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THE FOUNDING OF GALYNA PUCHKOVSKA
INTERNATIONAL SCHOOL-SEMINAR “SPECTROSCOPY
OF MOLECULES AND CRYSTALS”

The International School-Seminar “Spectroscopy of Molecules and Crys-
tals” named after Professor Galyna Puchkovska is the result of a lengthy and
exciting history. Its development began in 1973, and was initiated by a working
group in the Institute of Physics, Kyiv, Ukraine; it concluded with the organiza-
tion of the Ist School-Seminar by its two architects: the Chairman, then director
of the Institute of Physics, Member of the National Academy of Sciences of
Ukraine Marat Shpak, and the Secretary, then senior researcher in the depart-
ment of infrared spectroscopy, later a Head of Photoactivity Department, pro-
fessor Galyna Puchkovska, who became the heart and soul of the school from
the start. Among the founders of the School-seminar was also its Honorary
Chairman since 1979, world-known physisist and theoretician, Member of the
National Academy of Sciences of Ukraine Alexander Davydov.

Galyna Puchkovska had always taken an interest in seemingly distant scien-
tific fields and therefore enjoyed the opportunity for a lively exchange of ideas
with colleagues. The key to this approach had been handed to her in her early
years by her parents and elder sister, who had taught her to respect people of dif-
ferent views and philosophies, and to seek dialogue with specialists working in
different field of research. Since the very beginning, the topics of the school-
seminar include theoretical spectroscopy, molecular dymanics and molecular in-
teractions, spectroscopy of molecular crystals, spectroscopy of inorganic crystals
and semiconductors, as well as instruments and methods of spectroscopy.

With her vision of a school-seminar, Galyna Puchkovska aimed at a clearly-
defined goal: with the help of wide-cirle meetings of scientists and engineers, the
problems and questions of molecular spectroscopy and its applications should be
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examined from different perspectives. Since the very beginning, the School-Sem-
inar has become regular meetings of prominent scientists from all-around the
former USSR held in different locations throughout Ukraine.

The Ist School-Seminar was held in the Western Ukraine near Uzhorod at
the sport and recreation camp “Skalka”’of Uzhgorod University, and was attended
by about 80 participants from Ukraine, Russia, Bielorus and other former Soviet
countries. Among the lecturers of the First school-seminar were such famous
scientists, as world-known great Russian physisit Member of the Academy of
Sciences of USSR since 1939 year V.A. Fok (Moscow), Member of the National
Academy of Sciences of Ukraine M.P. Lysytsa (Kyiv), Member of the Russian
Academy of Sciences Yu.l. Pentin (Moscow), professor A.V. logansen (Mos-
cow), professor V.M. Zolotarev (St.-Petersburg). The first school-seminar was
very successful, and at its closing ceremony it was decided to held it every two
years. To a large extend, the great success of the school-seminar, as well as its
future big popularity, was based on extremely warm and friendly atmosphere
which was always characteristic for Galyna Puchkovska’s personality. Apart
from very exciting scientific programme, the participants of the First school-sem-
inar remember its interesting cultural programme, including excursion to Nevit-
sky Castle, walking tour over Carpathian mountain medows, discussions near
bonfire with guitar songs, as well as hot sport battles. Among the architechts of
Galyna Puchkovska School-seminar, who remained its great devotees for long
years, were now widely-known famous scientists from former USSR, such as
professors Ye.M. Aver’yanov (Krasnoyarsk), L.M. Babkov (Saratov), L.M. Bli-
nov (Moscow), S.S. Bukalov (Moscow), S.F. Burejko (St.-Petersburg), O.V. Ch-
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alyi (Kyiv), Yu. Gaididej (Kyiv), Corresponding Member of the Russian Acade-
my of Sciences L.A. Gribov (Moscow), professors O.P. Demchenko (Kyiv),
A. Djumabaev (Samarkand), I.P. Ipatova (St.-Petersburg), V.O. Khranovskii (Ky-
iv), L. Kimtis (Vilnius), N.I. Koroteyev (Moscow), P.A. Korotkov (Kyiv), L.A Le-
ites (Moscow), N.D. Orlova (St.-Petersburg), Member of the Russian Academy
of Sciences Yu.A. Pentin (Moscow), professors Yu.N. Panchenko (Moscow),
Yu.N. Polivanov (Moscow), V.Ye. Pogorelov (Kyiv), Ye.V. Ryl'tsev (Kyiv),
A.V. Sechkarev (St.-Petersburg), Corresponding member of the National Acad-
emy of Sciences of Ukraine V.Yo. Sugakov (Kyiv), Doctor of Science A.Ye. Se-
menov (Kemerovo), professor E.N. Myasnikov (Rostov-on-Don), Member of
the Russian Academy of Sciences V.B. Timofeev (Chernogolovka), Member of
the Russian Academy of Sciences V.F. Shabanov (Krasnoyarsk), Corresponding
Member of the National Academy of Sciences of Ukraine M.Ya. Valakh (Kyiv),
Corresponding Member of the Russian Academy of Sciences Ye.A. Vinogradov
(Troitsk), professors G.N. Zhizhin (Moscow), PM .Zorky (Moscow), Member
of the Academy of Sciences of Bielorus R.G. Zhbankov (Minsk).

Galyna Puchkovska also held the opinion that the School-Seminar should be
the means to exchange an experience and to facilitate joint research in different
fields of spectroscopy. With time, the popularity of the School-seminar grown and
the number of its participants widen. Some additional scientific sections were added
to its topics, such as spectroscopy of liquid crystals (headed by professor Yu. Reznik-
ov), spectroscopy of biological objects and biopolymers (headed by corresponding
member of the National Academy of Sciences D.M. Govorun), as well as laser
spectroscopy and non-linear optics (headed by corresponding member of the Na-
tional Academy of Sciences of Ukraine M.Ya. Valakh). This allowed to involve for
particiaption in the school-seminar even wider circles of skilled professionals and
scientific youth from the most up-to-date fields of science and technology.

Since 1991, (after the disintegration of former Soviet Union) the School-
Seminar turned into an international meeting. The First Interational (Xth) School-
Seminar of Galyna Puchkovska was held in Klementove village (at a recreation
center “Electron” of Sumy Electronic Microscope Plant) with participation of
scientists from the former Soviet Union and European countries. First European
participants of the school-seminar were scientists from Poland — Member of
Polish Academy of Sciences professor Henryk Ratajczak, professors Zdislaw
Latajka and Grazina Bator, and Slovenia— Dr. R. Jerman. In the following years,
the school-seminar was attended by a number of prominent world-known scien-
ticsts, among them professor C. Sandorfy (Canada), professor S. Bratos (France),
member of Polish Academy of Sciences professor L. Sobczyk (Poland), profes-
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A group of participants of VI SSSMC (Chernigiv, 1983) on sightseeing tour over Desna river

sors A. Koll (Poland), M. Szafran (Poland), S. Dega-Szafran (Poland), G. Lash-
enal (France), S. Turrell (France), B. Engelen (Germany), M. Shattke (Germa-
ny), M. Zaworotko (USA), S. Suto (Japan), and most of them were also the
competent members of International Advisory Board of the School-seminar.

The geography of the School-Seminar covers nearly all famous places of

Ukraine:

I SSSMC — Uzhgorod (1973)

IT SSSMC — Lutsk (1975)

IIT SSSMC — Mukacheve (1977)

IV SSSMC — Chernivtsi (1979)

V SSSMC — Cherkasy (1981)

VI SSSMC — Chernigiv (1983)

VII SSSMC — Odessa (1985)

VII SSSMC — Poltava (1987)

IX SSSMC — Ternopil (1989)

X ISSSMC — Sumy (Klementove) (1991)
XTI ISSSMC — Kharkiv (1993) — dedicated to the memory of the Mem-

ber of the Academy of Sciences of the USSR A.S. Davydov

XIT ISSSMC — Nizhin (1995) — dedicated to the memory of the Mem-

ber of the Academy of Sciences of the USSR M.T. Shpak

XIII ISSSMC — Sumy (1997)
10



XIV ISSSMC — Odessa (1999)

XV ISSSMC — Chernigiv (2001)

XVI ISSSMC — Sevastopol (2003)

XVII ISSSMC — Beregove, Crimea (2005)

XVII ISSSMC — Beregove, Crimea (2007)

XIX ISSSMC — Beregove, Crimea (2009)

XX ISSSMC — Beregove, Crimea (2011) — ANNIVERSARY!!!!

Galyna Puchkovska had always sought for possibilities to support young
Ukrainian researches. She realized that the international meetings such as the
School-Seminar may help them to present their ideas before international spec-
troscopic community and to initiate common research projects with European
scientists and engineers. Every year, the School-Seminar widens the number of
its participants, and with time, a true family of devotees of Galyna Puchkovska
School-seminar was build between spectroscopists, including famous specialists
in the field of spectroscopy of solid state and soft matter, non-linear and laser
spectroscopy from Ukraine, Russia, Belorus, Armenia, Uzbekiston, Latvia, Lu-
thuania, and other countries. An important part in the organization of the school-
seminars in different years took V.V. Artamonov (Kyiv), O.1. Barabash (Kyiv),
T.V. Bezrodna (Kyiv), I.V. Blonsky (Kyiv), I.Ye. Boldeskul (Kyiv), G.I. Gaid-

Some statistical data on Galyna Puchkovska International School-Seminar
“Spectroscopy of Molecules and Crystals”

Number of | Number of
Event date General Professors Doctors N“?“.ber N f
and location n““.“t?er of (Doctors of | (Candidates participating
participants Sciences) | of Scineces) countries
1973 (Uzhgorod) 83 3 26 —
1975 (Lutsk) 140 8 65 —
1979 (Chernivtsi) 250 18 112 —
1987 (Poltava) 206 36 125 —
1989 (Ternopil) 201 28 107 —
1991 (Sumy-Klementovo) 97 17 38 8
1995 (Nizhin) 105 20 33 6
1999 (Odesa) 102 33 45 14
2001 (Chernigiv) 109 30 44 8
2003 (Sevastopol) 135 44 69 10
2005 (Beregove) 170 40 54 7
2007 (Beregove) 177 37 50 9
2009 (Beregove) 136 36 43 4

11




idej (Kyiv), T.A. Gavrilko (Kyiv), N.A. Golovina (Lutsk), V.V. Gotsulsky
(Odessa), N.A. Davydova (Kyiv), N.L. Dmitruk (Kyiv), G.V. Klimusheva
(Kyiv), S.I. Kshnyakina (Sumy), V.V. Koronin (Kyiv), S.P. Makarenko (Kyiv),
Yu. Levchuk (Kyiv), O.V. Lizengevich (Kyiv), T.V. Lokotosh (Odessa),
M.P. Malomuzh (Odessa), V.I. Melnyk (Kyiv), S.G. Nedilko (Kyiv),
L.V. Poperenko (Kyiv), V.Yu. Reshetnyak (Kyiv), Yu.O. Reznikov (Kyiv),
V.M. Rozenbaum (Kyiv), V.Ya. Reznichenko (Kyiv), S.0. Samijlenko
(Kyiv), T.I. Semenets (Kyiv), I.V. Sekirin (Kyiv) and many-many others.

Since 2005, organization of Galyna Puchkovska School-Seminar was han-
ded over to Taras Shevchenko National University of Kyiv with its sport and
recreation center in Beregove village of Crimea, where the School-seminar
found its permanent residence. The Organizing Committee of the School-Sem-
inar is now headed by professor V.Ye. Pogorelov. Over 2005—2009 years,
Galyna Puchkovska was a Honorary Chairman of the School-seminar. Upon
the motion of professor V.Ye. Pogorelov, since 2005, a satellite conference of
the School-seminar is established — a summer mini-school of «Minor Acade-
my of Sciences of Ukraine» with a hope to involve and encourage young gen-
eration to contribute to a development of science in Ukraine. The best Ukrain-
ian schoolchildren winners of all-Ukraine competitions on physics are admitted
to the summer mini-school. The kids not only attend lectures of noted scientists
at the School-seminar, but present their own scientific research works.

Main topics of up-to-date scientific programme of the School-seminar
include recent advances and developments in experimantal and theoretical
methods of spectroscopy and its application to the studies of physico-chemi-
cal processes in solid state and soft matter objects, including nanoobjects and
biological ones. Proceedings of the School-seminar were published in numer-
ous books of collected papers, Journal of Functional Materials, as well as two
special issues of SPIE Proceedings.

On September 29, 2010, professor Galyna Puchkovska passed away. To
perpetuate the memory of Galyna Puchkovska and her contribution to world
science, the Organizing Committee of International School-seminar “Spec-
troscopy of Molecules and Crystals” unilateraly decided to name the school-
seminar after professor Galyna Puchkovska.

It is already 38 years since Galyna Puchkovska School-Seminar continu-
ies to unite spectroscopists from different countries of Europe and the entire
world, helps to establish new scientific contacts and develop new research
projects, stimulates exchange of thoughts and ideas, and inspires new genera-
tions to work in science.
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O-1 THEORY
PROPERTIES OF DIMERS AND TRIMERS
IN VAPOR AND IN LIQUID WATER
Paul V. Mahlaychuk, Nikolay P. Malomuzh, Igor V. Zhyganiuk

Department of Theoretical Physics, Odessa National University, 2 Dvoryanskaya str.,
Odessa, 65026, Ukraine
Corresponding author: ivz@ukrpost.ua

Our work is devoted to investigation of clusterization in vapor and lig-
uid water. The main attention is focused on the study of dimers, trimers and
other linear associates, as well as hexagonal rings. For the description of
interaction between water molecules the generalized polarization potential
of Stilliger and David type is used. The parameters of they ground states are
in details determined. The stability of these objects is investigated. The
considerable attention is paid to their excitation states. For linear associates
this question is equivalent to the consideration of vibration states of H-
bonds. In particular, it was shown that only one transversal oscillation of
H-bond is independent. Another its transversal oscillation is connected with
longitudinal one, so we can speak about two hybrid oscillations of H-bond.
It is established that all these results can be also obtained with the help of
the multipole electrostatic potential including terms up to octupole mo-
ments.

The careful comparison with experimental spectroscopy data is carried
out. The manifestation of clusterization effects in the temperature depend-
ence of the heat capacity of liquid water is considered. It is shown that
anomalously big value of the heat capacity is connected namely with trans-
versal vibrations of H-bonds in water. The formation of dimers near the
critical point of water is discussed. The internal rotation of water molecules
around H-bond bonding them to dimer is discussed. In connection with this
the strong manifestation of isotopic effect is predicted. The averaged inter-
molecular potential is built and its tight interconnection with thermody-

namic properties of water are considered.

[1]. S.V. Lishchuk, N.P. Malomuzh, P.V.Makhlaichuk. Why thermodynamic proper-
ties of normal and heavy water are similar to those of argon-like liquids? // Phys. Lett. A.
— 374 (2010) 2084—2088.

[2]. LV. Zhyganiuk Generalized Stillinger-David potential // Ukr.J.Phys. — 56,
(2011) 225—232
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0-2

THEORY
FEMTOSECOND OPTICS OF THE ELEMENTARY WAVES
PACKETS
Volodymyr S.Ovechko

Radiophysical Faculty, Kyiv National Taras Shevchenko University,
Academician Glushkov Prosp. 6, Kyiv, 03127, Ukraine
Corresponding author: ovs@univ.kiev.ua

The main scope of this paper is to presend the method of the electromag-
netic waves presentation without restriction of its duration. Besides it is ad-
visedly to take into account specific features of electromagnetic signals. Then
we use this representation for electromagnetic signal analysis and synthesis,
solve some classical tasks for nonstationary electromagnetic wave propaga-
tion and diffraction. So it consists of such pasts:

1. Introduction.

2. Elementary waves packets (EWP) series.

3. Models and analysis of the optical signals.

4. Polarization properties of the EWP.

5. Nonstationary diffraction.

6. Interaction of the femtosecond optical pulse (FOP) with two level
systems.

7. Conclusion.
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0-3 THEORY

SPECIFIC FEATURES OF METASTABLE STATES AT
LIQUID-VAPOR PHASE TRANSITIONS AND NEAR THE
BOUNDARY OF STABILITY

V. M. Sysoev! and A. V. Chalyi?

! Molecular Physics Dept., Taras Shevchenko Kiev National University
2Medical & Biological Physics Dept., O.0.Bohomolets National Medical University

The development of the ideas of modern phase-transition theory enables
a consistent explanation to be given to the anomalous behaviour of various
physical properties of liquids near the critical point. In recent years, this ap-
proach has been successfully used to study the specific features of the physi-
cal properties near the boundary of stability (spinodal) and near the lines of
the first-order phase transitions.

The nature of spinodal and especially of metastable states has been ac-
tively investigated in recent years, in particular connecting with the theory of
nucleation and spinodal decomposition. It is necessary to mention that the
study of the metastable states in the immediate vicinity of spinodal is not an
abstract theoretical problem. The specific features of metastable states at deep
quenching to spinodal can be observed in a number of real experimental situ-
ations for such systems as Ising magnets, binary mixtures with a long-range
intermolecular interaction, polymer mixtures with long molecular chains, bi-
nary alloys, and liquid crystals.

Therefore it is very important to discuss here such problems:

1. classification and stability criterion of metastable states;

2. equation of state in the metastable region;

3. calculation of critical exponents for a metastable fluid near the

boundary of stability;

4. relaxation of the order parameter in the metastable region;

5. formation of new phases and its fractal structure.
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0-4 THEORY

DIFFUSION PHENOMENA IN LIQUIDS WITH REDUCED
GEOMETRY

A. V. Chalyi', L. M. Chernenko’, K. A. Chalyy', O. V. Zatseva',
G. V. Khrapijchuk!, K. I. Kostina®
'Medical & Biological Physics Dept., O.0.Bohomolets National Medical University

2 0.0.Chyiko Institute of Surface ChemistryNational Academy of Sciences of Ukraine
y ry y
3 Molecular Physics Dept., Taras Shevchenko Kiev National University

The finite-size scaling theory was used to study the diffusion prop-
erties of individual liquids and binary liquid mixtures (namely, self-
diffusion and diffusion coefficients, barodiffusion ratio, kinetic Onsager
coefficients, isobaric compressibility, etc.).

Characteristics of barodiffusion processes in nanoscale liquid mix-
tures were examined with effects of the low crossover dimensionality
and spatial dispersion taken into account. The dimensional crossover
from 3D to 2D behaviour in biological objects like biomemranes was
studied.

Comparison of theoretical results and experimental data for de-
pendence of the water self-diffusion coefficient on the porous radius
was examined with a qualitive and, under certain conditions, also a
quantitive agreement between theory and experiment.
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0-5 THEORY

ZONE OF REACTIONS AS ATOOL IN STUDYING
THE SPACE-TIME STRUCTURE OF RELATIVISTIC
NUCLEUS—NUCLEUS COLLISIONS

D. Anchishkint, A. MuskeyeV’, V. Vovchenko® and S. Yezhov?

'Bogolyubov Institute for Theoretical Physics, Kiev, Ukraine, 03680
e-mail:anch@bitp.kiev.ua
*Kiev Taras Shevchenko University, Kiev, Ukraine, 03680 e-mail:yezhov@univ.kiev.ua

In the collision of nuclei at high energies, a strongly excited system of interact-
ing particles (fireball) is formed. A fireball is identified with the zone of reactions,
i.e. with a space-time region, in which the reactions of particles occur. Hence, the
zone of reactions must reflect the space-time characteristics of a fireball, and its
study gives information about the evolution of the interacting system. While study-
ing the evolution of a fireball it is important to know the size of regions, where the
majority of various processes is running. Depending on a model describing the
system, we can distinguish the regions of the formation of a fireball, its isotropiza-
tion and thermalization, the creation of particles, the regions of a chemical freeze-
out and a kinetic one, etc. This allows one to conditionally select the stages of evo-
lution of the system and, hence, to obtain the limits of validity of phenomenological
models used for the description of the complicated physical phenomenon, as well
as to describe separate stages of development of the system in more details.

A zone of reactions is determined and then exploited as a tool in studying the
space-time structure of an interacting system formed in a collision of relativistic
nuclei. The time-dependence of the reaction rates integrated over spatial coordi-
nates is considered. Evaluations are made with the help of the microscopic transport
model UrQMD. The relation of the boundaries of different zones of reactions and
the hypersurfaces of sharp chemical and kinetic freeze-outs is discussed [1]. Sev-
eral time moments, which characterize specific stages in the evolution of the fire-
ball, is proposed.

UrQND (AusAu), E_=2A GeV UrQMD (AuAu), E,, =10.8A GaV
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[1]. D. Anchishkin, A. Muskeyev, S. Yezhov, Phys. Rev. C 81, 031902 (2010); arX-
iv:1004.0431 [nucl-th].
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0-6 THEORY

EFFECT OF THE PARAMETRIC PROCESSES IN THE
COMPETITION OF BACKWARD AND FORWARD
STIMULATED RAMAN SCATTERING

M. V. Dmitriev, A. . Ivanisik, P. A. Korotkov

Radiophysics Faculty, Kyiv National Taras Shevchenko University,
prosp. Glushkova, 4G, Kyiv, Ukraine
*Corresponding author: maxdm@univ.kiev.ua, aivan@univ.kiev.ua

The question concerning the nature of stimulated Raman scattering
(SRS) indicatrix asymmetry arose almost immediately after the SRS effect
had been discovered. That was connected to the discovery of scattering inten-
sity behaviour, namely the passing scattering intensity was usually greater
than that of the opposing scattering. However, there is no universally recog-
nized comprehensive explanation of the nature of the asymmetry nowadays.

New results concerning stimulated Raman light scattering indicatrix
were obtained. Dependency of scattering asymmetry coefficient on the level
of excess above the threshold of stimulated Raman light scattering was deter-
mined. The theoretical calculation proves that the existence of the stimulated
Raman scattering indicatrix asymmetry is connected to presence of paramet-
ric processes.

The case is considered, when by z-axis, which coincides with the laser
wave generation direction, Stocks and anti-Stocks components are generated.
For anti-stocks component the conditions of phase synchronism are met. In
the opposite direction only Stocks component is generated. A system of four
coupled equations for laser wave electric field tension amplitude and fields of
passing Stocks, opposing Stocks and anti-Stocks components correspond-
ingly was solved. The obtained theoretical calculations were also corrobo-

rated by experimental results.

[1]. Stoicheff B. P. Characteristics of stimulated Raman radiation generated by co-
herent light // Phys. Lett.- 1963.- 7, Ne3.- P.186 - 188.

