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В збірнику представлені тези доповідей ХХI Міжнародної Школи-
семінару імені Галини Пучковської “Спектроскопія молекул і кристалів” 
(22-29 вересня 2013 р., Берегове, Крим, Україна). В тезах викладено 
нові результати досліджень з основних напрямків сучасної теоретичної 
і експериментальної спектроскопії неметалічних кристалів, аморфних 
речовин, газів, рідин, рідких кристалів, полімерів, нанорозмірних 
систем, тонких плівок, поверхні і міжмолекулярної взаємодії. Також 
розглянуто такі напрямки як нелінійно-оптичні явища, комп‘ютерне 
моделювання, нові прилади та методи спектральних досліджень.
Тези надруковано в авторському поданні.
Рекомендовано до друку Вченою радою Інституту фізики НАН України 
(Протокол № 6 від 06.06.2013).
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The International School-Seminar “Spec-
troscopy of Molecules and Crystals” has a long 
history. Founded in 1973, this year’s 21st 
School-Seminar marks its 40th anniversary. The 
idea of this scientific event was put forward by 
a working group from the Institute of Physics, 
Kyiv, Ukraine. Main architects of the School-
Seminar were Chairman, Director of the Insti-
tute of Physics, Member of the National Acad-
emy of Sciences of Ukraine Marat Shpak, and 
senior researcher of the Department of infrared 
spectroscopy, later a Head of Photoactivity De-
partment, Professor Galyna Puchkovska. 
Among the founders of the School-Seminar was also its Honorary Chairman 
since 1979, world-known physicist and theoretician, Member of the National 
Academy of Sciences of Ukraine Alexander Davydov. 

The School-Seminar becomes regular biennial meeting of prominent sci-
entists from all over the former Soviet Union. The geography of the School-
Seminar covers nearly all famous places of Ukraine. Without doubt, the heart 
and soul of the school, its organizer and inspirer from the very beginning was 
Professor Galyna Puchkovska. 

The scope of the School-Seminar is broad and covers all aspects of spec-

40-YEAR HISTORY 

OF GALYNA PUCHKOVSKA  
INTERNATIONAL SCHOOL-SEMINAR 

“SPECTROSCOPY OF MOLECULES AND CRYSTALS”
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troscopy including theoretical 
spectroscopy, molecular dynam-
ics and molecular interactions, 
spectroscopy of molecular crys-
tals, spectroscopy of inorganic 
crystals and semiconductors, as 
well as applied spectroscopy.

The first School-Seminar 
was held in Western Ukraine near 
Uzhgorod at the sport and recrea-
tion camp of Uzhgorod Universi-

ty “Skalka”. About 80 participants from Ukraine, Russia, Belarus and other 
former Soviet countries took part in this event. For many years, it continues 
to bring together scientists interested in spectroscopic methods of research 
from all over the world. Every year the School-Seminar widens the number 
of its participants. With time, a true family of devotees of Galyna Puchkovska 
School-Seminar was build between spectroscopists, including famous spe-
cialists in the field of spectroscopy of solid state and soft matter, non-linear 
and laser spectroscopy from different countries. 

The aim of the School-Seminar, seen by Galyna Puchkovska as a wide-
circle meeting of scientists and engineers, is to examine from different points 

Galyna Puchkvoska and Alexander Davydov  
(in the center) at VI SSSMC (1983, Chernihiv)

Participants of XII ISSSMC (1995, Nizhyn)
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of view the problems and questions of molecular spectroscopy and its appli-
cations, to share the experience and to facilitate joint research in different 
fields of spectroscopy. Apart from its purely scientific goals, the aim of the 
School-Seminar was always to support young Ukrainian researches, help 
them to present their ideas to the international spectroscopic community and 
to initiate common research projects with European scientists and engineers. 

Since 2005 Taras Shevchenko National University of Kyiv is a co-organ-
izer of Galyna Puchkovska School-Seminar. Since that time, the School-
Seminar has its permanent residence in the University’s Centre of recreation 
and tourism in the village of Beregove in Crimea. On the proposal of the au-
thor, the School-Seminar was complemented with a satellite meeting - a sum-
mer mini-school of «Minor Academy of Sciences of Ukraine». The best 
Ukrainian schoolchildren, winners of All-Ukrainian competition on physics 
may take part in the work of this school.

During 40 years, School-Seminar of Galyna Puchkovska continues to 
unite spectroscopists from different countries, strengthen scientific coopera-
tion between Ukraine and the entire world, stimulate exchange of thoughts 
and ideas, and inspire new generations to contribute to the development of 
science. 

V. Pogorelov 
Chairman of International 
Advisory Committee

Participants of XIV ISSSMC (1999, Odessa)
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1H, 13C NMR AND RAMAN SPECTROSCOPY OF PROTON/
DEUTERON EXCHANGE IN IMIDAZOLIUM-BASED IONIC 

LIQUIDS
V. Klimavicius1, J. Kausteklis1, M. Bugailiskis1, V. Aleksa1, A. Marsalka1, 

Z. Gdaniec2, V. Balevicius1*

 1Faculty of Physics, Vilnius University, Saulėtekio al. 9, LT-10222 Vilnius, Lithuania 
2 Institute of Bioorganic Chemistry, Polish Academy of Sciences,  

Z. Noskowskiego 12/14, PL-61704 Poznan, Poland 
*Corresponding author: vytautas.balevicius@ff.vu.lt

Ionic liquids (ILs)/room temperature ionic liquids (RTILs) can be con-
sidered as one of the most successful breakthroughs creating smart materials 
and multifunctional compositions possessing many appealing features im-
portant for the applications in high technologies, including various artificial 
sensors of new generation, electrochemistry, fuel cells and batteries, (bio-) 
catalysis, etc [1]. On the other hand, the physical understanding of processes 
in ionic liquids on a molecular level how the certain peculiar properties may 
arise from the long-range interionic interactions coupled with their structural 
features and dynamics is still one of the main challenges for fundamental re-
search.

The anion effect on the proton/deuteron (H/D) exchange in the imidazo-
lium-based ionic liquids [Cnmim][X], were n = 4 and 10,  X = I, Br, Cl in D2O 
solution was studied applying 1H, 13C NMR and Raman spectroscopy.

The time dependencies of integral intensities in NMR and Raman spec-
tra indicate that the H/D exchange in [Cnmim][X] runs faster in sequence of 
anions Cl, Br and I. The role of anions has been discussed. They interact with 
cations via H-bonds and bind the water molecules in their solvation shells. 
The overlap and the competition of these processes may cause complex de-
pendency of the H/D exchange reaction rates on the sample composition. The 
concept of the conformational changes coupled with the H/D exchange in 
imidazolium-based ionic liquids can be rejected in the light of 13C NMR ex-
periment and DFT calculation. The revealed changes in 13C NMR spectra are 
caused by the Nuclear Overhauser Effect (NOE) and the secondary (13C) iso-
tope effect not being the signal shifts due to the conformational trans-gauche 
transition.

[1]. Physical Chemistry of Ionic Liquids,  J. F. Wishart and E. W. Castner Jr., Eds. 
The special issue of J. Phys. Chem. B 111, No. 18, 2007.

L-1
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NEW ORGANIC PROBES FOR TWO-PHOTON INDUCED 
FLUORESCENCE MICROSCOPY APPLICATION

M.V. Bondar1*, O.V. Przhonska1, K.D. Belfield2

 1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
2Department of Chemistry and CREOL, The College of Optics and Photonics,   

University of Central Florida, P.O. Box 162366, Orlando, FL 32816-2366, USA 
*Corresponding author: mike_bondar@iop.kiev.ua

The linear photophysical, two-photon absorption and superfluorescence 
properties of new organic fluorene and squaraine derivatives with great po-
tential for two-photon fluorescence microscopy application have been report-
ed. The steady-state and time-resolved spectral analysis of new molecules 
were performed in solvents of different polarity at room temperature under 
CW and pulsed femtosecond excitation. Different types of fast relaxation 
processes have been detected in the excited electronic states of fluorene de-
rivatives, including solvation dynamics. Efficient superfluorescence radiation 
was observed for fluorene and squaraine molecules under femtosecond 
pumping conditions. Two-photon absorption (2PA) spectra of new molecules 
were obtained in broad spectral range using open aperture Z-scan methodol-
ogy and the maxima values of 2PA cross sections up to 2500 GM were shown. 
A potential application of new probes in bioimaging was demonstrated via 
one- and two-photon fluorescence microscopy techniques.

L-2
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COMPLIMENTARY INVESTIGATION OF 
MICROSTRUCTURE OF IONIC SOLUTIONS BY 

NMR-RELAXATION, QUANTUM CHEMISTRY AND 
MOLECULAR DYNAMICS METHODS

V.I. Chizhik*, A.V. Egorov, V.V. Matveev, D.A. Markelov, M.F. Vovk, 
M.S. Pavlova

 Faculty of Physics, Saint-Petersburg State University, Russian Federation 
*Corresponding author: chizhik@nmr.phys.spbu.ru

Nuclear magnetic resonance is a fruitful tool for the investigation of the 
internal structure of ionic solutions, and NMR-relaxation plays an important 
role. Spin-lattice relaxation rates of  1H, 2H, 7Li, 13C, 23Na, 35Cl, 81Br and 127I 
nuclei in electrolyte solutions and ionic liquids were measured in a wide tem-
perature range using the Bruker SXP 4-100 and AVANCE 500 spectrometers. 
The NMR-relaxation method for the investigation of aqueous salt solutions 
was earlier developed  in [1]. The change of quarupole coupling constants 
(QCC), caused by the deuteron transfer from water molecules to D3O

+ ions, 
and the change of the QCC of deuterons, which belong to water molecules in 
hydration shells of “strong” ions, were detected. 

In order to conciliate the data obtained from proton and deuteron reso-
nances, the electric field gradients and the QCC of deuterons in different 
molecular complexes were estimated from quantum-chemical calculations. 
The DFT method with hybrid functional B3LYP was chosen to take into con-
sideration non-local electronic correlation. Flexible basis sets (6-31++G**, 
6-311++G**, aug-cc-pVDZ, aug-cc-pVTZ and aug-cc-pVQZ) with diffuse 
functions were used, that is important for molecular systems with hydrogen 
bonds.

For the modelling of  aqueous solutions  the standard molecular dynam-
ics has been carried out. The original combination of classical molecular dy-
namics simulation and Car-Parrinello method, based on the DFT, is also used.

The work is partly supported by grants of  Saint-Petersburg State Uni-
versity and  Russian Foundation for Basic Research (Grant No 13-03-
01073a).

[1]. V. I. Chizhik. Molec. Phys., 1997, 90, 653.

L-3
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GLASS FORMATION AND NUCLEATION IN 
SUPERCOOLED LIQUIDS

J. Baran1, N.A. Davydova2*, M. Drozd1

1Institute of Low temperature and Structure Research, PAS, 50-950, Wroclaw,Poland  
2Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: Davydova@iop.kiev.ua

Glasses, and the supercooled liquids from which they are usually pre-
pared, provide a challenging array of fundamental questions that have been 
the subject of study for nearly 100 years [1]. Research in this field has been 
concentrated in the temperature range around and below the conventional 
glass transition temperature Tg. Here we present selected aspects of our study 
of the vitrification, nucleation and crystallization in a family of glass-formers 
such as: 2-biphenylmethanol, benzophenone, orto-bromobenzophenone and 
salol, by using spectroscopic and differential scanning calorimetry methods. 
It has been found that in the supercooled liquids of the aforementioned 
compounds the nuclei emerge during the cooling procedure. The temperature 
at which the nuclei appear lies at ~ 1.2Tg. The precursors of the nuclei origi-
nate in the local-density-fluctuation sites, which are already present in the 
quenching period of the supercooled liquid. In all our experiments nuclei 
appears no matter how quickly we cooled liquid (fast quenching or slow cool-
ing).  During subsequent cooling below Tg the fluctuating nuclei become an 
important element of the glass structure. The most fascinating fact is that the 
crystal symmetry of these formed at low temperature nuclei is not consistent 
with that of the initial crystal. After melting of the glass state the size of these 
nuclei increases and cold crystallization into the metastable phases occurs. 
Our results suggest that the metastable phase tends to nucleate in preference 
to the stable phase in the vicinity of the glass transition, thus the metastable 
phase at the nanometric size comprises a glass structure.

[1]. M.D.  Ediger, P. Harrowel,  J. Chem. Phys. 137, 080901 (2012).

L-4
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PHOTOPHYSICS AND SPECTROSCOPY OF 
NOVEL FLUORESCENT NANOPARTICLES AND 

NANOCOMPOSITES
A.P. Demchenko

 Palladin Institute of Biochemistry, National academy of Sciences,  
Leontovicha 9, 01030, Kyiv, Ukraine 

Corresponding author: alexdem@ukr.net

The electronic absorption and fluorescence spectroscopy was enriched 
tremendously on the introduction of new fluorescencent nanoscale materials 
and nanocomposites [1]. In basic research and in many application areas tra-
ditionally explored intrinsic fluorescence of biological macromolecules and 
cellular pigments and of externally introduced organic dyes are presently in 
strong competition with these new nanomaterials. Among them are conju-
gated polymers, semiconductor nanocrystals (quantum dots), up-converting 
nanocrystals, magic-size clusters of silver and gold, nanodiamonds and car-
bon dots, etc. They demonstrate diverse photophysical behavior and allow 
obtaining diverse information being used in analytical tools (as sensors) or 
when they form images in biological systems. Based on them, functional 
nanocomposites displaying a variety of useful features and thus extending 
dramatically the information content of output data can be constructed. With 
their aid one can modulate in broad ranges the wavelengths of excitation and 
emission, the lifetimes and anisotropies. The systems with ‘superenhance-
ment’ and ‘superquenching’ can be designed. Such unlimited possibilities are 
offered by combining different types of luminophores based on electronic 
conjugation, plasmonic effect or excited-state resonance energy transfer [2]. 
A comparative analysis of spectroscopic properties of new nanoscale materi-
als and of their hybrid nanocomposites is provided with the prospect of ap-
plications in fluorescence sensing and imaging.

[1]. A.P. Demchenko. Introduction to Fluorescence Sensing. Springer Verlag,      
(2009), 612 pp.

[2]. A.P. Demchenko, Methods Appl. Fluoresc. 1 (2013) 022001 (28pp)

L-5
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DIRECT MEASUREMENT OF PLASMON LIFETIME WITH 
OPTICAL KERR GATE

I. Dmitruk1,2*, I. Blonskii1, A. Dmytruk1, S. Malynych3, D. Aleksiuk1,2, 
V. Kadan1, P. Korenyuk1, M. Zubrilin1

1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
2Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
3Institute for Physics of Semiconductors, National Academy of Sciences of Ukraine, 

Prosp. Nauky, 41, Kyiv 03028, Ukraine 
*Corresponding author igor_dmitruk@univ.kiev.ua

Applications of plasmon for information exchange, field enhancement, 
sensorics and many others require reliable data on its basic characteristics. 
Lifetime is among the most important but difficult to measure. Because of 
large oscillator strength of plasmon its radiative lifetime is in the range of 
only few femtosecond and usually it is beyond the possibilities of time-re-
solved spectroscopy. Thus, typically it is estimated from its spectral width 
with inevitable inaccuracies caused by nonradiative decay and inhomogene-
ous broadening in the samples of nanoparticles with certain size distribution.

We have succeeded in the measurement of quadrupole plasmon lifetime 
by means of optical Kerr gate. Experiments were performed at the Center for 
collective use Femtosecond Laser Complex of National Academy of Scienc-
es of Ukraine. Second harmonic of Ti:sapphire laser excited quadrupole plas-
mon resonance in colloid solutions of silver nanoparticles and their second-
ary emission is analyzed. Tailing of the order of 45 fs is attributed to lifetime 
of quadrupole plasmon and much longer delay in picoseconds range observed 
in dense samples is interpreted as diffusion-like light propagation caused by 
multiple scattering.

L-6
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SEIRA AND SERS SPECTROSCOPY: ADVANTAGES AND 
DISADVANTAGES

G.I. Dovbeshko1*, O.M. Fesenko1, O.P. Gnatyuk
Department of Physics of Biological Systems, Institute of Physics, NAS of Ukraine,  

46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author: gd@iop.kiev.ua

The enhancement of optical process by a factor 102..1012 near rough  
metal surface, carbon nanostructures, semiconductors is known already from 
the end of last century for both optical transitions in adsorbed molecules (Ra-
man scattering (RS) of light, luminescence, IR absorption) and the processes 
which do not depend on the presence of molecules on the metal surface (for 
example, second harmonics generation). The effect lies in an essential in-
crease of the intensity of transition (for example, effective cross-section in-
creases by factor 105..1012 for RS – the effect was named as SERS and 10-103 
for IR absorption- SEIRA effect) or efficiency of the process near metal sur-
face. The explanation of the effect is not simple and includes several mecha-
nisms: i) the increase of the electromagnetic field near rough metal surface or 
island metal films, ii) the increase of the dipole transition moment of the ad-
sorbed molecules, etc. [1].

Despite of great interest to these effects, experimental application is not 
so simple and sometimes it is very difficult to reach high enhancement in the 
spectra. Factor of enhancement in SERS and SEIRA is determined by 1) by 
structure and morphology of metal surface [2],  2) type of the molecules and 
its organization on the l surface [2],  3) geometry of the experiment,   type of 
the substrate materials etc.

Advantages and disadvantages of enhanced vibrational spectroscopy, 
numerous experimental data of SEIRA and SERS, including biomolecules 
and living cells are presented and discussed here.

Acknowledgment: we thank for financial assistance Project STCU 5525 
(2012-2013), Ukrainian-Polish Joint Research Project (2012-2014), PIRS-
ES-2012-318617 FAEMCAR, Ukrainian-Russian Project 60-02-12.

[1]. В.А. Кособукин. Серия физическая. 1985, 49(6): 1111–1120.
[2]. J. Panek, A. Jezierska, A. Koll, G. Dovbeshko, O. Fesenko. // ChemPhysChem. 

– 2011. – Vol.12, P. 1 – 12.

L-7
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HYDROGEN BOND NETWORKS IN GUANIDINIUM 
BASED CRYSTALS. THE X-RAY, SPECTROSCOPIC AND 

QUANTUM CHEMICAL INVESTIGATIONS
M. Drozd*, D. Dudzic

Institute of Low Temperature and Structure Research of the Polish Academy of Sciences, 
Okólna 2 Str., 50-422 Wrocław, Poland 

*Corresponding author: m.drozd@int.pan.wroc.pl

In design of compound with nonlinear optics properties the special role 
is reserved for organic molecules with delocalized electron system. The mol-
ecules have potentially big NLO responses. On the basis of our experiences 
as molecule with potentially huge NLO properties the ion of guanidine 
(C(NH2)3

+) was chosen. This ion is relatively simple chemical species whose 
structure is related to those of amides and proteins in which there is consider-
able interest.

On the other hand the guanidinium ion creates in crystals very interest-
ing networks of hydrogen bonds. Some of these systems have 3D structures,  
sometimes the 2D chains or dimers connected by hydrogen bonds are no-
ticed. 

In this presentation the six structures, typical for guanidinium com-
pounds, are described. The detailed studies of hydrogen bonds network in 
these crystlas are presented. During these investigations the different experi-
mental methods were used. The X-ray crystallographic results are compared 
with spectroscopic and theoretical studies. 

In most cases the obtained from various experimental and theoretical 
methods results are convergent, but sometimes the huge differences are ob-
served. The reason for which these discrepancies are noticed will be detailed 
discussed. 

This work was supported by the Ministry of Science and Higher Educa-
tion (grant nr: N N507 221840).

L-8
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X-RAY SPECTROSCOPY OF CRYSTALLIZED INSULATOR 
FILMS AND INTERFACES

E.O. Filatova
 Institute of Physics, St-Petersburg State University, St. Petersburg, 198904, Russia 

Corresponding author: feo@EF14131.spb.edu

X-ray spectroscopy is one of the effective methods of the analysis of the 
electronic structure, atomic concentration and chemical phase composition of 
materials. Near edge spectral dependencies of the x-ray absorption coeffi-
cient and spectral distributions of the intensity in the characteristic x-ray 
emission bands reflect the energy distribution of the density of empty elec-
tronic states of the conduction band and occupied electronic states of the va-
lence band, respectively. X - ray absorption and emission processes have a 
local character (associated with hole localization in the core shell) and dipole 
selection rules for the transitions between the initial and the final state have 
been worked out. Thus the possibility to obtain the information about local 
and partial (allowed for certain angular momentum symmetry) density elec-
tronic states of the conduction and the valence band is appeared. Such unique 
information does not possess a single method.

Advantages offered by synchrotron radiation, such as high brightness, 
coherency, polarization control and photon-energy tunability give a new push 
to the development of the X –Ray Spectroscopy and now the X –Ray Spec-
troscopy includes a whole complex of methods, which well developed for 
study of crystalline structures. On the progress of these methods for nonde-
structive analysis of the atomic electronic structure of thin crystallized insula-
tor films and buried interfaces will be reported in the talk. 

In particular, it will be shown that in some cases X-ray spectroscopic 
methods can be more sensitive to determination of the degree of perfection of 
nano-crystalline structures within the range amorphous phase – crystal as 
compared with methods of diffraction analysis of the surface.

L-9
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PHOTON-BOSON CONVERSION IN PHOTONIC CRYSTALS 
AND DIELECTRIC MEDIA

V.S. Gorelik
P.N. Lebedev Physical Institute of the Russian Academy of Sciences,  

Leninskii Prospect, 53, Moscow 119991, Russia  
Corresponding author: gorelik@sci.lebedev.ru

Photonic crystals are new physical objects, revealing a number of unique 
physical properties: negative refraction index, essential lowering of the group 
velocity of electromagnetic waves, localizing of photons inside the photonic 
crystals and others. In this work the properties of photon-boson conversion 
effect in 3D-photonic crystals have been investigated. The dispersion laws of 
photonic and polaritonic branches of globular photonic crystals and dielectric 
media have been calculated. Down and up photon-photon conversion phe-
nomenon experimental results for globular photonic crystals are presented.  
As the sources of exciting light for conversion effect observation the different 
lasers and spontaneous sources of light have been used: pulsed Nitrogen and 
Ruby lasers, pulsed and continuous YAG:Nd3+ (532.0 and 266.0 nm) lasers, 
light emitted diodes(366.0, 382.0,410.0 nm), continuum emission of visible 
range.  As a result of light conversion processes in photonic crystals  the 
spectrum of exciting light was converted into the region of photonic crystal 
stop-band. Thus the technique of light energy transformation into some dis-
tinct spectral region has been worked out. Such result may be used for solar 
cells efficiency increase. The properties of scalar boson [1] (paraphoton)  and 
pseudo scalar boson [2] (axion) as elemental particles of dark matter are de-
scribed. The theory of two photons conversion into paraphotons or axions in 
vacuum and in media is presented. There is found, that in photonic crystals 
and in some dielectric media unitons as quasi particles, corresponding to unit 
value of refraction index, exist. The prediction has been made, that the es-
sential increase of photon – boson conversion efficiency should take place, 
when uniton emission for conversion exciting in media  is used. 

[1]. L.B. Okun. Limits on electrodynamics: paraphotons? Sov. Phys. JETP 56, 502-
505 (1982).

[2]. P. Sikivie, D.B. Tanner, and K. van Bibber, “Resonantly Enhanced Axion-Pho-
ton Regeneration”, Phys. Rev. Lett. 98, 172002 (2007) [4 pages].

L-10
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SPECTROSCOPY OF PHONON AND ELECTRON 
EXCITATIONS AND THEIR SYMMETRY IN CRYSTALS 

AND PERIODIC NANOSTRUCTURES
V.O. Gubanov

Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

Corresponding author: gubanov@univ.kiev.ua

The lecture is devoted to phonon and exciton elementary excitations in 
bulk crystals such as graphite, 2 2,ZnP CdPa -  and in periodic nanostructures 
such as graphene, single-walled carbon nanotubes by the methods of optical 
spectroscopy including micro-Raman spectroscopy.

For the first time the methods of construction of irreducible projective 
representations of space groups of crystals and periodic nanostructures for 
analysis of energy spectra of elementary excitations have been used. Method 
of construction of standard factor-systems and irreducible projective repre-
sentations for all projective classes of space symmetry groups has been elab-
orated. The two-valued spinor irreducible representations for description of 
electronic states for groups 66 / ( )hmmm D  and 4422 ( )D  have been built as an 
irreducible projective representations of projective class 1K .

The dispersion of electron-phonon resonances near Dirac point in one-
layer graphene (as diperiodic nanostructure) and its manifestation in micro-
Raman scattering has been studied. A new symmetry classification of elec-
tron and phonon states in one-layer graphene, which differs from previous 
consideration, has been developed. It is found that minimum of i-TO phonon 
branch at K-point is deeper than it is presented in literature. 

The fine structure of 2D-band in micro-Raman scattering spectra of sin-
gle-walled carbon nanotube (SWCNT) has been observed. It is shown that 
this fine structure is to be related with incoming resonance on SWCNT’s van 
Hove singularities, which provides the dispersion behaviour of 2D band with 
the energy of exciting photons and additional resonant conditions including 
the outgoing resonances and warping effects.
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POLARON DESCRIPTION OF THE TRIPLET ENERGY 
TRANSPORT IN CONJUGATED POLYMERS
I.I. Fishchuk1,2, A. Kadashchuk1,3, A. Köhler4, H. Bässler4

1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
2Institute for Nuclear Research, Natl Academy of Sciences of Ukraine,  

Prospect Nauky 47, 03680 Kyiv, Ukraine 
3IMEC, Kapeldreef 75, B-3001 Leuven, Belgium 

4Experimental Physics II and Bayreuth Institute of Macromolecular Research (BIMF), 
Universitätsstr. 30, 95448 Bayreuth, Germany

The success of organic functional materials in optoelectronics device 
applications depends on our understanding of the excited state photophysics. 
At present, there is a particular need to develop our knowledge about the spin 
triplet excited state, which is used extensively in organic light-emitting di-
odes (LEDs) and solar cells. In LEDs, triplet states are the major excitations 
generated in the course of charge-carriers recombination and employed in 
some device architectures for light emission. Similarly an increasing number 
of solar cells relies on the diffusion of triplet states to the dissociating inter-
face. Both applications benefit from clever use of the triplet state migration. 
While much research has been dedicated to the spin singlet excited-state 
transfer that proceeds through dipole-dipole coupling, the mechanism of tri-
plet motion has received less attention. Triplet migration occurs as a succes-
sion of triplet energy transfer processes. The individual transfer is based on 
an exchange mechanism (Dexter transfer) that is well understood for an indi-
vidual donor-acceptor pair. However our insight into the mechanism of triplet 
transfer in a disordered organic solid is still limited to only a few studies.

In my talk I will present a model of triplet exciton diffusion in random 
organic systems, which considers the interplay between polaronic distortion 
of the excited chain elements and the energetic disorder. It is applied to de-
scribe experiments on triplet diffusion in Pt-atom containing conjugated pol-
ymers. The model is based on a Marcus jump rate in terms of the small-po-
laron concept with a Gaussian energetic disorder treated in terms of effective-
medium approximation. We found that in for the weak electronic coupling 
associated with triplet motion, that is typical for conventional conjugated 
polymers, the triplet transfer is nonadiabatic. For a critical ratio of polaron 
activation energy aE  with respect to the energy disorder parameter s (s/ aE
=0.3), Marcus-type multiphonon transport prevails above a certain transition 
temperature. At lower temperatures, transport is disorder controlled consist-
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ent with the Miller-Abrahams formalism. Theoretical results are consistent 
with triplet transport in the Pt-containing conjugated polymers. Implications 
for charge and triplet motion in random organic materials in general are dis-
cussed.
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EMISSION MÖSSBAUER SPECTROSCOPY: NOVEL 
APPLICATIONS FOR PROBING STRUCTURAL 

ORGANIZATION OF METALLOENZYME ACTIVE 
CENTERS

A.A. Kamnev1*,  A.V. Tugarova1,  L.A. Kulikov2,  Yu.D. Perfiliev2

1Laboratory of Biochemistry, Institute of Biochemistry and Physiology of Plants and 
Microorganisms, Russian Academy of Sciences,  
Prosp. Entuziastov, 13, 410049, Saratov, Russia 

2Laboratory of Nuclear Chemistry Techniques, Department of Radiochemistry,  
Faculty of Chemistry, M.V. Lomonosov Moscow State University,  

Leninskie Gory, 1/3, 119991, Moscow, Russia 
*Corresponding author: aakamnev@ibppm.sgu.ru,  a.a.kamnev@mail.ru

The emission variant of Mössbauer (nuclear γ-resonance) spectroscopy 
(EMS) is a highly sensitive and informative nuclear chemistry technique. The 
use of the 57Co radionuclide is common in EMS applications in materials sci-
ence and radiochemistry, but biology-related applications of 57Co EMS have 
been quite rare. Nevertheless, in many organisms cobalt is involved in di-
verse enzymatic activities. In our first relevant studies [1–3], the idea of sub-
stituting 57Co2+ (as an EMS-active probe) for the native cation(s) at the cation-
binding sites in a metalloprotein was successfully realised for the first time. It 
gave ‘EMS snapshots’ of its coordination microenvironment, featured by its 
Mössbauer parameters. This was demonstrated using, as a representative ex-
ample, glutamine synthetase (GS), a key enzyme of nitrogen metabolism 
(isolated from bacterial cells, with Co2+ as a cofactor [2]).

Our most recent further EMS studies have shown for the first time that 
57Co EMS is sensitive not only (i) to distinctions in the coordination of CoII at 
different cation-binding sites within the enzyme active centres [1, 2], but also 
(ii) to the effects of competitive binding of “EMS-silent” Mn2+ (a cofactor 
other than Co2+), thus revealing the possibility of heterobinuclear catalysis for 
the bacterial GS, and (iii) to fine structural changes induced by covalent mod-
ifications of the enzyme molecule (via adenylylation of its subunits related to 
GS activity regulation). 

The results obtained are promising for diverse biology-related structural 
investigations [3, 4] and, in particular, for investigating the molecular mecha-
nisms of metalloenzyme–substrate interactions using the unique possibilities 
of EMS.

Supported by NATO (ESP.NR.NRCLG 982857) and RFBR Grant # 13-

L-13



27

LECTURES

27

04-01538a.
[1]. A.A. Kamnev, L.P. Antonyuk, V.E. Smirnova, O.B. Serebrennikova, L.A. Ku-

likov, Yu.D. Perfiliev.  Anal. Bioanal. Chem. 372 (2002) 431-435.
[2]. A.A. Kamnev, L.P. Antonyuk, V.E. Smirnova, L.A. Kulikov, Yu.D. Perfiliev, 

I.A. Kudelina, E. Kuzmann, A. Vértes. Biopolymers 74 (2004) 64-68.
[3]. A.A. Kamnev. J. Mol. Struct. 744-747 (2005) 161-167.
[4]. A.A. Kamnev, A.V. Tugarova, K. Kovács, E. Kuzmann, B. Biró, P.A. Tarantilis, 

Z. Homonnay. Anal. Bioanal. Chem. 405 (2013) 1921-1927.
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ABSORPTION AND ACTION SPECTROSCOPY OF 
LIVING CELLS IN VISIBLE-TO-NEAR IR REGION: 
EXPLORING MITOCHONDRIAL MECHANISMS OF 
PHOTOBIOMODULATION (LOW POWER LASER 

THERAPY)
T. I. Karu

Institute of Laser and Information Technologies of the Russian Academy of Sciences, 
142190 Troitsk, Moscow, Russian Federation

This presentation is devoted to exploring cellular mechanisms of photo-
biomodulation (older terms: low power laser therapy, laser biostimulation). 
Photobiomodulation is a method used in clinical practice from beginning of 
60ties of last century for wound healing, antiinflammation therapy, to name a 
few. The cellular mechanisms of this therapeutic modality are still not fully 
clear. 

Absorption and action spectra of monolayers of living cells are recorded 
and their peak positions were compared. A set of experiments modifying 
these spectra with chemicals was performed. The structure of absorption and 
action spectra is rather similar, having four peaks in red-to-near IR spectral 
region near 620, 680, 760, and 820 nm.

The terminal enzyme of mitochondrial respiratory chain cytochrome c 
oxidase is considered as the photoacceptor in mammalian cells for visible-to-
near IR radiation. The primary physical and/or chemical changes induced by 
irradiation with monochromatic light in visible-to-near IR region in cy-
tochrome c oxidase molecule are discussed. Two mechanisms occurring in 
cytochrome c oxidase under irradiation are investigated experimentally. 
These are an increase of electron flow inside of cytochrome c oxidase and a 
relieve of NO block in the catalytic center of cytochrome c oxidase. A novel 
mitochondrial light-activated cellular signaling pathway (retrograde mito-
chondrial signaling) has been described and investigated experimentally. The 
critical step here is thought to be an alteration of the cellular redox state: a 
shift toward oxidation due to irradiation is associated with stimulation of cel-
lular metabolism. Our results evidence that cytochrome c oxidase can work 
after absorption of light as a signal generator as well as a signal transducer in 
irradiated cells. 
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SPECTROSCOPIC STUDY OF THE SPIN-CHAIN 
NICKELATES R2BaNiO5

S.A. Klimin
Institute of Spectroscopy, Russian Academy of Sciences,  

142190 Troitsk, Moscow region, Russia 
Corresponding author: klimin@isan.troitsk.ru

Compounds R2BaNiO5 make a family of isostructural rare earth (RE, R) 
nickelates with S=1 chains (Ni2+). Among them, Y2BaNiO5 possesses only 
one magnetic ion and is recognized to be model Haldane system without 
magnetic ordering. Magnetic RE ion R3+  in R2BaNiO5 standing between 
chains leads to an interchain interaction and results in a 3D magnetic ordering 
at low temperatures (Neél temperatures TN ~ 12-60 K depending on R). The 
interest to the R2BaNiO5 compounds is kept as 3D magnetic properties coex-
ist with Haldane gap. In this presentation we emphasize the importance of the 
spectroscopy data for analyzing of magnetic properties of compounds under 
study.

We present the study of crystal field (CF) in R2BaNiO5 by means of tem-
perature-dependent absorption spectroscopy of RE energy levels and CF cal-
culation. The CF effects [1,2] influence the magnetic anisotropy of RE ion 
and, finally, the magnetic structure of compound. We present also the results 
of the developed by us a method of Er3+ probe for studying of the magnetic 
structures. The comprehensive study of phonon spectrum of Gd2BaNiO5 and 
first experimental study of phonon-assisted magnetic absorption for Haldane-
chains will be presented and the quantum critically behaviour in magneti-
cally diluted mixed nickelates (NdxY1-x)2BaNiO5 will be discussed 

This study was supported by the RFBR (12-02-00858-а).
[1]. M.N. Popova, S.A. Klimin, E.P. Chukalina, et.al., Phys. Rev B 68, 115103 

(2003).
[2]. M.N. Popova, S.A. Klimin, E.P. Chukalina, et.al., Phys. Rev. B, 71, 024414 

(2005)
[3]. S. A. Klimin, A. B. Kuzmenko, M. N. Popova, et.al., Phys. Rev. B 82, 174425 

(2010)
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PERCOLATION AND DISPERSION OF CARBON 
NANOTUBES IN DIFFERENT LIQUID CRYSTALLINE 

HOSTS
N. I. Lebovka1*, L.N. Lisetski2, M.S. Soskin3

1Institute of Biocolloidal Chemistry of NAS of Ukraine, Kyiv, Ukraine 
2Institute for Scintillation Materials of NAS of Ukraine, Kharkiv, Ukraine 

3Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author: lebovka@gmail.com

In last decades, the liquid crystalline materials doped with carbon nano-
tubes (NTs), attract great attention. E.g., the effects of reduction of the re-
sponse time and driving voltage, suppressing of the parasitic back flow and 
image sticking, the electro-optical memory effects, ultra-low percolation 
thresholds were recently discovered [1]. Particularly interesting are LC com-
posites based on nematic, smectic and cholesteric (chiral) liquid crystals 
(CLC). However, the good functional ability of such composites is deter-
mined by dispersing ability and integration of NTs networks into the LC ma-
trix. This work discusses the dispersion, self-organization and percolation 
behaviours of NTs in different LC host media. The methods for improving of 
dispersion of NTs are reviewed. The effects of the nano-plates on the dispers-
ability of CNs and positive impact on physical properties of the CN+LC com-
posites are analyzed. Different examples of electro-physical, rheological and 
percolation behaviour in these systems are considered. The excluded volume 
theory and methods of computer simulation are applied for prediction of the 
percolation behaviour in disordered and partially ordered composites [2].  
The dependencies of the percolation threshold versus the dispersion state and 
homogeneity of spatial distribution of NTs are also reviewed.

[1]. Dolgov, L. et al. In: Marulanda, J. M. (Ed.), Carbon Nanotubes, In-Tech Vuko-
var, Croatia, 2010, 451-483. 

[2]. Lebovka, N. et al. In: Tarasevich, Y. Y. (Ed.) Percolation phenomena in aniso-
tropic media Astrakhan Univ. Publ.House, 2011, 5-22. 
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DISPERSIONS OF CARBON NANOTUBES IN LIQUID 
CRYSTALS: FROM MOLECULAR MODELS TO THE 

DEVELOPMENT OF FUNCTIONAL NANOMATERIALS
L.N. Lisetski1*,  N.I. Lebovka2, M.S. Soskin3

 1Institute for Scintillation Materials, NAS of Ukraine, 60 Lenin Ave., Kharkiv, Ukraine 
2Instutute of Biocolloidal Chemistry, NAS of Ukraine, 42 Vernadsky Ave.,  Kyiv, Ukraine 

3Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author: lisetski@isma.kharkov.ua

Dispersions of carbon nanotubes (CNT) in nematic liquid crystals (LC) 
are known as promising materials for a number of practical applications. The 
main problem is that CNTs, when homogeneously dispersed in LC media 
(e.g., by ultrasonication), at concentrations above ~0.05% tend to form, in 
minutes or hours, quasimacroscopic aggregates. 

We carried out studies of CNT aggregate formation in LC of different 
types by a set of independent experimental methods (microscopy, optical 
transmission, differential scanning calorimetry, conductivity vs time and 
voltage, methods of singular optics, etc.).  Simple methods for monitoring of 
the aggregation process could be proposed, and a molecular model describing 
interaction of CNTs with formation of aggregates of fractal nature was devel-
oped [1,2]. Such aggregates are designated as “S-aggregates”, to distinguish 
them from, e.g, CNT bundles often observed in not well dispersed samples.  

Basing on our understanding of the physical picture of CNT aggregate 
formation processes, several ways were proposed that would allow suppres-
sion of CNT aggregation, thus increasing the time stability of composite na-
nomaterials based on LC+CNT dispersions.  Special attention is paid to “hy-
brid” dispersions, containing, alongside with CNTs, nanoparticles of differ-
ent anisometry (e.g., exfoliated plates of montmorillonite-type clays), and to 
CNT dispersions in cholesteric LC of different nature (induced cholesterics, 
i.e., nematics with chiral dopants, and “steroid” cholesterics based on choles-
terol esters) [3,4].

[1]. L.N.Lisetski, S.S.Minenko, V.V.Ponevchinsky, M.S.Soskin, A.I.Goncharuk.,    
N.I.Lebovka. Mat.Sci.Eng.Techn., 42, 5 (2011).

[2]. L.N.Lisetski, N.I.Lebovka, S.V.Naydenov, M.S.Soskin. J.Mol.Liq,164,143 
(2011). 

[3]. A.M.Chepikov, S.S.Minenko, L.N.Lisetski, N.I.Lebovka, N.V.Usol’tseva, 
M.S.Soskin.   Functional Materials, 19, 343 (2012).

[4]. N.I.Lebovka, L.N.Lisetski, M.I.Nesterenko, V.D.Panikarskaya, N.A.Kasian, 
S.S.Minenko, M.S.Soskin. Liquid Crystals, DOI:10.1080/02678292.2013.786796. 
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PECULIAR POINTS IN THE PHASE DIAGRAM OF WATER-
ALCOHOL SOLUTIONS

V.Ya. Gotsulsky, M.P. Malomuzh*

Depts. of theoretical and molecular physics, Odessa National University,  
2 Dvoryaskaja Str., Odessa, 65026, Ukraine,  
*Corresponding author: malomuzhnp@list.ru

The work is devoted to the investigation of nontrivial peculiarities of 
phase diagram for dilute water-alcohol solutions. Analyzing the temperature 
and concentration dependencies of the contraction and the adiabatic com-
pressibility for them it is shown the existence of specific points, so called the 
peculiar points of water-alcohol solutions. The rigorous thermodynamic defi-
nition of the peculiar point is given. It is established the integrated principle 
of corresponding states for the contraction. The statistical theory explaining 
nontrivial behavior of the contraction and other thermodynamic quantities 
near the peculiar points is developed. It is shown that the percolation cluster 
from elementary molecular complexes is formed near the peculiar point. The 
molecular complexes are the natural elements of structure for water-alcohol 
solutions and they are formed due to intermolecular interactions, which are 
stronger for different molecules than for molecules of the same type. It is 
shown that fluctuations of concentration anomaly increase near the peculiar 
point. Different manifestations of the concentration fluctuations in the mo-
lecular light scattering, the broadening of Mandelshtam-Brilloin peak, the 
behavior of heat capacity and so on are investigated. The special attention is 
paid to the scattering of slow neutrons and specificity of Raman spectra near 
the peculiar points. Some details of our report can be found in the papers: 

[1]. V.E.Chechko, V.Ya.Gotsulsky, M.P.Malomuzh // Cond. Matt. Phys. – 2013, in 
press.

[2]. V.E.Chechko, V.Ya.Gotsulsky, M.P.Malomuzh // Russian J. Phys. Chem. – 
2013, N 10, in press. 

L-18



33

LECTURES

33

NONLINEAR LASER SPECTROSCOPY OF NANOSCALE 
CONFINED MOLECULAR IODINE  

 A. M. Negriyko*, I.V. Matsnev, V.M. Khodakovskiy, O. Perederiy 
Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: negriyko@iop.kiev.ua

The high resolution laser spectroscopy is the powerful tool of structure 
atoms and molecules study [1]. The minute spectral lines width and frequen-
cy shifts changes can be measured using technique of super narrow optical 
resonances in optical spectra. We apply the high resolution laser spectroscopy 
to the investigation of nonlinear absorption spectra of iodine molecules con-
fined in small pores of synthetic opal. The technique of laser frequency-mod-
ulation [2] is used in experiments for accurate measurement of spectral posi-
tions of iodine hyperfine transitions in visible region. 

The synthetic opal matrices were formed both as bulk and film samples 
and filled by iodine vapour using vacuum sublimation technique. The iodine 
molecules confined in opal pores have been interacted with pore walls and 
molecular motion was restricted  by sub-wavelength sized pore volume. The 
effects of molecules confinement in opal pores on spectral structure  were 
studied. 

The single frequency diode laser (Toptica Model DL100) at 640-nm has 
been used for study of iodine nonlinear absorption and dispersion resonances 
and Renishow Inc. inVia Raman microscope for investigation of Raman 
spectra of iodine doped synthetic opal. The effects of molecules-molecules 
and molecules-walls collision on nonlinear absorption resonance frequency 
shift  and linewidth were investigated. The relation of photon crystal-like 
properties of synthetic opal and iodine Raman spectra features were studied. 

The results can be used in the laser metrology and precise laser spectros-
copy. 

[1]. Wang, D.D. et al. Sci. Rep. 3, 1486,  DOI: 10.1038/srep01486  (2013).
[2]. V. M. Khodakovskiy et al. arXiv:0912.3252v1 [physics.atom-ph] 16 Dec 2009.
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X-RAY SPECTROSCOPIES AND SCATTERING APPLIED 
TO WATER: WHAT CAN WE LEARN FROM EXPERIMENT 

AND SIMULATIONS?
Lars G.M. Pettersson 

FYSIKUM, AlbaNova University Center, Stockholm University, S-106 91 Stockholm 
Corresponding author: Lars.Pettersson@fysik.su.se

I will discuss recent experimental and simulation data from x-ray absorp-
tion (XAS), emission (XES) and scattering (XRD and SAXS) of liquid water 
and the picture of fluctuations between high-density (HDL) and low-density 
(LDL) liquid this has led to [1,2]. Such a two-liquid scenario would explain 
many anomalous properties, e.g., density maximum, heat capacity and isother-
mal compressibility minima, but no direct connection has been found to simu-
lations of ambient water. Applying the local structure index (LSI) of Shiratani 
and Sasai [J. Chem. Phys. 104, 7671 (1996)] to the inherent structure of 
TIP4P/2005 water we find a strict bimodality in terms of spatially separated 
HDL- and LDL-like environments in the simulations at all temperatures and 
pressures with distributions in agreement with the conclusions from XAS and 
XES, i.e. 75% HDL and 25% LDL-like at ambient conditions [3]. The SAXS 
signal is connected to density fluctuations in the liquid which for water de-
crease (as measured by the isothermal compressibility) down to 46 ˚C but then 
increase as the liquid is further cooled. Comparing computed and measured 
SAXS from ambient down to supercooled (-21 ˚C) temperatures shows excel-
lent agreement at 5 ˚C but increasingly underestimating the SAXS signal upon 
further cooling, indicating that structural fluctuations at cooler temperatures are 
underestimated in the simulations [4]. Going into “No man’s land” to do ex-
perimental measurements has recently become possible through the Linac Co-
herent Light Source (LCLS) x-ray free-electron laser at SLAC by exploiting 
evaporative cooling in vacuum of micrometer-sized water droplets from which 
a full diffraction pattern of individual droplets is obtained through the 100 fs 
fully coherent x-ray pulses delivered by the LCLS showing a continuous devel-
opment towards an LDL liquid down to at least 223 K.

[1]. A. Nilsson and L. G. M. Pettersson, Chem. Phys. 389, 1-34 (2011).
[2]. A. Nilsson, C. Huang and L.G.M .Pettersson, J. Mol. Liq. 176, 2-16 (2012).
[3]. K. T. Wikfeldt, A. Nilsson and L. G. M. Pettersson, Phys. Chem. Chem. Phys. 

13, 19918-19924 (2011).
[4]. K. T. Wikfeldt, C. Huang, A. Nilsson and L. G. M. Pettersson,  J. Chem. Phys. 

134, 214506 (2011).
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WILSONS     VECTORS AND EXACT FORM OF 
VIBRATIONAL HAMILTONIAN

G.A. Pitsevich
 Faculty of Physics, Belarusian State University, Independence av, 4, Minsk, Belarus 

Corresponding author: pitsevich@bsu.by

In the Born-Oppenheimer approximation the Hamiltonian for molecular 
vibrational-rotational-translational motion has following form:

 

where ; ;i i ix y z  Cartesian coordinates of i-th atom. If we have three atomics 
molecule 1-2-3 and only two stretching coordinates 12q q=  and 23Q Q=  are 
interested us we can get:

              

Since (2) holds for 1y and 1z  we can get:

Since Wilsons s vectors [1] defined as   

we can rewrite (3):

Similar equation we can write for Q and 3r
 :

Since second atom involved in determining both q and Q internal coor-
dinates equation similar to (4) and (5) for this atom more complicated. Some 
special cases of the molecular vibrations were considered and expressions for 
the exact vibrational Hamiltonian using Wilsons    vectors were found.

[1]. E.B. Wilson,J.C. Decius,P.C. Cross Molecular Vibrations. Dover Publications 
Ink, New York, 1955.
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HALF A CENTURY OF THE LASER ERA: LASER HISTORY 
IN THE USSR AS SEEN BY A PARTICIPANT

M.N. Popova
 Institute of Spectroscopy, Russian Academy of Sciences,  

5 Fizicheskaya Str., Troitsk, Moscow, Russia 
Corresponding author: popova@isan.troitsk.ru

The first laser has been put into action by T. Maiman in 1960, using a 
ruby crystal. This event was preceded by an intensive research in both the 
USA and the USSR. In particular, the creation of a maser was a very impor-
tant step, later on awarded by the Nobel Prize in Physics. This Prize was 
given to N.G. Basov and A.M. Prokhorov from the Lebedev Physical Insti-
tute (FIAN) and to C.H. Townes from the Columbia University. Since 1958, 
several research groups in FIAN actively developed different laser ideas. The 
first (?) ruby laser in the USSR started to generate in the Laboratory of Lumi-
nescence of FIAN in 1961.

At that time, I came to this laboratory as a student of the Moscow Insti-
tute of Physics and Technology and began to take an active part in the inves-
tigation of the properties of the ruby laser light. I’ll share with you my mem-
ories of that time and of outstanding scientists I met. I’ll also mention that 
from the very beginning of the laser era, the research in the field of quantum 
electronics was led also in the Institute of Physics in Kiev. 
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UNUSUAL PROPERTIES OF WELL-KNOWN MOLECULES
Oleg V. Shishkin*, Irina V. Omelchenko, Svitlana V. Shishkina

 SSI “Institute for Single Crystals” of National Academy of Science of Ukraine,  
60 Lenina Ave., Kharkiv, 61001, Ukraine 

*Corresponding author: shishkin@xray.isc.kharkov.com

Rapid development of methods of quantum chemistry and power of 
computational facilities creates a real opportunity for calculations bigger and 
bigger molecular systems. This leads to illusion that we know everything 
about properties of such molecules. 

It is well known that benzene molecule has highly symmetrical planar 
geometry. However it was demonstrated that aromatic ring of benzene is 
quite flexible [1]. Transition from planar equilibrium geometry to a non-pla-
nar one with values of endocyclic torsion angles ±20o results in energy in-
crease by less than 2.5 kcal/mol. More detailed investigation of conforma-
tional dynamics of isolated benzene by Car-Parinello molecular dynamics 
(CPMD) method demonstrated [1] that population of planar geometry of ring 
is only about 7%. Conformational state of benzene in gas phase may be de-
scribed as mixture of two symmetric families of boat and twist-boat confor-
mations where planar geometry represents transition state between these two 
families. Destabilization of planar geometry of ring is caused by significant 
decrease of entropy of molecule in highly symmetric equilibrium geometry 
[2].

According to general viewpoint the conjugation between the double 
bonds in acrolein is stronger than in butadiene because of high polarity of 
π-system. However, this conclusion does not agree with elongation of central 
single C-C bond. Detailed analysis of intramolecular interactions in acrolein 
revealed [3] that length of the single C-C bond in acrolein is affected signifi-
cantly by n→σ* hyperconjugation between one of lone pairs of the oxygen 
atom and antibonding orbital of the C-C bond. This leads to elongation of this 
bond as compared to butadiene despite of stronger π-π interaction between 
double bonds.

[1]. O.V. Shishkin, P. Dopieralski, I.V. Omelchenko, L. Gorb, Z. Latajka, J. Leszc-
zynski, J. Phys. Chem. Lett., 2011, 2, 2881.

[2]. O.V. Shishkin, P. Dopieralski, I.V. Omelchenko, L. Gorb, Z. Latajka, J. Leszc-
zynski, J. Mol. Model., 2013, DOI: 10.1007/s00894-012-1670-2

[3]. S.V. Shishkina, A.I. Slabko, O.V. Shishkin, Chem.Phys.Lett. 2013, 556, 18.
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PHOTOLUMINESCENCE OF C60 DOPED WITH 
MOLECULAR HYDROGEN

M.A. Strzhemechny*, P.V. Zinoviev, V.N. Zoryansky
Verkin Institute for Low Temperature Physics and Engineering, NAS of Ukraine,  

Lenin Ave. 47, Kharkiv, Ukraine 
*Corresponding author: strzhemechny@ilt.kharkov.ua

Interstitial voids in the crystal lattice of fullerite C60 is large enough to ac-
commodate atoms and smaller molecules. Saturation of C60 with various species 
can drastically change its properties, as it happens with dopants like group I at-
oms like Li, K, etc. Stuffing C60 with chemically neutral species (rare gas atoms 
and close shell molecules) entails capital changes in the thermodynamics and the 
lattice dynamics of C60. Hydrogen doped C60 still attracts attention of researchers 
from fundamental viewpoint and as a possible hydrogen storage system. 

Photoluminescence spectra of pure C60 has been first studied in great detail 
[1], providing accurate attribution of the rather numerous bands. Using [2] a 
slightly different method we measured photoluminescence spectrum of C60 
doped with H2 to various levels of occupancy over a broad temperature range 
from 2 to 230 K. In the interpretation of our optical data we utilized the findings 
of a concurrent structure experiment [3], which enabled us to come to conclu-
sions which put an end to the controversial treatment [4,5] in previous studies 
of certain effects brought about by saturation. We showed that these effects do 
not mean that the orientational glass state disappears. Instead, the increase of 
the orientational glassification point (which we tracked unambiguously) occurs 
simply because the molecular rotations in a strongly doped sample set in at an 
appreciably higher temperatures compared to pristine C60. And the main reason 
behind the drop of luminescence intensity is the break of coherence (caused by 
rotational jumps of C60 molecules) of exciton transport to traps, which makes 
excitons stop thereby increasing the probability of emissionless quenching.

[1]. I. Akimoto and K. Kan’no, J. Phys. Soc. Japan 71, 630 (2002).
[2]. P. V. Zinoviev, V. N. Zoryansky, N. B. Silaeva, Yu. E. Stetsenko, M. A. Strzhe-

mechny, and K. A. Yagotintsev, Fiz. Nizk. Temp. 38, 923 (2012) [Low Temp. Phys. 38, 732 
(2012)].

[3]. K. A. Yagotintsev, I. V. Legchenkova, Yu. E. Stetsenko, V. N. Zoryansky, A. I. 
Prokhvatilov, and M. A. Strzhemechny, Fiz. Nizk. Temp. 38, 1202 (2012) [Low Temp. 
Phys. 38, 952 (2012)].

[4]. V. Capozzi, M. Santoro, G. Perna, G. Celentano, A. Minafra, and G. Casamassi-
ma, Eur. Phys. J. Appl. Phys. 14, 3 (2001).

[5]. E. Shin, M. Lee, D. Kim, Y. D. Suh, S. I. Yang, S. M. Vin, and S.K. Kim, Chem. 
Phys. Lett. 209, 427 (1993).
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THE PHOTOPHYSICAL PROPERTIES OF ORGANIC 
COMPOUNDS: FROM SINGLE SMALL Pi-ELECTRON 

CONTAINING MOLECULES TO FUNCTIONAL 
MACROMOLECULES AND BIOLOGICAL SYSTEMS

V.M. Yashchuk*, V.Yu. Kudrya, K.M. Kushnir, G.P. Golovach
Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: yashchukvaleriy@gmail.com

Recently organic pi-electron-containing compounds are in sharp interest 
of the modern scientific world. This is connected with the search of new ma-
terials for nanoelectronic elementary units, the development of materials for 
information recording and high-effective low-energy light sources (OLEDs), 
the rising possibilities of biological engineering, etc. The photophysical prop-
erties of such compounds are connected with presence of pi-electronic groups 
in their cells and manifested in the optical (near “biologically active” ultra-
violet, visual and near infrared) wavelength range that gives the ground to 
apply optics spectroscopy for their study.

Our report is devoted to the overview of photophysical and, as the result, 
functional properties of organic pi-electron-containing compounds. The pecu-
liarities of electronic processes in these compounds are discussed. Main atten-
tion is paid to the identification of optical absorption, fluorescence and phos-
phorescence centers and the dynamics of excitation energy transfer processes 
in organic compounds. It was proved the system of energy levels of macromol-
ecules could be obtained using the positions of energy levels of monomers. The 
“exciton” concept is examined,  the electronic excitation energy transfer is real-
ized by singlet and triplet excitons. The models of the excitons propagation are 
discussed,  the parameters of these processes (the resulting spreading length 
and critical length of elementary jump of exciton) are presented.

The applications of photophysics of organic compounds are discussed: 
molecular (nano-) electronics (the models of functional macromolecules with 
undirected excitons transfer and our last decisions are proposed), information 
recording (the parameters of sensitivity and resolution are obtained), chemi-
cal engineering (intra-molecular plastification), OLED (the variants of 
“white” OLED are examined), stabilization of polymers (protection of poly-
mers from photochemical reactions), bridge to biology (photophysical prop-
erties, the nature of fluorescence and phosphorescence centers of the DNA, 
RNA, oligonucleotides, pi-electron-containing proteins and their complexes 
are discussed).
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OPTICAL SPECTROSCOPY OF ISOMERIC TRANSITIONS 
IN NUCLEUS

L.P. Yatsenko
Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

Corresponding author: yatsenko@iop.kiev.ua

In recent years, much attention is paid to the unique prospect of control-
ling nuclear matter with optical radiation. The nuclear transition from the 
isomeric state of the 229Th nucleus to the ground state is of a great interest 
because the transition wavelength is about 160 nm and this transition is the 
only known optical transition in nucleus.   The very attractive feature of this 
transition is the possibility to build a very precise nuclear clock. This transi-
tion is also very sensitive to hypothetical temporal variation of the fundamen-
tal constants.

We present a review of recent activities in this interesting field of  optical 
spectroscopy. We discuss also the possibility of the direct two-photon excita-
tion of the isomeric state in 229Th. We show that the fluorescence intensity due 
to nuclei excitation is the same for the monochromatic excitation and for 
polychromatic excitation with a sequence of short light pulses of the same 
mean intensity. The two-photon excitation of the ion 229Th3+ in an electromag-
netic trap with a focused laser beam with 320 nm wavelength and 100 mW 
power can lead to absorption saturation. We expect that an irradiation of crys-
tals doped with 229Th4+ with a concentration of approximately 1018 cm-3 by the 
field of 10 W laser radiation can result in emission of several photons per 
second at a wavelength 160 nm. We discuss also the possibility of creation of 
the inverse population in the 229Th ground-state doublet by means of narrow-
band laser.
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MICROSCOPIC DESCRIPTION OF THE WATER’S 
MOLECULES INTERACTION

I.V. Zhyganiuk
Department of Theoretical Physics, Odessa National University,  

2 Dvoryanskaya Str., Odessa, 65026, Ukraine,  
Corresponding author: Zhyganiuk@gmail.com 

The improved version of the polarizational Stillinger-David potential for 
intermolecular interaction in water is presented in the work. The new ap-
proach for the modeling of the screening function, responsible for the cutting 
of charge-dipole interaction on small scales, is developed. For the correct 
description of the long-range asymptote of the intermolecular potential the 
bare Stillinger-David potential is completed by the interaction between oxy-
gen dipole moments. These improvements of the Stillinger-David potential 
allow us to reproduce successfully all essential results of quantum mechani-
cal calculations of the interaction energy for water molecules obtained by 
Clementi.

Analyzing the behavior of the dipole moment for water molecule as a 
function of inter-particle spacing, we obtain the estimate for two- and three- 
particle effects in water.

The generalized potential for ion-water molecule interaction in water-
electrolyte solutions is proposed. The generalized potential takes into account 
the additional polarization of the oxygen anion, which appears because of the 
deformation effects for both ion and oxygen anion at their contact. Due to 
account of the additional polarization effects the generalized potential for 
ion-water molecule reproduces the results of quantum-chemical calculations 
with good accuracy. 

The generalized Stillinger-David potential is applied to the investigation 
of hydration problem.

[1]. I.V. Zhyganiuk, Ukr. J. Phys. 56, 225 (2011).
[2]. I. Zhyganiuk, Natl. Acad. Sci. Ukr 8, 77 (2009).
[3]. I. Zhyganiuk, Natl. Acad. Sci. Ukr 11, 72 (2009).
[4]. L.A. Bulavin, I.V. Zhyganiuk, N.P. Malomuzh, K.M. Pankratov, Ukr. J. Phys. 

56, 893 (2011).
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CONNECTION OF THE CORRELATION 
CHARACTERISTICS WITH EQUILIBRIUM AND KINETIC 

PROPERTIES OF THE CRITICAL FLUID
O.D. Alekhin1, Yu.L. Ostapchuk1*, Ye.G. Rudnikov1, A.V. Voyteshenko1, 

B.T. Eleusinov2, A.G. Galichev3, A.N. Burmistrov4

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Korkyt Ata Kyzylorda State University, Kyzylorda, Kazakhstan 
3Bryansk State Technical University, Bryansk, Russia 

4Kirovograd Flight Academy, Kirovograd, Ukraine 
*Corresponding author: os@ukr.net

Due to the wide use of the unique properties of critical fluid (CF) in the 
novel technologies, the studies of CF are topical at present time. It requires 
extensive studies of the equilibrium and kinetic properties of the CF, includ-
ing equation of state. According to the fluctuation theory of phase transitions 
[1, 2] the basic equilibrium and kinetic properties of the critical fluid are de-
termined by its fluctuation characteristics: the correlation length Rc, the num-
ber Nf of order parameter fluctuations in one mole of a substance, the fluctua-
tion part of the thermodynamic potential of one mole of a substance Ff=С0Rc

-3. 
Due to this, the equation of liquid-liquid coexistence curve, Dc*=dFf/
dm*=d(C0Rc

-3)/dm*, for the concentration of the binary isobutyric acid - water 
solution has been studied in the work by the phase diagrams method.

The equation of viscosity, h=hr+hf = А exp(B/T) + hf(Rc), for this solu-
tion has been at the same time studied by capillary viscosimeter method. The 
equation for cri ti cal viscosity h was used to describe the temperature depend-
ence of the vis cosity. It takes into account the exponential behaviour of the 
regular viscosity hr and the fluctuation part of the viscosity hf, taking into 
account the spatial dispersion of the system.

It has been shown that the equation of the regular part of the viscosity 
along the coexistence curve has a form similar to the coexistence curve of the 
studied solution in terms of concentration. It has been concluded that the 
similar behaviour of the thermodynamic and ki netic characteristics of the 
system are connected with their dependences on the correlation length Rc, 
which is the main characteristic of the substance in the critical region, and 
determines the behaviour of the physical quantities near the critical point.

[1]. Patashinsky A.Z., Pokrovsky V.L. Fluctuation theory of phase transitions, Nau-
ka, Moscow (1982).

[2]. Anisimov M.A. Critical Phenomena in Liquids and Liquid Crystals, Nauka, 
Moscow (1987).

[3]. Alekhin O.D., Bilous O.I. // Ukr. J. Phys., 2007, 52, 8, 793-797. 
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KINETIC MECHANISM OF THE SHIFT OF THE PLASMON 
RESONANCE OF METAL NANOPARTICLES

V.V. Datsyuk*,  I.V. Ivanytska
 Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: datsyuk@univ.kiev.ua

We solve the Boltzmann transport equation for electrons in metal. This 
allows us to obtain the spatially dispersive permittivity of metal in the forms 
of the Lindhard longitudinal and transversal dielectric functions (generalized 
by Kliewer and Fuchs [1]) and the hydrodynamic dielectric functions. Then, 
the  derived permittivity is used in the generalized Mie theory [2]. Our theory 
predicts that the plasmon resonance of beams of nanometer-sized silver par-
ticles shifts by 0.15 eV in excellent agreement with the experimental data [3].  
Thus, a new solution to an old problem [4] is given.  We find that silver clus-
ters with diameters smaller than 2 nm do not contribute to the extinction 
spectra of the beams.

[1]. Kliewer K.L., Fuchs R. // Phys. Rev.- 1969.- Vol. 181.- P. 552–558.
[2]. Datsyuk V.V. // Ukr. J. Phys.- 2011.- Vol. 56.- P.  122-129. 
[3]. A. Hilger, M. Tenfelde, U. Kreibig // Appl. Phys. B.- 2001.- Vol. 73.- P. 361-372.
[4]. Kreibig U., Vollmer M., Optical properties of metal clusters.- Berlin: Springer, 

1995.
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MOMENTUM DIFFUSION OF ATOMS, MOLECULES 
AND NANOPARTICLES IN AN OPTICAL TRAP FORMED 
BY SEQUENCES OF COUNTER-PROPAGATING LIGHT 

PULSES
L.P. Yatsenko1*, V.I. Romanenko1, Ye.G. Udovitskaya1, A.V. Romanenko2

1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
2 Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: yatsenko@iop.kiev.ua

The optical trap based in the interaction of atoms with counter-propagat-
ing sequences of short light pulses, proposed in [1], is an alternative to the 
traps based on continuous laser radiation. The main advantage of such a trap 
is a weak perturbation induced on atoms by optical radiation. Obviously this 
advantage is important for spectroscopy. After work [1] light pressure force 
on atoms in the optical trap was investigated in [2– 4]. 

We analyze the motion of atoms in a trap formed by sequences of coun-
ter-propagating light pulses. The nanoparticles with “active” atoms that reso-
nantly absorb laser radiation are also considered. The atomic state is de-
scribed by a wave function constructed making use of the Monte-Carlo ap-
proach, whereas the atomic motion is considered in the framework of classi-
cal mechanics. The effects of the momentum diffusion associated with the 
spontaneous radiation emission by excited atoms and the pulsed character of 
the atom-to-field interaction on the motion of trapped atom or nanoparticle 
were estimated.  The motion of trapped atom was shown to be slowed down 
for properly chosen parameters of atom-to-field interaction, so that the atom 
oscillates around the antinodes of non-stationary standing wave formed by 
counter-propagating light pulses at the point where they “collide”. The meth-
ods of investigation and main results are applicable to interaction of mole-
cules that have diagonal Franck-Condon factors with counter-propagating 
pulse trains.

The work is sponsored by the State Fund for Fundamental Researches of 
Ukraine (project F53.2/001).

[1]. T. G. M. Freegarde, J. Waltz, and W. Hänsch, Opt. Commun. 117, 262–267 
(1995).

[2]. A. Goepfert, I. Bloch, D. Haubrich, F. Lison, R. Schütze, R. Wynands, and 
D. Meshede, Phys. Rev. A 56, R3345 (1997)

[3]. V.I. Balykin, JETP Lett. 81, 209 (2005)
[4]. V.I. Romanenko and L.P. Yatsenko, J. Phys. B 44, 115305 (2011)
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NANOLASER EMISSION LINE BROADENING AND 
SHIFTING

B.D. Pavlik*, N.N. Yakimchuk
 Department  of the Theoretical and Applied Physics,  National Aviation University, 

Prosp. Komarova, 1, Kyiv, Ukraine 
*Corresponding author: pavlikboris@mail.ru

The concept of spaser as the coherent near-field generator and nanolaser 
based оn nanoscale plasmonic resonators has been successfully demonstrated 
in number of experiments. We have developed the theoretical framework for 
basic description of nanolaser emission line broadening and shifting. We also 
theoretically analyzed the phenomena of linewidth enhancement – additional 
line broadening due to the resonator noise. 

