10-15mol%) melt, with electrodeposition 

regularities (including carbonate usage) being the same. Thickness of W2C is up to 100 mm, current 

yield of W2C in the form of coating is up to 75%. The microhardness of Mo2C is 17.6-18.6 GPa, 

while that of W2C is 28.4-30.4 GPa. As the result of coating deposition, the durability of steel 

specimens increases 5-9 times, and the abrasive resistance ï 4-6 times. 

Initial stages of nucleation of carbide phases. It is known that carbide electrodes in 

tungstate-molybdate-carbonate melts of certain compositions have equilibrium electrode potentials. 

These results were also confirmed by the study of the reaction kinetics in electrodeposition of carbide 

coatings onto solid electrodes. The deposition of carbide onto the solid foreign substrate at the 

switched-on current is characterized by three important features: the shift of the potential to the 

electronegative region, the shift of the potential to the electropositive region untill reaching the certain 

value (stationary state), and the equilibrium value of the potential of the deposited compound after 

switching-off of the current.  

It is established that the first crystals start growing immediately after the appearance of the peak 

on the potentiodynamic curves. The repeated switching-on of the current within a short period of time 

(5-10 s) does not give rise to peak formation. These facts indicate that the crystallization overvoltage is 

associated with three-dimensional nucleation. Based on the experimental results, we evaluated the 

crystallization overvoltage due to considerable energy consumption for component nucleation at the 

first moments of synthesis. These overvoltages at the Ag electrodes in the temperature range 973-

1023 K reach the values of 8-20 mV. The carbide deposition onto the substrates prepared from the 

same solid materials was not accompanied by crystallization overvoltage. Maximum value of initial 

overvoltage hmax consisting of steady overvoltage during long-term current passing and of 

crystallization overvoltage is directly proportional to electrode surface area. Under these conditions, 

the stage of surface diffusion does limit the rate of the process at the electrode. With an increase of the 

rate of carbide deposition, the number of crystallization centers increases, which reduces deceleration 

related to surface diffusion. As a result, higher overvoltages seem to change the limiting stage so that 

the process rate is determined either by the rate of electron transfer or by the rate of diffusion from 

the melt volume. 

An increase in the melt temperature may complicate the crystallization process because of the 

interaction between the deposited components and the material matrix. For metals forming alloys with 

the deposited components, crystallization overvoltage is observed for a surface oxide film. After 

mechanical treatment of the surfaces of the working electrodes, they were electrochemically polished 

with simultaneous control of the substrate state in a microscope. The time of electrical polishing was 

determined with allowance made for the dissolution time of mechanically damaged layers of metal 

surface. 

A typical potentiodynamic curve corresponding to carbide electrodeposition onto the native 

substrate over wide temperature (973-1173 K) and current density (i = 0.02-0.40 A/cm
2
) ranges 

indicates the absence of any hindrances to crystallization and any passivating films on the surface. To 

determine the degree of the substrate inertness, we studied the overvoltage maximum and the time of its 

formation during electrocrystallization of Mo2C under galvanostatic conditions on the Mo, Ti, Ni, Ag, 

Cu, Pt, and Mo2C substrates. The choice of the material of the working electrode was made with due 

regard for its metallochemical properties and phase diagrams of binary metal systems with the Mo and 

C components.  

It is characteristic that the height of the overvoltage maximum for the above metals is 

proportional to the reciprocal time of their formation. This seems to be associated with the partial 
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penetration of the deposited components into the substrate bulk due to solid-phase diffusion, which 

allowed us to qualitatively characterize the degree of inertness of the substrate material. Thus, 

crystallization overvoltage hmax on the Ni substrate is observed only at certain current-density 

values. On a Pt substrate, one observes noticeable depolarization with two distinct waves that seem 

to correspond to the formation of alloys with different compositions. 

An increase in the melt temperature usually activates the cathode surface, increases the rate 

of mutual diffusion of the deposited components of the synthesized material and the substrate, and 

also intensifies their chemical interaction. We showed experimentally that Mo2C electrodeposition 

at temperatures above 1173 K, even in the case of an inert Ag substrate, is accompanied by 

depolarization due to alloy formation. Measurements performed over the wide temperature range 

(973-1123 K) indicate a regular change of the initial stages of Mo2C electrocrystallization on the 

substrate with an increase in temperature. 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 processes. The 

crystallization overvoltage increases with an increase in the current density.  

According to literature data, if the decelerated stage is the stage of primary formation of three-

dimensional nuclei, then the following relationship should be fulfilled: lgt = A + (K/h
2
), where t is 

the time of formation of three-dimensional nuclei, A and K are the constants dependent on the the 

electrode material, and h is the crystallization overvoltage. In actual fact, the experimental points 

in the lgt-l/h2
 coordinates fit the straight lines at different melt temperatures. The further deposit 

growth proceeds by the layer-by-layer mechanism. 