[2]. Shen I. R. The Principles of Nonlinear Optics, New York: Wiley, 1984. Trans-
lated under the title Printsipy nelineinoy optiki, Moscow: Mir, 1989.- 560 p.
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EXCITATION PROFILES OF RESONANCE SCATTERING
LINES FOR MOLECULES WITH DOUBLE MINIMUM
VIBRATIONAL POTENTIALS

V. A. Morozov'", Yu. M. Dubina’

' N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
Leninsky pr. 47, Moscow, 119991 Russia;
2 V.A. Trapeznikov Institute of Control Sciences, Russian Academy of Sciences,
Profsoyuzsnayu str. 65, Moscow, 1179997 Russia;
Corresponding author: morozov(@mail.ioc.ac.ru, jumdub@ipu.ac.ru

Examples of calculation of the excitation profiles of the resonant
Rayleigh and Raman lines corresponding to the transitions between
states of the double-well potential of the vibrational subsystem of a
molecule for some molecular model are given. Numerical solutions of
the stationary Schrodinger equation for a particle in a double-well po-
tential, both the ground and in the excited electronic state of a molecule
are used. Obtained results demonstrate the possibility of using the for-
malism for the establishment of a mechanism of excited state intramo-
lecular hydrogen bond proton transfer under the transformation of a
molecule of monochromatic irradiation using the experimentally deter-
mined excitation profiles of the resonant light scattering data
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PHOTOINDUCED NEAR-SURFACE MOLECULAR
TRANSPORT GOVERNED BY FLUCTUATING COULOMB
INTERACTION ENERGY

M. L. Dekhtyart, T. Ye. Korochkova®, V. M. Rozenbaum?’

!Institute of Organic Chemistry of NAS of Ukraine, 5 Murmanskaya Str., Kiev, 02094,
Ukraine
2 Chuiko Institute of Surface Chemistry of NAS of Ukraine, 17 General Naumov Str.,
Kiev, 03164, Ukraine
*Corresponding author: mdekh@mail.ru

The mechanism of directed substrate-parallel motion of molecules
caused by photoinduced potential energy fluctuations is investigated. Unlike
simplistic models (e.g., an on-off ratchet), the approach suggested implies
that the necessary asymmetry of the potential energy can arise not only from
the asymmetry of the substrate potential but also from an asymmetric distri-
bution of the fluctuating charge density in the molecule [1,2]. The thus in-
duced asymmetry of the potential energy governs the motion direction and
enables, under certain conditions, its reversal at some frequencies of resonant
laser pulses or temperature. These inferences are exemplified by the model
charge distributions in the molecule and substrate, and the charge density
fluctuations which are obtained by quantum chemical calculations for the
realistic molecule of a substituted phenylpyrene compound on a model sub-
strate (see Fig. 1).

Fig. 1. The average velocity <v> of the pho-
tomotor based on the

0 fe= ’ = 1-[3,4-di(methoxycarbonyl)phenyl]pyrene

e e ' "™ ' molecule versus the parameter Z depending
£ on the laser operating regime and tempera-
£ ture. The motion reversal occurs at Z about

1.6. The velocity is found with certain envi-
ronmental characteristics and structural pa-
e rameters of the substrate.

L4l

[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 (2011, to be published).
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QUASIEQUILIBRIUM JUMPING DIRECTED MOTION IN A
TIME-DEPENDENT POTENTIAL

L V. Shapochkina'", V. M. Rozenbaum?

! Faculty of Physics, Belorussian State University, pr. Nezavisimosti, 4,
Minsk 220050, Belarus
2 Chuiko Institute of Surface Chemistry, National Academy of Sciences of Ukraine,
Generala Naumova str. 17, Kiev, 03164, Ukraine
*Corresponding author: shapoch@mail.ru

We consider the directed motion of a Brownian particle in a two-wells peri-
odic potential with fluctuating barriers and wells governed by arbitrary functions
of time, v(¢) and u(¢), alternating with the period z [1]. In the framework of
low-temperature kinetic approach, we arrive at the explicit formulas for the prob-
abilities of finding the particle in the potential wells, average velocity of directed
motion, input energy P, and useful work P, against additionally introduced
stationary load force f . These formulas are essentially simplified for the quasi-
equilibrium regime of motion when u(¢) and f are small.

It is shown that depending on the mutual evenness or oddness of v(¢) and
u(t) , the motion direction of a Brownian particle is reversed or not reversed
under the reversibility of the direction of movement along the closed contour in
the phase space of v —u functions and the nondiagonal kinetic coefficients (pro-
portionality coefficients between generalized fluxes and forces) are mutually an-
tisymmetric or symmetric. In the adiabatic limit z — oo, average velocity is pro-
portional to 7" in two cases: (i) the closed contour mentioned above has a non-
zero area; (ii) functions v(¢) and u(¢) are proportional to each other (zero con-
tour area) and contain intervals of fast changes with small durations z,, on the
period 7 of their variations. In these cases, the energy conversion efficiency
n=~P, / P, tends to unit under the large barriers fluctuations v(¢) . In the sec-
ond case, the deviation of 7 from unit has two contributions, the first one de-
creases exponentially with increasing amplitude v, of function v(¢), and the
second one is a small nonadiabatic correction proportional to v, 32 tis the
nonadiabatic correction that limits the large efficiencies at large barriers fluctua-

tions.
[1]. V.M.Rozenbaum, I.V.Shapochkina. Pis’ma Zh. Eksp. Teor. Fiz. 92, 124 (2010)
[JETP Letters, 92, 120 (2010)].
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THRESHOLDS OF LOCAL MODIFICATIONS OF A SOLID
SURFACE AT LASER PROCESSING
L. V. Shmeleva, L. V. Osadcha, A. D. Suprun

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine, Ishmel@univ.kiev.ua

At modeling of process of interaction of radiation with substance the hy-
drodynamic model of a continuous medium was used. The problem has broken
up on two. The first is a problem that describes the processes preceding to the
destruction of the surface. The second is a problem that describes the processes
of destruction of the surface. One of the main issues is a definition of threshold
values of flux and the duration of pulse of electromagnetic radiation that sepa-
rate an absence of destruction of the surface and the process when the surface
destruction and a burning of corrosive torch are already possible.

During the solving of the first problem the relation determining the thresholds of
destruction in dependence on the heat flux is received for the absorption coefficient
of different materials. The ratios of threshold characteristics were analyzed for the
different values of the absorption coefficient, namely for the unlimited (metals), al-
most zero (transparent semiconductors or dielectrics), finite (semi-transparent semi-
conductor and dielectrics) absorption and absorption that strongly depends on the
intensity of radiation flux (so-called nonlinear materials). The threshold definitions
comprise coefficient of overall dissipative losses, that allows to take into account the
difference between volume properties of solid and its surface properties. This coeffi-
cient will allow to consider: the reflection coefficient, the surface absorption coeffi-
cient, which is usually different from the volume absorption coefficient, the surface
scattering, which is related to the surface irregularity and depends on the ratio be-
tween the wavelength of incident radiation and the size of inhomogeneity of the sur-
face, and also the changes of electron-phonon energy structure of the surface layer.

Second problem is related to a modification of a phase state the nano (micro)
fields of a solid surface under irradiating. The principal factor restricting quality of
the nanohandling is occurrence of a liquid phase and its incomplete removal in the
course of this handling. Therefore we formulated one more threshold condition for
a radiation flow. At realization of this requirement is realizable nanohandling (mi-
crohandling) of solid materials without formation of a liquid phase (melt).

During a solution of a problem of a problem of handling of a solid surface
by a powerful pulse of laser radiation we have formulated the system of restric-
tions on intensity of a stream and duration of its action. The gained system of
thresholds conditions gives an opportunity of prognostication of the necessary
regimes for treatment by the laser pulse in concrete technological realization.
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THE STRUCTURE OF EMISSION SPECTRA OF KRCL
LASER (222 NM)
N. G. Zubrilin®, S. I. Osypov, I. A. Paviov, O. N. Tkachenko.

Institute of Physics NAS Ukraine, 46. Nauky ave, 46, Kyiv, Ukraine
*Corresponding author: zubrilin@iop.kiev.ua

Information about a structure of emission spectra for a laser is important
for predicting abilities of the laser tuning. We have characterized a fine struc-
ture in the lasing spectrum of KrCl molecule in the area of 222 nm (45 030
cm™). Spectra were obtained by pumping mixtures He/Kr/CCl,(CF,Cl,) under
the total pressure 0.3 + 4.5 atm in the electric discharge laser with automatic
preionization. The emission spectra were photographed by spectrograph DFS-8
in the second order of 2400 line/mm diffraction grating on FUJI NEOPAN 400
film. The spectra were calibrated by emission of iron hollow cathode tube.
Spectral data were processed in the way described in [1]. KrCl spectrum shows
near 100 absorption lines. Some absorption lines were assigned to the absorp-
tion lines of H*Cl [2, 3]. The lasing was obtained on the molecule *KrCl.

The assignment of emission lines for the iron hollow cathode tube for
spectral areas 24602505 A, 4443+4508 A and 4920+5010 A were made. An
atlas of emission lines spectra for the iron hollow cathode tube TSPK-type was
created. Besides iron emission lines (Fe I, Fe II) we have seen emission lines of
other elements (Ne I, Ne I, Ni [, Co I, Cr I, Cr I, Mn I). Mean square root error
for characterized lines was 0.0004 A.
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Lasing spectrum of KrCl (a), emission spectrum of TSPK tube (b) and microphotogram
of KrCl lasing (c).
[1]. N. G. Zubrilin, S. I. Osypov, 1. A. Pavlov, A. A. Parnyuk. J. Phys. Studies, V. 9,
No. 1, pp. 33-37, 2005.
[2]. J. A. Coxon, U. K. Roychowdhury. Can. J. Phys. V. 63. pp. 1485-1487, 1985.
[3]. Midori Shimauchi, Tokiwa Miura and Kenichi Oikawa. Jap. J. Appl. Phys., V.
25, No. 10, pp. 1556-1562, 1986.
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A METHOD FOR STUDY OF EXCIPLEXES WITH PARTIAL
ELECTRON TRANSFER
1 A. Ar’ev, N. I. Lebovka, E. A. Solovieva

Nat. Acad. Sci. Ukraine, F.D.Ovcharenko institute of Biocolloid chemistry, Ukraine,
03142, Kyiv, bulv. Vernadskogo, 42
Corresponding author arev.igor@gmail.com

A method for study of exciplexes with partial electron transfer be-
tween solute and solvent molecules is proposed. The method consists in
comparison of the ratios of spectral shifts of different electronic transi-
tions induced in molecules by the solvent under consideration and by
the chemically inert solvents. The method is applicable to molecules
that do not change their dipole moment on excitation. As an example,
formation of exciplexes by molecules of benzene, phenanthrene, and
naphthalene with water, ethers, and alcohols is studied. It is demon-
strated that only high-energy states of the studied aromatic molecules
participate in formation of complexes.
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INTERACTION OF BENZENE MOLECULE WITH
AQUEOUS SOLVENT AND WITH AQUEOUS SOLUTIONS
OF ALKALI CHLORIDES

L A. Ar’ev', L. G. Chernova’®

'F.D.Ovcharenko Institute of Biocolloid Chemistry NASU, bulv. Vernadskogo, 42, Kiev,
Ukraine,
2A.V.Dumanskii Institute of Colloid Chemistry and Chemistry of Water,
bulv. Vernadskogo, 42, Kiev, Ukraine
Corresponding author: arev.igor@gmail.com

Radii of cavities in solvents containing a benzene molecule are cal-
culated using shifts of S« transition spectrum. A balance of pressing
and exaggregation potential energies of a cavity in water containing
benzene molecule is calculated in terms of quasi-spherical approxima-
tion. The exaggregation accomplishes by electrostatic reaction repul-
sive forces. Forces of microscopic surface tension and of dispersion in-
teractions make the compression. It is shown that presence of ions de-
stroying water structure leads to increase cavity size
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NMR AND DFT STUDY OF HYDROGEN BONDING IN
IMIDAZOLIUM-BASED IONIC LIQUIDS

VWtautas Balevicius', Zofia Gdaniec?, Lukas DZiaugys', Arinas Marsalka’

Vilnius universitety, Faculty of Physics, Sauletekio al. 9-3, 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

The ionic liquid 1-decyl-3-methyl-imidazolium bromide [C,;mim]
[Br], the neat material, and also dissolved (~0.01 mole fraction) in vari-
ous dielectric media (acetonitrile, benzene, chloroform, dichlorometh-
ane, methanol, 2-butanol and H,0) was studied using 'H and *C NMR
spectroscopy. The most important interaction in this compound is con-
sidered to be the Br—...H-C2" hydrogen bond, which is formed between
the anions and cations. The obtained results show that dielectric medi-
um influence mostly the behavior of the Br-...H-C2* bridge proton. The
changes observed in 'H and “C NMR spectra of [C, mim][Br] with in-
creasing solvents polarity and temperature can be explained applying
the model of the lengthening of the H2...Br~ bond with the accompany-
ing thickening of the solvation shell of bromine anion and C2—-H bond
contraction. The short-range order effects related to the configuration of
neighboring dipoles of solvent molecules are more important for the
solvation ability of small anions than the bulk solvent field effect. How-
ever, the solvents, molecules of which tend to associate via hydrogen
bonding, can significantly affect the dynamics of anions.
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SPECTROSCOPY OF ACRIDINIUM DERIVATIVES
EXHIBITING CHEMILUMINOGENIC FEATURES

Jerzy Blazejowski®, Karol Krzyminski, Beata Zadykowicz

Faculty of Chemistry, University of Gdansk, J. Sobieskiego18, 80-952 Gdansk, Poland
*Corresponding author: bla@chem.univ.gda.pl

Quaternary acridinium derivatives substituted in the central ring at the en-
docyclic N-atom and the opposing C-atom (in position 9) exhibit chemilumino-
genic features, which are demonstrated in reactions with oxidants in alkaline
environments [1,2]. In such conditions, acridinium cations are converted to
electronically excited 9-acridinones which, upon radiative relaxation, emit
light. Substances present in the medium can affect the intensity of emission. In
such cases, chemiluminogenic acridinium derivatives can serve as indicators
for the analytical determination of various entities [1,3]. Another possibility is
to use acridinium cations as fragments of chemiluminescent labels, in which
they are linked through a spacer to an active group capable of reacting with
certain functional groups of macromolecules. Such chemiluminescent labels
are commonly used in immunological diagnostics [1,3]. The utility of these
indicators or labels depends primarily on the chemiluminescence quantum
yield, which is governed by the structure of acridinium cation, particularly the
type of substituent in position 9, the type of oxidant and the medium.

In the presentation, infrared, electronic and nuclear magnetic resonance
data for numerous acridinium chemiluminogens that we synthesized in our
laboratory will be shown and discussed from the point of view of the relations
between the spectral characteristics and the structure and properties of the com-
pounds. Furthermore, the relations between the probable mechanism of chemi-
luminescence generation and information emerging from spectroscopic inves-
tigations of acridinium cations will be considered. Finally, the structural —
chemiluminogenic properties of these compounds will be analysed and the

possibilities of designing analytically promising derivatives discussed [4].

[1]. C. Dodeigne, L. Thunus and R. Lejeune, Talanta 51 (2000) 415-439.

[2]. K. Krzyminski, A. Ozog, P. Malecha, A. D. Roshal, A. Wroblewska, B. Zadyko-
wicz and J. Blazejowski, J. Org. Chem. 76 (2011) 1072-1085.

[3]. G. Zomer and M. Jacquemijns, Chemiluminescence in Analytical Chemistry,
edited by A. M. Garcia-Campana and W. R. G. Baeyens, Marcel Dekker, New York 2001,
529-549.

[4]. B. Zadykowicz, A. Ozog and K. Krzyminski, Spectrochim. Acta, Part A 75
(2010) 1546-1551.
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MOLECULAR AND LATTICE VIBRATIONS IN THE
DESCRIPTION OF THE THERMAL BEHAVIOUR AND
REACTIVITY OF GASEOUS AND CRYSTALLINE SOLID
PHASES

J. Blazejowski

Faculty of Chemistry, University of Gdansk, J. Sobieskiego18, 80-952 Gdansk, Poland
Corresponding author: bla@chem.univ.gda.pl

Each atom in a gaseous phase possesses three translational degrees
of freedom. When atoms form a molecule in a crystalline solid phase,
these degrees of freedom are transformed to 3n vibrational ones, where
n is the number of atoms forming a molecule [1,2]. Of the 3n so-called
normal vibrations, 3n—6 (or 3n—5 in the case of linear molecules) are
molecular vibrations whereas 6 (or 5 in the case of linear molecules) are
lattice vibrations. Apart from reflecting the unique spectral features of
crystalline molecular systems, molecular and lattice vibrations deter-
mine the zero point energy of molecules and crystals respectively. As
thermal processes take place predominantly as a result of excitation to
higher vibrational levels, molecular and lattice vibrations reflect the
thermal behaviour and reactivity of substances in gaseous and con-
densed phases [3].

The presentation will deal with the possibilities of identifying and
determining the wave numbers of molecular and lattice vibrations, both
experimentally and computationally. Examples will also be given of
how experimentally determined or computationally predicted wave
numbers are used to describe the thermal behaviour of crystalline sol-
ids, and also the kinetics of reactions occurring in gaseous and crystal-
line solid phases [2,3]. Correlations of the fatures predicted in the above
manner with results of thermoanalytical investigations will be outlined.
An attempt will be made to shed more light on the nature of thermal

processes [4].

[1]. A.M. Kosevich, The Crystal Lattice: Phonons, Solitons, Dislocations, Superlat-
tices, 2" ed., Wiley-VCH, Weinheim 2005.

[2]. J. Rulewski, J. Rak, P. Dokurno, P. Skurski and J. Blazejowski, J. Therm. Anal.
45 (1995) 839-847.

[3]. J. Blazejowski, J. Rak and M. Gutowski, J. Therm. Anal. 43 (1995) 45-55.

[4]. J. Blazejowski, K. Krzyminski, P. Storoniak and J. Rak, J. Therm. Anal. Cal. 60
(2000) 927-941.
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NEW FLUORENE DERIVATIVE WITH EFFICIENT TWO-
PHOTON ABSORPTION AND STIMULATED EMISSION
DEPLETION FOR APPLICATION IN BIOIMAGING

M. V. Bondar", O. V. Przhonska', K. D. Belfield’

Institute of Physics, Prospect Nauki, 46, Kiev-28, 03028, 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

A comprehensive analysis of linear photophysical, two-photon
absorption (2PA) and stimulated emission properties of new fluorene-
based compound (E)-2-(3-(2-(7-(diphenylamino)-9,9-diethyl-9H-
fluoren-2-yl)vinyl)-5-methyl-4-oxocyclo- hexa-2,5-dienylidene)
malononitrile (1) are presented. Linear spectral parameters, including
excitation anisotropy and fluorescence lifetimes were obtained in a
broad variety of organic solvents at room temperature. The degenerate
2PA spectrum of 1 was determined with a combination of the direct open
aperture Z-scan and relative two-photon induced fluorescence methods
using 1 kHz femtosecond excitation. The maximum value of 2PA cross
section~ 1700 GM was observed in the main long wavelength one-photon
absorption band. One- and two-photon stimulated emission spectra of 1
were obtained over a broad spectral range with a femtosecond pump-
probe technique and relatively high two-photon stimulated cross sections
~ 1200 GM were shown. A potential application of 1 in bioimaging was
demonstrated via one- and two-photon fluorescence microscopy images
acquired with incubated HCT 116 cells containing the dye encapsulated
micelles.
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IR SPECTROSCOPIC STUDY OF OZONE MOLECULE IN
LIQUID ARGON SOLUTION
K.M. Bulanin, V.V. Bertsev

St. Petersburg State University, St. Petersburg, Peterhof, Uli’anovskaya st. 1, 198504
Russia

Due to its ecological importance, ozone is a very well spectroscopically
studied molecule in the gas phase. However, analysis of the vibration-rota-
tional spectra of O,, especially of the mixtures of isotopic-enriched ozones, is
complicated because of strong perturbation of vibrational modes v, and v, by
the Darling-Dennison and Coriolis interactions.

Advantages of dilute solution in liquid cryosolvent, such as liquid Ar, are
relative narrowness of the spectral bands, weak perturbations of the intramo-
lecular dynamics of solutes, and suppression of hot transitions from the ther-
mally populated states. The experimental data on the band intensities and the
transition dipole moments for such important molecule as ozone remains lim-
ited.

In this work, we studied IR spectra of '°O, as well as '*O-enreached
ozone molecules in liquid Ar solution at about 80 K. Frequencies and relative
strengths for several vibrational transitions in ozones were measured and cal-
culated. It was found that the strength of the v, band of asymmetric C_ ozone
isotopomers ('*0'°0"0 and 'O'™0'*0) is significantly higher than for its
symmetric C, modifications ("*0'°0"*0, '°0'*0'°0, '*0'°0'¢0, *0'*0"*0).

The data obtained are in good agreement with previously reported data
[1,2].

[1]. Zittel PF, J. Phys. Chem. 95 (1991) 6802

[2]. Bulanin K.M., Bulanin M.O., Tsyganenko A.A., Chem. Phys. 203 (1996) 127-
136
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FTIR STUDY OF INTRAMOLECULAR AND
INTERMOLECULAR HYDROGEN BONDS IN SUBSTITUTED
PHENOLS: “STRUCTURE-PROPERTY” RELATIONSHIPS

M. A. Varfolomeev

Department of Physical Chemistry, Kazan (Volga region) Federal University,
Kremlevskaya str.18, 420008 Kazan, Russian Federation
Corresponding author: vma.ksu@gmail.com

Hydrogen bonds have a significant influence on the properties of organic mol-
ecules without changing their chemical structure. Hydrogen bonds can be classified
into two types: intramolecular and intermolecular hydrogen bonds. Substituted
phenols are the example of systems in which hydrogen bonds play an important
role. Substituted phenols are the main fragments of many natural and synthetic
antioxidants, food additives and drugs. These facts make actual task studying of the
hydrogen bonds in these systems. FTIR-spectroscopy is one of the most informa-
tive methods for studying hydrogen bonds.

In this work, infrared spectroscopic study of hydrogen bonds in solutions of
substituted phenols was carried out. Isomeric methoxy-, chloro-, nitrophenols, hy-
droxyacetophenones, di- and trihydroxybenzenes were investigated.

Stretching vibrations frequencies of intramolecularly H-bonded OH groups in
the ortho-isomers of studied phenols were determined. Peculiarities of changes in
the strength of intramolecular hydrogen bonds in substituted phenols due to mole-
cules structure were studied. Obtained spectral parameters of intramolecular hydro-
gen bonds were compared with thermodynamic functions of their formation.

Stretching vibration frequencies of H-bonded O-H groups in complexes of
substituted phenols with proton acceptors in an inert solvent were measured. The
influence of the substituent structure and position on the spectral parameters of hy-
drogen bonding was analyzed. The regularities between structure of substituted
phenols and their ability to intermolecular bonding were obtained. It was shown
that the strength of the complexes of hydroxybenzenes with adjacent hydrogen
bonds is significantly increased due to manifestation of the cooperative effect. In
this work methods to account for the cooperativity of hydrogen bonds were pro-
posed. Obtained data show that the cooperativity factors in complexes of catechol
and propylgallate don’t depend on the proton acceptor ability of bases. The spectro-
scopic data of hydrogen bonds in substituted phenols were compared with the anti-
oxidant activity and pK of studied molecules.

This work was supported by Federal target program “Scientific and scientific-
pedagogical personnel on innovative Russia” (N P1349).
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REGULARITIES OF ORGANIC MOLECULES
FLUORESCENCE IN SYNTHETIC OPAL PHOTONIC
CRYSTALS

V. N. Moiseyenko, M. P_Dergachov®, V. G. Shvachich, 1. V. Bezsmertnyj

Faculty of Physics, Electronics and Computer Systems, Oles’ Gonchar Dnipropetrovs’k
National University, prosp. Gagarina, 72, Dnipropetrovs’k, Ukraine
"Corresponding author: dergachov-mp@yandex.ru

Possibilities of controlling spontaneous emission by placing emitters into
photonic band-gap structures (photonic crystals) and creating new effective light
sources on the base of such structures are intensively studying [1]. The aim of this
work is to expose regularities of laser dye and intramolecular proton-transfer sub-
stance fluorescence spectra in synthetic opals with various dielectric contrasts.