The very high material gain needed to compensate for the losses of met-
al generates extremely strong cavity mode dispersion. This results in giant 
frequency pulling effect. We saw that frequency pulling effect allows to esti-
mate the material gain of nanolaser simply by measuring the Fabry-Perot 
mode spacing. In conventional lasers this is quite difficult to do as the effect 
is extremely small,  however, in plasmonic laser this effect is quite pro-
nounced, as shown in our report.

We have developed the density matrix model of the nanolaser and obtain 
the analytical expressions for the linewidth of the nanolaser radiation, which 
is valid at any pumping rate. We have shown also that plasmonic nanolaser is 
truly thresholdless device, due to the extremely strong coupling of the plas-
monic mode and the active medium. 

The main idea of the theory of linewidth enhancement is to introduce the 
time dependence in the description of nanolaser action through the dispersion 
of spectral parameters, describing the localized surface plasmon spectrum. 
This investigation predicts significant linewidth enhancement with order of 
magnitude broadening of the output spectrum.

The developed theory could be potential interest to rapidly developing 
nanoplasmonic devises with incorporated gain /1-3/.

[1]. R.-M. Ma, X. Yin, R. F. Oulton, V. J. Sorger, and X. Zhang, Nano Letters 12, 
5396-5402 ( 2012).

[2]. R.-M. Ma at el. Laser photonic Rev. 7, No1, 1-21 (2013)
[3]. R.F. Oulton at. .el. Nature Letters. 461, 1 October, 629-632 (2009) 
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ONE PHOTON SCATTERING BY AN ATOMIC CHAIN IN 
ONE- AND TWO-MODE RESONATOR

A.S. Sizhuk, S.M. Yezhov
Faculty of Physics, Taras Shevchenko National University of Kyiv, 

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine  
Corresponding author: cannabiss@mail.univ.kiev.ua

In this work a chain of N identical two-level non-interacting atoms pre-
pared via a single photon Fock state is investigated. The purpose is to obtain 
information about the state of electromagnetic field and atomic chain in reso-
nance approximation. The state amplitudes of the atomic system are calcu-
lated for several space configurations of the atoms.

Assuming the distances between atoms are quite large, so that the inter-
action between atoms is negligible, we prepare an ensemble of the two-level 
atoms initially in the ground state. A single mode of the radiation field is ex-
cited in a “Fock” state. This is the case of a purely monochromatic wave with 
zero line width under the consideration. A laser output in single mode opera-
tion can approximate this situation due to its high degree of monochromatic-
ity (small linewidth). 

Our work differs from the investigations that were presented, for exam-
ple, in  [1] – [3], where it was discussed the photon scattering by a large space 
homogeneous system with uniform space atomic concentration coupled to a 
continuum of quantized electromagnetic field modes. We emphasize our at-
tention to one-dimensional space configurations of atomic chains and take 
into account a resonator with “limited” number of allowed modes in certain 
direction. 

It was shown that the space configuration of an atomic chain, the total 
number of atoms, and the distinguished by a resonator directions define the 
behavior of the state amplitude with time.

[1]. M. Scully, E. Fry, C.H.R. Ooi, and K. Wödkiewicz // Phys. Rev. Lett.- 2006.- 
96, P. 010501.

[2]. V. Ernst and P. Stehle // Phys. Rev.-1968.- 176. – P. 1456.
[3]. M. O. Scully and S. Zubairy, Quantum Optics // Cambridge, England: Cam-

bridge University Press.- 1997.
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PHASE DIAGRAMS OF CORRELATION AND CALORIFIC 
CHARACTERISTICS FOR HOMOGENEOUS AND 

INHOMOGENEOUS MOLECULAR LIQUIDS NEAR THE 
CRITICAL POINT 

O.D. Alekhin, Ye.G. Rudnikov*

Faculty of Physics, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine  

*Corresponding author: rudnikof@yahoo.com

The problem of constructing the phase diagram of thermodynamic char-
acteristics of critical fluid is today an important but also quite controversial. 
Using the model of the system near the critical point as the van der Waals gas 
of fluctuations [1,2] of the order parameter in the frame of parametric scaling 
[3] has been used campaign [4] to the determination of surfaces of thermal 
parameters for molecular liquids.

New method of comprehensive complete scaling for design and analysis 
of phase diagrams near the critical point for calorific values has been devel-
oped on the basis of a system of parametric equations of state [3]. The behav-
iour of a wide class of homogeneous and inhomogeneous molecular liquids 
has been analyzed. The order field and the disorder field have been used as 
the critical fields. 

Three-dimensional phase diagrams have been constructed for various 
thermodynamic responses. The comparative thermodynamic analysis [4, 5, 
6] has been made for them. The properties of various thermodynamic poten-
tials near the critical point have been also studied. Analysis of the properties 
of large-scale fluctuations of the order and the disorder parameters [7] has 
been carried out using the proposed new version of the algebra of fluctuating 
values.

[1]. Alekhin A.D. // Proc. of Educational Institutions, Physics 1983, 3, P.103.
[2]. Alekhin A.D., Ostapchuk Yu.L., Rudnikov E.G. // Russian Journal of Physical 

Chemistry A, 2011, Vol. 85, No. 4, P. 537.
[3]. Schofield P. // Phys. Rev. Lett., 1969,V.22, № 12, 606.
[4]. Alekhin A.D., Bilous O.I., Rudnikov E.G. // Monitoring. Science and technolo-

gy, 2012, 3(12), 82.
[5]. Alekhin O.D., Abdikarimov B.Zh., Rudnikov E.G., Thermophysics and Aero-

mechanics, 2010, 17, 1, 113.
[6]. Alekhin O.D., Dorosh A.K., Rudnikov Ye.G.  Critical State of Substance under 

Gravity of the Earth, Politehnika, Kiev, 2013.
[7]. Wang J., Anisimov M.A. Phys.Rev., E  2007, 75, 051107 
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EFFECTIVE FREQUENCY UP-CONVERSION IN 
PLASMONIC NANOLASER WITH RARE-EARTH 

NANOCRYSTALS 
B.D. Pavlik*, D.N. Li

 Department  of the Theoretical and Applied Physics,  National Aviation University, 
Prosp. Komarova, 1, Kyiv, Ukraine 

*Corresponding author: pavlikboris@mail.ru

About ten years ago we have proposed to use metallic nanoparticle plas-
mon resonances for enhancement nonlinear optical processes in rare-earth 
ion doped nanocrystals. During these years many interesting theoretical and 
experimental works on this theme were been published. Highly photochemi-
cally stable nanoparticles, in which up-conversion luminescence can be ex-
cited – so-called up-conversion nanocrystals (UC-NCs) – exhibit widely 
separated (up to 500 nm) narrow luminescence bands in the visible (VIS) 
region located far from the excitation near-infrared (NIR) laser radiation, and 
thus can be more easily identified compared to organic luminophores and 
semiconductor nanoparticles. Due to a deep penetration of exciting infrared 
(IR) radiation, the absence of parasitic fluorescence of biomolecules and the 
absence of phototoxicity and photobleaching upon near IR excitation, UC-
NCs can be efficiently used as fluorescent probes in biological studies and 
fluorescence diagnostics (FD). The doping of such nanoparticles with Gd3+ 
ions provides the additional possibility of combining fluorescence visualiza-
tion with magnetic resonance imaging. 

This year a single-particle spaser design with well-defined and unidirec-
tional stimulated emission and highly effective laser output have been real-
ized. By using a semishell-capped system design, it was shown that the laser 
emission can be guided and improved over previous spaser designs based on 
full-shell spasing nanocavity. The optical extinction properties of the semi-
shell resonator (referred to as SSR) strongly depend on the incidence angle,  
nevertheless, spaser emission exclusively propagates along a specific direc-
tion. The power flow from the SSR is one order of magnitude higher than that 
from its full-shell resonator counterpart (referred to as FSR). Such system 
opens up a new avenue for applications of high-intensity nanolasers. 

We theoretically discussed last approach allowing the use of rare-earth 
nanocrystals as gain material for the integration within the nanolaser design. 
Thus, the proposed design is more compatible with semiconductor photonics 
and can be applied to fabricate lab-on-a-chip photonic circuits. 
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FREQUENCY-ANGULAR STRUCTURE OF THE 
STIMULATED RAMAN SCATTERING PARAMETRIC 

COMPONENTS UNDER SELF-ACTION
А.І. Ivanisik*, P.A. Korotkov

Radiophysics Faculty, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author:aivan@univ.kiev.ua

Stimulated Raman scattering (SRS) is widely used to control the shape 
of optical pulses and their spectra, the statistics of laser radiation and its spa-
tial distribution, to create devices for conjugating the wave front and to am-
plify weak signals, etc. On the other hand, the parameters of the scattered 
radiation, especially spectrum, spatial-temporal structure, and coherence, are 
also an important source of information about the nature of the scattering 
process itself and properties of the scattering medium.

However, many features of SRS remain unclear. In particular, in self-
focusing liquids, even in the nanosecond duration range of excitation laser 
pulse, the spectral lines broadening of SRS parametric components signifi-
cantly exceeds the line width of spontaneous Raman scattering. The proposed 
list of mechanisms, classification of such broadenings is not conclusive and 
needs further details and additions. In particular, this paper examines the ac-
tion of self-phase modulation and relaxation oscillations of nonlinear polari-
zation amplitude under self-focusing conditions.

It’s theoretically proved that in self-focusing mode of exciting radiation, 
self-phase modulation, and the relaxation oscillations of amplitude of the 
nonlinear polarization the frequency-angular structure of the parametric com-
ponents of SRS has special features. Maximum of radiation energy shifts 
relative to Raman frequencies and this shift depends on the scattering angle. 
The largest Stokes shift (about –10 cm-1) of the maximum energy in the spec-
trum of the parametric components corresponds to the axial radiation and is 
determined by the size of the focal area, the time of polarization existence and 
the mismatch of wave vectors of polarization and parametric component. Ob-
tained estimations of self-phase modulation influence on radiation in case of 
relaxation oscillations show that this influence is insignificant. The effect is 
interpreted in terms of short-term phase matching.
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NANOLASER WITH NONLINEAR ABSORPTION GAS 
NANOCAVITIES

B.D. Pavlik*, M.A. Dolgopolov
 Department of the Theoretical and Applied Physics, National Aviation University,  

Prosp. Komarova, 1, Kyiv, Ukraine 
*Corresponding author: pavlikboris@mail.ru

Coherent light and surface plasmon generation on nanoscale has recently 
attracted significant attention due to numerous potential applications in the 
fields ranging from biosensing to optical interconnects. The physical dimen-
sions of laser are defined by its cavity which generates optical feedback based 
on constructive interference of propagating waves. Since the interference re-
quires phase accumulation of at least 2π, the resonator dimensions cannot be 
much smaller than half wavelength in each direction and, in fact, are limited 
by the classical diffraction. As well known the smallest lasers approaching 
this limit are Vertical-Cavity Surface-Emitting Lasers (VCSELs). 

Conceptually different approaches are required for creation of sub-dif-
fraction coherent light generating systems. One of the promising solutions is 
based on incorporation of nanometric structures made of noble metals sup-
porting plasmonic excitations. Such structures can confine light far-beyond 
the natural limit of diffraction by coupling it into coherent oscillations of free 
conduction band electrons near metal surfaces. The plasmonic effect can con-
fined optical mode in one or two dimensions, while the facet reflections in 
third dimension can be used to generate sufficient feedback for lasing. 

Ideologically new approach to laser resonators was proposed in /1/. It 
was suggested to replace the interference phenomena by the near-field feed-
back and in such way it was introduced the concept of SPASER as a coherent 
source of plasmonic excitations. In a case of efficient coupling of localized 
surface plasmons (LSPs) in far-field photons, the SPASER can be considered 
as a nanolaser. This system was successfully demonstrated, employing a core 
metal nanoparticle and surrounding active dyes. 

Our report main new idea is to investigate the opportunity of obtaining 
coherent radiation from nanometric laser with nonlinear atomic or molecular 
absorption. We propose some real system and give needed estimations for 
lasing at sufficiently narrow and frequency stable lines of rear-earth atom in 
solid and molecular gas in nanocavities. We used the anomalous enhance-
ment of radiation probabilities of molecules near the nanopores as main way 
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to put the lasing at narrow inverted Lamb-dip. 
High intensity of nanolasing gives rise to many another nonlinear phe-

nomena as two-photonic absorption and frequency up-conversion that we 
also would discussed.

[1]. M.Stockman et al. US Patent, 7569188, August 4, 2009.
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NON-STATIONARY COHERENT EFFECTS IN 
FREQUENCY-MODULATED FIELDS PROPAGATED 

THROUGH MOLECULAR GASES 
I.L. Plastun*,  A.A. Orudjev, A.N. Bokarev

 Saratov State Technical University,  
Politechnicheskaya Str.77, Saratov, Russia 
*Corresponding author: inna_pls@mail.ru

The affect of non-stationary coherent effects on transmission spectra of 
molecular gases is numerically simulated in a three-level system with one of 
the near-resonance fields being frequency-modulated. The numerical model 
is based on density matrix equations in RW approximation with atomic re-
laxation properly taken into account and nonlinear wave equations for propa-
gated laser beams – probe and pump. Slow modulation of probe beam is 
shown to be equivalent to CW excitation with the frequency changed point by 
point. As the modulation period approaches the relaxation times, the delayed 
response of the system is shown to cause the coherent population trapping 
resonance shift and reshaping, as well as the appearance of transient oscilla-
tions of the energy level populations, distorted the spectral characteristics. 
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OPERATING PRINCIPLES OF SINGLE-MOLECULE AND 
COLLECTIVE BROWNIAN PHOTOMOTORS

M.L. Dekhtyar1*, T.Ye. Korochkova2 , V.M. Rozenbaum2 
1Institute of Organic Chemistry, National Academy of Sciences of Ukraine,  

Murmanskaya Str. 5, Kiev 02094, Ukraine  
2Chuiko Institute of Surface Chemistry, National Academy of Sciences of Ukraine, 

Generala Naumova Str. 17, Kiev 03164, Ukraine 
*Corresponding author: mdekh@mail.ru  

Unlike most of Brownian motor models in which the state of a point 
particle is described by a single scalar fluctuating parameter, we consider 
light-induced dichotomic fluctuations of electron density distributions 
(EDDs) in an extended molecule moving in the electrostatic periodic poten-
tial of a polar substrate [1, 2]. This model implies that the potential energy 
profiles of two motor states differ substantially and their symmetry is dictated 
by the interplay between the symmetries of the substrate potential and of 
molecular electronic states. A necessary condition for the occurrence of di-
rected motion, the asymmetry of the potential energy profiles, is satisfied for 
(i) symmetric EDDs in molecules on asymmetric substrates and (ii) asym-
metric EDDs in molecules on symmetric substrates. In the former case, the 
average velocity of directed motion is independent of molecular orientations 
and the ensemble of molecules moves as a whole, whereas in the latter case, 
oppositely oriented molecules move counterdirectionally thus causing the en-
semble to diffuse [3]. Quantum chemical data for specific organic-based pho-
tomotors demonstrate that the behavior of molecular ensembles is structur-
ally controllable: they can be transported as a whole or separated into differ-
ently oriented molecules depending on the ratio of symmetric and antisym-
metric contributions to the substrate electrostatic potential and to the molecu-
lar EDDs. 

[1]. M. L. Dekhtyar, V. M. Rozenbaum. J. Chem. Phys. 134, 044136 (2011).
[2]. V. M. Rozenbaum, T. Ye. Korochkova, A. A. Chernova, M. L. Dekhtyar. Phys. 

Rev. E 83, 051120 (2011). 
[3]. M. L. Dekhtyar, V. M. Rozenbaum, J. Chem. Phys. 137, 124306 (2012).
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SPECTRAL PECULIARITIES OF POLYMER- DYE  
NANOCOMPOSITES BASED ON SOME CARBAZOLE 

DERIVATIVES
V.G. Syromyatnikov1*, I.S. Knizhnikova 1 , Ya.I. Vertsimakha2

 1Faculty of Chemistry, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author: svg@univ.kiev.ua

Nowadays ones of the most investigated topics are organic photovoltaics  
for the green energetics.  As a rule polymeric photovoltaics consist of elec-
tron-donating polymers that absorb the sun rays, photogenerate charge carri-
ers, and transport the charges and of electron acceptors [1]. The last ones in 
our work  were phthalocyanines and polymethine dyes, as electrondonor 
polymers we studied PPV and carbazole derivatives. Previously copolymers 
of n-octyl methacrylate (OMA)  with  N-vinylcarbazole and  N-vinyl-3-iodo-
carbazole were studied, now new materials have been found – copolymers of 
OMA  with  N-vinyl-7H- benzo[c] carbazole with more conjugated  elec-
tronic structure:

 For these copolymers monomers 
ratio is 1:1 (m=n) and mol. weight is 
7000.

For all copolymers their spectral 
properties were studied in solutions 
and in films. The last copolymers have 
more intensive long-wave absorption 
than previous ones, the copolymeriza-
tion causes bathochromic shifts. For 
films we have found that the nanoparti-
cles are formed as a result of aggrega-
tion of dyes molecules in  polymer  matrixes leading to a bathochromic shift 
of the absorption of the composite and to an increase in its light sensitivity 
[2].

[1]. W. Cai, X. Gong, Y. Cao, Solar Energy Mater. Solar Cells, 94, 114-127 (2010).
[2]. I.Knizhnikova, V. Syromyatnikov, Ya.Vertsimakha, A. Verbitsky. Theoretical 

and Experimental Chemistry, Vol. 48, No. 3, , 153-156, (2012)
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THEORETICAL INVESTIGATION OF SPECTRAL 
PROPERTIES SOME DYES FOR LUMINESCENT SOLAR 

CONCENTRATOR
T. Sakhno1*, I. Korotkova1, Yu. Sakhno1, I. Irgibaeva2, V. Granchak3

1Academy of Sciences of Technological Cybernetics of the Ukraine, Poltava department 
2Department of Chemistry, L.N.Gumiliyov Eurasian National University, Astana,  

3 L.V. Picarzhevskii Institute of Physical Chemistry, National Academy of  
Sciences of Ukraine 

*Corresponding author: sakhno2001@mail.ru

The European Committee wants all newly built buildings to be near-zero 
energy by 2020 [1]. This demands architects integrate energy saving and en-
ergy generation into their designs. An alternative solar energy harvester was 
proposed in the 1970’s, the luminescent solar concentrator (LSC) [2,3]. The 
luminescent molecules can be organic fluorescent dyes, or inorganic phos-
phors or quantum dots. 

In this paper we present the results of theoretical investigations by quan-
tum-chemical calculations the spectral properties of some dyes (coumarin 6, 
Nile red, perylene). These dyes are chosen because of their absorption and 
emission spectra are situated in different frequency ranges. In addition to the 
general requirements for all phosphors - a high fluorescence quantum yield, 
photochemical stability, they must meet the requirements due to the physical 
aspects of their application, including, low temperature and concentration 
quenching, resistance to UV radiation. We studied the dependence of the lu-
minescence intensity on the nature of the matrix, which is modeled with sol-
vents of different polarity. It has been observed also that in the presence of the 
nanoparticles aerosil the intensity fluorescence of dyes molecules is increase 
as excitation in the UV spectrum and in the visible region. The relationship 
between electronic structure and nature of polymer matrix has been estab-
lished.

[1]. Directive 2010/31/EU 
[2]. W. H. Weber and J. Lambe, Applied Optics 15, 1976, 2299.
[3]. C. Corrado, S.Leow, M.Osborn et all. Solar Energy Materials & Solar Cells 111 

(2013) 74.
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THE PECULIARITIES OF CHANGES OF SPECTROSCOPIC 
PARAMETERS OF EXCITED VIBRATIONAL MOLECULE’S 

STATES
S.P. Gavva1*, S.S. Klykov2

1Faculty of Technical Physics, Saratov State Technical University,  
Politekhnicheskaya Str., 77, Saratov, Russia 

2Faculty of Physics, Saratov State University, Аstrakhanskaya Str., 83, Saratov, Russia 
*Corresponding author: gavvasp@mail.ru

The modern resonance methods of a high definition laser spectroscopy 
define actuality of theoretical investigation of influence perturbations of vi-
brational states on the peculiarities of changes structurally-dynamic and 
spectroscopic parameters of polyatomic molecules and also on the predic-
tions of new results and relationships. In this work the analytical method of 
discrete spectral analysis perturbations theory are developed which is based 
on modification of the Wilkinson’s method of perturbations theory [1],  this 
analytical method is used for a solving of the direct spectroscopic problem  of 
excited molecule’s vibrations with given analytical formulation of dynamic 
coefficients matrix till n degree of components. The obtained results after a 
solving of the main equation for perturbation vibrations are used for the de-
scription of the influence of perturbation vibrations on asymptotic form for 
changes of frequencies, elements of vibration’s forms tensor, structurally-
dynamic and vibrational-rotational parameters of polyatomic molecules.  

Within a matter of the offered method of a perturbation theory the Ar-
nold’s method [2] is used which allows to consider and to estimate the influ-
ence of resonance interactions between vibrational modes as kind of Darling-
Dennison, Fermi and Douglas-Sharm modes, which connect excited vibra-
tional states with other close situated. The new equations are derived which 
define the shifts of band’s centers, the peculiarities of changing of centrifugal 
distortion parameters, the Coriolis interaction coefficients, the anharmonic 
electro-optical parameters, all which are the main parameters in equations for 
absolute intensities of spectral lines and integral intensities of lines of excited 
and high excited vibrational states of polyatomic molecules. 

[1]. J. H. Wilkinson. The Algebraic Eigenvalue Problem. Oxford. 1995.
[2]. V. I. Arnold. Advances in Physical Science. V.78. pp. 90-192. 2001.
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CAPTURE OF MOLECULES WITH DIAGONAL 
FRANCK–CONDON FACTORS BY SEQUENCES OF 

COUNTERPROPAGATING LIGHT PULSES
L.P. Yatsenko1*, V.I. Romanenko1, Ye.G. Udovitskaya1, A.V. Romanenko2

1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
2Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: yatsenko@iop.kiev.ua

The optical trap for atoms proposed in [1] is based on the interaction 
between atoms and sequences of counter-propagating π-pulses. The control 
of atomic motion with the help of light pulses can considerably reduce the 
influence of laser field on atoms in comparison with continuous laser radia-
tion. Recently [2] laser cooling of a diatomic molecule (SrF) by continuous 
laser radiation was demonstrated. The success of the cited work was based on 
the specific matrix of Franck-Condon factors, which is very close to diagonal. 
As a result, the interaction of such molecules with laser fields resembles the 
interaction of two-level atoms. It is well known that two-level atoms can be 
cooled not only by continuous radiation, but by laser pulses too [3]. 

We investigate the interaction of close to diagonal Franck-Condon fac-
tors molecules with laser fields and show that the sequences of counterpropa-
gating light pulses can form the trap for such molecules if the parameters of 
interaction with laser radiation (energy and duration of pulses, pulse repeti-
tion frequency and detuning from resonance) are properly chosen. Besides 
that, the molecules can be cooled approximately to Doppler limit. We also 
discuss another regime of interaction of laser radiation with molecules, when 
momentum diffusion instead of cooling takes place.

Theoretical background of the study is the Monte-Carlo wave function 
approach [4]. This approach gives us the opportunity to simulate spontaneous 
emission. The motion of molecules is described by classical mechanics.

The work is sponsored by the State Fund for Fundamental Researches of 
Ukraine (project F53.2/001).

[1]. T. G. M. Freegarde, J. Waltz, and W. Hänsch, Opt. Commun. 117, 262–267 
(1995).

[2]. E. S. Shuman, J. F. Barry, D. DeMille, Nature 467, Number 7317, 820–
823(2010).

[3]. K. Mølmer, Phys. Rev. Lett. 66, 2301–2304 (1991).
[4]. C. Mølmer, Y. Castin, and J. Dalibard, J. Opt. Soc. Am. B 10, 524–538 (1993).
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3-DIMENSIONAL SURFACES OF CORRELATION AND 
THERMAL CHARACTERISTICS OF HOMOGENEOUS AND 
INHOMOGENEOUS MOLECULAR LIQUIDS UNDER THE 

EARTH GRAVITY
O.D. Alekhin1*, O.I. Bilous2, Ye.G. Rudnikov1

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2National Aviation University, Kyiv, Ukraine 
*Corresponding author: alekhin@univ.kiev.ua

It was established [1,2] by using of model of system near the critical 
point as Van der Waals gas of fluctuations of order parameter that the depend-
ence of amplitudes of coexistence curve Bn versus critical value of compress-
ibility factor is linear. This work presents results of PVT data analysis of a 
wide class of liquids which involved analysis of critical indices received by a 
method of small parameter [3] and determination of amplitudes of the critical 
isochor, G0, and the critical isotherm, D0.

The equations of a parametrical scaling [4] are used for representation of 
the equations of state for a critical fluid in a general form in all inner circle. 
Amplitudes of a, k of the equations of a parametrical scaling are expressed 
through amplitudes of B0, G0, D0 and connected with the compressibility 
factor of substance [5].

Using the experimental data the method for design and analysis of phase 
diagrams at the fluctuation area for homogeneous and inhomogeneous sys-
tems under the Earth gravity has been developed on the basis of a system of 
parametric equations of state [4]. These surfaces were used for finding the 
three-dimensional surfaces of thermodynamic and correlation parameters of 
a number of molecular liquids in the fluctuation area.

It was constructed large-scale function of thermodynamic and correla-
tion parameters of uniform and spatially non-uniform molecular liquids at the 
interval of temperatures t>0 and  t<0.

[1]. Alekhin A.D. // Proc. of Educational Institutions, Physics 1983, 3, P.103.
[2]. Alekhin A.D., Ostapchuk Yu.L., Rudnikov E.G. // Russian Journal of Physical 

Chemistry A, 2011, Vol. 85, No. 4, P. 537.
[3]. Alekhin A.D. // Journal of Molecular Liquids. – 2005. – 120. – P.43.
[4]. Schofield P. // Phys. Rev. Lett.-1969.-V.22, № 12.-P.606.
[5]. Alekhin A.D., Bilous O.I., Rudnikov E.G. // Monitoring. Science and  

technology. – 2012. – 3(12). - P. 82.
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COEXISTENCE CURVES OF ION-ELECTRON LIQUIDS 
WITH CUBIC LATTICE AND ION-ELECTRON MELTS

O.D. Alekhin1, Yu.L. Ostapchuk1*, B.Zh. Abdikarimov2, A. Repula1, 
Ye.G. Rudnikov1

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Korkyt Ata Kyzylorda State University, Kyzylorda, Kazakhstan 
*Corresponding author: os@ukr.net

The equation of coexistence curve of metals and metal melts in the fluc-
tuation region near the critical temperature has been studied in the work on 
the basis of the model of gas of order parameter fluctuations with the proper-
ties of the real Van der Waals gas [1] by using the values of the critical expo-
nents obtained by the method of small parameters [2].

In the previous studies for the molecular liquids and solutions [3-5] it was 
shown that the parameters of the equation of state based on the Van der Waals gas 
of order parameter fluctuations are linear functions of the critical value of the 
compressibility factor, Zc= PcVc /RTc. The literature data for ion-electron systems 
[6-11] have been analyzed by the method previously developed and tested for 
molecular liquids. It has been shown that one-component substances belonging 
to the group of metals with cubic lattices are characterized by linear dependences 
of coefficients of the coexistence curve on the critical parameter Pc/Tc. This pa-
rameter has a physical meaning of “interaction length” of the particles in the “cell 
of critical interaction”.

[1]. Alekhin O.D.  // High. Ed. Proc. Physics. 1983. 3. P. 103-105.
[2]. Alekhin O.D.  // Journal of Molecular Liquids. 2005. 120/1-3. P. 43-45.
[3]. Alekhin O.D., Dorosh A.K., Rudnikov E.G. The critical state of matter in the 

Earth’s gravitational field. Kiev. “Politehnica”. 2008. 404.
[4]. Alekhin O.D., Abdikarimov B.Zh., Ostapchuk Yu.L., Rudnikov E.G. // Rus. 

Journal of Physical ChemistryA, 2010, 84/8, P. 1352-1358.
[5]. Alekhin O.D., Ostapchuk Yu.L., Rudnikov E.G. // Rus. Journal of Physical 

Chemistry A, 2011, 85/4, P. 537-541.
[6]. Hodgson V.M / PhD Dissertation, California University, 1979. 76p.
[7]. Jungst S., Knuth B., Hensel F. // Phys. Rev. Lett. 1985. 55. P. 2160-2163.
[8]. Bhatt  Divesh, Jasper Ahren W., Schultz Nathan E., Siepmann J. Ilja, Truhlar  

Donald G. // J. Am. Chem. Soc.. 2006. 128 (13). P. 4224-4225.
[9]. Hensel F., Stolz M., Hohl G., Winter R., Gotzlaff W. // J. Phys. IV France 01. 

1991. C5-191-205.
[10]. Bulavin L.A., Plevachuk Yu.O., Sklyarchuk V.M. Consolution critical phenom-

ena at the earth and in space / Kyiv, Naukova dumka, 2011.
[11]. Garrabos Y. // Journal de Physique (Paris). 1985. 46. P. 281-291.
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NANOSTRUCTURAL AND CORRELATION 
CHARACTERISTICS OF CRITICAL FLUID

O.D. Alekhin
 Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
Corresponding author: alekhin@univ.kiev.ua

The actual mechanism of physical processes, which lead to a wide prac-
tical use of the unique properties of critical fluids (CF) in a variety advanced 
technologies [1, 2], is not yet known till this time. Understanding these pro-
cesses is essential for choice of technological parameters for their successful 
practical use and even for the interpretation of global phenomena occurring 
in the Earth’s crust.

The fluctuation theory of phase transitions (FTPhT) [3] is used to explain 
fluctuation structure of substance in a critical state, the fluctuation mechanism 
of formation and decay of the order parameter fluctuations. According to FT-
PhT [3], the main structural features of CF are: the correlation length Rc and the 
number of the order parameter fluctuations in a volume unit Nf~Rc

-3, the den-
sity of substance rf in the fluctuation volume 3

f cv 4 3 R= p . It is these struc-
tural characteristics determine the fluctuating part of the thermodynamic poten-
tial of the critical fluid * 3

f 0 cF C R-= , its equilibrium and kinetic properties.
In this paper these nanostructural characteristics of CF have been studied 

using molecular light scattering [4-6]. The obtained experimental data have 
been used for finding another important characteristic of the CF. It is shown 
that the density rf reaches values, much larger than the critical density of 
substance (rf≥3rc) [7]. Using experimental studies [2] of the formation of 
nanoparticles Al2O3, on the basis of critical fluid H2O, the velocity of the H2O 
molecules u≥107 cm/s has been estimated in the decay and the formation of 
the order parameter fluctuations. It was concluded [7] that such large veloci-
ties of the molecules are the main reason of manifestation of unique proper-
ties of CF on its practical use.

[1]. Supercritical Fluids: Theory and Practice. Moscow. 2006. 1/1. P.27-51.
[2]. Vostrikov A.A., Fedyaeva O.N., Fadeeva I.I., Sokol M.Ja. Supercritical Fluids: 

Theory and Practice. Moscow. 2010. 5/1. P. 12.
[3]. Patashinskii AZ, Pokrovsky VL. Fluctuation theory of phase transitions. Mos-

cow: Nauka, 1982. 382.
[4]. Alekhin O.D. JETP. 1977. 72/5. P.1880.
[5]. Alekhin O.D., Shimanskii Yu. Higher Education Proc. Physics. 1976. 11. P. 82.
[6]. Alekhin O.D., Dorosh A.K., Rudnikov E.G. The critical state of substance in 

Earth’s gravitational field. Kiev Politehnica, 2008. 404p.
[7]. Alekhin O.D. Monitoring. Science and technology, 2011. 1 (6). P. 69.
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CHEMICAL IDENTIFICATION OF ATOMS IN ORGANIC 
MOLECULES BY ATOMIC FORCE MICROSCOPY

I.V. Ivanytska1*, I. Swart2

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Debye Institute for Nanomaterials Science, Faculty of Science, Utrecht University, 
Ornstein Laboratory, Utrecht the Netherlands 
*Corresponding author: iv.kilina@gmail.com

Scanning probe microscopy routinely offers high spatial resolution, in 
many cases down to the atomic scale [1,2]. It was shown that this technique 
can be used to chemically identify Pb, Sn, and Si atoms in an alloy [3]. We 
have applied first-principle calculations to explore the potential of AFM for 
chemical identification of atoms in organic molecules. As a case study, we 
focused on phenazine (C22H8N2). We have calculated the interaction energy 
between the sample molecule and the foremost atoms of the tip. We have 
obtained interaction energy curves for different positions of the tip above the 
molecule. Two types of the tip were used: a copper tip and a copper tip termi-
nated with a single CO molecule. 

The interaction energy curves are different for different positions of the 
tip. This suggests that it is possible to chemically identify C, N and H atoms 
in organic molecules .

[1]. L. Gross et al., Science 325, 1110 (2009).
[2]. I. Swart, L. Gross, and P. Liljeroth, Chem. Commun. 47, 9011 (2011).
[3]. Y. Sugimoto et al., Nature 446, 64 (2007).
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SOLVENT EMPIRICAL SCALES FOR ELECTRONIC 
ABSORPTION SPECTRA

Valentina Closca1, Carmen Beatrice Zelinschi1,2, Daniela Babusca1, 
Dana Ortansa Dorohoi1

1Alexandru Ioan Cuza University, Faculty of Physics,  
11 Carol I Blv. Iasi, RO-700506, Romania 

2Vasile Adamachi College for Agricultural and Food Industry,  
41 M. Sadoveanu Alley, Iasi, Romania

Empirical solvent scales are used to arrange the solvents upon their ac-
tion on the electronic absorption spectra. Kosower scale is one of known for 
characterizing the solvent influence on the absorption electronic spectra of 
dipolar solutes.

Kosower scale reflects in a good manner the solvent influence on the 
compounds which diminish their dipole moments by excitation, because this 
scale has been proposed for the complex 1,4 ethyl-pyridine iodide which 
change the orientation of the dipole moment with 90 degrees. In the ground 
state of the complex, its dipole moment is oriented perpendicularly on the 
heterocycle plane, between the heterocycle plane and the iodide molecule. In 
the excited state the iodide molecule becomes neutral part of the complex and 
the dipole moment is contained in the heterocycle plane. In these conditions, 
the interaction energy with the solvent differs from zero only in the ground 
state of the complex. The effect of the intermolecular interactions is higher in 
the ground state of the complex. The empirical polarities defined by Kosower 
can describe the proportionality of the wavenumber in the maximum of the 
electronic transitions with intramolecular charge transfer causing the dipole 
moment diminishing. All compounds which diminish their dipole moment by 
excitation will suffer the similar influence on their electronic spectra.

We compared the solvent action on different classes of cycloimmonium 
ylids and established correlations between the empirical solvent parameters 
and structural features of the spectrally active molecules.
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HYDROGEN-BONDED CLUSTERS IN ASSOCIATED 
LIQUIDS
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FTIR spectra of liquid monohydric alcohols from methanol to decanol 
were registered in the frequency range from 500 cm-1 to 4000 cm-1. In the 
registered spectra of all investigated alcohols the wide diffuse band with the 
frequency near 3400 cm-1 was observed. This band is usually assigned to the 
vibrations of the bonded hydroxyl groups involved into the H-bond forma-
tion. 

The processes of the molecular cluster formation of monohydric alco-
hols were investigated using the matrix isolation technique in argon and ni-
trogen matrices. The methods of cluster isolation in inert gases matrixes pro-
vide the possibility to study individual clusters of different sizes. The gradual 
transformation of the spectral bands assigned to different vibrations indicates 
the transformation of the structure of the isolated clusters with matrix heating 
from 10 to 50 K. The changes in spectra at increasing temperature were ana-
lyzed, expecting that such experiments may be considered as the model of 
structural transformations in alcohols during the gas - liquid phase transition. 
Main changes with temperature increasing were observed in the spectral re-
gions of stretch O-H and C-O vibrations. At the lowest temperatures the spec-
tral bands corresponding to the vibrations of alcohol monomers were regis-
tered, during matrix heating these bands were transformed into the bands as-
signed to dimers, trimers and larger clusters.  

The quantum-chemical calculations of different alcohol clusters were 
carried out with the program set Gaussian 03 (B3LYР, 6-31G(d,p)). The com-
parison of the calculated vibrational spectra of the studied alcohols with the 
experimental IR spectra of alcohol clusters trapped in cold matrices gives the 
possibility to determine the cluster structure of investigated alcohols.

The work was supported by the State Fund for Fundamental Researches 
in the frame of Ukrainian-Belarusian scientific project “Spectral manifestations 
of nanoscale structure formations in associated molecular liquids with 
hydrogen bonding”. 
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S.G. Stepanian1*, A.Yu. Ivanov1, L. Adamowicz2

1B.I.Verkin Institute for Low Temperature Physics and Engineering NAS of Ukraine,  
47, Lenin Ave., Kharkiv, Ukraine 

2Department of Chemistry and Biochemistry, University of Arizona,  
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*Corresponding author: stepanian@ilt.kharkov.ua

The study has employed the low temperature matrix-isolation IR spec-
troscopy and the density functional theory (DFT) and ab initio calculations to 
determine the conformational composition of neutral amino acids. IR spectra 
were registered for the amino acids isolated in Ne, Ar and Xe matrices. UV 
irradiation and annealing of the samples were used to distinguish spectral 
bands of different amino acid conformers. Relative Gibbs free energies of the 
conformers were calculated at evaporation temperature of each amino acid 
using the CCSD(T)/CBS level of theory. 

We found that at least two conformers of each amino acid are present in 
the matrices: one with a bifurcated NH2•••O=C H-bond and one with a 
N•••H-O H-bond. The presence of several conformers in the matrices results 
in broadening and/or in multiplex structures of most bands in the amino acid 
IR spectra. We also investigated influence of the matrix environment on the 
structure and IR spectra of the amino acids using molecular dynamics simula-
tion and DFT/M05-2X calculations. Common features in the IR spectra of 
nonionized natural aliphatic amino acids are discussed.

This study clearly demonstrates that accounting for the interconversion 
between conformers separated by low energy barriers is very important to 
predict the conformational composition of structurally flexible molecular 
systems. In the case of amino acids most of the low-energy conformers, 
which are predicted to have significant populations at the experimental evap-
oration temperature, actually interconvert in matrices to lower energy con-
figurations and, thus, only a very few conformers are actually observed. 
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PECULIARITIES OF SOLUTE-SOLVENT HYDROGEN 
BONDING IN OH-CONTAINING LIQUIDS: FTIR-

SPECTROSCOPY STUDY
M.A. Varfolomeev*, B.N. Solomonov

 Chemical Institute, Kazan Federal University, Kremlevskaya,  
18, Kazan, Russian Federation 

*Corresponding author: vma.ksu@gmail.com

Hydrogen bonds play an important role in a variety of chemical and bio-
chemical processes. Special interest from view of hydrogen bonds represents 
highly self-associated solvents. The most known examples of them are OH-
containing liquids (alcohols, diols and water). These solvents present a great 
practical interest. They have used in different industries due to special physi-
cal-chemical properties. OH-containing solvents consist of mixture of asso-
ciative species of various compositions and structure. Dissolved molecule 
can form hydrogen bonds with these clusters which lead to a change in sol-
utes reactivity.

In present work we have studied hydrogen bonding of dissolved mole-
cules in aliphatic alcohols, ethylene glycol and water using FTIR-spectrosco-
py method and headspace gas chromatographic analysis. Different proton 
acceptors were used as solutes. IR-spectra of ketones, esters and amides in 
aliphatic alcohols, ethylene glycol and water were measured at different con-
centrations and temperatures. 

Obtained results show, that association degree of all studied solutes are 
less than 100 % in alcohols and ethylene glycol solutions. The absorption 
band of the carbonyl group in these solvents consists of at least two compo-
nents related to free and H-bonded C=O groups. At the same time in accord-
ance with IR-spectra studied solutes are completely H-bonded in aqueous 
solutions. Obtained from IR-spectroscopy measurements values of compl-
exation degree of proton acceptors in OH-containing solvents are in good 
agreement with the same data determined from gas chromatographic studies. 

Enthalpies of hydrogen bonding of studied solutes in OH-containing sol-
vents were determined using temperature measurements of IR-spectra and 
solution calorimetry data. Values obtained by two different methods are prac-
tically the same. It was shown that enthalpies of hydrogen bonding of ketones 
and esters with aliphatic alcohols, ethylene glycol and water are positive. The 
reasons of these unusual results were discussed. 

Cooperativity of hydrogen bonding in OH-containing solvents was ana-
lyzed. 
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STUDY OF COMPLEXATION IN CYCLOHEXANE-ETHYL 
ACETATE MIXTURES BY INFRARED SPECTROSCOPY

O.O. Ilchenko*, A.M. Kutsyk, V.V. Nikonova, V.V. Obukhovsky
 Faculty of Radiophysics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: radastasi@gmail.com

Infrared spectroscopy is powerful tool of investigation of liquid systems. 
The IR spectra are very sensitive to structural changes caused by intermo-
lecular interactions between the components of solution. Multivariate regres-
sion can be used for the determination of quantitative information from IR 
spectra, such as number and concentration of species in the mixture [1].

Our approach is based on a three-component MCR-ALS analysis of the 
FTIR spectra of cyclohexane-ethyl acetate solutions. We found that three 
components are required to obtain a good fit to the data (accuracy better than 
1%). The “pure” components were identified as “free cyclohexane” and “free 
ethyl acetate”, and the third component as “cyclohexane-ethyl acetate com-
plex”. The graphical user interface (GUI) in the MATLAB environment de-
veloped by Tauler et al. [2] was used for determination of concentration and 
spectral matrixes. We used MCR-BANDS GUI [3] to decrease rotational am-
biguity of obtained solutions.

[1]. R. Wehrens, Chemometrics with R, Springer-Verlag Berlin, 2011.
[2]. J. Jaumot, R. Gargalloa, A. de Juan, R. Tauler, Chemometrics and Intelligent 

Laboratory Systems, vol. 76, pp. 101–110, 2005.
[3]. J. Jaumot, R. Tauler, Chemometrics and Intelligent Laboratory Systems, vol. 10, 

pp. 96–107, 2010.
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COUPLED PHENOMENON OF RANDOM LASING AND 
STIMULATED RAMAN SCATTERING IN RHODAMINES 

AND ITS PECULIARITIES
Vasil P. Yashchuk1*, O.O. Komyshan1, A.P. Smaliuk1, E.A. Tikhonov2, 

O.A. Prygodiuk1

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska, Kyiv, 01601 Ukraine 
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Multiple elastic scattering of light in active media promotes initiation of 
two stimulated processes in dye molecules: random lasing (RL) and stimulate 
Raman scattering (SRS) which occur simultaneously and influence each oth-
er [1]. Up to date there are not understanding what are the basic conditions of 
this phenomenon occurrence and many its behavior are not investigated.

In previous our investigations we found that SRS and RL occurrence is 
influenced by pump intensity, scattering efficiency and dye molecule concen-
tration. In presented work we extended our investigation and studied the in-
fluence of these parameters more detail. Investigations were held with dyes 
of rhodamine family: rhodamine 6G (R6G), rhodamine 575 (Rh575) and rho-
damine B (RhB) in vesicular polymeric films. 

By numerous experiments we shown that SRS in multiple scattering me-
dia (MSM) never arises without RL, but the last can arises without SRS. So 
both effects are coupled and therefore they may be considered as single inte-
grated phenomenon conventionally named SRS-RL. RL plays leading role in 
SRS-RL phenomenon and much effects on SRS occurrence. 

The SRS revealing of investigated dyes is quite different. The first two 
dyes exhibit well-defined SRS lines shifted by pump wavelength variation. Its 
intensity is proportional to pump and RL intensity and so they are stimulated 
by both radiations that indicate of SRS and RL coupling. RhB doesn’t reveal 
SRS lines under any conditions. The reason of this discrepancy is different 
matching of RL spectra and region of possible Stokes lines evaluated from IR 
absorption spectra. This region is determined by frequencies of dye molecule 
bonds and located in yellow (550-585 nm) and red (630-650 nm) regions un-
der 532 nm pumping.  Then basic condition of SRS-RL occurrence is RL on-
set and their spectra coincidence with this region. Other parameters (dye con-
centration, scattering efficiency etc.) influence on SRS-RL via these options.

[1]. Vasil P.Yashchuk, E.A.Tikhonov, O.A.Prigodiuk., JETP Letters,  91 (2010), N4, 
p.174-177.
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SPECTRAL CHARACTERISTICS OF P-CUMYL-
PYRIDAZINIUM-BENZOYL-2,4,6-PICRIL METHYLID 

(CPBPM) SOLUTIONS

Daniela Babusca1, Mihaela Maria Oprea (Dulcescu)2,3, 
Cristina Delia Nechifor4, Dana Ortansa Dorohoi2

1Alexandru Vlahuta  School , Iasi, Romania 
2 Alexandru Ioan Cuza University of Iasi, Faculty of Physics, Iasi, Romania 

3 Regional Oncological Institute, 2-4 G-ral Berthelot Street, Iasi, RO-700863, Romania 
4Gh.Asachi Technical University of Iasi, Faculty of Machine Manufacturing and 
Industrial Menagement, 67 Dimitrie Mangeron Blvd., Iasi, RO-700050 Romania

Binary and ternary solutions of p-cumyl pyridazinium benzoyl-2, 4, 
6-picril methylid (CPBPM) were used in order to characterize the visible 
absorption bands and to attribute them to an intramolecular charge transfer 
(ICT). 

The wavenumbers in the maximum of the visible intramolecular charge 
transfer (ICT) band of p-cumyl-pyridazinium-benzoyl-2, 4, 6 picril methylid 
(CPBPM) were used to characterize the first solvation shell of the spectrally 
active compound in ternary solutions achieved with hydroxyl solvents water, 
ethanol and methanol. The average statistic weights, 1p , the excess function, 

)1(δ , and the preferential solvation constant, 12k , were estimated on the basis 
of the solvatochromic effects of binary hydroxyl solvents water + ethanol and 
water + methanol in ternary diluted solutions of PPBPM. This study contri-
butes to attribute the intermolecular interactions to universal and specific in-
teractions and to estimate their supply to the total spectral shift.
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REACTION OPTIMIZATION IN FACTORIAL EXPERIMENT 
IN SYNTHESIS OF NEW ANTITUMORAL COMPOUNDS 

BASED ON 5-NITROINDAZOLE
Corina Cheptea1, Liliana Mihaela Ivan2, Catalina Lionte3, 

Catalina Iulia Saveanu4, Dana Ortansa  Dorohoi2, Valeriu Sunel5

1“Gr.T.Popa” University of Medicine and Pharmacy, Faculty of Medical Bioengineering, 
9-13 Kogălniceanu Street, 700454, Iasi, Romania 

2”Al. I. Cuza” University, Faculty of Physics, 11 Carol I Blv. RO-700506, Iasi, 
3“Gr.T.Popa” University of Medicine and Pharmacy, Faculty of Dental Medicine, 16 

Universitatii Street, 700115, Iasi, Romania, 
4“Gr.T.Popa” University of Medicine and Pharmacy, Faculty of Medicine,16 Universitatii 

Street, 700115, Iasi, Romania, 
5“Al.I.Cuza” University, Faculty of Chemistry, 11, Carol I Bvd., 700506,  Iasi, Romania

In order to obtain new compounds with potential antitumor action, new 
di-(2-chloroethyl)-amino derivatives with 5-nitroindazole as support, have 
been synthesized. The compounds have been obtained by reaction of the so-
dium salts of the 5-nitroindazole with tris β-chloroethyl amine.  New organic 
compounds with alkylating group grafted on indazolic substrate through an 
ethylene bridge have been obtained. 

The reaction optimization was realized in a factorial experiment as a 
polynomial function and the the reaction yield was studied in dependence of 
the two relevant variables (temperature and reaction time). 

The new compounds has been characterized by elemental and spectral 
(1H-NMR, FT-IR) analyses. 

A series of physical properties (color, crystalinity, solubility, melting 
point, …) were established the new compounds. A complete characterization 
has been made applying the quantum mechanical methods from HyperChem 
package. 

This synthesized compounds present antitumor potential  in experimen-
tal tumors Guerin applied to mice with induced carcinoms. A study of the 
toxicity has been done and the DL50 was established. 
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OPTIMIZATION SYNTHESIS OF SOME NEW 
HYDRAZONES FROM 5-NITROINDAZOLES AND THEIR 

TOXICITY STUDIES
Corina Cheptea1, Liliana Mihaela Ivan2, Catalina Lionte3, 

Catalina Iulia Saveanu4, Dana Ortansa Dorohoi2, Valeriu Sunel5

1“Gr.T.Popa” University of Medicine and Pharmacy, Faculty of Medical Bioengineering, 
9-13 Kogălniceanu Street, 700454, Iasi, Romania 

2”Al. I. Cuza” University, Faculty of Physics, 11 Carol I Blv. RO-700506, Iasi, 
3“Gr.T.Popa” University of Medicine and Pharmacy, Faculty of Medicine, 16 Universitatii 

Street, 700115, Iasi, Romania, 
4“Gr.T.Popa” University of Medicine and Pharmacy, Faculty of Dental Medicine, 16 

Universitatii Street, 700115, Iasi, Romania, 
5“Al.I.Cuza” University, Faculty of Chemistry, 11, Carol I Bvd., 700506,  Iasi, Romania

In order to obtain new substances with a potential tuberculostatic activ-
ity, we synthesized some new hydrazones derived from the 5-nitroindazole, 
through the condensation of 5-nitroindazolyl-acethydrazide with various aro-
matic aldehydes. Their chemical structure has been verified by the elemental 
and spectral analysis (FT-IR and 1H-NMR) information. 

The reaction optimization has been considered important both for the 
obtaining with superior yield and for limiting the trials for synthesis of the 
new compounds.

For this purpose factorial experiments of  the 32 type was organized for 
each reaction.

The molecular and structural parameters were obtained with HyperChem 
package. 

This experiment permits to obtain the reaction yield as a function of the 
second degree in the significant independent variables and to have a three-
dimensional, spatial representation of the obtained function.

A study of their toxicity has been done, establishing the DL50 values.
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Our research is devoted to the vibrational spectroscopy inverse problem 
solution that gives a possibility to make conclusions about the investigated 
molecule geometry. In order to assess the searching valent angle the algo-
rithm was elaborated, based on the gradient descend and the inverse spectral 
problem of vibrational spectroscopy solving. The valent angle finding based 
on the usage of inverse spectral vibrational spectroscopy problem is a well-
known task, but typical methods of these problem solutions are not applied to 
molecules of matter in liquid state.

3N-matrix method was chosen all possible methods amount to solve the 
inverse vibrational spectroscopy problem. The usage of method permits to 
make no assumptions about the molecule force field, besides this method can 
be applied to molecules of the matter in liquid state. An vibrations anharmo-
nicity always exists so there is a reason to do a correction caused by the an-
harmonicity. Anharmonicity constants assessment is an important part of the 
realized algorithm. Taking molecules interaction into account made it possi-
ble to insert noncharacteristic vibration frequencies into calculations. The 
3N-martix method usage simplifies calculating of u3 constant corresponding  
ω3 normal vibration. Finding u1 and u2 constants is more difficult and realizes 
by method of steepest descent. In order to find the single-valued inverse spec-
tral problem of vibrational spectroscopy solution a shape parameter must be 
found. The shape parameter ψ is the angle characterizing vibration ω1 and ω2 
mixing.

The minimum of such a function y called a divergence parameter was 
found:

ωi
th is a calculated theoretically frequency, ωi

exp  is a measured experi-
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mentally frequency. The defined divergence parameter is a many variable 
function: valent angle β, anharmonicity constants u1, u2, u3, shape parameter 
ψ. The valent angle assessment was reduced to the divergence parameter 
minimization. The β value concerning divergence parameter minimum was 
interpreted as a desired valent angle. For example β=88,8° for water mole-
cule in liquid state.
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ALCOHOL CLUSTERS IN ARGON AND NITROGEN 
MATRICES

I. Doroshenko1*, V. Pogorelov1, O. Doroshenko1, V. Sablinskas2
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64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
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The methods of cluster isolation in inert gases matrixes [1] provide the 
possibility to study individual clusters of different sizes allowing for the trac-
ing of the clustering processes of monohydric alcohols from individual mol-
ecules to the hydrogen-bonded network which is typical for liquid alcohols 
[2]. 

FTIR spectra of monohydric alcohols (methanol, propanol, hexanol) iso-
lated in argon and nitrogen matrices were registered at different temperatures. 
The gradual transformation of the spectral bands assigned to different vibra-
tions indicates the transformation of the structure of the isolated clusters with 
matrix heating from 10 to 50 K. The changes in spectra at increasing tem-
perature were analyzed, expecting that such experiments may be considered 
as the model of structural transformations in alcohols during the gas - liquid 
phase transition [3]. 

Main  changes  with  temperature  increasing  were  observed  in the 
spectral regions of stretch O-H and C-O vibrations. At the lowest tempera-
tures the spectral bands corresponding to the vibrations of alcohol monomers 
were registered, during matrix heating these bands were transformed into the 
bands assigned to dimers, trimers and larger clusters. 

 The work was supported by the State Fund for Fundamental Researches 
(DFFD) in the frame of Ukrainian-Belarusian scientific project “Spectral 
manifestations of nanoscale structure formations in associated molecular 
liquids with hydrogen bonding”. 

[1]. J. Perchard and Z. Mielke, Chem. Phys. 264, 221, 2001.
[2]. I. Yu. Doroshenko, Low Temp. Phys. 37, 604 (2011) [Fiz. Nizk. Temp. 37, 764 

(2011)].
[3]. V. Pogorelov, I. Doroshenko, P. Uvdal, V. Balevicius, V. Sablinskas., Mol. Phys., 

108, 2165 (2010). 
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VIBRATION SPECTRA EVALUATION OF DYES FROM 
ITS STIMULATED RAMAN SCATTERING IN MULTIPLE 

SCATTERING MEDIA
Vasil P. Yashchuk, A.A. Sukhariev*, A.P. Smaliuk, A.O. Bukatar 

Faculty of Physics, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: yavas@kiev.univ.ua

In a multiple scattering medium (MSM) random lasing (RL) and stimu-
late Raman scattering (SRS) of dyes interact between them and form inte-
grated nonlinear process RL-SRS. Its common spectrum contains solid and 
linear components caused by RL and SRS respectively. As SRS in MSM oc-
curs at all Stokes frequencies coinciding with RL spectrum [1] there is pos-
sibility to evaluate the corresponding section of the molecule vibration spec-
trum (VS). It needs decomposition of the spectrum by the solid and linear 
components. The decomposition must be very accurate because errors of 
solid component determination much influence intensity and contour of the 
Raman line. The problem is complicated by RL spectrum sensitivity to pump 
intensity and dependence of SRS lines intensity on RL one. 

According to the properties of SRS in MSM [1] we developed algorithm 
of dye molecules VS from its RL-SRS spectra.  VS was evaluated from ex-
perimental RL-SRS spectra ( )

RL
I w  and its solid component ( )solI w  as 

proper nonlinear susceptibility ( )(3) ( ) ~ ln( ( ) ( ) )RL solI Iχ w w w . Central idea 
is requirement of VS independence on RL-SRS spectra under batch process-
ing of them. 

The algorithm includes next steps. Firstly the spectral sections containing 
Raman lines are removed from the RL-SRS spectrum and the rest of him is 
approximated by two Gaussians to describe its asymmetry. On the second step 

(3) ( )χ w  is computed from each ( )RLI w and averaged VS was determined. 
With this spectrum (third step) solid components 1 ( )solI w of each experimen-
tal RL-SRS spectra are computed. On the last step one of RL-SRS spectra was 
randomly selected, approximated by Gaussians with descent method and re-
place previous one. This step sequence repeated in cycles estimating each 
time mean discrepancy between next and previous solid components. Devel-
oped algorithm achieves the independency of output VS on RL-SRS spectrum 
over ten steps. Evidence of adequacy this algorithm is good agreement com-
puted and theoretical dependencies of SRS lines intensity on pump. 

[1]. Vasil P.Yashchuk, E.A.Tikhonov, O.A.Prigodiuk. Mol. Cryst. Liq. Cryst. 2011. 
V.535. P.156-166.
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SPECIFICITY OF STIMULATED RAMAN SCATTERING IN 
A DYED RANDOM MEDIA

Vasil P. Yashchuk1, O.O. Komyshan1*, A.P. Smaliuk1, O.A. Prygodiuk1, 
L.A. Olkhovyk2, L.S. Kostenko2

1Faculty of Physics, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Faculty of Chemistry, Taras Shevchenko National University of Kyiv, 64, Volodymyrska, 
Kyiv, 01601 Ukraine 

*Corresponding author: aokomyshan@i.ua

Stimulated Raman scattering (SRS) in a dyed random media is revealed 
only together with random lasing (RL). This feature causes important peculi-
arities of SRS phenomenon in this media. Investigation of these peculiarities 
is very important both for understanding of this phenomenon mechanism and 
its spectroscopic application.

We studied in detail evolution of secondary radiation of rhodamines 6G 
(R6G) and 575 (Rh575) in vesicular polymeric films subject to pump inten-
sity above RL threshold. Their radiation spectra contain many well-defined 
SRS lines under pumping of YAG-Nd3+ laser second harmonic. All the lines 
arise only in the range of RL spectrum and correspond to first Stokes compo-
nent of different molecule vibrations, which is proved by good correlation 
with their SERRS and IR absorption spectra. Under pump increase they arise 
in consecutive order from shortwave lines to long wave ones. It occurs simul-
taneously with longwave broadening of RL spectra caused by reabsorption 
and reemission of RL radiation. At first the intensity of lines grows rapidly 
but then it strength to become invariable. 

These regularities is explained by the conception of SRS as the CARS-
like process stimulated by two-component pump formed by RL radiation at 
Stokes frequency and incident laser pump. This pump forms driving forces to 
be resonant with molecule bond frequencies. Due to continuous RL compo-
nent of this pump the resonant forces arise at all bond frequencies which 
corresponded to Stokes lines in the range of RL spectrum. Dependency of 
SRS lines intensity on pump is produced by this broadening also because of 
the same dependence of RL intensity at corresponded Stokes frequency.

This situation principally differs from plain SRS where observed lines 
correspond to different Stokes order of single molecule vibration. And suc-
cessive arising of it is conditioned by energy redistribution from lower order 
Stokes component to higher one.
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FERMI RESONANCES IN С2F6

O.S. Golubkova*, P.K. Sergeev, V.V. Bertsev, D.N. Shchepkin
St.Petersburg State University, St.Petersburg, 198504, Russia 

*Corresponding author: Golubok_phys@mail.ru

Up to now data of vibrational resonances in hexafluoroethane (C2F6) 
molecule were unavailable. In the present work IR absorption spectrum of 
C2F6 dissolved in liquid Xe (T=163 K) and liquid N2 (78 K) are studied. 
Fermi resonance doublets and multiplets are observed in spectral regions of 
the modes combined with ν1 and ν7 fundamentals.

Both ν1 (A1g) and ν7 (Eg) bands are active only in Raman scattering, so in 
the present work we observe Fermi doublets ν1~(2ν6) (A1g) and ν7 ~ (ν6 +ν11) 
(Eg) in liquid C2F6.

The parameters of Fermi resonances, obtained from the experimental 
data are presented in the Table, where χ is the perturbed frequency splitting, 
Δ is the unperturbed splitting, R is the relative intensity, W is the interaction 
matrix element and αijk is the cubical constant of potential energy.

reso- 
nance v, cm-1 χ, cm -1 R Δ, cm -1 W, cm -1 αijk, cm -1

ν1~2ν6
1416.3 (1) 
1425.0 (1) 8.7 (2) 0.4 (1) 4.2 (5) 3.8(1) 7.6 (5 )

ν7~ν6+ν11
1221.9 (1) 
1239.7 (1) 17.8 (2) 0.6 (1) 9 (1) 8.2(4) 23.2 (9)

Acknowledgement.
The work was financially supported by the Ministry of Education and 

Science of the Russian Federation, grant 12-03-31113.
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MODELING OF  2,3-DI-O-NYTRO-METHYL-Β-D-
GLUCOPYRANOSIDE TAKING INTO ACCOUNT 

THE H-BONDING USING DFT METHOD AND 
INTERPRETATION OF ITS IR SPECTRUM 

L.M. Babkov1*, I.V. Ivlieva1, M.V. Korolevich2
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2Institute of Physics of National Academy of Sciences of Belarus,  
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Structural–dynamic model of the isolated molecule 2,3-di-O-nytro-
methyl-β-D-glucopyranoside  was constructed by DFT method in basis 
6-31 G(d) in paper [1]. Using the results of modeling the preliminary inter-
pretation of the IR spectra was held. 

At presence work the structure and the IR spectrum of  2,3-di-O-nytro-
methyl-β-D-glucopyranoside were calculated taking into account the H-
bonding. The structures of dymers of 2,3-di-O-nytro-methyl-β-D-
glucopyranoside and structures and spectra of  H-complexes of 2,3-di-O-
nytro-methyl-β-D-glucopyranoside and ethanol were calculated.

There types of dymers can be realized in the sample. There are cyclic 
dymer  with H-bonds between CH2-OH group and hydroxyl group (dymer I), 
dymer with H-bond between CH2-OH groups (dymer II) and dymer with H-
bond between CH2-OH group and hydroxyl group (dymer III). 

The structures and spectra of H-complexes of 2,3-di-O-nytro-methyl-β-
D-glucopyranoside and ethanol were calculated. There are H-complex with 
H-bond between CH2-OH groups (dymer IIa) and H-complex with H-bond 
between CH2-OH group and hydroxyl group (dymer IIIa).  

Using the results of modeling the H-complexes we defined the interpre-
tation the measured IR spectrum of the 2,3-di-O-nytro-methyl-β-D-
glucopyranoside sample.

[1]. L.М. Babkov, I.V. Ivlieva, М.V. Korolevich. Izv. Saratoskogo Universiteta. No-
vaya seriya. Seriya Physica. Т. 12 (vyp.2). 2012. С. 76-85 (in Russia).
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One of most effective ways to get the light emitting layers with easy tun-
ing wavelength of emitting radiation is the using of small amount of high 
fluorescence dopants in suitable matrix. Doping with various dyes can offer a 
color tuning by exploiting excited-state energy transfer. Thus, design of the 
new effective dye dopants has gained much attention.

The results of investigations of electronic processes in the novel lumi-
nescent dyes are presented.  The photophysical properties of these substances 
were investigated in solutions and as dopants in different matrices. The full 
interpretation of the absorption and fluorescence spectra has been done using 
the results of quantum-chemical calculations. 

The equilibrium molecular geometry and electron structure of the dye 
molecules were calculated using the package Gaussians-09. The molecular 
geometry was optimized by DFT/6-31G(d,p)/B3LYP method, while the char-
acteristics of the electron  transitions,  HOMO and LUMO MOs were calcu-
lated using the TD DFT approach.

The dyes absorption and fluorescence spectra were compared in solution 
and composite thin films. In comparison with spectra in solutions the fluores-
cence spectra of the composite films demonstrate similar shape and small 
shift towards the longer wavelengths. This means that the dyes are not de-
stroyed during vacuum deposition. 

Calculated high dipole moment of first electron transition, rigid mole-
cules structure, the high quantum yields and possibility of vacuum deposition 
are the reasons to believe that these dyes are the perspective materials for 
using as light emitting layers in OLEDs.
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MANIFESTATION OF INTERMOLECULAR INTERACTION 
AND AB INITIO CALCULATION OF CHARACTERISTICS 

OF MOLECULAR AGGREGATION IN LIQUID ETHYLENE 
GLYCOL 

F.H. Tukhvatullin*, U.N. Tashkenbaev, A. Jumabaev, H. Hushvaktov, 
A. Absanov, F.A. Salakhitdinov

Samarkand State University, Samarkand, Uzbekistan  
*Corresponding author: jumabaev2@rambler.ru

In this work we present results of study of intermolecular interaction in 
ethylene glycol from spectra of Raman scattering. To make a justified as-
sumption on possibility of formation of aggregated intermolecular complexes 
and monomeric molecules of ethylene glycol in the liquid and manifestation 
of this formation in Raman spectra we carried out ab initio calculations of 
normal vibration frequencies, depolarization ratios of bands, energy of for-
mation, and other physical-optical characteristics for various aggregated 
complexes of molecules. The calculations were performed in frames of HF-
approximation with 6-31G(d, р) basis and total optimization of the geometry 
of molecules. 

It was shown the possibility of H-bond formation between ethylene gly-
col molecules with formation of dimeric aggregates. In the bond’s formation 
participates hydrogen atom of O-H group of one molecule and one of oxygen 
atoms of other molecule. According to calculations, the energy of dimer for-
mation is 4,6 kcal/mole. 

Analysis of Raman spectra and results of calculation shows that the mol-
ecules of ethylene glycol are aggregated by H-bonding, and, moreover, di-
mers with anti-parallel orientation of molecules are formed. It is interesting 
to investigate a character of molecular interaction and its manifestation in 
Raman spectra. The formation of intermolecular bond in liquid ethylene gly-
col manifest itself in the form of asymmetry of 866 sm-1, 1054 sm-1 и 1078 
sm-1 bands in Raman spectra.  The half-width of a complicated band of 1054 
sm-1 and 1078 sm-1 is 57 sm-1  and consists of two lines. These bands refer to 
the plane deformational O-H vibrations. According to calculations, the asym-
metry appeared in Raman spectrum is related to appearance of vibrations of 
aggregates in the high-frequency side of the band of monomers. Since ethyl-
ene glycol belongs to the group of polyatomic alcohols, high magnitudes of 
boiling temperature are explained by intermolecular H-bonding. The influ-
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ence of H-bonding on physical properties of alcohols is rather significant. 
Calculations show that ethylene glycol molecules possess dipole moment 
(~2,73 D for monomer, 6,35 D for dimeric aggregate). The length of H-bond 
is 2,3 Å. We observe a redistribution of electrostatic charge in dimeric ag-
gregate of ethylene glycol, especially on hydroxyl hydrogen atom that can be 
explained by electron-donor effect of alkyl group.
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THE HYDROGEN BOND IN COMPLEXES OF ANILINE 
AND ITS DERIVATIVES WITH ORGANIC MOLECULES. 