Epitaxial ratio of carbides galvanic coatings. The epitaxial growth of Mo2C 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 molybdenum and tungsten of different orientations at 1173 K and with cathode current 

density being 10
3
 Am

-2
. The deposits were investigated by X-ray diffraction method with the use of 

DRON-3 diffractometer and Camebax scanning electron microscope. For example, at Mo2C 

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 close-packed 

structure with the lattice parameters: a=3.002 A, c=4.722 A. The structure of molybdenum and 

tungsten is a body-centered cubic structure with the lattice parameters: aMo=3.147 A, aw=3.165 A. 

Thus, when molybdenum carbide is deposited on molybdenum and tungsten single crystals, there is 

not only a dimensional 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 on monocrystalline molybdenum with the {110}, {100}, {112} and 

{111} orientations and on tungsten with the {110} and {112} orientations. 

The microstructure of the surface of Mo2C deposited on a {110} Mo face consists of layers 

extended in the [1210] direction. 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 heteroepitaxial relations were determined using X-ray 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 Mo2C is deposited on monocrystalline tungsten 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 high-temperature electrochemical synthesis of molybdenum 

and tungsten carbides from tungstate-molybdate-carbonate melts were studied. The conditions of 

qualitive galvanic coatings on different materials were determined experimentally.  

This experimental study of the initial stages of Mo2C electrocrystallization from tungstate-

molybdate-carbonate melts with electrodes prepared from various materials over a wide temperature 

range allows us to put forward the following concepts of nucleation. Using inert substrates at T<1073-

1173 K, we observed considerable crystallization hindrances associated with the formation of three-

dimensional nuclei. An increase in the electrolysis temperature facilitates diffusion of atoms of the 

components into the substrate, which results in a decrease of the crystallization overvoltage. 

Simultaneously, a transition from the three- to two-dimensional nucleation is evidenced and, in some 

instances, associated to depolarization phenomena due to solid-phase saturation of the electrode 

boundary layers with the components (molybdenum and carbon) and alloy formation. 
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C-145 (octasodium salt of calix[4]arene-tetra-methylene-bis-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 'A'-knobs [2]. To prove this hypothesis we compared the action on 

fibrin polymerization of calix[4]arenes C-145 and C-937 (disodium salt calix[4]arene-methylene-

bis-phosphonic acid) that differ by the number of methylene-bis-phosphonic moieties ï four and 

one respectively. 

The change of turbidity during fibrin clot formation induced by APTT-reagent in the 

presence of calix[4]arenes  was measured using a Multiscan reader (ThermoFisher Scientific, USA).  

To investigate the interactions between the fibrin molecule and calix[4]arenes the molecular 

docking method was performed using Autodock vina software. The structure of the fibrinogen 

molecule, defined by X-ray crystallography (PDB Entry: 3GHG), was taken as a basic model, in 

which, however, there were no N-terminal regions of AŬ-chains, which play a major role in 

interactions. Missing parts were modelled using Modeller 9.19.   

Turbidity studies showed that at the concentration of 25 ɛm C-145 completely inhibits fibrin 

formation, while C-937 prolonged the lag period by 60 seconds compared to the control value. The 

effect of C-937 on the exponential growth phase and the final turbidity of the media were not 

observed. At a concentration of 5 ɛM C-145 prolongs the polymerization lag-period more than 

twice and 2.5 times inhibits the rate of fibrin clot formation. C-937 at the same concentration 

extended the lag-period by 25 s compared to the control. 

 

 
Fig.1.  Binding mode between calix[4]arene C-145 and N-terminus of AŬ-chain of the fibrin 

molecule 
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According to the molecular docking data three bisphosphonate moieties are involved in the 

interaction of C-145 with the AŬ-chain of fibrin, forming hydrogen bonds with Gly17, Arg19, 

Val21, Glu22, Arg23 (Fig. 1). At the same time, the complex between C-937 and fibrin is less 

stable because it is only stabilized by hydrogen bonds between one bisphosphonate moiety and 

Arg19, Glu22, Arg23, His24 (Fig. 2). 

Thus our results directly showed the much higher anti-polymerization efficacy of C-145 in 

comparison to C-937. The conclusion about the importance of bisphosphonate moieties in the fibrin 

interaction with calix[4]arene was proven by molecular docking.  