Synthetic opals constructed of SiO, globules with a mean diameter of about
260 nm were infiltrated with rhodamin 6G (R6G), pironin G (PG), astrofloksin (AF)
and 2,5-bis(2-benzoxazolyl)hydroquinone (BBHQ) by soaking initial samples into
proper substance solutions. The molecules concentration in solutions was no more
than 10 M. Dielectric contrast in photonic crystals was changed by additional infil-
tration with a water-glycerin solution or immersive oil. Fluorescence of BBHQ was
excited by radiation of nitrogen laser at 337 nm and LED Edixeon EDST-3LAx at
400 nm. Fluorescence of the other molecules was excited by radiation of LED Ed-
ixeon EDST-3LAx at 515 nm. Exciting radiation were directed at small angles to
the (111) plane of samples in the “reflection” and “transmission” geometries. Fluo-
rescence spectra were detected in the <111> direction by using modernized spec-
trometer DFS-12 in regime of photon counting with accumulation.

In accordance with the “golden Fermi’s rule”, modification of organic mol-
ecules fluorescence spectra in synthetic opals is determined by the density of
optical states in the vicinity of photonic stop-band. Within stop-band region the
inhibition of spontaneous emission was observed for all substances. If the
wavelength, corresponding to the intensity maximum in spectrum of “free-
state” substance, was shorter than wavelength, corresponding to the spectral
position of stop-band center, the amplification of dye fluorescence at the high-
energy edge of stop-band occurred. In contrary, a weak fluorescence was ob-
served at the low-energy edge of stop-band without any amplifying.

Results obtained for BBHQ fluorescence spectra show the way to manage
probabilities of irradiative transitions without and with proton transfer by
choosing properly the stop-band spectral position.

We thank Ukrainian-Russian project No. 71-02-10 “Radiation of 3D photonic

crystals under optical and electric excitations” for the financial support.
[1]. L. Bechger, P. Lodahl, W. L. Vos, J. Phys. Chem., B 109, 9980 (2005).
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STRUCTURE AND NMR SPECTRA OF CYCLOPHANES
WITH SMALL BRIDGES. WHY HYDROCARBONS
WITH UNUSUAL SPATIAL STRUCTURE ARE WORTH
STUDYING?

H. Dodziuk

Institute of Physical Chemistry, Polish Academy of Sciences01-224 Warsaw,
Kasprzaka 44/52, Poland
Corresponding author: dodziuk@ichf. edu.pl, http://www.ichf.edu.pl/person/dodziuk.htm

Progress in organic synthesis in recent ca 50 years has allowed chemists
to obtain hydrocarbons having spatial structures strongly departing from the
standard ones that are in harmony with van’t Hoff and LeBel hypothesis [1].
However, the question of applicability of such molecules (the problem of
utmost importance, e.g. by writing grant proposals) is not always obvious.
We were confronted with this problem when reporting a computational grant
on cyclophanes like hexahydrosuperphane 1 [2] which should have a planar
cyclohexane ring. Serendipity in which scientific discoveries find their ways
to marketable applications will be shown together with stressing that, con-
trary to engineering, the aim of science is to get a better understanding of the
world surrounding us and to satisfy our curiosity.

(CH2)m (CH2)n

1 2

Cyclophanes with small bridges are interesting object in view of the non-
planar structure of the aromatic rings and, when there is more than one of them,
their location at close distances. The structure and NMR parameters of several
cyclophanes were calculated and NMR spectra measured to analyse their inter-
dependence. Some published [3,4] and novel results on the title molecules, in
particular on their dynamic behaviour, will be discussed. At present (April

2011), the synthesis of hypothetical hexahydrosuperphane is carried out.

[1]. “Strained Hydrocarbons. Beyond van’t Hoff and LeBel Hypothesis” with a
foreword by Roald Hoffmann, H. Dodziuk, Ed., Wiley-VCH, Weinheim, 2009. 2. H.
Dodziuk, M. Ostrowski, Eur. J. Org. Chem., 2006, 5231. 3. H. Dodziuk, M. Ostrowski, K.
Ruud, J. Jazwinski, H. Hopf, Magn. Res. Chem., 2009 , 47, 407. 4. H. Dodziuk, S. Szy-
manski, J. Jazwinski, M. Marchwiany, H. Hopf, J. Phys. Chem. A, 2010, 114, 10467.
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CHERENKOYV SYNCHRONISM IN CONICAL EMISSION OF
FEMTOSECOND BESSEL BEAMS
L. Blonskyi, V. Kadan®, I. Dmitruk, P. Korenyuk

Dept. of Photonic Processes, Institute of Physics NAS of Ukraine, Prospekt Nauky, 46,
Kyiv, Ukraine
"Corresponding author: kadan@jiop.kiev.ua

The nature of conical emission (CE), a spectacular attribute of the fem-
tosecond filaments and axicon-produced Bessel beams, is still a subject of
discussion. The axicon-produced conical beams in weak nonlinear mode with
clearly defined parameters have advantage over filaments to study the nature
of CE.

Spectral-angular properties of CE excited by femtosecond laser pulses
(150 fs, 802 nm, 300 pJ) axicon-focused in 3 cm long water-filled cuvette
have been studied. See the Figure for the photography of CE and angular
dependence of the CE quanta energy.
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It is shown that angular dependence of the CE spectrum is governed by
the Cherenkov-type synchronism. The discreteness of the CE rings is ex-
plained as due to the stimulation of signal IR emission along the beam axis in
four-wave mixing process involving also two pump quanta and accompanied
by R conical idler beam. Other conical beams G, B, and UV are caused by
higher order multiwave mixing processes. Similarity of conditions of Cher-
enkov synchronism and that of Hawking radiation from the dielectric ana-
logue of event horizon is also discussed.
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THE IR STUDY OF COMPETITION BETWEEN INTRA AND
INTERMOLECULAR HYDROGEN BONDS.

J. Kolodziejczak, A. Koll*

Faculty of Chemistry , Wroctaw University, 14 F. Joliot-Curie, 50-383 Wroctaw, Poland
“Corresponding author: akoll@chem.uni.wroc.pl

The intramolecular hydrogen bonds are formed when one molecule con-
tains both proton donor and proton acceptor groups in appropriate configu-
ration.

The content of our contribution is devoted to comparison the properties
of intramolecular and intermolecular hydrogen bonds and study the competi-
tion between both types of hydrogen bonds.

The difference in energy and IR spectra as well as thermodynamic stabil-
ity of both types of hydrogen bonds will be discussed.

The competition between these types of hydrogen bonds appears natural
when a molecule contains two proton donors as it is in secondary Mannich
bases (2).
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The spectra of such systems will be analyzed. Interesting effects of
strengthening the intramoelcular intractions resulting from the formation of
intermolecular hydrogen bond as well as specific stabilization of ionic forms
in secondary Mannich bases will be presented, on the basis of spectra, quan-
tum chemical calculations and crystal structures.
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EVALUATION OF VIBRONIC INTERACTIONS IN
CONJUGATE FLUORESCENCE AND FLUORESCENCE
EXCITATION SPECTRA OF ALL-TRANS STILBENE AND
DIPHENYLBUTADIENE IN RIGID MATRICES

V. Kompaneez, I.A. Vasilyeva

The fine-structure fluorescence and fluorescence excitation spectra of
all-trans stilbene (SB) and diphenylbutadiene (DPB) are obtained at 4.2 K in
an n-hexane matrix using the Shpolskii method. To determine the true rela-
tive intensities of the vibronic transitions of SB and DPB, we modeled conju-
gate fluorescence and fluorescence excitation spectra of SB and fluorescence
spectra of DPB by a series of vibronic bands, each of which is the sum of a
zero-phonon line and a phonon wing [1]. By choosing the necessary param-
eters, a nearly complete coincidence between the experimental and model
spectra was achieved. In the case of SB, such a coincidence was obtained at
a width of the zero-phonon line of 18 cm!, the width of the phonon wings of
144 cm™! and at a Debye--Waller factor as great as 0.2. For DPB, the width of
the zero-phonon line was 12 cm!, the width of the phonon wing of 108 cm™,
and the Debye--Waller factor was the same. The large width and considerable
intensity of the phonon wings indicate that the electron--phonon interaction
between impurity molecules and the environment is strong. In addition, the
calculated spectrum takes into account the deviations of the band maxima
from their true positions upon intensity summation of closely spaced lines;
consequently, the band positions are refined.

Based on the calculated spectra, the relative intensities of the vibronic
transitions were determined. The parameters of the Franck--Condon (a) and
Herzberg—Teller (o) interactions in the molecules considered are calculated
[2]. For all the basic normal vibrations, the parameter a greatly exceeds a.
Hence, the observed loss of mirror symmetry between the conjugate fluores-
cence and fluorescence excitation spectra of SB can be explained by the ef-

fect of high-energy states on the S, state.

[2]. N. L. Naumova, I. A. Vasil’eva, I. S. Osad’ko, and A. V. Naumov.// Opt.
Spektrosk. V. 98 (4), P. 586 (2005) [Opt. Spectrosc. V. 98 (4), p. 535 (2005))].

[3]. LS. Osad'ko, Usp. Fiz. Nauk //V. 128 (1), p. 31 (1979) [Sov. Phys. Usp. V.22, p.
311 (1979)].
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ALTERNATIVE HYDROGEN BONDING AND ESIPT
PATHWAYS IN SUBSTITUTED NITROGEN-CONTAINING
3-HYDROXYCHROMONES

D. A. Svechkarev®, B. A. Dereka, A. O. Doroshenko

Institute for Chemistry at Kharkov V. V. Karazin National University,
4 Svobody Square, Kharkov, Ukraine
*Corresponding author: denis.svechkarev@gmail.com

Derivatives of the 3-hydroxychromone (3HC) family attract special at-
tention. Exhibiting dual-band fluorescence owing to the proton transfer reac-
tion in their excited state (ESIPT) [1], these molecules are highly sensitive to
different parameters of their environment — polarity, H-bonding ability, vis-
cosity etc [2]. This particularity has become the basis for development of a
new approach in the applied fluorescent spectroscopy — ratiometric detection
in physico-chemical, environmental and biological analysis.

Traditionally, in the excited molecule of 3HC proton is transferred from
the 3-OH group to the oxygen atom of the carbonyl group in position 4. How-
ever, certain derivatives of 3HC, possessing a heteroaromatic substituent in
the position 2, introduce uncertainty in the above statement: the substituent’s
heteroatom could play a role of a second proton accepting center, which rais-
es the question about the pathway along which the ESIPT process is realized
in such a case [3-4].

In the present work we investigate the possibility of intramolecular H-
bonds formation involving heterocyclic side moiety, as well as realization of
an alternative ESIPT pathway along such bonds in several 3HC derivatives.
General principles of multiband luminophores design with increased number

of data reporting channels is discussed.

[1].  A.Sytnik, D. Gormin, M. Kasha, Proc. Natl. Acad. Sci. USA. 91 (1994) 11968-11972.

[2]. S.Kumar, S. K. Jain, N. Sharma, R. C. Rastogi, Spectrochim. Acta A. 57 (2001)
299-308.

[3]. D.A. Svechkarev, V. N. Baumer, Z. A. Syzova, A. O. Doroshenko, J. Mol. Struct.
882 (2008) 63-69.

[4]. D.A. Svechkarev, A. O. Doroshenko, V. N. Baumer, B. A. Dereka, J. Lumin. 131
(2011) 253-261.
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PREDICTIONS BASED ON A COMPOUND-MODEL
MORPHED POTENTIAL OF OC:HF

Luis A. Rivera-Rivera’', Andrii S. Sizhuk?, Blake A. McElmurry', Robert R.
Lucchese', and John W. Bevan'"

"Department of Chemistry, Texas A&M University, College Station, TX,
USA, 77843-3255
>Physics Department, Texas A&M University, College Station, TX 77843-4242
*Corresponding author: bevan@chem.tamu.edu

A 6-dimensional vibrational-complete compound model morphed
with radial shifting (CMM-RS) ground state potential generated for
OC:HF is used to predict properties and test models of hydrogen bond-
ing. The morphed adiabatic potential with both monomers in their
ground vibrational states is characterized by an equilibrium rotational
constant Be =3345.68(30) MHz, equilibrium center of mass CO to cent-
er of mass HF distance, Re = 3.598(1) A, and equilibrium dissociation
energy De= 1310(10) cm™'. The generated CMM-RS potential can also
be used to predict accurately numerous properties for OC-HF as demon-
strated by: 1) The prediction of the ground state dissociation energy DO
=742.5(50) cm™ and the 3-rd harmonic of the HF stretching vibration of
the complex at 10893.90(50) cm’!, both predicted within two standard
deviations of error from the experimental data. ii) Generation of addi-
tional characteristics of this complex involving states that have not been
previously investigated such as vibrational dependence of dissociation
energies as well as structural and other properties. These include a com-
prehensive quantitative determination of first order inharmonic con-
stants Xii and Xij and quantitative predictions of the corresponding
band profiles. iii) Characteristics of the CMM-RS potential are also il-
lustrated by comparison with prediction of properties made using previ-
ously published ab initio potentials. iv) Prediction of the characteris-
tics of the CO-HF dimer. vi) The quantitative evaluation of models of
non-covalent interactions. Specifically, in this case a comparison of the
widely applied empirical Lippincott-Schroeder potential with the CMM-
RS potential of OC-HF
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FIELD-SUBSTANCE INTERACTION AND FORMATION
MECHANISM OF CONTOURS OF MOLECULAR SPECTRA

Erkin N. Shermatov

Faculty of Physics, Samarkand State University, 15, University blvd., Samarkand,
104100, Uzbekistan
Corresponding author: erk-shermatov@yandex.ru

According to modern ideas, all the particles and the body are formed as
a result of eddy processes and accumulation of physical vacuum. The energy
density of physical vacuum is much higher than the energy density of the
atomic nucleus. Therefore, structural and dynamical processes in condensed
matter can not be discussed without taking into account the field-substance
interaction. Taking into account these circumstances, a mechanism of forma-
tion of the contours of molecular spectra is proposed.

In molecular systems, as a result of the field-substance interaction on
each individual molecule there induced rotational moments or spins (wave
vector) of varying magnitude and direction, spatial distribution of which is
random. The pattern of distribution can be described by statistical laws. The
pattern of distribution of these quantities can be regarded as a phase portrait
of the molecule’s interaction with the environment or the wave function of
response (WFR) of molecules. As a result of the interaction between the out-
er electrons of the molecules socialized electrons are formed. The interaction
between them forms the oscillating WFR of electrons.

Oscillatory nature of WFR leads to oscillations of the center of gravity
of the molecules, and the phase correlation between fluctuations in the cent-
er of gravity of the molecules forms the acoustic field of the environment,
and the formation of an oscillating two-well adiabatic potential occurs.
Acoustic wave propagation is accompanied by oscillation of the center of
gravity of the molecules between two energy states. In the polarized spec-
trum of light scattering, they are manifested in the form of the shifted com-
ponents relative to the frequency of the exciting radiation and the are called
components of Mandelshtam-Brillouin scattering (MBS). The magnitude
of frequency shift depends on the speed of propagation of acoustic waves in
the medium.

The lack of central component in MBS indicates the absence of water
molecules, which commits the translational Brownian motion. [O’Connor
C.L., Shlupf J.P., J.Chem. Phys. 1967, v.47, p.31.92].
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Trae Fig.1. Spectrum of Mandelshtam-Brillouin light
Te20%C M scattering (MBS) in pure water at three different
temperatures.
Violation of the phase correlation of a
Tesoee single molecule with the environment leads
) I| to the formation of Brownian molecules, dy-
J namics of the center of gravity of which is
less affected by the adiabatic two-well po-
J \_/\_/ tential. They form a central component of

the MBS, and its intensity depends on the
concentration of Brownian molecules in the medium. Increasing concentrations
of Brownian molecules leads to the formation of the phase correlation between
the fluctuations of their centers of gravity, which leads to the formation of the
lower-frequency acoustic field. This process leads to a splitting of the central
component of the MBS (in liquid helium), which means the appearance of sec-
ond sound in the media.

Formation of Brownian molecules constitutes a violation of the symmetry of
interaction of molecules with the environment. Therefore, as a result of the influ-
ence of the adiabatic two-well potential there is the reorientation of WFR of
molecules from one equilibrium orientation state to another. In the spectrum of
depolarized light scattering, this process manifests itself as a central Q-branch.
Oscillating energy structure of WFR of molecules forms lateral O- and S-branch-
es in the spectrum of Rayleigh light scattering (RLS). The superposition of these
components forms the shape of the contour in the spectrum of the RLS. Shape of
the contours in the infrared absorption spectra and spectra of Raman scattering
(RS) should also be represented as a superposition of the central Q-branch and
lateral P- and R- branches or O- and S- branches.

Energy structure of WFR of electrons in the ground energy level is mani-
fested in the form of a broadband background spectrum of RS. The shape of the
contour in the electronic absorption spectrum depends on the energy structure of
the WFR of electrons. In the case of the formation of the phase coherence be-
tween the harmonics of WFR of electrons a coherent shell of WFR of electrons is
formed. Energy structure of coherent shell of electrons is manifested in the form
of a narrow and intense peak in the electronic spectrum, which is called the ab-
sorption edge. If at the transition of electrons from the excited electronic level to
the main due to the coherent shell of WFR of electrons there is a delay of the re-
emission of absorbed energy, this leads to the phenomenon of luminescence.
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SPECTRAL (IR,NMR,UV-VIS) INVESTIGATIONS OF
TRANSITION ELECTRON-RICH METAL HYDRIDES AND
NONCLASSICAL COMPLEXES

L. M. Epstein, N. V. Belkova, O. A. Filippov, E. S. Shubina

AN Nesmeyanov Institute of Organoelement Compounds Russian Academy of Sciences
(INEOS-RAS)

Spectral studies of transition metal hydrides in combination with quan-
tum-chemical calculations allowed to know their interesting fundamental
features. Transition metal hydrides possess two basic centers: transition met-
al atom and hydridic hydrogen bounded together and occurred to be unique
proton acceptors. They can form two new types of hydrogen bonded com-
plexes in interaction with proton donating molecules: with d —orbital of a
metal atom (XH...M) and with partly negative charged hydride atom
(XH...H) named dihydrogen bonded (DHB) complexes. We established reli-
able spectral (VTIR and NMR) criteria of them and the structure of proton
transfer products via these hydrogen bonds. The products are classical cat-
ionic hydrides and non classical (n*-H,) ones, relatively. Our last investiga-
tions of the isostructure hydride series (M=Fe, Ru, Os) allow to find the pe-
culiar features of electron rich metal hydride complexes. It occurred that
metal site interaction with proton donor (XH?" M) can coexist with hydride
ligand in DHB complexes leading to distortion of nearly linear geometry and
can change proton transfer product from non-classical M(n?*-H,) for Fe and
Ru to classical one for Os. The impact of each, M:--H or H---H, depends cer-
tainly on ligand environment. It changes on descending the group in favor of
the M--‘H interaction and we suggest this is a general trend.
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RANDOM LASING AS MULTIMODE EMISSION OF A
MULTIPLY SCATTERING MEDIUM
Vasil P.Yashchuk!", E.O.Tikhonov’, O.A. Prygodiuk!

'Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 2,
Kyiv, Ukraine
2Institute forPhysics, the Ukrainian Academy of Science, Nauky ave. 46., Kyiv, Ukraine
*Corresponding author: yavas@kiev.univ.ua

Random lasing (RL) is the emission with laser-like behavior arising in a
multiply scattering active medium under high optical pumping. This emission
arises due to stay increasing of the emitted radiation in the sample because of
multiple light scattering. Similar to conventional laser there is transition to emis-
sion with narrow spectrum. But this transition is not sharp and the radiation is
unidirectional. Therefore the dominant conception of RL mechanism is amplified
spontaneous emission (ASE), developed along random trajectories. However
there are several attempts to represent RL radiation as the set of modes assimi-
lated implicitly with random trajectories of scattered emitted radiation. But ex-
perimental confirmation of the modes existence was not obtained so far.

This work is aimed at experimental data obtaining to testify the mode ex-
istence and determine some their parameters. We investigated spectrum nar-
rowing of radiation in concentrated suspension of BN and SiO, microparticles
in thodamine 6G (R6G) polyvynylacetate solution on pump intensity 1. De-
pendencies of the spectrum width DI and threshold pump intensity /, on pump-
ing beam diameter d, concentration of microparticles C and R6G molecules C,
were studied. The dependencies of the intensity /_ and wavelength 1 of RL
spectral maxima and /, on sample thickness 4 were investigated too.

The rate of the spectrum narrowing under 1 increase was shown to conform
well with the value calculated from ASE conception only when one assumes sharp
increasing of the radiation path in the sample under RL threshold. It is equivalent to
the conception about circulation of RL radiation in confined space. It may be con-
sidered as experimental confirmation of RL modes existence. Without amplifica-
tion these modes have low Q-factor and wide spectral contour. But Q-factor and
running of mode radiation much increases when amplification a exceed loss k. It
results in sharp narrowing of mode spectral contour. As losses differ for different
modes the inequality a > £ is satisfied progressively under 1 increasing and there-
fore the spectra of all the modes narrows rather smoothly.

Size of RL mode confinement reveals in dependencies | (4), 1, (d), DI(h)
and 7, (h) as salient or extreme points connecting with diameter of mode con-
finement. This size decrease with Cp and particle refractive index and is order
of 200mm (for SiO, suspension).
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FILMING THE BIRTH OF A MOLECULE WITH X-RAYS
S. Bratos!, M. Wulff* and J-CI. Leicknam'
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Curie, Case courrier 121, 4, Place Jussieu, 75252 Paris Cedex, France
2European Synchrotron Radiation Facility BP 220, 38043 Grenoble Cedex, France

A time-resolved x-ray diffraction study is presented to monitor the re-
combination of laser-dissociated iodine molecules dissolved in CCI4. The
change in structure of iodine is followed over the terminal portion of the reac-
tion path. Technical problems which appear at these short times are discussed
in some detail. The solvent contribution is separated from the rest of the sig-
nal, and techniques of deconvolution are employed to reduce the effective
duration of 100 ps x-ray pulses. They permit to monitor the recombination
process up to the distances of the order of 2.7 A. Images picturing the birth of
12 molecules are provided via temporally varying atom-atom pair distribution
functions. The recombination process follows two reaction channels, located
in the electronic states A/A’ and X of the iodine molecule. Their time scales
are of the order of 10 ps and 100 ps, respectively.
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SPECTROSCOPIC STUDIES OF INTERMOLECULAR
INTERACTION OF DIMETHYLPYRAZOLE AND
DIPHENYLFORMAMIDINE WITH HYDROGEN HALIDES
IN SOLUTION

S. F._Bureiko®, S. Yu. Kucherov

Faculty of Physic, St. Petersburg State University, Ulianovskaya ul., 3, Peterhoff,
St. Petersburg,198504 Russia
“Corresponding author: boureiko@paloma.spbu.ru

The spectroscopic characteristics and structure of hydrogen-bonded adducts
formed by the bifunctional azo-compounds (AC) 3,5-dimethylpyrozole (DMP) or
diphenylformamidine (DPFA) and strong proton-donor molecules of hydrogen
halides HBr, HCI and HF were studied in solution by IR absorption spectra and
quantum-chemical calculations. The obtained experimental spectra show that the
proton transfer along the hydrogen bridge between HBr or HCI and basic nitrogen
atom of the AC takes place with the formation of ionic pair NH"..."Hal. The spec-
trum of the DPFA — HCl system in CH_Cl, reveals strong band in the region 3200-
2400 cm! with the centre of gravity near 2900 cm ™ [1]. The results of the B3LYP/6-
31G** calculations for this system showed that the complex formed is character-
ized by the frequency of symmetric VNH" vibration of the cation involved in H-
bond with the CI anion, equal to 2850 cm!; this value is in good agreement with the
experimental data. The interaction between DMP and HBr in CH,Cl, demonstrates
the similar spectral manifestations [2]. The addition of the excess of AC leads to the
formation of the ionic 2:1 AC — HHal complexes; such complex includes (AC),H*
cation with proton of N...H...N bridge located closer to one of the nitrogen atoms
and two NH groups directed towards the Hal anion [3].