COOPERATIVITY AND ANTI-COOPERATIVITY
I.T. Rakipov*, A.J. Kirgizov, M.A. Varfolomeev

Department of Physical Chemistry, Kazan (Volga region) Federal University, 
Kremlevskaya 18, Kazan, Russia 
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Amines and its derivatives play an important role in the biological, phys-
ical and chemical processes as included in the composition of dyes, pesti-
cides, and medicines, the properties of which by means of intermolecular 
hydrogen bonding are realized. Important stage in the study of hydrogen 
bonds is to evaluate and interpretation of the cooperativity and anti-coopera-
tivity effects.

In present work we used the IR spectroscopy and Quantum-chemical 
calculations for the study of hydrogen bonds of aniline, N-methylaniline with 
proton donors and acceptors. Choice of molecules is due to that they are com-
pounds that simulate structural fragments of supramolecular systems.

On the first stage absorbance of free molecules of aniline and N-methyl-
aniline in proton acceptors and proton donor solvents were analyzed. It was 
shown that obtained N-H frequencies of these substances in proton acceptor, 
proton donor and inert solvents linearly depend between them. 

On the second stage absorption frequency of the N-H groups of com-
plexes of aniline and N-methylaniline with proton acceptors in aprotic sol-
vents were analyzed. It was shown that frequency of the N-H groups of com-
plexes amine with proton acceptors in aprotic solvents are linearly on solvent 
parameter SVW, responsible for Van der Waals interactions. Deviations in pro-
ton donor solvents from linear dependence parameter SVW, due to the coop-
erative effect in these systems. For the of ternary complexes were estimated 
coefficients of cooperativity of hydrogen bonds and their analysis in terms of 
the structure of molecules were carried out.

It is shown that the absorption frequency of the N-H groups of aniline in 
proton acceptors to deviate from the linear correlations of the parameter SVW, 
which is related due to anti-cooperativity effects. This result using the ap-
proach of quantum-chemical calculations was analyzed. The data obtained of 
anti-cooperativity effects of hydrogen bonds from structure of the interacting 
molecules were discussions.
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VIBRATIONAL SPECTROSCOPIC STUDY OF 
γ-BUTYROLACTONE

V.A. Koverga1*, B.A. Marekha1,2, O.N. Kalugin1, A. Idrissi2
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*Corresponding author: v.a.koverga@gmail.com

Electrolyte solutions based on dipolar aprotic solvents (DAS), in the 
mixtures with lithium salts or ionic liquids (ILs) are now widely used to de-
velop advanced electrochemical energy storage devices – lithium-ion batter-
ies and supercapacitors.

In this regard, the actual task is the problem of prediction of practically 
important macroscopic properties of the systems on the basis of the key un-
derlying intermolecular interactions.

In the present paper, within the framework of systematic studies of bi-
nary systems based on DAS and imidazolium ionic liquids, we present the 
results of experimental investigations of Raman spectra of γ-butyrolactone 
(γ-BL) with 1-butyl-3-methylimidazolium hexafluorophosphate ([BmIm+]
[PF6

−]) in the range of 50-4000 cm−1.
The goal of the present study is to explore main interparticle interactions 

in the selected system by following the evolution of spectral profile of the 
representative bands. Spectral analysis and assignment was complemented 
with quantum chemical calculations of relevant molecular structures both in 
vacuum and within different implicit solvation models.

The main focus of the study has been made on the carbonyl stretching 
band of γ-BL (around 1770 cm−1) since it may reveal details of both solvent-
solvent and solvent-IL interactions. Our results show that corresponding 
spectral profiles are of composite nature containing at least three distinct con-
tributions. The later can be ascribed to monomeric  γ-BL molecules and dipo-
lar associates (presumably dimmers). Some indication of contribution of the 
molecules interacting with IL has been found at low γ-BL content.

We have also analyzed CH stretching region (2800-3200 cm−1), particu-
larly aromatic CH stretching profiles due to imidazolium-ring of cation of the 
IL. The obtained spectral variations along with results of quantum-chemical 
calculations are interpreted in terms of competition for cations between ani-
ons and solvent molecules in order to establish H-bonding interactions.

The obtained results allow one to design and tune similar systems 
with desired set of properties.
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SPECTRAL INHOMOGENEITY OF LOW-FREQUENCY 
RAMAN SPECTRA OF WATER AND WEAK AQUEOUS 

SOLUTIONS OF HYDROGEN PEROXIDE
A.V. Kraiski*, N.N. Mel’nik

P.N. Lebedev Physical Institute of RAS, Moscow, Russia 
*Corresponding author: kraiski@sci.lebedev.ru

Previously it was shown that dynamic susceptibility (DS) obtained from 
the Raman spectra in the low frequency range from 4 to 320 cm-1 of water and 
weak aqueous solutions of hydrogen peroxide, well described by the approx-
imating function with 9 variable parameters [1-2]. Two Lorentzians describe 
intermolecular vibrations. From the concentration dependence of these pa-
rameters was estimated the size of the modified hydrogen bond network of 
water molecules in the vicinity of peroxide molecule. The frequency and the 
width of each Lorentzian are strongly correlated [3]. This was explained on 
the basis of the model of free oscillations of the classical damped oscillator 
and of spectral inhomogeneity of these lines [4]. On the basis of this model 
have been defined homogeneous widths of vibrations associated with their 
decay time and the resonant frequencies, which are coincided with frequen-
cies of infrared absorption [5].

The obtained value of eigenfrequency of HF oscillation in hydrogen per-
oxide’s solution is 183.6 cm-1 with a dispersion of 0.5 cm-1 (table value 183.4 
cm-1), a homogenious width of the contour is 105.0 cm-1 with a dispersion of 
4.6 cm-1. The eigenfrequency of the bending mode is 51.3 cm-1 with a disper-
sion of 1.3 cm-1 (the table is 50 cm-1), a homogenious width is 36.0 cm-1 with 
a dispersion of 2.4 cm-1.

For water, eigenfrequency the HF oscillation is 184.6 cm-1 with a confi-
dence interval (CI) 0.4 cm-1), a homogenious width of it is 102.1 cm-1 with CI 
1.9 cm-1. The eigenfrequency of the LF mode - 49.9 cm-1 with CI 0.4 cm-1, a 
homogenious width of is 22.0 cm-1 with CI 0.8 cm-1. Attention is drawn to the 
significant increase in the homogeneous width of hydrogen peroxide com-
pared to water. This corresponds to a significant decrease in the decay time.

[1]. A.V.Kraiski, N.N.Mel’nik. Bulletin of the Lebedev Physics Institute, Moscow, 
2005, №12, pp.21-27

[2]. A.V.Kraiski, N.N.Mel’nik. ibid, Moscow, 2006, №1, pp.30-33.
[3]. A.V.Kraiski, N.N.Mel’nik. ibid, Moscow, 2006, №1, pp.34-37.
[4]. A.V.Kraiski, N.N.Melnik. XIX International scool-seminar “Spectroscopy of 

molecules and crystals” 20.09-27.09.2009, Beregove, Crimea, Ukraine, Abstracts p.63-64.
[5]. Martin Chaplin. Water Structure and Science, http://www.lsbu.ac.uk/water/vi-

brat.html.
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POSSIBLE MECHANISMS OF CHANGING THE SHAPE 
OF ν1 BAND OF METHANE AND DEUTEROMETHANE IN 

GASEOUS MIXTURES
B.T. Kuyliev1*, N.D. Orlova2, L.А. Pozdnyakova2, L.O. Meyliev1, 

M.A. Raxmonova1

1Karshi State University, Samarkand, Uzbekistan, 
2St. Petersburg State University, Russia 

*Corresponding author: bahromq@rambler.ru

Physics of processes of relaxation of molecular excitations is one of ac-
tual problems of modern physical optics. Information on dynamics of the re-
laxation processes is necessary to clarify details of substance microstructure, 
particularly, the character of molecular processes in condensed state, for pur-
poseful selection of active media of tunable lasers. Processes of molecular 
relaxation can be studied on the base of analysis of shape and parameters of 
band’s contour in spectra of Raman scattering and IR absorption. 

In this work we present results and discussion of possible vibrational 
relaxations with respect to formation of v1 band of methane and deuterometh-
ane. Investigations of spectra of isotropic Raman scattering (IRS) were car-
ried for pure methane (CH4) and deuteromethane (CD4), and its mixtures with 
Ar and Kr in gaseous phase within a wide interval of temperature and pres-
sure.  

In our experiment we observe that in all cases the contour of ν1 band in 
gaseous phase at densities up to 10 amagat does not change its half-width, 
and at higher densities its half-width increases according to practically linear 
law. 

We analyzed a series of mechanisms of the effect of broadening the IRS 
band ν1 of full-symmetric vibrations. It was found to be that the main role in 
formation of the band’s contour plays, obviously, the vibrational broadening. 
Vibrational relaxation plays a determining role in formation of contours of 
IRS bands of polyatomic molecules in condensed matters. Direct picosecond 
experiments with using the technique of stimulated Raman scattering and 
coherent active spectroscopy proved that the relaxation of phases of intramo-
lecular vibrations of polyatomic molecules occurs much faster than the relax-
ation of population of proper vibrational levels. However, the observed quan-
titative difference between estimations and experimental results assumes that 
this mechanism is not the only one in the broadening effect.
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In spite of the progress in understanding the processes of relaxation of 
vibrational excitations in condensed matters the problem is still actual one. It 
is appropriate to make an analysis of modern models of vibrational relaxa-
tion. 

[1]. Kuyliev B.T., Orlova N.D., Pozdnyakova L.A. //Spectroscopy Letters, 
2009.V.42, IS.4, Р.199-203  
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ON MECHANISM OF NON-COINCIDENCE OF 
PARAMETERS OF STOKES AND ANTI-STOKES LINES IN A 

SPECTRUM OF RAMAN SCATTERING OF LIQUIDS
Madat Juraev1*, Ulugbek Bekbulatov2  

1Samarkand State University, Samarkand, 103004, Uzbekistan 
2Navoi State Pedagogical Institute, Navoi, Uzbekistan  

*Corresponding author: madat_89@mail.ru

According to current ideas on formation of width and shape of the con-
tours of Raman scattering lines, frequencies of intramolecular vibrations 
must be coincident for Stokes and anti-Stokes components. Moreover, in po-
larization studies of the frequency of fundamental intramolecular vibration 
there must be the coincidence of polarized and depolarized components.

In [1] authors found a disturbance of these conditions. We studied Ra-
man spectra in CHCl3 and CCl4 in Stokes and anti-Stokes regions.

Stokes anti-Stokes

Substance
||n ⊥n D ||n D ⊥n ||n ⊥n D ||n D ⊥n

in cm-1 in cm-1

CHCl3 260 258 8.3 10.4 365 366 8.8 9.2
363 364 6.3 10.8 372 370 5.8 9.2
668 667 6.4 7.3 671 670 5.9 7.3

CCl4 215 216 11.2 11.2 220 221 9.5 11.3
311 311 11.0 12.5 319 318 10.8 11.3

The observed behavior of parameters of Stokes and anti-Stokes lines in 
Raman spectra of liquids can be explained by a change of the energy structure 
of wave function of response (WFR) of molecules at transitions from one 
vibrational level to another [2]. The transition is accompanied by the change 
of the energy structure and, consequently, the frequency of WFR of mole-
cules as a whole and of intramolecular vibrations.

The transition of molecule from the basic state to the vibrational one 
leads to weakening the energy structure of WFR of molecules, and it is ac-
companied by increase of the vibrational frequency of molecules as a whole, 
and, consequently, the frequency of intramolecular vibrations. Anti-Stokes 
component in Raman spectrum represents the excited level, where the fre-
quency of molecules as a whole is higher than its magnitude in the basic state. 
Accordingly, the frequency of intramolecular vibrations in the excited state is 
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higher than the frequency in the basic state that leads to the difference in 
frequencies of Stokes and anti-Stokes lines.

[1]. Erkin Nurmat (Shermatov), Ishburiev R.M., Yakubov A.A. // J. Mol. Liquid 
1990, vol. 45. p.127-132

[2]. Erkin N. Shermatov. Superconductivity and the memory of man. - St. Peters-
burg: Izd. Polytechnic University, 2006. - 174 p. 
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VIBRATIONAL SPECTRA OF COMPLEXES WITH 
HYDROGEN BOND IN INERT SOLUTIONS

G. Murodov1*, K.G. Toxadze2, H. Hushvaktov1

1Samarkand State University, Samarkand, Uzbekistan 
2St.Petersburg State University, St.Petersburg, Russia 

*Corresponding author: mgulomhon@rambler.ru

We studied IR absorption spectra of hydrogen chloride and a series of 
proton donors with C-H groups in liquid argon, krypton, and xenon. As a 
proton acceptor we considered phosgene, acetone, dimethyl ether and aceto-
nitrile. Solubility of these systems in inert solvents at low temperatures is 
studied. 

Main attention was paid to study of spectral parameters of nНCl and С-Н 
bands of proton donors in complexes of different acceptors with gradual 
change in proton-accepting ability of С=О and С≡N groups.

The absorption band of main vibration of HCl dissolved in liquid argon, 
krypton and xenon is of complicated shape, and it consists of two lateral P 
and R components and more or less intensive central Q component. Such a 
shape of the band is explained by rotation of molecule in the liquid. With ris-
ing activity of the solvent at transition from argon to krypton there is a rise of 
integral coefficients of absorption and the low-frequency shift of the band’s 
mass-center. A narrow band Δn1/2~10 sm-1 of Cl2CO×××Н-Сl complex ap-
pears on the low-frequency wing of the band of hydrogen chloride. 

In a typical complex of HCl with acetone there is a broad band of the 
complex with Δn1/2~200 sm-1. The low-frequency shift of the complex’s band, 
as compared with a free molecule, is ~350 sm-1. Formation of even weak 
complex leads to change of vibrational bands of the proton acceptor. 

As С-Н proton donor we used acetylene, methylacetylene and their deu-
teroderivatives.  In this case also the rise of proton-accepting ability of proton 
acceptor leads to increase of the low-frequency shift of the band and its half-
width. We carried out ab initio calculations of the energy of formation, vibra-
tion frequencies, dipole moments, and other parameters for the studied com-
plexes. The calculations were performed in frames of HF-approximation with 
6-31G(d, р) basis and total optimization of the geometry of molecules.  
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ALKYLBENZOATES  AND ALKYLHYDROXYBENZOATES:  

COMPARATIVE ANALYSIS
R.N. Nagrimanov*, M.A. Varfolomeev 
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Benzoates and hydroxybenzoates are widely used in various industries. 
Some of them act as food additives, drugs and stabilizing agents. All these 
properties are largely determined by the intermolecular interactions in con-
densed matter. The position and number of hydroxyl groups in the benzene 
ring also greatly affect the physical-chemical properties of hydroxybenzo-
ates. For example, para-isomers of hydroxybenzoates or parabens under 
standard conditions are solids, and ortho-isomers or salicylates at the same 
conditions are fluids due to the inter- and intramolecular hydrogen bonds. In 
this regard benzoates and hydroxybenzoates are interesting objects for the 
study of intermolecular interactions and structure in condensed matter. 

To study the effect of the structure on the intermolecular interactions of 
these compounds, we used the following physical methods: IR spectroscopy 
and solution calorimetry. IR spectroscopy was used to study the complexes of 
alkylhydroxybenzoates with proton acceptors in an inert solvent and the 
complex of alkylbenzoates with aliphatic alcohols. It was shown that para-
benes forms strong intermolecular complexes and the strength of the hydro-
gen bond does not change in the homologous series (from methyl to butyl 
groups). In contrast, salicylates in solutions of proton acceptors doesn’t form 
hydrogen bonds with solvent due to the strong intramolecular hydrogen bond, 
which does not break even with strong proton acceptors as triethylamine. 
Also, it was found non-trivial fact, that alkylbenzoates (moderate proton ac-
ceptors) are not completely H-bonded in aliphatic alcohols. At the same time 
degree of complexation of these compounds in chloroform is 100 %. Analy-
sis of IR-spectra shows, that strength of hydrogen bonds in complexes of 
benzoates with aliphatic alcohols and chloroform does not depend on the 
length of alkyl groups in the solute molecules.

By the solution calorimetry were measured thermal effects of dissolution 
of these substances in various proton donors and acceptors solvents [1]. 
Comparative analyses of spectroscopic and thermochemistry properties show 
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a good correlation.
Employing these results, we have identified relation between of the 

structure and property of these compounds.
[1]. B.N. Solomonov, V.B. Novikov, M.A. Varfolomeev and N.M. Mileshko. J. 

Phys. Org. Chem. - 2005. - V. 18. -P. 49 - 61.
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CONDENSED STATES OF A MATTER BY ORIENTATION 

SPECTROSCOPY METHODS
Sh. Otajonov1*, B. Eshchanov1, A. Isamatov1
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The depolarized components of molecular scattering of light (DCMSL) 
have been studied in liquids consisting of asymmetric-in-polarizability mol-
ecules within the wide range of temperature and frequency.

Toluene С6Н5СН3 and aniline С6Н5NН2 have been selected,  their mole-
cules have identical symmetry and the same base (benzene ring) but some-
what different chemical bonds. The results will be compared, which allows 
the effect of molecular structure on the scattering process to be revealed.

The studies have shown that the DCMSL contour observed for toluene 
and aniline (in the coordinates 1/I and ω² where I is the spectral density of 
the DCMSL line contour) is a sum of the two dispersion ones within the range 
from 0 to 60 cm-1 with inflection about 20 cm-1 at room temperature. When 
the liquid is heated the inflection border shifts to low frequency.

The literature data on the far DCMSL spectra are very conflicting. We 
have scrutinized thoroughly the intensity distribution in far wings (60-
200 cm-1). 

The statistical treatment of the wing shape by different analytical func-
tions has shown that the best approximation is the Gaussian one. To explain 
this regularity we make use of Fisher’s idea [1],  the decreasing intensity of 
the far wings is considered as manifestation of dynamics of an initial colli-
sionless mode of the time evolution of the scattering system. For the relax-
ation time (~10-13 s) the phase failure of some molecules forming a fluctuation 
occurs, which results in dephasing.

The behavior of the DCMSL spectra is discussed from the view point of 
hindered rotation of liquid molecules with taking into account the specifics of 
intermolecular interaction.

[1]. Fisher I.Z. JETF, 1981, 2, 540-549.
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2D STUDY OF STRETCHING O-H VIBRATIONS IN 
THE PYRIDINE N-OXIDE/TRICHLOROACETIC 

ACID COMPLEX IN ACETINITRILE USING EXACT 
VIBRATIONAL HAMILTONIAN

G.A. Pitsevich
 Faculty of Physics, Belarusian State University, Independence av, 4, Minsk, Belarus 

Corresponding author: pitsevich@bsu.by

Recently, we performed calculations of 1D and 2D potential energy sur-
face (PES) and frequencies of O-H vibrations in free title complex [1]. 3D 
calculations of PES and frequencies of O-H vibrations were performed in 
free title complex [2] and for complex in acetonitrile [3]. It was shown that 
the accuracy of calculations increases in the row 1D-3D. In particular, we 
note that the value of the O-H stret-ching vibration  of the title complex in 
acetonitrile using 1D, 2D and 3 D calcula-tions were found 1070,  1041 and 
1005 cm-1, whereas the experimental value is close to 955 cm-1. Carrying out 
these calculations, we used a somewhat simplified Hamiltonian and a set of 
Cartesian coordinates to describe the motion of the hydro-xyl hydrogen atom. 
In this work the exact 2D vibrational Hamiltonian for the Schrödinger equa-
tion of the form:

 
2 2 2

2 2
( ) ( ) 2 cos ( , )OH OH OH OH HF F F T q F T Q F U q Q E

q Q q Q q Q
θ∂ ∂ ∂ ∂ ∂

- Ψ - Ψ - Ψ - Ψ - Ψ + Ψ = Ψ
∂ ∂ ∂ ∂ ∂ ∂

was used. First of all the PES was calculated using and Q  as stretching 
coordi-nates for O-H and O---H bonds in hydro- g e n bridge. Rang-
es of the coordinates changes were (-0.5 - +1,5 Ǻ) and (-1- +2Ǻ) respectively. 
Calculated in this way the hydroxyl group stretching vibration frequency was 
found to be 961 cm-1, that is in the very good agreement with experimental 
one.

[1].  G. A. Pitsevich, A.E. Valevich, V. Sablinskas, I.U. Doroshenko, V.E. Pogorelov, 
V. Balevicius:. J. Spectrosc. Dyn. 2013, 3: 19

[2]. G. A. Pitsevich, A.E. Valevich, V. Sablinskas, I.U. Doroshenko, V.E. Pogorelov, 
E.N. Kozlovskya,V. Balevicius:.Vestnik of the Foundation for Fundamental Research, 
2013, N1,p.80-87.

[3]. G. A. Pitsevich,O.V. Novichenok: in Abstracts of IV Congress of Belarusian  
Physicist,Minsk,2013,p.192.
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SPECTRA OF SOME NORMAL ALCOHOLS

I.U. Doroshenko1, V.E. Pogorelov1, G.A. Pitsevich2*
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Intermolecular vibrations in hydrogen-bonded complexes in the gas, liq-
uid and matrix isolation attracted the attention of researchers. However, the 
long-wave spectral range are still poorly understood. Often, the frequency 
range of 30-500 cm-1 is easier to obtain in the Raman spectra. On this basis, 
we recorded a number of long-wave Raman spectra of normal alcohols in the 
liquid phase (Fig.1)

Figure 1. Long-wave Raman spectra of some normal alcohols.
As one can see from Fig.1 there is a monotonic shift to lower frequencies 

of the Raman lines in the spectral interval 400 - 200 cm-1 with increasing the 
size of alcohol molecules. We assumed that the investigated Raman lines are 
due to spring type vibrations when the length of the molecular skeleton in-
creases and decreases due to expansion and contraction of the carbon chain 
due to synchronous changes of the C-C-C angles. To check this idea, using 
B3LYP/cc-pVDZ approximation we calculated the structure and Raman 
spectra of a series of normal alcohols. The calculated frequencies of the pro-
posed type vibrations are in good agreement with the experimental data.
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Intermolecular interactions significantly influence on properties of many 
supramolecular and biological systems. Intermolecular interactions influence 
on the characteristics of absorption spectrums. Today large quantity of mod-
els for estimation of influence of intermolecular interactions on IR frequen-
cies is known. 

In present study solvents effect on N-H stretching vibration frequencies 
of imidazole, pyrazole, pyrrole, pyrrolidine and methanol and its complexes 
with proton acceptors and proton donors were investigated. For analysis of 
solvent effects model [1] was applied.  It is based on solvent parameter SVW.

On the first stage absorbance of free molecules of imidazole, pyrazole, 
pyrrole, pyrrolidine were analyzed. It was shown that obtained N-H frequen-
cies of these substances in proton acceptor and inert solvents linearly depend 
between them. Sensitivity to solvent is changed by next way 
pyrrole>imidazole>pyrazole>. It was shown that obtained N-H frequencies 
of these substances in inert solvents linearly on solvent parameter SVW. De-
viations in proton acceptors solvents from linear dependencies were induced 
by hydrogen bond formation.

In work frequencies of H-bonded N-H groups of pyrrol, imidazole, pyra-
zole in complexes with proton acceptors (N-H…B) in different solvents were 
obtained. In aprotic solvents frequency shifts were induced only by occur-
rence of van der Waals interactions. In proton donor environment ternary or 
more complicated complexes are formed. The strength of hydrogen bonds 
N-H…B in these complexes is changed due to cooperative effect.

Influence of solvent effects on self-association of pyrrole, imidazole, 
pyrazole in different solvents was studied. Formation of associative species 
induce occurrence of new N-H stretching vibration bands shifted to low fre-
quencies. It was shown that increasing of polarity, proton acceptor and donor 
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properties of solvents decreases degree of association. We propose a method 
for determining the enthalpy of self-association in the crystalline states. In 
order to confirm data were used method of van’t Hoff and Badger-Bauer rule.

[1]. Solomonov B.N., Varfolomeev M.A., Novikov V.B., Klimovitskii A.E. (2006) // 
Spectrochimica Acta А. V64, p.397.
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THE EXCITATION SPECTRUM OF SINGLET OXYGEN AND 
PHOTOLUMINESCENCE OF METHYL PHEOPHORBIDE 

D. Kuznetsov*, Yu. Myagchenko, O. Slobodyanyuk
 Faculty of Physics, Taras Shevchenko National University of Kyiv,   

64/13, Volodymyrska, Kyiv, 01601 Ukraine 
*Corresponding author: Kuznetsov.D@ukr.net

In many applications, including photodynamic therapy, efficiency of ex-
citation of dye sensitizer to generate singlet oxygen (1O2) is assessed by the 
intensity of dye’s visible photoluminescence (PL) because the direct detec-
tion of singlet oxygen is rather difficult. 

We measured PM excitation spectra of PL bands of methyl pheophorbide 
(mPH (a)) at 730 nm and own emission of 1O2 at 1270 nm under the same 
conditions of excitation with UV-Vis spectrophotometer Varian Cary 
50(VC50). The PM excitation spectra of the (mPH (a)) was recorded using 
standard option of the VC50. To register an extremely faint 1O2 own emission 
was used a specially designed detector, consisting of InGaAs cooled photodi-
ode covered with a set of filters providing a narrow band of transmission 
centered at 1270 nm. Mentioned above detector was placed in the cuvette 
section of the VC50 directly next to the sample and was connected to the in-
put of its own registration system independent of the VC50 intensity registra-
tion system but synchronized in time with scanning wavelength excitation of 
input monochromator of the VC50 spectrophotometer.

Comparison of the excitation spectra of 1O2 emission at 1270 nm and PL 
of methyl pheophorbide (mPH(a)) schows that a choice of excitation of dye 
sensitizer to generate singlet oxygen (1O2) based only on assessment of dye 
sensitizer PL may be incorrect. 

Figure 1. The excitation spectrum of singlet oxygen radiation and of photoluminescence 
of mPH(a) in chloroform
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CONCOMITANT POLYMORPH MODIFICATIONS OF 
C18H17F3N2O4S

Yu.A. Salimov1, A.V Slobodyanyuk1, E.B. Rusanov2, Yu.M. Markitanov2

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
2Institute of Organic Chemistry, NAS of Ukraine,  

Murmanska Str. 5, 02660, Kyiv, Ukraine

As a result of X-ray investigation recently synthesized C18H17F3N2O4S 
(I) [1] (new precursor for biologically active compounds) was found that this 
compound under identical conditions crystallized in the two polymorphic 
modifications: α (plate-shape, m.p. 208 ºC, d = 1.498 g×cm-3) and β (prizm-
shape, m.p. 226 ºC, d = 1.538 g×cm-3). The main difference between α and β 
polymorphs is the type of intermolecular H-bonds pattern. The molecules of 
a by the quite strong intermolecular H-bonds are connected in centrosym-
metric dimers which in turn are organized in 2D-net. In contrast to the a, the 
molecules of β by the system of the fork H-bonds form dimers, which are 
organized in 1D zig-zag chains. Parameters of H-bonds for α polymorph: 
N(2)-H∙∙∙O(1) 2.969 Å, O(2)-H∙∙∙O(1) 2.617 Å, N(2)HO(1) 163.1 º, O(2)
HO(1) 170.6 º,  for β polymorph: N(1)-H∙∙∙O(1) 2.803 Å, O(2)-H∙∙∙O(1) 2.823 
Å, N(1)HO(1) 152.9 º, O(2)HO(1) 164.9 º. The molecules of α and β poly-
morphs has very similar molecular geometry, exept the slight difference of 
the core heterocycle N(1)N(2)C(1-4) conformation: the modificated param-
eters of the Cremer-Pople for α: S = 0.59, θ = 42.57 º, ψ = 7.52 º, conforma-
tion – flattened half chair,  for β: S = 0.54, θ = 43.02 º, ψ = 27.42 º, conforma-
tion - flattened half bath.  

The main peculiarities of H-bonding in a and β polymorphs of (I) were 
also characterized by the IR- and Raman spectroscopy.

Intermolecular H-bonds in α and β polymorphs.

[1]. Yu. G. Shermolovich, V. M. Timoshenko, et. all, Tetrahedron, in press.
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FIELD-SUBSTANCE INTERACTION AND DIMENSIONAL 
EFFECT IN VIBRATIONAL SPECTRA

Erkin N. Shermatov
Samarkand State University, Samarkand, 103004, Uzbekistan 

Corresponding author: erk-shermatov@yandex.ru

According to [1], the energy density of the physical vacuum exceeds 
significantly the density of atomic nucleus. That is why structural-dynamic 
processes in condensed matters cannot be explained without taking into ac-
count the field-substance interaction. As a result of oscillating influence of the 
physical vacuum and surrounding particles an oscillating wave function of 
response (WFR) of particles is induced on a single molecule [2].

In IR absorption spectra of an out-plane vibration of benzene νvib=673 cm-1 
a dependence of the intensity distribution within the absorption band on the 
amount of substance is observed (Fig.1). In the gaseous state the contour of 
the absorption band is represented by superposition of the central Q-branch 
and the lateral P- and R-branch (ΔνPR≈23 cm-1). At the transition to the liquid 
state there is a transformation of the band, and at the layer thickness of about 
3-4 mm the contour of the band represents the Q-branch with wide exponen-
tial wings (Fig.1a)

Fig.1. The contour of IR absorption band of benzene (νmax=673 cm-1): a 
– in the gaseous (1) and liquid (2) states (layer thickness ~ 3 mm), b – in the 
liquid state (1) and in solutions (2,3) at the layer thickness ~ 15 mm.

Increase of the thickness of the substance layer is accompanied by disap-
pearance of the central Q-branch and imaginary restoration of P and R 
branches. The distance between intensity maxima of the lateral branches is 
rather equal to its magnitude in the gaseous state (ΔνPR≈23 cm-1).

The absorption band with maximum at νvib=673 cm-1 belongs to the out-
plane vibration of benzene. The central Q-branch is related to molecules in-
volved in chaotic Brownian motion, and the lateral P and R branches are re-
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lated to the energy structure of the self-coordinated field of molecules. At 
small thickness of the substance the WFRs of the Brownian molecules form 
the central Q-branch. With rising thickness of the layer there is an ordering of 
benzene molecules in the form of ~15 mm layers, as well as reduction of 
Brownian molecules.

[1]. Chernin A.D., Uspekhi Fiz. Nauk, v.171, p.1153 (2001).
[2]. Erkin N. Shermatov. Superconductivity and the memory of Man. – St. Peters-

burg: Izd. Polytechnic University, 2006. – 174 p.
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QUANTITATIVE ANALYSIS OF INTRAMOLECULAR 
INTERACTION IN MOLECULES OF ARYLPOLYENES

V.V. Kompaneec, I.A Vasilieva*

Department of Physics and Information technology, Moscow Pedagogical State 
University, Malaya Pirogovskaya Str., 29, Moscow, Russia. 

*Corresponding author: irina.vasilieva@gmail.com

The interest to spectral and luminescent properties of  arylpolyenes does 
not weaken about hundred years. Linear arylpolyenes thanks to the structure 
are of interest for spectrochemical researches and quantum chemistry calcu-
lations of electronic conditions, and also have wide practical application. In-
terpretation of electronic spectra of the investigated molecules with un-
branched p-electron system, to reference of observable strips to the separate 
electron-vibrational transitions, spent on the basis of the display account in 
spectra intra- and intermolecular interactions, supplies the valuable informa-
tion on a structure and properties of molecules.

Strong electron-phonon interaction in investigated molecules is shown 
in the big width and considerable intensity a phonon wing (PW). Which to-
gether with a zero-phonon line (ZPL) makes the vibronic bands. Set PW cre-
ates intensive enough background on which peaks of thin structure are lo-
cated.

The spectra of four arylpolyenes are modeled by representing the band 
of each of the vibronic transitions as the sum of a ZPL and a PW with certain 
parameters (half-widths, Debye-Waller factors)[1]. The spectra calculated in 
this fashion coincide with the experimental spectra. This makes it possible to 
determine the relative intensities of vibronic transitions. Calculation and the 
comparative analysis of parameters of intramolecular interactions forming 
fine-structure fluorescence and fluorescence excitation spectra of four inves-
tigated molecules is carried out. Revealed the anharmonicity in the spectra of 
fluorescence and fluorescence excitation is explained by an interference of 
the Franck-Condon and  Herzberg-Teller interactions 

[1]. Naumova N.L., Vasil’eva I.A., Osad’ko I.S., Naumov A.N. Jornal of Lumines-
cence, 2005, v.111, p.37-45.
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NMR, FTIR AND X-RAY DIFFRACTION STUDIES OF 
PROTON TRANSFER PATHWAY IN SHORT- AND VERY 

SHORT H-BONDS
V. Balevicius1*, K. Aidas1, I. Svoboda2, H. Fuess2

1Faculty of Physics, Vilnius University, Saulėtekio al. 9, LT-10222 Vilnius, Lithuania 
2Institute for Materials Science, Darmstadt University of Technology, Petersen Str. 23, 

D-64287 Darmstadt, Germany 
*Corresponding author: vytautas.balevicius@ff.vu.lt 

Developments in the hydrogen bond (H-bond) research show persisting 
or even boosting interest in this type of interaction having a great importance 
in many physical or chemical processes. Because of its abundance and impor-
tance in the molecular world and beyond precise definition of H-bond, detec-
tion and evaluation of energy, determination of proton transfer pathways and 
monitoring of proton dynamics are subjects to continuous debate and re-
search [1].

The H-bonded complexes of pyridine N-oxide (PyO) with H2O, acetic, 
cyanoacetic, propiolic, tribromoacetic, trichloroacetic, trifluoroacetic, hydro-
chloric and methanesulfonic acids have been studied by FTIR and 1H, 13C and 
17O NMR spectroscopy, X-ray diffraction and quantum chemical DFT calcu-
lations.

Correlations between NMR chemical shits, vibrational frequencies of 
the NO stretching and PyO ring modes and geometric parameters of the H-
bond have been established. The experiments show and DFT calculations 
confirm that definite discontinuity is present in the vicinity of the midpoint in 
the proton transfer pathway.

The established correlations significantly aid understanding of fine ef-
fects such as the isotope (deuteration) effect, crystal-to-solution transition, 
criticality of aqueous solutions induced by ionic pairs or molecular processes 
in nano- and mezo-scales [2].

[1]. Book of abstracts of XIX. International Conference on “Horizons in Hydrogen 
Bond Research”, September 12-17, 2011, Göttingen, Germany, http://www.hbond.de

[2]. V. Balevicius, K. Aidas, I. Svoboda and H. Fuess, J. Phys. Chem. A 116, 8753 
(2012).
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EFFECT OF ENVIRONMENT ON ENERGY STRUCTURE 
OF EMISSION CENTERS IN SOLUTIONS WITH COPPER 

IMPURITY
T.V. Zashivailo1*,  V.I. Kushnirenko2

 1National Technical University of Ukraine “КРI”, Pr. Pobedi 37, Kiev 03056, Ukraine 
2V. Lashkarev Institute of Semiconductor Physics, NASU,  

Prosp. Nauki 45, Kiev 03028, Ukraine 
*Corresponding author: t_zash@ukr.net

The investigation of energy structure of a copper ion impurity (10-3 – 10-1 
mol/l) in aqueous solutions of oxygen-containing salts and acids is presented.

It was found that at very low values of an activator ion (copper) impurity 
concentration Cx the luminescence intensity in our materials is proportional 
to the activator concentration Cx.

The absorption, luminescence, luminescence excitation spectra of a cop-
per impurity in the frozen aqueous solutions H2SO4 , HClO4 , Na2SO3 , Na-
2SO4 were studied in the temperature range of 77-290 K. Those solid solu-
tions are characterized by  three types of bands of absorption and emission.

The effect of alkali-haloid salt cations on the absorption, luminescence, 
luminescence excitation spectra in the solutions with copper ion impurity was 
elucidated. Those cations influence electrostatically on copper complexes in 
given solutions.

Experimental results obtained are interpreted on the basis of an ionic 
model for complexes in the solutions under study. The long-wave emission 
band can be ascribed to the d9s → d10 transitions in a free Cu+ ion. 
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TEMPERATURE EVOLUTION OF CLUSTER STRUCTURES 
IN 1-HEXANOL AND 1-OCTANOL

E. Chernolevska*, P. Golub 
Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: lizachern@gmail.com

The alcohols belong to the specific kind of species since their molecules 
can form hydrogen bonds and arrange in different structures named clusters. 
The dependence of FTIR spectrum of pure 1-hexanol and 1-octanol on the 
temperature was investigated. The measurements were performed for frozen 
(the minimum temperature −150°C) and liquid phases of both alcohols (the 
maximum temperature 40°C). All changes in IR spectrum of investigated 
species during gradual warming were detected and analyzed. On the bases of 
preset observations, the conclusions concerning the evolution of cluster 
structures in 1-hexanol and 1-octanol during transition from solid (frozen) 
state to liquid state were made. These assumptions were confirmed by ib ini-
tio calculations of energy parameters and IR spectra of considering cluster 
structures.

Acknowledgment
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SPECTRAL AND PHOTOPHYSICAL PROPERTIES 
OF ACTIVE ELEMENTS BASED ON LASER DYES IN 

ALIPHATIC POLYURETHANE MATRIX
V.I. Bezrodnyi1*, G.V. Klishevich1, L.F. Kosyanchuk2, A.M. Negryiko1, 

M.S. Stratilat2, T.T. Todosiichuk2  
1Institute of Physics NAS of Ukraine, Nauki Prosp., 46, Kyiv 03680, Ukraine 
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 Dye lasers are widely used as a coherent light source in spectroscopy, 
nonlinear optics, medicine, and lidar technology. Stable operating time of dye 
lasers depends on the chosen components of active media, namely, polymer 
matrices and dyes. Polymer matrix should provide sufficient beam strength, 
transparency, high solubility of dyes, and dye stability during storage and 
operation. 

In this study, a new polymer matrix based on aliphatic polyurethane was 
proposed and investigated for the development of laser active media for the 
tunable dye lasers. The polymer matrix was synthesized by the prepolymer 
method. The prepolymer, obtained from hexamethylene diisocyanate and 
oligodiethyleneglycol adipinate, was hardened by trimethylolpropane. Well-
studied polyurethane acrylate, obtained by photoinduced (benzoin isobutyl 
ester is a photoinducer) radical polymerization of oligourethane acrylate was 
used as a matrix for a comparison. 

The production method of the laser triplexes (glass – polymer – glass) 
active media based on xanthene and pyrromethene dyes was described,  their 
spectral, photophysical and generation characteristics were investigated. Sig-
nificant increase in the beam strength of the polymer matrix, the growth in 
efficiency and stability of the active elements were observed due to the pecu-
liarities of aliphatic polyurethane chemical structure. The main reason for the 
high photostability and operation lifetime of laser polyurethane-based active 
elements was shown to be the absence of reactive radicals.  

Formation of covalent and hydrogen bonds between aliphatic polyure-
thane matrix and coumarine or phenalenone dyes was investigated by means 
of IR-spectroscopy method.  
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PROBING OF HIGHER EXCITED STATES OF DYE 
MOLECULES BY ANISOTROPY EXCITATION SPECTRA

A.P. Naumenko1*, V.M. Yashchuk1, D.B. Melnyk1, J.L. Bricks2, 
O.D. Kachkovsky2
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2Institute of Organic Chemistry National Academy of Science  of Ukraine, 
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High-intensity laser radiation and high-energy photons are widely used 
to excite the molecules in addressing a variety of research and applications in 
optics, chemical physics, quantum electronics, biophysics and other fields of 
science. Under such influences on substance the significant part of absorbed 
energy will inevitably be transformed by high electronically excited states 
(HES) of molecules. Particularly noteworthy phenomenon involving HES of  
polyatomic molecules populated by non-linear photoexcitation. The funda-
mental importance of the nonlinear excitation is a molecule that can pass 
significant energy and selectively convert it to a given quantum state. The 
rationale for the relevance of the study of processes involving HES molecules 
are real perspectives of the results obtained when design the element basis of 
optoelectronics, development of fluorescent probes and sensors the read 
methods and input signals into complex biopolymer structures in optical re-
cording media, design of lasers on organic compounds, in modern biomedical 
technologies.

In this work the results of study of 
the electronic properties of new special-
ly synthesized neutral basis of styryl 
dyes with different terminal groups. 
Spectral properties of the substances were studied in liquid acetoniyrile, etha-
nol and high viscosity glycol solutions at room temperature. 

Optical absorption spectra of solutions were recorded using a Specord 
UV VIS spectrophotometer. Fluorescence emission and excitation spectra 
were recorded by Carry Eclipse e Fluorescence Spectrophotometer. 

Quantum-chemical calculations were performed with the goal of 
understanding the features of the electron density distribution in the ground 
and excited states as well as the changes in the molecular geometry of dyes 
under excitation to explain the maximum anisotropy values experimentally 
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measured. 
We demonstrate an experimental technique which relies on the orienta-

tion of the excited-state absorption transition dipole moments S1 → Sn 
(n = 2,3, 4...) to determine the spectral position and orientation of the transi-
tion dipole moments connected with the S0 → Sn transitions (n = 1,2,3...). 
Based on the experimental and calculated results we use an approach for the 
investigation of the anisotropy properties of linear polymethine molecules, 
which can be applied to cases in which the steady-state measurements cannot 
be used because of too low intensity of the corresponding spectral band.
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THERMAL AND OPTICAL PROPERTIES OF MOLECULAR 
CRYSTALS WITH SELF-ORGANIZING DISORDER 

A.I. Krivchikov1*, G.А. Vdovychenko1, O.A. Korolyuk1, О.О. Romantsova1,  
V.G. Baidakov2

 1B. Verkin Institute for Low Temperature Physics and Engineering,  
National Academy of Sciences, Kharkiv 61103, Ukraine 

2Institute of Thermal Physics, Ural Branch of the Russian Academy of Sciences,  
106, Amundsen Street, 620016 Ekaterinburg, Russia 

*Corresponding author: krivchikov@ilt.kharkov.ua

Disordered molecular solids in particular structural and orientational 
glasses, glassy crystals, crystals with a partial orientational ordering, metasta-
ble polymorphs and other more complex systems, form a broad class of solids 
exhibiting new physical phenomena concerned with physics of disordered 
systems. The goal of this study was to investigate experimentally thermal 
conductivity and low-frequency Raman spectra [1] of simple molecular sys-
tems, orientational glasses in the temperature region 2-150 K. The objects 
were molecular orientational glasses (ethanol (С2Н5ОН), freon 112 (C2F2Cl4), 
freon 113 C2Cl3F3, cyanocyclohexane (C6H11CN), cyclohexanol (C6H11OH) 
and cyclohexene (C6H10)). The main emphasis is here focused on the influ-
ence of the conformational disorder upon the different properties of this ma-
terial. It is found information about the existence of optical phonons contrib-
uting to the heat transport orientational glasses. The thermal conductivity 
contribution from optical phonons strongly depends on the geometrical de-
tails of the unit cell of the particular crystal.

[1]. Krivchikov, A. I., Korolyuk, O. A., et al.// Phys. Rev. B 85 (2012) 014206.
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POLAR VIBRATION CLASSIFICATION AS SOURCES OF 
NEGATIVE DIELECTRIC PROPERTIES IN CRYSTALS

S.G. Felinskyi*, P.A. Korotkov, G.S. Felinskyi 
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Simplified model without damping (Г = 0) based on the well-known 
Kurosawa ratio gives the negative frequency region of dielectric permittivity 
(DP) between the transverse wT and longitudinal wL phonons frequencies (T 
– L splitting). Indeed, within this approximation ε(ω)→-∞ at ω→ωT, for any 
frequencies pair ωT < ω < ωL. However, in the case when damping is present 
(Г >> 0), the real part of DP cannot reach negative values. The effect of 
damping the polar vibrations on dispersive properties of the crystalline media 
has been studied in this work. It has been shown that just the damping action 
plays a principal role both in shaping of the minimum achievable negative 
value of DP and width of the frequency area of its existence.

Our analysis shows that a large number of crystals with one pronounced 
vibration in the infrared region, such as classic items of alkali-halide crystals 
(NaCl, KBr, NaF, LiF, and many others) in the anomalous dispersion region 
reach sufficiently high in modulus negative values of DP. For these crystals, 
the difference ωL – ωT reached tens of THz, whereas the damping constant Г 
was typically less than one THz at room and low temperatures. Therefore, the 
ratio G/(ωL – ωT) < 0.1 ensures the existence of high in modulus negative 
values of DP observed in practice. Moreover the frequencies range with 
ε’(ω) < 0 almost coincides with the interval of T – L splitting in this case. 
However, the absence of negative DP with relative damping G/(ωL – ωT)>1 
has been recently found by us in a lot of crystalline media.

Presented (in full report) our analytical dependences between the main 
parameters of crystals may be the basis for polar vibration classification as 
sources of negative dielectric properties in crystalline media with rather com-
plicated phonon spectrum.
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ELECTRONIC SPECTRA AND PROPERTIES OF NOVEL 
LAYERED SUPERCONDUCTORS

G.E. Grechnev*, A.V. Logosha, A. Grechnev, A.A. Lyogenkaya
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The discoveries of superconductivity in transition-metal borocarbides 
RNi2B2C (R=Y, Ho, Er, Tm or Lu) and RFe4Al8 aluminides have initiated 
extensive studies of their physical properties. Another Fe-based supercon-
ductors – pnictides and chalcogenides - recently attracted a great interest due 
to larger transition temperatures. These systems show a variety of properties, 
including exotic magnetic behavior and coexistence of magnetism and super-
conductivity. The relative structural simplicity and anisotropy of these com-
pounds favor experimental and theoretical studies of chemical substitution 
and high pressure effects, both uniform and uniaxial. These studies are aimed 
at understanding of elusive mechanism of the superconductivity in these 
compounds, which contain magnetic 3d atoms.

This work presents a theoretical study of electronic structure and mag-
netic properties of RNi2B2C, RFe4Al8, and FeSe1-xTex. The electronic struc-
ture, magnetic moments and susceptibilities were calculated ab initio within 
the local spin density approximation of the density functional theory. The 
calculations of the electronic density of states (DOS) show that the Fermi 
energy EF is located close to pronounced peaks of DOS. The main contribu-
tion to the density of states at the Fermi level arises from the 3d electrons. The 
calculations of pressure dependent electronic structure and magnetic suscep-
tibility in the normal state indicate that the novel superconductors FeSe and 
FeTe are very close to magnetic instability with dominating spin paramagnet-
ism. It is shown that experimental data on pressure dependence of the super-
conducting transition temperatures in FeSe and RNi2B2C correlate qualita-
tively with the calculated behavior of DOS(EF) with pressure.

O-3



116

CRYSTALS

 EVIDENCE FOR NEW TYPE OF MAGNETIC EXCTATIONS 
IN FERROBORATE NdFe3(BO3)4
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L.N. Bezmaternykh2, V.L. Temerov2
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This report presents the results of resonance studies for a trigonal antifer-
romagnet NdFe3(BO3)4 in which established a strong correlation between the 
dielectric constant, the electric polarization, magnetostriction and the mag-
netic state.

In the compound a sequence of magnetic phase transitions are observed. 
Below the Neel temperature TN= 30.6 K exist an antiferromagnetic ordering 
of the magnetic subsystem of iron. This magnetic ordering induces magneto-
striction and a weak spontaneous polarization in the plane ab which linearly 
increases with temperature decreasing The spontaneous polarization can be 
associated with the occurrence of an additional anisotropy in the plane ab 
induced by mechanical stresses due to the magnetoelastic interaction.

At the temperature Tc= 10.5 K another phase transition accompanied by 
a helicoidal incommensurate magnetic structure along an axis perpendicular 
to the light plane ab is observed. Anisotropy in this plane leads to a nonlinear 
deformation of the structure, which can be interpreted as a transition to a 
quasi-soliton structure. Finally, at lower temperatures, apparently occurs 
magnetic ordering of Nd subsystem.

In the study of the frequency dependence of quazi-ferromagnetic AFMR 
branches of NdFe3(BO3)4 in the frequency range 27 - 32.2 GHz an additional 
absorption associated with the formation of an incommensurate magnetic su-
perstructure is found. A characteristic feature of this exitaion is splitting of 
the absorption band into two parts: one of which is a further and tends to gap 
Dn = 27.58 GHz in zero magnetic field, the resonance field of the other in-
creases.
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Academy of Sciences of Ukraine 47 Lenin Ave., 61103 Kharkiv, Ukraine 
*Corresponding author: Sergey.Poperedjay1986@gmail.com

The crystal CsDy(MoO4)2 belongs to a series of rare-earth compounds in 
which the low-temperature phase transitions caused by the cooperative Jahn-
Teller effect are observed [1]. Such compounds are interested as laser materi-
als [2] and low dimensional magnetic structure materials [3]. It is necessary 
to know the structure of low-frequency vibration and electronic spectrum for 
predicting the physical properties of these materials at low temperatures.

CsDy(MoO4)2 has an monoclinic crystallographic structure at tempera-
tures above 120 K, orthorhombic structure (Pcca, Z=2) at temperatures 
120÷40 K and monoclinic structure (P21/c, Z=4) at temperatures below 40 K 
[4]. The transmission spectra of CsDy(MoO4)2 single crystals in the far IR 
region (13–100 cm-1) in polarized light (E||b, E||c, where b and c are crystal-
lographic axes) at a temperatures T=6÷40 K were studied previously [5]. The 
compound has a layered crystal structure, which is formed by layers of Cs+ 
ions with weak bonds and layer packets Dy(MoO4)2

- with stronger bonds. The 
low-frequency phonon spectrum is determined by interlayer vibrations. This 
allows applying one-dimensional model [6] for calculating low-frequency 
phonon spectrum at the temperatures below 120 K. We use frequencies ob-
tained experimentally to calculate the shear force constants and to plot depen-
dences of the vibration mode energies upon the wave vector.

[1]. M.J.M. Leask, O.S. Tropper, and M.L. Wells, J. Phys. C 14, 3481 (1981).
[2]. A. García-Cortés, M.D. Serrano, C. Zaldo, C. Cascales, G. Strömqvist, V. Pasis-

kevicius, Appl. Phys. B 91, 507–510 (2008).
[3]. S. Mat’aš, E. Dudzik, R. Feyerherm, S. Gerischer, S. Klemke, K. Prokeš, A. 

Orendáčová, Phys. Rev. B 82, 184427 (2010).
[4]. E.N. Khatsko, A. Zheludev, J.M. Tranquada, W.T. Klooster, A.M. Knigavko, 

R.C. Srivastava, Low Temp. Phys. 30, 133 (2004).
[5]. V. I. Kut’ko, Low Temp. Phys. 24, 291 (1998).
[6]. A. M. Kosevich, Theory of the Crystal Lattice (in Russian), Vishcha Shkola, 

Kharkiv (1988).
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M.N. Popova
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5 Fizicheskaya Str., Troitsk, Moscow, Russia 
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Iron borates with the general formula RFe3(BO3)4 (R= Y, La-Lu) crystal-
lize in a trigonal structure of the natural mineral huntite, SG R32. Some of 
them undergo a structural phase transition into the P3121 low-temperature 
phase. All these crystals order antiferromagnetically at temperatures TN of 
about 40 K, demonstrate the magneto(di)electric effects, and belong to a new 
class of multiferroics. which promises device applications because magnetic 
properties can be governed by an electric field and vice versa.

My group carries out systematic optical studies of rare earth (RE) iron 
borates. In this talk, I’ll consider recent terahertz spectroscopy results on eu-
ropium [1], praseodymium, neodymium, and samarium compounds. The 
spectra of EuFe3(BO3)4 present a clear evidence of a first-order structural 
phase transition at TS = 58 K. This transition manifests itself by sharp shifts 
of phonon frequencies and by a sudden appearance of new vibrational modes. 
Peculiarities at TN observed in the phonon frequency vs temperature curves 
manifest a spin-lattice coupling. The mechanism of this coupling is, most 
probably, connected with atomic displacements stimulated by the internal 
magnetic field arising in the magnetically ordered state below TN. Similar 
peculiarities at TN were observed in the spectra of other studied iron borates. 
For the Nd and Pr compounds, manifestations of an interaction between the 
lattice phonons and the crystal-field levels of the RE3+ ions were observed. 

I am grateful to my coauthors of Ref. 1. A financial support of the Rus-
sian Academy of Sciences under the Programs for basic research is acknowl-
edged.

[1]. K.N. Boldyrev, T.N. Stanislavchuk, S.A. Klimin, M.N. Popova, L.N. Bezmater-
nykh,  Phys. Lett. A 376 (2012) 2562.
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It has not yet managed to obtain mobile dislocations of large diameter at 
temperatures below 14000С on diamonds. The dislocations were introduced 
by pricking the diamond surface {001} with metal covering using microhard-
ness tester with Vikkers indenter at room temperature. Loading on the in-
denter was 500 - 900 G, loading time was 10 - 60 sec. 

Most expressly the effect of plasticity was shown at applying the perfect, 
blank coverings. In our case, for Cr and Al coverings applied by resistive 
deposit method, Al coverings have appeared the best. Cr coverings had breaks 
and cracks that had negative impact on the effect of plasticization. In the case 
of coverings applying by gas-transport method, the coverings turned out to be 
much better than at the resistive method, but the surface of the diamond 
monocrystal spoiled that had its negative effect as well. At the same time we 
did not observe any essential effect of coverings adhesion.

Great external pressure, which we use at diamonds samples indentation, 
creates a number of dislocations in plastic coverings. This dislocations  move 
at high velocity. And as it is known  the increase in velocity of dislocations 
when its kinetic energy reaches the height of power barriers causes dragging 
of dislocations which has dynamic character and is limited by transfer of en-
ergy from the dislocations to various elementary of excitation in crystals 
(phonons, magnons, electrons, etc.). 

Having analyzed dragging mechanisms of dislocations moving at high 
speeds, we can assume that dislocations formation in plastic covering under 
high external pressure leads to the local phonons excitation, that is to local 
warming up of the material in the indentation area. It is known that diamond 
has high heat conductivity. Therefore heat from the covering is easily trans-
mitted to the diamond, and the dislocations formation occurs in normal con-
ditions for the given material, and not in the region of fragile destruction. 
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EXAFS STUDY OF NICKEL PHTHALOCYANINE DOPED BY 
KALIUM

L.A. Avakyan1*,  A.S. Manukyan2, A.A. Mizarkhanyan2,  E.G. Sharoyan2, 
Y.V. Zubavichus3, A.L. Trigub3, N.A. Kolpacheva1, L.A. Bugaev1 

1Southern Federal University, Zorge Str., 5, Rostov-on-Don, Russia 
2Institute for Physical Research, National Academy of Sciences of Armenia,  

0203, Ashtarak-2, Republic of Armenia 
3National Research Centre Kurchatov Institute,   
1, Akademika Kurchatova Pl., Moscow, Russia 

*Corresponding author: laavakyan@sfedu.ru

Magnetic properties of compounds are ususally originated of localized 
d- and f-electronic states of metal ions. Recently a new class of magnetic 
materials was revealed, where noncompensated spin magnetic moment is 
formed by p-electrons of nonmetal atom [1, 2]. Application of these materials 
is drastically limited by weak spin coupling so that magnetic order  vanishes 
at tempetare of several dozens Kelvin, and, in most cases, compounds are 
antiferromagnets. 

In this work Nickel Phthalocyanine (NiPc) doped by Klaium was stud-
ied, as a potential Room-temperature ferromagnet with molecular origin of 
its magnetizm [3]. The local atomic structure of Nickel was studied by Ex-
tented X-Ray Absorbtion Fine Structure (EXAFS) spectroscopy and com-
plimetary theoretical analysis of spin properties was performed within den-
sity functional theory. 

The EXAFS study revealed unchanged NiPc molecules together with 
Nickel clusters, which should not influence magnetic properties due to small 
concentration of metallic Nickel. 

[1]. P.-M. Allemand, K. C. Khemani, A. Koch, F. Wudl, K. Holczer, S. Donovan, G. 
Grüner, J. D. Thompson // Science, 1991, 253 (5017), 301-302. 

[2]. J. M. Clemente-Juan, E. Coronado, A. Gaita-Ariño // Chem. Soc. Rev., 2012, 41, 
7464-7478.

[3]. A. S. Manukyan, A. A. Mirzakhanyan, T. I. Butaeva, A. A. Guda, A. V. Soldatov, 
L. A. Bugaev, H. R. Asatryan, P. G. Baranov, E. G. Sharoyan // Armen. J. Phys. 3, 2010, 
272.

P-1



121

CRYSTALS

TEMPERATURE EFFECT ON LUMINESCENCE FROM 
RADIATION-INDUCED DEFECTS IN SOLID KRYPTON

O.N. Bliznjuk*, N.Yu. Masalitina, N.F. Kleshchev, A.N. Ogurtsov
National Technical University “KhPI”, Frunse Str. 21, Kharkiv, 61002, Ukraine 

*Corresponding author: onbliznjuk@ukr.net

Electronically-induced defect formation essentially renormalizes the lu-
minescence spectra of rare-gas solids. Point defect formation under selective 
excitation of excitons in rare-gas solids by photons with energies hn < Eg re-
sults in accumulation of Frenkel-pairs by intrinsic excited-state mechanism of 
defect formation via self-trapping of excitons [1]. Recently the simple kinetic 
model was proposed, which allows fitting the experimental dose dependences 
of “defect” luminescence subbands and obtaining the particular kinetic param-
eters [2]. At the same time it is well known that there is a strong thermal 
quenching of the defect formation processes in rare-gas solids, which was ini-
tially explained by temperature dependence of lifetime of emitting states. In the 
present study we apply the Eyring’s transition state concept to the processes of 
thermal activation-inactivation of exciton trapping states in solid Kr resulting 
in luminescence spectra evolution under selective synchrotron irradiation. 

The photoluminescence experiments were carried out at the SUPERLU-
MI-station at HASYLAB, DESY, Hamburg [3]. The dose dependences of lumi-
nescence of self-trapped excitons at different temperatures under irradiation by 
photons with energies E < Eg were measured. These curves are saturated at long 
time of irradiation therefore we used the slopes of the initial linear parts of the 
dose curves at t = 0 as the defect formation rates w. Following Eyring assump-
tion we can fit the temperature dependence of the defect formation rate by for-
mula w(T) = b·T·exp(–E/kT)·(1 + exp(DS/k)·exp(DH/kT))–1. Here k – the Boltz-
mann’s constant, E – Arrhenius activation energy, b – scaling factor. The values 
of activation energy E and enthalpy of inactivation DH may be determined from 
the upper and lower tangents of the w(T) in the coordinates (ln[w(T)]) vs. (T–1). 
The value of entropy of inactivation DS may be obtained from the equilibration 
condition d(ln[w(Tmax)])/dT = 0. The best fit of the data is obtained with 
Tmax = 27 K, E = 4 meV, DH = 30 meV, DS = 1 meV·K–1. The similar effect was 
observed for solid Xe and evaluation of the data is in progress. 

[1]. A.N. Ogurtsov, Cryocrystals Modification by Electronic Excitations (Mono-
graph), NTU “KhPI” (2009) 386 p.

[2]. A.N. Ogurtsov, N.Yu. Masalitina, O.N. Bliznjuk, Low Temp. Phys. 33 (2007) 591.
[3]. N.Yu. Masalitina, O.N. Bliznjuk, A.N. Ogurtsov, HASYLAB Jahresbericht, 

(2008) 1117.

P-2



122

CRYSTALS

ELECTRONIC STRUCTURE AND ORIGIN OF 
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Phosphates of alkali and four-valent cations are intensively studied as per-
spective luminescent materials. In particular, Zr4+- and Bi3+-containing phos-
phate crystals have attracted attention due to their applications as luminescent 
materials and hosts for luminescent ions. However at present, there is a consid-
erable lack of scientific data about the nature of intrinsic emission and peculi-
arities of the excitation energy relaxation in these compounds. Complex analy-
sis of the photoluminescence (PL), PL excitation spectra and reflectance spec-
tra together with result of theoretical calculation are very useful for this task. 

Polycrystalline samples K2BiZr(PO4)3 were synthesized by spontaneous 
crystallization method. 

Luminescence properties under VUV-excitation were studied in 3.7–20 
eV region of excitations energies in 10-300 K temperature range on SUPER-
LUMI station (HASYLAB (DESY) Hamburg, Germany. Dependencies of 
luminescence intensities and peaks maxima position on temperature were 
obtained for different synchrotron radiation excitation wavelength. Lumines-
cence spectra for excitation with N2-laser (λexc=337nm) radiation also were 
obtained. Diffuse reflectance spectra of fine-grained powdered samples were 
measured at 300 K using double beam VUV spectrophotometer. The elec-
tronic structure calculations were performed by full-potential linear-aug-
mented-plane-wave (FLAPW) method [1]. 

Luminescence spectra of the K2BiZr(PO4)3 consist of few overlapping 
bands in 280 - 700 nm spectral region. Excitation spectra of these compo-
nents significantly differ each other. In addition, short-wavelength emission 
band reveals nanosecond decay component under excitation in UV region 
while long-wavelength band – only microsecond components. 

Luminescence emission and excitation spectra and calculated electronic 
structure of the K2BiZr(PO4)3 were compared with corresponding properties 
of the KZr2(PO4)3 and ZrP2O7 crystals. Origin of intrinsic luminescence and 
structure-related properties are discussed.

[1]. P. Blaha, et. al., WIEN2k, (Wien, Austria), 2001. ISBN 3-9501031-1-2
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In most cases the presence of two band systems is a characteristic feature 
of absorption and emission spectra for impurity molecular crystals: series of 
narrow line bands (part of them with a multiplet structure) and series of struc-
tureless bands which positions, forms and intensities depend appreciably on 
temperature and impurity contents. In this work we present the results of a 
study aimed at the determination of the nature of both types of spectra.

The low-temperature absorption and fluorescence spectra of fluoronaph-
thalene in crystalline naphthalene were studied at various impurity concentra-
tions. A doublet structure of impurity centers with the initial bands n01=31322 
cm-1 (centre I) and n02=31226 cm-1 (centre II)  which resonantly coincide with 
the corresponding bands in fluorescence spectra is clearly observed in the ab-
sorbance spectra. The doublet structure in these spectra may be explained on 
the basis of symmetry characteristics of the crystal and the impurity molecule.

The analysis of the absorbance spectra has allowed us to establish that 
the fractions of impurity 
centers of types I and II de-
pend on impurity content 
(fig. 1). When the impurity 
content increases to about 1 
wt. % a new structure ap-
pears in the spectrum: for 
each center a band against 
the wide structureless back-

ground emerges at the short-wavelength side of the bands at the distance of 
45 cm-1. At the same time a number of doublet bands emerge at the long-
wavelength side of the center II band in the fluorescence spectra.

The obtained results have been discussed on the basis of a possible for-
mation of as solid solutions of the substitutional type as interblock solutions 
and also generation of aggregate centers consisted of some impurity mole-
cules with closely spaced energy levels that interact with each other as the 
impurity content increases. The observed transformations in the spectra may 
be due to the above mentioned reasons.
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ON POLYMORPHISM OF TRIPHENYL PHOSPHITE 
J. Baran1, N.A. Davydova2*, M. Drozd1, H. Ratajczak3
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The glass-former triphenyl phosphite (TPP) has been intensively studied 
since the discovery [1] of a new apparently amorphous state, called the ‘gla-
cial’ state that is different from the glass and the normal crystal. The existence 
of more than one amorphous phase for ТРР has been called ‘polyamorphism’ 
phenomenon. This unusual phenomenon stimulates intensive experimental 
research [2-4]. However, in this paper, for the first time we provide experi-
mental evidence indicating that TPP can exist under two different crystalline 
phases.

IR spectroscopy was applied to identify the crystalline phases, and dif-
ferential scanning calorimetry was applied to follow the thermodynamic evo-
lution of the different phases versus temperature. Results presented here 
show that, in addition to the already known conventional crystalline phase, 
which melts at 300 K, TPP can crystallize in another polymorphic phase. The 
new polymorph was obtained from the liquid phase due to direct cooling 
from the room temperature up to 240 K where it is held for 15 min. The tem-
perature was then increased up to 270 K where the continuous transformation 
of the supercooled liquid into the crystal was investigated. The new phase 
being metastable melts below the conventional one, i.e. at 291.7 K. 

[1]. A. Ha, I. Cohen, X. Zhao, M. Lee, D. Kivelson, J. Phys. Chem. 100, 1 (1996).
[2]. R. Kurita, Y. Shinohara, Y. Amemiya, H. Tanaka, J. Phys.: Condens. Matter 19, 

152101     (2007).
[3]. J. Senker, E. Rossler, J. Phys. Chem. B. 106, 7592 (2002).
[4]. A. Hedoux, Y. Guinet, M. Foulon, M. Descamps, J. Chem. Phys. 116, 9374 

(2002).
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J. Baran1, N.A. Davydova2*, M. Drozd1, E.A. Ponezha3, V.Ya. Reznichenko2
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We have conducted infrared spectroscopy and differential scanning calo-
rimetry measurements on ortoterphenyl (OTP) between 104 K and 333 K, 
aiming to explore the physical nature of the dynamic crossover at 1.2Tg 
found in variety experiments on OTP [1-3].

Results presented here show that in the region of the crossover tempera-
ture ~ 290 K (~1.2Tg) in the supercooled liquid OTP the crystal nuclei ap-
peared. The appearance of the nuclei would change the molecular dynamics 
from individual to cooperative at T<1.2Tg, in other words would lead to spa-
tially heterogeneous dynamics reported in [1-3]. Our results suggest that the 
origin of the dynamic crossover temperature near Tg is related to the forma-
tion of the fluctuating nuclei as the temperature ~ 1.2Tg is approached. 

Taking into account our previous studies of salol, benzophenone and 
2-biphenylmethanol we can conclude that the existence of nucleation near Tg 
is a universal feature of molecular glass formers.