 

 

 
Fig.2. Binding mode between calix[4]arene C-937 and N-terminus of AŬ-chain of the fibrin 

molecule 

 

 

The research was a part of Project according to the targeted complex program of NAS of 

Ukraine for fundamental research ñProspective fundamental studies and innovations of 

nanomaterials and nanotechnologies for the industry, healthcare and agriculture  2020-2024ò. 
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Plasma Haemostasis // Pharm Anal Acta. 2015, ï V. 6. ï P. 406. 
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Today, nutrition is an important factor in the impact of metabolic metabolism. The question 

of ways to remove xenobiotics, 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 metabolism remains 

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 human health. 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: 

ü substantiate the development of food processing environments based on components that 

contain glucuronic acid; 

ü  model models of glucuronic acid, xanthan and licorice root. 

The object of the study are gels containing glucuronic acid. 

 Subjects of research: 

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

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

Research methods were 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 built using HyperChem 8.0.8, the models were visualized using GaussView 5.0.8 

Physico-chemical parameters of the finished product were studied by conventional methods. 

The influence of technological factors on the structural-mechanical and physico-chemical 

properties of glucuronic acid-based hydrogels has been studied. The influence of additionally 

introduced substances on organoleptic and structural-mechanical characteristics of GGK is studied. 

The result of the study. On the basis of quantum chemical models, new types of thermo- 

and acid-stable food films have been created, which are based on combinations of uronate 

polysaccharides of xanthan and glycyrrhizin, capable of self-formation and biodegradation. 

Using quantum chemical models of xanthan (Fig.1) and glycyrrhizin (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 that the 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. 1. Quantum chemical model of xanthan dimer 

 
Fig.2. Quantum chemical model of glyrizinin 

 
Fig.3. Quantum chemical model of glucuronic 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 reactivity in 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 (from 1.2-1.8 to 6.8.-

7.2) when entering the 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 quantum chemical modeling, and taking into account the 

rheological properties of xanthan hydrogels and solutions containing glycyrrhizin associates, the 

ratios of glucuronide-containing raw materials between themselves and water were derived. 
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Modern developments of probiotic preparations for the treatment of dysbacteriosis in 

humanôs and animalôs organisms are aimed at finding substances that can stimulate the metabolic 

activity of cells of probiont strains and thus accelerate the release of probiotic 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 with using of eco-friendly 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 of the work was to synthesize nanoparticles of metals (gold and silver) using 

eco-friendly reagents that ensure their biocompatibility in the composition of probiotic preparations 

and to study their biosafety in terms of genotoxicity. 

For the synthesis of gold 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 effects. H[AuCl4]Ā3H2O was used as initial substance to synthesize 

gold nanoparticles in 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. Three preparations of gold sol with a concentration of 38.6 ɛg/ml by metal and two 

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 particles size 10 nm 

(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 synthesized 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 

electrophoretic track, which alike ñtailò, whose parameters depend on the level of damage to the 

experimental DNA. Visualization of ñDNA-cometsò has been provided by fluorescence microscopy 

(fluorescence microscope ñLUMAM R8ò (exciting filter 490 nm, dichroic mirror 510 nm, reflective 

filter 530 nm, magnification X200-400)). For each micropreparation 200 ñDNA-cometsò without 

ñtailsò overlays have been analyzed. Analysis of ñDNA-cometsò was carried out visually by 

dividing on 5 relative types with appropriate number from 0 to 4 for each ñDNA-cometò. The level 

of DNA damage in this case has been defined like ñDNA-cometò index (ɯDNA), which calculated 

by the formula:  

 

ɯDNA = (0n0+1n1+2n2+3n3+4n4)/Ɇ, 

 

where n0-n4 ï number of each type ñDNA-cometsò, Ɇ ï sum of ñDNA-cometsò. 
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Evaluation of the genotoxicity of nanopreparations in vitro by the Comet assay was carried 

out using the following cell culture lines: Chinese hamster (CHO-K1); hepatocarcinoma (HEp-2 

line); transplanted culture fibroblasts of mice (line L929).  

In vitro tests of the genotoxicity of the synthesized metal nanoparticles have 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 nanopreparations (30 nm gold nanoparticles, 25 and 30 nm 

silver nanoparticles) didnôt reveal genotoxic properties. So, the gold nanoparticles 30 nm in size, 

silver nanoparticles 25 nm and 30 nm, in the synthesis of which biocompatible tannin was used, can 

be recommended for biotechnological using as protectors and stimulators of physiological and 

biochemical parameters of microbial cells in conditions of lyophilization stress and their long-term 

storage. 
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Strict control of food productsô contamination by various pathogens and toxins and the 

necessity for continuous monitoring of the sterility of different biotechnological industries make the 

relevance of the development of modern highly sensitive, rapid and quite cheap control methods. 

Modern bio- 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 construction 

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 synthesized metal nanoparticles 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 the component for optical 

nanosensors construction.  