The experimental study did not give the convincing evidences of ionic struc-
ture for the DMP-HF system, and the quantum-chemical calculation showed that
the hydrogen-bonded molecular complex with the hydrogen bridge N...HF is the
most energetically and steric advantageous structure. Accounting for the effect of
the solvent influence with use of the B3LYP/6-31G** level and the Tomasi model
with dielectric permittivity € = 8.9 (methylene chloride) yielded the following re-
sult: the potential minimum corresponding to the ionic form did not observed. This
fact may be explained by very high dissociation energy of the H-F bond (D,
=135.3 kcal) in comparison with the values for H-C1 (103.1 kcal) and H-Br (87.6

kcal) bonds.

[1]. S.FE. Bureiko, N. S. Golubey, S. Yu. Kucherov, A. V. Schurukhina, J Mol. Struct., 2007,
V. 844/845, P. 70.

[2]. S.E Bureiko, S. Yu. Kucherov, J. Struct. Chem., 2009, V. 50, No. 4, P. 712.

[3]. S.E Bureiko, S. Yu. Kucherov, V. M. Schreiber, Polish J. Chem., 2009, V. 83, P. 771.
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OBSERVATION OF A METASTABLE CRYSTALLINE PHASE
FORMATION IN 2-BROMOBENZOPHENONE

J. Baran', N. A. Davydova**
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*Corresponding author: davydova@jiop.kiev.ua

In our previous works devoted to the vitrification process in the
glass-forming benzophenone, 2-biphenylmethanol and salol we drew at-
tention to their liquids being possible to cool below their freezing points
without crystallizing; however their glassy phases crystallize on heating
just after the glassy state becomes a liquid state (cold crystallization).
Furthermore, it was shown that the cold crystallization tends to form the
metastable polymorph [1-3]. The question arises is this observation a
property of many supercooled systems, or is it a peculiarity of benzo-
phenone, 2-biphenylmethanol and salol? In order to prove this, 2-bro-
mobenzophenone (2BrBP) was chosen.

The crystallization behavior of supercooled 2BrBP as a function of
time and temperature has been investigated by the infrared spectrosco-
py. We have monitored the C=0 stretch vibrations, which are strongly
influence by the changes in the structure. It has been found that the
glassy 2BrBP crystallizes on heating into the metastable phase at 245 K.
The splitting of the C=0 mode in the metastable phase as compared to
the stable phase has been observed. Also it has been found that there is
a marked shift in the position of the C=O stretch vibrational band. The
melting of the metastable phase has been observed at 303 K followed by
the crystallization of the stable phase in 15 min. This is the first proof of
the existence of polymorphism of 2BrBP. Also, the obtained results il-
lustrate the well-known empirical rule (Ostwald’s rule), which states
that the phase that nucleates first is not necessarily the most thermody-
namically stable phase, but is the one with closest free energy to the
liquid phase [4].

[1]. N.A.Davydova, V.I. Mel’nik, J. Baran, M. Drozd. J. Mol. Structure. —2003. - V.
651-653. - P. 171-175.

[2]. J. Baran, N.A. Davydova, M. Drozd, A. Pietraszko. J. Phys.: Condens. Matter.
—2006.—-V. 18, Ne 5. — P. 5695-5702.

[3]. J. Baran, N.A. Davydova. Phys. Rev. E —2010. — V. 81. Ne 3. — P 031503.
[4]. Z. Tavassoli, R.P. Sear. J. Chem. Phys. — 2002. — V. 116, #12. — P. 5066.
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PHENYL SALYCILATE
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An organic Phenyl salycilate or salol (HO)C H,CO,C H,)) yielded
polymorphic crystals: metastable (monoclinic) and stable (orthorhom-
bic). There are many applications of salol, namely as a stabilizer for
cellulosic and vinyl plastics, and also as an analgesic and antipyretic. In
our previous study we have pointed out that glassy salol crystallizes to
the metastable polymorph on heating (cold crystallization). The condi-
tions of formation of different polymorphs have been clearly established
in our previous investigations using Raman and IR spectroscopy [1, 2].
However, to our knowledge, a luminescence study of salol has not been
performed so far. This observation motivated us to conduct the present
study. The molecule of salol consists of two phenyl rings, which are
connected by three single bonds through two, carbon and oxygen, at-
oms. The hydroxyl group is attached on one of the phenyl rings in the
orto-position.

Fluorescence spectra measurements were performed by using a
MPF-4 Hitachi spectrofluorimeter. The samples for the measurements
were encapsulated in cylindrical glass tubes. The excitation wavelength
was 363 and 340 nm. Luminescence spectra from both polymorphs of
salol at low temperatures show a resolved progression involving the Ra-
man and IR active v(C,-OH) stretching mode. This means that the pres-
ence of an OH group in the 2-position on one ring asymmetrizes the
molecule, localizing the electronic excitation to the OH-substituted
ring. The V(Cd)-OH) vibrational frequencies are on the order of 1250
cm! at 4.2 K. At room temperature both spectra show no sign of vi-
bronic structure. The emission spectrum of the metastable phase of salol
is red shifted by 750 cm' relative to the stable phase and is broader. The
full width at half-maximum amplitude of the spectrum of the metastable
phase is 1.4 times larger than that of the stable phase. The spectra of
both modifications are sensitive to the changes in excitation wavelength

363 or 340 nm.
[1]. J.Baran, N.A. Davydova. Phys. Rev. 81, 031503 ( 2010).
[2]. J.Baran, N.A. Davydova, M. Drozd. J. Phys.: Cond. Matter 22, 155108 (2010).
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STRUCTURE OF THE POLARIZED COMPONENTS OF 520
CM' BAND IN RAMAN SPECTRA OF QUINOLINE
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B. Hudoyberdiev
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In some cases in Raman spectra (RS) peaks (maxima) of bands of the
same vibrations do not coincide for different polarizations of the scattered
light. Analogous situation we observed for 520 cm™ band in quinoline. Paral-
lel component at 20 °C is asymmetric in the high-frequency region. The shape
of perpendicular component is of type that is usually corresponds to a band
formed of two overlapping lines with approximately equal intensities. Due to
a small magnitude of the depolarization ratio of the low-frequency band in
parallel component a vibrational (isotropic) component is prevailed, and it
determines the frequency of the peak of the resultant band. In perpendicular
(anisotropic) component the overlapping lines are found to be rather equal by
intensity. Usually, in such cases a non-coincidence of peak frequencies of
parallel and perpendicular is observed. Quantum-chemical calculations
showed that in the region of 520 cm™ we really should have for a monomer
molecule two closely spaced lines with wave-numbers 530 and 527 cm!
(scaling factor 0,97) with depolarization ratio 0,61 and 0,26.

Previously we have suggested that the overlapping of closely spaced
lines, which possess different depolarization belong to different molecular
aggregations, can result in non-coincidence of the peak frequencies of bands.
In this case the overlapping of bands occurs independently on aggregation of
molecules, but the result appeared to be the same. In this case of the compli-
cated 520 cm™! band the difference in the peak frequencies is about 2 cm™.
Dilution of quinoline by large amount of a neutral solvent leads to a narrow-
ing of the overlapping lines, and thus they can be resolved separately.
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RAMAN SPECTRA OF DEUTERO-METHANE (CD,) IN
MIXTURES WITH AR AND KR

B. T. Kuyliev', N. D. Orlovaz,lL. A. Pozdnvakov2|

! Karshi State University, Uzbekistan. bahromq@rambler.ru
2 St. Petersburg State University, Russia.

Spectra of spontaneous Raman scattering (SRS) of molecular gases
contain extensive information on the vibrational-rotational energy states
of molecules, as well as on intra- and inter-molecular interactions [1].
Obtaining of such information is of great importance both to deepen the
fundamental understanding of the structure and dynamics of molecules
and to use the obtained information for applied purposes.

Contours of the bands of isotropic Raman scattering (IRS) are cur-
rently the major source of information about the interactions and vibra-
tional relaxation of molecules.

This paper presents the study of IRS spectra of the band v, of deu-
tero-methane in mixtures with Ar and Kr in the gas phase in a wide
range of temperatures and pressures.

The aim of this paper was to study the factors influencing the for-
mation of the band contours of the isotropic scattering of molecules of
spherical tops in the Raman spectra of dense gases. Basic attention was
paid to perform measurement and to identify the nature of the vibra-
tional relaxation, due to the fact that by the present time this effect in
the spectra of gases at moderate densities has been studied much lesser
than the manifestation of the rotational relaxation.

IRS spectra were recorded on an apparatus constructed on the basis
of the serial monochromator DFS-24. To carry out the temperature and
the pressure studies we designed a special cell-thermostat, which is able
to operate at pressures up to ~200 atm. and in the temperature range 77-
370 K.

When the density is higher than Amaga the observed contour of the
band v, of CD, has a bell-like shape and is described by the Voigt func-
tion. In pure CD, at densities up to 20 Amaga at all temperatures the
bandwidth within the error does not change [2]. With increasing density
the band becomes more symmetric, and broadens.Along with the rota-
tionally inelastic collisions, contribution to the broadening of individual
rotational components, as well as swollen contour of Q-branch gives the
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collisions, which change the character of the vibrational motion. It is
comparatively easy to estimate the coefficient of broadening associated
with the dephasing, if we know the dependence of parameters of the
perturbing potential W on the vibrational coordinates of the active mol-
ecule. We calculated the broadening coefficients related to the dephas-
ing of vibrations under the influence of dispersion forces. Changes in
temperature leads to a qualitatively similar change in the coefficient of
broadening for all the systems studied.

The calculation shows a weak dependence on the mass of the active
molecule: when changing CH, on CD, the broadening coefficient should
decrease by 9%. Experimentally it increases at about 3 times.

Experimentally observed non-monotonic temperature dependence
of the broadening coefficient of v band of deutero-methane is qualita-
tively described in the model [3]. Quantitative differences in estimates
and experiment suggests that the mechanism does not exhaust the effect

of broadening described in [3].

[1]. Raman spectroscopy in gases and liquids. // Ed. A. Vebera M.: Mir. 1982.
372 p.

[2]. B.T.Kuyliyev, N.D.Orlova, L.A.Pozdnyakova, // Journal Spect. Letters,
v.42, 1S.4, Taylor&Francis Group, 2009. p.199-203.

[3]. M.L.Strekalov, A.I.Burshtein. // Chin. Phys. Lett. 1982. V.86. N3. P.295-
298.
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AGGREGATION OF BENZENE MOLECULES WITH THE
MOLECULES OF METHYL ALCOHOL AND FORMIC
ACID

F H. Tukhvatullin, A. Jumabaev, H. Hushvaktov, A. Absanov,
G. Sharifov

Samarkand State University, University blvd, 15, 140104
Samarkand, Uzbekistan. e-mail: ahmad@samdu.uz

Calculations and experimental studies of Raman scattering spectra
show that there is a dimeric aggregation of benzene molecules with the
molecule of methyl alcohol by use of n-electrons of the benzene ring. In
this process H-active hydrogen atom of O-H group is oriented to the
edge of the benzene ring (a distance along the normal to the plane of the
benzene ring is 2.850 A). The unusual position of H-active hydrogen
atom is conditioned by interaction of two hydrogen atoms of the alco-
hol’s methyl group with n-electrons of the benzene ring. In Raman scat-
tering spectra the aggregation of molecules in the liquid state of the
substance leads to broadening of the band of full-symmetric vibration
with the maximum of 992 cm!, as well as to the shift of this band to-
wards lower frequencies on ~1 cm™. The band of 992 cm™ is narrowed
more than twice at strong dilution of the benzene — methyl alcohol mix-
ture by large amount of heptane.

The aggregation of benzene molecules takes place also with the
molecules of formic acid by use of m-electrons of the benzene ring. As
in case of the benzene — methyl alcohol mixture, H-active hydrogen
atom of O-H group of the acid is shifted towards the edge of the benzene
ring. The energy of benzene — formic acid dimerization is 9.24 kJ/mole.
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INTERMOLECULAR VIBRATIONS IN LIQUID WATER AND
THEIR MANIFESTATION IN IR ABSORPTION SPECTRA
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In our paper [1] it was shown that in spectra of Raman scattering
(RS) something similar to the symmetric and antisymmetric vibrations of
gas molecules is also preserved in liquid. As a result of intermolecular
hydrogen bond, these vibrations are converted into broad bands, each of
which, according to quantum-chemical calculations, are composed of a
number of bands (with non-coincident frequencies of maxima) corre-
sponding to different aggregates with the “symmetrical” and “antisym-
metric” vibrations. Overlapping of these bands results as an experimen-
tally observable wide band (~400 cm™) in water located in the region
3000-3800 cm™!. The presence of different composition and different spa-
tial structure of aggregates leads, as the quantum-chemical calculations
showed, to a large number of intermolecular vibrations, the intensity of
the bands of which is most significant in IR absorption spectra (in the Ra-
man spectra these bands are weak). 400-1000 cm™ band in IR spectra
must correspond to these intermolecular vibrations. This frequency range
is compared with the data of quantum-chemical calculations of the fre-
quencies of intermolecular vibrations. We took the most intensive lines of
intermolecular vibrations, which are non-coincident for aggregates of dif-
ferent composition and spatial structure (solid lines). As one can see, the
calculated data are well reshapes the entire 400-1000 cm™! band, and even
describe the structure of the experimental band (lower-frequency region).
In the process of comparison one should take into account the percentage
of aggregates of different composition, but we, unfortunately, do not have
this information.

Thus, intense intermolecular hydrogen bond and the difference in the
properties of hese bonds in clusters formed in liquid water leads to ap-
pearance of wide Av = 340 cm™ and strongly shifted band shift with sig-

nificant half-width.

[1]. F.H.Tukhvatullin, V.Ye.Pogorelov, A.Jumabaev, H.A . Hushvaktov, A.A.Absanov,
A.Usarov // Journal of Molecular Liquids. doi:10.1016/ j.molliq.2011.02.015/ How to Cite
or LinkUsing.
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EFFECTS OF POLYMER MATRIX ON PHOTOSTABILITY
OF ORGANIC DYES

V_I. Bezrodnyi

Institute of Physics NAS Ukraine, 46 prosp. Nauki, Kiev 03680, Ukraine
Corresponding author: bezrod@iop.kiev.ua

In the case of the lasers operated in the pulsed regime, the crucial parameter for
their different applications is their service life period, which depends considerably
on the dye stability in a solid medium during both its storage and running. Different
factors affect stability of a dye in the polymer matrix. The probability of the
interactions between dye molecules and active centers, leading to the destruction of
the former in the polymer environment, is dependent on the mobility in this matrix.

The polymer matrices, characterized by an elastic state under normal operating
conditions, are the most suitable for laser elements from different points of view.
Such matrices required the minimum quantity of active centers for the stability of
organic dyes.

This work presents the results of investigations on the effects of different
elastic polymer matrices on photostability of organic dyes. The following
three polymer matrices have been used. Polyvinylacetate was produced by means
of radical polymerization; to obtain the corresponding samples, the dyes were
incorporated into the finished polymer. Polyurethaneacrylate was doped by the
dyes during its production process. And polyurethane was obtained by polyconden-
sation method; the dyes were added also on its preparation stage.

The laser elements were based on the widely used classes of dyes, such as,
xanthenes (Rhodamine 6G), pyrromethines (PM-597), polymethines (Astraflox-
ine), and phenalenones (F160). The polymer elements in a form of triplex, i.e. a
polymer layer, placed between two glass plates, were made by different methods.

The effects of the polymer matrix type and its production technology on pho-
tostability of the samples have been studied. For the irradiation into the S, —S,
ground electron transition, the continuous emission of the neodymium laser second
harmonic (532 nm) was applied. Ultraviolet light from an arc xenon lamp was used
to investigate photostability in S —§ transitions. The dependence of the operation
lifetime characteristics of dye laser elements on the polymer matrix type has been
investigated in detail.

The affecting mechanism of the polymer matrix type and its production
technology on photostability of the organic dyes in the polymer matrix has been
discussed.
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FTIR STUDY OF H-BOND CLUSTERING OF PROPANOL IN
ARGON MATRIX: PRINCIPAL COMPONENT ANALYSIS
AND CONCEPT OF RESONANCE BROADENING
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*Corresponding author: vytautas.balevicius@ff.vu.lt

The FTIR spectra of propanol in argon matrix have been measured
while heating the sample from 7= 11 K to 30 K stepping by 1 K. Prin-
cipal component analysis (PCA) and curve fitting have been carried out,
the main attention concentrating to the region of propanol O-H stretch-
ing vibrations at 3000 - 3700 cm™'. The peaks of monomers, two con-
formers of open dimer and the cyclic structures from dimer to pentamer
have been resolved and studied in more details. The integral intensities
of two peaks at 3564 and 3553 cm™!, assigned to two conformers of the
open dimers, have been processed in Arrhenius plot. The obtained slope
0.26 kJ/mol is comparable with the energy differences between the
global minimum conformation of propanol and some other energetically
higher structures evaluated by high level quantum chemical calcula-
tions. Analyzing dependences of the integral band intensities of various
aggregates on temperature it has been deduced that monomers and di-
mers are in the initial clustering stage the main ‘building bricks’, which
diffusion sustains the formation of the higher H-bond structures in the
matrix. The full width at half height (FWHH) values for each band have
been processed as the function of the aggregation number (n) and found
that the FHWW is perfectly linear function of n for all cyclic aggregates
n > 2. The resonance broadening has been proposed to be the most reli-
able mechanism of diffuse O—H stretching bands formation in the ma-
trix isolated clusters.
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FIRST EXPERIMENTAL STUDY OF COOPERATIVITY
EFFECT IN COMPLEXES WITH INTRAMOLECULAR
HYDROGEN BONDS IN GAS PHASE

M. A. Varfolomeev*, T. I. Madzhidov, D. I. Abaidullina, A. E. Klimovitskii,
B. N. Solomonov

Department of Physical Chemistry, Kazan (Volga region) Federal University,
Kremlevskaya str.18, 420008 Kazan, Russian Federation
*Corresponding author: vima.ksu@gmail.com

Cooperativity is one of the basic properties of non-covalent interactions. Par-
ticularly strong cooperative effects are manifested in the formation of hydrogen
bonds. The cooperativity phenomenon means strengthening (weakening) of hydro-
gen bonding in a multi-particle complexes compared to the hydrogen bond between
the same fragments, but in a binary complex. Cooperative effects significantly in-
fluence on the properties of polyfunctional molecules, which along with the inter-
molecular interactions formed intramolecular hydrogen bonds. Quantifying the
cooperative effect in condensed phase faces the problem of taking into account the
solvent influence. That’s why determination of hydrogen bond cooperativity in the
gas phase presents special interest.

In this work infrared spectroscopy investigation of phenol and 1,2-dihydroxy-
benzene with nitriles and ethers in the gas phase was carried out. Experimental data
on the frequency shift of OH groups associated with proton acceptors show that the
strength of hydrogen bonding in complexes of 1,2-dihydroxybenzene significantly
greater than in complexes of phenol. This fact is due to the manifestation of the
cooperative effect, which induced by the influence of intramolecular hydrogen
bond of catechol on the intermolecular binding. In this work experimental method
for the estimating the cooperativity factors in systems with intramolecular hydro-
gen bonds in the gas phase was proposed. The obtained values of the cooperativity
factors in complexes of 1,2-dihydroxybenzene with nitriles and ethers are practi-
cally equal. Consequently, proton acceptor ability of the bases doesn’t influence on
the values of cooperativity factors. Results of experimental studies were confirmed
by the quantum-chemical calculations using the DFT methods. It was shown, that
theoretically obtained cooperativity factors of hydrogen bonds in complexes of
1,2-dihydroxybenzene with nitriles and ethers are in excellent agreement with ex-
perimental values. Cooperative effects lead to the strengthening of the intermolecu-
lar hydrogen bonds in complexes of catechol with nitriles and ethers by about 30 %.

This work was supported by Federal target program “Scientific and scientific-
pedagogical personnel on innovative Russia” (N P1349).
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THE SYNTHESIS AND X-RAY STRUCTURE OF THE
3-TRICHLOROMETHYL-4H-1,2,4-BENZOTHIADIAZINE-
1,1-DIOXIDES AND 3-TRICHLOROMETHYL-4,5-DIHYDRO-
1,2,4-BENZOTHIADIAZEPINE-1,1-DIOXIDES

A. A. Shalimov', A. D. Sinitsa’, A. G. Vlasenko®", Yu. G.Viasenko’,
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The compounds with 1,2,4-benzothiadiazine cycle are known to pos-
sesses of a wide spectrum of biological activity, e.g. the antiviral, antibacterial
and hypotensive action. At the time seven-membered 1,2,4-benzothiadi-
azepine shows itself as an efficient diuretics and anticonvulsants. Plenty of
related seven-membered heterocyclic substances of the benzodiazepine spe-
cies are extensively used in medicine as anxiolytic and sedative agents.

A crucially new approach to the synthesis of the hard-to-reach 1,2,4-ben-
zothiadiazines and 1,2,4-benzothiadiazines has been elaborated.

These substances were prepared under Fridel-Krafts conditions by cycli-
zation of amidines formed by reaction of the N-chlorosulfonyltrichloroetha-
nimidoylchloride with anilines or benzylamines.

The structure of the heterocyclic compounds obtained was confirmed by
NMR 'H, BC, IR, Raman spectral data and X-ray analysis.

It was shown that the conformation of the seven-membered cycle de-
pends on nature of the substituent at the 4-th nitrogen atom. As a result of
single-crystal X-ray diffraction it was found that in the most cases the mole-
cules are characterized by the strong intermolecular hydrogen bonds which
significantly influence on their spatial structure. X-ray diffraction has also
shown that in crystals the chlorine-contained functional groups usually form
intermolecular chains or nets by different types of short contacts which often
include solvent or water molecules.
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SPIN-SPIN INTERACTIONS IN HETEROSPIN SYSTEMS
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L. A. Gerashchenko
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Among the fundamental tasks related to a problem of structure and a
dynamics of molecules, the central place occupy such intramolecular rear-
rangements where unpaired electrons of ligands are delocalized into metal
ions changing the valency of the latter. Such rearrangements are commonly
referred as valence tautomerism. As applied to compounds of first transition
group, the above intramolecular processes lead to population 3d — orbital of
metal with unpaired electrons. The investigations performed have shown that
magnetic properties of compounds may alter dramatically owing to valence
tautomerism [1, 2].