[1]. Cicerone M.T., Ediger M.D. J. Chem. Phys., 104, 7210 (1996).
[2]. Steffen W., Patkowski A., Glaser H., Meier G., Fischer E.W. Phys. Rev. E, 49, 

2992 (1994).
[3]. Hinze G., Brace D. D., Gottke S. D., Fayer M.D. Phys. Rev. Lett., 84, 2437 

(2000).
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LiCoPO4 SINGLE CRYSTAL BY RAMAN SCATTERING

V.I. Fomin*, A.V. Peschanskii, V.P. Gnezdilov, V.V. Eremenko
 B.Verkin Institute for Low Temperature Physics and Engineering of the National 

Academy of Sciences of Ukraine, 47 Lenin Ave., Kharkiv 61103, Ukraine 
*Corresponding author: fomin@ilt.kharkov.ua

The Raman scattering due to magnons and electronic excitations was 
measured in single crystals of LiCoPO4 in the antiferromagnetic and para-
magnetic phases (TN = 21.7 K). Crystal field theory shows, that the Co2+ ion 
have six doubly-degenerate low-lying energy levels with a total splitting of 
about 0 – 1700 cm-1 [1]. The main attention was focused on the excitations of 
the magnetic phase coming from the 3 lowest doublets (0 – 1200 cm-1). The 
experimentally detected energies in the paramagnetic state of electron excita-
tions were found in regions at 200, 590 and 990 cm-1. Strong coupling be-
tween these excitations and optical phonons was observed. The Raman scat-
tering spectra are temperature dependent and they show the different changes 
at T < TN, such as: appearance of additional lines and energy shifts of electron 
excitations. The anisotropy and exchange fields due to the antiferromagnetic 
ordering lift the Kramers degeneracy of Co2+ electronic levels. Excitonic 
states, which are formed in the atniferomagnetic phase, were observed. Be-
sides, interaction between the magnetic sublattices can result in Davidov 
splitting of excitonic levels. The new lines at 39 and 46 cm-1 (at 5 K)  were 
assigned to magnons. The intensity of these lines decreases with increasing 
temperature and the lines vanish above TN eventually. The values of their 
energies are in agreement with result of inelastic neutron scattering measure-
ment, namely, 37.9 ± 1.9 cm-1 (4.7 ± 0.24 meV at 8 K) [2].

[1]. I. Kornev, J.-P. Rivera, S. Gentil, A. G. M. Jensen, M. Bichurin, H. Schmid, and 
P. Wider, Phisica B270, 82 (1999).

[2]. W. Tian, J. Li, J. W. Lynn, J. L. Zarestky, D. Vaknin, Phys. Rev. B78, 184429 
(2008).

P-7



127

CRYSTALS
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J. Gabrusenoks
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Corresponding author: gabrusen@latnet.lv

The first-principle calculations are employed to study  lattice dynamics 
of aluminium fluoride. The equilibrium stuctures of cubic and rhombohedral  
lattices and lattice vibrations were calculated within the density functional 
theory using CRYSTAL06 program. Phonon frequencies were calculated in 
the symmetric directions Γ-X, Γ -M and Γ -R of the Brillouin zone using dif-
ferent supercells. The phonon dispersion curves show large instability region 
around M-R direction. The largest phonon instabilitie occured at the R point 
of the Brillouin zone causing rhombohedral deformation of crystal lattice.
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Recently, binary mixtures of oppositely charged cationic and anionic 
surfactants, so called catanionic surfactants (CAS), are attracting a lot of in-
terest due to their remarkable ability to form a variety of self-assembled 
structures both on solid surface and in air-water interface, and are of great 
application potential in nanotechnology for synthesis of various nanoobjects, 
as well as for various encapsulation and controlled-delivery processes in 
pharmacy, medicine, and biology. It was found that the phase transition pat-
tern in CAS depends on many factors, therefore there is a need to investigate 
solid state CAS structure, thermal properties and phase behavior in more de-
tail. In the present research, we report on the structure and molecular dynam-
ics of solid phase complexes of a cationic surfactant cetyltrimethylammoni-
um bromide (CTAB), [H3C-(CH2)15-N

+(CH3)3]
+Br-, with stearic acid (H3C-

(CH2)16-COOH, SA) as an anionic surfactant. Several bulk concentrations of 
CTAB were employed ranging from 0.2 to 0.8. The prepared complexes were 
characterized using FTIR spectroscopy and DSC analysis. It was shown that 
mixing CTAB with SA results in a formation of novel CAS compound com-
prising both SA and CTAB tails. Upon heating, a series of phase transitions 
occur, yielding finally an orientationally disordered hexagonal structure. The 
structural effects on the phase diagram and molecular dynamics of SA-CTAB 
aggregates are discussed.

Financial support from the National Academy of Science of Ukraine un-
der the program “Nanophysics and Nanoelectronics” (project No. VC-157) is 
gratefully acknowledged.
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The bismuth and alkali metal phosphates/molybdates both undoped and 
doped with luminescent ions have attracted much attention last decade due to 
their applications as effective components for white light emission diodes 
and laser materials [1]. Clarification of the origin of intrinsic luminescence 
processes is an indispensable condition for elaboration of effective lumino-
phores on the base of Bi-containing phosphates and molybdates. 

In this work, the origin of intrinsic and dopant-related luminescence in 
the set of Bi-containing phosphate and molybdate crystals is studied by com-
putational and experimental methods. The polycrystalline samples of un-
doped and RE-doped  BiPO4, K3Bi5(PO4)6, K2Bi(PO4)(MoO4), K2Bi(PO4)
(WO4) and K5Bi(MoO4)4, (RE = Eu, Tb, Pr, Tm, Ce) are synthesized and 
studied by the spectroscopic methods. The photoluminescence (PL) spectros-
copy studies were carried out under the VUV (λexc = 90 – 333 nm, SUPER-
LUMI station at HASYLAB (DESY), Hamburg, Germany) and the N2-laser 
(λexc =337.1nm) excitations in 4.2 – 300 K temperature region. The electronic 
band structures of undoped crystals were calculated by the FP-LAPW meth-
od [2]. Diffuse reflectance spectra of fine-grained powdered samples were 
measured at 300 K using double-beam spectrophotometer. 

At the liquid helium temperature, all studied compounds reveal complex 
bands of intrinsic emission (quenched below 300 K) which comprise at least 
two components with peak positions in the red and blue-violet spectral re-
gions. Simultaneous analysis of the experimental and computational data 
show the dominant role of the Bi3+ and MoO4

2- -related centers in intrinsic PL 
processes of studied compounds. The values of dielectric band-gaps Eg of the 
crystals are estimated from experimental data on diffuse reflectance spectros-
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copy. Formation of intrinsic PL excitation spectra and role of uncontrolled 
defects in PL processes are discussed.  

[1]. X. Hea, M. Guan, N. Lian, J., et al. J. Alloys Compd. 181, 2828-2836 (2008).
[2]. P. Blaha, et al, 2001. ISBN 3-9501031-1-2.
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OF ULTRASHORT LASER PULSES IN SELF-FOCUSING 

MEDIA
I. Blonskyi, V. Kadan*, P. Korenyuk
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46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: kadan@iop.kiev.ua

One of the most striking manifestations of spatio-temporal localization 
of light in transparent nonlinear optical media is filamentation. Extremely 
high power density (~ 1013 W/cm2) at the filament axis promotes a large num-
ber of interconnected nonlinear processes, resulting in formation of the plas-
ma channel, changes of the spectral composition and spatial and temporal 
distribution of the laser pulse. We report results of our study of the femtosec-
ond filamentation in transparent Kerr media. Apart from transversal localiza-
tion of the pulse, we also observe its temporal localization, followed by split-
ting into two separate successive pulses. We made a self-compression setup 
producing a temporally compressed probe pulse for pump-probe time-re-
solved measurements. Extraction of the compressed pulse component is car-
ried out by diaphragm in a 200-fold expanded image of the filament “hot” 
core. 63 fs duration is achieved at the output, when the input pulse duration is 
160 fs. We found parameters of the compressed pulse and optimized condi-
tions for its excitation. Having used the compressed pulse as a probe for time-
resolved measurements, we for the first time observed in situ in fused silica 
temporal self-compression of the femtosecond laser pulse in the filamenta-
tion mode, as well as its temporal splitting into sub- and superluminal sub-
pulses. The figure shows instantaneous photos of the propagating pulse at 

different temporal delays τ and their corre-
sponding longitudinal profiles. Observed spa-
tial and temporal transformation of the propa-
gating femtosecond pulse is qualitatively ex-
plained using the moving focus model and is 
consistent with the results of numerical mode-
ling made by other authors.

The authors are grateful to the Ukrainian Science and Technology Cent-
er (Project 5721), the Russian-Ukrainian program for the development of 
cooperation in nanotechnologies in 2012-2013, and the State Fund for Funda-
mental Researches of Ukraine (project F53.2/053).
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LUMINESCENCE OF CERAMICS ZnS-Mn
V. Degoda, I. Kuchakova*

Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
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Conducted in the last two decades of research within the center optical 
transitions in ions Mn, which are in different crystal matrices, lead to the con-
clusion that the properties of the electronic transitions depend strongly on the 
crystalline matrix, the concentrations of Mn, the excitation conditions and tem-
perature. Intracenter radiation bivalent manganese is of practical interest be-
cause ZnS-Mn is the most effective electroluminescent phosphor. The study 
dose dependence of the luminescence ceramic ZnS-Mn is important for the 
creation of display devices, since they determine their radiation resistance. 

The object of study was a fluorescent ceramics ZnS a concentration of 
1% Mn in the blend. In the work, a study of the kinetics of photo-and X-ray 
luminescence with time (of dose) at steady-state irradiation of fluorescent 
ceramics ZnS-Mn. Excitation was carried out XRF X-ray tube radiation inte-
gral BHV-Re (20 kV, 25 mA), photoluminescence excitation was carried out 
using a nitrogen laser (λ= 337nm). In this case, the two dominant bands were 
observed at λ=460 nm (blue band) and λ=590 ÷ 600 nm. 

Small differences in half-width of the PL spectra of stationary radar and 
caused a no brainer main yellow band luminescence. It should be noted that 
the excitation power that was used in experimental studies, the intensity of 
photoluminescence stationary significantly exceed the intensity of X-ray la-
ser. Zone-zone photo excitation crystals ZnS-Mn leads to highlight the light 
sum, as evidenced by significantly lower intensity of TSL in photo excitation 
compared with the intensity of the TSL under X-ray excitation. Dramatically 
uneven phosphor x-ray excitation leads to spatial heterogeneity of carrier lo-
calization at the centers, and most importantly, be dependent on the spatial 
coordinates as the future of the centers, and the ratio between the probabili-
ties of recombination and re-localization of charge carriers. Of research 
shows that low-dose stimulation (2s.) phosphorescence decay is described 
hyperbolically with exponent α> 1, and at higher doses (20min.) - hyperbole 
with α <1. It is obvious that such a feature of the dose dependences of the 
phosphorescence shows the local character of the luminescence excitation 
and accumulated light. The study of the emission bands of increased interest 
due to the practical use of ZnS-Mn as an effective semiconductor element 
MDM structures that are widely used in light indicator displays.
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PHOTO AND X-RAY LUMINESCENCE PROTON 
IRRADIATION OF CERAMICS ZnS-Cu

T. Kuchakova*, G. Vesna, V. Degoda , I. Kuchakova 
Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine  
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The influence of stable radiating defects entered by a proton irradiation 
(doze of an irradiation 1015р/sm2 with energy 50 Mev) on luminescent proper-
ties of ceramics ZnS-Cu is investigated. In work used two sources of excita-
tion: a photo - (LGI - 21, l=337nm) and integrated radiation x-ray tube (Mo, 
35кV, 20 mA). Two sets of samples were selected: initial and irradiated by a 
doze 1015р/sm2 - described by fall of intensity stationary luminescence and 
strong reduction reserved of the light sum under curves phosphorescence and 
thermostimulated luminescence. The excitation was carried out at tempera-
tures 85 and 295 K. The carried out researches of spectra of a stationary photo 
- and roentgen luminescence, testify to dependence of spectra luminescence 
from conditions of excitation in both sets of samples. The observable displace-
ment of maxilla, and also difference in intensity of various strips of a lumines-
cence, apparently, is connected that stimulating light is absorbed by the cent-
ers luminescence at - photoluminescence (impurity absorption), and basic 
substance at - roentgen luminescence. In the irradiated samples at X-ray exci-
tation the intensity of a luminescence stationary roentgen luminescence has 
decreased on ~35 %, in particular of basic strip with a maximum l=522 nm. 
For photoluminescence of the irradiated samples the fall of intensity of a lumi-
nescence on ~10 % is characteristic. The main factors affecting the properties 
of semiconductor materials after irradiation with protons are the formation of 
new impurity as a result of nuclear reactions, radiating- defect production and 
accumulation of hydrogen atoms. The observable features of spectra of radia-
tion at a photo and x-ray excitation can be caused by various spatial localiza-
tion of energy of excitation on volume of a sample at presence of a various 
type is non-uniform of the distributed center of a luminescence, absorption 
and center’s nonradiative recombination, and also various ways of transfer of 
energy of excitation by the center of a luminescence at various types of excita-
tion because of redistribution of energy of excitation centre to centre lumines-
cence of different grades. The redistribution recombination of flows of carriers 
centre to centre luminescence, absorption and centers nonradiative-recombi-
nation generated by a proton irradiation at X-ray excitation results in more 
significant fall of intensity roentgen luminescence in the irradiated samples.
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The work is devoted to the study of Raman scattering spectra of new 
nonlinear optical LiKB4O7 crystals. The spectra were measured using a laser 
spectrometer based on double monochromator DFS-12 with registration in 
the photon counting mode and Renishaw inVia micro-Raman spectrometer. 
According to the results of the comparative analysis of the measured spectra 
with the spectra of Li2B4O7, LiB3O5, β-BaB2O4 single crystals the assignment 
of vibrations in LiKB4O7 Raman spectra was performed. For some of the 
most intensive Raman bands, corresponding to the totally symmetric lattice 
vibrations, the estimation of the Raman scattering efficiency was performed. 
In the measured LiKB4O7 spectra there was observed a broad band of second-
ary radiation, which extends from the exciting line up to 5000 cm-1 and is 
probably caused by one of the nonlinear optical processes such as spontane-
ous parametric scattering of light. 

The work was performed with financial support of the Ukrainian State 
Fund of Fundamental Research – Russian State Fund of Fundamental Re-
search project “Creation and investigation of active matrix nanocomposites 
on the base of photonic glasses and crystals for solar cells”.
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INFLUENCE OF CRYSTAL STRUCTURE IMPERFECTIONS 
ON THEIR PHYSICAL AND CHEMICAL PROPERTIES

Y.V. Litvinenko, Y.L. Zabulonov, V.M. Kadoshnikov
State Institution “Institute of Environmental Geochemistry of NAS of Ukraine» 

*Corresponding author: tigrenok81@bigmir.net

The aim of our studies was to investigate the effect of pulsed magnetic 
fields on the synthesis and properties of magnetite crystals.

In our studies, the synthesis was carried out by conventional magnetite 
precipitation method of crystallization from aqueous solution, containing fer-
ric ions Fe+3 and Fe+2 in 1:2 proportion [1]. During the synthesis the disper-
sion medium was exposed to pulsed magnetic field (PMP), which was gener-
ated by electrical impulses, passing through the induction coil.

Investigations have showed that the magnetite crystals according to their 
structure belong to ferrous spinel [2]. The resulting precipitate has distinct 
crystalline structure. X-ray diffraction patterns of samples, exposed to PMP 
shows magnetite reflexes significantly broadened, which is so because crys-
tals generation with less perfect structure and smaller size, comparing to con-
trol samples.

IR - spectroscopy showed that under the influence of PMP magnetite are 
synthesized with increased OH groups’ quantity on the surface, as evidenced 
by broad absorption band near 3400 cm-1, referred to valence oscillation of 
bonded OH groups. On the surface of natural and control group magnetites 
OH groups are allmost absent. Analyzing the data in [3] and comparing them 
with those obtained by us, we can conclude that the absorption bands near 
590 and 440 cm-1, associated with the lattice oscillations of Fe-O bonds in 
tetrahedral and octahedral of magnetite crystals, can be attributed to the oscil-
lations of Fe+2 and Fe+3 ions. Weak absorption bands at 465 and 895 - 900 cm-1 
can be attributed to the presence of magnetite Fe+3 ions as hydroxides, which 
are deposited on the magnetite surface.

Thus, during magnetite synthesis from aqueous solution, containing Fe+2 
and Fe+3 ions, in alkaline medium under influence of pulsed magnetic fields it 
is obtained nanoparticles of magnetite crystals containing OH groups.

[1]. Забулонов Ю.Л., Литвиненко Ю.В., Кадошников В.М. // Збірник наукових 
праць / Інститут проблем моделювання в енергетиці НАНУ, Київ 2010. – с. 63 - 67

[2]. Н.В. Белов. Очерки по структурной минералогии. Москва, «Недра», 1976 
– 344 с

[3]. Н.П. Дикий, А.Н. Довбня, Е.П. Медведева // Вісник харківського 
університету. – 2008. - № 823 – С. 78 – 84.
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STRUCTURAL, VIBRATIONAL AND THEORETICAL 
STUDIES OF ANILINIUM TRICHLOROACETATE: NEW 
HYDROGEN BONDED MOLECULAR CRYSTAL WITH 

NONLINEAR OPTICAL PROPERTIES
H. Tanak1, K. Pawlus2, M.K. Marchewka2*, A. Pietraszko2

  1Department of Physics, Faculty of Arts and Sciences, Amasya University,  
05100, Amasya, Turkey 

2Institute of Low Temperature and Structure Research, Polish Academy of Sciences, 
50-950 Wrocław 2, P.O.Box 937, Poland 

*Corresponding author: mkmarchewka@gmail.com

In this work, we report a combined experimental and theoretical study 
on molecular structure, vibrational spectra and NBO analysis of the potential 
nonlinear optical (NLO) material anilinium trichloroacetate. The FT-IR and 
FT-Raman spectra of the compound have been recorded together between 
4000-80 cm−1 and 3600-80 cm−1 regions, respectively. The compound crystal-
lizes in the non centrosymmetric space group of monoclinic system. The op-
timized molecular structure, vibrational wavenumbers, IR intensities and Ra-
man activities have been calculated by using density functional method 
(B3LYP) with 6-311++G(d,p) as higher basis set. The obtained vibrational 
wavenumbers and optimized geometric parameters were seen to be in good 
agreement with the experimental data. DSC measurements on powder sam-
ples do not indicate clearly on the occurrence of phase transitions in the tem-
perature 113-293 K. The Kurtz and Perry powder reflection technique appea-
red to be very effective in studies of second-order nonlinear optical properties 
of the molecule. The non-linear optical properties are also addressed theore-
tically. The predicted NLO properties of the title compound are much greater 
than ones of urea. In addition, DFT calculations of the title compound, mo-
lecular electrostatic potential, frontier orbitals and thermodynamic properties 
were also performed at 6-311++G(d,p) level of  theory. For title crystal the 
SHG efficiency was estimated by Kurtz-Perry method to be deff = 0.70deff(KDP).
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LUMINESCENT SPECTROSCOPY OF Me3LaNb3O12  
(M = Ba, Sr) LAYERED PEROVSKITES 

S.G. Nedilko1*, O.V. Chukova1, V. Polubinskii1, V.P. Scherbatsky1, 
Yu.A. Titov1, O.V. Gomenyuk2, V.P. Sheludko2

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Oleksander Dovzhenko Hlukhiv National Pedagogical University, Hlukhiv, Ukraine 
*Corresponding author: SNedilko@univ.kiev.ua

Spectral investigation of luminescence properties of the Me3LaNb3O12 
layered perovskites were carried out. The compounds have been obtained by 
heat treatment of co-precipitated hydroxy-carbonates. Co-precipitation was 
carried out in aqueous buffer solution with pH ≈ 8.5. In order to obtain single 
phase, shock heating thermal treatment was applied. Obtained structure was 
described using refinement of the model in the R-3 space group those gives 
satisfied values of the reliability factor (0,046). Crystal structure is formed by 
two-dimensional perovskite-like blocks each of them consists of three layers 
of the distorted MO6 octahedrons, which are connected by vertices only. Lu-
minescence spectra of these materials consist of wide bands in 350 – 650 nm 
spectral range. The peak positions of the spectra depend on the samples tem-
perature and excitation wave length. It was found that luminescence emission 
is complex and contains strongly overlapped components at 430 and 500 nm. 
Intensity of these bands falls down with different rates with increase of tem-
perature. We suppose that two observed luminescence bands are connected 
with two different types of niobate octahedrons, namely, inner-block (s) and 
corner-sharing octahedral niobate groups, respectively. 

Luminescence properties were investigated using excitation with syn-
chrotron radiation at SUPERLUMI station at HASYLAB, DESY, Hamburg, 
(Project # I-20110592) and complex for spectral-luminescent investigations 
at R&D Laboratory “Spectroscopy of Condensed State of Matter” at Physics 
Faculty, of Taras Shevchenko National University of Kyiv was used also. The 
investigations were supported by DFFD of Ukraine (Project # F54/040). 
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LUMINESCENCE STUDY OF MATRIX-ASSISTED ENERGY 
TRANSFER TO MATRIX-ISOLATED N2 AND CO IN RARE-

GAS SOLIDS
A.N. Ogurtsov*, N.Yu. Masalitina, N.F. Kleshchev, O.N. Bliznjuk
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The method of matrix isolation of reagents in inert matrix is usually used 
to study of chemical reaction molecular dynamics along with methods of mo-
lecular beams and femtosecond probing spectroscopy [1]. Matrix-assisted en-
ergy transfer to matrix-isolated species is one of the most powerful tools for 
photostimulated chemical reaction control, and rare-gas solids are the most 
popular media for such investigations [2]. In rare-gas solids the energy loss rate 
of photoelectrons with energies above the band gap energy is mainly deter-
mined by electron-electron scattering [3]. The scattering of a hot photoelectron 
by a valence electron results in the formation of an additional electron-hole pair 
which can be bound or free. Such processes of multiplication of excitations 
with well-defined thresholds lead to prominent structures in the photolumines-
cence excitation spectra. Rare-gas solids doped with N2 and CO were exten-
sively used to investigate intra- and intermolecular energy relaxation into the 
impurity subsystem. This paper reports the results of luminescence study of 
matrix-assisted energy transfer to matrix-isolated diatomic homo- (N2) and het-
eroatomic (CO) impurity molecules in krypton and argon atomic cryocrystals.

The photoluminescence experiments were carried out at the SUPERLU-
MI experimental station at HASYLAB, DESY, Hamburg [4]. Rare-gas solids 
exhibit strong effects of neutral and charged defect formation induced by 
electronic transitions [2]. Therefore all measurements were carried out after 
saturation of dose effects at steady concentration of point defects and ionic 
centers. Under selective excitation by synchrotron radiation the threshold en-
ergies for multiplication of electronic excitations were measured. The energy 
ranges of impurity molecules photoexcitation were determined in which the 
channel of matrix-assisted electronic excitations energy transfer to matrix-
isolated centers was most efficient.

[1]. T. Bally, Matrix Isolation, In: Reactive Intermediate Chemistry, ed. by R.A. 
Moss, M.S. Platz, M. Jones, Wiley (2004) 797.

[2]. A.N. Ogurtsov, Cryocrystals Modification by Electronic Excitations (Mono-
graph), NTU “KhPI” (2009) 386 p.

[3]. A.N. Ogurtsov, E.V. Savchenko, J. Becker, M. Runne, G. Zimmerer, Chem. 
Phys. Lett. 281 (1997) 281.

[4]. N.Yu. Masalitina, O.N. Bliznjuk, A.N. Ogurtsov, HASYLAB Jahresbericht, 
(2008) 1117.
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IN KDy(MoO4)2 SINGLE CRYSTAL BY RAMAN 

SCATTERING
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Spectrum of the Raman light scattering is investigated in KDy(MoO4)2 
single crystal in the frequency range 3–1000 cm-1 in the temperature range 
2–300 K. Low-energy electron transitions between the levels of the crystal 
field splitted ground multiplet 6H15/2 of the ion Dy3+ have been revealed. It is 
found that in the region of the first exited Kramers doublet of the ion Dy3+ (~ 
22 cm-1) a single line is observed in the high-temperature phase which is split-
ted below the phase transition temperature (14.5 K). At low temperatures the 
Raman spectrum in this region has a complex structure containing four lines. 

At the transition to a low-temperature phase some additional phonon line 
appear in polarizations for Ag, B1g, B2g, B3g modes, suggesting the doubling of 
the primitive unit cell volume under this transition. Examination of the polar-
ization rules four the fundamental spectrum and the spectrum of additional 
lines suggests that below the phase transition the orthorhombic symmetry 
remains unchanged. It is found that the additional phonon lines appear at 
T ~ 16.5 K in contrast to T ~ 14.5 K at which the electron level begins to split 
and the Jahn-Teller phase transition occurs. Such a behavior of the scattering 
spectra suggests that there exist two successive phase transitions at different 
temperatures. 
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THE ISOCHORIC THERMAL CONDUCTIVITY OF CYCLIC 
MOLECULAR HYDROCARBONS
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Investigation of thermal conductivity is one of the tools of deriving in-
formation about the heat transfer mechanisms and general kinetic regularities 
in solids. In this context, of special interest are molecular solids possessing 
both translational and orientational disorders. Among diverse chemical mo-
lecular compounds having such properties, cyclic hydrocarbon systems are 
the most suitable objects because they can form different stable and long-
lived metastable solid phases.

The thermal conductivity of cyclic hydrocarbons has been investigated 
in a series of experiments in a wide interval of temperatures (80K to melting) 
and pressures (20-140 MPa). The objects were: 

- cyclohexene C6H10 which can be obtained in orientationally – ordered 
and disordered phases and in a metastable phase

- furan C4H4O having two phases: orthorhombic orientationally-disor-
dered phase Ι and tetragonal orientationally-ordered phase ΙΙ. The purity of 
the substances (SIGMA-ALDRICH) was 99.0 % and 99.8 %, respectively. 
The dominant total systematic measurement error was up to 4 % for thermal 
conductivity and 0.2 % for volume.

It has been found that the isochoric thermal conductivity of cyclohexene 
in orientationally-disordered phase Ι increases smoothly with rising tempera-
ture. This behavior is typical of the «plastic» phases of molecular crystals and 
may be attributed to the phonon-rotation scattering component which reduces 
as the translation-orientation interaction grows weaker when the rotation of 
the molecules at the lattice sites enhances.

It is shown that the phonon component of the three phase states can be de-
scribed adequately within the Debye-Peierls model taking into account the U-
processes, phonon scattering at dislocations and point defects. Proceeding from 
experimental evidence it has been shown that the thermal conductivity of furan 
measured under the evaporated vapor pressure decreases as the temperature ris-
es, this dependence being no stronger than 1/T. The isochoric thermal conductiv-
ity exhibits a weaker temperature dependence. The contributions of low-fre-
quency phonons and «diffusive» modes to heat transfer have been calculated [1].

[1]. V.A. Konstantinov, V.V. Sagan, V.P. Revyakin, A.V. Zvonaryova, and O.I. Pur-
sky, Fizika Nizkikh Temperatur 39, № 5, 606 (2013).

P-20



141

CRYSTALS

PHOTOINDUCED CHANGES IN STRUCTURAL 
PROPERTIES OF PROUSTITE Ag3AsS3 UNDER LASER 

IRRADIATION
N. Borovoy1, Yu. Gololobov2, A. Salnik1*

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Faculty of Transport and Information Technologies, National Transport University, 
Suvorova 1, Kyiv, Ukraine 

*Corresponding author: alina.salnik@gmail.com

Proustite Ag3AsS3 crystals are promising materials for nonlinear optics, 
so its investigation is well-developed in a wide temperature range – from 
helium to 600 K. It is important, that the effect of optical irradiation on phys-
ical properties of Ag3AsS3 is rather contradictory. That is why, in this work the 
temperature dependences of the unit cell parameters a(T) and c(T) of Ag3AsS3 
were measured by X-ray dilatometry method with high precision in tempera-
ture range 100–300 K in dark mode and during laser irradiation (λ=532 nm). 
It was found that the parameter c increases almost linear with decreasing of 
temperature from 300 K to 100 K for samples it the dark. At the same time, 
for samples that were exposed during the cooling at the laser irradiation the 
increasing of the parameter с on the value of ∆c≈(0,002–0,003) Å is observed 
at temperatures Tp=(145–147) K (Fig.1). This leap is typical for systems in 
which occurs a phase transition of the first order.

Furthermore, there were investigated temperature dependences of the 
integral relative intensity (RI) of main structural maxima of Ag3AsS3 both in 
the dark mode and under laser irradiation. Earlier, we reported about anoma-

Fig. 1. The dependence c(T) under laser  
irradiation

Fig. 2. The dependence RI(T) of  maximum 
(312): 1 - dark mode,  2 - under  laser irra-

diation λ=532 nm 
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lies on temperature dependences RI(T) of maxima (232), (202), (312) and 
(122) – the RI decreased while cooling samples from room temperature to 
T=150–160 K [1]. It was established the character of the dependence RI(T) 
for these reflexes changed significantly at laser irradiation. Namely, values of 
RI increase during the cooling from 300 K to 100 K. This effect is illustrated 
for maximum (312) on Fig. 2. 

Thus, it was experimentally obtained the sensitivity of the unit cell pa-
rameter c to laser irradiation, shown the effect of optical irradiation on the 
temperature dependence of RI(T). Observed effects are explained in terms of 
the redistribution of silver ions on the two groups of vacant crystallographic 
positions in the unit cell.

[1]. Borovoy N. A., Gololobov Yu. P., Salivonov I. N. Low Temp. Phys. 1999,  25: 
546-549  
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The ferroelectrics-semiconductor TlGaSe2 are characterized by the pro-
nounced layered structure and under normal conditions belong to the mono-
clinic system (the space group C6

2h). Polytypic modifications of TlGaSe2 
crystals can be formed through the shift of one layer relative to the nearest 
layer by a distance equal to the edge of the GaSe4 tetrahedrons along the edge 
of the large tetrahedron. This result in the formation of polytypes that differ 
in the number of layer stacks, i.e., in the c parameter: С, 2С, 3С, 4С… 

It has been reported in many papers that for this crystals their structural 
peculiarities differs significantly for samples from various ingots. In particu-
lar, it concerns characters and temperature positions of ferroelectric phase 
transitions (PT). Such features were connected with the possible influencing 
of polytypism. In this connection the comparative X-rays researches of 
monocrystalline TlGaSe2 samples which belonged to different polytypes (C 
and 2C) were performed in the temperature range Т=100-300 К. Much atten-
tion was devoted to changes with the temperature of angular position, shape 
and number of (00l)-type reflections. By the X-rays dilatometry method it 
was shown, that for С-TlGaSe2 polytype temperature dependence of the unit 
cell parameter c(T) is linear in the interval T=140-300 K and does not reveal 
hysteresis. The form of (00l)-type reflections does not change with tempera-
ture for this polytype. These results confirm absence of PT for С-TlGaSe2 
polytype at the mentioned temperatures range. At the same time for 2C-Tl-
GaSe2 polytype at the temperatures T<210 K dependence c(T) is nonlinear 
and the angle of dependence slope is increased with temperature decreasing. 
The changes of the (00.28) reflex shape of such polytype for the temperatures 
range below 240 K were revealed. The computer analysis of the indicated 
form reflex changes with the temperature allows supposing that the reason of 
form distortions is presence of modulation satellites. Angular position of such 
reflexes confirms existence of incommensurate modulated structure in crys-
tals of 2C-TlGaSe2 polytype below temperature 240 K. If take into account 
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the features of ferroelectric PT in the two different polytypes of TlGaSe2 
crystals, reported by us earlier [1], the our experimental results prove the 
crystals of C-TlGaSe2 are the ferroelectrics with an incommensurate phase of 
type I, and the crystals of 2C-TlGaSe2 are characterized by incommensurate 
phase of type II.

[1]. Borovoy N.A., Gololobov Yu.P., Gorb A.N., Isaenko G.L. Physics of the Solid 
State. 2010,  52: 1731-1735
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LUMINESCENCE SPECTRUM OF 2-(2’-HYDROXYPHENYL)
BENZOXAZOLE IN THE SOLID STATE

Y. Syetov
 Department of Solid State Physics and Optoelectronics, Oles Gonchar Dnipropetrovsk 

National University, Prosp. Gagarina, 72, Dnipropetrovsk, Ukraine 
Corresponding author: setov2003@yahoo.com

2-(2’-hydroxyphenyl)benzoxazole (HBO) undergoes excited state pro-
ton transfer (ESIPT) upon photoexcitation. In the ground state HBO can exist 
in two rotameric forms with intramolecular hydrogen bonds (OH...N and 
OH...O),  only the structure with the OH...N hydrogen bond undergoes ES-
IPT and demonstrates fluorescence with a large Stokes shift (keto fluores-
cence) [1]. Conformational disorder (approximately equal numbers of the 
OH...N and OH...O structures) has been reported for the crystal of HBO bas-
ing on X-ray measurements [2] but the study of the IR spectrum of solid state 
HBO in the region of intramolecular vibrations has not found the bands which 
could be assigned to vibrations of the OH...O rotamer [3].

We have studied a luminescence spectrum of polycrystalline HBO in the 
region of the normal and large Stokes shift. The luminescence spectrum of 
HBO dissolved in CCl4 at room temperature demonstrates an intense band 
with a maximum at 504 nm and a weak band at 357 nm. In the spectrum of 
polycrystalline HBO only a band at 504 nm is observed, its position and 
shape are similar to one in solution. Quantum chemical DFT calculations 
performed for various rotameric and tautomeric structures of the isolated 
molecules of HBO predict that the equilibrium number of the OH...O species 
in the ground state is of the order of 10-5 in relation to the number of the 
OH...N species. TDDFT calculations of the excited states of the isolated mol-
ecules show that the emission of the OH...O rotamer can be quenched by 
energy transfer in the crystal, whereas the keto fluorescence is enhanced by 
restriction of large-amplitude twisting of the molecule [4]. 

[1]. S.M.Ormson, R.G. Brown, Prog. Reaction Kinetics 19 (1994) 45
[2]. Yi-Ping Tong, Acta Cryst. E61 (2005) o3076.
[3]. Y.Syetov, A.Vdovin, Vib. Spectrosc. 53 (2010) 146.
[4]. Y.Syetov, Ukr. J. Phys. Opt. 14 (2013) 1.
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PECULIARITIES OF THE CRYSTAL GROWTH OF THE 
2-ACETYLDIMEDONE BORIC CHELATE MEROCYANINE 

DYES UNDER DIFFERENT CONDITIONS
Yu.G. Vlasenko*, K.V. Zyabrev, Yu.L. Slominskiy, A.N. Chernega
Institute of Organic Chemistry, National Academy of Sciences of Ukraine,  

5, Murmanskaya Str., 02094, Kyiv, Ukraine 
*Corresponding author: jgeorge@ukr.net

In the view of the possibility of practical application of the merocyanine 
dyes and their analogues unrelenting interest in them develops. These dyes 
serve as NLO-materials and could be used in OLED displays production. For 
the investigation of the correlation structure and spectral-fluorescent properties 
of merocyanine dyes, 2,2-difluoro-1,3,2(2H)-dioxaborine dye was synthesized.

It was found, that these dyes depending on conditions could be crystal-
lized in two forms: classic single crystals and crystals with through canals 
inside. In the most cases these canals reiterate the outward form of crystals 
and their size varies depending on the solvent compound was crystallized 
from. The crystallization from the alcohols under normal conditions leads to 
the formation of “tubes” (the hollow size ca. 0.06x0.06 to 0.15x0.15 mm in 
section). The using of solvents such as acetonitrile causes the growth of clas-
sic single crystals (prism form). With the imposition of the external electro-
magnetic field up to 750 kV/m on the specially designed device «Kristall-W 
4.0» all crystals have a classic form undependent on any solvent type, but 
they become thinner and notably longer than without the field (coffin form).

It is worth to note that the indexing of X-ray reflections for the both types 
of crystals (with canals and single crystals of classic form) give the same cell 
parameters. It means that structure of crystals with canals isn’t generated in 
the way of growing of different facets together. It is possible that crystals’ 
growing was caused by the specific influence of proton-donor solvents which 
able to block separate  parts of molecules of dye in such a way that crystals 
growth on the free of salvation areas of compound occurs. The application of 
the external electromagnetic field changes the surface energy of the germ, so 
crystal shape changes to the coffin form.

Scheme of the crystal with canal Scheme of the coffin form crystal
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MOLECULAR AND CRYSTAL STRUCTURE OF 
3-TRICHLOROMETHYL-4,5-DIHYDRO-1,2,4-

BENZOTHIADIAZEPINE-1,1-DIOXIDES
A.G. Vlasenko2, Yu.G. Vlasenko1, A.A. Shalimov1

1Faculty of Physics , Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine, 

2Institute of Organic Chemistry NAS of Ukraine, Murmanska Str. 5, 02660, Kyiv, Ukraine

In contrast to well studied relatives 5-membered 1,2,4-thiadiazoles and 
6-membered 1,2,4-benzothiadiazines heterocycles peculiarities of structure 
7-membered heterocycles are still on the question. In this work we report 
results of single crystal X-ray investigation of recently synthesized [1] com-
pounds 1-5 with 7-membered cycle which are perspective as new therapeutic 
agents in medicine. 

It was found that the conformation of 7-membered heterocycles SN2C4 
strongly depends on the substituents properties. The structures 2, 3, 5 have 
conformation of envelope (the fragments SN2C2 and SC3 are planar with the 
dihedral angle 59.9º (2), 57.2º (3), 39.76º(5)). In contrast to 2, 3, 5 the particu-
larity of the structure 1 is strongly distorted twist-conformation (the torsion 
angles varies in the range 7.9 º -80.4 º) whereas the heterocycle SN2C4 of 4 is 
planar within 0.06 Å (Fig.1).

 Interesting feature of the crystal packing of 1 is intermolecular stacking 
(Fig.2), while the molecules 2, 3, 5 are organized in dimmers by π-π interac-
tion (Fig.3) (some substituents are omitted for clarity). 

0
a

c

b

 

0

a

c

b

                       Fig.1                                    Fig.2                                       Fig.3
[1]. Shalimov A.A., Lobanov S.V., Onysko P.P., Sinitsa А.D. Patent Ukraine UA 

60665 (2011) – P. 1-2
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OPTICAL CONSTANTS OF CdZnTe FILMS ON SILICON 
A.Z. Evmenova1, V.A. Odarych2*, F.F. Sizov1, M.V. Vuichyk1

1 V. E. Lashkariov Institute of Semiconductor Physics NAS of Ukraine,  
Prosp. Nauky, 45, Kyiv, Ukraine, 03028 

2 Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine  

*Corresponding author: wladodarych@narod.ru

It was the purpose of the given work to explore, as change ZnCdTe films 
optical constants and their heterogeneity with the increase of time of spray-
ing.  Films CdZnTe are got on the monocrystaline silicon by the “hot wall” 
method. Composition of charge made: 44,8Cd, 53,729Te and 1,468Zn atom-
ic percents. Films are inflicted during 1, 5, 10, 30 and 120 minutes. Films 
have a different interference color, that is a different thickness, on an area. 
Data of atomic power microscope testify that films are granular with the size 
of corns from 30 to 500 nm for the spraying times from 1 to 120 minutes.

On the wave-length 632,8 nm 
ellipsometric parameters is mea-
sured, the indexes of refraction and 
absorption and thickness are found. 
The results of measuring are given 
on figure by symbols. Curves are cal-
culated after found optical constants. 
Numbers near the curve ticks indi-
cate the films thickness in nanome-
ters. Experimental points are laid on 
three separate curves that answer dif-
ferent optical constants. Samples 
with time of causing 1 and 5 minutes 
(with a thickness from 50 to 80 nm) 
have the index of refraction 2,7, in-
dex of absorption 0,67. With the in-

crease of spraying time from 10 to 30 minutes the films with the index of re-
fraction 2,94 and index of absorption 0,8 are formed. Finally for a sample 
with spraying time 120 minutes the index of refraction slumps to 1,75.

As CdTe absorption index – 0,4, increase of his value to 0,8 testifies that  
explored films contain the high-absorptive material, it is possible telour, in 
the free state.
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OPTICAL PROPERTIES OF PARA-BROMBENZOPHENONE 
POLYMORPHS 

D.I. Zloba, L.M. Buravtseva*

 B.Verkin Institute of Low Temperature Physics and Engineering,  
47 Lenin Ave., Kharkiv, Ukraine 

*Corresponding author: buravtseva@ilt.kharkov.ua

In a comparative study of optical properties of the two known poly-
morphs (monoclinic and triclinic) of para-bromobenzophenone, includ-
ing integrated and time-resolved phosphorescence spectra as well as sin-
glet-singlet and singlet-triplet absorption spectra have been measured at 
three temperatures 293, 77, and 1.6 К. The relevant kinetic parameters 
have been determined. At room temperature (293 К) the in both forms have 
a clearly monomeric character with close values of the energies that corre-
spond to the maxima of the С=О vibration bands. The 0-0 band emission re-
laxation times differ substantially. The integrated spectra at 77 K are also of 
monomeric character and have close 0-0 band relaxation times. 

The general view of the integrated phosphorescence spectra of both pol-
ymorphs at 1.6 K is also monomeric. However, the low-energy part of the 0-0 
bands in both polymorphs shows narrow spikes ascribed to exciton emission 
from some traps as well as narrow low-intensity bands of free excitons. Pro-
ceeding from the actual structure of the two polymorphs [1], a one-dimension 
model is suggested [2] within which the corresponding tunnel spectra of tri-
plet excitons have been calculated using the tight-binding approximation. 
This enabled us to conclude that the triplet exciton band width ∆ in the T-
form is approximately 4 times larger than in the M-form. Hence, the tun-
neling diffusion coefficient, which is proportional to ∆2, in the T-form should 
exceed by an order of magnitude the corresponding value in the M-form. 
Comparative analysis of the integrated spectra gives grounds for the conclu-
sion that diffusion in the T-form is essentially more efficient, in correspond-
ence with qualitative inferences of our theory. 

[1]. M. A. Strzhemechny, V. N. Baumer, A. A. Avdeenko, O. S. Pyshkin, R. V. Ro-
mashkin, L. M. Buravtseva, Acta Crystallogr. B 63, 296 (2006).

[2]. M. A. Strzhemechny, D. I. Zloba, O. S. Pyshkin, L. M. Buravtseva, Phys. Chem. 
Lett. 565, 61 (2013).
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HEAT TRANSFER IN “PLASTIC” PHASES OF CYCLIC 
HYDROCARBONS

A.V. Zvonaryova, V.A. Konstantinov*, V.V. Sagan, V.P. Revyakin
B. Verkin Institute for Low Temperature Physics and Engineering,  

47 Lenin Ave., 61103 Kharkiv, Ukraine 
*Corresponding author: konstantinov@ilt.kharkov.ua

Here we present the study of the isochoric thermal conductivity in “plas-
tic” phases of solid furan (C4H4O) and cyclopentane (C5H10). The thermal 
conductivity has been measured at isochoric conditions for samples of differ-
ent densities. It increases with temperature in furan and cyclopentane (I) and 
is nearly constant in C5H10 (II). Such behavior is attributed to weakening of 
the translational orientational coupling which, in turn, leads to a decrease of 
phonon scattering on rotational excitations.  

Furan molecule is a planar five-membered heterocycle with one oxygen 
atom. It has a phase transition at 150 K with an entropy of transition DSI-II/
R=1.6 and melts at 187.6 K with entropy of fusion DSf/R=2.3 indicating that 
the high temperature phase of C4H4O can be attributed to a “plastic” crystal [1]. 

Cyclopentane (C5H10) is a cycloaliphatic organic molecule consisting of 
the ring of five carbon atoms with two hydrogen atoms above and below the 
plane of carbon skeleton . Molecule can exist in two essentially isoenergetic 
puckered-ring conformations: half-chair, C2 and bent, CS that are in dynamic 
equilibrium and interconvert by an isoenergetic process called pseudorota-
tion [2]. Cyclopentane has two phase transitions at 122.4 K and at 138.1 K 
with entropy of transitions DSII→III/R=4.8 and DSI→II/R=0.3 respectively, and 
melts at 179.7 K with entropy of fusion DSf/R=0.4 implies that phases I and 
II of cyclopentane are “plastic” crystals and that they are only slightly more 
ordered than the liquid state [3].

The structure of solid furan and cyclopentane was studied using X-ray 
single-crystal, X-ray powder and neutron powder diffraction [4]

Crystallographic structure of furan was determined by R. Fourme, M.J. 
Wyart [5]. In phase I each molecule occupies randomly four coplanar posi-
tions. Dielectric [6]  and nuclear magnetic resonance [3] studies have shown 
that disorder is dynamic and that molecules reorient rapidly between four 
allowed orientations. In phase II the structure is ordered in the sense that each 
molecule has only one allowed orientation. Earlier the thermal conductivity 
of furan was studied at constant pressure 0.11 and 1.2 GPa [1]. 
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Phase I of cyclopentane has a hexagonal space group with two molecules 
per unit cell. Phase III has a monoclinic unit cell P1/c with Z’=1. The neutron 
powder pattern from phase II showed a significant background contribution 
indicative of a disordered plastic crystal with a large unit cell, or maybe in-
commensurate, however, the exact structure has not been determined. 

Isochoric measurements were carried out on a device with coaxial geom-
etry using a stationary method. Purity of studied samples was no worse than 
99,8%. The measurement error was ±4%.

Was found that in phase ΙΙ the isochoric thermal conductivity of hydro-
carbons is practically temperature – independent, but it grows smoothly with 
temperature with temperature in phase I. We attribute the growth of thermal 
conductivity with increasing temperature to the translation – orientation in-
teraction which becomes weaker as the rotational motion of the molecules 
enhances and the phonon scattering at the rotational exaltations attenuates. 
Thus, we can conclude that disinhibition of uniaxial rotation of the molecules 
in the cyclic hydrocarbons leads to the increase of the thermal conductivity 
with temperature like “plastic” phases of other molecular crystals [7].

The increase of thermal conductivity with temperature can be attributed 
to a weakening of the translation orientation coupling when the rotational 
motion of  molecules.

[1]. Guthrie G.B., Scott D.W., J. Am. Chem. Soc. Vol.74, N18, P4662-4669 (1952).
[2]. Strauss H.L., Rev. Phys. Chem. Vol.34. P.301-328. (1983)
[3]. Douslin D.R., Huffman H.M. J. Am. Chem. Soc. Vol.68. P173-176, (1946).
[4]. Torrisi A., Leech C.K., Shankland K., J. Phys. Chem. Vol.112. P3746-3758.
[5].  R. Fourme, M.J. Wyart, C.R. Acad. Sc. Paris, 268, 61 (1969).
[6]. F. Fried, B. Lassier, J. Cim. Phys. Chim. Biol. 62, 75 (1966).
[7]. Konstantinov V.A.  “InTech” Open Access Publisher (2011).
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BIREFRINGENCE OF UNIAX CRYSTALS FROM 
CARPATHIAN MOUNTAINS

Carmen Beatrice Zelinschi1, Irina Dumitrascu2, Leonas Dumitrascu3, 
Dana Ortansa Dorohoi4*

1Vasile Adamachi College of Agriculture and Food Industry, 41Mihail. Sadoveanu Alley, 
Iasi 

2Inspector for Physics, Vaslui District, Romania 
3Stefan Procopiu High School, Vaslui, Romania 

4Alexandru Ioan Cuza University, Faculty of Physics, Iasi, Romania 
*Corresponding author: ddorohoi@uaic.ro

Uniax plates of solid crystalline substances are characterized by two 
principal refractive (ordinary and extraordinary) indices. When polarized 
light passes through uniax plate perpendicularly on the optical axis, its bire-
fringence can be determined by compensation of the pathway introduced be-
tween the ordinary and extraordinary components of the incident linearly 
polarized light. In order to estimate the birefringence of the samples collected 
from Carpathian Mountains, we used both a Babinet Compensatory and a 
standardized optical wedge in order to compensate the pathway at 589.3 nm 
introduced by layers cut perpendicular on their optical axis. The results were 
compared with those obtained by using the method of channeled spectra. 

The dispersive properties of Carpathian Quartz regarding the main re-
fractive indices and the rotatory power were established on the basis of the 
measurements in the channeled spectra obtained with visible radiations. The 
curve describing the dispersion of the main refractive indices and of the bire-
fringence is of the Cauchy type, but the dispersion of the rotatory power var-
ies linearly with the wavelengths in the small spectral ranges, having variable 
slopes of variation.
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DYNAMIC AND STATIONARY  PROPERTIES OF 
PHOTOINDUCED LIGHT SCATTERING IN LiNbO3: Fe 

CRYCTAL WITH SUPERCONTINUUM EXPOSURE
V.S. Voitsekhovich, N.M. Kachalova*, V.V. Khomenko, I.M. Dmitruk
Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: kachalova.nataliya@gmail.com

Analysis of photoinduced light scattering (PILS) in photorefractive (PR) 
crystal allows one to get detailed information about the mechanisms of pho-
torefractive gratings formation / 1, 2 /. PILS research under supercontinuum 
radiation in PR crystal LiNbO3: Fe conduct for the first time. This crystal has 
a unique photovoltaic property in the visible and near infrared optical bands. 
Supercontinuum (SC) is a coherent broadband radiation. Spectral broadening 
occurred by passaging of femtosecond pulses in a highly nonlinear  micro-
structured (MS) fiber. Stable generation of SC in the spectral range 530-1000 
nm with an average output power 200 mW was obtained in MS fibers with 
pumping pulses from femtosecond Ti:S laser Mira Optima 900-F / 3 /.

As part of the comparison of 
the angular dependence of light 
scattering (see Fig. 1), gain coef-
ficients and scattering dynamics 
exposing LiNbO3:Fe crystal  with 
monochromatic light sources 
(Ti:S laser in femtosecond and 
continuous operation mode) and 
polychromatic SC radiation  we 
determine the effectiveness of the 
PR response in different spectral 
ranges.

Maximum PILS intensity observed:
- At 6° angle for femtosecond SC (550 - 900 nm),
- At 8° angle for femtosecond Ti: S laser (800 nm) for continuous and 

pulsed operational  regimes.
Qualitative difference in PILS induced by SC pronounced in light angu-

lar  scattering selectivity. Photorefractive parameters value obtained for SC in 
order of magnitude coincide with those for the monochromatic sources. In 
conclusion, we makes assumption about possibility for holographic multi-

Figure. 1. Light scattering angular dependence 
of  LiNbO3: Fe crystal.
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colored holograms recording in LiNbO3:Fe crystal with  SC radiation and 
evaluate possible advantages and disadvantages compared with conventional 
monochromatic schemes.

This work was supported by grant RFFD/NASU, № 42-02-12 (U).
[1]. M. Goulkov, M. Imlau, Th. Woike // Phys. Rev. B 77, 235110 (2008).
[2]. M. Goulkov, S. Odoulov, Th. Woike, J. Imbrock, M. Imlau, E. Kraetzig, C.Bae-

umer, H. Hesse // Phys. Rev. B 65, 195111 (2002).
[3]. N. M. Kachalova, V. S. Voitsekhovich, A. M. Borodin,V. V. Khomenko, and S. 

Yu. Pentegov // Optics and Spectroscopy, Vol. 111, No. 4, pp. 593–598 (2011).
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SELECTIVE REFLECTION IN CHOLESTERYL OLEYL 
CARBONATE(COC)-NEMATIC 5CB MIXTURES AND 
EFFECTS OF THEIR DOPING BY SINGLE-WALLED 

CARBON NANOTUBES
N.A. Kasian1*, L.N. Lisetski1, M.I. Nesterenko1, S.S. Minenko1, 

V.D. Panikarskaya1, N.I. Lebovka2, M.S. Soskin3

1Institute for Scintillation Materials, NAS of Ukraine,  
60 Lenin Ave., Kharkiv, 61001, Ukraine 

2Institute of Biocolloidal Chemistry, NAS of Ukraine,  
42 Vernadsky Prosp., Kyiv, 03142, Ukraine 

3Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author: kasian@isma.kharkov.ua

Liquid crystalline (LC) mixtures of cholesteryl oleyl carbonate (COC) 
and 4-pentyl-4’-cyanobiphenyl (5CB), as well as dispersions of single-walled 
carbon nanotubes (NTs) in these mixtures, were studied by means of selective 
reflection measurements, differential scanning calorimetry (DSC) and optical 
microscopy. The relative mass of COC in a mixture X was varied between 0.4 
and 1.0, the temperature range of measurements was between 284 K and 314 
K, and concentration of NTs was fixed at 0.1 %. Two important anomalies 
were noted: (1) the cholesteric to smectic-A transition temperature increased 
on dilution of COC by non-smectogenic 5CB in the concentration range 
0.8<X<1, and (2) the reciprocal pitch vs. 5CB concentration dependence was 
essentially linear, in contrast to behaviour commonly observed in nematic-
cholesteric mixtures. A model of molecular arrangement in the mixtures, ac-
counting for the possibility of integration of 5CB dimers and monomers be-
tween COC molecules and presumably explaining the experimental data, was 
proposed. The helical pitch of the cholesteric mixtures remained practically 
unchanged upon doping by NTs, and only slight widening of the selective 
reflection peaks was noted. The obtained results allow considering the 
COC+5CB mixtures as promising matrices for composite materials on the 
basis of liquid crystals and carbon nanotubes. 
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OPTICAL TRANSMISSION AND DIELECTRIC 
PERMITTIVITY IN NEMATIC LC DISPERSIONS OF  

CARBON NANOTUBES (CNT): EFFECTS OF CNT TYPE 
AND CONCENTRATION

S.S. Minenko*, A.N. Samoylov, A.P. Fedoryako, L.N. Lisetski
Institute for Scintillation Materials, NAS of Ukraine,  

60 Lenin Ave., Kharkiv, 61001, Ukraine 
*Corresponding author: mss-78@ukr.net

Optical transmission as function of temperature, as well as dielectric per-
mittivity in the 50 Hz – 1 MHz range, were studied for dispersions of carbon 
nanotubes (CNT) in nematic 5CB. Several types of CNT (multi-walled - 
MWCNT, single-walled - SWCNT, as well as double-walled and chemically 
modified CNT) were used, with their concentration varying from 0.01% to 
0.5% in LC cells of 10-50 micron thickness.  The measurements were carried 
out just after ultrasonication (a UZD 22/44 disperser) and after several hours 
to assess the time stability of such systems as potential functional materials.

In a broad range of parameters, the optical transmission of the disper-
sions studied in the nematic and isotropic states generally followed the 
Bouguer-Lambert-Beer law, with certain noted deviations indicating the on-
sets of structural transformations in the system (aggregation, sedimentation, 
etc.). Clear differences in the effective extinction coefficients could be noted 
for MWCNT and SWCNT, explicable from the viewpoint of the assumed 
supramolecular ordering. 

The most striking were the effects of MWCNT and SWCNT upon die-
lectric permittivity, with marked differences at lower and higher frequencies. 
At frequencies below ~10 kHz, the dispersed CNTs acted as charge carrier 
traps, with noticeably larger specific area of SWCNTs at the same concentra-
tions. These results can be considered as a natural extension of those obtained 
in [1], when nematic LC with high and low content of ionic impurities were 
compared in a similar way. 

[1]. F.-C.Lin, P.-C.Wu, B-.R.Jian, Wei Lee. Adv.Cond.Matt.Phys. (Hindawi), 2013, 
ID 27157 (5pp.) 
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POLARIZATION-SENSITIVE GRATINGS IN A LIQUID 
CRYSTAL CELL WITH CHALCOGENIDE ALIGNING 

SURFACE
N. Sheremet1*, Yu. Kurioz1, K. Slyusarenko2, M. Trunov3, Yu. Reznikov1 
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3Uzhgorod National University, Pidhirna Str., 46 Uzhgorod 88000, Ukraine 

*Corresponding author: boyarchuk.nina@gmail.com

We present polarization gratings that are recorded in a combined 30 µm 
liquid crystal (LC) cell with a photosensitive chalcogenide film as a com-
mand layer. The reference substrate is covered with a rubbed polyimide film. 
The gratings are recorded with two beams of opposite circular-polarizations 
due to formation of spatially-modulated easy orientation axis, e, on the com-
mand surface. The axis e on the chalcogenide surface is characterized by a 
weak anchoring and the reference surface provides a strong anchoring with 
the LC.

Several diffraction orders of the equal intensity in the each order are 
observed. The polarization of the ±1 order diffraction beams are elliptically 
polarized with the long axis at the angle π/4 to the rubbing direction, and the 
polarization of the zero order is of the same ellipticity but oriented at the an-
gle -π/4 to the rubbing direction. The sign of the polarization rotation of the 
zero order and the diffraction orders coincided with the sign of the rotation of 
the probe.

Erasure of the diffraction grating by one of the recording beams after a 
switching the other beam off and a following re-recording are observed. The 
diffraction efficiency of the grating is of the order of few percents and is con-
trolled by application of ac electric field. The highest efficiency of the first 
orders diffraction, h ≈ 90%, is achieved at the voltage 10V. 

Analyses of the diffraction of a circularly polarized probe, that propa-
gates from the side of the reference substrate, shows the unique properties of 
the gratings,  the diffraction intensity is spectrally insensitive, does not de-
pend on optical properties of the LC, and it is only determined by the anchor-
ing of the LC with the surface. The necessary condition for formation of such 
grating is a weak anchoring of the LC on the command surface. 
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SPECTRAL AND THERMOTROPIC PROPERTIES OF 
H-BONDED LIQUID CRYSTALS INCORPORATED INTO 

MESOPOROUS INORGANIC MATRICES 
I.I. Gnatyuk1*, T.A. Gavrilko1, N.A. Holovina2, J. Baran3, M. Drozd3

1 Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
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Among the brightest representatives of nanostructured composite mate-
rials are porous matrix filled with liquid crystal (LC). The unique physical 
properties of such LC nanocomposites originate both from the influence of 
the confined geometry, and the nature and concentration of the active sites on 
the inorganic porous matrix surface. Since the stability of composite materi-
als depends significantly on the bonding strength between the organic and 
inorganic components, the aim of this study was to investigate a new class of 
LCs - hydrogen-bonded LCs - confined to mesoporous inorganic matrices of 
different structure and morphology. The two types of porous matrices were 
used: porous silicate glass (PG) with controlled pore diameter (2 to 90 nm 
average pore size), and aluminosilicate molecular sieves MCM-41 with 4 nm 
pores. As H-bonded LCs were used n-alkylbenzoic (ABA) and n-alkyl cy-
clohexanecarbonic acids (ACHA) with n=2-6, where n is the number of car-
bon atoms in the alkyl radical, together with commercial LC mixtures CC-3 
and PC-29 comprising various homologues of ABA and ACHA were used. 
By temperature-variable FTIR spectroscopy (Bruker IFS-88, 2 cm-1 resolu-
tion, 20-200ºC) and differential scanning calorimetry (DSC, Perkin-Elmer 
DSC-7, -100-200ºC) the influence of pore size and physico-chemical state of 
the surface on the LC ordering in the porous matrices is investigated. It is 
shown that phase transition temperatures for the H-bonded LC confined to 
PGs are nearly the same as those in the bulk, while LC confined to MCM-41 
show thermotropic behavior significantly different from that observed in a 
bulk material. For the first time, a spontaneous dissociation of the hydrogen-
bonded LC near the MCM-41 surface due to interaction with the surface ac-
tive sites.

This work was supported in part by NAS of Ukraine under the program 
“Nanophysics and Nanoelectronics” (project No. VC-157).
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ELECTRO-OPTICAL RESPONSE OF A POLYMER 
DISPERSED FERROELECTRIC LIQUID CRYSTAL FILM 

R Karapinar
 Department of Physics, Faculty of Sciences, Yuzuncu Yil University, Van, Turkey  

Corresponding author: rkarapinar@yyu.edu.tr

Polymer dispersed liquid crystal (PDLC) films are interesting materials 
since they exhibit promising electro-optic properties such as wide viewing 
angle and high brightness which are ideal for flat panel display devices [1-3]. 
In their most common form, PDLC materials consist of micron-size droplets 
of a low-molecular weight nematic liquid crystal dispersed in a polymer ma-
trix. These materials operate on the principle of electrically controlled light 
scattering. The optical properties of a polymer dispersed liquid crystal films 
can be controlled by the application of external electric fields. PDLC devices 
do not need polarizers and they are easy to manufacture. However, the re-
sponse of a nematic liquid crystal to the applied electric field is slow and this 
is also one of the drawbacks for its potential use. Thus, efforts have also been 
made to use ferroelectric liquid crystals which are known for very fast switch-
ing properties for display applications [4]. Recently, polymer-dispersed fer-
roelectric liquid crystal (PDFLC) devices have been proposed and success-
fully produced [5-7]. In this work fast switching PDFLC films were prepared 
and their electro-optic properties were investigated. PDFLC materials were 
prepared by a polymerisation induced phase separation technique of mixtures 
composed of an ultraviolet cured polymer and a difluorterphenyl  ferroelec-
tric liquid crystal. The liquid crystal droplets were aligned by shearing during 
the phase separation. The electro-optical response of the PDFLC films was 
investigated. The PDFLC films showed a fast and bistable switching as a 
function of the applied electric field. 

[1]. R. Karapinar, Tr. J. Phys., 22, 227, 1998.
[2]. L. Lucchetti, L. Gobbi and F. Simoni, Mol.Cryst.Liq.Cryst., 359, 89, 2001.
[3]. K.K. Raina, P. Kumar and P. Malik, Bull. Mater. Sci., 29, 6, 2006.
[4]. R. Karapinar, M. O’Neill and M. Hird, Opt. Commun., 282, 1345, 2009.
[5]. C. M. Leader, W. Zheng, J. Tipping and H. J. Coles, Liq. Cryst., 19, 415, 1995.
[6]. R. Karapinar, M. O’Neill and M. Hird, J.Phys. D: Appl.Phys, 35, 900, 2002.
[7]. M. Y. Jin, Y. J. Lee, K. Lee, S. D. Lee and J. H. Kim, Phys. Rev., E73, 031703, 

2006. 
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FORMATION OF LIQUID-CRYSTALLINE PHASE IN 
SILICON-ORGANIC POLYMER

N.I. Ostapenko*, Y.V. Ostapenko, O. Kerita
Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: ostap@iop.kiev.ua

We studied a change of PDHS films conformation and orientation as 
well as a formation of the defect states arising during the annealing of the 
pоly(di-n-hexylsilane)- PDHS  at temperature close to the transition to the 
liquid-crystalline (LC) phase. It was investigated the appearance of the LC 
phase and its transformation depending on the thermal treatment temperature 
(20-180o С) and polymer molecular weight (Mw) using the absorption spectra, 
a polarising optical microscope and thermostimulated luminescence (TSL) in 
the temperature range 5-250 K. 

It was shown that the formation of the LC phase upon continuous heat-
ing of the film from room temperature up to 180oС is associated with the ap-
pearance and the transformation of the positions and intensities of two new 
absorption bands in the region of gauche conformation.

The presence of the LC phase is also confirmed by the visual observation 
of the optical texture observed in the 57-140o C temperature range. The tex-
ture corresponds to the classical columnar liquid crystal ordering. It should be 
noticed that the texture remains for a long time after the annealed film is 
cooled to room temperature. 

 In addition, in the spectrum of TSL of annealed PDHS film after cooling 
to the room temperature a new wide band arises. It shifts from the spectrum 
of neat polymer film towards higher temperature indicating an appearance of 
the deeper traps. This band is probably caused by the defect states related to 
residual phenomena arising after the transition of thermally treated polymer 
film from the LC state to trans-conformation. 

It was shown that the formation of the LC phase essentially depends on 
the Mw of the polymer. This phase is good obtained on the film with 
Mw=53000, and not good for large and smaller Mw, probably due to prevent-
ing the processes of reorientation and ordering of the polymer chains.
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DISPERSIONS OF CARBON NANOTUBES IN 
CHOLESTERIC LIQUID CRYSTALS: OPTICAL AND 

ELECTROPHYSICAL STUDIES
S.S. Minenko1*, A.P. Fedoryako1, L.N. Lisetski1, N.I. Lebovka2, M.S. Soskin3
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42 Vernadsky Prosp., Kyiv, 03142, Ukraine 
3Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: mss-78@ukr.net

Dispersions of carbon nanotubes (CNT) in cholesteric liquid crystals 
(CLC) were studied. The main purpose was determining time stability of 
such systems as potential functional materials.  The main factor affecting 
time stability is formation of CNT aggregates after ultrasonication. 

Three main parameters were checked as characteristics in monitoring of 
the aggregate formation: (1) jump in optical transmission at the temperature 
of transition to the isotropic phase,  (2) decrease in electrical conductivity 
with time,  (3) conductivity changes under  dc voltage in the geometry of 
Freedericksz transition.

Dispersions of CNT in nematic 5CB were taken as reference samples. It 
was found that addition of chiral components to the nematic matrix led, in all 
cases, to changes in the time dependences of the measured parameters due to 
changes in the aggregate formation kinetics. 

Thus, the characteristic optical jump at the isotropic transition, which  
became noticeably smaller after 6 hours for 0.1% CNT in 5CB, remained al-
most unchanged after 24 and 72 hours when 5% of a mixture of cholesterol 
esters was added to the initial 5CB. Relative electric conductivity of 
5CB+0.1% CNT dispersion decreased by 2 times after 5 hours, while similar 
dispersions in 5CB doped with 5% R-811, 5% of mixture of cholesterol de-
rivatives (80% cholesteryl oleyl carbonate + 20% cholesteryl chloride – 
COC/CC),  30% of COC/CC and  pure COC/CC  after 25 hours showed de-
creases by 40%, 20%  and <5%, respectively. Also, introduction of 5% COC/
CC  noticeably stabilized in time the Freederickcz transition parameters.

The results obtained are discussed in terms of interaction features be-
tween CNT and mesogenic molecules. It is argued that cholesterol esters, 
especially long-chained COC, can be considered as analogs of ‘tailored com-
pounds” used in [1,2] for stabilization of nematic CNT dispersions.

[1]. M.Kuhnast, C.Tschierske, J.Lagerwall. Chem. Commun., 46, 6989 (2010).
[2]. S.Schymura, M.Kuhnast, V.Lutz, S,Jagiella, U.Detlaff-Weglikowska, S.Roth, F.Gies-

selmann, C.Tschierske, G.Scalia, J.Lagerwall. Advanced Functional Materials, 20, 3350 (2010). 
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LIGHT-SENSITIVE AZOPOLYMERS AS LC 
PHOTOALIGNMENT AGENTS

O.N. Nadtoka*, V.G. Syromyatnikov , V.V. Tarasenko
Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: oksananadtoka@ukr.net

Among topics for polymer materials the development of light-controlled 
high-sensitivity polymeric systems is a very important problem nowadays. 
Control of optical properties of polymeric materials after their light exposure 
has significant advantages over electrical and magnetic fields action. In ap-
plications it is more convenient for the use in  recording-reading machines, 
for easier polymer processing and thin polymer films preparation [1,2]. 