It is known that the range of nanoparticlesô properties strongly depends on their size, 

composition, shape, surface characteristics, and so on. All these parameters can significantly affect 

the nature of the nanoparticles 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 well as physiological and 

biochemical parameters of pathogenic and opportunistic bacterial cells ï potential targets for 

detection. 

The interaction of CuNP (20 nm), FeNP (40 nm), AuNP (30 nm), AuNP (20 nm), AgNP 

(20 nm), AgNP (30 nm) with pathogenic bacteria strains of Escherichia, Salmonella, 

Staphylococcus, Streptococcus and 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 bacteria cells changing 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 methods for monitoring and control the content of coliform bacteria and 

Escherichia coli have been developed. It was shown that the use of the synthesized iron, silver and 

gold nanoparticles can accelerate the time of the officially recommended chromogenic reaction by 9 

times. The sensitivity of the proposed method using the chromogenic environment with gold, silver 

or iron nanoparticles is also increased (1Ĭ10
3
 CFU/ml) in contrast to the sensitivity limit of the 

chromogenic reaction for the presence of E. coli beta-galactosidase using Colilert (R) -18 

(sensitivity 2Ĭ10
4
 CFU/ml).  

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 the synthesized spherical gold nanoparticles with the average particles size 

20 nm and 30 nm 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 by the content 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 blue was observed in the sample with musselsô homogenate after their improper 
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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, odor, elasticity, etc.) of 

musselsô sample after improper storage conditions did not differ from the fresh product. 

 

Fig. 1. Testing the quality of fresh mussels (left, red color) and improper storage conditions 

(right, blue color) using synthesized gold nanoparticles. 

 

Thus, the obtained data show the perceptiveness of the synthesized metal nanoparticles use 

in development and construction of simple, sensitive optical nanosensors to rapid determination of 

pathogens and food toxins. 
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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 particular interest 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 for creating sensitive optical materials for the determination of cadmium in biological 

fluids [2] and bioviazulization of the action of antitumor drugs in medicine [3]. Carbon 

nanoparticles luminesce due to defects and edge carbon atoms. For research, we used partially 

unzipped multi-walled carbon nanotubes obtained by us by the electrochemical method [4]. To 

enhance of the photoluminescence, partially unzipped multi-walled carbon nanotubes (PUMCNTs) 

were subjected to ultrasonic crushing at a frequency of 22 kHz 150 W/cm
2
 on a UD-11 ultrasonic 

device. Micrographs of such PUMCNTs 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 multi-walled carbon nanotubes have different in degrees of unzips depending on 

the time of electrochemical oxidation. Thus, samples of multi-walled nanotubes, partially and fully 

unzipped multi-walled nanotubes, were studied by the method of luminescence spectroscopy. 

Sample 1 is initial MWCNTs, sample 2 after electrochemical oxidation for 2 hours is partially 

unzipped and sample 3 after electrochemical oxidation for 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 W/cm
2
). 
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Fig. 2 PL excitation spectrum and photoluminescence spectra at different excitation wavelengths 

after 1 hour of ultrasonic treatment on a UD-11 ultrasonic device with a frequency of 22 kHz  

(150 W/cm
2
 ) 0.1 g of powder of  PUMWNT in 50 ml distillated water a) sample 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, leads to a blue glow of the sample at a maximum of 400-430 nm. 

Luminescence investigations shown that the degree unzipping carbon nanotubes after 1 hour of 

ultrasonic treatment with a frequency of 22 kHz (150 W/cm
2
) on the UD-11 (ultrasonic device) 

affects on 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 defects of carbon nanoparticles. In our case, the 

maximum of the PL spectrum in Fig. 2 at 400 nm at light absorption at 220-240 nm with a shoulder 

of 257 nm and a peak at 320 nm, respectively. A broad peak at 220ï240 nm with a shoulder of 257 

is attributed to the ́ ï ˊ * transition of aromatic bonds ïC = Cï and sp2 hybridized ïC ï Cï carbon 

bonds [5]. For bilayer and single-walled carbon nanotubes with a decrease in diameter from 3 to 1 

nm, the peak at 240 nm shifts to the UV region to 206 nm [6]. Based on these data [6], the scatter of 

the carbon nanoparticles obtained by us is 1.5ï3 nm. The peak of light absorption at 320 nm is 

caused by the terminal groups C = O / COOH, OH, and C-O-C of carbon nanoparticles [7]. Usually 

this peak for carbon nanoparticles is observed at 350-360 nm [3] but in the case of one or two-layer 

carbon nanoparticles with a lateral layer of 0.5-1.3 nm, it shifts to the UV region at 320 nm [8-10]. 

Accordingly, we can conclude that during ultrasonic treatment in a colloidal solution, one or two-

layer small carbon nanoparticles of small size 1.5-3 nm 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 to photoluminescence. 
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