The present work reports the analysis of the 'H NMR spectra in wide
temperature range of semi-quinolate complexes capable of exhibiting the va-
lence tautomerism effect. The study of proton paramagnetic shifts as well as
the character of their temperature dependence has allowed the peculiarities of
superfine interaction between resonating nuclei of ligands and unpaired elec-
tron localized on them to be established. The data obtained can be explained
by NMR theory applied for paramagnetic systems [3]. The scheme involving
compounds responsible for intramolecular exchange processes in the investi-
gated semi-quinolate complexes has been proposed. It has been found that the
intramolecular exchange assumes the obligatory presence of paramagnetic
structure containing non-compensated electron spin localized on carbon atom
of aromatic ring of the ligand molecule. The presence of such a structure
leads to the appearance of satellite-like signals in the NMR spectrum. Appar-
ently, this is the first experimental example of such manifestation of superfine
interaction in the intramolecular exchange spin-spin interactions.

This work has been carried out under financial support of Russian foun-

dation of Basic Research (the project 09-03-00386-a).

[1]. Ovcharenko V., Fursova E., Romanenko G., et al. // Inorg.Chem. 2006. V. 45. P.
5338.

[2]. Sato O., Tao J., Zhang Y.-Z. /Angew. Chem. Int. Ed. 2007. V. 46. P. 2152.

[3]. Voronov V.K., Ushakov I.A., Russian Chemical Reviews//2010. V.79, Ne 10.
P.915.
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Calixarenes are macrocyclic molecules that have cavity formed by
phenol rings linked through methylene groups. Due to their unique ar-
chitecture the compounds have ability to associate certain atoms or mol-
ecules forming supramolecular complexes. Therefore calixarenes are
irreplaceable components for high-selective molecular and ionic recep-
tors, separators, catalysts and so on. Selectivity to specific compounds
can be changed by functionalization of calixarenes with certain substit-
uents.

We have measured Raman spectra in solid state of a few calix[4]
arenes functionalized with tert-butyl groups on the upper rim and differ-
ent substituents (hydroxy, propyloxy, butyloxy) on the lower rim. The
research reveals correlation between type of substituents and vibration-
al frequencies.

This work enables rapid analysis of calix[4]arenes for determina-
tion of type of substituents and purity of synthesized compounds.
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Investigation of the chlorophyll photoluminescence (PL) spectra has
been used for a long time in the ecological monitoring as one of the simplest
contactless methods to obtain information about the plant functional state. In
this work, it is shown that the PL intensity decreases with time rather rapidly,
which can affect the obtained results.

The luminescence degradation effect is studied on the leaf fragments of
the higher water plant Vallisneria spiralis L. at room and liquid nitrogen tem-
peratures. The luminescence is excited by LGN-402 argon-ion laser radiation
of 488 nm wavelength, the excitation density in the beam is about 200 mW/
cm?. The degradation curves are recorded at band peaks of the chlorophyll a
PL spectra, whose positions at room temperature are 740 and 685 nm for the
photosystem (PS) I and PS II [1], respectively.

The decreasing of the PL efficiency occurs rapidly enough, the intensity
drops approximately by a half as early as from 1 to 2 minutes after the start
of the illumination. At 685 nm (PS II), the degradation process runs slightly
faster than that for the 740 nm band (PS I). The degradation of both the lumi-
nescence bands becomes slower at liquid nitrogen temperature.

It is shown that the intensity decrease dynamics is rather well described
by a sum of two hyperbolic functions

()=—" A
1+t/'f1 1+f/T2

where 4 , 4,, T, and 1, are constant values.
A slow restoration of the luminescent system is observed at room tem-
perature after discontinuation of irradiation. No intensity restoration is de-

tected at low temperatures.

[4]. Rubin A. B. Soros Educ. J. 6, 7 (2000).

[5]. Veselovskij V. A., Veselova T. V. Luminescence of plants: theoretical and practi-
cal aspects, Moscow, Nauka (1990).
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INTERACTION IN THE IR SPECTRA OF FREON MIXTURES
0. S. Golubkova
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The IR absorption spectra of the cryogenic solutions C,F, in CF, (T =89
K, L=2.02 ¢cm) and CF, in C,F, (T =173 K, L = 0.5 mm) are studied. The
band frequencies of the vibrational transitions accompanied by an excitation
of strongly IR active modes v, (CF,) and v,, (C,F,) are determined. The fre-
quencies of the combination bands are collected in Table 1 for C,F (v, +v,)
and Table 2 for CF, (v,+v,) in accordance with the Lorentz—Lorenz equation
for solvents (F =(n>-1)/(n*+2)).

The linear dependences inherent in the induction interaction [1] are ob-
served to be y=48(5)x-2054(1) for the CF, system, and y=60(9)x-2186(2)
for the CF, system. However, the points, which define C,F in liquid CF, and
CF, in liquid C,F, systems, drop out of the common regularity.

The observed effect owes to the presence of the resonance dipole — di-
pole interaction (RDDI) in the studied systems.

To calculate the band frequencies, the program for modeling of absorp-
tion band shapes in the low-temperature molecular liquid spectra with an
account for the RDDI [2] was used. The band shifts A are found to be: A
(v,+v,,) =-12(3) cm™ for C F in liquid CF, (Aexp =-12(2)cm™),and A (v, +v,)

=21(2) em™ for CF, in liquid C,F, (Aexp =17(1) cm™).
Table 1
gas Ar CF, NF, Xe
F, 0 0.144 0.157 0.175 0.240
V., em! 2053.9 | 2046.5 | 2035 | 2046.5 | 2042
Table 2
gas Ar CF, NF, N, Xe
F, 0 0.144 0.132 0.175 0.129 0.240
V. em! 2186.1 | 21754 | 21934 | 2176.8 | 2176.5 | 2171.9

[1]. B.H. bouapos, A.Il. Bypues, O.C. I'ynmunosa, T.J1. Konommuiirosa, JI.H. Illenkun
//Omnrt. u. cm., T. 105, Ne2, c. 265, (2008).

[2]. Andrianov D.S., Cherevatova A.N., Kolomiitsova T.D., Shchepkin D.N. Ab-
stracts of the 7th ICLTC Helsinki, Finland, p.12, (2008).
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The active solvent molecules are in a continuous competition to occupy the
nearest places around the dipolar spectrally active molecules in the ternary solu-
tions achieved in a mixture of two solvents; one active and one inactive from the
intermolecular interaction point of view. In this way, the ternary solutions are
non-homogeneous from the point of view of polar solvent concentration.

Carbanion disubstitued Pyridazinium ylids were used as spectrally active
molecules in this study. The first solvation shell symmetry is directly dependent
on the chemical structure of the solute and solvent molecules. The composition of
the first solvation shell surrounding a spectrally active molecule is changed by the
collisions due to the thermal motion and only the average statistic weights of the
solvent molecules can be estimated by spectral means.

Pyridazinium ylids are zwitterionic compounds with a visible electronic
band attributed to an intramolecular charge transfer from the carbanion towards
the heterocycle. Being very sensitive to the solvent nature, the ICT band is an
indicator regarding the binary solvent composition around the spectrally active
molecule. By using the wavenumbers in the maximum of the ICT band, one can
establish the average statistic weight of the each type of solvent molecules in the
first solvation shell of the phthalazinium ylid molecule.

In our experiments, the average statistic weight of the polar solvent mole-
cules in the first solvation shell is higher than the molar concentration of these
molecules in the rest of the solution.

By using a cell model of the ternary solutions, the difference of the pair in-
teraction energies between the ylid molecules and the molecules of the two sol-
vents was estimated for four carbanion disubstitued Pyridazinium ylids.

In ternary solutions achieved by solvents in which the universal interactions
have the same strength, the difference between the pair energies approximates the
energy of the specific interactions the Pyridazinium ylids and the protic solvent
molecules.

On the bases of a cell model of the liquids, the differences between the pair
energies composed by one solute molecule and one solvent molecules in their
ground electronic states was estimated in this study for four carbanion disubstit-
ued Pyridazinium ylids.
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In this work we present absorption, fluorescence excitation and fluo-
rescence spectra of the “Hyperflav”” medication produced by SIC “Borsh-
chahivskiy Chemical-Pharmaceutical Plant” (Kyiv). This compound is
used as a photosensitizer in the photodynamic diagnostics of cancer [1,
2]. Hyperflav contains hypericin the extract of St.-John’s wort (Hyperi-
cum perforatum L.). Accordingly to the manufacturer it’s less than 2% of
hypericin in the final drug [3]. Hypericin is well known for its ability to
accumulate in the morphologically altered cells and used as an effective
photosensitizer in photodynamic diagnostics [4, 5].

Absorption and fluorescence spectra of Hyperflav in the visible re-
gion are very similar to the analogous spectra of hypericin. So we suggest
that the bands in absorption and fluorescence spectra of Hyperflav in the
visible region are caused by the presence of hypericin. On this basis we
can assume that Hyperflav can be used as photosensitizer for photody-
namic diagnostics. It also can be used in photodynamic therapy, since
accordingly to the literature if it is present in the cells it can damaged
morphologically altered cells under irradiation by certain light wave-
length [6].

[1]. A.U. Ioffe, S.M. Tkach, Y.G. Kuzenko// Gastroenterology, VA 2 (22), 2005.

.96.
P [2]. V.E. Saenko, S.D. Myasoedov, O.M. Buriy, 1.V. Homolyako, A.U. Ioffe, T.O.
Dubovych // Oncology. Vol.2. B.1-2, 2000, p.37

[3]. P.V. Yermak, N.F. Gamaleia, A.S. Shalamay, T.V. Saienko, V.V. Kholin// Ex-
perimental Oncology 32, 2010, p. 233.

[4]. Certificate of analysis Hypericin From Hypericium perforatum L. Fermentek
Ltd. Israel, 2001.

[5]. S. Caprenter, M. J. Fehr, G. A. Kraus, J. W. Petrich // Proc.Natl. Acad. Sci. USA.
1994. Vol. 91, pp. 12273.

[6]. Christian S Head, Quang Luu, Joel Sercarz, Romaine Saxton// World Journal of
Surgical Oncology, 2006. Vol.4 p.87.
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OPTICAL INVESTIGATION OF SILVER AND COPPER
IMPURITIES IN ORGANIC SOLUTIONS

T. V. Zashivailo", V. I. Kushnirenko®

"National Technical University of Ukraine “KPI”, Pr. Pobedy 37, Kyiv, 03056, Ukraine
2V. Lashkarev Institute of Semiconductor Physics, National Academy of Sciences of
Ukraine, Pr. Nauky 45, Kyiv, 03028, Ukraine
“Corresponding author: t_zash@ukr.net

The present paper report the spectral properties of organic solutions ac-
tivated with Ag* or Cu" ions.

The absorption, photoluminescence and photoluminescence excitation
spectra of organic (C,H,O, , C,H.OH, CH,OH) aqueous solutions with impu-
rity (10° — 10! mol/l) of Ag" or Cu" ions have been investigated in the tem-
perature range of 77 — 290 K. The solutions involved do not luminesce at
room temperature, but at 150 — 180 K they strongly emit under UV irradia-
tion.

The organic solutions activated with Ag” or Cu” ions are characterized
by groups of three bands in both the absorption (excitation) and emission
spectra. The long-wave emission band is a structural one and it can be as-
cribed to the nd’(n+1)s — nd'" transitions in a free Ag* (or Cu®) ion. The
structure of individual absorption bands was also detected.

A deforming effect of polar solvents on absorption spectra of involved
systems with Ag* (or Cu®) ions is studied.

Analyzing the spectral characteristics of the Ag* and Cu" ions in the or-
ganic solutions confirms the validity of the ionic model of absorption (emis-
sion) centers in the systems presented.
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IR SPECTRUM OF THE 2,3-DI-O-NYTRO-METHYL-B-D-
GLUCOPYRANOSIDE AND ITS INTERPRETATION ON
BASIS STRUCTURAL-DYNAMIC MODEL CONSTRUCTION
BY DENSITY FUNCTIONAL METHOD

L. M. BabkoV', I. V. vlieva', M. V. Korolevich’

!Saratov State University, Astrakhanskaya Str., 83, Saratov, 410026, Russia
2 Institute of Physics of National Academy of Sciences of Belarus, Pr. Skoriny, 70, Minsk,
220602, Belarus

Structural-dynamic models of the 2,3-di-O-nytro-methyl-B-D-
glucopyranoside molecule are constructed by density functional method in
bases 6-31 G(d). Energies, structures, dipole moments, polarizabilities, fre-
quencies of normal modes in harmonic approximation and IR intensities have
been calculated. Interpretation of IR absorption spectrum is presented in
range 600-3700 cm!. Advantages of model, which was constructed, com-
pared with model, which bases on using valence-force field method and va-
lency-optical theory, are discussed.

67



P-20 MOLECULES

SPECTRAL PROPERTIES AND POSSIBILITY OF THE
DOUBLE PROTON TRANSFER IN THE MOLECULE OF
BIS-FLAVONOL

D. A. Svechkarev”, A. O. Doroshenko, D. Yu. Kolodezny, B. S. Osyka

Institute for Chemistry at Kharkov V. N. Karazin National University,
4 Svobody Square, Kharkov, Ukraine
*Corresponding author: denis.svechkarev@gmail.com

Design of new fluorescent dyes exhibiting multi-band fluorescence is very
important in the framework of dynamic development of a new approach in the
applied fluorescent spectroscopy — ratiometric detection in physico-chemical, en-
vironmental and biological analysis. To this respect, multiple 3-hydroxychro-
mone derivatives are of particular attention due to the intramolecular proton
transfer (ESIPT) process occurring in the excited state of their molecules [1].

Simultaneous increase of the proton donor 3-hydroxyl group acidity and the
proton accepting 4-carbonyl group basicity are considered to be the main driving
force of the ESIPT process. The first effect, however, has been shown to deter-
mine ESIPT photophysics [2].

o

Beside the ratiometric response which is suitable for application in measure-
ments related to natural and complex systems, multiband luminophores can be
used for multiparametric probing due to the increased number of data collecting
channels [3,4]. We hereby report spectral investigations of bis-flavonol, which is
a structure with two five-membered H-bonded cycles potentially able to give rise
to the double proton transfer in the excited state, and thus for the more complex
fluorescence spectrum. The possibility of such a double transfer is as well dis-

cussed based on both ab initio theoretical modeling and spectral data analysis.

[1]. A. Sytnik, D. Gormin, M. Kasha, Proc. Natl. Acad. Sci. USA. 91 (1994) 11968-
11972.

[2]. Doroshenko A. O., Posokhov E. A., Verezubova A. A., Ptyagina L. M., Skrip-
kina V. T., Shershukov V. M. Photochem. Photobiol. Sci. 1 (2002) 92-99.

[3]. A.S. Klymchenko, A. P. Demchenko, Phys. Chem. Chem. Phys. 5 (2003) 461-
468.

[4]. D.A. Svechkarev, A. O. Doroshenko, V. N. Baumer, B. A. Dereka, J. Lumin. 131
(2011) 253-261.
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LOW FREQUENCY RAMAN SPECTRA OF LIQUIDS
ALKANS
A. V. Kraiski®, N. N. Melnik

P.N.Lebedev Physical institute of RAS. Leninski, prosp. 53, Moskow, Russia
*Corresponding author: kraiski@sci.lebedev.ru

Low-frequency (LF) Raman spectra of liquid alkans from pentane
(number of atoms of carbon n =5) up to heptadecane (n=17) in the region of
3 - 450 cm™ are registered. These spectra processing is similar to that of LF
spectra of water [1] in the region of 4-320 cm™'. From Raman spectra of water
the spectra of a dynamic susceptibility (DS) are calculate. It is well repre-
sented as the sum of four components: two lorentians, relaxation component
and a luminescent background. The accuracy of the parameters definition is
high [1]. In this report DS spectra are presented in the form of the only band
placed in the region of frequencies from 3 up to 150 cm'. In the region of 3-8
cm! in most of the spectra (except for pentane) the edge of the peak of dy-
namic scattering is observed. For all the spectra the best accuracy of defini-
tion of parameters is in the region of 8 - 150 cm™, the spectrum being repre-
sented in the form of one gaussian without taking into account the central
peak. The width of the line is much larger than the position of the frequency
maximum. The dependence of the frequency of a maximum on the value of n
is received. Clearly visible minimum of frequency is found out at n=7 (hep-
tane). The correlation is clearly seen between the dependence on n of the
width and that of the frequency. In particular, the maximum of the width at
n=7 is clearly seen. The dependences of other parameters are received also.
At decomposition on components in the region of 3-150 cm™! taking into ac-
count the edge of the central peak, and the relaxation component being taken
the same as for water, the shape of these curves for the frequencies and the
widths of the basic line, is basically kept. However values of frequencies for
most of the substances increase, and widths decrease. It is necessary to note,
that in this case the dispersion of definition of all parameters increase very
strongly. In particular, the dispersion of the intensity of the central peak is
much larger than the average value. The width of the central peak for most of

the substances is less than 1 cm’'.
[1]. A.B.Kpaiickuii, H.H.Menbuuk. Kpartkue coobmenus no ¢usuke DUAH,
M.,2006, Nel, c.42-48.

69



P-22 MOLECULES

SPECTROSCOPIC STUDY OF DYE SENSITIZERS
DEGRADATION DURING SINGLET OXYGEN
GENERATION

O. Holoviy, D. Kuznetsov', Y. Myagchenko, O. Slobodyanyuk

Department of Physics, Taras Shevchenko National University of Kyiv, prosp.
Akademika Hlushkova, 2, Kyiv, Ukraine
“Corresponding author: demon14@ukr.net

In many applications, including photodynamic therapy efficiency of the
dye sensitizer is assessed by the intensity of its visible photoluminescence
because direct detection of singlet oxygen is rather difficult. We measured
both the visible photoluminescence spectra of several dye sensitizers in the
process of degradation and infrared photoluminescence of singlet oxygen. In
Fig.1 photoluminescence spectra of metil-pheophorbide dissolved in chloro-
form ( CHCI, ) at different stages of degradation are shown. Photolumines-
cence was excited with 7SmW semiconductor laser operating at 405nm and
registered by spectrometer equipped with InGaAs photodiode IGA-1300.

It was observed that reducing the intensity of photoluminescence of sin-
glet oxygen at 1270 nm follows a decrease of the visible photoluminescence
intensity.
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Figure 1. luminescence bands of the dye itself (640nm, 690nm) and singlet band
(1270nm)
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ON TEMPERATURE DEPENDENCE OF CONTOUR SHAPE
OF COMBINATIONAL AND MOLECULAR SCATTERING
OF LIGHT IN PARA-DICHLOROBENZENE

Sh. Otajonov, B. Eshchanov, A. Isamatov

Mirzo Ulugber National University of Uzbekistan
Corresponding author: sh_otajonov@mail.ru

The studies of the contour shape of combinational (CSL) and molecular
(MSL) scattering of light are of interest since the contour shape is affected by
inter-molecular interactions, different types of anharmonicity efc. This work
is devoted to studying depolarized light scattering because this part of scatter-
ing is most of all connected with liquid and molecule structure.

To clarify a degree of community of the CSL and MSL mechanisms we
investigated scattering in para-dichlorobenzene within the wide range of tem-
perature 333-623 K (T, =325.3 K, T, =684.6 K).

An experimental setup was assembled on the basis of a high-aperture
diffraction spectrometer DFS-12 with the lattice having 1200 mark/mm. A
light source was argon laser LG-106 m with =488 nm. The CSL and MSL
spectra were recorded in a mode of photon counting.

The studies have shown that the contour shape of the depolarized line of
combinational scattering 1575 ¢m in para-dichlorobenzene is described by
one dispersion contour up to 30 cm™ and the line shape of MSC by two dis-
persion contours up to 50 cm™. The half-width of the CSL line is significantly
more (by 5 times for 333 K) than that of the MSC line. With the raise in tem-
perature the half-width of the CSL contour increases; the intensity of the
central part decreases. Unlike CSL in the MSL spectra a different picture is
observed: temperature rising is accompanied by smooth contour widening up
to 573 K only. Above this temperature a significant distortion of the contour
shape takes place. This change in the shape mainly reduces to narrowing the
MSL contour. Narrowing starts at the upper part of the central component
(0-5 cm’) and further goes to (5-50 c¢m’). Within the whole range of tem-
perature the intensity of the central part decreases. The integral intensity de-
creases as well.

For depolarized lines the essential temperature-dependent mechanisms
of narrowing are hindered rotation [1] (up to 573 K) and oscillation anhar-
monicity. Line narrowing of the depolarized MSL part within the temperature
range above 573 K in para-dichlorobenzene is associated with a contribution
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of scattering by anisotropy fluctuations caused by vibrational motion of mol-
ecules. With the same the difference in the wide contour weight for high
temperature from the theoretical value (a,"" =0.64, a7 =0.77) should be
connected. It can be assumed that the transition from more hindered rotation
(up to 573 K) to more free one (above 573 K) should lead to changes in the
wing shape of scattering line.

Such changes in a wing are predicted in [2]. Similar changes in the MSL
contour we observed for a number of other liquids.

Comparison of the CSL and MSL data show that the central part of the
CSL line decreases in intensity with liquid heating more than that of the MSL
one; the peripheral part of CSL weakly depends on temperature while in the
case of MSL the wing intensity (above 50 cm’) decreases with the raise in
temperature.

Thus, it should be considered that the temperature behavior of contour
width has the different nature for CSL and MSL. Widening for CSL is con-
nected with decreasing resonance interaction of molecules, for MSL [1,2]
with changes in a relative contribution of the vibrational mechanism and the
hindered rotation one to scattering.

In our opinion, the available models cannot fully explain all the regu-
larities. We think that it is necessary to take into consideration the changes in
short range ordering and a degree (connected with the latter) of molecular

field anisotropy to describe the temperature behavior of scattering.
[1]. Otajonov Sh., Alijonov, Ayvazova A.A. Uzbek Physical Journal, 1992, 1, 62.
[2]. Starunov V.S. Optics and Spectrospoy, 1965, 19, 300.
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SOLVENT EFFECTS ON C=0 STRETCHING VIBRATION
FREQUENCIES OF AMIDES IN BASIC AND PROTIC
SOLVENTS: ROLE OF COOPERATIVITY OF H-BONDS.

L T Rakipov'', M. A Varfolomeev'

!Institute of chemistry, Kazan State University, Kremlevskaya 18, Kazan, Russia
Corresponding author: ilnaz0805@rambler.ru

Non-covalent interactions significantly influence on properties and
conformational stability of biological systems. The main mechanism of
this influence is the formation of intra and intermolecular hydrogen bonds
(HB). Especially they are important in conformational stability of pro-
teins and nucleic acids. The simplest models for investigation of non-
covalent interactions in nucleic acids, proteins and peptides are amides.
Today large quantity of models for analysis and estimation of influence of
intermolecular interactions on IR frequencies are known.