We obtain light-sensitive polymers based on polymethacrylic acid, con-
taining  azofragments and carboxylic functional side-chain groups. By meth-
ods of polymer-analogous transformations, particularly by condensation of 
its carboxylic groups with hydroxyazobenzenes, polymethacrylic acid, where 
part of the carboxylic functional groups were transformed into photochromic 
moieties, such polymers were synthesized.

C

CH2

H3C N
N

C

CH2

H3C COOH

R

n

m
R = CH3, OCH3, Br

All obtained polymer films are found can be orientated under polarized 
light and than orientate liquid crystals , covered with them, as it”s seen on 
photoes. 

[1]. Natansohn A., Rochon P. Chem. Rev. 2002, 102, №11, 4139-4145. 
[2]. Burland D., Miller R., Waish C. Chem. Rev. 1994. 94, №1, 31-40.
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NEW CHOLESTERIC LC MIXTURES FOR BISTABLE 
REFLECTIVE DISPLAYS

N.I. Shkolnikova1*, F.G. Yaremenko1, V.N. Vakula2, Zh.A. Sheshenko2, 
N.B. Novikova1 

 1 SSI “Institute for Single Crystals”, National Academy of Sciences of Ukraine,  
Kharkiv, 60 Lenin Ave, 61001 Kharkiv, Ukraine 

2 State Institution “V.Ya. Danilevsky Institute of Endocrine Pathology Problems”, 
Academy of Medical Sciences of Ukraine, 10, Artema Str., 61002 Kharkiv, Ukraine 

*Corresponding author: nataly@isc.Kharkiv.com

Bistable cholesteric liquid crystal (LC) display technology has growth 
potential since such displays do not need a backlight, possess memory prop-
erty and can be flexible [1, 2]. For these purely reflective displays of next 
generation the cholesteric material consisting of a nematic LC and a chiral 
dopant must have a complex of characteristics that makes it a sophisticated 
system.   

In present work we discuss the results concerning cholesteric LC mix-
tures on the base of several commercial nematic LCs possessing low thresh-
old voltages and including low concentration of new chiral dopants (5-7 wt. 
%) of steroid type. The influence of molecular structure of chiral dopants on 
helical twisting power in LC mixtures, photostability, solubility and depend-
ence of desired reflective wavelength on temperature is investigated.    

[1]. E. Montbach, D. J. Davis, A. Khan, T. Schneider, D. Marhefka, O. Pishnyak,  
T. Ernst, N. Miller, and J. W. Doane // Proc. of SPIE Vol. 7232, 723203, 2009. 

[2]. T. Schneider, D. J. Davis, S. Franklin, N. Venkataraman, D. McDaniel,  
F. Nicholson, E. Montbach, A. Khan, and J. W. Doane // Proc. of SPIE Vol. 6487, 64870J, 
2007. 
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NANOSCALE APATITE BIOMATERIALS FOR 
OSTEOINTEGRATION

T.G. Kalinichenko*, S.N. Danilchenko
1Institute of Applied Physics, Petropavlovskaya, 58, Sumy, Ukraine 

*Corresponding author: t_kalinichenko@yahoo.com

Nanoscale crystalline particles of biogenic apatite bone have a complex 
ultrastructural organization, which is caused by their functional purposes. Re-
construction of such structure in artificial materials for osteoplastics is impos-
sible. These circumstances are stimulated the study of natural bone apatite as 
a source of biological material. 

To prevent an immune response the organic component of donor bone 
tissue can be removed by pyrolysis, chemical treatment or a combination 
thereof. At the same time until the last minute the problem of optimization 
treatment procedures for maximum removal of organics with minimal chang-
es of biomineral remains. Nanocrystalline bioapatite with preserved natural 
properties can be a base material for the development of artificial mineral 
organic composites for osteointegration with severe osteoconductive and os-
teoinductive properties.

This work was carried out to detailed study of the effect of heat treatment 
on the microstructure (the crystallite size and lattice microstrain), ultrastruc-
ture (habitus, orientation, impurities), and the natural bone architecture (oste-
on-lamellar structure). As a result, new technology for the production of na-
nostructured materials based on natural bioapatite has been developed.

Samples of bone tissue, obtained during development technology, were 
characterized using physical complementary approaches that were available 
by combining the following methods: X-ray diffraction, scanning electron 
microscopy with X-ray microanalysis, X-ray photoelectron spectroscopy and 
differential dissolution.

The need for development of this technology is caused by a significant 
number of patients with cancer and degenerative bone diseases, for which use 
artificial bone substitutes.
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TIME-RESOLVED OPTICAL SPECTROSCOPY OF 
ATOMICALLY PRECISE CdSe NANOSTRUCTURES
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Significant progress in synthesis of CdSe nanostructures with the atomic 
precision, namely, magic clusters of exact number of constituting atoms [1] 
and nanoplatelets of definite number of atomic layers [2], allows fine details 
of optical properties of the nanostructures to be measured on an ensemble of 
them, while such studies were possible only for single particles yet. 

The samples, aqueous colloidal solutions of magic clusters of (CdSe)33,34 
stabilized by cysteine, and powders of cadmium octanoate with enclosed na-
noplatelets of 5 or 6 CdSe monolayers, have been prepared according to [3] 
and [4], respectively.

Photoluminescence measurements in 500fs – 500ns time domain and 
pump-probe absorption studies with subpicosecond resolution, performed at 
Femtosecond Laser Center for collective use of equipment of NAS of Ukraine 
[5], allowed us to investigate kinetics of excitons in 0D and 2D CdSe sys-
tems, and to observe manifestation of nonlinear optical phenomena in the 
systems. 

Obtained results will be useful for deeper understanding of structure and 
properties of CdSe nanoobjects, thus opening new applications.

[1]. A.Kasuya et al. Nature Materials 3, 99 (2004).
[2]. S. Ithurria et al. Nature Materials 10, 936 (2011).
[3]. Y.-S. Park et al. J. Phys. Chem. C 114, 18834 (2010).
[4]. CdC8 preparation receipt (to be published).
[5]. http://www.iop.kiev.ua/~fsc2005/index-E.htm
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RAMAN SPECTRA OF GRAPHENE-LIKE NANOPARTICLES 
OF TRANSITION METAL DISULFIDES 

A.P. Naumenko1*, L.M. Kulikov2, N.B. Kenig2

1Faculty of Physics, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Frantsevich Institute for Problems of Materials Science,  
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*Corresponding author: a_naumenko@univ.kiev.ua

Two-dimensional (2D) nanomaterials have received much attention in 
recent years due to their unusual properties associated with their ultra-thin 
thickness and 2D morphology. Recent research on graphene has created in-
terest in preparing and characterizing graphene analogues of layered inor-
ganic materials for their applications in nanoelectronics, optoelectronics, en-
ergy storage etc 

Here we report the successful results obtained in the case of MoSe2 and 
WSe2. Graphene-like nanoparticles were obtained with the use of laboratory 
nanotechno-logy using chemical vapor deposition (CVD). This technology 
allows to fabricate  homogeneous graphene-like-2H-TMS2  in sufficient 
quantities with extremely small average size of anisotropic nanoparticles (~1 
nm to [013] crystallographic direction). 

The spectra were detected by an automated double spectrometer DFS-24 
(LOMO, Russia), equipped with a cooled photo multiplier and registration 
system working in a photon counting mode. Spectra were excited using Ar+ 
laser with the wavelength of 514.5, 488 and 476.5 nm and power of ~50mW.

Raman spectra of graphene-like 
nanoparticles of  2H-WS2 and 2H-
MoS2 as well as micron powder of 
natural 2H-MoS2 for comparison 
have been investigated. We studied 
the intensities and shifts of Raman 
peaks  as a function of the number of 
layers (2–8) and laser excitation.

Aknowledgements
We  thank  L.G.Akselrud  from  

Ivan Franko National University of  Lviv  for X-Ray spectroscopy investiga-
tion of the samples.
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DISTRIBUTED FEEDBACK LASER BASED ON DYE-
DOPED VOLUME BRAGG GRATING HOLOGRAPHICALLY 

INDUCED IN PHOTOCURABLE NANOCOMPOSITE
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Recent development of new organic and composite materials and low-
cost methods for fabrication of periodic micro- and nanostructures resulted in 
cost-efficient, maintenance-free tunable microlasers based on permanent dis-
tributed feedback which can be integrated onto optical and fluidic microchips 
usable for medical and biosensing. 

Polymer DFB laser under study is a planar waveguide containing a volume 
grating doped with a laser dye. In this work we experimentally investigated the 
influence of the waveguide and grating parameters on spectral and energy char-
acteristics of this kind of DFB laser in order to improve lasing parameters.

The gratings were formed by holographic structuring of the photopoly-
merizable nanocomposite containing the LaPO4 nanoparticles (NP) and acti-
vated with a Pyromethene 567 laser dye. The grating periods were matched 
to second-order operation. The active gratings were pumped with a frequen-
cy-doubled Nd:YAG laser which emits 500 ps long pulses at a wavelength of 
532 nm. Spectral and polarization properties, input–output characteristics of 
the laser were investigated by varying the material composition and the pat-
terning parameters. By optimizing the material and the feedback structure, a 
narrow line-width oscillation with the threshold pump energy of 0.2 μJ/pulse 
was achieved for the second Bragg order lasing. The wide-band tuning of the 
DFB laser output from 568 to 625 nm has been demonstrated due to the vari-
ation of the grating period. 

The lasing emission spreads from an active layer into the substrate and 
goes out from the substrate edge. The spatial intensity distribution in the out-
put beam has an almost Gaussian profile and the beam divergence was found 
to be ~ 5 mrad. The emission out-coupling provides by second order Bragg 
diffraction of the waveguide mode by the grating.

This work was supported by the grant of the National Target Scientific 
and Engineering Program “Nanotechnologies and Nanomaterials” (Project 
1.1.4.13/13).
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PRO-OXIDANT AND ANTIRADICAL PROPERTIES OF 
RARE-EARTH BASED NANOPARTICLES EVALUATED BY 

CHEMILUMINOMETRY
K.A. Averchenko*, N.S. Kavok, V.K. Klochkov, O.S. Sedyh, M.Yu. Malyukina

Institute for Scintillation Materials National Academy of Sciences of Ukraine,  
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Recently, successful biomedical applications of RE-based nanoparticles 
(NPs) have been demonstrated. Bright luminescence, low toxicity and facili-
tated functionalization enable their use as imagine agents and nanocarriers. 
СеО2 and other NPs are potent, and probably regenerative, free radical scav-
engers in vitro and in vivo. For example, CeO2 NPs either can demonstrate 
UV and radiation-shielding properties [1, 2] or can induce oxidative stress 
[3]. Beside of reversible oxidoreduction processes RE ions can be exploited 
for oxidant detection [4]. 

Reaction activity of NPs depends on their size, shape, chemistry, syn-
thetic procedure, etc. The surface of NPs has a major contribution in their 
high reactivity. Modification of NPs surface by dyes (which enhance induced 
photodynamic effects of NPs), or thiols (antioxidant protectors) can com-
pletely change the properties and biological effects of NPs. 

RE-based NPs with different form-factor and size were used: spherical 
- GdYVO4:Eu3+ (1-2nm), СеО2 (1-2nm and 8-10nm),  spindle - GdVO4:Eu3+ 
(25 × 8nm),  rod-like - LaVO4:Eu3+ (57 × 6-8nm). NPs and their complexes 
with methylene blue organic dye or glutathione (GSH) adsorbed on their sur-
face were investigated by luminol-dependent chemiluminescence (ChL) in 
model system of Fenton stimulated reaction and in liver homogenates. UV-
induced effects on NP and their complexes also were investigated. 

Unmodified spherical GdYVO4:Eu3+ NPs in contrast to the model system 
have demonstrated prooxidant properties (increase of the light sum and first 
maximum of ChL) in homogenate. The modification of these NPs with meth-
ylene blue enhances UV irradiation effect. Spindle, rod-like and СеО2 NPs 
and nanocomplexes with methylene blue have no effect on ChL intensity in-
dependently on UV influence. NPs modificated with GSH led to significant 
decrease of ChL intensity.

Effects of NPs observed in the present study may be ascribed not only to 
NPs structure but also to processes on the surface of the NP. GSH – depend-
ent mechanisms of NPs influence are discussed.
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TEMPERATURE DEPENDENCE OF THE SURFACE 
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The temperature dependences of energy and width of the surface plas-
mon resonance were studied for gold nanoparticles with sizes 20 – 55 nm in 
silica host matrix in the temperature range 17 – 915 0С. The increase of tem-
perature leads to appreciable red shift and broadening of the surface plasmon 
resonance [1] in Au nanoparticles. The obtained dependences were analyzed 
within the framework of theoretical model considering the thermal expansion 
of the nanoparticle, the electron-phonon scattering in the nanoparticle and the 
temperature dependence of dielectric permittivity of the host matrix. The 
thermal expansion was shown to be the main mechanism responsible for the 
temperature induced red shift of the surface plasmon resonance in gold nano-
particles. The thermal volume expansion coefficient for Au nanoparticles was 
found to be size-independent in the studied size range. Meanwhile, the in-
crease of electron-phonon scattering rate with increasing temperature was 
shown to be the dominant mechanism of the surface plasmon resonance 
broadening in the gold nanoparticles. 

[1]. O. A. Yeshchenko, I. M. Dmitruk, A. A. Alexeenko, A. V. Kotko, J. Verdal, A. O. 
Pinchuk, Plasmonics (2012) DOI: 10.1007/s11468-012-9359-z.
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STRUCTURE AND LUMINESCENCE PROPERTIES OF 

ULTRADISPERSED La1-xRExVO4 POWDERS 
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Spectroscopic investigation of light emitting materials based on rare 
earth orthovanadates is an important research task due to a wide application 
of such materials for various science and technology purposes. Improvement 
of their characteristics requires study of related properties of various states of 
these compounds. Synthesized series of the La1-xRExVO4 powders were ob-
tained by solid state, co-precipitation and sol gel methods. Phase composi-
tions and crystal lattice parameters were determined by XRD. The LaVO4 
samples possess monoclinic structure, whereas the La1-xRExVO4 composi-
tions transform in tetragonal structure at x > 0.1. The microstructure of the 
obtained compounds was studied with SEM. Emission spectra of the investi-
gated samples consist of wide non-structural bands of the matrix emission 
and narrow spectral lines caused by inner f-f electron transitions in the impu-
rity ions for the pure and RE-doped compounds, respectively. Characteristics 
of the both types of emission depend on method of synthesis, viz. on sizes of 
the powder grains. The obtained dependencies are discussed using proposed 
models for matrix emission and structure of the nearest surrounding of the 
RE3+ centers. 

Luminescence properties were investigated using excitation with syn-
chrotron radiation at SUPERLUMI station at HASYLAB, DESY, Hamburg, 
(Project # I-20110592). Some data were obtained using the equipment for 
spectral-luminescent investigations at R&D Laboratory “Spectroscopy of 
Condensed State of Matter” of Physics Faculty, Taras Shevchenko National 
University. The investigation was supported by DFFD of Ukraine (Project # 
F54/040).

O-7



NANOOBJECTS

177

RAMAN SPECTRA OF MULTIWALL CARBON NANOTUBES 
MODIFIED WITH CexOy

O. Fenyuck1, R. Klimkiewicz2, E. Kovalska3, A. Rynder4, V. Boiko4, 
G. Dovbeshko4, Yu. Sementsov3

1National Aviation University, 1 Kosmonavta Komarova Avenue, Kyiv, Ukraine 
2Institute of Low Temperature and Structural Research PAN,  

2 Okolna Street, Wroclaw, Poland 
3Chuiko O.O. Institute of Surface Chemistry of National Academy of Sciences of 

Ukraine, 17 General Naumov Street Kyiv, Ukraine 
4Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine

Multi-walled carbon nanotubes (MWCNT) modified by CexOy (units %) 
is supposed to be used as catalysts for chemical reactions. That is why we have 
created and studied this system for conversion of primary alcohol in ketone. 
Raman spectra (RS) have been registered with Renishaw inVia Raman Micro-
scope in the 100-3200 cm-1 region with laser’s wavelength of 632 nm and vi-
sualized with electronic transmittance microscopy (FEI Tecnai G2 20 X-
TWIN). RS and microscopy certified that nanoparticles of CexOy localized on 
the surface of MWCNT and distributed non-homogenously. We have regis-
tered mode of CeO2  near 459 nm (See fig) in this system with the same inten-

sity as G-mode of MWCNT as 
well with negligible intensity. 
According to RS data we esti-
mated the size of CexOy particles  
in the region of 10-30 nm.

Chemical test showed that 
our system is effective in cataly-
sis of conversion of primary al-
cohol in ketone that occur ac-
cording the dehydrogenization 
mechanism.

Acknowledgment: we thank for financial assistance Ukrainian-Polish 
Joint Research Project (2012-2014), PIRSES-2012-318617 FAEMCAR.
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FORMATION AND LUMINESCENCE PROPERTIES OF A2B6 
NANOCRYSTALS IN PORES OF SiO2 MATRIX

N.V. Kononets*, V.V. Seminko, A. V. Aslanov, A. A. Masalov, Yu.V. Malyukin 

 Institute for Scintillation Materials NAS of Ukraine, 60 Lenina Ave., Kharkiv, Ukraine 
*Corresponding author: mogilchenko@isma.kharkov.ua

In this work the luminescence properties of A2B6 nanocrystals incorpo-
rated in pores of SiO2 matrices have been investigated. ZnSe nanocrystals 
were obtained by two different methods: by selenation of SiO2:ZnCl2 matri-
ces and by chemical vapor deposition (CVD). The spectra of ZnSe nanocrys-
tals in silica pores besides 500 nm band typical for CVD crystal contains 
broad structureless  band in region of 550-700 nm. 

All investigations have been performed at 77 K and 300 K. Whereas, 
intensity of 500 nm luminescence band in CVD crystal strongly depends on 
temperature and it does not appear at 300 K, any sufficient temperature de-
pendence of SiO2:ZnSe luminescence is not observed. Appearance of red 
band at 550-700 nm and absence of temperature quenching indicates strongly 
coupled localized states formation in SiO2:ZnSe matrices. These localized 
states can be ascribed to the SiO2-ZnSe surface layer [1].

[1]. G.V. Colibaba, D.D.Nedeoglo Physica B 404 (2009) 184–189 
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THE INTERCONNECTION OF PREMELTING 
PHENOMENON AND NONLINEAR-QUANTUM 

MECHANISMS OF CANCER DISEASES EVOLUTION
N.E. Kornienko*, N.L. Sheiko

 1Faculty of Physics, Taras Shevchenko National University of Kyiv,   
Volodymyrska street 64/13, Kyiv, 01601, Ukraine 

*Corresponding author: nikkorn@univ.kiev.ua 

The phenomenon of premelting is known since the times of Faraday, 
however, nonlinear-quantum and vibrational-electron nature of this phenom-
enon has been established only in our times [1]. This makes it possible to 
investigate deep inter-relation between the elastо-viscous properties of ice 
[1], discrete properties of water nano-films stability at the surface of the ice 
[2], wide temperature range of water nano-layers and amorphous media melt-
ing [3] and the mechanism of evolution of diseases including cancer ones.  

Temperature dependencies of the real G1(T) and imaginary G2(T) com-
ponents of the shift modulus of polycrystalline ice are shown at fig.a. One can 
observe a series of leaps of G1(T), where the elasticity of ice decreases sud-
denly, as well as a series of maxima of G2(T) at temperatures Т= -4, -7, -11, 
-19 and -300С, where the viscosity increases.The temperatures of maxima 
Тmax coincide with temperature ranges of stability Тs of thicknesses of quasi-
liquid films L(T) [2] (inset of fig.a).

It is substantial that the values of Тmax  and Тs agree also with the tem-
peratures of maxima of differential scanning calorimetry (DSC) ТDSC ob-
served during the melting of nanolayers of ice with thickness of d~0,6÷5 nm 
in lamellar mesophase (see fig.b). Depending on vibrational-electron interac-
tion (VEI) different scenarios of nanowater and polyethylene (inset) melting 
exist, which is illustrated with cur-ves A and B on fig.b. This facts can be 
supported with the results of DSC taken du-ring cancer [4], which are dem-
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onstrated on fig.c. On the figure we show endoterms of DSC taken during 
еndometrial cancer (1), lung cancer (2) and lyme disease (3). 

[1]. M.E. Kornienko, N.L.Sheiko et al, Ukr.J.Phys, 2013, v.58, №2, pp.151-162.
[2]. S.Ch. Engemann, Dissert.“Premelting at the ice–SiO2, Stuttgart, 2005, 179 p.
[3]. E. Prouzet, J.-B. Brubach, et al, J.Phys.Chem.B,-2010.-v.114, Р. 8081–8088. 
[4]. N.C. Garbett, C.S. Mekmaysy, C.W. Helm, A.B. Jenson, J.B. Chaires, Experi-

mental and Molecular Pathology, 2009, 86, рр.186–191.
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EFFECT OF OXYGEN NONSTOICHIOMETRY ON THE 
LUMINESCENCE PROPERTIES OF  NANOCRYSTALLINE 

CERIUM OXIDE
P.O. Maksimchuk*, A.A. Masalov, I.I. Bespalova, O.G. Viagin, V.V. Seminko, 

N.V. Kononets, A.V. Aslanov, Yu.V. Malyukin
Institute for Scintillation Materials National Academy of Science of Ukraine, 

60 Lenin Ave., 61001 Kharkiv, Ukraine 
*Corresponding author: pmaksimchuk@isma.kharkov.ua

Cerium oxide has found application in different technology fields. Ceri-
um oxide is widely used in protective UV absorbing coatings, as the main 
component of the polishing compounds, in electrochromic coatings, etc. An-
tioxidative properties of CeO2 nanocrystals allow to use this material in the 
wide range of biomedical applications [1, 2].

Cerium can exhibit both the +3 and +4 oxidation states, and nonstoichio-
metric oxides can be formed. Nonstoichiometric oxides (CeO2-x) are charac-
terized by disordered arrangement of oxygen vacancies. Oxygen nonstoichi-
ometry defines basic biomedical properties of cerium oxide - the ability to 
participate in redox processes taking place in the organism [3]. Literature 
data on the structure and properties of nanosized CeO2-x often contradict each 
other. Moreover, most of the properties of nanocrystalline CeO2-x remain al-
most unexplored.

CeO2 nanocrystals with different degrees of oxygen nonstoichiometry 
have been investigated by means of luminescence spectroscopy techniques. 
It was shown that luminescence of CeO2 is determined by two optical centers 
of different nature: the first one - Ce4+-O2- complex and the second one - Ce3+ 
ions. Luminescent characteristics of optical centers in nonstoichiometric 
CeO2-x nanocrystals have been investigated. Investigation of splitting of Ce3+ 
4f-5d luminescence excitation band has shown that reduction of Ce4+ oc-
curred mainly by the mechanism of oxygen vacancy formation on the near-
est-neighbour position to the cerium ion.

Variation of the Ce3+/Ce4+ ratio in CeO2 allows to control the oxygen 
nonstoichiometry by luminescence properties of this material. Size depend-
ence of oxygen nonstoichiometry for CeO2 nanocrystalls was shown.

[1]. B. Rzigalinski, Tech. Canc. Resea. & Treatm, 4, 651 (2005).
[2]. D. Bailey, L. Chow, S. Merchant et al., Nat. Biotechnol, 14, 112 (2003).
[3]. R. W. Tarnuzzer,  Nano Letters, 5, 2573 (2005). 
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FLUORESCENT LABELING OF NANO-SCALE CARRIERS: 
VISUALIZATION OF NANOCARRIERS – MEMBRANE 

INTERACTION IN MODEL SYSTEMS AND LIVING CELLS
T.N. Tkacheva*, S.L. Yefimova, V.K. Klochkov, A.V. Sorokin, Yu.V. Malyukin

Institute for Scintillation Materials National Academy of Sciences of Ukraine,  
60 Lenin Ave., Kharkiv, 61001, Ukraine 

*Corresponding author: tkacheva@isma.kharkov.ua

In the current studies, a large variety of nanomaterials, such as lipo-
somes, polymeric micelles, quantum dots, magnetic nanoparticles, com-
pounds activated by rare earth elements, fluorophore-tagged latex/silica na-
noparticles, fluorophore–labeled polymeric nanospheres etc. are used as fluo-
rescent probes and labels. Strong interest in such objects is dictated also by 
the fact that nanoparticles have the potential to revolutionize the diagnosis 
and treatment of many diseases, for example cancer and infectious diseases. 
Liposomes and the nanoparticles with sizes ranging from a few tens to hun-
dreds of nanometers are used for targeted delivery of active substances. Med-
icines can be incapsulated in the lipid bilayers of the liposomes or adsorbed 
on the nanoparticle’s surface.

The target delivery of active substances is carried out by the mechanism 
of passive or active transport. For example, nanoparticles with sizes less than 
300 nm accumulate in tumor tissues with a developed circulatory system due 
to the enhanced permeability and the retention effect [1].

In the present study, fluorescence labeling was based on the phenomenon 
of fl uorescence resonance energy transfer (FRET) between several dyes en-
capsulated in nano-scale volume. Inorganic anionic nanoparticles 
(nGdYVO4:Eu3+, d = 2 nm,  CeO2, d = 2nm) and phosphatidylcholine liposo-
mal vesicles have been used as nanocarriers. Organic cationic dyes from car-
bocyanine family (DiOC18, DiIC18, DiDC18) have been used as a model sys-
tem of the active substance. The dynamics of dyes release as the result of 
nanocarriers interaction with the model of cell membranes and rat hepato-
cytes was analyzed based on FRET signal redistribution in time. The signifi-
cant differences in the dyes release dynamics has been revealed depending on 
the nanocarrier type. The way to control of the active compound release is 
proposed.

[1]. J.H. Grossman and S. E. McNeil. Physics Today, 65, 38 (2012).
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TEMPERATURE DEPENDENT SURFACE PLASMON 
ENHANCED PHOTOLUMINESCENCE FROM SILVER 

NANOPARTICLES 
O.A. Yeshchenko1*, I.S. Bondarchuk1, M.Yu. Losytskyy1, A.A. Alexeenko2

 1Facultyy of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2  Laboratory of Technical Ceramics and Silicates, Gomel State Technical University,  
48 October Prosp., 246746 Gomel, Belarus  

*Corresponding author: yes@univ.kiev.ua

The temperature dependence of the photoluminescence (PL) from spher-
ical silver nanoparticles having the size in the range 8 – 30 nm embedded in 
a silica host medium was studied experimentally in the temperature interval 
78 – 298 K. The PL spectra of Ag nanoparticles having two-band structure 
were rationalized as the result of radiative interband transitions enhanced by 
the coupling of exciting and emitted photons to surface plasmon resonance 
excited in the nanoparticles. The quantum yield of PL from silver nanoparti-
cles was found to increase when the temperature decreased. Such tempera-
ture dependence was explained as the result of increase of the plasmonic en-
hancement factor with decreasing temperature occurring due to decrease of 
electron-phonon scattering rate. The theoretical calculations of the tempera-
ture behaviour of PL spectra from silver nanoparticles agree well with the 
results of experimental observations proving the above assumption. We ob-
served that temperature dependences of PL quantum yield are stronger for 
small nanoparticles. This effect was shown to be caused by the dependence of 
the strength of electron-phonon coupling in the silver nanoparticles on their 
size. The strength of electron-phonon coupling increases in 2.3 times when 
the nanoparticle size decreases from 30 to 8 nm.
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RAMAN SPECTRA OF THE PARATELLURITE 
CRYSTALLIZED IN NANOSCALE SYNTHETIC OPAL PORES

A.V. Yevchik*, V.N. Moiseyenko, M.P. Dergachov
 Physics, Electronics and Computer System Department, Oles Honchar Dnipropetrovsk 

National University. Gagarina Ave., 72, Dnipropetrovsk, Ukraine 
*Corresponding author: AV.Yevchik@gmail.com

The synthesis of predisposed to polymorphism active dielectrics in re-
stricted nanoscale space attracts considerable attention due to possibility of 
obtaining the existing polymorphous modifications and study their physical 
properties.

The objective of this work is to research the vibrational and structural 
properties of TeO2 crystals grown in nanoscale synthetic opal pores with us-
ing Raman spectroscopy technique.

Filling of the synthetic opal pores with the average linear size of 70 nm 
was carried out by melting-in of α-TeO2 fine-dispersed polycrystalline pow-
der.

Raman spectra of prepared samples and fine-dispersive powder were 
measured on a laser spectrometer on basis of DFS-12 with use DPSS laser 
(λ = 532 nm, power of 120mW). Registration of the useful signal was carried 
out in the [111] direction.

The studying of Raman spectra of prepared samples has allowed to es-
tablish that substance inside opal pores is in the crystalline state and the struc-
ture is very sensitive to crystallization regime. Furthermore, the obtained Ra-
man spectra were compared with the α-TeO2 polycrystalline powder spectra 
and single crystal spectra in different polarization geometries for the making 
of a comparative analysis. Due to performed analysis a new line 430 cm-1 and 
significant gain of line 685 cm-1 was found in Raman spectra of samples. Tak-
ing into account the results in [1] was made the conclusion that these changes 
are caused by manifestation of the tellurium dioxide metastable form (γ-TeO2) 
not existing under ambient conditions. As well, the overall enhancement of 
the Raman spectra, explained by an increase of the light interaction time with 
substance in the opal template pores was observed.

This work was financially supported by SFFR of Ukraine – RFFR of 
Russia project “Creation and investigation of active matrix nanocomposites 
on the base of photonic glasses and crystals for solar cells”.

[1]. Champarnaud – Mesjard J, Blanchandin S, Thomas P, Mirgorodsky A, Merle – 
Mejean T, Frit B, J. Phys. and Chem. of Solids, 61, 1499 – 1507, 2000.
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MICRO-RAMAN, REFLECTION AND ATR STUDY OF 
METAL-SEMICONDUCTOR NANOCOMPOSITES BASED 

ON POROUS III-V SEMICONDUCTORS
T. Barlas1*, N. Dmitruk1, N. Kotova1, D. Naumenko1,2, V. Snitka 3

1Institute for Physics of Semiconductors, National Academy of Sciences of Ukraine,  
45 Nauki Prospect, 03028, Kyiv, Ukraine 

2CBM Cluster in Biomedicine, AREA Science Park, Strada Statale 14 - km 163.5, 
I-34149, Basovizza, Trieste, Italy 

3Research Centre for Microsystems and Nanotechnology, Kaunas University of 
Technology, Studentu 65, LT-51369 Kaunas, Lithuania 

*Corresponding author: barlas@isp.kiev.ua

New material - metal-semiconductor nanocomposite based on well-or-
dered InP porous layers have been investigated. Different photo-physical phe-
nomena can be enhanced in such media due to excitation of the local (surface) 
modes in the metal inclusion and further energy transfer to the environment. 
This fact makes the material promising for photonics, sensorics or as substrates 

for Raman scattering measurements. Porosity has 
been electro-chemically created. Metal inclusions 
have been incorporated into the pores by the two 
methods: with use of previously synthesized parti-
cles or from an aqueous solution of the Au salt in 
an electrochemical cell. Diameter of pores was in 

the range 50 - 200 nm and metal particle size was 
in 10-40 nm range. Optical properties were stud-
ied by micro-Raman mapping (using NTEGRA 

Spectra system in an upright configuration), specular reflection and ATR (spec-
tral complex KSDI-82) in the phonon range of 
the semiconductor, i.e. in far-IR spectral re-
gion. As found, phonon band intensities are 
significantly increased in the porous region. 
The homogeneity of the porous layers pre-
pared has been reliably proved by the Raman 
micro-spectroscopic mapping of their fresh 
cleavages. Incorporation of gold nanoparti-
cles into InP layer pores leads to an significant 
enhancement of the Raman signal from TO 
and LO modes, especially in the two-phonon band region, also surface phonon 
polariton mode arise.

Fig.1. SEM image of the cross  
section of nanocomposites  

layer: porous InP with spherical 
gold nanoparticles in the pores.

Fig. 2. Raman scattering spectra of 
the InP samples.
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THE KINETICS OF GAS SORPTION BY BUNDLES OF 
SINGLE-WALLED CARBON NANOTUBES. QUANTUM 

EFFECTS
R.M. Basnukaeva*, A.V. Dolbin, V.B. Esel’son, V.G. Gavrilko, 

V.G. Manzhelii, N.A. Vinnikov, B.A. Danilchenko, I.Yu. Uvarova
1 B. Verkin Institute for Low Temperature Physics and Engineering of the NASU,   

47 Lenin Ave., 61103 Kharkiv, Ukraine 
2Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: basnukaeva@ilt.kharkov.ua

The low temperature kinetics of sorption of 3 He, 4He, H2, D2, Ne and N2 
gases by bundles of single-walled carbon nanotubes with closed ends (c-
SWNT) and the subsequent desorption of these gases from the  c-SWNT 
bundles has been investigated. The characteristic times of the sorption-des-
orption processes coincide within the experimental error. The prior annealing 
of the SWNT samples at T=500 C reduced significantly the characteristic 
times and changed their temperature dependences. The effect of annealing 
decreased at the molecular weight of the dissolved gas was increasing. Below 
16 K the times of 3He, 4He, H2, D2 sorption were only slightly dependent on 
temperature, which suggests a tunnel character of the sorption of these impu-
rities by c-SWNT bundles. The influence of irradiation of c-SWNT bundles 
with γ-quanta upon H2 sorption [1] is qualitatively similar to annealing effect. 

Fig. The temperature dependences of the characteristic times of gas sorption (a) by the 
starting SWNT sample without a preliminary thermal treatment,  (b) by a SWNT sample 
after heating in vacuum to 500 C (asterisks   - 3He, empty triangles – 4He, empty squares – 
H2, empty circles – D2, solid circles – Ne, solid triangles – N2 ). Solid squares (b) show 

the characteristic times of H2 sorption by a SWNT sample irradiated with γ-quanta in the 
hydrogen atmosphere.

[1]. A.V. Dolbin, V. B. Esel’son, V. G. Gavrilko, V. G. Manzhelii, N. A. Vinnikov, S. N. 
Popov, B. A. Danilchenko, and N. A. Tripachko, Fiz. Nizk. Temp. 39 (2013) (to be published).
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TEMPERATURE DEPENDENCE OF THE SURFACE 
PLASMON RESONANCE IN SILVER NANOPARTICLES

O.A. Yeshchenko1, I.S. Bondarchuk1*, V.S. Gurin2, I.M. Dmitruk1, A.V. Kotko3

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Research Institute for Physical Chemical Problems, Belarusian State University,  
14 Leningradskaya Str., 220030 Minsk, Belarus 

3 I.M. Frantsevich Institute for Problems of Materials Science,  
3 Krzhizhanovsky Str., 03680 Kyiv, Ukraine 

*Corresponding author: illya.posv.b@gmail.com

The temperature dependences of energy and width of the surface plas-
mon resonance were studied for silver nanoparticles with sizes 24 – 60 nm in 
silica host matrix in the temperature range 17 – 7000С. The increase of tem-
perature leads to appreciable red shift and broadening of the surface plasmon 
resonance [1] in Ag nanoparticles. The obtained dependences were analyzed 
within the framework of theoretical model considering the thermal expansion 
of the nanoparticle, the electron-phonon scattering in the nanoparticle and the 
temperature dependence of dielectric permittivity of the host matrix. The 
thermal expansion was shown to be the main mechanism responsible for the 
temperature induced red shift of the surface plasmon resonance in silver na-
noparticles. The thermal volume expansion coefficient for Ag nanoparticles 
was found to be size-independent in the studied size range. Meanwhile, the 
increase of electron-phonon scattering rate with increasing temperature was 
shown to be the dominant mechanism of the surface plasmon resonance 
broadening in the silver nanoparticles. 

[1]. O. A. Yeshchenko, I. M. Dmitruk, A. A. Alexeenko, A. V. Kotko, J. Verdal, A. O. 
Pinchuk, Plasmonics (2012) DOI: 10.1007/s11468-012-9359-z.
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ENHANCEMENT OF ELECTRON-HOLE GENERATION 
RATE BY METAL NANOWIRE ENSEMBLE NEAR 

SEMICONDUCTOR SUBSTRATE
N.L. Dmitruk1*, A.V. Korovin1

 1 Institute for Physics of Semiconductors, NAS of Ukraine,  
41 Prospect Nauki, Kiev, Ukraine 

*Corresponding author: Dmitruk@isp.kiev.ua

Enhancement of electromagnetic field intensity in thin semiconductor 
films is very important for many applications in nanophotonics, optoelectron-
ics, sensorics and photovoltaics. The extraordinary light transmittance into 
semiconductor base of nanophotonic or photoelectric devices due to light 
trapping via excitation of surface plasmons in metal nanoparticles, nanowires 
and surface plasmon polaritons in periodical array of these particles (wires) 
on the front surface of semiconductor base is possible [1,2].

Thus, in this report the effective light trapping via presence of the 1D 
periodic array of metal nanowires at various distance from semiconductor 
substrate with planar surface was analyzed theoretically. Theoretical calcula-
tion of light transmittance/reflectance and generation rate of electron-hole 
pairs due to excitation of surface plasmons and surface plasmon polaritons 
has been fulfilled in the framework of curvilinear transformation method. All 
spectral data for transmittance/reflectance and generation rate are non-mono-
tonic with peak-like shape. The position of peak is the same for all spectral 
dependencies and is related to local plasmon excitations in nanowires. It was 
found that the scattering of light by the 1D periodic array of gold nanowires 
with cylindrical cross section leads: i) to increasing of electron-hole genera-
tion rate in semiconductor base and ii) there is optimal distance for which this 
enhancement is maximal. For example, for gold cylindrical nanowire ensem-
ble with diameter 100 nm and 760 nm period the optimal distance from GaAs 
substrate is about 100 nm. 

[1]. N. L. Dmitruk and A. V. Korovin. Semiconductor Science and Technology, 
28(5):055013, 2013

[2]. N. L. Dmitruk, A. V. Korovin, and I. B. Mamontova. Semiconductor Science 
and Technology, 24(12):125011, 2009.
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IR-SPECTROSCOPY INVESTIGATION OF Ni/NiO 
NANOPOWDERS FORMATION DURING THERMAL 
DECOMPOSITION OF NICKEL ACETATE AMINES

I.O. Dulina*, A.V. Ragulya
 Frantsevich Institute for Problems of Materials Science of NASU,  

Krzhyzhanovsky Str. 3., Kyiv, Ukraine  
*Corresponding author: i_risha@online.ua

Ni/NiO nanopowders with different particle size have been synthesized 
using thermal decomposition of nickel acetate ammines in air at 400 °С for 
10 to 180 min.

At the first stage of thermal decomposition of nickel ammine complexes 
water solutions initial complex lost ammonia and water excess. This stage 
accompanied with formation of coordinating bonds of nickel-ion with water 
and acetate-ion.

The next decomposition led to following water loss and acetate-ion de-
composition to carbonate beginning. Attenuation of adsorbed water O-H va-
lent oscillation and acetate C-H bond valent oscillation was evidence of this 
fact. Disappearance of acetate-ion and nickel Ni-O bond valent oscillation 
authenticated that intermediate nickel complexes with acetate had low stabil-
ity. In addition, attenuation of N-H bond valent symmetric and valent asym-
metric oscillation occurred without attenuation of Ni-N valent oscillation and 
NH3 deformative oscillation. This authenticated that bound-free ammonia 
lost without nickel ammonia water complex composition changing. After 20 
min annealing scarcely full acetate decomposition was observed. Disappear-
ance of coordinated water HOH group deformative oscillation at 1620 – 1630 
cm-1 evidenced of intermediate nickel ammonia water complex full dehydra-
tion to nickel ammonia hydroxide complex formation. In addition, Ni-O bond 
valent oscillation of nickel oxide at 460 cm-1 appeared in IR-spectra.

The next decomposition led to full nickel acetate ammines conversion 
into Ni/NiO phases mixture but full ammonia removing from products didn’t 
observed. Partial coordinated ammonia removing form system occurred 
gradually in several stages. This process accompanied with nitrate-ion and 
water formation on power surface. Nitrate-ion formation on power surface 
authenticated ammonia oxidation by air oxygen or/and for account of nickel 
oxide reduction to metal nickel. Nickel oxidation by air observed after an-
nealing during 1 hour.
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A ROLE OF POLYMER CHAIN RIGIDITY IN 
THE FORMATION  OF STABLE NANOTUBE-RNA 

NANOHYBRIDS
G.O. Gladchenko*, M.V. Karachevtsev, V.S. Leontiev, V.A. Karachevtsev

 B.I. Verkin Institute for Low Temperature Physics and Engineering, National 
Academy of Sciences of Ukraine, Lenin Ave., 47, Kharkiv 61103,Ukraine 

*Corresponding author:gladchenko@ilt.kharkov.ua

Nanotechnologies employ the unique properties of nanoscale materials 
for the development of modern sensing systems. Carbon nanotubes are suit-
able for this goal due to their extraordinary physical properties. Biopolymers 
conjugated with SWNT facilitate their application in advanced technology. 
Present-day efforts have focused on combining the two in order to incorpo-
rate useful properties of each into a single, multifunctional biopolymer-car-
bon nanotube hybrid.

We have studied   the adsorption of two homopolynucleotides poly(rI) 
and poly(rC) with different chain rigidities on SWCNT, employing UV VIS 
absorption spectroscopy with analysis of absorption spectra of the hybrid 
aqueous suspension at room and high temperatures,  and MD simulations that 
explore mechanisms of spontaneous oligomer adsorption on the nanotube 
surface and energetic properties of SWCNT:r(C)25 and SWCNT:r(I)25. We 
showed that adsorption of the poor base stacked poly(rI) onto the nanotube in 
aqueous suspension is less effective than that of the high base stacked 
poly(rC) the chain of which is of higher rigidity. Heating of the 
nanotube:polymer aqueous suspension to 90 0 C, which leads to partial nano-
tube aggregation and precipitation because of weak bounded polymer sliding 
from the tube surface, revealed that a part of aggregated nanotubes is about 
2.3 larger for SWCNT:poly(rI) suspension than for SWCNT:poly(rC). This 
fact indicates the higher stability of SWCNT:poly(rC) hybrid in comparison 
with SWCNT:poly(rI). Less effective adsorption of poly(rI) is confirmed 
with a weaker hypochromic effect of nanotubes covered with poly(rI) than 
with poly(rC), which originates from π-π-stacking of nitrogen bases with the 
nanotube surface.

MD modeling demonstrated that oligomer r(I)25 has an essentially weak-
er energy of binding to the carbon nanotube surface than r(C)25 (250 kcal/mol 
vs. 325 kcal/mol). Difference in energies of binding to the tube surface is 
explained with a smaller number of nitrogen bases of r(I)25 π-stacked with the 
tube surface than r(C)25 (13 vs 19).
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NONLINEAR EFFECTS OF THE LATERAL 
PHOTOCURRENT IN InGaAs/GaAs QUANTUM DOT 

STRUCTURES
S.L. Golovynskyi*, G.G. Tarasov

 Institute of Semiconductor Physics, National Academy of Science,  
Prosp. Nauki, 41, Kyiv, Ukraine 

*Corresponding author: golovynskyi@isp.kiev.ua

In this paper we studied the spectra of the lateral photoconductivity 
(LPC) and dependence of LPC on incident light excitation power density in 
multilayer In0.4Ga0.6As/GaAs heterostructures with quantum dots (QDs) and 
influence of the radiative recombination on the photosensitivity of the QD 
arrays and defects. Explanation of the mechanisms of nonequilibrium pro-
cesses associated with the defect states and the photocurrent nonlinearities 
will give more complete understanding of the optical properties of hetero-
structures and hence the possibility of a wider use of it. 

Particular attention is paid to the impact of the processes of generation 
and recombination at photosensitivity of the deep defects and QD arrays. It is 
found a significant effect of radiative recombination on the shape of the LPC 
spectra. Recombination leads to a nonlinearity of the dependence of photo-
current on excitation power density: when power density is “low”, and hence 
number of excited electron-hole pairs is small, the process of radiative re-
combination of charge carriers in the QDs is prevail over their generation. It 
helped open the question of why the ionization spectrum of defects, including 
levels EL2 and EB3, has not typical for this kind of spectra a sharp decline in 
excitation energy where absorb nanoscale InxGa1–xAs layers.

The nonlinear dependencies of the LPC on power density of incident 
light excitation are study. For the component of the spectrum, which corre-
sponds to the photocurrent from the QD ground state (1.23 eV), the nonlinear 
dependence of the LPC on excitation power density is explained as competi-
tion of processes of the generation and thermal activation on the one hand and 
the radiative recombination on the other. Number of free charge carriers in 
the conduction barrier layers is small in relation to the number of possible 
centers of capture (quantum wells of QDs and defect traps) at low excitation 
intensity, consequence the radiative and non-radiative recombination over-
whelm over generation, but further increasing of the excitation power density 
caused the increasing of the density of free charge carrier and as a result the 
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impact of recombination on photocurrent becomes less noticeable. The ob-
servation of nonlinear phenomena of photocurrent at 1.34 eV incident light 
excitation is due to the presence of both local electric fields at the InxGa1-xAs/
GaAs interface caused by structural non-uniformities and a traps below the 
GaAs conductivity band edge.
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RAMAN AND ION BEAM MICROSCOPY IMAGING OF 
NANOMATERIAL TRANSLOCATION IN THE BIOLOGICAL 

ENVIRONMENT
I. Estrela-Lopis1*, J. Fleddermann1, M. Dorn1, S. Moya2, D. Spemann3, 

E. Donath1

1Institute of Medical Physics & Biophysics, Leipzig University,  
Härtelstraße 16, 04107 Leipzig, Germany 

2CIC BiomaGUNE, Paseo Miramón 182 Ed. Emp. C, San Sebastián, Spain 
3Division of Nuclear Solid State Physics, Faculty of Physics and Geosciences,  

Leipzig University, Linnéstraße 5, 04103 Leipzig, Germany 
*Corresponding author: Irina.Estrela-Lopis@medizin.uni-leipzig.de

The degree and the mechanism of uptake, localization and distribution of 
NPs in cells and organs are major issues concerning toxicity and risk assess-
ment of these novel products. Furthermore, the application of NPs as devices 
for diagnostic and therapeutic purposes requires monitoring of their interac-
tion with cells. Label-free imaging techniques, which allow studying authen-
tic nanoparticles and nanomaterials within their biological environment, are 
therefore required.

Confocal Raman Microspectroscopy (CRM) and Ion Beam Microscopy 
(IBM) are especially suitable. They are label-free techniques capable of de-
tecting and characterizing nanomaterials within single cells. The uptake, in-
tracellular distribution and toxicity of metal oxide nanoparticles, surface 
modified carbon nanotubes (CNTs) in hepatocarcinoma and lung cells (A549) 
were studied employing these techniques. By means of IBM the intracellular 
concentration and distribution of NPs can be established. This provides the 
basis for intracellular dose dependent toxicity studies. 

 By means of Raman spectra deconvolution and subsequent cross-corre-
lation analysis the co-localization of NPs with different intracellular environ-
ments, such as lipid rich regions, cytoplasm and nucleus was quantified. 
CRM, furthermore, was capable of detecting nanomaterial-induced changes 
in the secondary nuclear protein structure and nucleobase content. These 
changes can be used as an indicator of the toxic effect of NPs. This was con-
firmed with cell proliferation tests. Studies with NPs surface engineered with 
lipids and polyelectrolytes showed that the nature of the surface of NPs is 
crucial for uptake and toxicity.
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 MANIFESTATION OF STRUCTURE OF ELECTRON BANDS 
IN DOUBLE-RESONANT RAMAN SPECTRA OF ONE- 

AND TWO-LAYER  GRAPHENES, BULK GRAPHITE AND 
SINGLE-WALLED CARBON NANOTUBES 

V.V. Strelchuk1*, A.S. Nikolenko1, V.O. Gubanov2, M.M. Biliy2, 
O.P. Dmytrenko2, L.A. Bulavin2, M.P. Kulish2 

1V. Lashkaryov Institute of Semiconductor Physics National Academy of Sciences of 
Ukraine, 45 Nauky Prosp., 03028 Kyiv, Ukraine 

2Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: strelch@isp.kiev.ua

Resonance micro-Raman spectra of one- and two-layer  graphenes, bulk 
graphite crystals and mixture of single-walled carbon nanotubes (SWCNTs) 
in the range of two-phonon 2D bands were in details experimentally investi-
gated. The fine structure of these 2D bands in the investigated carbon allo-
tropes is considered as been caused by the structure of their pi-electron zones.

The theory-group classification of involved in electron-phonon reso-
nances electron and phonon states is carried out according to projective irre-
ducible representations of wave vector groups. In particular, the vibration 
states of bulk graphite in A-point of Brillouin zone and SWCNTs in boundary 
AK and AM points of one-dimensional Brillouin zone were shown to trans-
form according to one-valued representations of projective class K5, and their 
electron states – according to two-valued representations of projective class 
K4. The compatibility relations characterizing the dispersion of vibrational 
and electronic states for Г-A directions were constructed. The nature of the 
doublet behavior of phonon 2D bands in graphite bulk crystals is related with 
double electron-phonon resonance involving phonons participating in inter-
valley electron transitions and in SWCNTs – with phonons participating in 
intravalley electron transitions. To confirm these mechanisms the forms of 
vibrations for these specified phonons are also analyzed.
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LASER–INDUCED EXCITONIC LUMINESCENCE OF 
NANOCRYSTALLINE TiO2 POWDERS

L. Kernazhitsky1*, V. Shymanovska1, T. Gavrilko1, V. Naumov2, 
L. Fedorenko2, V. Kshnyakin3, J. Baran4

1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
2Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine,  

45 Prospect Nauki, Kiev, Ukraine 
3Sumy State University, 2 Rymsky-Korsakov Str., Sumy, Ukraine 

4Institute of Low Temperature and Structure Research,  
2 Okolna Str., 50-950 Wroclaw, Poland 

*Corresponding author: kern@iop.kiev.ua

The optical absorption and photoluminescence of nanocrystalline anatase 
and rutile TiO2 are studied at room temperature. TiO2 powders were synthe-
sized in the form of pure anatase or rutile. The samples are characterized by 
X-ray diffraction, X-ray fluorescence, Raman spectroscopy, optical absorp-
tion and photoluminescence (PL) methods. The room-temperature PL spectra 
are studied under the intensive UV (3.68 eV) N2-laser excitation. Some inter-
esting features in the PL spectra including the well-resolved peaks of exci-
tonic and band-to-band transitions in TiO2 are observed for the first time. It is 
shown that PL bands including peaks at 2.71-2.81 eV and their phonon repli-
cas in anatase and rutile TiO2 arise from the excitonic e--h+ recombination via 
oxygen vacancies. The excitonic peak at 2.91 eV is attributed to the recombi-
nation of self-trapped excitons in anatase, or free excitons in rutile TiO2, re-
spectively. The PL peaks within 3.0-3.3 eV in anatase TiO2 are ascribed to 
indirect allowed transitions due to band-to-band e--h+ recombination. The 
peaks at 3.03 eV and 3.26 eV are attributed to free exciton emission near the 
fundamental band edge in rutile and anatase TiO2, respectively. The influence 
of TiO2 crystal structure and calcination temperature on the PL spectra is 
discussed.

Financial support from the National Academy of Science of Ukraine un-
der the program “Nanophysics and Nanoelectronics” (project No. VC-157) is 
gratefully acknowledged.
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RAMAN SPECTROSCOPY OF FULLERENE FILMS IN 
THE TEMPERATURE RANGE 5 – 300 K: THE SPECTRA 

PECULIARITIES NEAR THE STRUCTURAL PHASE 
TRANSITION

A.V. Peschanskii*, A.Yu. Glamazda, V.I. Fomin, V.A. Karachevtsev
B.Verkin Institute for Low Temperature Physics and Engineering of the National 

Academy of Sciences of Ukraine, 47 Lenin Ave., Kharkiv 61103, Ukraine 
*Corresponding author: peschansky@ilt.kharkov.ua

Raman spectroscopy is an informative method at the study of the struc-
tural phase transition (SPT) observed in the solids. Earlier this method was 
exploited to study the SPT in the single-crystals of C60 [1]. The purpose of this 
work is a study of the SPT influence on Raman spectra of polycrystal unpo-
lymerized and photopolymerized films deposited on the silicon substrate.

At temperature lowering from room to 250 K the peak of the line corre-
sponding to Ag(2) mode in unpolymerized film of C60 is up-shifted monotoni-
cally (~ 1.0 cm-1). At a further temperature lowering (to 5 К) the value of peak 
frequency of this line decreases (~ 1.5 cm-1). Such temperature dependence of 
peak position of this line differs from the dependence observed before for the 
single-crystal of C60 [1], for which at temperature decreasing below 252 K 
(SPT) the peak of this line is up-shifted. A difference in temperature behavior of 
this line of polycrystal unpolymerized film and single-crystal of C60 is discussed. 

The temperature measuring of photopolymerized fullerene film showed 
absence of anomaly in the frequency behavior of the lines at the temperature 
near the SPT. In these films the position of lines, corresponding to Ag(2) mode 
of monomers, dimers, linear chains and trimers is up-shifted monotonically 
on ~ 1.5 cm-1 at a temperature decrease from 300 to 5 К.

For polycrystal unpolymerized fullerene film in range of Ag and practi-
cally all Hg modes the splitting of lines is found out at low temperatures 
which was before observed only in single-crystals. This splitting is caused by 
both the lowering of symmetry of free molecule of С60 in the crystalline field 
and by appearance of additional components in a low temperature phase as a 
result of the SPT at which the unit cell value is increased in four times. For 
photopolymerized fullerene film the similar line splitting is not observed.

The process of photopolymerization of the fullerene film is studied for 
polycrystal unpolymerized fullerene film under argon laser irradiation at tem-
peratures higher and below than temperature of the SPT.

[1]. P.H.M. van Loosdrecht, P.J.M. van Bentum, and G. Meijer, Phys. Rev. Lett. 68, 
1176 (1992).
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PHOTOINDUCED CONDUCTIVITY CHANGES IN Ge-NC/
SiO2/Si STRUCTURES: PERSISTENT AND QUENCHING 

EFFECTS
V.S. Lysenko1, S.V. Kondratenko2*, Ye.Ye. Melnichuk2, Yu.N. Kozyrev3

1Institute of Semiconductor Physics, 41 Prospect Nauki, 03028, Kyiv, Ukraine 
2Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
3O.O. Chuiko Institute of Surface Chemistry, 

17 Generala Naumova Str., 03164, Kyiv, Ukraine 
*Corresponding author: kondr@univ.kiev.ua

Two optically induced steady-states with excess and shortage of surface 
conductivity values as compare to equilibrium one were observed in struc-
tures with Ge NCs grown on silicon oxide at low temperatures. Result of 
photoinduced changes depends on photon energy due to different type of 
electronic transitions observed in Ge-NC/SiO2/Si structures. The persistent 
photoconductivity behaviour was observed after excitation of electron-hole 
pairs in Si(001) substrate due to interband absorption in Si. The conductivity 
excess may be attributed to spatial carrier separation by macroscopic fields in 
the depletion layer of near-surface Si. Interband transitions in Ge creates lo-
calized holes in Ge directly, leading to optically-induced spatial redistribu-
tion of trapped positive charges between SiO2/Si interface levels and local-
ized states of Ge-NCs, which enhance variation of electrostatic potential in 
underlying Si and, therefore, decay of surface conductivity under stationary 
photoexcitation. Observed results demonstrate that hole trapping by Ge-NCs 
and interface states have significant on in-plane transport in the Ge-NCs/
SiO2/Si structures. Observed possibility for optically-control switching be-
tween different modes of system’s conductivity may be helpful for design 
optical memory devices.

Acknowledgements. The research was supported by Ukrainian State 
Agency for Science, Innovation and Information through Project NoM/18-
2013, the program of fundamental research of the National Academy of Sci-
ences of Ukraine “Nanostructured systems, nanomaterials, nanotechnolo-
gies” through the Project No9/07 and by the Ministry of Education and Sci-
ence of Ukraine through Project NoM/34-09.
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STRENGTHENING OVERTONES AND COMBINATION 
TONES IN THE VIBRATIONAL SPECTRA OF TiO2 

NANOFIBERS AND NANOFILMS AND THEIR 
COMPOSITES WITH NANOPARTICLES OF Au, Ag AND 

CARBON NANOTUBES
N.E. Kornienko1*, Т.О. Busko1, L. Chetibi2, D. Hamana2, S. Achour2, 

N.P. Kulish1, A.V. Nikolenko3

1Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2University of Constantine, 25000 Constantine-Algeria  
3V.E.Lashkaryov Institute of semiconductor physics 41, Prosp. Nauki, 03028, Ukraine. 

*Corresponding author: nikkorn@univ.kiev.ua

TiO2 nanofilms (~ 200 nm thick) with anatase phase were synthesized 
by sol-gel method on the surface of crystalline silicon and anatase nanofibers 
diameter of 10-20 nm were synthesized by hydrothermal synthesis. A 
comparative study of the Raman spectra (488 nm) of anatase microcrystals,  
nanofilms and nanofibers was shown in Fig. a. In this case, the spectra were 
normalized to the maximum of the most intense vibrational band (VB) ν1 = 
143 cm-1. A thorough computational processing was maden for broadband 
background as the main vibrational bands ν1-5 and second and third order 
bands (insert). It was shown that in a number of microcrystals (1)-nanofilm 
(2) -TiO2 nanofibers (3) overtone 2ν1 band maximum increases by more than 
15 times, and the difference tones ν4-ν3 (ν5-ν4) and ν5-ν3 (ν3-ν1) become  
stronger ~ 30-50 times (Fig.b). This indicates a strong increase of the 
vibrational anharmonicity and nonlinearity in nanostructures. Simultaneously 
there is a broadening of the observed vibrational bands in 1.5-4 times. As a 
result, the integral intensities of the second order bands increase in 30-200 
times. 

The nonmonotonic dependence of the intensities of VB ν1, ν3 = 396 
and ν5 = 637 cm-1 on the dose of Ti + ions (140 keV) were found for TiO2 na-
nofilms (inset Fig.b). At low doses D = 1012-1013 ions/cm2 intensity of VB 
increase ~ 1.5 times, which is associated with improved of material proper-
ties and for  D>1014 ions/cm2 VB attenuated.  For TiO2 nanofilms with Au, Ag 
nanoparticles (d=10-20 nm) is observed more weakening of VB at high D. It 
is essential that the reduction of VB with D increasing is accompanied by a 
significant increase in the induced electron bands, due to the strong vibration-
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electron interaction (VEI).  It is shown that the growth of the intensities of 
VB dominated VEI, and the influence of plasmon resonance is not the main 
one. VEI is associated with the nonlinear resonant interaction of VB. The 
vibrational resonances 2ν2=ν3, 2ν4≈ν3+ν5 and 2ν3≈ν1+ν5 of ТіО2 contribute to 
enhancement of nonlinearity. 

For TiO2 nanofibers with multi-walled carbon nanotubes (CNT) the 
bands of overtones and combination tones are enhanced even further, indicat-
ing that the strengthening and growth of VEI and vibrational nonlinearity. It 
proved by a significant strengthening and broadening of the D and G bands of  
CNT with frequencies 1360 and 1585 сm-1 after annealing at 6000С (1 hour) 
(Fig.с). This contributed significantly to the total resonance tones  2ν3+ν5 and 
2ν4+ν5  nanofibers with D and G bands of CNT (insert fig.с).

Fig.1. A comparison of the Raman spectra of the microcrystals (1) nanofilms (2) nanofi-
bers and (3) of anatase (a), increase in bands of overtones and difference tones in nanos-
tructures and nonmonotonic doses dependence of bands ν1,3,5 intensively of anatase nano-

films (insert) (b), and increase and broadening of D and G bands of MWCNT in nan-
ocomposites with TiO2 nanofibers  annealing at 6000С (с).
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ENHANCEMENT OF ACTIVE AND «SILENT» 
VIBRATIONAL BANDS IN RAMAN AND IR SPECTRA OF 

C60 NANOFILMS
N.E. Kornienko*, A.P. Naumenko

Faculty of Physics, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: nikkorn@univ.kiev.ua

By comparing the Raman and IR absorption spectra of nanofilms (NF) 
with thickness d = 150-250 nm and microfilm (d = 1,2-2 mm) of fullerene C60 
a large gain the intensities of the Raman-active vibrational bands (VB) Hg(1-
8) of NF, that for Hg(3,4) bands shown in the inset (Fig.1a). This is shown in 
Fig.la for the ratio of the maximum of Raman bands Hg(1-8) and Ag(1) for 
the hot (2) and cold (3) the deposition film methods. Thus, all the spectra 
were normalized to the strongest Raman and IR lines Ag (2) and F1u (1) with 
the frequencies 1469 and 527 cm-1. From Fig.1a one can see that the band Hg 
(1-8) in nanofilms C60 amplified 2-7 times compared with the microfilm 2μm. 
After  polymerization of 1 and 2 NF by diamine N2H4 (film 1p and 2p) ob-
served the IR VB enhancement  becames weaker, which is associated with a 
decrease in the vibrational nonlinearity.

Enormous enhancement in IR spectra a number of inactive for  icosahe-
dral symmetry Ih Hu(2,4), Gu(2-4), Gg(3), F1,2g (1) vibrations in NF (2) in 
compari-sion with 1.2 μm microfilm (spectrum 1a ) is shown in Fig.1.b. The 
majority bands in the IR spectra of nanofilms increased 5-20 times as shown 
in the inset Fig1.b. A still greater increasing ~ 50-300 times observed for 
many of the “silent” vibrations in the Raman spectra of C60 nanofilms. The 
observed anomalous enhancement of the vibrational bands in nanostructures 
associated with a significant change in the electro-physical properties of na-
nostructured media as a result of the weakening of symmetry and increased 
anharmonicity and nonlinear interaction of vibrational modes. 
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Figure 1. The fragments of enhanced Raman (a) and IR (b) spectra  of nano- and micro-
films of C60.
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STRONG ELECTRON-VIBRATION INTERACTIONS 
AND INDUCED ELECTRONIC STATES IN NANO- AND 

MICROFILMS OF FULLERENE C60

N.E. Kornienko*, A.P. Naumenko
 Faculty of Physics, Taras Shevchenko National University of Kyiv, 

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: nikkorn@univ.kiev.ua

Previously, we have established the electronic nature of the broadband 
background in the Raman spectra and proved the importance of strong vibra-
tion-electronic interac-tions (VEI) [1]. The increasing role of VEI is associ-
ated with increased nonlinear resonant interaction of vibrational modes in 
nanostructures. The efficiency of nonlinear processes in nanofilms of C60 ab-
normally increases due to a number of successive vibrational resonances of 
the Hg (1)+Hg (2)=Hg (3), 2Hg (3)=Hg (7) [2],  the number of which exceeds 
one hundred and change of electronic states (ES). By examining the Raman 
spectra (λL=514,5 nm) nano- (150–250 nm) and micro-films (1–2 μm) of the 
fullerene C60 we studied in detail the change of induced ES in the band gap, 
as shown in Fig.1a,b. For nanofilms (NF) the Ag(1) line at 497cm-1 observed 
as well as line νSi = 520 cm-1 of crystalline silicon (inset Fig.1a). In cold 
deposition process of NF prepara-tion (spectrum 2) the ES bands are several 
times greater than in films fabricated by  hot process (spectrum 1). In the 
original films 1 and 2 the low-frequency part of the ES is dominated, and after 
polymerization by N2H4 (1p and 2p spectra) ES intensity increases with fre-
quency ν. With sharp focusing of ecitation λL electronic bands (EB) are amp-
li-fied more than 100 times. In addition to broadband ES with half-widths δν 
~ (1-2)103 in the vinicity of vibrations some “islet” EB with δν ~102 cm-1 are 
observed which is shown in the inset Fig.1.b for the vinicity of  Hg (3,4) vi-
bration.  The  non-monotonic dependence on the thickness of the broad EB 
have been detected  in NF which is shown in Fig1,b. The intensity depend-
ence of EB I0 at 520 and 1470 cm-1 in comparing  with line intensity νSi have 
been done. Reducing I0 for thin NF due to insufficient accumula-tion of non-
linear wave processes. The role of the strong VEI is also confirmed by the 
linear weakening of the intensity of the Ag (2) band with increasing I0(1470 
cm-1), as shown in the inset in Fig.b.
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Fig1. The new EB in Raman spectra of C60-nano-films (1,2) and after their polymerri-ze-
tion (1p, 2p) and the strong focusing of the laser excitation (3L) (a) and non-mono-tonic 

change in the EB intensity I0 in comparing with the line intensity νSi=520 cm-1 (b).
[1]. Корнієнко М.Є. Вісник Київського університету, сер. фіз.-мат. науки, 2006, 

№ 3, с 489-499,  2008. - №3.С.248-256.
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EFFECT OF ULTRASOUND FIELDS ON THE OPTICAL 
PROPERTIES OF FULLERENE FILMS

V.V. Kozachenko*, O.M. Zhabitenko 
Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: victorc@univ.kiev.ua

Effect of ultrasound propagating in the glass substrate-fullerene film 
structures on the optical transmission spectra was studied. The changes in the 
transmission spectra of C60 and C70 fullerene films at ultrasonic load were 
investigated. The samples were formed by the vacuum thermal evaporation 
of C60 and C70 fullerenes on the glass substrates. Thicknesses of all fullerene 
films were about 100 nm. 
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MAGNETO-INDUCED ANISOTROPY OF AN AQUA 
SUSPENSION OF SUPERPARAMAGNETIC MAGNETITE 

NANOPARTICLES 
S. Kredentser1*, N. Kulik1, S. Ryabchenko1, K. Slyusarenko1,2, Yu. Reznikov1 

1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine  
2Laboratoire de Physique des Solides, UMR CNRS 8502,  

Université Paris-Sud, Orsay 91405, France 
*Corresponding author: sergeykredenser@gmail.com

Our recent studies showed a strong magneto-optical response of the aqua 
suspension of the vanadium pentoxide nanorods doped with quasi-spherical 
magnetite both for isotropic and nematic phase [1]. To explain the results 
obtained in [1] we associated the magnetic sensitivity of such suspensions 
with formation of anisotropic structures – presumably, chains of magnetite 
nanoparticles by the magnetic field. Here we report on the studies of the ef-
fects of magneto-induced birefringence and anisotropy of magnetic suscepti-
bility in the aqua suspension of magnetite nanoparticles, which support this 
idea.