In present study solvents effect on C=0 stretching vibration frequen-
cies of N-methylformamide (NMF), N-methylacetamide (NMA), N,N-
dimethylformamide (DMFA) and its complexes with proton acceptors
and proton donors were investigated. For analysis of solvent effects mod-
el [1] based on solvent parameter S, was applied. In the present work the
method of determination of the cooperativity of H-bonds between amides
and self-associated solvents, such as aliphatic alcohols and water were
developed.

The first, absorbance of free molecules of NMA, NMF and DMFA in
C=0 stretching vibration frequencies were analyzed. It was shown that
obtained C=0 frequencies of these substances in inert and basic solvents
linearly depend on solvent parameter S, responsible for Van der Waals
interactions. Measured frequencies of C=0 group of amides in gas phase
also lie on these dependencies. Sensitivity of studied carbonyl groups to
solvent is decreased in the way NMF>NMA>DMFA. Deviations of fre-
quencies from obtained linear dependencies were induced by HB forma-
tion and proton transfer. It was shown, that C=0 stretching vibration fre-
quencies in environment of strong proton acceptors (tertiary amines and
etc.) fall out from linear dependence, due to formation of HB of NMF and
NMA in complexes with proton acceptors (N-H...B). From calorimetric
data new solvent parameter S__responsible for proton donor abilities of
solvents was proposed.
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Second, C=0 frequencies of NMF, NMA and DMFA with complexes
of aliphatic alcohols and water (C=0...H-O) were investigated. It was
shown that obtained (C=0...H-O) frequencies of complexes (1:1) in pro-
ton acceptors and inert solvents linearly depend on solvent parameter S, .
It was shown that frequency shift of carbonyl group in complexes of
amides with monomers and clusters of water and alcohols are significant-
ly differed due to manifestation of cooperative effects.

The work was supported by grants «Scientific and pedagogical staff of in-

novative Russia» Ne [11349
[1]. Solomonov B.N., Varfolomeev M.A., Novikov V.B., Klimovitskii A.E. (2006) //
Spectrochimica Acta A. V64, p.397.
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V_V._Sagan, V.A. Konstantinov, V.P. Revyakin
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It is shown that in low temperature phase II the thermal conductivity
measured under the atmospheric pressure changes as A uT''*, while the
isochoric thermal conductivity follows the dependence A uT*%. In phase I
the thermal conductivity measured under the atmospheric pressure decreas-
es with a rising temperature as A,uT*’' and increases at isochores. This
behaviour is quite typical for molecular crystals and is determined by sev-
eral competing factors. The law Apl/T is obeyed when scattering involves
only phonons and librons [1]. In low temperature orientationally-ordered
phase II the isochoric thermal conductivity, which approaches its lower
limit, follows a weaker dependence. The temperature dependence of the
thermal conductivity measured under the atmospheric pressure is deter-
mined additionally by a sharp softening of the vibrational modes due to the
thermal expansion of the sample. The latter also occurs in high- tempera-
ture orientationally-disordered phase I. The growth of the isochoric thermal
conductivity at an increasing temperature in phase I may be due to the
weakening phonon-rotation component of the heat scattering. In the orien-
tationally-ordered phase of molecular crystals the total thermal resistance
W=1/A is a sum of the phonon-phonon and phonon-rotational components
Woir W™ W oo The phonon-phonon component always increases with
temperature. The phonon-rotation part is comparable in magnitude with
Woon in ordered phases and tends to zero non a change to free rotation of
molecules. W reduces if W oot decreases more rapidly than W o ETOWS.
It is shown that the experimental results can be described quanlitatively
within the Debye model of thermal conductivity using the corresponding
relaxation [1-2] and assuming that the phonon mean free path cannot be

smaller than the half-wavelength.

[1]. L N. Krupskii, L.A. Koloskova, and V.G. Manzhelii, JLTP, 14, 403 (1974).

[2]. V.G. Manzhelii, V.B. Kokshenev, L.A. Koloskova, I. N. Krupskii, Fiz.Nizk.
Temp., 1, 1302 (1975).
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PHOTOPHYSICAL PROPERTIES OF ACRIDINE IN
SOLUTIONS AND SIO2-FILMS.
MATERIALS FOR OPTICAL SENSORS
N. I Selivanov, L. G. Samsonova, T. A. Solodova, T. N. Kopylova

Tomsk state university, Tomsk, Russia

Optical chemical sensors that use luminescence, including changes of the radiation
intensity, radiation wavelengths, spectral shape, and luminescence life-time possess
high sensitivity and selectivity toward molecules of different analytes. The targeted
search of compounds exhibiting sensor properties and the design of optical sensor ma-
terials on their basis is a topical task.

The acridine is suitable compound for creation of a material for an optical sensor.
The spectral, luminescent properties, dipole moment in base and in excited states, pho-
tophysical processes of deactivation of excitation energy for acridine and for its proton-
ated form were investigated experimentally and using quantum mechanical simulation.

It was shown that in this molecule the nitrogen of acridine cycle is a protonation
site. The fluorescence maximum of protonated form considerably shifted in the red re-
gion and a fluorescence quantum yield increased up to 0,27 (for neutral form it is equal
0,03).

In results of carried out quantum-chemical calculations it was shown that for inves-
tigated molecule the lowest singlet and triplet states have pp* orbital nature and very
weak fluorescence for acridine is result of strong singlet — triplet conversion. For acri-
dine protonated form the rate constant of singlet — triplet conversion decreases on sev-
eral degrees.

So considerable change of spectral-luminescent properties enables to use acridine
protonated form as the active medium for detection of small amount of substances with
the basic properties, for example ammonia. Suitable material for a matrix of an optical
sensor is the material made from tetraethoxysilane (TEOS) received sol-gel method and
doped with organic compound (acridine). Since in synthesis acid hydrolysis was used
acridin was in protonated form in the final product. The sensor material was made in
form of thin (< 1 mm) films by spin-coating method.

To study the capability of the received material to be a sensor for ammonia the in-
vestigation of spectral-luminescent properties of samples doped the acridine at contact
with ammonia vapor was carried out. In result of interaction ammonia vapor with film
surface the fluorescence intensity of protonated acridine fall down. It was caused by
greater basicity of ammonia in comparison with a molecule acridine, that leads to transi-
tion of a proton from acridine nitrogen to a molecule of ammonia at their contact. The
dependence of ammonia vapors concentration on fluorescence intensity was investi-
gated.
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INVERSION OF SOLITONIC-LIKE AND LOCAL
ELECTRON TRANSITIONS IN STYRYL AND
METHOXYSTYRYL DYES BEARING 2-AZAAZULENIUM
MOIETY

A. Stanova®, J. Bricks’, A. Ryabitsky?, O. Viniychyk?, V. Yaschchuk!,
A. Kachkovsky’

Faculty of Physics, Taras Shevchenko National University of Kyiv, prosp. Glushkova, 2,
Kyiv, Ukraine
nstitute of Organic Chemistry, National Academy of Sciences of Ukraine, 5 Murmanska
str., Kyiv, Ukraine
"Corresponding author:diakova_a@ukr.net

One of the most significant problems of the color theory of cationic
polymethine dyes is the investigation of the dependency of the nature of
the electronic transitions on the molecular topology. It is known [1,2] that
the high intensive longwavelength absorption band is connected with
n—n* electron transition from the totally delocalized highest occupied
molecular orbital to the molecular orbital of solitonic level (or level of
the positive charge) with the large transition dipole momentum. In the
dyes containing terminal groups with their own branched m-electron
system the low intensive local transitions which involve the orbital,
located only within the terminal groups, appear [3]. This could lead to the
drastic transformation of absorption spectra, especially, in unsymmtrical
dyes.

0,0

300 400 500 600 700 800 900 1000
Wavelength, nm
The report presents the results of both spectral and quantum-chemi-
cal investigation of the dimethylaminostyryl and methoxystyryl dyes
bearing 2-azaazulenium moiety. It is shown that these extremely unsym-
metrical cyanines differ between each other only slightly in the ground
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state with respect to the charge distribution and molecular geometry. In
contrast, their spectral properties demonstrate the considerable difference
between styryl and methoxystyryl — up to the inversion of the cyanine-
like band and wide local band (Fig.1). The analysis of the quantum-chem-
ical calculation gives that this spectral effect is connected with the differ-
ent position of the local level in both dyes.

[1]. A.Mishra,Cyanine during the 1990s: A review. / Chem. Rev. 2000. 100.,

1973

P [2]. A.D.Kachkovsky, The nature of the electron transitions in linear conjugated
systems. Russian Chemical Reviews, 66, (8) 647-664 (1997).

[3]. J. Bricks, A. Ryabitskii, A. Kachkovskii, Studies of 2-Azaazulenium Deriva-
tives: 2.Different Types of Unsymmetrical Trimethine Cyanine Dyes Bearing 2-Azaa-

zulenium Moiety as one of the Terminal Groups. Chem. Eur. J., 2010, 16/29, 8773-
8784
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STRUCTURE AND INFRARED SPECTRA OF ALIPHATIC
AMINO ACIDS ISOLATED IN LOW TEMPERATURE INERT
GAS MATRIXES

S. G. Stepanian’™, A. Yu. Ivanov!, L. Adamowicz?

'B.I.Verkin Institute for Low Temperature Physics and Engineering NAS of Ukraine, 47,
Lenin Ave., Kharkov, Ukraine
“Department of Chemistry and Biochemistry, University of Arizona, Tucson, Arizona,
USA
“Corresponding author: stepanian@ilt.kharkov.ua

We present results of the experimental observation of the nonionized
natural aliphatic amino acids (glycine, alanine, proline, valine, nor-va-
line, leucine, isoleucine, B-alanine). The study has employed the low tem-
perature matrix-isolation IR spectroscopy and the density functional the-
ory (DFT) and ab initio calculations. IR spectra were registered for the
amino acids isolated in Ne, Ar and Xe matrices. UV irradiation and an-
nealing 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. Energy of barriers separating the amino
acid conformers was calculated at the MP2/aug-cc-pVDZ level. These
data were used to determine for each amino acid the set of conformers
which may present in the inert gas matrices. Assignment of the observed
bands was performed based on calculated harmonic DFT/B3LYP/aug-cc-
pVxZ (x=D, T) and anharmonic MP2/aug-cc-pVDZ frequencies.

We found that at least two conformers of each amino acid are present
in the matrices: one with a bifurcated NH,+*+«O=C H-bond (conformer I)
and one with a Nee*H-O H-bond (conformer II). A trace amount of a third
conformer with NH,*+«O-C H-bond (conformer III) was also detected.
The conformational composition of the matrix-deposited nonionized ami-
no acids was determined on the basis of observed and predicted IR inten-
sities of the bands of different conformers. The presence of several con-
formers in the matrices results in broadening and/or in multiplex struc-
tures 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 simulation and DFT/M05-2X cal-
culations. Common features in the IR spectra of nonionized natural ali-
phatic amino acids are discussed.
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SPECTRAL PROPERTIES OF COUMARIN-CONTAINING
EPOXYPOLYMERS: EXPERIMENTAL STUDY

L. V. Korotkova', T. S. Novikova', T. V. Sakhno', R. V. Yaremko', A. Mantel’,
N. N. BarashkoV®, Yu. E. Sakhno', L. S. Irgibaeva’
'Academy of Sciences of Technological Cybernetics of the Ukraine, Poltava department

2Department of Chemistry, L.N.Gumiliyov Eurasian National University, Astana,
3Micro Tracers, Inc., San Francisco, California, USA

During the last decades PMMA has been widely used as a matrix for
luminescent solar concentrators (LSC) mainly due to it resistance towards
atmospheric conditions and good transparency in visible spectrum. Now-
adays many works are devoted not to improvements of polymer plate’s
transparency, but to improvements of photo resistance dyes properties in
matrix. Thus, the study in present work has been focused on development
of new polymer composites for LSC that satisfy the high requirements.

As a polymer matrix we’ve used epoxypolymers that was synthesized
using oligomeric diglycidyl ether of bisphenol-A and epoxy hardener
such as trimethoxyboroxine (TMBOX). The choice of epoxypolymers as
a matrix is caused by their high optical transparency in a wide spectral
range and by possibility to change chemical structure and optical proper-
ties by suitable selection of initial monomers. Among a broad variety of
dyes applied in LSC we’ve selected derivatives of coumarins that nowa-
days are well studied luminophors and thereby effectively used in various
areas of engineering in particular due to the high stokes shift. The couma-
rin 504 (C504) was injected in epoxypolymer matrix in mixture with
DCM  [2-[2-[4-(dimethylamino)phenyl]ethenyl]-6-methyl-4H-pyran-4-
ylidene]propanedinitrile.

Analysis of absorption and fluorescence spectra of studied dyes has
revealed that DCM fluorescence spectrum occupy a long-wave region
with respect to coumarin 504. The stokes shift of about 5517 and 1915
cm’! is observed for DCM and C504, respectively. The certain positions
of maxima in absorption and fluorescence spectra DCM and coumarin
504 allows to conclude that in such composition system the efficient en-
ergy transfer from donor (C504) to acceptor DCM is observed.

Also we’ve analyzed fluorescence spectra of certain dyes in epoxy
polymer matrix at the range of concentration from 10 to 102 mol/l. It
was established that the position of the bands in fluorescence spectra of
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certain dyes does not change with concentration increase but the relative
band intensities undergo significant. At the lowest concentration of DCM
(1,2 uM) the DCM fluorescence spectrum practically coincides with the
spectrum of pure dye C504 (A = 480 nm). This implies that the incorpo-
ration of coumarin 504 in epoxypolymer matrix almost do not affect on
fluorescent characteristic of dyes. The relative values of fluorescence
quantum yield of studied epoxy polymers composites in the range of 520-
780 nm have been measured.

According to our experiments the increase of acceptor concentration
accompanied by quantum yield increasing of epoxy polymer composite at
stable concentration of it donor. However, this dependence is not in a
good agreement for system with different donor concentration and con-
stant acceptor concentration. Hence, in order to have high fluorescence
quantum yield of polymer for each new dyes combination in epoxy poly-
mer the new certain chromophore selection is required. In such a way,
based on coumarin and DCM certain ratio selection the new combination
of fluorescent dye is obtained. Thus the dye mixtures in epoxypolymer
matrixes can be effectively applied such as fast-response fluorescence

converters and in luminescence solar concentrators.
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THE PECULIARITIES OF POLYMORPHIC
TRANSFORMATIONS IN N-PARAFFINS (N=26, 28, 30, 32)

L LGnatyuk ", N.V. Platonovd’, |G.A. Puchkovskayal, E.N. Kotelnikova’,
S.K. Filatov?’, J. Baran?, M. Drozd’
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*Crystallography Department, St. Petersburg State University, St. Petersburg, Russia
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*Corresponding author: ivan.gnatyuk@gmail.com

It is known, that normal long-chain paraffins (n-paraffins) have a very
different applications. They are used as components in the manufacture of
tyres, rubber solutions, wood treatment products, adhesives, solvents for the
seed oils extraction, rolling oil applications, household cleaners, detergents
and in various aerosols formulations. That is why a precision study the phys-
ical properties of these compounds, namely their polymorphic transforma-
tions under different temperatures, is of a great importance.

In this work, the long-chain even-numbered n-paraffins with n=26-32
were studied by thermal X-ray diffraction (temperature step is tenths of a
degree), infrared spectroscopy (temperature step is 1-5°), and differential
scanning calorimetry (temperature step is 2°) in a sample heating melt cool-
ing mode. The samples (Aldrich and Fluka product) are characterized by high
homologous purity (99.0%). The molecular structure and the conformational
composition of these n-paraffins in different states were found from their IR
spectra. Differential scanning calorimetry (DSC) was used to determine the
phase transition temperature.

We focused on the study of n-paraffins rotational dynamics. Under heat-
ing, n-paraffins undergo phase transitions from the crystalline state (cryst) to
various rotational-crystalline states with different type of molecular thermal
motion around their long axes. This diversity of crystalline modifications is
dictated by the symmetry of the even- and odd-numbered chain molecules
and hence by the packing of their terminal (methyl) groups in the crystalline
structure. On the other hand, the contribution from an interplay between the
intermolecular forces of the methylene chains (CH,) in the layer and the in-
teraction of methyl groups (CH,) in the interlayer space should be taken into
account. The stable and metastable phases, linear parameters their unit cells,
as well as the temperatures of polymorphic transitions for n-paraffines are
determined. The stages of thermal deformations and polymorphic transfor-
mations of long-chain even-numbered n-paraffins are discussed.
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The deviation phenomenon was revealed, because the problem was ana-
lyzed making use of the 3N-—matrix method (N is the number of atoms in a
molecule), in which no preliminary assumptions about the character of the
molecular force field are made.

The 3N—matrix method is used where the frequencies of eigen normal
vibrations are included into the evaluation procedure. It is found that the di-
rection of the chemical bond O—H does not coincide with the direction of the
straight line connecting the nuclei of the atoms O and H and that the deviation
of the chemical bond is equal to 2° for a molecule H,O in the gas phase.

For determination of force matrix of molecule H,O we used experimen-
tal frequencies of normal vibrations of two isotopic modifications of mole-
cule H,O and D,O.

As a result of computations the force matrix in this molecule is definite.
That to define the characteristic of the force field in which the atom of hydro-
gen was found in this molecule a next method was applied. At the fixed posi-
tion of atom of oxygen and one of atoms of hydrogen was calculated depend-
ence of potential energies of molecule from direction of displacement of
other to the atom of hydrogen in the plane of molecule on the fixed distance.
This dependence in the polar coordinates has been named loop of deviation.
Angle between these directions — the angle of deviation is amount 2°.

Preliminary deformation of the molecule was taken from the displace-
ment from one equilibrium position one of atoms of hydrogen.

Research the loop of deviation of deformed H,O molecule showed that
the direction of maximum deviation loop is very sensitive parameter that re-
sponds to as the direction and amount of displacement of one of the of hydro-
gen atom, through which and by deformation of the molecule. Noticed that
the deformation of the molecule due to displacement of hydrogen atom at a
constant position of the oxygen atom followed by the change of equilibrium
position of the other hydrogen atom.
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ELECTRONIC SPECTRA AND MAGNETISM OF FE-BASED
SUPERCONDUCTORS

G. E. Grechnev'®, V. A. Desnenko!, A. V. Fedorchenko', A. S. Panfilov’,
S. L. Gnatchenko', D. A. Chareev’, O. S. Volkova®, A. N. Vasiliev’

'B.Verkin Institute for Low Temperature Physics and Engineering, National Academy of
Sciences of Ukraine, Kharkov, 61013, Ukraine
’Institute of Experimental Mineralogy, Russian Academy of Sciences, Chernogolovka,
Moscow District, 142432, Russia
3Department of Physics, Moscow State University, Moscow, 119991, Russia
"Corresponding author: grechnev@ilt.kharkov.ua

The discovery of Fe based high T . superconductors has initiated considerable
interest to electronic structure, optical spectra and magnetic properties of these sys-
tems. Here we report results of theoretical and experimental studies of electronic
and optical spectra, and magnetic properties of LaFeAsO and FeSe(Te) based sys-
tems.

Ab initio calculations of the electronic structure and optical spectra were per-
formed by employing a full-potential LMTO method for a number of iron-based
high Tc compounds. In order to shed light on the magnetic instability of the LaFeA-
sO and FeSe(Te) based systems, the DFT calculations of magnetic susceptibility
were carried out in an external magnetic field. The band structure calculations re-
vealed that the filling of conduction band near the hybridization “pseudo-gap” is
predominantly responsible for magnetic and superconducting properties of LaFeA-
sO and FeSe(Te) systems. The calculated densities of electronic states and optical
spectra are in agreement with available experimental data for the novel Fe-based
superconducting systems.

Distinct peculiarities in the temperature dependences of the magnetic suscepti-
bility y(T) were observed in LaFeAsO(F) and FeSe(Te) systems. It is found, that
these peculiarities are related to the antiferromagnetic transitions in the undoped
LaFeAsO and FeTe compounds. For the FeSe, Te systems the initial effect of ap-
plied hydrostatic pressure is found to push up coordination unit elongation. We have
revealed that magnetic properties and phases of FeSe(Te) are very sensitive to the
height of chalcogen planes from the Fe plane. It is found that FeSe, Te systems are
close to magnetic instability with dominating enhanced spin paramagnetism. The
calculated values of the density of states at the Fermi level and paramagnetic suscep-
tibility exhibit the strong dependence on the unit cell volume V" and especially the
height Z of chalcogen species from the Fe plane. The reasonable agreement between
calculated and experimental values of y at ambient pressure was obtained. The puz-
zling experimental pressure effect on y was explained in terms of the pressure de-
pendence of V' and Z, the latter determining the dominant positive contribution.
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SPECTROSCOPY OF FERROELASTIC LAYERED
CRYSTALS (CS,BLIL): NEW PHENOMENA AND THEIR
APPLICATIONS

EV. Motsnyi ', O.M.Smolanka *
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Corresponding author: fv_motsnyi@isp.kiev.ua

Ferroelastics is a peculiar new class of crystalline solids in which the
spontaneous strain of a crystal lattice is appeared relatively of initial one as a
consequence of structure phase transition from more symmetrical (paraelas-
tic) phase into less symmetrical (ferroelastic) one. At cooling through the
Curie point T, (without any external action) the ferroelastic domains appear
in the ferroelastic crystals in such a manner that the total strain of a sample
(taking into account the stress sing in each domain) is zero. Such crystal par-
tition into domains corresponds to the minimum of the strain energy of a
crystal. One of ferroelastics is the Cs,Bi,l, layered semiconductor having
high anisotropy of chemical bonding: a strong ion-covalent bonding in the
separate layer sandwich and a weak Van der Waals interaction between the
neighbouring sandwiches.

The review report deals with the experimental and theoretical studies of
new phenomena registered.

The following problems were solved towards this purpose:

* The domain structure observations of Cs,Bi,l; were performed us-

ing the polarization microscope at heating and cooling regime.

* The separation of complicated contours of optical spectra with light

polarization E | ¢ into components was considered on the basis of Van

Hove singularities.

* A nontraditional for the layered substances temperature shift of the

fundamental absorption edge Eg(T) of Cs,Bi,l, was found. It is shown

that this shift is described very well by the Varshni formula.

*  The transition region from 150 to 220 K was registered. It is shown

that this region may be identified as the heterophase structure region

where ferroelastic and paraelastic phases coexist.

* A change of exciton-phonon interaction from a weak to strong as

temperature increases was found. The effect is explained on the basis of
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a model which takes into account the reconstruction of the crystal lattice

from non-layered to layered one.

* The temperature value T* =150 K may be considered as character-

istic one below of which the crystal loses the nature of layered sub-

stance.

* Raman spectra of Cs,Bi, |, were studied in heating regime over tem-

perature range 5-300 K but any soft mode or softening of modes were

not observed. The interpretation of Raman spectra is given.

*  The structure phase transition in Cs,Bi,I; at T =220 K was regis-

tered. It is shown that this transition is the first order transition which is

close to the second order one.

* A new giant thermodynamical optical effect near the ferroelastic

phase transition point was found and explained on the base of Landau-

Khalatnikov theory.