[1]. S. Kredentser et al. Soft Matter, 2013.
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ELECTROREFLECTANCE SPECTROSCOPY OF THE 
FILM AND FILM-SUBSTRATE INTERFACE IN Si0.75Ge0.25/Si 

HETEROSYSTEMS
L.A. Matveeva*, P.L. Nelyuba, E.F. Venger

V. Lashkarov Institute of Semiconductor Physics, National Academy of Science of 
Ukraine, Prosp. Nauki, 41, Kyiv, Ukraine 

*Corresponding author: matveeva@isp.kiev.ua

Heterosystems with SiGe films on Si substrate arise to a great scientific 
attention due to theirs application in novel technologies and researchers. 
Their physical properties determined by the composition of the films. During 
the manufacturing of heterosystems,  the internal mechanical stresses appears 
due to the difference of lattice film and substrate periods and coefficients of 
thermal expansion. The appearance of mechanical stresses leads to bending 
of the heterosystems, and accompanied by the structural defects at the inter-
face film-substrate, and reduced the reliability of the devices. An investiga-
tion of the electron and optical properties of heterosystems is importance for 
the technology development and for the prediction of the devices properties. 

Si0.75Ge0.25 films on Si substrate was obtained by CVD method and had  
single crystalline  structure. Their thickness was 100 nm. The heterosystems 
were studied by electroreflectance modulation spectroscopy and by profilom-
etry measuring of the heterosystems bending radius. The electroreflectance 
spectra were measured by an electrolytic method in the spectral range 
2.6…3.6 eV. Important data were obtained about the film and interface band 
structures, their structure perfection, electron parameters (forbidden gap 
width, conductivity type, the charge carries scattering, the mobility and the 
time of the energy relaxation of light exciting charge carries) and about the 
elastic stresses, as well as the influence on them  γ- irradiation with dose 
106…1,9·107 R.

 As the dose increased, the electron parameter of film and of interface  
was improve, mechanical stresses decreased. They disappear at the dose 
1.5·107 R. At this dose the film changed the composition with the formation 
of the other solid solution structure. The additional peaks appeared in the 
spectra of the film. They corresponded to the composition x: 0.8, 0.67, 0.58 
and 0.48. The possibility was found to fabrication of the heterosystems with-
out the bending deformation and to improve their electronic properties. 
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LUMINESCENCE OF THE GOLD FILMS COATED WITH 
Eu3+ CONTAINING ANALYTES 

S. Nedilko1*, D. Kozak1, S. Rozouvan1, T. Lebyedyeva2, L. Aigouy3, 
M. Nedielko4

 1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Glushkov Institute of Cybernetics of National Academy of Science of Ukraine,  
40 Acad. Glushkov Prosp., Kyiv, 03680 Ukraine 

 3UMR 8213 Institut de Physique, Lab. de Physique et d’Etude des Matériaux,  
ESPCI, 10 rue Vauquelin, 75231 Paris Cedex 5 

4E.O. Paton Electric Welding Institute of NASU, Kyiv, Ukraine 
*Corresponding author: SNedilko@univ.kiev.ua

In this paper the dependences of luminescence intensity of Eu3+ ions 
containing either complexes with CAPh ligands or lanthanum vanadates on 
morphology of gold films deposited on porous alumina were studied. 

Surface enhancement of the light is actively studied for the last two dec-
ades and allow observe the spectroscopic properties of single molecules. This 
feature makes them preferable for modern bio-medical applications. 

Compounds based on carbacilamidophosphate (CAPh) ligands as well 
as lanthanum vanadates are very promising from the various practical ap-
proaches particularly resulting from their good biocompatibility. 

Nanostructured porous aluminum oxide films were formed by anodic 
oxidation of aluminum deposited on a glass substrates by magnetron sputter-
ing. Gold nanostructures were made with thermal evaporation in vacuum 
chamber. Images of surface morphology were made using AFM, ATM and 
luminescent scanning - microscopy equipment. 

Luminescence characteristics of mentioned compounds under photo, X 
- Ray and VUV excitation, the spectra of their luminescence excitation as 
well as near field luminescence characteristics were obtained and analyzed.

Experiments with VUV synchrotron radiation were made on SUPER-
LUMI station, DESY synchrotron, Project I - 20110592. The investigations 
were supported by DFFD of Ukraine (Project # F54/040) and CNRS - NASU 
joint project. 
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SPECTROSCOPIC PROPERTIES OF COMPOSITES, 
CONSISTING OF 5CB DOPED WITH 

ORGANOMONTMORILLONITE NANOPARTICLES AND 
CARBON NANOTUBES

T. Bezrodna, I. Chashechnikova, V. Nesprava*, V. Melnyk, G. Klishevich
Institute of Physics, NAS Ukraine, 46 Nauki Prosp., Kyiv 03680, Ukraine 

*Corresponding author: nesprava@iop.kiev.ua

Doping of liquid crystals with nanotubes (NT) changes abruptly their 
physical properties. But NT form conglomerates in organic media due to the 
organophobicity of their surface. To reduce their aggregation ability, we have 
developed a method of simultaneous modifying the montmorillonite by ce-
tyltrimethylammonium bromide (CTAB) and NT. The bonding is shown to 
occur due to the adsorption by nanotubes of CTAB alkyl chains on the outer 
surface of aluminosilicate stacks. Composites with 5CB were produced based 
on these hybrid particles (OM-NT), and also with only organo-modified 
montmorillonite (OM) or NT. According to IR-spectroscopy data, narrowing 
of bands indicates Van-der-Waals interactions between the components, re-
sulting in the alignments of molecules on a phase separation boundary. Pho-
toluminescence of these composites was investigated at room temperature. 
Doping of inorganic particles lowers emission intensity,  its drop depends on 
the chemical content of particles. Besides, the presence of OM particles is 
seen in a red-shift of the spectrum, whereas doping with NT or OM-NT leads 
to a spectral shift towards short wavelengths, being much larger for the latter 
sample. Opposite behaviours of spectral shifts can be caused by different re-
arrangements of local electric fields due to the particle insertion in 5CB. De-
pending on the chemical content, inorganic dopants can increase or reduce an 
effective dielectric constant, e, of the 5CB molecule environment, which 
value is inversely to the exciton binding energy. The OM insulator particles 
increase e, resulting in a red-shift of 5CB photoluminescence. Since NT are 
electroconductive, they lower e of the system and cause a blue-shift. Larger 
spectral changes in the case of OM-NT hybrid particles are explained by their 
homogeneous distribution and percolation network formation in 5CB, proved 
by polarization microscopy data.

The work was financed by NAS Ukraine, Project VC157.
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SERS OF PLASMON-PHONON MODES AT NOBLE METAL 
NANOPARTICLES

V.S. Ovechko*, V.P. Mygashko 
Faculty of Radiophysics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: ovs@mail.univ.kiev.ua

Surface – enhanced Raman spectroscopy (SERS) is efficient method for 
molecular imaging, molecular diagnostic (including single-molecular sensi-
tivity) [1]. However the lack of signal reproductibility of surface enhance-
ment makes SERS quantitative or semiquantitative in nature. As to our opin-
ion the first step to realize qualitative SERS-method is to use inherent plas-
mon-phonon mode of SERS as seft referencine standard for the detection and 
quantification of admolecules. The last will give addition arguments for Ra-
man surface enhancement explanation.

It is well known that several factors contribute to the variation of SERS 
effeciency: laser wavelength,  nanoparticle materials, structure and dimen-
tion,  enviroment,  admolecule concentration, free molecule oscillator spec-
trum, etc.

All these factors contribute to the surface plasmon exitation by laser 
wave,  local molecule phonon-plasmon interaction and as the result efficien-
cy of resonant Raman scattering at the Fermi resonance of admolecule oscil-
lators modes with surface local phonon modes of metal nanoparticle.

Below we have shown plasmon-phonon band for gold nanoparticles, 
which are adsorbed on the gold-coated glass slide [2].

One can see that the 
plasmon-phonon modes 
spectrum is extented over 
the thousands cm-1. So it 
resonantely interects with 
oscilator modes of ad-
sorbed molecules. The last 
is due to molecule-
nanoparticle adsorption 

potential, which breaks normal phonon modes structure. We can name that 
resonant interaction like Fermi-resonance at molecules with low level sym-
metry.

[1]. Bhavya Sharma, et al. Materialstoday (2012) 15, 16-25.
[2]. Lan Sun, et al.Biophysical journal (2009), 96, 4709-4716
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RAMAN SPECTROSCOPIC CHARACTERIZATION OF 
NANOGRAPHITE OBTAINED WITH CHEMICAL METHOD

I.V. Ovsiienko1*, O.A. Lazarenko1, L.Yu. Matzui1, O.A. Brusilovets2,  
F.Le. Normand3

 Faculty of Physics1 and Chemistry2, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

3Institut de Physique et Chimie des Matériaux,  
23 rue du Loess BP 43, 67037 Strasbourg, France  

*Corresponding author: ovsienko@mail.univ.kiev.ua

The work is devoted to Raman spectroscopic investigations of na-
nographite obtained with chemical method from thermoexfoliated graphite 
(TEG) and carbon nanotubes (CNT). 

The initial carbon materials such as TEG and CNT were treaded with 
strong inorganic (sulphur and nitric acids, potassium permanganate) and or-
ganic (acetone, chloroform, acetone, ethanol and toluene) oxidizers. As the 
result of such treatment the nanographite structures with small number of 
graphite layers are obtained. As shown Raman spectroscopic investigations 
the Raman spectra of all nanographite specimens exhibit two main typical 
graphite bands: the band at (1581±1)cm–1 (G-band) assigned to the in-plane 
vibration of the C–C bond and the band at (1348-1359)cm–1 (D-band) acti-
vated by the presence of disorder in the carbon systems. G-band for all na-
nographite specimens is characterized by high intensity, while the intensity of 
the D-band is significantly lower. The position of the low intensive D-band 
arising from the activation in the first order scattering process of sp3 carbons 
slightly varies for different specimens. The Raman spectra also exhibit a band 
around 2700cm–1 called the G’ band. This band is essentially asymmetric for 
all nanographite specimens with the peculiar “shoulder” at the low-frequency 
side. The presence of such “shoulder” indicates the presence of the graphite 
nanoparticles containing low amount of the graphite planes (<10). 
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J-AGGREGATES LUMINESCENCE CONTROL VIA 
INTERACTION WITH SILVER NANOPARTICLES

N.V. Pereverzev*, A.V. Sorokin, Yu.V. Malyukin
Institute for Scintillation Materials NAS of Ukraine, 60 Lenin Ave., Kharkiv, Ukraine 

*Corresponding author: pereverzev@isma.kharkov.ua

In recent years optical properties of various hybrid complexes, for exam-
ple, organic dyes with nanoparticles of noble metals have been intensively 
investigated. These systems have a number of unique features. Optical prop-
erties of metal nanoparticles are well known and associated with surface plas-
mon resonance (SPR). SPR phenomenon is widely used for chemical and 
biological sensors (biosensors) creation. In contact with biological objects 
(DNA, viruses, antibodies) it allows more than one order increase of the in-
tensity of fluorescence signals. 

In present communication we report a possibility for J-aggregate lumi-
nescent properties manipulation via interaction with silver nanoparticles in 
aqueous solutions. J-aggregates are nanoclusters of non-covalently bounded 
organic dye molecules. They possess unique optical properties due to delo-
calization of electronic excitations that make them suitable as fluorescent 
probes for biomedical applications, organic light-emitting diodes, photo-
electronic converters, etc. To control a distance between J-aggregates and 
nanoparticles the later has been coated with different number of polymer lay-
ers using L-b-L techniques modified for colloidal solutions. By varying an 
amount of polymer layers, we have achieved both quenching and increasing 
luminescence of the J-aggregates (Fig. 1). 

Fig. 1 The luminescence spectrum of J-aggregates with Ag nanoparticles in solution 
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ELLIPSOMETRIC STUDY OF NANOSTRUCTURED 
COMPOSITE MATERIALS

O.P. Polianska*, V.S. Stashchuk, Ie.O. Chernukha
Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: olena.polianska@ukr.net

Optical properties of (Co41Fe39B20)x+(SiO2)100-x composite nanostructure 
in amorphous state x = 100%, 56%, 41% and 33% were studied in this paper.  
The study of angular dependences of the samples’ optical properties has been 
carried out in a range of angles of incidence φ = 50÷80, that includes the 
principal angle of incidence. A LG-56 He-Ne laser was used as radiation 
source (λ = 632.8 nm).

Based on the obtained data it was shown that the principal angle of the 
studied samples depends on the metal content of the composite. Calculated 
optical properties based on these data were found to depend strongly on the 
angle of incidence, which was attributed to the influence of the surface layer, 
removed afterwards by chemical etching. A 15% water solution of sulphuric 
acid was used for these samples. The ellipsometric parameters Δ and ψ meas-
urements have shown that the optimal etching time for these composites was 
7 seconds. In this case the dependences of optical properties, such as the re-
fraction and absorption indices n and χ, dielectric permittivity ε and optical 
conductivity σ, on the incidence angle φ are described by smoother curves 
than the original samples. It indicates a notable improvement in composites’ 
structure near the optical surface.

The study of the ellipsometric parameters’ Δ and ψ dependences on the 
incidence angle φ for (Co41Fe39B20)x+(SiO2)100-x nanocomposite structures in 
amorphous state with different contents of the metallic component has re-
vealed that such dependences are described by smooth curves for all samples. 
With the decrease in the metallic component content in the composite the 
principal angle of incidence increase.
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EVOLUTION OF GOLD NANORODS OPTICAL 
ABSORPTION INDUCED BY FEMTOSECOND LASER 

IRRADIATION
Y. Shynkarenko1*, A. Dmytruk1, I. Dmitruk1,2, P. Korenyuk1, I. Blonskii1, 

C. Sӧnnichsen3 
1Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

2Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

3Institute for Physical Chemistry, University of Mainz,  
Duesbergweg 10-14, D-55128 Mainz, Germany 

*Corresponding author: y.shynkarenko@gmail.com

Metal nanorods attract a lot of attention due to tunable surface plasmon 
properties that could be used in chemical separation and sensing. Among the 
metals with prominent plasmonic properties in visible part of spectra, gold is 
often used because it is chemically inert and biocompartible. Interaction of 
femtosecond laser pulses with metal nanoparticle results in surface plasmon 
excitation and accompanying local field enhanced Kerr effect in surrounding 
media, followed by multistage relaxation: loss of the phase coherence of 
electrons, electron-phonon energy transfer, and lattice cooling.

The samples, colloidal solution of gold nanorods in water, prepared at 
University of Mainz, were characterized by optical absorption spectroscopy 
and dynamic light scattering. We studied changes of both longitudinal and 
transverse localized plasmon modes in gold nanorods upon irradiation by 
femtosecond laser pulses. Studies were performed by femtosecond pump-
probe technique using fundamental radiation or second harmonic of 
Ti:Sapphire laser as a pump beam and “white light continuum” as a probe 
beam. Induced changes of optical absorption of the sample, namely, plasmon 
peak position, height and FWHM, were investigated with sub-picosecond 
temporal resolution. Besides reversible rapid changes of the optical proper-
ties, irreversible nanorods transformation (aspect ratio change) was observed. 
Pump-probe measurements were performed at Center for collective use Fem-
tosecond Laser Complex of National Academy of Sciences of Ukraine.
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MANIFESTATION OF THE α-QUARTZ PHASE IN RAMAN 
SPECTRA OF SYNTHETIC OPALS WITH MELTED-IN 

Li2B4O7 DOPING
O.O. Spichak*,  V.N. Moiseyenko,  M.P. Dergachov,  N.A. Kutseva, 

O.O. Adamova  
Faculty of Physics, Electronics and Computer Systems, Dnipropetrovs’k Oles’ Gonchar 

National University, Prosp. Gagarina, 72, Dnipropetrovs’k, Ukraine 
*Corresponding author: lexkunzim@gmail.com

As a prototype of 3D photonic crystals synthetic opals consisted of SiO2 
globules are widely used. Doping opals by different substances one can ob-
tain regular nanostructures with unique optical properties. 

This work is devoted to filling opal pores with Li2B4O7 and to studying 
Raman spectrum of obtained samples. 

The filling was carried out by melting-in fine dispersive polycrystalline 
Li2B4O7 powder at temperature slightly above the melting temperature Tm = 
917 0C during for 5 – 20 min. An evidence of the pores filling was a vanishing 
of the opal iridescence when being illuminated in a visible light. Raman spec-
tra of initial and filled opals were measured by using laser spectrometer on 
the base of double monochromator DFS-12. X-ray study of initial opals was 
performed with the diffractometer DRON – 2.0. 

Both X-ray diffraction and Raman spectra testified an amorphous state 
of initial opals. Raman spectra of the obtained samples were different from 
each other depending on their melting-in duration. For sample with a shorter 
melting-in duration the spectrum consisted of bands attributed to shifted 
bands in Li2B4O7 crystal spectrum and an intensive band of α-quartz at 470 
cm-1. For samples with a longer melting-in duration Raman spectra were 
identical to the α-quartz spectrum placed on the background of wide bands 
corresponding to amorphous state of the SiO2 globules. 

The work was performed with financial support of the Ukrainian-Rus-
sian project “Creation and investigation of active matrix nanocomposites on 
the base of photonic glasses and crystals for solar cells”.
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FORMATION OF SUPRAMOLECULAR STRUCTURES OF 
N,N-DIMETHYLQUINACRIDONE IN BINARY SOLVENTS

Chr.V. Gutsulyak 1*, Ya.I. Vertsimakha 1, R. Karpicz2 

 1Department of Molecular Photoelectronics,  Institute of Physics of the National 
Academy of Sciences of Ukraine, Prosp. Nauki, 46, Kyiv, Ukraine 
2Institute of Physic, Center for Physical Sciences and Technology,  

Savanoriu Ave. 231, Vilnius, Lithuania 
 *Corresponding author: gutsul@iop.kiev.ua

Quinacridone derivatives which are characterized by the formation of 
crystalline structures with intermolecular NH-O hydrogen bonding are per-
spective for use as elements of optoelectronic devices. Special case consti-
tutes N,N-Dimethylquinacridone (DMQA),  as far as the methyl groups on 
the nitrogen atoms prohibit the formation of intermolecular NH-O hydrogen 
bonding. It is assumed that the crystal structure and optical properties of 
DMQA is substantially different from those of quinacridones.

 We carried out spectral studies of solutions of DMQA in DMSO when 
changing concentration within 0,1-0,0001 mg/ml.  In the crystalline state 
DMQA has purple color, and when dissolved in DMSO it pass into the mo-
lecular shape and obtain yellow-orange coloring,  which is consistent with the 
results of  studies and quantum mechanical calculations for other quinacrid-
one derivatives.  Long-wave band of absorption has maximums at 460 nm, 
490 nm, 525 nm, while band of luminescence has maximums at 545 nm, 575 
nm.  The intensity of the absorption and luminescence directly proportional 
to the concentration, indicating a lack of formation of supramolecular struc-
tures DMQA in single solvent DMSO.

On adding to the solutions DMQA in DMSO of traces (very small 
amounts) of other solvents, in which DMQA are insoluble, coloring of the 
solution into light purple color and changing of its spectral characteristics are 
observed. In the absorption spectrum appears an additional band with a max-
imum at 560 nm, and the luminescence spectra remain unchanged, though the 
intensity of luminescence decreases several times. Given that the maximum 
of absorption of crystalline DMQA is 580 nm, the obtained results testify 
formation of non-luminescent supramolecular structures of N,N-dimeth-
ylquinacridone in binary solvents. The nature of these structures requires fur-
ther research.
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INTERACTION BETWEEN POLYMETHINE DYE 
MOLECULES AND CdSe NANOPARTICLES IN AQUA 

SOLUTION
S.Yu. Vyshnevskyy1*, I.M. Dmitruk1, A.P. Naumenko1, J.L. Bricks2, 

Yu.L. Slominskii2

1Faculty of Physics, Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Institute of Organic Chemistry National Academy of Science  of Ukraine, 
Murmanska Str., 5, 02660, Kyiv, Ukraine 

*Corresponding author: S.Vyshnevskyy@univ.kiev.ua 

We present the results of studying the interaction between polymethine 
dye molecules  and CdSe nanoparticles (NP) in aqua solution. Combination 
of these two objects in one light absorbing and emitting system is one of the 
actual tasks now.  It can be possible to increase the luminescence of them by 
resonance energy transfer. Energy transfer is possible in both directions: from 
NP to J-aggregate and from dye molecules to NP. Separate scarcely studied 
problem is process of adsorption of dye molecules on NPs surface. Studying 
the influence of aggregation on the NP surface to the light absorption, excited 
stay decay and photo induced decay processes of dye molecules is also an 
important task.

We were studying the dye that can form aggregates in aqua solution 
(Dye1) and the dye, that don’t forms aggregates (Dye2). Nanoparticles of 
cadmium selenide were chosen because of the proximity of their absorption 
bands and absorption bands of Dye1. That allows to expect the formation of 
the system (NP+dye) molecules with resonance energy transfer. Additionally 
CdSe NPs are comfortable and well-studied objects with a wide area of pos-
sible practical applications.

For the both dyes was observed that the presence of the NPs leads to 
growing of the time of dye discoloration. One of the possible reasons for such 
dye stabilizing is the adsorption of dye molecules on NP’s surface. Apart 
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from that was observed that process of aggregate forming starts at low con-
centrations (1×10-5М)  of  dye1 in presence of NPs, without NPs forming of 
J-aggregates does not occur at that concentration. Possible reason for that is 
local increase  of dye concentration around of the nanoparticle that caused 
with gradient of electromagnetic field around it. As a result, occurs interac-
tion between NP and polar molecules of dye, that leads to formation of ag-
gregates of dye molecules. 
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TEMPERATURE DEPENDENCE OF RAMAN SPECTRA OF 
SINGLE-WALLED CARBON NANOTUBES

A.P. Naumenko1*, V.N. Bliznyuk2

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601Kyiv, Ukraine 

2Department of Materials Science and Engineering, Clemson University, 
Clemson, SC USA 

*Corresponding author: a_naumenko@univ.kiev.ua

Since their discovery, carbon nanotubes (CNTs) have been predicted to 
be the most reliable components of the next generation electronics due to 
their extraordinary electrical properties. Moreover, thermal stability and 
temperature dependence behaviors are very important for such CNT-based 
devices.  In this case, resonance Raman scattering should be a very effective 
and nondestructive tool for detecting nanotube’s properties. Specially, the 
temperature dependent Raman spectra in CNTs can allow us to understand 
their fine structure information and properties, such as atomic bond structure, 
thermal expansion, specific heat, and thermal conductivity.

We have presented experimental results describing the temperature 
variation in the Raman spectra of SWCNTs nanotubes in temperature region 
4 – 300 K.. We have analyzed fundamental and combinated modes frequencies 
shift as a function of temperature.

Fig.1. Raman spectra of G-mode of  SWCNTs at temperature of 300, 77, and 4 K  
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EFFECT OF RESONANCE DIPOLE-DIPOLE 
INTERACTIONS ON SPECTRA OF ADSORBED SF6 AND NF3 

MOLECULES
A.N. Dobrotvorskaia*, A.A. Tsyganenko, D.N. Shchepkin, T.D. Kolomiitsova

St.Petersburg State University, St.Petersburg, 198504, Russia  

*Corresponding author: anna.dobr@molsp.phys.spbu.ru

Lateral interactions, studied in detail by IR spectroscopy for CO adsorbed 
on metаls [1] and oxides [2], affect greatly the adsorption and catalytic properties 
of solid surfaces. The method of isotopic dilution enables us to distinguish two 
kinds of interactions: static effect and the dynamic interaction, referred also as 
resonance dipole-dipole (RDD) interaction or dipole coupling. The former af-
fects the strength of surface sites and often determine the geometry of adsorbed 
layer, while the latter modifies the positions, shapes and widths of absorption 
bands in the spectra of adsorbed molecules. It accounts also for the vibrational 
energy exchange in the adsorbed layers and cannot be neglected when consider-
ing the dynamics of resonance excitation or the energy dissipation processes 

Up to now, the RDD interaction has been observed only for CO mole-
cules somehow oriented with respect to the flat surface of crystals. Recently 
it was shown, however, that complex band shapes in the spectra of such mol-
ecules as SF6, CF4 and NF3 in liquid or dissolved state can be explained by 
RDD interaction [3]. The aim of this work was to find out the manifestations 
of such interactions in the spectra of SF6 and NF3 adsorbed on the surface of 
amorphous or crystalline oxide adsorbents.

To simulate the effect of RDD interaction upon the band shapes of ad-
sorbed molecules we used the modified model developed in our previous 
study [3]. Three different variants of mutual arrangement of molecules were 
considered: i) three-dimensional system as in the case of solid film, ii) 2D 
structure of adsorbed layer on the flat surface, and iii) 1D chain- like structure 
that had to reproduce the filling of zeolite (silicalite) channels with the ad-
sorbed molecules. The results obtained as shown are in quantitative agree-
ment with the experimental data. 

Acknowledgement: The work was financially supported by the Ministry 
of Education and Science of the Russian Federation , grant 12-03-31113.

[1]. F.M. Hoffmann, Surface Sci. Reps. 3 (1983) 107.
[2]. A.A. Tsyganenko, L.A. Denisenko, S.M. Zverev, V.N. Filimonov, J. Catal. 94 

(1985) 10.
[3]. D.S. Andrianov, A.N. Cherevatova (Dobrotvorskaia), T.D. Kolomiitsova, D.N. 

Shchepkin, Chem. Phys. 364 (2009) 69.
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EFFECT OF LASER IRRADIATION ON OPTICAL 
PROPERTIES OF CdS THIN FILMS FOR SOLAR CELLS
N. Berezovska1*, I. Dmitruk1, A. Medvid2, R. Janeliukstis2, E. Dauksta2, 

P. Onufrijevs2, J.L. Plaza3, S. Rubio3, E. Diéguez3

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Institute of Technical Physics, Riga Technical University, Latvia 
3Crystal Growth Lab, Universidad Autónoma de Madrid, Madrid- 28049, Spain 

*Corresponding author: n_berezovska@univ.kiev.ua

Cadmium sulfide (CdS) is suitable as transparent semiconducting mate-
rial for the fabrication of photovoltaic (PV) solar cells. The presence of impu-
rity and defect centers, which acts as recombination centers for charge carri-
ers, can reduce the PV conversion efficiency. The irradiation of pulsed 
Nd:YAG laser (wavelength λ=532 nm, pulse duration τ=4 ns) of different 
intensities was used for the improvement of the quality of CdS film formed 
by closed space sublimation (CSS) method on ITO/glass structure.

Low-temperature reflection and photoluminescence (PL), kinetics of the 
room-temperature PL have been studied. The energy position of free excitons 
obtained from reflection measurements allow to define unambiguously the 
structural type of obtained layer after the laser processing. The effect of the 
laser irradiation of studied films manifests itself in considerable change of Pl 
spectrum of irradiated CdS film as compared with non-irradiated film. Name-
ly, after the irradiation the intensity of bands related to defect states (for ex-
ample, vacancies or interstitials) at 1.78  eV and 2.2 eV decrease, while the 
sharp band at 2.55 eV attributed to the free exciton recombination becomes 
much more defined and intense. Analysis of the PL decay curves reveals the 
contribution of slow and fast decay components of PL and allows to estimate 
the decay times for nonradiative and radiative recombination processes in 
non-irradiated and irradiated CdS films. Observed changes of optical proper-
ties demonstrate that the CdS films undergo changes under laser irradiation, 
for example partial melting and following recrystallization of surface layer. 
Thus, irradiated CdS films demonstrate improved quality. 
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PECULIAR PROPERTIES OF ABSORPTION AND 
PHOTOLUMINESCENCE SPECTRA OF POROUS SILICON 

CARBIDE
N.I. Berezovska1*, Yu.Yu. Bacherikov2, R.V. Konakova2, O.B. Okhrimenko2, 

L.G. Linets3, A.M. Svetlichnyi3

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
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41, Nauki Prosp., Kyiv, 03028 Ukraine 

3 Taganrog Institute of Technology, Southern Federal University,  
Chekhova, 22, Taganrog, 347928 Russia 

*Corresponding author: n_berezovska@univ.kiev.ua

Porous silicon carbide (por-SiC) is attractive as a matrix for the nano-
structured materials. The porous layer allows to obtain more perfect epitaxial 
layers in multilayer heterostructures (in particular, during deposition of GaN 
layers in the process of the LEDs manufacture). 

The spectra of absorption and photoluminescence (PL) of por-SiC, ob-
tained by anodic etching in hydroalcoholic solution of hydrofluoric acid: 
H2O: HF: C2H5OH = 1:1:2, current density - 20 mA/cm2, etching time - 5 min, 
have been studied.

Comparative analysis of PL spectra of por-SiC for different values of the 
excitation energy: hnex=3.67 eV (hnex > Eg 6H-SiC), 3.05 eV (hnex ≈ Eg 6H-
SiC) и 2.54 eV (hnex < Eg 6H-SiC) demonstrates that at hnex ≤ Eg the PL band 
of 2.75 eV disappears, and the intensity of the band at 2.15 eV significantly 
increases. The band at 2.15  eV in PL spectrum is associated either with the 
appearance of fine cubic phase of SiC in porous layer, either with the impuri-
ty-surface states formed on the sample surface during the etching, and due to 
the residues of the chemical reactions products.

The presence of the cubic phase of SiC in porous layer can be identified 
from absorption spectra. Since the band gap of c-SiC (2.4 eV) is smaller than 
the band gap of 6H-SiC (3.02 eV), SiC cubic phase in por-SiC layer should 
manifest itself in the absorption edge shift. In our case, the formation of the 
porous layer on the surface of 6H-SiC crystalline substrate results in the in-
crease of absorption throughout the spectral region under investigation, but 
the position of the absorption edge remains unchanged.

The obtained data allow to conclude that the PL of por-SiC at hnex≤Eg is 
due to the surface states caused by the impurity atoms, surface defects, com-
plex compounds (such as oxides and siloxenes), or the saturation of Si-H or 
C-H bonds that arise, in particular, during the etching.
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OPTICAL PROPERTIES OF Co-O STRUCTURES
Ie.O. Chernukha*, V.S. Stashchuk, O.P. Polianska 

Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: ievgenia.chernuha@gmail.com

Optical properties of Co-O structures were investigated in wide spectral 
range 0,25-17,0 μm (0,07 – 4,96 eV) by Beattie spectroscopic ellipsometry meth-
od. During experiment ellipsometric parameters D and y were measured near princi-
pal angle of incidence and optical constants were calculated. There were established, 
that optical properties of metallic cobalt under structural changes “amorphous –
crystalline states” determined by the nearest atoms and electronic structure did 
not change a lot. Based on the analysis of absorption curves for liquid, amor-
phous, crystalline FCC Co  and HCP Co lattices was shown that calculated dis-
persion curves of optical conductivity only in general, describes experimental 
absorption spectra of amorphous and crystalline cobalt. After comparing experi-
mental and calculated amorphous cobalt absorption spectra the formation of  ad-
ditional zone associated with vacancies and located at 0.38 eV below the Fermi 
level were established. The absorption spectra of Co-O systems (2 and 4% oxy-
gen) in different structural states (amorphous and crystalline) than the main ab-
sorption bands characteristic of cobalt, the formation of new bands related to 
oxygen impurity. After analysis of the absorption spectra of Co-O (2% oxygen), 
in the amorphous state, defined position and half-width of the impurity band as-
sociated with oxygen. Also we  calculate the density of electronic states within 
the impurity band, which formed approximately at 0.72 eV above the Fermi level 
in the subzone, which is formed by electrons with up-spin direct (↑).
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EXCITATION SPECTRA OF THE Sb/Si(001) INTERFACES
Tetyana V. Afanasieva*, Andrey A. Goloborodko, Mikola V. Epov, 

Igor P. Koval, Mukola G. Nakhodkin
Faculty of Radiophysics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: afanasieva@univ.kiev.ua

Electronic excitations play an important role in surface physics, because 
it can be used as promoters of some chemical reactions or photodesorption. 
So the investigation of excited states provides important information about 
the properties of adsorbed surface layers. Besides Si(001) surface structures, 
with submonolayer films of V group elements (As, Sb, Bi) could be used as a 
surfactants to improve heteroepitaxy Si/Ge. The aim of the work was in theo-
retical and experimental investigations of the excitation spectra of the Si(001) 
surface, covered with submonolayer Sb films.

Electronic excited states were studied using time–dependent density 
functional theory (TDDFT) in B3LYP/SBK++ and B3LYP/N31–6/SBK** 
approaching. The TDDFT absorption spectra of Sb/Si(001)–0.5ML and Sb/
Si(001)–1ML surfaces were obtained. The position of the absorption maxi-
mum for Sb/Si(001) system is ~3.8eV in good agreement with experiment. 
The absorption maxima are identified with σ(Sb–Si)→ σ*(Si–Sibulk) transi-
tions between bonding state of the Si–Sb backbonds and antibonding bulk 
states Si–Si. 

The absorption edge for the Sb/Si(001)–0.5ML surface is formed by 
transition between silicon surface dimer bonding state and Sb–Sb addimer 
antibonding state. The absorption edge for the Sb/Si(001)–1ML surfaces is 
formed by transition between Sb–Si backbond bonding state and Sb–Sb ad-
dimer antibonding state. The absorption edge shifts towards higher energies 
with the antimony coverage increasing from 0.5 ML to 1 ML because of 
modification of the Si(001) surface structure.

Optical properties of Sb/Si(001) interfaces were investigated in a wide 
spectral range (1–4.5eV). Ellipsometric parameters (tgy and cosD) were ex-
perimentally measured by the Beatty method, and spectra of the optical ani-
sotropy were calculated. Experimental investigation of anisotropy demon-
strated the ability to identify surface Sb/Si(001) interfaces by optical meth-
ods. It is shown that homogeneous Sb films may have some surface structure, 
which leads to optical anisotropy of the surface.
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OPTICAL TRANSITIONS IN THIN Si FILMS
Mikola V. Epov, Andrii G. Gumeniuk, Andrey A. Goloborodko, 

Lubomir Y. Robur, Tetyana V. Rodionova
Faculty of Radiophysics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: angol@univ.kiev.ua

Widespread silicon usage in solar energy causes need in detailed inves-
tigation of its structure effect on the optical transitions (optical transitions 
determine the electrical characteristics of Si solar cells). It is known that de-
fects in crystal structure of silicon films significantly affect the efficiency of 
solar cells and, in general case, optical properties of the Si films depend, not 
only on the defects, but on their structure. This work is aimed at determining 
the optical properties of thin Si films from structure of defects in it.

Optical properties of the films were investigated in wide spectral range 
(250–1200nm) by the spectroscopic ellipsometry. Ellipsometric parameters 
(tgy and cosD) were experimentally measured near the Si pseudo Brewster 
angle at different wavelengths, and spectra of the optical conductivity s(hn) 
were calculated. Optical studies have shown that the undoped nanocrystalline 
silicon films thickness increasing from 3 to 100nm leads to the shift of the 
absorption maximum at shorter wavelengths. In this case, there is a correla-
tion between surface inhomogeneties size and the shift of the absorption 
maximum. The sharp increase of the relief inhomogeneties size of the Si 
films (if the thicknesses are more than 70nm) causes the additional absorption 
bands in the optical dependencies, which specify the type of film structure: 
fibrous or equiaxed. 
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STM INVESTIGATION OF THE Si(001)-8×8 SURFACE 
RECONSTRUCTION 

A. Goriachko1*, S.P. Kulyk1, P.V. Melnik1, M.G. Nakhodkin1

1Faculty of Radiophysics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: andreandy2000@gmail.com

The ground state of atomically clean Si(001) surface in ultra-high vacu-
um  is a well-known 2×1 ”dimer row” reconstruction [1]. However it’s rele-
vance for practical applications is rather limited, as the actual conditions of 
technological  processes in micro- and nano-electronic devices production 
are far from being impurity free and thermally equilibrium. These circum-
stances lead to Si(001) reconstructions of larger periodicities, such as:  2×n,  
4×4 and  8×8 [2-3].

In this contribution we present the experimental results of the scanning 
tunnelling microscopy (STM) investigations of the Si(001)-8×8 reconstruc-
tion.  The voltage dependent STM provides spectroscopic information on the 
distribution of electronic states in the valence and conduction bands. We have 
achieved atomic resolution in the empty states STM images and a dimer reso-
lution in the occupied states. Analysing the dependence of atomic size fea-
tures brightness on the bias voltage between the silicon sample and the STM 
probe tip, we have been able to assign these features to individual silicon at-
oms and suggest a novel structural model of the Si(001)-8×8, which is differ-
ent from the ones found in the literature. Its basic building blocks are groups 
of three silicon dimers placed in a “brick wall” arrangement. Similar to the 
Si(001)-4×4 atomic structure, our suggested model is a “diluted” layer of 
silicon atoms (all at identical heights) with an areal density smaller than re-
quired to build a full Si(001) atomic plane.

[1]. R.J. Hamers, R.M. Tromp, J.E. Demuth, Phys. Rev. B 34 (1986) 5343.
[2]. A. Goryachko, P.V. Melnik, N.G. Nakhodkin, T.V. Afanasjeva, I.F. Koval, Surf. 

Sci. 497 (2002) 47.
[3]. L.V. Arapkina, V.M. Shevlyga, V.A. Yuryev, arXiv:1006.5472v2.
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THREE-LAYER MODEL OF THIN METAL FILM USED FOR 
SPECTROELLIPSOMETRY INVESTIGATION WITH AND 

WITHOUT EXCITATION OF SURFACE POLARITONS
I.A. Shaykevich, L.Yu. Melnichenko*

 Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: lmln@ukr.net

A three-layer model of thin semitransparent metal film is proposed. The 
program of calculations of direct and inverse problem of spectroellipsometry 
using recurrence Airy formulas with and without excitation of surface polari-
tons was designed. Experimental study of ellipsometric parameters, namely 
the azimuth of a restored linear polarization Ψ and the phase shift Δ between 
the p- and s-components of reflected light using the method of Beatty for dif-
ferent wavelengths with and without excitation of surface polaritons for thin 
Ti and Mo films of varying thickness was conducted. Experimental studies 
and theoretical calculations showed the following. Solving the inverse prob-
lem for spectroellipsometry using experimentally measured ellipsometric pa-
rameters Ψ and Δ for 5 angles of incidence of light on the sample without 
excitation of surface polaritons has shown that the middle layer of the film in 
a three-layer model is corresponding metal. Its optical constants coincide 
with optical constants of corresponding bulk metal. The upper and lower lay-
ers are oxides of this metal. The obtained optical constants do not depend on 
the thickness of the film, which has practically no place in the conventional 
single-layer film model. Another pattern is observed during excitation of sur-
face polaritons. The calculated and experimentally measured angular and 
spectral dependences of ellipsometric parameters coincide only qualitatively. 
The course of both curves in the figures is quite identical. Quantitative coin-
cidence is poor. The latter can be explained as follows. In the considered 
three-layer model the boundaries between layers were assumed ideally pla-
nar. At the same time, the real boundaries are rough and inhomogeneous. For 
specroellipsometric studies without excitation of surface polaritons latter 
feels less, because of wavelength of the light which is much larger than the 
film thickness so it is larger then the value of surface irregularities. The sur-
face polaritons risen in experiments feel irregularities and inhomogeneities of 
the surface quite strongly, while propagating along it. The latter leads to a 
disagreement between theoretical and experimental results in the case for 
excitation of surface polaritons.
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APPLICATION OF ISOTOPIC SUBSTITUTION IN THE FTIR 
STUDIES OF SYSTEMS WITH LINKAGE ISOMERISM

S.N. Petrov, A.A. Tsyganenko, A.V. Rudakova
St.Petersburg State University, Russia

Adsorbed complexes with linkage isomerism, first established for CO 
molecules adsorbed on cationic forms of ZSM-5 and Y zeolites [1], could be 
important for establishing the mechanism of catalytic reactions. In fact, ther-
mally activated energetically less favorable isomeric forms, such as CO mol-
ecules bound to the cations via oxygen atom, have 
the excess of energy, as compared with usual C-
bonded species, and can be considered as the acti-
vated intermediate state in the reactions of carbon 
monoxide with other molecules [2]. However, the 
assignment of the two bands, shifted to the opposite 
directions with respect to the frequency of gaseous CO was based mostly on 
the intensity measurements as a function of temperature. In this work we ap-
plied isotopic substitution to establish the structure of adsorption complexes 
with linkage isomerism. For CO adsorbed on ZnY, ZnZSM-5 and CaY zeo-
lites, as well as on g-Al2O3 the bands assigned to C-bonded species (structure 
1 in scheme 2) exhibit the shift caused by 13C substitution 1.0-1.8 cm-1 greater 
than that following from the reduced mass ratio. For the low-frequency band 
of O- bonded CO (structure 2) in the spectrum of CaY zeolite, on the contrary, 
it is 0.6-1.5 cm-1 less. HCN interaction with oxides and zeolites could lead to 
different isomeric species both for molecular (structures 3,4) and dissociative 
(structures 5,6) adsorption [3]. Then, admitting of deuterated compound ena-
bles us to distinguish between the bands of molecules and CN- ions, while the 
choice between the isomeric structures 3 and 4 or 5 and 6 can be done using 
the results of 13C and 15N substitution. Such data show that HCN dissociation 
on g-Al2O3 leads first to the formation of Al-NC species with isotopic shifts 
differing by up to 5 cm-1 from those calculated from the reduced mass of the 
C-N group, in agreement with the assignment proposed by Yates et al [4].

[1]. A.A.Tsyganenko, E.Escalona Platero, C.Otero Arean, E.Garrone, A.Zecchina,  
Catalysis Letters, 61, 187-192 (1999). 

[2]. A.A.Tsyganenko, P.Yu.Storozhev, C.Otero Areán, Kinet. Catal., 45 (2004), 530.
[3]. A. A. Tsyganenko, A. M. Chizhik and A. I. Chizhik, PCCP 12, 6387-6395 

(2010).
[4]. J Sunhee Kim, D.C.Sorescu, J. T. Yates, Jr., J. Phys. Chem. C, 111, (2007) 5416.
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THICKNESS DEPENDENCE OF REFRACTIVITY IN WALL-
ADJACENT ELC LAYERS

A.Yu Popovskii*, V.I. Mikhailenko, A.A. Gorjuk
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Under certain conditions a solid substrate may induce an orientational 
ordering in wall-adjacent layers ( so called epitropic liquid crystals – ELC). 
Optical properties of these layers were studied experimentally by different 
methods. The results of ellipsometrical investigation of nitrobenzene wetting 
films [1] were recalculated in the framework of Drude equation in order to 
obtain n(d) dependence. Polarimetric studying of plane light-guide [1] filled 
with studied liquid allowed us to determine the induced optical birefringence 
in symmetrically bounded interlayers, It was found that refractive index of 
the film sufficiently differ from the bulk one and that induced birefringence 
decreases vs layer thickness.. In order to explain this difference we used well-
known Mayer-Saupe-Neugebauer model.

According to this model it is assumed that the mean value of molecular po-
larizability does not depend on the phase state of studied liquid and on its degree 
of orientational ordering. We determined that thickness dependence of mean 
value of refractive index may be written in the form = + ⋅( ) ( )n d a b S d  Here a 
and b are fitting constants and ( )S d  dependence was calculated earlier [2].

.Fig. 1. Thickness dependence of nitroben-
zene wetting film refractive index–  – t 

=20 0C,   – t =50 0C. 

 Fig.2. Thickness dependence of nitro-
benzene symmetrically bounded inter-

layer birefrringence Δn(d).. 
Experimental results  and theoretical calculation (solid lines). Quartz substrate

Fig.1 shows that refractive index monotonously decreases vs the dis-
tance to the surface substrate and asymptotically approaches to the isotropic 
bulk value. Fig 2. illustrates that order parameter of the interlayer S is in fact 
proportional to its integral birefringence ⇑ ⊥

D = -n n n . ( ) 1D =n d a S
[1]. Altoiz B.A., Popovskii Yu. M. at al., Molеcular Materials, 1995 (95), p.113.
[2]. Popovskii A.Yu., Mikhailenko V.I. Ukr. J. Phys. 2012, vol. 57, 2, p. 224.
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L.V. Poperenko1*, B.V. Karlenko1, O.V. Makarenko1, T. Aoki2

1Taras Shevchenko National University of Kyiv, 
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2 Research Institute of Electronics, Shizuoka University,  
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*Corresponding author: plv@univ.kiev.ua

Angular and azimuth polarization dependences of photometric variables 
of light scattered by sample with concrete dielectric function  may serve as an 
informative source on optical properties and features of intrinsic structure of 
such sample.

In order to determine these variables the automated goniophotometric 
installation on a base of a standard goniometer Г-5 is fulfilled. As a light 
source the semiconductor laser that emits at a wavelength λ = 655nm and 
possesses the power of 3 mW is used. The instrument permits to carry out the 
polarization measurements and obtain the polar dependences of the intensity 
of the scattered light as well as to determine dielectric function  for optical 
media with different type of conductivity.

The method for determination of such optical characteristics as absorp-
tion coefficient and refractive index is developed. Optical characteristics of 
strongly scattered glasses and some standard filters (color glass) produced in 
Izum Optical Instrumental Plant, Kharkiv region, Ukraine, were measured. 

To determine the optical constant of such glass samples the method in-
volving measurement of a transmittance of sample within angles of incidence 
from 0 ° to 55 ° and using experimental results as preliminary ones for further 
approximation as well as a selection of the optimality criterion with its mini-
malization due to the precision objective function. Minimization of this func-
tion leads to obtaining the required characteristics. For laser radiation at a 
wavelength of 655 nm the absorption coefficients of several glass samples 
were determined. The accuracy of the numerical results of the absorption 
coefficient is of 0.5-1%.

The second important characteristic of the above-mentioned material 
within the visible is the refractive index. The method for obtaining this char-
acteristic based on the Brewster’s angle definition measurement is realized.  
Its mathematical algorithm may minimize the difference between the experi-
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mental and the calculated data using at least five experimental points due to 
different angles of light incidence. When the Brewster’s angle is determined 
then it is possible to find the refraction index. The accuracy of its determina-
tion is of 1-3%.

In the installation the additional device using polarized light permits to 
provide the measurement of the Stokes parameters for scattered radiation and 
obtain the  Mueller matrix of appropriate optical media at different angles of 
light incidence. 

P-10



233

SURFACE

233

ELLIPSOMETRY OF CONTACT SURFACES AFTER THEIR 
TREATMENT BY FEMTOSECOND LASER PULSES

M.M. Negrub1, D. Hélie2, O.G. Lopatynska1, I.V. Yurgelevych1, 
L.V. Poperenko1*

1Taras Shevchenko National University of Kyiv, 
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Center for Optics, Photonics and Laser, Université Laval, 
2375, rue de la Terrasse, Québec, G1V 0A6, Canada 

*Corresponding author: plv@univ.kiev.ua

We present ellipsometric measurements of the bonded area between 
optical materials joined according to the method from ref [1]. Assemblies 
that were inspected include fused silica-silica (sample 1), fused silica-copper 
(sample 2) and fused silica-silicon (sample 3). The bonded interface of each 
sample is composed of numerous laser weld seams at their periphery in a 
closed shape pattern so as to seal the inner part inside which optical contact 
is maintained. A Coherent REGA 9050 Titanium-sapphire femtosecond laser 
system with wavelength 790 nm and pulse width τ = 70 ps was used for laser 
welding of the samples. The optical polarization parameters of the examined 
sample were evaluated using a laser ellipsometer with light wavelength 
λ = 632 nm. The ellipsometric parameters, such as the phase shift Δ between 
the p- and s-components of the polarization vector and the azimuth Ψ of 
the restored linear polarization, were obtained as dependencies on the light 
incidence angle φ. The azimuth of samples 1 and 2 did not demonstrate any 
feature in comparison to the typical curve Ψ(φ) attributed to the dielectric media. 
Therefore, conclusive measurements of Δ(φ) and Ψ(φ) were not obtained for the 
3 samples. The angular dependencies Δ(φ) of the fused silica-silica sample 
are plotted in Fig.1 for a range of angular values including the Brewster’s 
angle φB as defined at Δ = 90°. 

Fig.1. Angular dependence of the ellipso-
metric parameters ∆ for the central area (op-
tical transmission window) (curve 1) and the 
weld seam (curve 2) of the fused silica-silica 
sample
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The value of φB for the weld seam is slightly less than the value φB of 
optical transmission window. The dependence Δ(φ) for optical transmission 
window of the fused silica-silica sample is characterized by smoother curve. 
However, there is an abrupt change of ellipsometric parameter ∆ in the vi-
cinity of the Brewster’s angle for the weld seam of the fused silica-silica 
sample. Such behavior of ellipsometric parameter ∆ may be explained by the 
material modification inside glass following femtosecond laser irradiation. 
This change is typically characterized by a densification and change in refrac-
tive index, and may also be characterized by a strong birefringence inside the 
welded area.  

[1]. D. Hélie, F.Lacroix, R. Vallée, Journal of Laser Micro/Nanoengineering. 7, 
(2012), 284.
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STRUCTURIZATION OF UNSATURATED 
HYDROCARBONS NEAR METALLIC SURFACES

A.F. Butenko1*, A.Yu. Popovskii2

1Odessa National University, Pasteur 42, 65010, Odessa, Ukraine 
2Odessa National Maritime Academy, Didrikhson Str. 8, 65029, Odessa,Ukraine 

*Corresponding author: alefb@mail.ru

We studied the peculiarities of structure of orientationally ordered wall 
adjacent layers of some nonpolar organic liquids with long chained mole-
cules (epitropic liquid crystals – ELC) near solid substrates of different na-
ture. It was measured the dichroism of admixtured absorption of dilute sudan 
solution in unsaturated hydrocarbon hexadecane ( )16 34C H , which is charac-
terized by high degree of molecular anisometry. The method allowed us to 
obtain the reliable results under the condition of isomorphism of guest and 
host molecules. 

Earlier [1-3] it was found the anomalous behavior of IR, UV absorption 
spectra and  reological characteristics of thin interlayers of this liquid, which 
is connected with formation of ELC layers with homeotropic texture near 
solid substrate. 

We used two different geometries of our experimental cell – “on the lu-
men” (liquid in the layer) and “along the layer” (liquid in the gap). In the first 
case quartz substrates were covered by ultrathin semitransparent metal film 

and in the second one–  the specimen 
was placed between two non-transpar-
ent metal plates.

It was found that the nature of the 
substrate essentially determines the 
ELC thickness in contrary to the value 
of the order parameter S of the layer 
which is almost the same (S~0.27-
0.33). Fig.1 illustrates the dependence 
of ELC layer thickness sd  vs the thick-

ness h of metal film disposed on the substrate.
[1]. Popovskii Yu.M., Derjaguin B.V., Altoiz B.A. DAN SSSR, 1991, 317,1, p. 130.
[2]. Vettegren V.I., Tupitsina A.I., Pisma ZhTF, 1998, 24, 10, p. 24.
[3]. Altoiz B.A., Kiriyan S.V. IFZh, 2010, 83, 3, p..608.
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WETTABILITY AND MORPHOLOGY PROPERTIES 
OF POLYTETRAFLUOROETHYLENE TREATED BY 

γ-IRRADIATION NEAR THE MELTING POINT
T.V. Sakhno1*, A.Yu. Obvintsev2, N.V.  Sadovskaya2, S.T. Sychkova1, 

Yu.E. Sakhno1, S.A. Khatipov2

1Poltava University of Economics and Trade, Poltava 36014, Ukraine 
2Karpov Institute of Physical Chemistry,  

Vorontsovo Pole Street 10, Moscow 105064, Russia 
*Corresponding author: sakhno2001@mail.ru

Polytetrafluoroethylene (PTFE) has gradually developed to become the 
material in numerous applications. By virtue of its versatile characteristics, 
its potential use in a modern technological society appears limitless— rang-
ing from electrical and electronics, biomedical, mechanical and chemical to 
agricultural and aeronautical applications. Among the disadvantages of PTFE 
are high creep coefficient, low wear resistance and low radiation resistance. 
g-irradiation of PTFE at temperature above the polymer melting point is a 
promising technique which imparts unique properties to PTFE. But the na-
ture and the structure of PTFE modified in this way are still not enough un-
derstood. Earlier we have shown that PTFE subjected to γ-irradiation under 
this condition gains color and fluorescent properties [1,2].

In the present work wettability and optical transmittance properties of 
g-irradiation of PTFE  were evaluated using contact angle, scanning electron 
microscopy tests. Irradiation below the melting point does not change quan-
titatively PTFE morphology. PTFE structure rearranges drastically under ir-
radiation above the melting point. New morphology units, spherulites of size 
about 50 mm, are formed, the spherulites consisting of radially extending fi-
brils, and porosity decreases substantially. The change in surface energy with 
irradiation treatment was assessed by measurement of the sessile contact an-
gles. It was evident that an increasing irradiation dose did not result in an 
appreciable change of wettability. Samples of PTFE irradiated in air exhibit 
greater hydrophilicity and less transparent than the irradiated samples in vac-
uo at a temperature of melting. 

[1]. Konova E.M., Sakhno Yu.E., Khatipov S.A.et.all. physics and chemistry of 
solid state. 2011.-V. 12, № 4. P. 1018/

[2]. Khatipov S, Nurmukhametov R, Sakhno Yu. et all. Radiat Phys Chem 2011, 
80(3):522.
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LASER-INDUCED INCANDESCENCE OF SURFACE 
LAYERS WITH TEMPERATURE-SENSITIVE ABSORPTION 

COEFFICIENT
S.E. Zelensky*, A.V. Kopyshinsky

Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: zele@univ.kiev.ua

As is known, powerful pulsed laser irradiation of light-absorbing objects 
(microparticles, surfaces) produces visible thermal emission (laser-induced 
incandescence, LII). Such pulsed thermal emission is observed in soot aero-
sols, organic fuel combustion flames, suspensions of black particles, poly-
mers and oxide glasses with particulate impurities, surface layers of materials 
with high enough absorption coefficients, etc. A distinctive feature of LII is 
its essential non-linear response to the variations of laser excitation power. 
The non-linearity of LII seems to be a promising property for possible ap-
plications for monitoring the processes under powerful laser irradiation. For 
example, the factor of non-linearity of single-wavelength LII can be used for 
estimation of temperature of laser-heated objects. 

In the present work we investigate theoretically the effect of tempera-
ture-induced changes of absorption coefficient of laser-irradiated surface on 
the non-linear properties of LII. Calculations of local temperature values in-
side the sample were performed with the use of heat transfer equation 

( )div grad p
TT W c
t

∂
κ + =

∂
with pulsed-laser heat source function 
for a bell-shaped laser pulse with duration of 20 ns and Gaussian cross-

beam laser power distribution. The values of pulsed LII signals LIII  were 
calculated with the use of Planck’s blackbody function by integrating over 
the irradiated surface and over time. 

In the calculations, the dependence of absorption coefficient on tempera-
ture was considered as linear and non-linear growth. The results of calcula-
tions show that the increase of absorption with temperature causes significant 
effect on the behavior of LII with changing the laser power. For temperature-
sensitive surfaces, the non-linearity factor ( ) ( )LII LIId dI I F Fg =  becomes 
a rising function of laser power F , whereas usually for consta =  factor g  
decreases with the increase of F . The effect is most pronounced for non-
linear functions ( )Ta . The possibilities of experimental observation of the 
predicted effect are discussed. 

( ) ( ), ,W r t F r t= a
 
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LASER-INDUCED INCANDESCENCE OF SILICON UNDER 
1064 NM EXCITATION

A.V. Kopyshinsky*, S.E. Zelensky, E.A. Gomon, S.G. Rozouvan, 
A.S. Kolesnik

Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: kopyshinsky@univ.kiev.ua

When laser radiation heats up the absorbing media skin layers to incan-
descent temperature, the observed thermal emission is called LII (laser-in-
duced incandescence). It is supposed that LII can provide useful information 
for laser surface treatment, monitoring of surface temperature, roughness, 
presence of protective layers on the surface etc. 

In this work we studied the LII of a crystal silicon surface under YAG:Nd 
laser irradiation. Lasing wavelength in this case corresponds to the funda-
mental absorption edge which results in low absorption and in a possibility to 
heat up a relatively thick surface layer of the sample. Also due to a strong 
temperature dependence of absorption coefficients of silicon there is a pos-
sibility to realize a nonlinear absorption LII experiments. 

The experiments show that incandescence of silicon surface in the visi-
ble spectral range appears after a preliminary surface irradiation by a few tens 
of laser pulses with the intensity above the threshold (approximately 150 MW/
cm2). Besides, the appearance of LII was accompanied by appreciable 
changes of physical characteristics of the irradiated spots, including the sur-
face morphology which was investigated with the use of AFM. Possible 
mechanisms of the observed increase of LII with the irradiation dose are 
discussed. 

For a laser-irradiated spot of silicon surface, it is observed that the pa-
rameter of non-linearity of LII 

LII LIId
d
I I

F F
g =

increases with the increase of laser excitation power F . Such behavior 
seems to be anomalous as compared with other objects (carbon black suspen-
sions, carbon surfaces, carbon-doped glass). As a mechanism of the men-
tioned abnormality the dependence of absorption coefficient on temperature 
is considered. 
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RAMAN SCATTERING OF DNA IN CONFINED VOLUME OF 
PHOTONIC CRYSTAL

V.V. Boiko1*, G.I. Dovbeshko1, O.M. Fesenko1, A.V. Yevchik2, 
V.N. Moiseyenko2, V.S. Gorelik3

1 Institute of Physics of NAS of Ukraine, Prospect Nauki 46, Kyiv 03680, Ukraine 
2 Dnipropetrovsk National University, Dnipropetrovsk, Ukraine 

3 P.N. Lebedev Physical Institute of the Russian Academy of Sciences,  
Leninsky Prospect, 53, Moscow, Russia. 
*Corresponding author: vb@iop.kiev.ua

Active search for new materials with controllable optical properties has 
resulted in the invention of new class of optical materials called photonic 
crystals. These materials consist of periodically arranged dielectric globules 
or cavities with sizes comparable to the wavelength of light [1].

An infiltration of biological molecules in PC leads to a change of dielec-
tric property of environmental medium between the structural elements of PC 
and the change in stop zone formation. On the other hand, the optical prop-
erty of biological molecules, introduced in the confined volume of the pho-
tonic crystal air holes, could be changed also. DNA, being a unique molecule, 
has a size that is close to the spacing between structural elements in synthetic 
opal. That is why the goal of our study is to register Raman scattering (RS) 
modes of separated DNA molecules in confined volume.

In our experiments we used the DNA water solution (1 mg/ml). RS spec-
tra have been registered with Renishaw in Via Raman microscopy instrument 
in the 200-2000 cm-1. Nanodisperse silica globules were synthesized by the 
Stöber method[2]. Growth of the photonic crystals was achieved by subse-
quent natural sedimentation.

The RS marker bands of DNA were drastically changed after its infiltra-
tion in the porous of opal.  A structure of the DNA molecule in confined vol-
ume could be used as a model of DNA folding in the living cell.

We thank Nanotwinning FP7 (project ID 294952) and Russian-Ukraini-
an project 60-02-12 from financial support.

[1]. Sakoda K. Optical Properties of Photonic Crystals, Springer-Verlag (2005).
[2]. W. Stober, A. Fink, E. Bohn. J. Coll. Interf. Sci., 26, 62, (1968).
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INTERMOLECULAR INTERACTIONS IN A TERNARY 
SYSTEM “GLYCEROL – PHOSPHOLIPID – WATER” 

A.O. Krasnikova1*, O.V. Vashchenko1, N.A. Kasian1, A.V. Zinchenko2, 
D.S.  Sofronov3, L.N. Lisetski1 

 1Institute for Scintillation Materials of STC “Institute for Single Crystals” of the NAS of 
Ukraine, 60 Lenin Ave., 61001 Kharkiv, Ukraine 

2 Institute for Problems of Cryobiology and Cryomedicine of the NAS of Ukraine,   
23 Pereyaslavskaya Str., 61015 Kharkiv, Ukraine 

 3State Scientific Institution of STC “Institute for Single Crystals” of the NAS of Ukraine, 
60, Lenin Ave., 61001 Kharkiv, Ukraine 

*Corresponding author: Alina_K@isma.kharkov.ua

An important aspect of modern biophysical studies concerns interaction 
of biologically-active substances with model lipid membranes. Alongside 
with drugs and vitamins the same approach seemed also promising for cryo-
protectors, e.g. glycerol and its derivatives.

The ternary system “glycerol – dipalmitoylphosphatidylcholine (DPPC) 
– water” has been studied by differential scanning calorimetry (DSC) in a 
wide range of glycerol to lipid ratio (GLR) values. Shifts of the DSC peaks of 
phase transitions of the DPPC-based multibilayer structure (ΔTm and ΔTp – 
the main transition and pre-transition, respectively)  were plotted as function 
of GLR (the method of quazi-binary phase diagrams). The obtained depend-
ences appeared to be non-monotonous and sign-changed. The largest positive 
ΔTm corresponded to GLR ~5, and the change in ΔTm sign was observed at 
GLR ~ 7. When plotting ΔTm and ΔTp against glycerol concentration in water, 
the character of the dependence remains  unchanged (the corresponding glyc-
erol concentrations are ~45 and ~60 wt. %). 

 The result obtained points on the complex character of intermolecular 
interactions in the system. FTIR spectra have been obtained, confirming the 
presence of specific interactions between the system components. Implica-
tions of the obtained results for further understanding of cryoprotector prop-
erties of glycerol are discussed. 
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THE SPECTRAL RESPONSE OF THE INTERACTION 
BETWEEN OLIGOADENYLATES AND HIGH-MOLECULAR 

PROTEINS
V.Yu. Kudrya1,  O.I. Batsmanova1*,  V.M. Yashchuk1, Z.Yu. Tkachuk2,  

Yu.M. Kudrya1

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Institute of Molecular Biology and Genetics of NAS of Ukraine,  
Zabolotnogo Str., 150, Kyiv, Ukraine 

*Corresponding author: lesyok.batsmanova@mail.ru

The biological macromolecules of the ribonucleic acids (DNA and RNA) 
and high-molecular pi-electron-containing proteins are well known as vitally 
important high-molecular compounds for all living organisms. They are the 
smallest building blocks of any living creature that is why interactions be-
tween them play a significant role in the functioning of all biological systems. 
Furthermore, synthetic nucleotide derivates (“small” molecules comparing 
with the biomacromolecules mentioned above) that can bind to a specific 
target macromolecule are used in the medicine as immuno-modulators and 
antivirus drugs. The electronic properties of all these compounds are con-
nected with presence of the chromophores (pi-electronic groups) in their cells 
and manifested in the optical (near “biologically active” ultraviolet, visual 
and near infrared) wavelength range. Thus, these properties and any changes 
of them induced by chemical or conformational changes can be detected us-
ing optics spectroscopy.

The electronic energy structure of the ribonucleic acids and high-molec-
ular proteins were the main objects of many researchers and studied enough 
(see, for example, our work [1]). But mechanisms of the interaction between 
these biomacromolecules are not clear for possibility to control the processes 
of this interaction and to produce new effective drugs. This work is devoted 
to the study of these mechanisms. The optical absorption, fluorescence and 
phosphorescence of the monomers (nucleotide: adenine (A),  amino acids: 
tripthophane (Tr), Tyrosine (Ty), phenilalanine (Ph)), “small” synthetic nu-
cleotide derivates containing A-links (oligoadenilates), binary solutions of 
the DNA / RNA / oligoadenilates with high-molecular pi-electron-containing 
proteins, the mixtures of A with Tr / Ty / Ph were investigated. The mixtures 
were prepared under specific conditions. The spectral response of the binding 
of the oligoadenilate to the proteins was fixed: the complexes (like AT-com-
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plexes in the DNA) between A and amino acids are formed. The mechanism 
of these complex formations is studied and discussed.

[1]. V.Yashchuk, V.Kudrya, S.Levchenko, Z.Tkachuk, D.Hovorun, V.Mel’nik, V.
Vorob’yov, G.Klishevich. // Mol. Cryst. Liq. Cryst.- 2011.- V.535.- P.93-110.
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STUDY OF THE SELF-ASSOCIATION OF DNA-BINDING 
DRUGS USING DOSY NMR SPECTROSCOPY

A.S. Buchelnikov1*, M.A. Rubinson1, J.A. Parkinson2, M.P. Evstigneev1

1Department of Physics, Sevastopol National Technical University,  
33 Universitetskaya Str., Sevastopol 99053, Ukraine,  

2WestCHEM Department of Pure and Applied Chemistry, University of Strathclyde,  
295 Cathedral Str., Glasgow G1 1XL, United Kingdom,  

*Corresponding author: tolybas@rambler.ru

In the present work we used Diffusion Ordered NMR SpectroscopY 
(DOSY, 600 MHz) to determine thermodynamic parameters of the self-asso-
ciation of the set of typical drug molecules which bind with DNA by interca-
lation or minor groove binding modes. The set of self-association models, 
either dependent or not on the hydrodynamic shape of aggregates, have been 
applied in order to evaluate the values of the equilibrium association con-
stant, K, viz. dimer, indefinite association (EK-model), cylinder, ellipsoid and 
sphere, each of which includes or excludes the intrinsic attenuation of the 
association constant on aggregate growth. As a reference we used K values of 
constants derived from a 1H chemical shift dataset using the EK model, the 
most widely used approach to study molecular assembly by means of NMR. 
The results of computations over a large set of molecules have shown that 
none of the tested models was able to reproduce the K values derived from 
chemical shift measurements for the whole series of studied molecules. An 
alternative approach based on the empirical dependence of diffusion coeffi-
cient of an aggregate as a function of the number of molecules in it was sug-
gested and showed the most satisfactory agreement with 1H chemical shift 
data. These results open up the possibility of further application of DOSY 
NMR to study molecular hetero-association in solution.
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THE Co AND Ni IONS EFFECT ON THE DNA 
MACROMOLECULE SPECTRAL PROPERTIES AND 

PHOTOSTABILITY
D.V. Gryn*, V.M. Yashchuk, E.V. Sereda

Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author:  d.gryn@ukr.net

Specificity of biological reaction (metal – deoxyribonucleic acid(DNA)) 
allows, for the low concentrations of heavy metals, define and estimate influ-
ence of these metals on the DNA macromolecule and to the DNA degradation 
rate. The purpose of this work is research the influence of metal ions on the 
spectral properties of DNA.

The studies of the physical aspects of interaction of Co and Ni ions with 
DNA are useful for understanding the low-level mechanism of their interac-
tion. Optical methods of investigation have significant advantages over other 
methods because they are non-destructive and can be used to study investi-
gated materials in different states.

The optical absorption, fluorescence, phosphorescence in UV and visible 
spectral range, and effect of light irradiation on spectral properties of DNA 
with presence of cobalt and nickel ions are studied. Quantity of metal ions 
varies from 1 ion to 500 base pairs of DNA to 2 ions per one base pair.

It is shown that the shape of fluorescence and phosphorescence spectra 
of the DNA do not change in presence of cobalt/nickel ions, but their inten-
sity depends on number of metal. Influence of Co and Ni ions on the DNA 
luminescence is compared. The possible mechanisms of interaction and exci-
tation transfer ways were examined. 

The conclusions concerning the influence of cobalt and nickel ions of 
different quantity on the DNA photostability were made.

[1]. Yashchuk V., Kudrya V., Gryn D., Yatsenko L., Volchenskova I., Naumenko A., 
Journal of Molecular Liquids 153 (2010) 159–161
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APPLICATION OF THE MAXIMUM ENTROPY METHOD 
TO THE ACOUSTIC SPECTRA ANALYSIS IN PROTEIN 

SOLUTIONS
T.O. Hushcha1*, N.M. Berezetska2, V.M. Kharkyanen2

1Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Sciences of 
Ukraine, Str. Murmans’ka, 1, Kyiv, Ukraine 

2Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author:hushcha@bpci.kiev.ua

Acoustic spectra of protein solutions comprise rich information on the 
internal dynamics of solvated globule in the entire sub-nanosecond to micro-
second range. To extract this information investigators usually apply the least 
squares fit of the measured sound attenuation spectra to theoretical expres-
sion denoting a sum of a preassigned number of discrete relaxation terms. 
Such simple approach, in favorable cases, allows of retrieving kinetics of 
thermally driven transitions between protein conformational states.  Howev-
er, due to multiplicity of protein conformational states, the choice of the num-
ber of relaxation components is often complicated leading to ambiguity of the 
analysis results [1, 2].  The most justified way of a multicomponent spectral 
decomposition, which yields a unique solution, is based on a maximum en-
tropy method (MEM). MEM has been already used successfully in a variety 
of fields, including radio astronomy, NMR, fluorescence, and ligand rebind-
ing. 

In the present paper the MEM-assisted analysis has been first applied in 
acoustic spectroscopy. The sound attenuation spectrum of HSA solution 
measured in the previous study [2] has been decomposed into six discrete 
relaxation components by the adapted MEM algorithm.  The relaxation times 
of four components observed on nanosecond scale have been assigned to 
conformational changes of the atomic groups located on the protein surface. 
Two additional kinetic components exhibiting microsecond kinetics have 
been considered to reflect mobility of rigid protein segments located in the 
globule interior.

[1]. Hushcha T., Kaatze U., Peytcheva A. // Biopolymers. - 2004. - 74.- P. 32-36.
[2]. Hushcha T., Peytcheva A., Kaatze U. // J. Phys. Condensed Matter.- 2002.- 14. 

- P. 9461-9464.
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SPECTROSCOPY AND SIMULATION OF THE 
ELECTROACTIVE HYBRID POLYMERS CONTAINING 

IONIC LIQUIDS
M. Iurzhenko1, Ye. Mamunya1, E. Lebedev1, G. Boiteux2, A. Serghei2, 

O. Sverdliakovs’ka3, O. Chervakov3

1 Institute of Macromolecular Chemistry of NAS of Ukraine,  
Kharkivske shossee 48, 02160, Kyiv, Ukraine 

2 Université de Lyon, Université Lyon 1, Ingénierie des Matériaux Polymères,  
UMR CNRS 5223, IMP@LYON1, France 

3 Ukrainian State University of Chemical Technology,  
Gagarina Prospect 8, 4900, Dnipropetrovsk, Ukraine 

*Corresponding author: ivanenko@univ.kiev.ua

The development, investigation and implementation of electrolyte sys-
tems of different nature, notably organic liquid electrolytes, ionic liquids, 
polymer electrolytes and inorganic solid electrolytes, are of interest. In brief 
the electrolyte systems can be conditionally divided as follows:

 - polymer + organic liquid (polymer gel)
 - polymer + ionic liquid
 - polymer + inorganic solid electrolyte + ionic liquids
 - polymer electrolyte + ionic liquid
 - polymer electrolyte + ionic liquid + liquid organic electrolyte
 - ionic liquids + liquid organic electrolyte
 - polymer electrolyte + inorganic solid electrolyte.

The blends consisting of two and more electrolytes are used and studied 
for obtaining electroactive polymer materials (EPM) with combined merits 
of selected electrolytes.

The present work shows (results of various structural studies) that the 
doping of the hybrid organic-inorganic polymer systems (HOIS) based on 
urethane oligomers (UO) and metal silicate (MS) by the molecules of ionic 
liquids (IL) based on morpholine leads to destruction of the mineral phase 
with the simultaneous formation of new crystalline structures due to MS/IL 
reactions. Contrariwise, synthesis of EPM based on UO and IL results in 
amorphous grain-oriented structural organization and formation of the ion 
conducting cluster with the DC conductivity level σDC ~ 10-3-10-4 S/cm, AC 
conductivity level σ΄ ~ 10-2-10-3 S/cm and permittivity ε΄ ~ 105-106 (results of 
various spectroscopic studies).

Acknowledgement. The results were obtained in the CTIA NASU.
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DEFINITION THE TRUE PHONON DISPERSION AND 
DETECTION OF THREE AMORPHOUS PHASES OF 

POLYETHYLENE
N.E. Kornienko*, O.S. Nychyporenko, T.M. Pinchuk-Rugal’, N.P. Kulish

Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: nikkorn@univ.kiev.ua

 Regarding the phonon dispersion polymers ω(k), and in particular poly-
ethylene (PE), in the literature there are large differences [1-4 etc.]. This is 
due to the arbit-rary choice force fields in the classical methods of calculating 
ω(k), and with the inaccuracies of quantum-chemical calculations (QChC). 
Even with QChC errone-ous results for the frequencies of transverse (TA) 
and longitudinal (LA) acoustic modes: νTA ≈ 830 cm-1> νLA [2]. In this regard, 
we have carried out QChC (Gaus-sian-03), and detailed studies of the Raman 
(488 nm) and IR spectra of PE. Only a detailed analysis of the QChC and 
their coordination with the spectral data for the first time allowed us to find 
the true phonon dispersion of all 18 branches ω(k), part of which is shown in 
C33H68 for fig.a. Here L and λ - length PE molecule and the length of the vi-
brational waves, additional index S and A correspond to symmetric and an-
tisymmetric vibration versatile CH2 groups.

In many works is that the rocking νR, the twisting νTw, wagging νW, defor-
ma-tion νδ and stretching vibrations νСН of the CH2 groups PE form a separate 
zone. But from fig.a shows that vibrations νRS coexist with νTwA, and νRA - with 
νTwS and just wagging vibrations νWS  and νWA form a single phonon zone.   On 
fig.b shows the structure of the valence band PE νСН in the Raman spect-rum. 
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Together with the narrow lines nanocrystallites (NC) ~10 nm νСНS=2849 and 
νСНA=3883 cm-1 (1c, 2c) observation the wide bands 2858 and 2893 cm-1 (1a, 
2a) of vibration νСНS and νСНA in the amorphous phase (AP). Two additional 
bands 2a’ and 2a’’ with frequen-cies of 2932, 2965 cm-1 and the observation 
of similar bands in the IR spectrum of the overtone 2νCH convincingly 
demonstrated the presence of three AP of PE.

[1]. R.Zbinden, Infrared Spectroscopy oh Hihg Polymers, Acad. Press, 1964.
[2]. Jin-Wu Jiang, Junhua Zhao, Kun Zhou, and Timon Rabczuk, J. Appl. Phys. 

2012, v. 111, 124304 .
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Viral diseases belong to the most serious threats for the mankind nowa-
days. All virus particles (known as virions) contain the core with the nucleic 
acid (either DNA or RNA) that carry genetic information of the specific virus. 

Mosquito iridescent virus Aedes flavescens (AfIV) is a large (200 nm in 
diameter) icosahedral lipid-containing virus which affects mosquitos of Ae-
des, Culex, Culizeta genera as well as freshwater fish and, therefore, can 
cause huge losses for industrial fish breedings. The AfIV virion consists of a 
core of genetic material (double-stranded viral DNA (dsDNA)), surrounded 
by a capsid (icosahedral protein shell) which is covered by external lipid shell 
and internal lipid membrane. Infectious pancreatic necrosis virus (IPNV) is a 
small (60 nm in diameter) virus that causes severe  disease of salmonid fish, 
especially trout and salmon. The IPNS virion consists of a double-stranded 
viral RNA (dsRNA)), surrounded by a protein capsid.

The aim of the work was to compare spectral properties of the AfIV and 
IPNV virions and to reveal the correlation between the composition of the 
two types of virions (different types of nucleic acids, different capsid pro-
teins, presence and absence of lipid shells) and their spectral properties. Such 
a correlation might be an efficient tool for distinguishing viruses of different 
type by means of optical spectroscopy.

Measured are absorption, fluorescence, fluorescence excitation, phos-
phorescence and phosphorescence excitation spectra of the AfIV and IPNV 
virions in different buffers at the room and low temperatures. 

It is concluded that the analysis of low-temperature virion 
phosphorescence makes it possible to identify the type of nucleic acid (DNA 
or RNA) inside the virus.
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THE PECULIARITIES OF THE DNA PHOSPHORESCENCE
V.Yu. Kudrya1*,  V.M. Yashchuk1,  I.Ya. Dubey2, Yu.M. Kudrya1, A.V. Dudko1
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It is well known the biological macromolecules of the ribonucleic acids, 
DNA and RNA, are vitally important high-molecular compounds for all liv-
ing organisms. On the one hand, they contain and transfer the genetic infor-
mation, and together with high-molecular proteins are the smallest building 
blocks of any living creature. On the other hand, the electronic properties of 
these biomacromolecules are connected with presence of the chromophores 
(pi-electronic groups) in the nucleotide cells in their chains and manifested in 
the optical (near “biologically active” ultraviolet, visual and near infrared) 
wavelength range. This fact gives the ground to apply optics spectroscopy for 
the RNA / DNA electronic structure study. Finally, taking into account scien-
tific works in biological engineering and the rising possibilities to modify the 
genetic information, the study of electronic properties of the DNA (including 
nature of phosphorescent centers) and interaction between its structural units 
are an important task of various areas of the science.

The electronic properties of the DNA / RNA were the main objects of 
many researchers (see, for example, [1]). But the majority of them did not 
clear the nature of luminescent centers of the RNA and DNA completely. The 
results of our previous works [2] showed the main triplet electronic excita-
tions traps (responsible for phosphorescence) in the DNA, 
d(CCCGGGTTTAAA) oligonucleotide and a number of low-molecular nu-
cleotide compounds are the complex formed by adenine (A) and thymine (T) 
chromophores. This work is devoted to the study of this complex nature. The 
optical absorption, fluorescence and phosphorescence of A and T monomers, 
their mixtures and the DNA were investigated. The mixtures were prepared 
under specific conditions. AT-complex in the mixtures is formed. The mecha-
nism of this complex formation is discussed.

[1]. 1. A.A.Lamola, M.Gueron, T.Yamane, J.Eisinger, R.G.Shulman // J.Chem. 
Phys.- 1967.- V.47, N3.- P.2210-2217.

[2]. 2. V.Yashchuk, V.Kudrya, M.Losytskyy, H.Suga, T.Ohul’chanskyy // J.Mol.
Liq.- 2006.- V.127, Iss.1-3.- P.79-83.
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One of the main tasks (connected with ecological problems) of the mod-
ern scientific world is the purification of natural water polluted by hazardous 
compounds. It is known there are some high-water-soluble compounds low 
concentrations of molecules of which even are very toxic. That is why the 
development of new high-effective principles, methods and equipments of 
such molecules detection and extraction from water is the very actual task. 
One of such compounds is phenol. On the one hand, the electronic properties 
of phenol are connected with presence of the chromophores (pi-electronic 
groups) in it molecules and manifested in the optical (near “biologically ac-
tive” ultraviolet, visual and near infrared) wavelength range that can be de-
tected using optics spectroscopy. In the present work the applying of optical 
spectroscopy methods to phenol express detection were examined.

On the other hand, the detection of extremely low concentration of phe-
nol molecules requires the methods of some phenol molecules previous ac-
cumulation. The variant of this task solution is the use of functional polymer 
macromolecular complexes with spectral response (in optical range) and 
chemical structure that allows the non-native impurities to be sorbed from 
environment and easily detected by optical spectroscopy methods. For this 
purpose the intramolecular polymer complex – poly(vinylalcohol) with 
poly(acrylamide) grafted copolymer (PVA-PAAN) – possessing such proper-
ties was used. In this work the investigations results of PVA-PAAN sorption 
properties by the optical spectroscopy methods were described, the mecha-
nisms of phenol molecules sorption were discussed, and efficiency of purifi-
cation of natural water by PVA-PAAN-films was examined. The data obtained 
give the possibility to create the high sensitive sensors with the spectral re-
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sponse for the detection (and concentration measurements) of phenol mole-
cules from polluted water. Besides, PVA-PAAN copolymer can be used for 
effective purification of natural water polluted by some hazardous com-
pounds.
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V.Yu. Kudrya1, V.V. Kosach1, A.M. Navozenko1, A.P. Naumenko1
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Radvilenu Plentas 19, LT-50254 Kaunas, Lithuania. 

3Chair of Polymer Chemistry and Technology Politechnika Krakowska  
Ul. Warszawska 24, 31-155 Krakow, Poland

The electrical energy saving is an important problem for the conserva-
tion of natural resources. The significant part of produced energy is utilized 
by light sources. That is why one the main tasks of the modern technology 
world is the design of high efficient materials for effective energy saving 
source of light.

Our paper presents some results of investigations of the optical absorp-
tion and luminescence properties of vinilaromatic carbazolecontaining com-
pound (specially designed for electroluminescent devices production) are 
presented. The effect of various technology film deposition on their spectra 
and intensities of luminescence were discussed. The compounds investigated 
are mainly chemical dimers, trimers of carbazole,  two of them include five-
six carbazole groups. The optical absorption, fluorescence and phosphores-
cence of these compounds in solutions, powders and films (obtained by two 
technologies of deposition) were studied at 293K and 77K. It is proved that 
the spectral properties of above mentioned compound in solutions are deter-
mined mainly by π-electron systems of carbazole groups and the weak inter-
action between them exists. The nature of luminescence (fluorescence and 
phosphorescence) of the investigated compounds is discussed. The investi-
gated compounds films manifest the main impurity contribution in their fluo-
rescence and phosphorescence spectra contrary to their correspondent solu-
tions spectra (with carbazole nature). In a number of cases the influence 
π-electron groups each other leads to domination the phosphorescence in lu-
minescence spectra. The effects of difference in deposition technology on 
spectral properties of investigated compounds as well as their applications in 
sensor systems and OLEDs are discussed.
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Melanins  are  perspective for physical studies due to their special char-
acteristic - these polymers are electrical conductors showing photoconductiv-
ity in the solid state. However, this property appears only while humectation 
of melanin. In this regard, we studied of optical properties of melanin of 
natural origin (fungal) in aqueous solutions with different pH. 

Changes in the optical properties of aqueous solutions of melanin were 
monitored over a pH range from 1 to 12. It was revealed that the solubility of 
melanin strongly depends on the pH. At pH = 1 melanin is practically insolu-
ble in water while rising of pH the solubility of melanin increases.

Melanin has black color and in absorption spectra broad structureless 
band in the range of 200-900 nm is observed. At pH = 1 in the absorption 
spectra of melanin in the range of 200-300 nm appears structure - bands with 
maxima at 230 nm and 270 nm. At neutral and high pH absorption spectra 
remains structureless. In the luminescence spectra of neutral solutions band  
near  500 nm is observed. Increasing of pH to 12 does not affect the position 
of band or the intensity of luminescence. By reducing of the pH to 1 lumines-
cence spectra changes fundamentally: drastic increase of the intensity of lu-
minescence, while maximum of band shifts to the short-wave area - up to 
460  nm. The nature of the investigated phenomena is discussed.
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All cellular organisms need thymidylate (dTMP) for the replication of 
their chromosomes, as dTMP is required for the biosynthesis of dTTP, a 
building block of DNA. Cells can produce thymidylate either de novo from 
dUMP(2’-deoxyuridine 5’-monophosphate) or incorporate thymidine using 
thymidine kinase. The de novo pathway of dTMP synthesis requires a spe-
cific enzyme, thymidylate synthase, which methylates dUMP at position 5 of 
the pyrimidine ring. There are two pathways for thymidylate synthesis, each 
utilising a different thymidylate synthase enzyme: ThyA (EC:2.1.1.45) and 
ThyX (EC:2.1.1.148). Both enzymes convert dUMP to dTMP, but there is no 
sequence identity between the two enzymes, and their mechanisms of action 
differ. Only ThyX uses FAD (flavin-adenine dinucleotide) as cofactor. Be-
cause ThyX proteins were found in many pathogenic bacteria and not in 
mammals, they can be promising antimicrobial target.

The aim of the work was to study dUMP binding affinity by ThyX pro-
tein from the hyperthermophilic bacterium Thermotoga maritime. This pro-
tein is very stable at high temperatures which allows studying it in a wide 
range of temperature. 

We used absorbance, steady state and time resolved fluorescence spec-
troscopy. Spectra were registered for samples in 50mM Hepes buffers with 
different salt concentration (0.05 - 500 mM NaCl) and in range of tempera-
ture from 293 K to 343 K. 
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ON THE EFFECTS OF GAMMA IRRADIATION ON THE 
INDUCED BIREFRINGENCE OF STRETCHED POLYMER 
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The aim of our paper is to evidence the influence of gamma radiation on 
the induced birefringence of Poly (vinyl alcohol) stretched foils with differ-
ent thickness. Thin foils of PVA with different thickness were prepared and 
dried without modifying their separation surfaces. The polymeric foils were 
irradiated from 15 minutes to 4 hours using a 60 CO source for Gamma ra-
diation. The induced by stretching under heating birefringence of PVA films 
was measured with a Babinet Compensator. Physico-chemical processes 
(photo stabilization, photo degradation, oxidation) induced by irradiation of 
polymer matrix influence both the stretching degree and the anisotropy of 
etired foils. An increase of birefringence versus the stretching degree of the 
PVA foils was evidenced for all studied samples. The dependence of the bire-
fringence on the films thickness was also confirmed. The induced birefrin-
gence of studied polymer foils was influenced by: stretching degree foils 
thickness and exposure time.
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The need of polymeric carriers permitting controlled release of a desired 
drug following oral administration has led to the screening of a large variety 
of synthetic and natural polymers. This paper reports the effects of UV radia-
tion on in vitro evaluation of glucose release from the polyvinyl alcohol foils. 
The dependence of the glucose release profile from PVA is made for different 
exposure time (15 minutes to 6 hours) and for different drug content from the 
polymer matrix. The mechanism involved in drug release process is evaluat-
ed using Korsmeyer–Peppas empirical equation. The surface tension is deter-
mined by contact angle measurements using the sessile drop technique with 
four liquids and the changes induced by the glucose on the surface polarity 
are evaluated. 
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Thioflavin T (ThT) is widely used for the detection and study of the 
amyloid fibrils structure. The dye has low fluorescence quantum yield in 
aqueous solution, which increases by thousands of times when the dye is in-
corporates into amyloid fibrils. According to our data the main reason of this 
phenomenon is the rotational motion of benzothiazole and aminobenzoyl 
rings relative to each other in solution of low viscosity and restriction of this 
motion on ThT incorporation in amyloid fibrils. Photophysical properties of 
ThT are substantially determined by the methyl group at N5 atom of benzo-
thiazole ring. The presence of this group not only prevents a planar configura-
tion of the ThT molecule but also diminishes the energy barrier of internal 
rotation.

In this work two different analogues of the ThT, which differ from ThT 
by the lack of a methyl group at the nitrogen atom of benzothiazole ring were 
studied.  It is shown that these analogues of the ThT, in contrast to the ThT, 
have significantly different pKa values characterizing protonation of the ni-
trogen atom of benzothiazole of the ring. In ThT pKa of this group lies in the 
alkaline pH range while the pKa of the ThT analogues is in acidic pH. In solu-
tions with pH 2.0, which were used in our studies, there is probably a mixture 
of neutral and charged forms. The properties of cationic form are similar to 
those of ThT. It is shown that the absorption spectrums of the ThT analogues 
are significantly changed when they are bound to amyloids. 

This work was supported by RFBR (grants №13-04-02068, 
12-04-90022-Bel_a and 12-04-01651).
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Self-assembly of mesoporphyrins on different polymer matrices attracts 
essential attention of scientists due to their potential applications in nano-
medicine and nanotechnology including design of nanodevices, fabrication 
of light-harvesting systems etc. Meso-substituted tris(N-methylpyridinium) 
porphyrin (TMPyP3+) is a tricationic analog of tetracationic porphyrin TMP-
yP4, which can be easily functionalized, e.g. with a carboxyalkyl group, to 
allow the covalent attachment of other molecules. In recent years a conjuga-
tion of TMPyP3+ with various ligands was used to achieve the selective stabi-
lization of G-quadruplex structure of telomeric DNA [1], as well as for the 
development of efficient chemical nucleases and photocleavage agents of 
DNA. In the present work the self-assemblies TMPyP3+ on the polyanionic 
inorganic polyphosphate (PPS) in aqueous solution were studied employing 
different spectroscopic techniques and DFT calculation method. 

From the fluorescence quenching of the bound TMPyP3+ molecules and 
their Raman spectra we conclude that porphyrin chromophores form the sta-
ble p-p stacking-assemblies onto PPS polyanions. The transformation of the 
Soret band in absorption spectra at different TMPyP3+/PPS concentration ra-
tios evidences that these assemblies are mixtures of J- and H-aggregates. 
Molecular modeling performed shows that the flexibility of PPS strand al-
lows a realization of spiral or “face-to-face” one-dimensional structures 
formed by porphyrin molecules arranged in parallel and antiparallel mode. 
The peculiarity of PPS structure allows a formation of two porphyrin stacks 
on opposite sides of polymer strands that result in appearance of higher-order 
aggregates. The size of these aggregates was estimated from the light scatter-
ing data. 

[1]. I.M. Dixon, F. Lopez, J.-P. Esteve, A.M. Tejera, M.A. Blasco, G. Pratviel, B. 
Meunier, ChemBioChem 6, 123 (2005).
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There has been a large research activity on coordination compounds of 
the lanthanide ions with organic ligands including β-diketones, which can act 
as excellent light conversion molecular device, light-emitting diodes, poly-
mer sol–gel derived glasses, electroluminescent devices [1-3]. On the basis of 
the unique photophysical properties of lanthanide cations (long luminescence 
lifetime and very sharp emission band), rare earth metal complexes as lumi-
nescent materials have received increasing attention for application such as 
analytical sensors, imaging techniques, displays and organic light-emitting 
diodes [4,5].

We synthesised monomer – 2 methyl-5-phenylpentene-1-dione-3,5,  
their complexes with Sm(III), Lu(III), Tb(III) and phenanthroline, metal-
lopolymers based of them. The synthesized compounds have been studied by 
NMR, IR-, electronic absorption and diffuse reflectance spectroscopy also 
thermal analysis as well as dynamic light scattering method and electron mi-
croscopy.

All compounds were studied by dynamic light scattering in order to 
determine particle size, as well as for solvent selection for the homogeneous 
thin films modeling. The size of monomer and polymer particles is virtually 
identical that is based on particle size distribution diagram. 

The system is homogeneous in terms of uniform distribution of metal 
throughout the polymer matrix as seen from the micrographs of powdered 
samples and films. 

[1]. H. Jiu, G. Liu, Z. Zhang, Y. Fu, J. Chen, T. Fan, L. Zhang, J. of Rare Eart., 2011, 
29, 741-745.

[2]. C.R.Silva, F. Li, C. Huang, Z. Zheng, Thin Solid Films 2008, 517, 957–962.
[3]. M. Sun, H. Xin, K.-Z. Wang, Y.A. Zhang, L.-P. Jin, C.-H.Huang, Chem. Com-

mun. 2003, 702.
[4]. J. Sun, X. Zhang, Z. Xia, H. Du, J. of Applied Physics 2012, 11, 013101 (1-7).
[5]. Jiu, H., Liu, G., Zhang, Z., Fu, Y., Chen, J., Fan, T., Zhang, L., J. of Rare Earths, 

2011, 29, 741-745.
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The main part of destructive changes at the molecular level of biostruc-
tures is connected just with slow electrons. In this case, the genetic macro-
molecules of DNA and RNA become the main target. Information about 
physical structure of molecules is necessary for understanding the roles of 
primary physical processes for functioning the biosystems and the influence 
of different environmental factors upon them. 

The experiment is based on the method of crossed molecular and elec-
tron beams, which we have successfully applied earlier [1]. The electron 
beam was formed by the five-electrode gun with a tungsten cathode. The ex-
periments were performed under the following conditions: the electron beam 
current was within (3-4)10-5A  and  the electron energy spread (FWHM) be-
ing ΔЕ½ ~ 0.5 eV,  the vacuum degree in the chamber, where the cell with 
molecules steam was located, was ~110-5 Pa. Nucleic acid base molecules: 
uracil, thymine, adenine, cytosine and guanine are investigated. The experi-
mental investigations of excitation and ionization of  nucleic acid base mol-
ecules in gas phase by slow electrons are made. The emission and mass - 
spectra of molecules and their  excitation and ionization functions are ob-
tained. 

As a result of our studies absolute values of the positive molecules ion 
production cross sections as well as their energy dependences were deter-
mined. The ions of the molecular fragments (dissociative ionization) are 
characterized by much smaller ionization cross sections, ~10–17–10–18 cm2. 
Among the fragments, relatively large ionization cross sections are typical of 
groups CNO,  CH2H2,  C3H3, C2NH,  and C2H3N2,  C3H3O,  C3H5N, and 
C3HNO. Ions of the fragments of a molecule without a side group –CH3, as 
well as ions of a pyrimidine ring, are also observed. The photoemission (lu-
minescence) spectra of molecules under the influence of electron impact in 
the wavelength range of 200–500 nm for different energies of electrons were 
experimentally obtained. almost all bands have complicated character, and it 
testifies to their superposition nature. 

[1]. I. I. Shafranyosh,  M. I. Sukhoviya,  M. I. Shafranyosh, J. Phys.B: At.Mol.Opt.
Phys. 39. 4155 (2006).
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The proteins are the basic functional component of an organism. Struc-
tural changes in proteins - is the basis of changes in their functional proper-
ties, which are most often manifested in the form of diseases. Therefore, 
analysis of influence of structural characteristics of proteins on their confor-
mation functioning, studying of their spatial organization, mechanisms of 
formation and activity of supramolecular complexes for medicine and bio-
technology are remains actual.

In this paper we consider the classical model of α-helix as a one-dimen-
sional molecular crystal with three molecules in the unit cell. Different types 
of conformation responses α-spiral region of a protein molecule on excita-
tions are analyzed. In the hydrolysis of ATP occurs intramolecular quantum 
excitation. The nonlinear response of an α-spiral region of a molecule to this 
excitation was considered. It was found that in the simplest case, three types 
of excitations are realized: symmetrical, antisymmetric and asymmetrical.

Here we focused on the latter two types of excitations.
Antisymmetric exaltations, most likely, are realized in membranous and 

nucleic proteins. At such excitation one of peptide chains does not change, 
while the other two are shorten. This asymmetry leads to that the α-spiral 
region takes the form of a curved segment of a torus instead of the cylinder. 
It is shown, that in many membranous and nucleic squirrels the conformation 
response of α-spiral region of the protein compounds quantity of order Nc/5 
(in angstroms), where Nc  is number of spiral turns. For number of turns typi-
cal in this case: Nc~10÷15, the displacement, it seems, is of the order of 2÷3 
angstroms. It qualitatively corresponds to observable values.

Asymmetric excitations, most likely, are realized in enzymatic proteins. 
The energy of the asymmetric excitation is less, than antisymmetric. At such 
excitations one of three peptide chains of α-spiral is shortens more than the 
other two. It is shown that in this type of excitation the bending of the α-spiral 
formally directed in opposite side with respect to antisymmetric excitations. 
Also it has a greater value than in the antisymmetric case if Nc ≤14 and small-
er if Nc >14. All of this allows us to consider the combined antisymmetric-
asymmetrical excitations for the interpretation of complex movements of 
α-spiral regions of the protein.
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SYNTHESIS OF BENZYLIDENE AND AZO CONTAINING 
POLYMERS FOR PHOTOPHYSICAL APPLICATION

K. Babich, O. Krupka, V. Smokal*

Faculty of Chemistry, Taras Shevchenko National University of Kyiv, 
60, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: vitaliismokal@gmail.com

The development of modern technologies enables us to create polymer 
materials with a number of properties, which would be impossible to realize 
in a single polymer. Also it should be noted, that in the last few years there 
has been a growing research interest in developing materials which exhibit 
nonlinear optical (NLO) properties for applications such as optical signal 
processing and information storage [1,2]. In this work, our investigation con-
centrates on synthesis of new oxazolone, thiazolidenone, thiohydantoin, hy-
dantoine and azo- derivatives radical thermoinitiated copolymerization of 
new methacrylic monomers with methylmetacrylate. The aims of our work 
were synthesized polymers with photochemical properties typical for single 
molecules. Polar substituents in azobenzene compounds and nature of hetero-
cyclic fragments in benzyliden containing derivatives lead to the change of 
electronic density during the photoisomerisation. This fact opens the possi-
bility of creation polymer materials with predicted properties. 

During the work new objects for NLO investigation were synthesized. 
The polymers with MMA with benzylidene and azo fragments were obtained. 
The polymerization ability of the new monomers was investigated kinetically 
for radical copolymerization using the dilatometric method. The azo poly-
mers have been characterized as compound with repeatable trans-cis-trans 
isomerisation process, for the benzylidene containing polymers we can ob-
serve cis–trans–cis isomerization cycle. These polymers can prove to be im-
portant candidate for optical signal processing and information storage. 

[1]. E. Toussaere, P. Labb, Opt. Mat. 1999, 12, 357-362.
[2]. T. Ubukata, T. Seki, K. Ichimura, Adv. Mater. 2000, 12, 1675-1678.
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THE UNFOLDING-REFOLDING OF iRFP DERIVED FROM 
BACTERIAL PHYTOCHROME 

Olesya V. Stepanenko1*, G.S. Bublikov1, V.V. Verkhusha2, I.M. Kuznetsova1

1Institute of Cytology of the Russian Academy of Sciences,  
Tikhoretsky Ave 4, Saint-Petersburg, Russia 

2Albert Einstein College of Medicine, Morris Park Avenue 1300, New York, USA 
*Corresponding author: lvs@incras.ru

Bacterial phytochromes (BphPs) have attracted attention recently as they 
can be used to construct novel fluorescent probes for bioimaging of living 
cells and tissues for highly versatile biological applications and medical diag-
nostics. An optimal fluorescent probe for imaging in tissue should have both 
excitation and emission spectra in a near-infrared “optical window” (NIRW: 
~650-900 nm) where mammalian tissues are the most transparent to light. 
Recently such fluorescent probes have been developed on the basis of BphPs, 
including iRFP, IFP1.4. In these probes biliverdin IXα (BV), which is a natu-
ral ligand of BphPs, is used as a chromophore. As BV is a component of en-
dogenous mammalian heme metabolism, no exogenous cofactor is needed. 
Despite the importance of BphPs, little is known on photochemical processes 
underlying their near-infrared fluorescence and the amino acids stabilizing 
different chromophore states. The folding of BphPs containing the rare knot 
structure between domains involved in chromophore binding has not been 
investigated also. 

In this work we studied the guanidine hydrochloride induced denatura-
tion-renaturation of iRFP in apo and holo-form using spectroscopic tech-
niques (absorbance, fluorescence, circular dichroism). It was shown that the 
denaturation of iRFP in apo-form (without BV) is fully reversible as indicat-
ed by the recovery of all recorded parameters. The chromophore binding in-
creases the protein stability and denaturation cooperativity but makes the 
denaturation of iRFP in holo-form irreversible as its renaturation is compli-
cated by aggregation of partially folded protein molecules.

This work was in part supported by Program MCB RAS, grant RFBP 
13-04-01842-a and a scholarship of the President of RF.
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COMPLEX ENERGY LANDSCAPE OF DIMERIC BOVINE 
ODORANT-BINDING PROTEIN

Olga V. Stepanenko1*, I.M. Kuznetsova1, K.K. Turoverov1

 1Institute of Cytology of the Russian Academy of Sciences,  
Tikhoretsky Ave, 4, Saint-Petersburg, Russia 
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Despite an increasing number of studies on the stability and unfolding 
processes of proteins with β-barrel topology, these processes have been un-
derstood to a much lesser extent than for α- and α/β-proteins. A large group 
of odorant-binding proteins (OBPs) share a common nine-stranded β-barrel 
structure which encloses a ligand binding site composed of an internal cavity 
and an external loop scaffold. Investigation of OBPs is also important due to 
their possible use as sensitive elements of optical biosensors for dangerous 
substances such as toxic, explosive and so on. Exposure resistance must be an 
important characteristic of any proteins which can be regarded as a potential 
sensitive element of any biosensor system. 

This work is focused on the study of dimeric bovine OBP (bOBP) which 
in contrast to classical OBPs is characterized by a unique folding pattern that 
involves the crossing of the α-helical domain of each monomer over the 
β-barrel of the other.

In this work we studied the guanidine hydrochloride (GdnHCl) induced 
denaturation-renaturation of recombinant bOBP using spectroscopic methods 
and size-exclusion chromatography. It was shown that the recombinant bOBP 
possesses high resistance to denaturing action of GdnHCl. We revealed that 
formation of two native-like states of bOBP precedes the complete unfolding 
of the protein globule. These local changes of bOBP in the region of pre-de-
naturing GdnHCl concentrations did not result in alteration of the protein 
capability to bind ligand. 

This work was in part supported by Program MCB RAS and a scholar-
ship of the President of RF.
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THIOFLAVIN T INTERACTION WITH ALPHA-SYNUCLEIN 
AMYLOID FIBRILS 

A.I. Sulatskaya*, E.A. Volova, K.K. Turoverov
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*Corresponding author: ansul@mail.ru

Formation of ordered aggregates - amyloid fibrils - is associated with the 
occurrence of many serious diseases such as Alzheimer’s, Parkinson’s, prion 
disease, type II diabetes, etc. Despite the great interest in this issue, the pro-
cesses underlying the abnormal protein aggregation and its pathological man-
ifestations in the disease are poorly understood. The successful solution of 
these problems depends on the fundamental knowledge of the structure and 
properties of amyloid fibrils.

The aim of this work is the investigation of alpha-synuclein amyloid fi-
brils depositions of which accompanies Parkinson’s disease. The main tool 
for the comparative study of the structure of amyloid fibrils used in our work 
is the fluorescent dye thioflavin T (ThT). To study the interaction of this dye 
with amyloid fibrils, we developed a special approach based on the absorp-
tion and fluorescence spectroscopy of solutions obtained by equilibrium mi-
crodialysis [1,2]. With the use of this approach it was defined ThT-amyloid 
fibrils binding parameters and the characteristics of the bound dye. The esti-
mated parameters were analyzed in comparison with the existing information 
about ThT binding to insulin, lysozyme, Abeta-petptid, and beta-microglob-
ulin amyloid fibrils [3]. Obtained results confirm the notion that the fibrils on 
the basis of different proteins are distinct and that proposed approach can be 
used to compare and study of their structure.

This work was supported by Program MCB RAS, Ministry of Education 
and Science RF (agreement №14.132.21.1311), RFBR (Grants №13-04-
02068, 12-04-01651) and RF President Fellowship (SP-776.2012.4)

[1]. A.I. Sulatskaya et al., J Phys Chem B 2011, 115: 11519-11524.
[2]. A.I. Sulatskaya et al., J Phys Chem B 2012, 116: 2538-2544.
[3]. I.M. Kuznetsova et al., Mol Neurobiol 2012, 45:488-498.
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THERMODYNAMIC PARAMETERS Zn2+,  Ni2+ AND Co2+ ION 
BINDING WITH DNA BEING IN METALLIZED FORM

E.L. Usenko*, V.A. Valeev, V.A. Sorokin
B. Verkin Institute for Low Temperature Physics and Engineering,  

47 Lenin Ave., 61103 Kharkiv, Ukraine 
*Corresponding author: usenko@ilt.kharkov.ua

Studies carried out in the last years revealed that in alkaline solutions 
(pH 8-9) ions of transition metals induce B-DNA transition into a new dou-
ble-helical conformation (m-form) being of metallic conductor properties. 
Together with technological tasks of the polynucleotide m-forms application 
as nanoelectronics elements, their peculiar properties are of interest for bio-
physics too.

Methods of visible and differential UV-spectroscopies and thermal dena-
turation were used to determine Zn2+, Co2+ and Ni2+ ion binding constants to 
bases of metallized DNA in alkaline solutions of different contents and en-
thalpy of the  B→m transition. 

The most efficiency of DNA metallization with Zn2+ ions is caused by 
the fact that the constant of m-form creation with these ions is by (2-3) times 
higher than that for Co2+ and Ni2+ ones. It is shown that corresponding to the 
formation of interstrand metallic bridges in complementary DNA pairs, the 
constant of Zn2+ ion binding is higher than that characterizing the formation 
of coordination bonds with heteroatoms of nitrogen bases of single-stranded 
DNA. This is just condition that ensures an additional increase in the thermal 
stability of the double-stranded DNA upon its transition from B-form to m-
one. Induced with Zn2+ ions, a larger (by module) change in the temperature 
of the cooperative В→m transition (- 28 оС) (in comparison with the tem-
perature change of m→coil transition (+ 10 оС)) is conditioned not only with 
differences in binding constants of Zn2+ ions to bases of B- and the single-
stranded DNA forms but with differences in enthalpies of these transitions.
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SPECTROSCOPIC STUDIES ON COMPETITION BETWEEN 
TWO DNA-QUINACRINE BINDING MODES 
I. Voloshin*, V. Zozulya, O. Ryazanova, V. Karachevtsev

 Dept. of Molecular Biophysics, B. Verkin Institute for Low Temperature Physics and 
Engineering of NAS of Ukraine, 47 Lenin Ave., 61103, Kharkiv, Ukraine 

*Corresponding author: voloshin@ilt.kharkov.ua

Binding of acridine derivative quinacrine (QA) to chicken erythrocyte 
DNA was studied by methods of absorption and polarized fluorescent spec-
troscopy. Measurements were carried out in aqueous buffered solutions 
(pH 6.9) of different dye concentrations ([QA] = 10-6 ÷ 10-4 M) and ionic 
strengths ([Na+] =10-3 ÷ 0.15 M) in a wide range of phosphate-to-dye molar 
ratios (P/D). It is established that the minimum of fluorescent titration curve 
plotted as relative fluorescence intensity vs P/D is conditioned by the compe-
tition between the two types of QA binding to DNA which posses by different 
emission parameters: (i) intercalative one dominating under high P/D values, 
and (ii) outside electrostatic binding dominating under low P/D values, which 
is accompanied by the formation of non-fluorescent dye associates on the 
DNA backbone. Absorption and fluorescent characteristics of complexes 
formed were determined. The method of calculation of different binding 
modes contribution to the complex formation depending on P/D value is pre-
sented. It was shown that the size of binding site measured as the number of 
DNA base pairs per one QA molecule bound in the case of the electrostatic 
interaction is 8 times less than that for the intercalative one that determines 
the competitive ability of the outside binding against the stronger intercala-
tive binding mode.
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NEW METHOD FOR DETERMINING THE DISPERSION OF 
A POLYMER SOLUTION OPTICAL ACTIVITY

Irina Andreea Cosutchi1, Dan Gheorghe Dimitriu2, Dana Ortansa Dorohoi1,2

1Petru Poni Institute of Macromolecular Chemistry,  
43 A, Grigore Ghica Voda Alley, Iasi, RO-700487 

2Alexandru Ioan Cuza University, Faculty of Physics,  
11 Carol I Blv., RO-700506, Iasi, Romania 

The proposed method is based on the channeled spectra recorded for an 
anisotropic polymer solution placed between two crossed polarizers. The col-
limated light beam is linearly polarized when it passes through the polarizer 
and suffers dispersive rotation of the polarization plane. The emergent beam 
from the analyzer is recorded with a spectrophotometer. A channeled spec-
trum, whose structure depends on the specific rotation, its dispersive proper-
ties and also on the thickness of the solution layer, allows to determine the 
specific rotation, the dispersive parameter and the channels orders only by 
solving an equation system in which the conditions for two consecutive chan-
nels and the maximum between them are written. Finally, the parameters of 
the interest are written as functions on the wavelengths in the consecutive 
minima and maxima of the channeled spectrum, on the thickness of the solu-
tion layer and also on the solution concentrations.

The results were obtained for propyl-cellulose solved in methanol.
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UPGRADING THE SPECTRAL COMPUTING UNIVERSAL 
COMPLEX

S.V. Apunevych1*,  S.Ye. Apunevych2, K.P. Martynyuk-Lototskyy2

1Experimental Physics Department, Faculty of Physics, Ivan Franko National University 
of L’viv, 8 Kyrylo and Mefodiy Str. L’viv, Ukraine  

2Astronomical Observatory of Ivan Franko National University of L’viv,  
8 Kyrylo and Mefodiy Str. L’viv,  Ukraine  

*Corresponding author: sofiya.apunevych@gmail.com

The facility called KSVU-12 (spectral computing universal complex) 
can be used for investigation of LEDs [1] or crystals. For example, the 
«green» GaP LEDs were studied with it. The investigation of nitrogen al-
loyed GaP-LEDs was performed at «liquid nitrogen» and «ambient» tem-
peratures [2]. The apparatus comprises diffraction grating with 1200 lines per 
mm, photomultiplier PMT-100 at voltage U = 1.2kV, thus features scan speed 
100 nm/min with step of 0.1 nm.

Optical scheme of this complex is very reliable and enduring, and it was 
used for spectroscopic measurements and education at the Department of Ex-
perimental Physics (Faculty of Physics) for over two decades (the production  
is dated back as 1988). The performance optical part of the instrument is 
rather satisfactory, while the receiving channel and the data acquisition and 
processing subsystem is obviously outdated. The complex is managed via 
micro-computer «Electronika MS-1201,» at performance of (400 ± 100) in-
structions per second, with loading OS RAFOS out of floppy disks. Recently, 
frequent failures occur, sometimes the system does not even boot. Data ac-
quisition channel is implemented on the basis of photo-electronic multiplier, 
that results in additional difficulties of digitization and processing.

Due to the drop in prices for computer and electronic components, and 
emergence of open hardware (eg, Rasberry Pi [3]), the perspective of the re-
vival of the instrument looks very promising. Also, the full automation based 
on GNU/Linux, with subsequent data visualization is to be implemented.

[1]. Dovhyj Y.O., Man’kovska I.G.,Ternavska S.V. Proceeding. IV International 
School-Seminar “Spectroscopy of Molecules and Crystals”.-Оdessa, 1999.-P.101.

[2]. Довгий Я.О., Маньковська І.Г.,Тернавська С.В. Вісник ЛНУ. Серія фізична 
- Львів, 1999. - № 32.-С. 42-52.

[3]. Raspberry Pi. Available from: http://www.raspberrypi.org/
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 COMPACT-SIZED BATTERY POWERED EXCIMER 
LASER FOR SPECTROSCOPIC INVESTIGATION IN FIELD 

CONDITIONS
S.M. Baschenko*, L.S. Marchenko

Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 
*Corresponding author: baschenk@iop.kiev.ua

Compact sized excimer laser with dimensions 300x230x100 mm3, low 
weight 8-10 kg and battery powering is designed. Laser generates at typical 
excimer gas mixtures. Output energy when generating at 308 nm is 5 mj, 
repetition rate is a few pulses per second. Above advantageous in combina-
tion with compact spectrometers allow one to conduct optical and spectro-
scopic investigation in really field conditions.  

The possibility of spectral - for example Raman - experimental measure-
ments practically in any field conditions opens up tremendous opportunities 
for quick, prompt research environment: water, vegetation, atmospheric ob-
jects. That in turn will not only deepen the knowledge about the environment 
and the processes in it, but also will allow us to track the impact of human 
activities on the environment. 
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CONTROL OF THE FUNCTIONAL STATE OF ONE-CELLED 
ALGAE IN SUSPENSIONS BY LUMINESCENT METHODS
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1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
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Possibility of using the luminescence methods for the state diagnostics 
of one-celled algae in liquid medium is analyzed. Application of conven-
tional method of fluorescence induction is shown to be difficult due to pos-
sible mixing the liquid in the measurements. However, the diagnostics can be 
made by measuring the static intensity and luminescence spectra of chloro-
phyll a. 

The functional state control can be realized by such luminescent param-
eters as the efficiency of chlorophyll photoluminescence or the ratio of the 
intensities in the characteristic emission peaks of this pigment. It is concluded 
that the total photoluminescence intensity of chlorophyll divided by the con-
centration of individuals in the suspension can be used as the relative effi-
ciency of luminescence when the cell number in the culture is small and the 
absorption of excitation light is insignificant. When the absorption and scat-
tering are considerable, calculation of the mentioned efficiency becomes 
more complicated. 

It is shown that the results of measurements can be greatly distorted by 
the fluorescence induction effect. To minimize this effect, the regular inter-
change of the cells under excitation beam is proposed, which allows each of 
them obtain a relatively small exposure dose.

Advantages of low-temperature measurements are discussed. It is 
stressed, herewith, that the excitation wavelength should be surely taken into 
account because the control luminescent parameters can behave differently 
depending on whether the excitation of the chlorophyll a luminescence is 
direct or it is sensitized.

Taking into account a strong dependence of the luminescent parameters 
of the plants on external conditions, the diagnostics of the functional state of 
the object should be performed in comparison with the reference sample.
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SUB-DOPPLER FREQUENCY-MODULATION LASER 
SPECTROSCOPY OF MOLECULAR IODINE IN EXPANDED 

SPECTRAL REGION NEAR 640 NM
V.M. Khodakovskyy*, I.V. Matsnev, V.I. Romanenko, A.M. Negriyko, 

L.P. Yatsenko
Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: khodak@iop.kiev.ua

The precise frequency locking of laser onto the iodine hyperfine transi-
tions is widely used in laser metrology and laser spectroscopy (for example, 
it one can use for the determination of the nuclear electric quadrupole interac-
tion and the nuclear spin rotation interaction parameters of iodine molecule). 
The very promising set of iodine 127I2 transitions for laser frequency stabiliza-
tion includes the wavelengths 515 nm ( a3 component P913)43-0 ), 532 nm ( 
a10 component R(56) 32-0 ), 576 nm ( a1 component P(62) 17-1 ), 611 nm ( a7 
component R(47) 9-2 ), 633 nm ( a16 component R(127) 11-5 ), 640 nm ( a9  
component P(10) 8-5 ). Here we introduce the frequency-modulation satu-
rated absorption spectroscopy for study of hyperfine structure of iodine 127I2 
absorption lines R(25) 8-5 and P(19)8-5. The important feature which we use 
in our approach is that the FM-resonances are a sum of individual resonances 
shifted on half of the modulation frequency what gives the frequency refer-
ence. The frequency reference given by the value of the modulation frequen-
cy as frequency marker allows the determination of the frequency difference 
between hyperfine components.

The external cavity diode laser has been used for realization of experi-
ments on frequency-modulation saturated absorption spectroscopy of mo-
lecular iodine. Spectral range of laser generation is 638 – 642 nm, output 
power – 40 mW. Within the tuning range of the laser more than 1000 strong 
rovibronic lines of the 127I2 molecules can be observed. Frequency modula-
tion of the laser output radiation is produced by modulation of the laser diode 
injection current with frequency 12.5 MHz. The signal from the photodiode 
is operated on the digital lock-in amplifier.

The hyperfine structure of iodine absorption lines R(25) 8-5 and P(19)8-
5 was recorded.  The frequency reference given by the value of the modula-
tion frequency (12.5 MHz in given experiment) allows determination of the 
frequency differences between hyperfine components with accuracy better 
than 0.1 MHz using the fitting procedure in experiment with only one laser. 
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Due to the external cavity diode laser ability to tune of single-frequency out-
put into wide spectral region, the high-resolution iodine spectra was recorded 
in the frequency region more than 20 GHz. 
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THE POSSIBILITIES OF THE COLORIMETRIC METHOD  
FOR MEASURING OF WAVELENGTH’S DISTRIBUTION OF 

LIGHT RADIATION IN USUAL AND THE RAW FORMATS
A.V. Kraiski1*, T.V. Mironova1, T.T. Sultanov1, V.A. Postnikov2

1 P.N. Lebedev Physical Institute of RAS, Moscow, Russia 
2 Institute of Physico-chemical medicine , Moscow, Russia 

*Corresponding author: kraiski@sci.lebedev.ru

The possibilities of colorimetric measurements of the wavelength’s distri-
bution of light emission for usual [1] and RAW formats [2] are compared in this 
work. The need in such measurements appears when using holographic sen-
sors. The wavelength of radiation, registered at this point, can be uniquely de-
fined for the narrow-band radiation on the interval of the monotone depend-
ences of color hue on the wavelength at any point of digital image.

For working of the method it is necessary to calibrate the camera. It was 
found that in usual formats the color hue depends not only on the wavelength 
but also on the intensity. In RAW-format this dependence is practically ab-
sent. The spectral response of the camera was studied and calibrated by in-
candescent lamp’s spectrum. The obtained characteristics allow us to define 
the wavelength of the radiation acting on this pixel through the color hue of a 
pixel and its brightness.

Camera Sony F717 was used while working in the usual format, camera 
Canon EOS 10D was used in RAW-format. In a usual format their character-
istics were qualitatively similar, only the values of operating limits were dif-
ferent. There are two operating ranges in a usual format for the working cam-
era: 570-605 nm and 450 - 535 nm. In RAW-format the working range is 
expanded to the range of 455 - 625 nm. In the spectrum of the incandescent 
lamp the standard deviation is mainly 0.3-2.0 nm, depending on the wave-
length. The method was used to analyze the various components at different 
points in space and in various states of holographic sensors at different points, 
including the measurement of glucose in serum. 

The work is partly supported by the grant within the RAS Presidium 
program of fundamental research “Fundamental Science for Medicine”

[1]. A.V. Kraiskii, T.V. Mironova, T.T. Sultanov. Quantum Electronics 40 (7) 652 – 
658 (2010).

[2]. A.V. Kraiskii, T.V. Mironova, T.T. Sultanov. Quantum Electronics 42 (12), 
1137-1139, (2012)
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SYSTEMS

M.O. Lazorenko,  Y.O. Myagchenko
Faculty of Physics, Taras Shevchenko National University of Kyiv,  

64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
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An interest in studying the properties of optically active substances and 
their mixtures  increases every year. In particular, the needs of medicine and 
pharmacology are in synthesizing new substances which in most cases are 
optically active. On the other hand a quality control of natural origin also re-
quires determining the relative content of chiral compounds.

To determine the relative content of  OA substances in a binary system 
we have chosen the method of determining the optical activity of the three 
known wavelengths. We have implemented the method of  computer mode-
ling for determining the relative content of glucose and fructose in their bi-
nary chiral system. So we have solved the inverse static (in time) problem of 
polarimetric binary systems. 

Considering the effects of mutarotation processes binary chiral systems 
( under certain conditions ) may have fluctuating nature, i.e. time depending 
nature of polarization’s plane azimuth of the output binary system which are 
fluctuating in the nature (a phenomenon similar to the known reaction of 
Belousov - Zhabotinsky). Computer  simulation results have confirmed our 
hypothesis. [1]

[1]. N. Kravets, Y. Myagchenko, O. Slobodyanyuk, S. Garasevich,  V. Biloysov// 
XIX ISSSMC, Beregove, Crimea, Ukraine 2009, p.235
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SPUTTERING USING HYDROGEN AS PLASMA-FORMING 

GAS
N.N. Melnik1*, A.N. Yurkov2, V.V. Savranskii2

 1 P.N.Lebedev Physical Institute RAS, Moscow, Russian Federation. 
 2 Prokhorov General Physics Institute RAS, Moscow, Russian Federation. 

*Corresponding author:melnik@sci.lebedev.ru

Synthesized single and multilayer graphene films by magnetron sputter-
ing using a graphite target and hydrogen as plasma-forming gas. For the sub-
strate used Ni-Fe foil, which was heated by passing an electric current. Using 
Raman scattering method, found the conditions formation of monocrystalline 
graphite layer, single-and multi-layer graphene. From the data of micro Ra-
man scattering it follows that synthesized uniform graphene films (up 
180mkm) have high quality - practical absence of D band (~1350 cm-1) and 
the ratio of band intensities 2D (~2705 сm-1) to G (~1580 сm-1) reaches 7.4.
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BEER LAMBER LAW IN PHOTONIC CRYSTAL 
SPECTROSCOPIC STUDY
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Photonic crystals with defect of periodical structure can be used as opti-
cal filter for NDIR-spectroscopy. Due to the long effective length of the ra-
diation propagation in photonic crystal fiber (PCF) sensor sensitivity can be 
improved [1]. For guided modes of the PCF effective propagation length can  
exceed fiber length. Attenuation of guided modes is not the same as power 
absorption in host glass. 

In our work PCF transmission was calculated by using biortiogonal 
mode field decomposition. PCF modes are obtained from vectorial  Helm-
holtz equations for transverse component of magnetic fields vector. [2] Plane 
wave expansion  method was used. We introduced right and left eigenvectors 

    (1)

where  ri ,vj  - right and left vectors, containing Fourier components of 
Hx, Hy fields. V and  r vectors are biortogonal, which allows us to expand in-
ner field of the PCF using  biortogonal conditions,  - mode propagation 
constant (tangential component of the wave vector). 

The used method can be applied for the calculation of fiber transmission 
in photonic crystal  bandgap. The proposed method calculates the transmis-
sion of a single-mode and multimode PCF with the vector nature of the guid-
ed modes field consideration. In practical application, this method of calcu-
lating PCF modes and light propagation can be used in spectroscopic applica-
tions and gas or liquid media sensors development. 

Results, obtained by the method are:
1. Power absorption coefficient is variable within the bandgap of PCF
2. The concentration of the media studied by PCF NDIR spectriscopy 

via Beer-Lamber Law was evaluated.  
[1]. Yu. S. Skibina et al., Quantum Electronics 41 (4) 284 – 301 (2011)
[2]. Joannopulos J.D. et. al., Photonic Crystals. Molding the Flow of Ligh, Princeton 

Univ. Press, 2008, 305.
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HOLOGRAPHIC GLUCOSE SENSORS – KINETICS OF THE 
RESPONSE 

V.A. Postnikov1*, A.V. Kraiskii2, M. Shevchenko2

1Institute of Physico-chemical medicine FMBA,  
Malaya Pirogovskaya Str., 1a, Moscow, Russia 

2P.N. Lebedev Physical Institute RAS, Leniskii Prosp.53, Moscow, Russia,  
*Corresponding author: vladpostnikov@mail.ru

Hydrogel holographic sensors are a new kind of optical sensors, poten-
tially suitable for the analysis of aqueous solutions and components of gas 
mixtures.[1,2] The principle of operation of such sensors is based on the 
change in the period of the holographic grating recorded in the hydrogel ma-
trix that swells or shrinks in the presence of the analyte mixture. These chang-
es are accompanied by corres-ponding changes in the wavelength of the re-
flected light, which is easily detected using a fiber spectrograph.

Holographic glucose sensors were synthesized in the hydrogel matrix 
consisted of three-dimensional polymer net of acrylamide (AA),  N-acryloyl-
3-aminophenylboronic acid (AMPh), (6 mol.%), N-acryloyl-D-2-glucosa-
mine (NGA), ( 6 mol.% ) and N,N’-methylene-bis-acrylamide (bis), (0,5 
mol.%) grafted on glass plate. Holographic gratings was formed in hydrogels 
as a result of the interference between the incident and the reflected beam 
(from a mirror placed behind the hydrogel) when irradiated by the red He-Ne 
laser (632,8 nm, power - 15 mW)[3] or green laser pointer (532 nm, 1,5 W).

The rate of optical response exhibited by a holographic sensor to the 
changing concentration of analyte is important characteristic determined by 
the rate of sugar diffusion into the gel as well as by the rate of affinity com-
plex formation and structural rearrangements of the gel due to the increasing 
concentration of negative charges resulting in gel hydration and swelling. 
Affinity complex formation between the sugar and PBA groups, or structural 
rearrangements of the gel due to its enhanced hydration in the presence of 
binding sugar seemed to input the rate of optical response

This research has been supporting by the Program of basic researches of 
Presidium RAS “Fundamental sciences for medicine”.

[1]. Yang X, Lee M.-C, Sartain F, Pan X, Lowe C.R. Chem. Eur. J. 2006,  12, 8491-
8497.

[2].  Kraiskii AV, Postnikov VA, Sultanov TT, Khamidulin AV. Quantum Electronics. 
2010,  40 (2), 178 -182.

[3]. V.A. Postnikov, A.V. Kraiskii, T.T. Sultanov, «XX International Scool-Seminar 
of Galina Puchkovska, Spectroscopy of molecules and crystals», Beregove, Crimea, 
Ukraine, 20-27 september 2011, p. 289.

P-9



284

METHODS AND APPLICATIONS

284

STRONTIUM AND CALCIUM RELATIONS IN PLANT AND 
SOIL SOLUTION ON CHORNOBYL AFFECTED AREAS 

V.V. Prorok1*, A.P. Ganushevich2, T.I. Makarenko1, V.V. Ostashko2, 
L.V. Poperenko1, L.Yu. Melnichenko1

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Institute for Nuclear Research, 47, Prospect Nauki, Kyiv-680, Ukraine 
*Corresponding author: prorok@univ.kiev.ua

Ratios Sr/Ca for natural total strontium and 90Sr/Ca in plants and in the 
corresponding soil solutions for three experimental lands with “fuel” type of 
pollution for several plants at natural conditions are determined. Content of 
Sr and Ca at the samples were determined with optical ICP spectrometer. 
Content of 90Sr at the samples were determined with radiochemistry. These 
lands with three different types of soil are at the Exclusion Zone of the Chor-
nobyl Power Station. The obtained experimental results show that ratio Sr/Ca 
in plant is equal to this ratio in the corresponding soil solution for all investi-
gated lands and plants. Ratio 90Sr/Ca in plant exceeds this ratio in the corre-
sponding soil solution. The ratio in the plant has positive correlation with the 
soil humidity for every experimental land.
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DESIGN OF DYE-SENSITIZED SOLAR CELLS WITH 
VARIOUS METHODS OF FORMING LAYERS ZnO

I.S. Vornichesku1*, N.O. Kolpakova1, Yu.O. Myagchenko1,  N.P. Klochko2

1Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

2Kharkiv Polytechnic Institute, National Technical University,  
Frunze Str., 21, Kharkiv, Ukraine 

*Corresponding author: irina-vorni@yandex.ua

One of the most promising ways to increase the efficiency of dye-sensi-
tized solar cells with various methods of forming layers of ZnO is a purpose-
ful method of forming a semiconductor layer topology, which provides in-
creased trajectory of scattered photons in this layer.

Due to the so-called ‘Pop-Corn Ball Effect’ experimentally registered a 
double increase efficiency. This was achieved by forming layers with a diam-
eter of 300 microns (on which scattering happens). They consist of smaller - 
diameter of 20 nm.

Promising method of forming the desired topology layer of ZnO is pro-
posed [1] required (hierarchical) structure. In our work we have a large 
number of samples to compare the effectiveness of different methods of cell 
manufacturing semiconductor layers.

[1]. N.P.Klochko, G.S.Khrypunov, E.E.Melnychuk, V.R.Kopach, K.S.Klepikova, 
V.N.Lyubov, A.V.Kopach // Functional Materials 19, №2 (2012), pp.276-281
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LASER-INDUCED INCANDESCENCE OF CARBON 
SURFACE

S.E. Zelensky*, K.S. Zelenska*

Faculty of Physics, Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 

*Corresponding author: zele@univ.kiev.ua

Irradiation of light-absorbing objects by powerful pulsed lasers can pro-
duce thermal emission in the visible spectral range. This emission is called 
LII (laser-induced incandescence). LII is usually observed with black micro-
particles or surfaces under irradiation by a nanosecond-timescale laser radia-
tion of moderate power density. Properties of LII of surface layers are of in-
terest for possible applications as a factor of monitoring of temperature in 
pulsed-laser processing of surfaces. 

In this work, (LII) of carbon surface is investigated under 1.06 mm 
YAG:Nd3+ pulsed laser excitation. The experiments show that the intensity of 
LII of carbon surface depends on the initial (before the laser irradiation pulse) 
temperature aT  of the investigated sample. With the increase of aT  the inten-
sity of LII LIII  increases significantly. For example, the increase of aT  from 
300 K to 350 K leads to the increase of LII signal by approximately 25%. 
With taking into account this property of LII, a new method is proposed for 
estimation of temperature of laser-heated surfaces. 

The method requires measurement of LII at a fixed wavelength λ  with 
application of a moderate variation of initial sample temperature aTD . Maxi-
mal value of laser-induced transient of surface temperature can be estimated 
with the use of the following expression 

.

It should be mentioned that the proposed method of surface temperature 
estimation is based on the supposition that the maximal surface temperature 
linearly increases with the laser power. The validity of this supposition is 
substantiated by the appropriate computer simulations. These simulations are 
based on the model which assumes that the laser-heated surface layer losses 
its internal energy through thermal conduction into the bulk sample. 

LII
m a

B LII

IhcT T
k I

= ⋅ D
λ D
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COHERENT PROPERTIES OF FEMTOSECOND 
SUPERCONTINUUM FOR SPERCTROSCOPY PURPOSES

Yu. Bashkatov1*, V. Khomenko2, V. Voitsekhovich2, B. Tsyganok1, 
N. Kachalova2

1Electron Device Department, Faculty of Electronics, National Technical University of 
Ukraine “Kiev Polytechnic Institute”, Peremogy av. 37, Kyiv 03056, Ukraine 

2Department of Coherent and Quantum Optics, Institute of Physics, NAS of Ukraine,  
46, Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: yuriy.bashkatov@gmail.com

Usage of femtosecond supercontinuum (SC) in spectroscopy systems 
was studied actively since beginning of XXI century. But this application 
needs some very specific parameters of output signal, such as high degree of 
coherence. Hence investigation of SC coherence properties and possibilities 
of its improvement is very actual.

Aim of this work is analysis of SC coherence generated by high intensity 
ultrashort pulses in microstuctured fibers. Spectrum of this SC type has self-
shifted solitons (SSFS) in IR region which is the reason of SC coherence 
degradation. 

For this purposes we calculate coherence degrees for experimental re-
sults and theoretically modeled results. Results show SC strong coherence 
degradation in blue and IR region caused by amplification of Raman gain. 
But visible range spectrum show satisfying results for spectroscopy goals. 
That correlates with previous investigation studies carried out by our group 
of researchers. 

Also at summer school will be presented calculation of spatial and spec-
tral coherence properties of femtosecond SC.

Work was done under support of Russian Foundation for Basic Research 
and National Academy of Science of Ukraine (project № 42-02-12).
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AB INITIO MODELING OF THE STRUCTURE AND 
ENERGETIC PARAMETERS IN CHAIN AND RING 

CLUSTERS OF ALCOHOLS
P. Golub*, V. Pogorelov

Taras Shevchenko National University of Kyiv,  
64/13, Volodymyrska Street, 01601 Kyiv, Ukraine 
*Corresponding author: pavelgolub87@gmail.com

Alcohols are specific kind of substances which molecules can combine 
into relatively stable cluster structures due to capability of forming hydrogen 
bonds. The size and shape of clusters and consequently the properties of al-
cohols connected with the strength of hydrogen bonding, which, in turn, de-
pendent on the nature of alcohols i. e. the length and shape of the dispersive 
alkyl backbone.

The aim of the present research is to trace the dependence between the 
hydrogen bonds strength and the size of the alcohol molecule backbones in 
the different cluster structures. The stability of cluster structures was evalu-
ated by the amount of total energy per molecule. In the case when room 
temperature (298 K) is considered the entropy affects were accounted and the 
enthalpy and free Gibbs energies of interaction were compared for different 
clusters. 

As objects of investigation the methanol, ethanol, 1-propanol, 1-butanol, 
and 1-pentanol were chosen. The energies of different chain-like and ring 
clusters comprising from 2 to 6 molecules for each alcohol were calculated 
and the comparison with the experimentally registered spectra was made.

The calculated IR spectra of the most profitable structures were com-
pared with the experimental ones registered at different temperatures.

Acknowledgment
This work was made with supporting of DFFD (Derzhavnyi Fond 

Fundamental’nyh Doslidzhen’).
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INTERPRETATION OF IR AND RAMAN SPECTRA OF 
4,4’-CHLOROBENZOPHENONE BASED ON MOLECULAR 

MODELING BY METHOD OF DENSITY FUNCTIONAL 
THEORY

L.M. Babkov*, V.A. Boykov, K.E. Uspenskiy
Saratov State University, Saratov, Russia 
*Corresponding author: babkov@sgu.ru

Vibrational IR and Raman spectra of 4,4’-chlorobenzophenone (4,4’-
ClBP) have been measured at room temperature. Modeling of the structure 
and vibrational spectra has been performed. Energy, structure, dipole mo-
ment, polarizability, force constants, frequencies of normal modes in har-
monic approximation and their intensities in the IR and Raman spectra have 
been calculated. Modeling by a density functional theory (DFT) method is 
realized in a software package Gaussian’03. Functional B3LYP and Basis 
6-31G(d) have been used for our calculations. Process of scaling has been 
used for decrease of the discrepancy between calculated frequencies in har-
monic approximation and measured frequencies.