The optical active devices on the base of the phenomena found are pro-
posed.

[1]. Girnyk, O.Krupych, I.Martunyuk-Lototska, F.Motsnyi and R.Vlokh. Phase
coexistence in Cs,Bi,[, ferroelastics: optical, dilatation an ultrasonic velocity studies //Ukr.
J. Phys. Opt, vol.4 (2003).

[2]. V.G.Dorogan, M.P.Lisitsa, F.V.Motsnyi and O.M.Smolanka. Self-coordinated
method for separation of optical function spectra into components //Ukr. J. Phys, vol. 185

2003).

( [)3]. V.F.Machulin, F.V.Motsnyi, E.Yu.Peresh, O.M.Smolanka and G.S.Svechnikov.
Effect of temperature variation on shift and broadening of exciton band in Cs,Bi, I, layered
crystals //Fiz. Nizkikh Temperatur, vol.30 (2004).

[4]. F.V.Motsnyi, M.V.Vuychik, O.M.Smolanka and E.Yu.Peresh. Phase transition in
Cs,Bi,1; ferroelastic: investigation by Raman scattering technique //Functional Materials,
vol.13 (2005).

[5]. FVMotsnyi, O.M.Smolanka, V.I.Sugakov and E.Yu.Peresh. Giant
thermodynamical optical effect near ferroelastic phase transition point in Cs,Bi,[, layered
crystal //Solid Stat. Communs., vol.137 (2006).

[6]. F.V.Motsnyi, O.M.Smolanka, E.Yu.Peresh, S.V.Virko and V.G.Dorogan. Change
of exciton phonon interaction in layered ferroelastic crystals (Cs,Bi,l) //Physica:
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COMPARATIVE PHOSPHORESCENCE SPECTRA OF
SINGLE-BROMO-SUBSTITUTED BENZOPHENONE
ISOMERS

M. A. Strzhemechny

Verkin Institute for Low Temperature Physics and Engineering, NASU, Lenin Ave. 140,
Kharkov 61103, Ukraine

Substitution of a single hydrogen atom in the benzophenone molecule at
three essentially different positions entails crucial changes in the molecular
conformational parameters as well as in all macroscopic properties such as
crystallization, crystal structure, luminescence, ability to form vitreous and
polymorphic states, etc. Thus, the molecule of 4-bromobenzophenone (4Br-
BP) in the free state is slightly asymmetric whereas the 2Br-BP and 3Br-BP
molecules are strongly asymmetric, especially the former. Other relevant
properties are listed in Table below.

Property Unsubstituted 2Br-BP 3Br-BP 4Br-BP
Shape Of . Strongly Substantially Slightly
molecule in Symmetric asymmetric | asymmetric asymmetric
the free state Y Y Y
Strong Small
Crystallization reluctance to| crystallites
o normal . . . normal
peculiarities crystallize | irrespective of
from melt | growth method
Propensity to casil casil none none
vitrify Y Y
Propensity to Two
polymorphism Two polymorphs none none polymorphs
Structure Monocl | Orthorh. |  Orthorh. Monoclinic | Ortho | Tricl.
C2/lc | P222 P222 P2 /a Pbca | Pl
Excimer none yes Very likely none
Exciton Not known normal noexistant Not known
transport

The crystal structure is strongly dependent of the respective molecular
structure. Other physical properties, which can be experimentally studied by
spectroscopy methods, depend as strongly also on the molecular shape in the
electronically excited states.

In this comparative overview report, the reasons behind the cardinal dif-
ferences in the physical properties and phenomena in the bromo-substituted
benzophenones are analyzed within the “structure-properties” approach.
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*Kirensky Institute of Physics of SB RAS, 660036 Krasnoyarsk:
“Corresponding author: khatsko@ilt.kharkov.ua

The AFMR spectra of the NdFe3(Bo3), crystal are measured in a wide
range of frequencies and temperatures. It is found that by the type of its mag-
netic anisotropy the compound is an “easy-plane” antiferromagnet with a
weak anisotropy in the basal plane. The effective magnetic parameters are
determined: anisotropy fields H =1.14 kOe and H_,=60 kOe and magnetic
excitation gaps d=101.9 GHz and d1=23.8 GHz. It is shown that commensu-
rate-incommensurate phase transition causes a shift in resonance field and a
considerable change in absorption line width.
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LUMINESCENCE SPECTROSCOPY AND ELECTRONIC
STRUCTURE OF KZR (PO ),, KBIZR(PO,), AND ZRP,0,
CRYSTALS

Yu. Hizhnyi®, V. Chornii’, S. Nedilko', I. Zatovskyi', M. Slobodyanik’,
K. Terebilenko!, V. Boyko®, V. Sheludko’

'Taras Shevchenko National University of Kyiv 4, Acad. Hlushkov Ave., 03680, Kyiv,
Ukraine
“National University of Life and Environmental Sciences of Ukraine,
5 Geroiv Oborony, Kyiv, 03041, Ukraine
3Glukhiv State Pedagogical University, 24, Kyjevo-Moscovs’ka st., 41400, Glukhiv, Ukraine
“Corresponding author: hizhnyi@univ.kiev.ua

Phosphate crystals of alkali and four-valent cations are intensively stud-
ied as perspective luminescent materials for various scientific and techno-
logical applications [1, 2]. However at present, there is a considerable lack of
scientific understanding of the nature of intrinsic emission and peculiarities
of the excitation energy relaxation in these compounds. In this work we
present results of experimental studies on VUV spectroscopy of undoped
KZr,(PO,),, KBiZr(PO,), and ZrP O, crystals together with results of theo-
retical calculations of their electronic structure.

Polycrystalline samples of three crystals were synthesized by spontane-
ous crystallization method. Photoluminescence (PL) and PL excitation spec-
tra were obtained at 4.2, 77 and 300 K. Luminescence was excited by radia-
tion from the N, -laser, diode pumped lasers and the powerful xenon lamp.
The luminescence was registered using spectrometers, which cover wide
spectral region. The VUV-excited luminescence and reflection spectra were
studied on SUPERLUMI station at HASYLAB (DESY), Hamburg, Germany
in 4 — 25 eV excitation energy region.

The electronic structure calculations of perfect KZr,(PO,),, KBiZr(PO,),
and ZrP,0O, were performed by the Full potential Linear Augmented Plane
Wave (FLAPW) method realized in Wien2k program package [3]. Partial
densities of electronic states, components of the dielectric tensor, reflectivity
and absorbance spectra are calculated and compared with appropriate experi-
mental data. The origin of intrinsic emission bands and formation of the lu-
minescence excitation spectra of investigated crystals are clarified using ob-

tained experimental and theoretical results.
[1]. S. Nedilko, Yu. Hizhnyi, et al. // J. Nuc. Mat. 385 (2009) 479.
[2]. M. Kaneyoshi //J. Lumin. 121 (2006) 102.
[3]. P.Blaha, et. al., WIEN2k, 2001. ISBN 3-9501031-1-2

92



0-6 CRYSTALS

LUMINESCENCE CHARACTERISTICS AND ELECTRONIC
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AND MOLYBDATES

V_Chornii, Yu. Hizhnyi, S. Nedilko, M. Slobodyanik, K. Terebilenko,
V. Boyko'
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“Corresponding author: vchornii@gmail.com

Oxide compounds, in particular molybdate and phosphate crystals are
well-known as promising host for rare-earth ions. Origin of the intrinsic
emission bands for these crystals had attracted much less attention than lumi-
nescence properties of the doped crystals.

Understanding the origin of emission bands in complex oxide com-
pounds can be significantly improved by a combination of experimental spec-
troscopic studies in the different region of luminescence excitations and theo-
retical calculations of the electronic structure carried out for the set of genea-
logically connected hosts.

Undoped compounds BiPO,, K,Bi(PO,),, K Bi(PO,)(MoO,) and
K,Bi(Mo0O,), were synthesized by spontaneous crystallization method. The
luminescence was studied on SUPERLUMI station at HASYLAB (DESY),
Hamburg, Germany in 4 — 25 eV excitation energy region and under visible
laser excitations. Electronic structures are calculated by the FLAPW method
realized in Wien2k program package. [1]

Emission spectra obtained under synchrotron radiation of each studied
compound consist of complex bands in “yellow” spectral region (550-
750nm). Strong temperature quenching obtained for these emission bands.
All samples reveal comparatively weak luminescence band in “blue” region
(400-500nm) under excitation with nitrogen laser (A, =337.1nm) and
T=300K. When temperature decreases to 77K, intensity of the “yellow” band
dominate in spectra.

Calculation of the electronic band structure and optical properties were
performed for all investigated compounds. Results of theoretical calculation
were compared with experimental data. Origin of the emission bands dis-

cussed considering experimental spectra and theoretical calculations.
[1]. P.Blaha, et. al., WIEN2k, (Wien, Austria), 2001. ISBN 3-9501031-1-2
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INFLUENCE OF THE RE-DOPING ON MATRIX EMISSION
OF THE LEAD TUNGSTATE CRYSTALS

O.V. Chukova®, S.G. Nedilko
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*Corresponding author: chukova@univ.kiev.ua

The lead tungstate PbWO, (PWO) crystals were intensively investigated during
two last decades in connection with their application as scintillators for Large Hardron
Collider. Doping of the lead tungstate crystals by the RE ions significantly improves
transmission in the short wave length region and radiation hardness of the PWO. At
the same time relations between the effects of the RE ions on the PWO characteristics
are still under discussion. The investigated PWO crystals were grown by the Czo-
chralski method. Impurities were added into the crystals using the RE,O, oxides (Eu,
Yb, Pr oxides). Their concentrations in the blend were 5x102 wt %.

Luminescence spectra of the un-doped PWO crystal obtained at 10 K consist of
the band in 350 — 700 spectral region with maxima at about 460 and 470 nm at 300
and 270 nm excitations, respectively. For the Eu**-doped PWO crystals these maxi-
mums are 460 and 455 nm; for the Pr’*-doped and Yb**-doped PWO crystals these
maximums are 445 nm for the both noted excitations. Three bands with maximums
at 520, 570 and 610 nm form the luminescence spectra at 320 nm excitation for the
un-doped and RE-doped crystals. Differences in the maximum positions obtained for
the main band can be explained by complex character of this band. It is well known,
that emission spectra of the PWO crystals consist of the blue, green and orange-red
emission. Obviously, the main band is complex and contains more than three spectral
components. Their relative contributions depend on crystal quality and composition.
This dependence causes shifts of maximum of the main band for the un-doped and
RE-doped crystals. In order to find all spectral bands contributing in the total lumi-
nescence spectra we have carried out breakdown of the obtained spectra on Gauss
components. The luminescence spectra measured at 10 K and various excitations can
be presented by the several bands those are the same for of all the investigated crys-
tals. It is clearly seen, that RE-ions influence on the redistribution of relative contribu-
tions of these bands in the total spectra. We assume that adding of the RE ions chang-
es concentration of several defects in the crystal lattice and therefore leads to redistri-
bution of content of emission centers responsible for each type of emission. Assign-
ment of various types of defects to the obtained spectral components is discussed.

The samples were grown at the Physics Faculty, Lviv National Ivan Franko
University, Lviv, Ukraine in the laboratory headed by Prof. M. Pashkovskyy. Ex-
periments with synchrotron radiation were done at SUPERLUMI station at HASYL-
AB (DESY) in Hamburg, Project Nr. II-20080221.
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Anomalous dispersion region of electromagnetic wave propagation, par-
ticularly, when the dielectric permittivity becomes negative is a subject of
increased attention due to such fundamental issues as the anti-reflective sur-
faces development and metamaterials synthesis. Despite the long history of
spectroscopic studies of negative permittivity it is leaves unresolved the
question of negative dielectric properties quantification.

The influence of the polar vibrations damping on the negative permittiv-
ity values in anomalous dispersion region we have analyzed in our work. It is
shown the existence of the critical dumping which is caused the full disap-
pearance of negative dielectric permeability. It is the vibrations damping ef-
fects have a decisive impact on both the minimum DP value and the spectral
range narrowing of the negative DP existence area relatively to T-L splitting
of the phonon frequencies in polar crystals. Based on the model of crystal
with one oscillation we obtain the simple quantitative criterion in form of
inequality between the damping constant and phonon T-L frequency splitting
as: or I <1- M
W, — @,

Our analysis based on these inequalities makes it easy to predict the
presence or absence of negative DP. Advantage of criterion (1) to predict the
negative DC area existence is that it can be used for the analysis of highly
complex phonon absorption spectra as is shown in our report.

Anisotropy effects on the negative dielectric permittivity (DP) formation
in the frequency region near the phonon lattice vibrations are considered us-
ing three crystalline modifications of boron nitride. Quantitative data on fre-
quency intervals and negative DP values are presented for all anisotropic
modifications. It is shown that anomalous dispersion of the refractive index
falls to 0 <n <1 in the presence of negative DP, but always leaves n > 1 in the
absence of negative DP. The significant role of the polar vibrations damping
to determination of the real limits of negative DP region is clarified, espe-
cially for crystals with symmetry lower than cubic.

I'<(w,-o,)
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The anti-reflective covers and its creation possibility for the entire electromag-
netic spectrum now mainly associated with the synthesis of metamaterials, which
would have a negative refractive index, resulting from the presence of negative di-
electric permittivity (DP) & and magnetic permeability u. As well known the nega-
tive DP can be found in the T-L splitting of polar phonons and this area can be in-
vestigated by standard methods of IR and Raman spectroscopy. Traditionally, the
processing of reflection spectra of crystals in the far infrared (i.e. terahertz) range
usually limited of parameters analysis of polar vibrations, which formed near the
reflection picks and not paying adequate attention to reflection minima in addition
these dips are often hidden in the instrumentation noises.

Dispersion analysis (DA) method as shown in our work is quite cor-
rectly describes the main features of reflection spectra with observed in the
experiment and so he laid the basis for our calculations of the minimum re-
flection. We use the boron nitride for next modeling as this crystal has the
simpler spectrum for analysis.

The physical features analysis to describe formation the regions with ex-
tremely low reflection of electromagnetic radiation in the terahertz and far in-
frared ranges are presented and these regions should be observed in many ex-
perimental studies. It is shown that in case of sufficiently small damping of
polar phonon the spectral bands with almost complete reflection disappearance
(R <0.01%) are formed and we name these bands as antireflection channels
(ARC). ARC located outside the region of negative dielectric permittivity, and
the minimum reflection is shifted above the frequency of longitudinal oscilla-
tions by the value depends on the basic parameters of the polar vibrations.

The appearance of the region with extremely low reflection of electro-
magnetic waves, i.e. antireflective channel formation in the far and middle IR
range is associated with the resonant interaction of wave with crystal polar
oscillations. Minimum reflection can be reduced by several orders compared
with non-resonant regions, almost to complete the reflection disappearance
(R <0.01%). The main feature of zero-reflection is frequency shift of ARC
relatively to T-L frequencies beyond the existence limits of negative dielec-
tric permittivity.
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The ' Nuclear Quadrupole Resonance (NQR) spectra of the mixed
semi conducting laired crystals Bil, * Pbl, for two transitions (+1/2>+3/2 and
+3/2+5/2) were investigated.

It was obtained, that for the chemically pure crystals Bil, the I'’ NQR
frequencies v, which correspond to two transitions (v,,, .., and v, ...),
equal to 111.320 and 201.380 MHz. This leads to the next values of the 1'%
NQR spectra parameters: the quadrupole coupling constante’Q_=682.18 MHz
and the parameter of asymmetry of the electric field gradient 7 = 29 %.

In the first time the new '’ NQR line in spectra mixed crystal was ob-
served in the concentration region 10 - 50 %. It is necessary to note, that for
this concentration region the I'*? NQR line, which correspond to the chemi-
cally pure crystals Bil,, became invisible. The new observed I'*’ NQR line
has the next parameters: v,,, .= 105.027 and v,,, ., = 204.150 Mc",
e’Q_=684.01 Mc"! and # = 15 %. In the concentration range 20 -50 % the
wide of the I NQR line (2.1 — 2.3 Mc!), which correspond to transition
+3/2=+5/2, changes insignificantly.

The obtained results allow make suppose, that in the concentration re-
gion 5 -10 % the crystal structure of the base crystal Bil, changes insignifi-
cantly. Moreover, in this concentration region 5 -10 % the arising of the clus-
ters Pbl, does not change (insignificantly) wide of lines and parameters of the
I"”NQR spectra. Besides, for the concentration Pbl, more then 10 % in the
base matrix Bil,, can be obtained a new crystal with fully or partial ordering
groups of atoms Pb and Bi. This can lead to the formatting of the new crystal
of the solid solution type and, as result, to sharp changing of the ' NQR
parameters values.

For checking this assumptions it is necessary camper the obtained NQR
data with experimental results, obtained by another methods (for instance by

X-ray investigations).
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TRANSITIONS IN COMPLEXES OF FATTY ACID WITH
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Complexes of amphiphilic molecules of fatty acids with cationic sur-
factant may be useful for fabrication of self-assembled non-centrosymmetric
organic layers by evaporation induced precipitation method [1] for applica-
tions in molecular electronic devices. In this work we report on the study of
the alkyl chain conformation and molecular dynamics in complexes consist-
ing of a fatty acid and water soluble cetyltrimethyl ammonium bromide
(C,,H,,NBr, CTAB).

The complexes of stearic (CH,,COOH, kI8) and behenic
(C,,H,,COOH, k22) acids with CTAB were characterized by X-ray diffrac-
tion, temperature-dependent Fourier-transform IR spectroscopy (FTIR) and
differential scanning calorimetry (DSC). X-ray diffraction patterns (DRON-
2) show that in the both complexes a layered crystalline structure is formed.
The interlayer distances of CTAB and k22 are close and these results in a
formation of CTAB-k22 complex with similar distance between the layers.
This suggests that alkyl chain orientation and crystalline packing in the com-
plex are close to those in initial substances. To the contrary, a significant dif-
ference between the interlayer distances of CTAB and k18 crystals exists, and
therefore the interlayer distance observed in CTAB-k18 complex differs
much from that of the both initial compounds. So, the alkyl chain packing and
orientation in CTAB-k18 complex may be changed as compared to the initial
crystals. DSC studies (Perkin-Elmer DSC7) of the both complexes reveal the
existence of two major endothermic peaks at the temperatures close to the
second-order phase transitions in the initial compounds, though the enthalpies
of these transitions differ from the initial ones. The FTIR absorption spectra
(Bruker IFS-88, 2cm! resolution, 64 scans) of CTAB-k18 and CTAB-k22
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complexes show that the carbonyl band (1710 cm™) of pure acid disappears
in the spectra of both complexes that confirms the attachment of CTAB head
group to the OH group of the acid and formation of CTAB-acid complex.
From the temperature dependence of the Davydov splitting of CH, rocking
(720-730 cm™) and scissoring (1460-1470 cm') absorption bands, the chang-
es of alkyl chains packing at phase transitions in different complexes are in-

ferred.
[1]. K. Elder, A. Goklar, T. Brennan, S. Roger, Chem. Commun. (2003) 1724.
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INFLUENCE OF A PROTON IRRADIATION ON THE
MECHANISM TEMPERATURE SUPPRESSIONS
LUMINESCENCE OF CERAMICS ZNS-CU

T. Kuchakova, G. Vesna, I.Kuchakova, V. Makara

Kiev Taras Shevchenko National University, Physical Department, 03608, Kiev, Ukraine
*Corresponding author: kuch @.univ.kiev.ua

By interaction of the center’s of capture and centers of a luminescence, is de-
termining kinetic luminescence in solid-state luminescent materials. At an irradia-
tion there is a change of the contents of impurity and defects that result in change
of optical properties of a crystal.

Influence of stable radiating defects entered by a proton irradiation (10" p/
sm?) on temperature quenching of a luminescence of ceramics ZnS-Cu was stud-
ied. The spectra of X-ray luminescence (XRL) at temperature 85K for the irradi-
ated and not irradiated ceramics are observed three bands: blue band (A = 465
nm), green band (A, = 520 nm) and the infrared band (A, = 942 nm). Compari-
son of data XRL, to a phosphorescence and termostimulated luminescence (TSL)
of ZnS from a dozen of proton irradiation has shown that generated radiating de-
fects do not create the new centers of a luminescence or storage, and behave as the
centers of nonradioactive recombination. The received results were analyzed on
the basis kinetic of the theory photoluminescence crystallophosphor, in view of
absorption of stimulating radiation in the basic lattice.

Experimental temperature researches were carried out in region from 85 up to
600K. Temperature dependences of a luminescence blue and infrared have not
changed after a proton irradiation. The temperature quenching of a blue band be-
gins at T=170K and infrared band at T=150K. For a green band of a luminescence
in the irradiated sample typically: decreasing of intensity of a stationary lumines-
cence and beginning change of the temperature quenching in low temperatures. Is
determined energy of thermal activation of temperature quenching of a lumines-
cence. On the basis of the received data on temperature quenching and curves TSL
for both samples, it is possible to assume, that as against blue and infrared bands,
quenching of a green band is caused by outward quenching (thermal ionization of
recombination center). Charge double vacancy of zinc give is one of prevailing
types of defects and enters into structure of the «green» centers Cu. At a used doze
the proton irradiation to be result accumulation of radiating defects; the green strip
can almost be completely extinguished at warm of samples in pairs of zinc.

The radiating defects, induced by a proton irradiation, result in change kinet-
ics of luminescent processes and testify to change of a spectrum of local statuses in
a researched material.
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CHIRAL CALIXARENES: STRUCTURE AND OPTICAL
PROPERTIES

L. Andronov'?', A. Chernega?®, S. Garasevych!, A. Karpus®, N. Kravets',
R. Magera', Yu. Myagchenko', O. Slobodyanyuk!
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’Institute of Organic Chemistry NAS of Ukraine, 5, Murmanskaya str., Kyiv, Ukraine
“Corresponding author: andronovl@gmail.com

Calixarenes are widely used in supramolecular chemistry. Because of
their chalice shape calixarenes easy make complexes with other molecules.
This fact makes these compounds suitable for molecular receptors, sensors,
catalysts, molecular separations, etc. The addition of chirality to calixarenes
gives them an important role for enantioselective separations and receptors,
nonlinear optical components, chiral catalysts and so on.

We have recently synthesized and investigated the enantiomers of
5,11,17,23-tetra-tert-butyl-25-hydroxy-26,27-dipropyloxy-28-N-(1>-
phenylethyl)aminocarbonylmethoxycalix[4]arene.

The single crystal X-ray diffraction study was performed for determina-
tion of the molecular and crystal structure of substances. It was found that
these compounds in solid state adopts cone conformation and usually make
supramolecular complexes with solvent from which crystals were grown.
The guest molecules could be placed inside of calixarene cavity as well as
outside.

The optical properties of the calixarenes have been studied. The optical
activity confirmed the chiral nature of substances. Raman spectra of calix-
arenes in solid state and solution were measured to analyse the vibrational
structure of the compounds.
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The system KCuF, is a good realization of one-dimensional spin-
1/2 Heisenberg antiferromagnet [1,2]. This compound realizes an array
of weakly coupled spin chains in high-temperature regime whereas
long-range A-type antiferromagnetic ordering occurs below 7, =39 K.
To date, even the room temperature crystal structure of KCuF, seems
not to be determined unambiguously. Recently, the ESR and optical
properties of KCuF, were successfully explained within the tetragonal
symmetry D ,'* assuming a dynamical Dzyaloshinsky-Moriya interac-
tion related to strong oscillations of the bridging F- ions perpendicular
to the crystallographic ¢ axis [3,4]. It was argued that these dynamic
distortions freeze in at a temperature 7, = 50 K, leading to an effec-
tively lower symmetry.