66 normal modes of molecule 4,4’-ClBP are divided into equal parts 
between two symmetry types С2 point group: a and b. In accordance with the 
symmetry selection rules normal vibrations both symmetry types are allowed 
in the vibrational IR and Raman spectra of the molecule. Given the assign-
ment of frequencies of the normal vibrations and preliminary interpretation 
IR and Raman spectra of  4,4’-ClBP. 

Based on simulation results, we can conclude the applicability of the 
DFT method, using functional B3LYP and Basis 6-31G(d) to calculation of 
the structure of 4,4’-ClBP molecule and vibrational spectrum in harmonic 
approximation.
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EXHIBITION OF INTRA- AND INTERMOLECULAR 
INTERACTIONS AND CONFORMATIONAL MOBILITY AT 

IR SPECTRA OF SALOL 
L.M. Babkov1*, N.A. Davydova2, I.V. Ivlieva1, A.S. Mikchailov1 

1Saratov State University, Astrakhanskaya Str., 83, Saratov, 410026, Russia 
2Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: Babkov@sgu.ru

The IR spectra of salol have been measured by wide range of tempera-
tures. Measurements can be held  at a glass state or at two possible crystal 
states. Spectra measured at temperatures from 10 to 310 K differ from each 
other. What is the reason of the difference? We suggest that the conformation 
of salol molecule can differ with the difference of the temperature and phase 
state.  

Conformational mobility of the molecule and intra- and intermolecular 
interactions is the reason of the differences that can be seen at spectra. To 
check the suggesting we hold the modeling of the conformers and their H-
complexes and calculate their vibrational spectra. Conformers we had mod-
eled differ from each other by the angles of rotation across the single bond 
C8-О10. The calculations were held by program complex GAUSSIAN 03 us-
ing the DFT method B3LYP functional in basis 6-31G(d).  

Energies, structures,  mechanical and electrooptical  parameters and  vi-
brational  spectra of the molecular systems have been calculated. Using the 
results of the calculations the vibrational spectra of salol at crystall  state 
modifications and glass state measured at different temperatures were inter-
preted.
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IR SPECTROSCOPY AND QUANTUM MECHANICAL 
METHODS FOR INVESTIGATION OF CONFORMATIONAL 

MOBILITY OF BEHENIC ACID MOLECULE
L. Babkov1*, T. Bezrodna2, I. Gnatyuk2, E. Moisejkina1, G. Puchkovska2, 

K. Uspenskiy1

1Saratov State University, Astrakhanskaya Str. 83, Saratov, 410026, Russia 
2Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: Babkov@sgu.ru

IR–spectrum of behenic acid CH3(CH2)20COOH were measured in a 
wide temperature range (11-330K). At higher temperatures spectral changes 
were revealed (bands shift and emergence of new bands, transformation of 
their forms and redistribution of intensity). Changes can be explained by mo-
lecular structure change in polymorphic transformations.

To confirm the assumption about the conformational mobility of behenic 
acid the structure and spectra of different behenic acid dimers, formed by 
hydrogen bonds were simulated. Barrier to rotation around the nearest to the 
carboxyl group C-C bond is about half of the barrier to rotation around the 
other C-C bonds, so the deformation of the molecule is most likely near the 
dimer ring. 

Selected for modeling dimers differ by alkyl radical (AP) orientation 
relatively the carboxyl group and by orientation of fragment containing car-
boxyl group and closest to it CH2-group relative to the rest of AR. The angles 
of rotation relative to the closest to the carboxyl group carbon bonds were 
taken in the range of 3-10°.

Simulation is carried out by DFT method (B3LYP/6-31G(d)). Energy 
were minimized, structures, dipole moments, polarizability, the normal fre-
quencies in the harmonic approximation and the distribution of intensity in 
the IR spectra were calculated. The interpretation of the IR spectra were giv-
en.

On the basis of the calculated and measured IR spectra we made the 
conclusion about the conformational mobility of the behenic acid molecules, 
vibrations that are most sensitive to rotation relative to the closest to the car-
boxyl group carbon bonds, were identified.
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TDDFT CALCULATIONS OF ELECTRONIC SPECTRA 
OF BENZOXAZOLES UNDERGOING EXCITED STATE 

PROTON TRANSFER 
Y. Syetov

Department of Solid State Physics and Optoelectronics, Oles Gonchar Dnipropetrovsk 
National University, Prosp. Gagarina, 72, Dnipropetrovsk, Ukraine 

Corresponding author: setov2003@yahoo.com

Excited state proton transfer (ESIPT) has been extensively studied both 
experimentally and theoretically regarding its importance as a photochemical 
reaction as well as relevance for various applications. 2-(2’-hydroxyphenyl)
benzoxazole (HBO), 2,5-bis(2-benzoxazolyl)phenol (DBP) and 2,5-bis(2-
benzoxazolyl)hydroquinone (BBHQ) are benzoxazole derivatives that ex-
hibit ESIPT from the hydroxy group to nitrogen atom, the tautomers are enol 
and keto structures [1, 2].

Energies and oscillator strengths of vertical transitions for various rota-
meric and tautomeric species of HBO, DBP and BBHQ have been calculated 
in the ground and first excited states with the use of TDDFT methods. The 
TDDFT results demonstrate good correspondence to the frequencies of ab-
sorption and fluorescence bands of the benzoxazoles reported for measure-
ments in supersonic jets and solution, but fail to predict relative energies of 
enol and keto tautomers of DBP and BBHQ in the excited state. Low inten-
sity of the fluorescence bands attributed to the conformations of HBO and 
DBP that do not undergo excited state proton transfer is shown to be caused 
by low concentrations of the conformations in the ground state. The enol 
conformations with OH...O hydrogen bonds have been calculated to exhibit 
blue shift of the first absorption transitions in relation to those of the most 
stable OH...N enol structures. For the three substances large-amplitude twist-
ing of the keto tautomers has been found to be one of radiationless processes 
resulting in decrease of the fluorescence with a large Stokes shift [3].  

[1]. S.M.Ormson, R.G. Brown, Prog. Reaction Kinetics 19 (1994) 45.
[2]. J.M.Kauffman, G.S.Bajwa, J. Heterocyclic Chem. 30 (1993) 1613.
[3]. Y.Syetov, J. Fluoresc. (2013) doi:10.1007/s10895-013-1196-8.
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AB INITIO STUDY OF THE 4 2Г STATE OF TRIATOMIC 
RARE GAS HALIDES

 Vadim A. Alekseev 
Institute of Physics, St.Petersburg State University,  

Ul’janovskaja Str. 1, Peterhof,  198504 St.Petersburg,  Russia 
Corresponding author: alekseev@va3474.spb.edu. 

This contribution reports on  ab initio study of   Rg2X molecules (Rg – 
rare gas atom, X – halogen atom) with an emphasis on  the lowest bound  42Г 
state which is the source of broad band emission of halogen doped Rg gases 
and cryogenic Rg solids.  The  equilibrium geometry of Rg2X(42Г) is isosce-
les triangle.  Along the RgX-Rg bond Rg2X(42Г) correlates with  the ion-pair 
RgX(C 2P1/2 ) state and with the ground state of Rg2

+ ion along the Rg2-X 
bond. Calculations were performed using MOLCAS [1] on RASSCF/
CASPT2 level with inclusion of the spin-orbit interaction. Similar calcula-
tions were also performed for   Rg2

+ and RgX molecules using the same 
method and  basis sets as for  Rg2X to obtain reference results for comparison. 
Table 1 shows bond lengths and vibrational frequencies for RgX(42Г ) and for 
the forementioned states of diatomic fragments. As is seen the equilibrium  
RRg-Rg distance in Rg2X(42Г)  is the same as in Rg2

+ (X) whereas the   RRg-X 
bond is   ≈ 0.2 Å longer than in RgX(C). The Rg-X bond elongation is the 
same for all Rg2X independently of the bond length, which varies from 2 Å  
for NeF and up to 3.6 Å for XeI. Another interesting result concerns with 
Rg2X(42Г) vibrations. The bending mode frequency  remain close to ve of 
Rg2

+(X 2S+
u) (Table 1)  implying weak coupling with the symmetric stretch 

mode. Very similar result was obtained for triatomic alkali halides [2]. Dis-
sociation energy and dipole moment of transitions coupling RgX(42Г )with 
lower lying valence states have also been calculated in the course of present 
study.
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Table 1. Internuclear distance (Å) and vibrational frequency (cm-1) in the ground ele-
ctronic state of Rg2

+,  the  ion-pair state C 2P3/2 of RgX, and  the 42Г state of Rg2X.  
RASSCF/CASPT2 calculations,  ANO-RCC-VQZP atomic natural orbital type basis 

set.  
Rg2

+  

X  2S+
u

RgX
C 2P3/2

 Rg2X
42Г  (

2B2)
RRg-Rg ve RRg-X ve RRg-X RRg-Rg va vs vb

Ne2
+ 1.71 591 NeF 2.00 526 Ne2F 2.18 1.71 254 384 606

Ar2
+ 2.38 311 ArF 2.25 401 Ar2F 2.46 2.36 165 293 345

ArCl 2.76 265 Ar2Cl 2.97 2.37 109 202 322

Kr2
+ 2.68 191

KrF 2.35 355 Kr2F 2.56 2.64 164 293 199
KrCl 2.88 223 Kr2Cl 3.08 2.65 105 177 206
KrBr 3.04 161 Kr2Br 3.24 2.65 75 125 201

Xe2
+ 3.05 132

XeF 2.44 345 Xe2F 2.65 2.94 198 349 165
XeCl 2.99 206 Xe2Cl 3.2 3.00 94 179 143
XeBr 3.16 143 Xe2Br 3.36 3.00 71 115 148
XeI 3.39 115 Xe2I 3.62 3.01 60 88 141

[1]. F.Aquilante, et al  J.Comput.Chem., 31, 224, 2010 
[2]. S.V.Alekseeva, V.A.Alekseev, this conference
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AB INITIO STUDY OF TRIATOMIC ALKALI HALIDES
Svetlana V. Alekseeva1*,  Vadim A. Alekseev2

1State Academy of Forestry, Institutskii Str. 5, 194021 St.Petersburg, Russia 
2Institute of Physics, St.Petersburg State University,   

Ul’janovskaja Str. 1, Peterhof, 198504 St.Petersburg, Russia 
*Corresponding author: svetlana.vl.alexeeva@mail.ru

This contribution reports ab initio study of triatomic alkali halides. Ex-
cited rare gas atoms have similar ionization potentials and polarisabilities as 
alkali metal atoms. In turn this similarity lead to similarities between the 
ground state of MX molecules (M - alkali and X — halogen) and the ion-pair 
states of rare gas halide molecules (RgX). molecules.  One may expect that 
the ground electronic state of triatomic M2X molecules may  have features in 
common with the bound Rg2X(42G) state of triatomic rare gas halides [1].  To 
compare properties of M2X and Rg2X molecules in a systematic way we per-
formed calculations for all M2X molecules containing Li, Na and K. Calcula-
tions for  M2

+ ions and MX were performed with the same method and basis 
sets as for M2X molecules to obtain reference results for comparison. The M2

+  
and MX diatomics are well known from experimental and ab initio studies 
and the present results are in a good agreement with literature data.   In con-
trast to the diatomics,  M2X molecules remain little studied. The results of the 
present work are summarized in Table 1. We note in particular that   the bend-
ing mode frequency  remain close to ve of M2

+(2Sg)  implying weak coupling 
with the symmetric stretch mode. Very similar result was obtained for Rg2X 
molecules [1].
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Table 1. Equilibrium internuclear distance (Å) and vibrational frequency (cm-1) in the 
ground electronic state of M2

+, MX, and  M2X molecules (M=Li, Na, K,  X=F, Cl, Br, I). 
RASSCF/CASPT2 calculations with inclusion of the spin-orbit interaction, ano-rcc-v-

qzp atomic natural orbital type basis set.
M2

+  2S+
g MX 1S+ M2X  12A1   

RM-M ve RM-X ve RM-X RM-M va vs vb

Li2
+

3.14
3.14
3.14
3.14

259

LiF 1.60 840 Li2F 1.68 2.64 656 693 227
LiCl 2.05 628 Li2Cl 2.19 2.71 497 252
LiBr 2.20 552 Li2Br 2.35 2.73 439 243
LiI 2.40 508 Li2I 2.58 2.71 409 268

Na2
+

3.61
3.61
3.61
3.61

122
122
122
122

NaF 1.97 475 Na2F 2.03 3.17 400 365 118
NaCl 2.38 354 Na2Cla 2.53 3.22 206 281 119
NaBr 2.52 294 Na2Br 2.68 3.25 176 232 111
NaI 2.71 258 Na2I 2.89 3.27 156 207 111

K2
+

4.50
4.50
4.50
4.50

74
74
74
74

KF 2.22 380 K2F 2.30 3.95 284 70
KCl 2.67 277 K2Cl 2.83 4.06 213 69
KBr 2.84 217 K2Br 3.00 4.09 78 164 70
KI 3.05 186 K2I 3.24 4.12 108 142 62

a literature results  for Na2Cl   RM-X=2.545 Å, RM-M=3.263 Å, ref.[2] 

[1]. V.A.Alekseev, this Conference
[2]. E. Rehm, A. Boldyrev, P. R. Schleyer, Inorg. Chem. 1992, 31, 4834
[3]. W.Grochala, R. Hoffmann,  J. Phys. Chem. A 2000, 104, 9740
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CYCLOHEXANOL STRUCTURE AND IR SPECTRUM 
MODELING USING DENSITY FUNCTIONAL METHOD IN 

THE ANHARMONIC APPROXIMATION
L.M. Babkov1*, N.A. Davydova2, E.A. Moisejkina1

1 Saratov State University, Astrakhanskaya Str., 83, Saratov, 410026, Russia 
2 Institute of Physics, NAS of Ukraine, 46 Nauki Prosp., 03068 Kyiv, Ukraine 

*Corresponding author: Babkov@sgu.ru

It was established that the cyclohexanol molecule has the property of 
conformational mobility. Cyclohexanol molecule is realized in the form of 
four conformers differ in the orientation of the hydroxyl group. By the meth-
od of neutron and X-ray diffraction analysis it was determined that the cy-
clohexanol is characterized by polymorphism, and forms the stable crystal 
structures with different molecular conformational composition. The struc-
tures of polymorphs is largely due to the influence of the hydrogen bonding. 
It was found that the crystalline phases II, III are formed by the endless 
chains, fragments of which are chained and cyclic tetramers respectively, and 
in an unstable phase III ‘ trimers are realized. All these H-complexes consist 
of cyclohexanol conformers with the equatorial orientation of hydroxyl 
group.

IR spectra of cyclohexanol were measured in the plastic (I) and crystal-
line (II, III) phases in a wide temperature range.

In this report we present the results of the simulation of the vibrational 
spectra of the isolated molecule of cyclohexanol in the anharmonic approxi-
mation. For calculation the selected model consisted of conformers, which 
more likely participate in the formation of H-complexes. The spectrum of 
cyclohexanol, calculated in the anharmonic approximation was compared 
with the spectrum calculated in the harmonic approximation using the proce-
dure of frequencies scaling. In general, the spectra are the same, but the an-
harmonic frequencies of vibration involving hydrogen atoms are in better 
agreement with experiment. Accounting for mechanical anharmonicity in the 
calculation of the spectrum of cyclohexanol was improved the interpretation 
of the vibrational spectra.

P-7
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ЯДЕРНЫЙ МАГНИТНЫЙ РЕЗОНАНС И ЕГО 
ПРИМЕНЕНИЕ

В.И. Чижик 
Физический факультет Санкт-Петербургского государственного университета, 

Российская Федерация  
chizhik@nmr.phys.spbu.ru

В современной физике термином «магнитный резонанс» называют 
совокупность явлений, возникающих при взаимодействии магнитных 
моментов ядер и электронов со статическими, переменными или 
флуктуирующими магнитными полями, которые либо прилагаются 
извне, либо могут возникать внутри вещества. Изменения ориентации 
магнитных моментов ядер или электронов в статическом магнитном 
поле сопровождаются излучением или поглощением квантов 
электромагнитного поля, соответствующему радиочастотному 
диапазону. Регистрируя это излучение и решая обратные задачи, можно 
извлечь информацию о локальной структуре молекул, различных 
твердых тел, о внутренних движениях в жидкостях, твердых телах, 
мезофазах и т.п. За развитие идей и приложений магнитного резонанса 
присуждено шесть Нобелевских премий по физике,  химии, биологии, 
физиологии и медицине (последняя в 2003 году). 

К магнитно-резонансным методам относятся в первую очередь:
• ядерный магнитный резонанс (ЯМР)
• электронный парамагнитный резонанс (ЭПР)
• ядерный квадрупольный резонанс (ЯКР)
Эти методы, являясь бесконтактными, не разрушают исследуемый 

объект, что делает их уникальными и востребованными не только в 
физике и химии, но и в медицине, геологии, биологии, археологии. В 
настоящее время ни один серьезный медицинский центр не обходится 
без ЯМР-томографа. В России ЯМР используется при каротаже 
нефтяных скважин, лабораторном анализе продуктивности нефтеносных 
коллекторов, анализе масличности и влажности семян, разработаны 
применения ЯКР для дистанционного обнаружения твердых взрывчатых 
и наркотических веществ, магнитометрические методы на основе 
магнитного резонанса незаменимы при проведении археологических 
изысканий.
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ELEMENTAL PARTICLES OF DARK MATTER AND 
EXPERIMENTS ON ITS OBSERVATION 

V.S. Gorelik
P.N. Lebedev Physical Institute of the Russian Academy of Sciences,  

Leninskii Prospect, 53, Moscow 119991, Russia  
gorelik@sci.lebedev.ru

The existence of dark matter in Universe is surely proved as a result as-
trophysical observations of star emission and also from theoretical predic-
tions, obtained in high energy elemental particles physics [1,2]. To now in a 
number of theoretical and experimental works the nature of elemental parti-
cles of dark matter are thoroughly investigating. In this report the properties 
of such type particles are discussed. There are theoretical predictions, that the 
elemental particles of dark matter, named as paraphotons and axions [3,4], 
have very small rest mass: about 10-3 -1 meV, i.e, correspond to far infrared 
region of spectra. There are the  “clouds” of slowly mowing of paraphotons 
and axions around of us and fast moving particles of dark matter from Sun or 
from cosmic space with velocity, close to c=3x10 m/s. The experiments on 
detection of paraphotons and axions in laboratory are described. In such ex-
periments the modern lasers as the sources  of exciting light for photon – 
paraphoton (axion) and some media as detectors for conversion processes  
realizing and detection  have been used. The main property of elemental par-
ticles of dark matter is the opportunity of its propagation through the non-
transparent media without any essential interaction. So the generation of di-
rected beams of such type particles may be useful for space information 
transferring [5,6] and for another applications. 

[1]. S.Hoffmann. Paraphotons and axions: Similarities in stellar emission and detec-
tion. Phys. Lett. B 193, 117- 122 (1986) 

[2]. L.D. Duffy, P.Sikivie,  D.B. Tanner, S.J. Asztalos, C.Hagmann, D.Kinion, L.J 
Rosenberg, K. van Bibber, D.B. Yu, R.F. Bradley. High resolution search for dark-matter 
axions. Physical Review D 74, 012006 (2006)

[3]. L.B. Okun. Limits on electrodynamics: paraphotons? Sov. Phys. JETP 56, 502-
505 (1982).

[4]. P. Sikivie, D.B. Tanner, and K. van Bibber. Resonantly Enhanced Axion-Photon 
Regeneration Phys. Rev. Lett. 98, 172002 (2007). 

[5]. J.Jaeckel, J.Redondo and A.Ringwald. Hidden laser communications through 
matter —An application of meV-scale hidden photons. EPL 87, 10010(2009)

[6]. D.D. Stancil. Long distance signaling using axionlike particles. Physical Re-
view D 76, 111701(R) (2007)
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ЕВОЛЮЦІЯ АКТИВНИХ ОБЛАСТЕЙ В КОРОНАЛЬНИХ 
ДІРКАХ

В.К. Ігнатов
Навчально-виховний комплекс «Школа-лiцей» № 3 ім. А. С. Макаренка 

м. Сімферополя Автономної Республіки Крим, 10 клас,  
Республіканський позашкільний навчальний заклад «Мала академія наук учнівської 

молоді Автономної Республіки Крим «Шукач»

Розглядається проблема існування активних областей (АО) у коро-
нальних дірках (КД). Існує думка, що КД є кінцевою фазою розвитку 
АО.

Було розглянуто повний цикл існування АО в КД. Були використані 
зображення Сонця в лінії HeI10830Å (Кр АО і в MLSO) і в лінії171 Å 
(SOHO). Я брав участь в отриманні зображень на БСТ-2, в їх обробці і 
роботі з архівами, з метою виявлення можливих випадків  виникнення 
АО в КД. Були розглянуті спостереження за 1999–2005 роки і відібрано 
5 випадків виникнення АО в КД. З  архівів спостережень було отримано 
початкові файли, які згодом було унормовано до рівня спокійного Сон-
ця.

Були проаналізовані зображення Сонця за весь час існування КД і 
АО в них, на різних рівнях атмосфери Сонця (хромосфера і корона). 
Після підрахунку площ КД на різних висотах було отримано відомості 
про висотну стратифікацію магнітного поля КД. У всіх випадках струк-
тура магнітного поля виявилася закритою.

КД, як правило, виникала не менш ніж за1оберт до появи в ній АО. 
Сама АО не змінювала розташування меж КД за весь час її існування, 
що особливо видно у двох випадках: коли АО з’являлася на межі КД або 
досягала її в процесі еволюції.

Після зникнення АО КД продовжувала існувати у своїх колишніх 
межах. Це свідчить про те, що КД є кінцевою фазою розвитку АО.

MAS-1
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ДОСЛІДЖЕННЯ АСТЕРОЇДА 4 ВЕСТА
П.П. Плотко

Комунальний заклад «Харківський фізико-математичний ліцей № 27  
Харківської міської ради Харківської області», 10 клас,  

Харківське територіальне відділення МАН України

У роботі розглянуті історія відкриття астероїда 4 Веста, фізичні ха-
рактеристики астероїда за даними наземних спостережень та космічних 
апаратів. Описується АМС «Dawn» – дев’ята місія в рамках загального 
проекту Discovery Національної космічної агенції США (NASA), одні-
єю з цілей якої є вивчення астероїда 4 Веста.

Крім того, у роботі наводяться результати фотометричних спостере-
жень астероїда, які були виконані у вересні 2012 року на 70-см рефлек-
торі Чугуївської спостережної станції Інституту астрономії ХНУ. Фото-
метрія була виконана за допомогою панорамного приймача випроміню-
вання ПЗЗ-камери ML 47-10.

За результатами фотометрії була отримана його крива блиску у 
спектральних смугах BVRI, яка показала амплітуду 0,16m при фазовому 
куті 23,15º. Крива блиску має відомий із літератури вигляд з одним ши-
роким максимумом і мінімумом за період обертання.Також була 
відмічена досить неочікувана особливість у поведінці колор індексів з 
обертанням астероїда.Отримані результати якісно узгоджуються з тими 
даними, що отримані з борту DAWN.

MAS-2
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ДОСЛІДЖЕННЯ ТРАНЗИТУ ВЕНЕРИ ПО ДИСКУ СОНЦЯ
А.В. Нерушак

Христинівська спеціалізована школа І-ІІІ ступенів № 1 ім. О.Є. Корнійчука 
Христинівської районної ради Черкаської області, 9 клас, 

Черкаське обласне територіальне відділення МАН України

Мета дослідження: вивчити і дослідити транзит Венери по диску 
Сонця, як рідкісне і унікальне астрономічне явище в Сонячній системі, 
яке спостерігається, коли планета в нижньому сполученні перетинає 
площину екліптики, зробити фотографії та проспостерігати транзит у 
часі, визначити відстань від Венери до Сонця, дослідити транзит Вене-
ри по диску Сонця за допомогою програми «Stellarium».

Актуальність:5-6 червня 2012 року люди востаннє у цьому столітті 
могли спостерігати транзит Венери по диску Сонця. Завдяки досліджен-
ню транзиту Венери 2012 року було частково знайдено відповідь на пи-
тання про удосконалення методів дослідження атмосфер екзопланет. 
Ми мали рідкісну можливість особисто спостерігати в телескоп транзит 
Венери. Наступну таку можливість людство матиме аж в грудні 2117 
року.

Завдання дослідження: здійснити спостереження транзиту 2012 
року в місті Христинівка, вивчити історію досліджень шести транзитів, 
навчитись визначати відстані до планет, освоїти програму «Stellarium».

6 червня 2012 року з 5.00 до 7.54 год. було здійснено власне спосте-
реження транзиту Венери.

При дослідженні транзиту Венери по диску Сонця 2012 року було 
зроблено світлини явища та помічено 7 плям на Сонці. За допомогою 
програми «Stellarium» було досліджено зміни відстані від Венери до 
Землі в момент нижнього сполучення. Також було досліджено транзит у 
часі, визначено відстань від Венери до Сонця (107080000 км=0,72 
а.о.=3,49*10 6- пк) та визначено тривалість видимого транзиту 2012 
року в різних містах світу і України.

MAS-3
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ДОСЛІДЖЕННЯ ФОТОМЕТРИЧНОЇ ЗМІННОСТІ 
КАРЛИКОВОЇ НОВОЇ ТИПУ WZSGЕ OTJ184228

Р.Д. Звагельський
Навчально-виховний комплекс «Школа-лiцей» № 3 ім. А. С. Макаренка 

м. Сімферополя Автономної Республіки Крим, 10 клас, 
Республіканський позашкільний навчальний заклад  

«Мала академія наук учнівської молоді Автономної Республіки Крим «Шукач»

Катаклізмічні змінні – це тісні подвійні системи, що знаходяться на 
пізніх стадіях еволюції. Вони складаються з компонента-донора – зірки 
пізнього спектрального класу, що втрачає свою речовину на компактний 
компонент – зірку, що знаходиться на пізній стадії еволюції. 

Уявлення про процеси акреції дозволяють розібратися у фізиці 
більш екзотичних об’єктів: рентгенівських подвійних зірок, чорних дір 
та активних ядер галактик. Але найголовніше, що вивчення 
катаклізмічних змінних дозволяє всебічно поглянути на процеси 
еволюції зірок, що знаходяться на пізніх стадіях еволюції, в тому числі і 
на коричневі карлики.

Змінна OT J184228 була відкрита у вересні 2011 р. Через деякий час 
цей об’єкт спостерігали в обсерваторіях усього світу. Виявилося, що 
спалахова активність цієї зірки дуже примітна та не відповідає загальним 
особливостям спостереження таких змінних. 

Автором проводилась обробка та аналіз знімків з 50-см телескопа 
ARCSAT, Apache Point Observatory, Нью-Мексико, США й отримання, 
обробка, аналіз знімків з 2,6-м телескопа ЗТШ, НДІ «Кримська 
астрофізична обсерваторія», с.Науковий, Україна.

Метою роботи є дослідження процесів, що протікають у карликовій 
нової OT J184228 під час згасання і після її надспалаху, методами 
сучасної астрофотометрії 

За проведеними спостереженнями були відкриті пізні надгорби, та 
була виявлена короткоперіодична змінність з періодом, відмінним від 
орбітального. Також була розроблена фізична модель карликової нової, 
яка дозволяє пояснити усі фізичні процеси, які відбувалися в зірці.

MAS-4
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ГРАВІТАЦІЙНЕ ЛІНЗУВАННЯ
Н.В. Матейчук

Луцька загальноосвітня школа І-ІІІ ступенів № 23 Волинської області, 10 клас,  
Комунальна установа «Волинська обласна Мала академія наук»

Гравітаційне лінзування – явище дуже “цікаве” для астрономів. Зав-
дяки йому можна визначити багато невідомих величин: масу тіл, відста-
ні до об’єктів, сталу Хаббла. Гравітаційним лінзам властива здатність 
збільшувати зображення, яскравість фонових об’єктів. Тому викори-
стання гравітаційного лінзування відіграє важливу роль серед методів 
дослідження космосу.

Об’єктом дослідження є гравітаційні лінзи, їх фізичні параметри, 
різновиди спотворених ними зображень, а також можливості Сонця, як 
гравітаційної лінзи.

Мета: збір та аналіз інформації про взаємодію світла і гравітаційно-
го поля масивних тіл та вплив цього ефекту на видимі траєкторії небес-
них об’єктів. Відповідно до мети було поставлено такі завдання:

 - розглянути історію дослідження гравітаційних лінз
 - проаналізувати відомі знання про дане явище
 - дослідити його вплив на видиме зображення космосу
 - розглянути випадки спотворення зображень від фонових 

об’єктів при різних типах гравітаційних лінз
 - дослідити використання даного явища вченими-астрономами 

для дослідження всесвіту
 - обчислити параметри Сонця як гравітаційної лінзи.

Кожна зірка здатна бути гравітаційною лінзою, в тому числі і наше 
Сонце. Але, оскільки ми знаходимось близько до нього, то не можемо 
спостерігати цей ефект в повній мірі.

MAS-5
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АНАЛIЗ ЗМІНИ КРИВОЇ БЛИСКУ ПОДВІЙНОЇ ЗОРІ 
WZ Crv

М.В. Могорян
Одеська Маріїнська гімназія, 10 клас, 

Одеське територіальне відділення МАН

Подвійні зорі є основним джерелом інформації про маси зір,у по-
двійних зорях проходить багато фізичних процесів, які неможливо реа-
лізувати у земних лабораторіях, тому вивчення таких зір є важливою 
задачею астрофізики.

Метою даної роботи було вивчення подвійної зорі WZ Ворона за 
допомогою аналізу ПЗЗ-зображень. Ставилася задача порівняти особли-
вості кривої блиску цієї зорі 2012 року з більш ранніми спостереження-
ми, а також запропонувати пояснення феномену асиметрії кривої та до-
слідити його стабільність.

У 2010/2011 роках автор роботи розпочав дослідження подвійної 
зорі WZ Crv. Це затемнювана зоряна система типу Aлголя з періодом 
1.7887 днів. Автор відкрив у неї  асиметрію максимумів блиску та повне 
затемнення у головному мінімумі. Результати цього дослідження опу-
бліковані у статті Virnina N.A.    Andronov I.L.    Mogorean M.V. «A Hot 
Spotand Mass Transfer of the Algol-type Binary System WZ Crv».

У даній роботі представлено результати додаткових досліджень 
кривої блиску системи WZCrv за спостереженнями 2012 року, пере-
обробленими спостереженнями 2010 року, та архівними спостережен-
нями електронних баз даних. У 2012 році спостереження велися у 4 
фільтрах: B, V, R, I. На нових фазових кривих не помітно асиметрії, але 
головний мінімум помітно глибший, ніж був два роки тому. У роботі 
запропоновано пояснення феномену наявністю мігруючої «холодної» 
плями у фотосфері однієї з компонент та показано схематично її розта-
шування у різні роки.
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ЗІТКНЕННЯ В СОНЯЧНІЙ СИСТЕМІ: РОЛЬ І МЕТОДИ 
РОЗРАХУНКУ

Д.В. Шимків
Харківський навчально-виховний комплекс № 45 «Академічна гімназія» 

Харківської міської ради Харківської області, 10 клас, 
Комунальний заклад «Харківський центр дослідницько-експериментальної 

діяльності «Будинок учителя» Харківської обласної ради»

Актуальність роботи базується на тому, що за останні два 
десятиліття була, не тільки усвідомлена серйозна небезпека для людства, 
пов’язана з падінням на Землю астероїдів і комет, але і здійснені активні 
дослідження різних аспектів цієї проблеми. Але це всього лише один із 
напрямків ще більш загальної задачі, що розглядає зіткнення в Сонячній 
системі будь-яких космічних тіл. 

Метою роботи є стисло викласти основні аспекти цієї задачі (такі 
як астероїдна небезпека, роль зіткнень в еволюції Сонячної системи, а 
саме формування розподілу астероїдів за розмірами і формування 
рельєфу тіл, що володіють твердою поверхнею), висвітлити метод Епіка 
розрахунку ймовірності зіткнення. Було поставлено завдання 
проаналізувати основні положення методу Епіка, на прикладі 
конкретного потенційно-небезпечного астероїда показати можливості 
цього методу, написати програму та за її допомогою розрахувати для 
нього ймовірність зіткнення із Землею та порівняти отримане значення 
із результатами більш точних чисельних методів, перевірити чутливість 
результуючої ймовірності на зміну елементів орбіти ударника через 
збурюючий вплив планет та похибки астрометричних спостережень. 
При виконанні роботи був проведений аналіз літератури (переважно 
англомовної), описані якісні питання теорії зіткнень.

Зміст роботи включає два розділи. У першому наведені загальні 
відомості про малi тіла Сонячної системи, роль зіткнень у формуванні 
розподілу тiл за розмірами та на ранній стадії еволюції протопланетного 
диска, утворення кратерів на тілах Сонячної системи. Другий 
присвячений методу Епіка, оцінці впливу похибок у елементах орбіти 
на ймовірність зіткнення на прикладі астероїда (99942) Apophis з 
використанням оскулюючих елементів його орбіти на різні моменти 
часу. Написана програма, яка за елементами орбіти астероїда розраховує 
ймовірність його зіткнення із Землею. 

Основні результати роботи: представлений метод розрахунку 
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дозволяє швидко оцінити по порядку величини ймовірність зіткнення 
небесних тіл. Цю величину можна використовувати як верхню оцінку 
вірогідності зіткнення, а її обчислення істотно більш просте у порівнянні 
з точними, але громіздкими методами.

MAS-7



313

MINOR ACADEMY OF SCIENCES

РОЗРОБКА ЕНЕРГОЗБЕРІГАЮЧИХ ТЕХНОЛОГІЙ 
ЕКСПЛУАТАЦІЇ ДЖЕРЕЛ СВІТЛА ШЛЯХОМ АНАЛІЗУ 

ЇХ СПЕКТРАЛЬНОГО ЕЛЕКТРОМАГНІТНОГО 
ВИПРОМІНЮВАННЯ

М.О. Козяр
Златопільська гімназія м. Новомиргорода Новомиргородської районної ради 

Кіровоградської області, 10 клас, 
Кіровоградське територіальне відділення МАН України

Актуальність теми. Економія електроенергії – це досить велика 
область реалізації раціональних намірів людини. Системи 
енергозбереження повинні забезпечувати високий ККД пристроїв на 
всіх етапах використання джерел енергії. Для штучних електричних 
джерел світла, в контексті впровадження енергозберігаючих 
інноваційних технологій, найважливішим є підвищення відсотка 
електричної енергії, яка безпосередньо трансформується в світлову, 
незалежно від типу джерела світла. Тому тема роботи є актуальною і 
відповідає сучасним тенденціям розвитку техніки.

Мета роботи – запропонувати технологію оптимізації технічних 
параметрів енергоефективної експлуатації джерел світла, шляхом 
аналізу відповідних спектрів електромагнітного випромінювання.

Завдання – вивчити теоретичні питання пов’язані з 
випромінювальними здібностями джерел світла та енергозберігаючими 
технологіями в даному напрямку,  дослідити особливості оптичного 
спектру ламп,  запропонувати технологію впровадження 
енергоефективного використання сучасних джерел світла.

Наукова новизна результатів –встановлено, що спектри 
випромінювання досліджуваних штучних джерел світла залежать від 
параметрів експлуатації при відхиленні від номінальних значень, а тому 
можливо в кожному окремому випадку встановлювати оптимальний 
режим їх роботи в контексті енергозбереження.
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ДОСЛІДЖЕННЯ МОЖЛИВОСТЕЙ СТВОРЕННЯ 
ХВИЛЬОВИХ ЕЛЕКТРОСТАНЦІЙ ДЛЯ МОРСЬКИХ 

АКВАТОРІЙ УКРАЇНИ
А.П. Бурунін

Миколаївський морський ліцей імені професора М. Александрова  
Миколаївської міської ради, 9 клас, 

Миколаївське територіальне відділення МАН України

Енергія морського хвилювання нескінченна, отже хвильові 
електростанції (ХвЕС) – це альтернативні джерела екологічно чистої 
енергії, які є конкурентоспроможними серед інших джерел так званої 
«зеленої» енергетики.

Метою роботи є аналіз сучасного стану у галузі хвильової 
енергетики провідних морських країн світу, попередня оцінка 
доцільності розміщення ХвЕС на акваторії Азово-Чорноморського 
басейну України та експериментальне дослідження макету нового типу 
ХвЕС з гнучким енергопоглинаючими елементами.

Для досягнення поставленої мети у роботі вперше виконано огляд і 
порівняльний аналіз сучасних хвильових електростанцій та аналіз вод 
Азово-Чорноморського басейну України як джерел хвильової енергії, на 
підставі якого обрано перспективний для України тип ХвЕС з гнучкими 
енергопоглинаючими елементами. Запропоновано удосконалити 
механізм керування просторовим положенням ХвЕС з гнучкими 
енергопоглинаючими елементами по відношенню до напрямку 
набігання хвиль. Проведено басейновий експеримент. За результатами 
виконаних експериментальних досліджень макету ХвЕС встановлено 
залежності величини отримуваної механічної енергії на валу гнучкого 
елементу від довжини і ширини енергопоглинаючої стрічки і, таким 
чином, підтверджено працездатність ХвЕС нового типу.
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ПРОГНОЗУВАННЯ КРИТИЧНОГО РУЙНУВАННЯ 
ЗРАЗКА ШЛЯХОМ ВИМІРЮВАННЯ ЙОГО ВЛАСНИХ 

ЧАСТОТ КОЛИВАНЬ
М.Д. Щедролосьєв

Херсонський фізико-технічний ліцей при Херсонському національному технічному 
університеті та Дніпропетровському національному університеті, 10 клас, 

Комунальний заклад «Мала академія наук» учнівської молоді  
Херсонської обласної ради

У даній роботі нами представлений новий метод прогнозування 
критичних руйнувань – метод, оснований на вивченні вільних та 
вимушених коливань досліджуваної деталі. Цей метод ґрунтується на 
тому, щоб шляхом вимірювання власної частоти коливань резонансним 
методом можна було б спрогнозувати руйнування зразка.

Об’єктом нашого дослідження є вивчення міцнісних характеристик 
тіл.

Предметом нашого дослідження є вивчення зміни частоти коливань 
тіла у залежності від часу його експлуатації.

Завдання дослідження:
 - з’ясувати механізм руйнування тіл, а також причини, що до 

цього призводять
 - теоретично визначити залежність частоти коливань зразка від 

його міцнісних характеристик
 - сконструювати установку для дослідження залежності частоти 

коливань зразка від кількості циклів навантаження та провести необхідні 
експерименти.

Причиною руйнування елементів конструкції в результаті появлення 
тріщин можуть бути корозія та старіння металу. Необґрунтоване 
продовження терміну експлуатації конструкції веде до різного роду 
аварій.

Нами встановлено теоретичну залежність частоти коливань 
досліджуваного зразка від його міцнісних характеристик. 

Для підтвердження теоретичних результатів ми провели серію 
експериментів, спрямованих на вивчення залежності частоти коливань 
зразка від тривалості навантажень.

Нами розроблена установка, що піддає зразок циклічним 
навантаженням, розроблений спосіб визначення резонансної частоти 
коливань зразка для вивчення зміни його внутрішніх властивостей під 
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дією циклічних навантажень.
Маючи графік залежності частоти від часу експлуатації або від 

кількості впливів на зразок, на якому чітко визначається, поблизу яких 
частот зразок руйнується, нам вдалося вибрати зразок з яскраво 
вираженою втомної характеристикою шляхом порівняння частот 
власних коливань зразка в справжній час з передкритичними частотами, 
зазначеними на графіку для серії однотипних екземплярів.

Теоретично та експериментально вдалося встановити, що в міру 
наростання втоми матеріалу змінюється модуль пружності, (Е - модуль 
Юнга), що веде до зміни швидкості поширення пружних хвиль і зміни 
власної частоти.

Надалі ми плануємо створити компактний і зручний прилад для 
здійснення подібних вимірів. 
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ВИГОТОВЛЕННЯ КРИСТАЛІВ ДЛЯ ОПТИЧНИХ 
ІЗОЛЯТОРІВ

Л.Я. Захарук
Чернівецький ліцей № 1 математичного та економічного профілів, 10 клас, 

Комунальний обласний позашкільний навчальний заклад 
«Буковинська Мала академія наук учнівської молоді»

Мета даної роботи — створення оптично досконалого для 
практичного використання напівмагнітного напівпровідника. 
Напівмагнітний напівпровідник Кадмій Манган Телур (Cd1-xMnxTe) 
активно вивчається як перспективний представник твердих розчинів. 
Змінюючи процентний вміст компонентів ми можемо контрольовано 
впливати на властивості матеріалу. Наприклад, впливати на сталу Верде, 
змінюючи концентрацію магнітну компоненту Мангану. 

Для вирішення поставленого завдання ми провели оптимізацію 
процесів вирощування монокристалів та дослідження питомого опору і 
спектра пропускання оптичного випромінювання кристалів Cd1-xMnxTe 
в залежності від вмісту Mn. Монокристали були вирощені у 
високотемпературних печах відповідно до модифікованого методу 
Бріджмена. Температурні режими печей були оптимізовані враховуючи 
фізичні і хімічні властивості твердих розчинів і результати досліджень. 
Процес проходив у кварцових контейнерах, покритих піролітичним 
графітом. Для синтезу були застосовані ультра-чисті компоненти. Це 
дало можливість запобігти оптичному поглинанню домішками в області 
енергії фотонів, що менше, ніж ширина забороненої зони. Вміст 
марганцю було змінено в різних кристалах з х=0,04, х= 0,5.

Така робота є актуальною завдяки перспективності і попиту на 
такий прилад як оптичний ізолятор. Нашою метою було отримати 
кристали Cd1-xMnxTe, які би підходили для практичного використання, і 
дослідити їх властивості. Ми оптимізували і модифікували процес росту 
кристалу і дослідили спектральну залежність оптичного пропускання 
кристалу Cd1-xMnxTe залежно від вмісту Мангану.
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КЛАСИЧНІ ТА РЕЛЯТИВІСТСЬКІ ОСОБЛИВОСТІ 
ОПИСУ РУХУ ТІЛ У ПРИРОДНИХ КООРДИНАТАХ

М.С. Дмитрієв
Комунальний заклад освіти «Дніпропетровський ліцей інформаційних технологій 

при Дніпропетровському національному університеті імені Олеся Гончара», 10клас, 
Комунальний позашкільний навчальний заклад  

«Мала академія наук учнівської молоді» Дніпропетровської обласної ради

В роботі розглядаються геометричні конструкції, які зустрічаються 
у курсу фізики.Особливо детально вивчено опис траєкторій та законів 
руху тіл під дією центрального поля тяжіння.Зміна параметризації у та-
кому русі тіл дозволяє оперувати поняттями кривини.Розглядаються ви-
падки, коли кривину траєкторії тіла можна вважати сталою, а також для 
еліптичного руху у полі тяжіння.Розглянуті також випадки коли крім 
кривини є ще один параметр - кручення.Як приклад, розглядається рух 
заряджених частинок (електронів) біля полюсів Землі у її магнітному та 
гравітаційному полях.

Введення полярних координат, функцій кривини траєкторії від дов-
жини траєкторії (k=k(l)). Опис руху через полярні, природні координати 
та використання градієнту гравітаційного поля.

Опис та параметризація траєкторій тіл як кривих ліній, що нале-
жать одній площині, у викривленому гравітаційним полем просторі.
Розв’язок з динамічної та енергетичної точок зору за сталої кривини 
траєкторії.Розглянуті аналогії та зв’язки зі спеціальною та загальною 
теорією відносності.
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ДОСЛІДЖЕННЯ ТЕМПЕРАТУРНИХ ПОЛІВ ВОДНОГО 
СЕРЕДОВИЩА (НА ПРИКЛАДІ РІЧКИ КОЛОМАК)

Г.О. Канцедал
Полтавський обласний ліцей-інтернат для обдарованих дітей із сільської місцевості 

ім. А.С.Макаренка, 9 клас, 
Позашкільний навчальний заклад Полтавської обласної ради  
«Полтавська обласна Мала академія наук учнівської молоді»

За останні роки накопичено багато дослідного матеріалу, який 
змінює підходи спеціалістів до розуміння процесів, які відбуваються  в 
гідросфері. Практична направленість дослідження різних форм води, 
що полягає у вивченні антропогенних впливів на водні екосистеми у 
ХХІ столітті, стає актуальною. Це диктує необхідність  детального 
фізичного і математичного опису властивостей і процесів, що проходять 
в водному середовищі, великих і малих річках країни.

Мета роботи – розглянути особливості зміни температури  
водоймища з врахуванням факторів, які приводять до зміни температури 
води в річці  та запропонувати модель явища, яка адекватно описує  
температурні поля річки в різні пори року, що розв’язується в рамках 
підходу гідрофізики.

Досягнення поставленої мети передбачає розглянути стан 
досліджуваної проблеми  в сучасній фізичній теорії, аргументувати 
доцільність використання запропонованої фізичної моделі зміни 
температурних полів річки Коломак, провести експериментальні 
дослідження температури водного середовища і побудувати модель 
зміни температури водоймища від впливу теплових потоків та  розкрити 
особливості фазових та циклічних змін температури з часом.

У роботі зроблена спроба описати вплив фізичних факторів на  
температурні поля річки Коломак, які ґрунтуються на врахуванні 
фізичних властивостей води.

Отримані результати можуть бути використані при вивченні 
особливостей фізичних процесів, які протікають в водоймищах в рамках 
гідрофізики, що враховує такі фізичні процеси  як випаровування в 
природних умовах, нагрівання і охолодження водоймищ, утворення і 
зникнення льодяного покриву, течій.
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МОДЕЛЮВАННЯ РУХУ ЕЛЕКТРИЧНИХ ЗАРЯДІВ В 
ЕЛЕКТРИЧНИХ ТА МАГНІТНИХ ПОЛЯХ

О.Г. Челпанова
Херсонський фізико-технічний ліцей при Херсонському національному технічному 

університеті та Дніпропетровському національному університеті, 10 клас, 
Комунальний заклад «Мала академія наук» учнівської молоді  

Херсонської обласної ради

Робота присвячена аналізу руху електричних зарядів в електричних 
та магнітних полях за різних значень початкових параметрів. 

На основі аналізу законів руху зарядів у електричних та магнітних 
полях отримані рівняння залежності координат зарядів від часу, які по-
кладені в основу побудованих моделей. У роботі детально описуються 
траєкторії руху електричних зарядів у постійних та змінних електрич-
них та магнітних полях в залежності від початкових умов.

На основі одержаних рівнянь у тривимірному просторі за допомо-
гою СКМ MATLAB побудовано відповідні графіки траєкторій руху за-
рядів, проаналізовані їх відмінності.
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ПРИНЦИПИ СУЧАСНОГО БЕЗДРОТОВОГО ЗВ’ЯЗКУ
Р.В. Моцар

Сагайдацька загальноосвітня школа І-ІІІ ступенів Шишацької районної ради 
Полтавської області, 10 клас,  

Позашкільний навчальний заклад Полтавської обласної ради  
«Полтавська обласна Мала академія наук учнівської молоді»

Серед відмінних якостей безпровідних технологій найбільш оче-
видною є  їх мобільність. Це надає безпровідним мережам суттєвої  пе-
реваги. Однак, принциповим недоліком   залишається складність 
з’єднання рухомих абонентів.

Сфера використання бездротового Інтернету розширюється,  
зростає і число його користувачів та пристроїв для швидкого виходу до 
нього. Тому актуальним є і наше дослідження.

Мета роботи: 
 - ознайомитися з фізичною суттю бездротового зв’язку
 - вивчити структуру та принцип роботи сучасного  безпровідного 

зв’язку
 - виявити зміну поколінь і стандартів
 - вивчити технічні параметри та принцип роботи мережі Wi-Fi
 - провести дослідження залежності швидкості з’єднання від 

відстані, наявності перешкод та кількості користувачів
 - виявити переваги і недоліки мережі Wi-Fi.

 Завдання роботи:
 - вивчити  теоретичний і довідковий матеріал з теми
 - вивчити сучасний стан та перспективи розвитку безпровідних 

мереж
 - провести налаштування безпровідної мережі Wi-Fi та дослідити 

її. 
Основними результатами роботи є: створення алгоритму для 

налагодження мережі в умовах закритого приміщення, проведенні 
теоретичних досліджень, тестуванні мережі та  узагальненні даних та 
написанні наукової роботи.

Практичне значення полягає у систематизації та використанні 
результатів роботи при проведенні факультативних занять та 
профільному вивченні принципів сучасного безпровідного зв’язку.
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ПРИРОДА ВПЛИВУ МАГНІТНИХ БУР НА ОРГАНІЗМ 
ЛЮДИНИ

О.А. Терентьєв
Роменська спеціалізована загальноосвітня школа І-ІІІ ступенів № 1 

ім. П.І. Калнишевського Сумської області, 10 клас, 
Сумське територіальне відділення МАН України

Магнітне поле Землі є однією із захисних оболонок всього живого 
на ній.

В результаті підвищеної сонячної активності величезні потоки со-
нячного вітру, який складається із потоку ультрафіолетової, 
рентгенівської та інших типів радіації, потоку корпускулярних части-
нок, виникають магнітні бурі, які стають причиною погіршення самопо-
чуття деякої категорії людей з хронічними захворюваннями.

Отже, предметом наших досліджень є вивчення впливу вихрових 
магнітних бур на живі організми, та зокрема на організм людини.Пояс-
нення фізичної природи зміни самопочуття людей під час даних 
магнітних аномалій.

Оскільки нам відома зовнішня причина цих ускладнень, то  ми мо-
жемо допустити, що причиною самих ускладнень є гістерезис 
провідності деяких структур у складі живого організму, зокрема людини 
(наприклад клітинних мембран, різноманітних розчинів в середині 
організму). Перевірка правильності цього допущення і є метою цієї ро-
боти.

Спочатку, розкриємо суть проблеми у теоретичній частині, 
висвітливши питання магнітних явищ, та провідності.

Щоб підтвердити запропоновану теорію проведемо серію 
експерементів над речовинами, які містяться в організмі людини або 
схожі з ними за властивостями.Саме тому ми обрали питну воду (адже в 
організмі людини води в чистому вигляді немає), розчин кухонної солі, 
медичний розчин NaCl, розчин рідкого мила (аналог рідких кристалів, 
які являють собою мембрани клітин людського організму), глюкозу.Та-
кож проведемо серію дослідів над медичними препаратами рибоксином 
та магнезією.

Перший блок включає в себе речовини, опір яких вимірювався не 
постійно, а методом багаторазових замірювань.Другий блок включає ре-
човини, опір яких вимірювався постійно, так як вони постійно знаходи-
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лись у електричному колі.
Можемо зробити висновок, що на такі речовини як вода, кухонна 

сіль, рибоксин та магнезія  магнітне поле не впливає взагалі. На розчин 
NaCl характер та міру впливу важко встановити, так як проведений 
дослід не вдалося повторно відновити.На такі речовини, як кров, рідке 
мило, глюкозу певний вплив однозначно є.
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ДОСЛІДЖЕННЯ ВЛАСТИВОСТЕЙ ТЕЧІЙ СИПКИХ 
СЕРЕДОВИЩ

С.І. Маринін
Тернопільська спеціалізована школа I-III ступенів № 5  

з поглибленим вивченням іноземних мов, 10клас,  
Тернопільське обласне комунальне відділення МАН України

В роботі проведено дослідження потоку сипкої речовини (сухого 
кварцового піску). Ряд проведених експериментів та обробка їх даних 
засвідчили, що коефіцієнт опору середовища при обтіканні ним 
циліндричного тіла сталих розмірів залежить від швидкості. Було побу-
довано графік залежності цього коефіцієнтаk  від швидкості руху 
циліндра в піску. Всі дослідження будувалися на відомій, але мало 
розвинутій думці, що сипке середовище за певних умов може поводити 
себе як неньютонівська рідина.Згідно цього твердження була побудована 
відповідна модель обтікання потоком сипкого середовища циліндричного 
тіла за умов, коли сипкий матеріал можна моделювати неньютонівською 
рідиною.

Результати проведених досліджень планується використати у 
подальшому вивченні властивостей течій сипких середовищ і побудови 
залежності коефіцієнта внутрішнього тертя сипкого середовища від 
швидкості руху досліджуваного тіла.

MAS-17



325

MINOR ACADEMY OF SCIENCES

МОНІТОРИНГ ШУМОВОГО ЗАБРУДНЕННЯ
Т.В. Шевчук

Комунальний заклад «Луцький навчально-виховний комплекс №26» 
Волинської області, 10 клас, 

Комунальна установа «Волинська обласна Мала академія наук»

На сьогодні, в умовах зростаючої психоемоційної напруженості та 
інтелектуалізації трудових процесів навіть низькі шуми викликають 
додаткові навантаження на організм людини. Це зумовило актуальність 
вибору теми дослідження.

Мета роботи : моніторинг шумового забруднення школи, 
мікрорайону школи, прилеглих територій (проспекту Соборності) та 
визначення залежності між рівнем шуму і здоров’ям людини.

Завдання дослідження:
 - провести бібліографічний огляд літератури з вибраної тематики
 - проаналізувати, систематизувати та вивчити отриманий 

матеріал
 - розробити програму яка б дозволяла визначати рівень звуку 

(затухання хвилі),   
 - визначити метод дослідження вимірювання рівня шуму
 - ознайомитись з будовою приладу для проведення шумометрії 

та навчитись ним користуватись
 - вибрати відповідні місця та режими проведення моніторингу
 - провести моніторинг шумового забруднення школи, 

мікрорайону школи, прилеглих територій (проспекту Соборності)
 - визначити залежності між рівнем шуму і здоров’ям людини
 - розробити поради щодо зменшення шуму
 - сформулювати відповідні висновки.

Проведений моніторинг виявив, що рівень шуму у школі перевищує 
санітарну норму на 15–20 дБ. 
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ДИФРАКЦІЯ РЕНТГЕНІВСЬКИХ ПРОМЕНІВ НА 
КРИСТАЛАХ
А.І. Замковська

Загальноосвітня школа І-ІІІ ступенів № 18 Сімферопольської міської ради 
Автономної Республіки Крим, 10 клас, 

Республіканський позашкільний навчальний заклад «Мала академія наук учнівської 
молоді Автономної Республіки Крим «Шукач»

Мета роботи: вивчити теорію дифракції рентгенівських променів на 
кристалах. 

Об’єкт дослідження: кристалічна структура невідомих кримських 
мінералів.

Методи дослідження, апаратура: метод рентгеноструктурного 
аналізу (РСА), дифрактометр загального призначення (ДРОН-3).

Актуальність роботи: метод рентгеноструктурного аналізу є 
основним методом визначення природи кристалічних речовин.

Завдання роботи:
 - Ознайомитись з теоретичними основами методу РСА
 - Застосувати цей метод до дослідження кристалів
 - Представлена  робота присвячена сторіччю досліду М. Лауе по 

дифракції рентгенівських променів на кристалах. Метод 
рентгеноструктурного аналізу є унікальним методом встановлення 
природи кристалічної речовини і його структурних характеристик за 
допомогою рентгенівських променів.

Методом РСА була вивчена кристалічна структура двох невідомих 
зразків кримських мінералів. 

Висновок: досліджувані мінерали є кварцами. Прозорий зразок - 
гірський кришталь. Непрозорий зразок - молочний кварц.

MAS-19



327

MINOR ACADEMY OF SCIENCES

ОЛІВЕЦЬ-МАНДРІВНИК
А.А. Распутько

Донецька спеціалізована фізико-математична школа № 17, 10 клас, 
Донецьке територіальне відділення МАН

У своїй роботі я досліджував поведінку грифеля олівця при його 
падінні. При цьому початкове положення олівця було перпендикулярно 
поверхні, по якій ковзав його грифель.

Мене зацікавила ця робота, тому що мені подобається спостерігати 
за простими речами і намагатися пояснити їх з погляду законів фізики.

На підставі простої якісної моделі я зрозумів, що спочатку падіння 
олівець завжди прагне зсунутися проти напряму падіння. Якщо тертя 
велике, то воно його утримує від такого руху. Якщо маленьке, то олівець 
починає ковзати проти напряму падіння. В другій половині олівець 
завжди прагне ковзати у напрямі падіння. Тому, за незначного тертя він, 
врешті-решт, хоч трохи ковзає в цей бік. Зроблений висновок я потім 
підтвердив і теоретично й експериментально.

У своїй роботі я розробив теоретичну модель, що дозволяє розрахо-
вувати рух олівця при падінні і визначати напрям зсуву грифеля залежно 
від умов тертя.

Експериментальна перевірка показала, що теоретична модель до-
бре передбачає реальну поведінку олівця. Проте є деяка розбіжність да-
них, пов’язана, на мою думку, з тим, що фактичне переміщення грифеля 
олівця залежить не тільки від коефіцієнта тертя, але і від форми заточу-
вання грифеля, сили притиску при установці олівця в початкове поло-
ження, напрямку падіння тощо.

При заміні звичайного паперу наждачним, коефіцієнт тертя зростає 
у багато разів, і грифелі всіх олівців ковзають у напрямку падіння олів-
ця. 

При сильному зменшенні коефіцієнта тертя (заміна звичайного па-
перу на дуже гладку, слизьку поверхню столу) грифелі всіх олівців спо-
чатку ковзають назад.
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ПРОХОДЖЕННЯ «БОГИНІ КОХАННЯ» ПО ДИСКУ 
СОНЦЯ

О.О. Сенченко
Загальноосвітня школа І-ІІІ ступенів № 8 Вінницької міської ради, 10 клас, 

Вінницьке територіальне відділення МАН України

6 червня 2012 року весь світ захоплено спостерігав за неймовірним 
явищем – проходженням Венери по диску Сонця. Це астрономічне яви-
ще спостерігається коли планета Венера, під час свого орбітального 
руху, опиняється на лінії між Землею та Сонцем. Таким чином, диск 
Венери проектується на диск Сонця й, відповідно, частково затемняє 
невелику ділянку сонячного диску, світло від якої не доходить до земно-
го спостерігача.

Саме в той час, коли Венера сягає точки внутрішнього сполучення, 
або перебуває поблизу неї, може спостерігатися явище транзиту Венери. 
Загалом послідовність транзитів повторюється кожні 243 роки. Вона 
складається з двох пар явищ (два сусідні транзити розмежовані між со-
бою в часі на вісім років), які відбуваються пара за парою через 121,5 рік 
та 105,5 роки.

Ефект «чорної краплі» («чорного падіння») - видима розмитість 
краю Венери по відношенню до краю Сонця під час проходження Вене-
ри по його диску.

Явище проходження Венери по диску Сонця викликає підвищений 
науковий інтерес. Це й не дивно, адже за допомогою даних, отриманих 
під час спостережень транзиту, можна:

 - обчислити значення сонячного паралакса, 
 - розрахувати відстань Земля-Сонце, 
 - визначити розміри Сонячної системи,
 - використати цей метод при знаходженні екзопланет.

Саме під час транзиту Венери по диску Сонця у 1761році М. В. 
Ломоносов виявив, що на ній існує атмосфера.

З того часу, як людство вперше спостерігало проходження Венери 
по диску Сонця, зроблено багато відкриттів: з’явилися нові технології, 
відкрито нові закони, виміряні відстані до космічних тіл, визначені кон-
станти. 

Не змінним залишається одне – цікавість людства до цього явища, 
яка не згасає, а тільки розгорається все новими і новими питаннями та 
можливостями.
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ПРИЛАД ДЛЯ ЛАБОРАТОРНИХ РОБІТ З ДОСЛІДЖЕННЯ 
МАГНІТНОГО ПОЛЯ ПОСТІЙНОГО МАГНІТУ

А.Ю. Зубрицький
Чернігівський ліцей з посиленою військово-фізичною підготовкою, 10 клас, 

Обласний комунальний позашкільний навчальний заклад  
«Чернігівська Мала академія наук учнівської молоді» Чернігівської обласної ради

Основною метою роботи є створення приладу, який дозволяє 
дослідити магнітне поле постійного магніту.

Для розв’язання задачі ми розробили прилад, за допомогою якого 
можна досліджувати магнітне поле в лабораторних умовах. Пристрій 
дозволяє виміряти індукцію магнітного поля. Для проведення 
дослідження потрібні джерело живлення (акумулятор., лабораторний 
амперметр, ключ замикання струму, реостат лабораторний магніт та 
прилад для вимірювання індукції магнітного поля. Див рис.1

Рис. 1 Прилад для дослідження магнітного поля
1. джерело живлення (акумулятор.    2. амперметр лабораторний,  3. 

ключ замикання струму,  4. реостат лабораторний,  5. провідник, що 
знаходиться в магнітному полі,  6. постійний магніт,  7. прилад для 
вимірювання індукції магнітного поля постійного магніту.

Теоретичний аналіз проблеми та проведені нами експерименти 
дозволили розробити лабораторну роботи виконання якої дозволить 
кількісно і якісно дослідити поле постійного магніту.
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ДОСЛІДЖЕННЯ БУДОВИ ПОЛІМЕРНОГО МАТЕРІАЛУ 
ПЛАЗМОХІМІЧНОЇ ГІДРОФОБІЗАЦІЇ АМІАЧНОЇ 

СЕЛІТРИ ЗА ДОПОМОГОЮ ІНФРАЧЕРВОНОЇ 
СПЕКТРОСКОПІЇ

В.В. Кінда
Рівненський природничо-математичний ліцей «Елітар», 10 клас,  

Обласний комунальний позашкільний навчальний заклад  
«Рівненська Мала академія наук учнівської молоді» Рівненської обласної ради

Актуальною стає розробка нових технологій формування тонко-
плівкових полімерних покриттів на поверхні твердих тіл і надання мате-
ріалам особливих властивостей шляхом використання інфрачервоної 
спектроскопії для дослідження будови полімерного покриття.

Об’єкт досліджень - в роботі висвітлено питання використання 
низькотемпературної плазми для гідрофобізації дисперсних неорганіч-
них речовин.

Предмет досліджень - кондиціювання мінеральних добрив на при-
кладі аміачної селітри шляхом нанесення на поверхню гранульованого 
добрива полімерної плівки заданої товщини, будови і властивостей із 
застосуванням інфрачервоної спектроскопії для встановлення механіз-
му одержання матеріалу покриття гранул із газової фази низькотемпера-
турної плазми органічної речовини.

Мета досліджень - ліквідація злежуваності нітрату амонію NH-
4NO3, зменшення швидкості розчинення аміачної селітри в контакті з 
вологою, збільшення коефіцієнту використання рослинами сільсько-
господарських культур аміачної і нітратної форм азоту та ліквідації за-
бруднення ґрунтових, річкових і озерних вод нітратами, що має прак-
тичне значення як для промислового виробництва цього та інших видів 
добрив. Це дає можливість зберігання і транспортування партій добрив 
значних об’ємів без втрати їх фізико-хімічних та фізико-механічних 
властивостей. Запропонований спосіб капсулювання будь-якого грану-
льованого мінерального добрива або покриття зерен дисперсного мате-
ріалу гідрофобною плівкою надає їм нових властивостей і в цьому но-
визна роботи.
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RADIO EMISSION OF NANOPARTICLES IN THE 
COMBUSTION PRODUCTS PLASMA OF SOLID ROCKET 

FUELS
V.I. Marenkov

 Faculty of Physics, Odessa National I.I.Mechnikov University, 
2, Dvojrjansjka Str., Odessa, Ukraine 

Corresponding author: maren0@ukr.net

Radio-frequency component of electro-magnetic radiation (EMR) of 
plasma-dusty formations (PDF), in rarefied atmosphere or cosmic space, ap-
pears as a result of complex interaction between structural PDF elements and 
self- self consistent  electro-magnetic field of the system. Generation of long-
wave radiation by plasma medium is created, first, by the slowing-down ra-
diation of charges which acquire acceleration in a self-consistent electrostatic 
field of the system. Due to that it, radio-component EMR carries in itself in-
tegrated information concerning the motion and interaction of PDF charges. 
For non-relativistic speeds of charged PDF particles of the magnetic compo-
nent of the charge interaction it is possible to disregard, so the problem of 
describing EMR characteristics of the plasma system can be limited to, de-
scribing the motion of plasma free charges in the electrostatic field, which 
they create jointly, coordinating their motion in the phase space due to cor-
relations. Because of the far-reaching action of coulomb forces, solving the 
problem of micro fields and charges interaction in plasma medium meets 
classical complication of the theory of many bodies with long-range Cou-
lomb interactions far-acting power, i.e. the impossibility of bringing potential 
energy of structural elements (the charges of the system) down to pair inter-
action. Using continual statistic approach, based on the definition of density 
functional of the potential energy of PDF gives the possibility to bring the 
problem down to an effective electrostatic problem, but also demands the 
elaboration of new methods of statistic equation for parameters of the system 
with far reaching coulomb far action [1-3].

In the paper, we use a method of statistical equation (averaging) of the 
charge density according to the ensemble of the “electroneutral cells in plas-
ma” and the definition of effective distribution of local electrostatic potential 
in heterogeneous plasma medium. The evolution of location and motion of 
separate charges is viewed as a temporary sequence of their anharmonic os-
cillations in the excited cell of electrical neutrally PDF, in which distribution 
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of the local electrostatic field “is checking” “to keep track of” activated dis-
placement of a separate charge from equilibrium position. Results of com-
puter simulation to define spectral components of plasma radiation of the 
products of powdered aluminum combustion in the atmosphere air were com-
pared to the data of natural experiments. Very good qualitative and quantita-
tive coordination of the data of both the computer and the natural experiments 
were observed.

[1]. V. I. Marenkov // Journ. Mol, Liquids. - 2005. - Vol.120, Nu. 2, P. 181-184.
[2]. V.I. Marenkov.-In Bk.: 24th SPPT, 14 -17, June, 2010. - Prague, Czech Republic. 

- P.130 - 131.
[3]. V. I. Marenkov.-In Bk.:ICPTTFN-XIV, 29-25, May, 2013.-Ivano-Frankisk. – P. 

317 - 318
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