Here we report on a detailed study of the temperature dependence
of the Raman-active phonons in a KCuF, single crystal tracking the
symmetry reduction during the anticipated freezing of the dynamic dis-
tortion at 7,=50 K and the Neel ordering at 7,,=39 K and a complete
data set of the magnetic excitations in this compound collected for the
first time by using Raman scattering experiment.

We find a large softening of the lowest lying E, mode and the B,
mode by 25% and 13% between room temperature and T, respectively.
The linewidth and the integrated intensity of these modes also exhibit
anomalies at 7 and T,. Moreover, the E, mode at about 260 cm' clearly
splits below T evidencing a symmetry reduction in KCuF, at 7,=50 K
prior to magnetic ordering.
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At T < T, magnetic excitations characteristic of 3D and 1D magnet
were observed in our Raman experiment. The energy ranges of these
phases are separated by another region where the crossover from 1D to
3D behavior occurs.

This work has been supported by the Russian-Ukrainian RFBR-

NASU project 43-02-10.
[1]. S. Kadota, at. al., J. Phys. Soc. Jpn. 23, 751 (1967).
[2]. K. I Kugel and D. I. Khomskii, Sov. Phys. Usp. 25(4), 231 (1982).
[3]. M. V. Eremin, at. al., Phys. Rev. Lett. 101, 147601 (2008).
[4]. J. Deisenhofer, at. al., Phys. Rev. Lett. 101, 157406 (2008).

103



P-6 CRYSTALS

INFLUENCE OF POLYMORPHISM AND HYDROGEN
BONDING ON VIBRATIONAL SPECTRA OF
CYCLOHEXANOL

L. M. BabkoV', N. A. Davydovd®, E. A. Moisejkina’

!'Saratov State University, Astrakhanskaya Str., 83, Saratov, 410026, Russia
2 Institute of Physics of National Academy of Sciences of Ukraine, 46 Pr. Nauki, Kiev
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Vibrational spectra of cyclohexanol in liquid state and at different pol-
ymorphous modifications II, III have been measured in wide temperature
range. Pilot analysis of spectra indicates formation of hydrogen bonds.
Spectra of polymorphous modifications differ from each other by the pack-
ing which subject to hydrogen bond influence and prevalence of selected
conformers. Using B3LYP/6-31G (d) method structural - dynamic models
of conformers of cyclohexanol molecule and its H-complexes (trimer, te-
tramer) have been constructed. The conformers of cyclohexanol differ from
each other by orientation of hydroxyl group and types of H-complexes. The
energy minimization, structure optimization, dipole moments have been
performed. The force field was built and the frequencies of the normal
modes in harmonic approximation and IR intensities have been calculated.
On the basis of simulated results the correspondence between the H-com-
plexes structures of different conformers and polymorphous modifications
have been determined. The interpretation of the measured spectra has been
performed.
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INVESTIGATION OF VIBRATION SPECTRUM OF
FERROBORATE TBFE,(BO,),
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L. N. Bezmaternykh?, V. L. Temerov?
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Trigonal rare-earth borates with the general formula RM,(BO,),, where R is
a rare-carth ion and M=Al, Ga, Sc, Cr, and Fe, are of interest as laser materials
and materials which can be used in magneto-optical devices. The ferroborate
family RFe (BO,), is interesting due to the particulars of the formation of their
magnetic structure, which is determined by the interaction of rare-earth ions with
iron ions. The magnetic properties of ferroborates also depend on the rare-earth
ion. The strong spin-orbit coupling in rare-carth ions should lead to an interaction
of magnetic excitations and vibrations of the crystal lattice. The coupling of the
magnetic excitations and IR active vibrational modes determines the magneto-
electric properties of these materials. Ferroborates, where this coupling is quite
strong, are multiferroics [1]. To determine the magnitudes and mechanisms of the
magnetoelectric coupling it is necessary to know the structure of the IR active
vibrational spectrum of crystals and the mechanism by which it forms. In the
present work the IR active vibrational spectra of one of the members of the series
of rare-earth ferroborates—the TbFe,(BO,), crystal—are investigated

The investigated single crystal was cut in the form of a 1x4x5 mm plate
which surface was perpendicular to the trigonal axis ¢.The IR reflection spectra
of a TbFe,(BO,), crystal are measured in the spectral range 200-2000 cm™ in E
perpendicular to ¢ axis polarization at temperatures 10 and 300 K. The reflection
spectrum so obtained is analyzed and its interpretation is given on the basis of the
internal vibrations of the ionic complexes BO,*, FeO,”, and TbO,~ of the
TbFe,(BO,), crystal. Davydov splitting on the internal vibrational modes at a
structural phase transition which is accompanied by multiplication of the unit cell
was not observed in the experimental spectral range. This is due to the localiza-
tion of the vibrations of the ionic complexes BO,*", FeO,”", and TbO>" of the
TbFe,(BO,), which defines by the crystal structure of TbFe,(BO,),.

[1]. A. K. Zvezdin, S. S. Krotov, A. M. Kadomtseva, G. P. Vorob’ev, Yu. F. Popov,
A. P. Pyatakov, L. N. Bezmaternykh, and E. A. Popova, JETP Lett. 81, 272 (2005).
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Among various material processing techniques the radiation technology of
crystal structure modification by low-energy irradiation is one of the most agile
manufacturing method. Xenon cryocrystals are widely used as the model systems
in fundamental investigations of electronically induced lattice modification and as
the working media of particle detectors and positron moderators. The electronic
excitations in solid Xe have been under investigation since seventies and now the
overall picture of creation and trapping of electronic excitations is basically com-
plete [1]. The spectroscopic properties of radiation-induced processes in solid Xe
under synchrotron irradiation (at HASYLAB, DESY, Germany) were well studied
recently [2]. In the present study we apply the kinetics methods for numerical simu-
lation of defect processes in irradiated crystals and harness the rich luminescence
spectra of solid Xe for real-time monitoring of their crystal structure.

Initial increase of the intensity of the ‘defect’ luminescence during irradiation
reflects the accumulation of Frenkel pairs in the lattice as a result of exciton creation
and self-trapping in the consecutive process £ + T <> MTE — D, where E is the
mobile excitation (free exciton), which is trapped at trapping center 7" (lattice imper-
fection) and forms an excited metastable trapped center M7E [3]. The time depen-
dence of ‘defect’ luminescence intensity under steady-state conditions is:
Ity = I, + Kt(L + t)"', where I, = I(0) is the initial intensity; K is the saturation
value of (/(t) - 1)) at t — oo; L ~n,n (n, )" is a characteristic constant of a sample,
n — concentration. At high defect concentration, n,, the exciton self-trapping near
existing defects induces the aggregation of defects in the process MTE + D — DD.
The time dependence in this case is /(f) = K-L(L’+ ), where L’ ~n,n (n, )"
The best fit of our data for solid Xe results in values K = 1668 cps, L =43 min,
L’= 814 min. Thus, optical detection of radiation-induced new defect phase forma-

tion in xenon cryocrystals was made by luminescence-kinetic method.

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

[2]. A.N. Ogurtsov, Advances in Spectroscopy of Subthreshold Inelastic Radiation-
Induced Processes in Cryocrystals, In: Spectroscopy of Emerging Materials, Kluwer Aca-
demic Publishers (2004) 45.

[3]. A.N.Ogurtsov, N.Yu. Masalitina, O.N. Bliznjuk, Low Temp. Phys. 33 (2007) 591.
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Synthetic opal is a structure consisting of densely packed silica near-
monosize globules of diameter that is close to wavelength of visible light.
Essential interest to opals is connected with their application as photonic
crystals (PC) [1,2].

The properties of PC are studied in visible region, mainly in the region
of 1-st and 2-nd orders of Bragg diffraction. Typically, the materials with in-
dex of refraction close to those in PC globules are introduced into the cavity
of PC for transmission measurements. It is necessary to decrease the diffuse
scattering of light by PC. Total scattering of PC (A=632,8nm) at normal inci-
dence is equaled to 88% (for the PC of good quality) and could reach 99% for
PC with numerous defects. Bragg scattering intensity reaches 1-12%. This
means that diffusion scattering is in the 80-90% range.

To characterize the molecular vibrations of PC and impurities in the
pores we have used the IR spectroscopy. Thick PC (with thickness 1-3 mm)
without substrates demonstrates an insufficient transmitted signal in the in-
frared spectral range due to intense light scattering. Under IR reflection spec-
tra registration of PC on the absorbing substrate (black paper), the reflected
signals from silica stretching (1120cm™) and deformation (450cm™) vibra-
tions is very low. We proposed to use the thin film gold support for PC during
IR reflection measurements. This approach gives a possibility to register the
vibrations of SiO, accurately as well as different defects and admixtures in
PC, namely Si-O-H, OH vibrational modes, H,O dynamics in PC.

Acknowledgment. Authors thankful to Ukrainian-Russian project 4/10-
24 “The glow of three-dimensional photonic crystals for optical and electrical
excitation” for financial support and V. Maksimenko for measurement of dif-

fusion scattering.

[1]. V.S. Gorelik, Optics of globular photonic crystals, Quantum Electronics, vol.
37, p. 409, 2007.

[2]. G. Dovbeshko, O. Fesenko, V. Moiseyenko, V. Gorelik, V. Boyko, V. Sobolev, Or-
dered Carbon Nanotubes and Globular Opals As a Model of Multiscaling Photonic Crystals,
Semiconductor Physics, Quantrum Electronics and Optoelectronics, vol. 11, p. 392, 2008.
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The results of measurements of optical and electronic properties of dis-
ordered Cu-Mn alloys with manganese concentrations of 2, 5, 10, 17.5, 25,
37.5 and 50 % are presented. The indices of refraction n and absorption y, of
disordered Cu-Mn alloys are measured in the wide spectral range 0,23-2,8um
(0,44-5,39 eV ) at room temperature using the spectroscopic ellipsometric
technique. Based on these data, the optical conductivity ¢ related to interband
transitions is calculated. The collision frequency y and the concentration of
conduction electrons /V are determined in the interband absorption region.

It is established that an impurity of antiferromagnetic manganese added
to copper results in the in the formation of a new impurity energy band in the
copper electron spectrum which is located approximately 2.2 eV lower than
the Fermi level and is split into two energy subbands due to the exchange
interaction.

It is shown that the electron spectra of Cu-Mn alloys represent a super-
position of the electron state densities g(E) of pure copper with a certain
weight equal to the manganese concentration in the alloy and the state den-
sity within the impurity band. It is shown, that interband transitions from the
d-bands of the solvent to its sp-bands result in the formation of fundamental
absorption bands o(/#v) in Cu-Mn spectra. Additional bands appear due to
electron transitions from the impurity band to the Fermi level ..

Key words: alloys of copper with manganese, impurity band, energy
subzone, frequency of collisions, concentration of electrons, interband
junction, intraband junction, density of electronic state, optical conductivity
spectrum.
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PHOSPHORESCENCE OF TWO POLYMORPHS OF
PARA-BROMBENZOPHENONE
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Phosphorescence spectra of two polymorphs of para-brombenzophenone
(4BrBP) were measured at two temperatures 1.6 K and 293 K. The stable
polymorph has a monoclinic structure (P2 /c, Z = 4) while the metastable one
is triclinic (P1, Z = 2). The stable phase was obtained by gradient sublima-
tion, and the metastable phase by Bridgman method [1].

Both polymorphs have a monomeric spectrum which resembles that of
benzophenone. Phosphorescence spectra of both polymorphs have vibration-
al bands (the C=0 stretch mode, the separation between bands ~ 1680 cm™),
each of which has contains narrow subbands due to exciton emission on
traps. The exciton bands in the two polymorphs are shifted to one another.
This gives evidence that the energy positions of the exciton bands in the poly-
morphs differ. Theoretical calculations corroborate this conclusion.

The room-temperature phosphorescence spectra are also monomeric, the

bands being broadened compared to low temperatures.
[1]. M.A. Strzhemechny, V.N. Baumer, A.A. Avdeenko, O.S. Pyshkin, R.V. Ro-
mashkin, L.M. Buravtseva, Acta Cryst. B 63, 296 (2007).
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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” (ca. 0.06 x 0.06 to 0.15 x 0.15 mm in section). The
using of solvents such as acetonitrile causes the growth of classic single crys-
tals. With the imposition of the external electro-magnetic field 750 kV/m
(with using any solvent type) all crystals have a classic form, but they be-
come thinner and notably longer than without the field.

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.
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NATURE OF CRYSTALS LUMINESCENCE UNDER
ULTRASONIC EXCITATION
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The assumption of the common nature of an acoustical luminescence (lumi-
nescence of solids at excitation by ultrasound) [1] and sonoluminescence of lig-
uids [2] was made in this report. The main idea is that the microcracks in crystals
are the solid-state analogues of cavitation bubbles in liquids. Such microcracks
are originated and vanished in result of ultrasound action. Appearance of micro-
cracks can be accompanied by various processes, which are the reasons of excita-
tion of luminescent centers.

Investigated monocrystals of zinc sulphide were grown from the melt by the
Bridgman method under pressure of inert gas. Concentration of manganese in
crystals was 5*10 %. Elastic deformation on the samples was directed along the
[111], axis. Ultrasonic vibrations which were produced by piezoelectric ceramic
transducer were directed perpendicular to the (110) plane. For easier origination
of microcracks, ultrasonic oscillations were applied to crystals together with con-
stant elastic loading, as displacement. The amplitude of ultrasonic oscillations
applied to the crystal did not change. Constant mechanical displacement gradu-
ally was increasing until destruction of crystal.

Registration of radiation in ZnS crystals was carried out continuously on the
wave length A = 585 nm. This magnitude corresponds to the maximums of all
luminescence types namely photo-, electro-, tribo- and luminescence which was
observed during mechanical destruction of the investigated crystals.

Joint action of the constant amplitude ultrasonic vibrations and static uniax-
ial compression was supposed to create a situation where the total magnitude of
the variable and constant load reaches the value necessary for the appearance of
microcracks. It was found that under static pressure of P =~ 20*107 Pa the sam-
ples begin to emit radiation on a wavelength A = 585 nm. Intensity of this radia-
tion is increasing with time. After some period of time (5-7 sec) the samples are
breaking with splash of light emission which rapidly decreases.

The results confirm the assumption that the luminescence being caused by
action of acoustic oscillations on the crystals is associated with processes caused

by the appearance and “healing” of microcracks.

[1]. Ocrposckuit .B. Akycrontomunectieniys u nedexrsl kpucramios — K.: Buia
k., 1993. -233 c.

[2]. Mapryauc M.A. 3ByKOXMMHUYECKUE PEAKLUM U COHONIOMUHECHEHIUs. — M.,
Xumusi., 1986. — 288 c.
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The luminescence and absorption spectra character for a series of or-
ganic molecules incorporated to the different matrixes (crystal-solvents) at
low temperatures is related to the different types of incorporation of the
doped molecules to the matrix.

The luminescence spectra of the monosubstituted molecules of naphtha-
lene and benzophenone which are incorporated to naphthalene and benzo-
phenone crystals as a matrix are characterized by a doublet structure due to
the emission from the independent sites.

Based of the symmetry of a free naphthalene molecule, impurity and
naphthalene crystal, the number impurity centre formed in naphthalene crys-
tals with impurities of naphthalene substituents is determined. It has been
established that the origin of the multiplets in the Shpolsky spectra and mo-
lecular impurity crystals for some impurities is the same.
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PROPERTIES OF DOPED WITH CR AND NI IONS ZINC
AND CADMIUM TUNGSTATE CRYSTALS

T Nikolaenko®", Yu. Hizhnyi, S. Nedilko
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Kyiv, Ukraine
*Corresponding author: nicka@inet.ua

It is generally accepted that presence of non-luminescent non-neutral
impurities strongly affect the luminescence properties of zinc and cadmium
tungstates. However, the mechanism of this influence is not well understood.
In this work we study both pure ZnWO, and CdWO, and doped with Cr** and
Ni** ions at various concentrations by experimental spectroscopy under the
VUV synchrotron and visible laser excitations together with theoretical cal-
culations of the electronic structure. Monoclinic tungstates of divalent ions
like Zn?*, Cd*" are host lattices suitable to accommodate Cr3+ ions in weak
field octahedral sites.. Only ZnWO,:Cr has been studied in some detail,
whereas the information concerning other doped similar materials is dated
and incomplete.

Pure and doped single-crystalline samples were synthesized by the
Czhochralski method. The VUV-excited luminescence properties were stud-
ied in 3.5-20 eV regions of excitations energies on SUPERLUMI station
(synchrotron laboratory HASYLAB (DESY) Hamburg, Germany). Crystals
obtained at 8 K and 300K consist of the band in 350 — 1000 spectral region
with maxima at about 500 and 560 nm at different excitations (90- 300 nm).
For the doped Zn(Cd)WO, crystals these maximums are 500, 560 nm and 950
nm at the same excitations.

The electronic structures of perfect and impure crystals were calculated
using full-potential linear-augmented-plane-wave (FLAPW) method [1].

Experimental data are analyzed along with results of theoretical calcula-
tions. The role of impurities Cr** and Ni** in formation of the spectroscopic
properties of zinc and cadmium tungstate crystals is elucidated. General in-
ferences concerning participation of defects in formation of the luminescence

spectra and other spectroscopic properties of tungstate crystals are made.
[1]. P.Blaha, et. al., WIEN2k, 2001. ISBN 3-9501031-1-2

113



P-16 CRYSTALS
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The exciton-photon interaction leads to the formation of polaritonic
states energetically positioned at both sides of the initial exciton. In a
large ideal crystal of cubic symmetry, where the interval of the longitudi-
nal-transverse splitting does not contain excitonic levels, the polaritonic
dispersion branches lie beyond this interval at both sides of its bounda-
ries. On the contrary, in a crystalline grain comparable or less in size than
the wavelength in the substance, the interval of the longitudinal-trans-
verse splitting is filled in continuously by excitonic states intercepting a
significant part of the oscillator strength of the excitonic transition. In the
previous experiments with polycrystalline samples of solid xenon the for-
mation of the lower polaritonic state was traced by the red shift of the
luminescence spectrum relative to the bottom £,=8.36 eV of the lowest
excitonic band [1].

In the present paper we explore the new crystal growing technique,
which allowed to obtain the solid Xe samples with essentially improved
crystallographic properties [2] and to resolve the internal structure of the
luminescence bands at the edge of exciton absorption [3]. The photolumi-
nescence experiments were carried out at the SUPERLUMI experimental
station at HASYLAB, DESY, Hamburg. Unlike previous works, where
the observed red polaritonic shift was small commensurably with a weak
inelastic polariton-photon scattering, a large polaritonic shift of lumines-
cence is not due to energy dissipation, the energy conservation law being
met due to equal probabilities for opposite-sign energy shifts. Such effect
is possible if the crystalline grains are comparable in size with light wave-
length, which provides the filling in the interval of the longitudinal-trans-
verse splitting by excitons with sufficient oscillator strength. And the
sample structure must be perfect enough to lowering the exciton scatter-
ing rate with respect to the rate of the polariton formation through exci-
ton-photon coupling. For the first time the excitation spectra of free-exci-
ton luminescence band were recorded simultaneously below £, and with-
in the interval of the longitudinal-transverse splitting. The luminescence
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of non-equilibrium polaritons was observed both within the longitudinal-
transverse splitting interval and at photoexcitation below the bottom of
the excitonic band.

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

[2]. A.N. Ogurtsov, Advances in Spectroscopy of Subthreshold Inelastic Radia-
tion-Induced Processes in Cryocrystals, In: Spectroscopy of Emerging Materials, Klu-
wer Academic Publishers (2004) 45.

[3]. A.N. Ogurtsov, A.M. Ratner, Phys. Lett. A 332 (2004) 441.
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AGAIN ABOUT THE NATURE OF NON ELEMENTARY
BANDS OF MN2+ LUMINESCENCES SPECTRUM IN ZNS

S. A. Omelchenko, E. G. Plakhtiy, A. V. Kovalenko, M. F. Bulanyi,
A. A. Gorban, O. V. Khmelenko
0. Gonchar Dnepropetrovsk National University ,Gagarin av.,72, 49010,

Dnepropetrovsk, Ukraine; phone : (050)-7596197;
*Corresponding author: e-mail: somelch@mail.ru

There are many questions about the number and the nature of the elementary
bands in luminescences spectrum of Mn2+ in ZnS crystals during long time. In
the connection with unique opportunity to obtain the crystals with any structure
from 3C to 2H, in this article the trying of the exact identification of some ele-
mentary bands of manganese photoluminescence in ZnS crystals was made.

The relation of different types MnZn2 + centres in the research samples
was determined by ESR measurements. If each of these types of centres take
part in formation of a common band of a Mn2+ luminescence, then by means
of corresponding mathematical processing of spectroscopic lines probably
their partitioning and the further exact identification. It main idea of our ex-
periments which was realized here.

As have shown our experiments, this idea was correct. Really, at control-
lable change of quantity of various sites in structure of crystals, we managed
to see changes in spectrum PhL. It has helped to find out connection of some
elementary components of a spectrum with concrete places of localization of
the centers of manganese in a crystal lattice.

Intensivity
g

45 0 0 w0 0 @ w675 700 725
Nm

Fig. 1. (1) - result of subtraction of original spectrum from the spectrum heat treatment
800C ; (2) — result of subtraction of the spectrum heat treatment 800C from the spectrum
heat treatment 1100C.

According to the characteristic of the picture here it is seen the change of
elementary bands of manganese photoluminescence in ZnS crystals. This is
discussed in this report.
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The Photoluminescence and ESR-spectrums of manganese impurity
ions in LiNaGe4O, crystals, growth by Chohralski method were studied in
this work. It is known, that crystals of LiNaGe,O,, are in a paraelectric phase
and has orthorhombic lattice cell (Pcca - D82h) at room temperature. The
transition to ferroelectric phase takes place at the temperature Tc = 112,7 K.

It was discovered, that at T = 300 K in studied crystals, the ESR-spec-
trums in X-range consist of three intensive groups of hyperfine structure
(HFS) lines, each of which is conditioned by ions of manganese, in some
almost identical positions with orthorhombic local symmetry.

The main values of the g-factors are obtained: g _ = 1,7444, 8,= 2,2948,
g, = 2,5631. The hyperfine structure constants of all spectrums have a strong
anisotropy. It was discovered, that the local symmetry of manganese para-
magnetic centers and the parameters of their ESR-spectrums are not chang-
ing, when the temperature of crystals are decreasing to magnitude corre-
sponding phase transition to ferroelectric phase.

But ESR dates was not enough for answer on the main question about
charge state Mn ions. That is why was decided to investigate the photolumi-
nescence properties in these crystals. As was found there are two maximums
in luminescence excitation spectra on 392 nm and 472 nm (77K).

Spectra of luminescence has one complicated band with maximum on
665-680 nm when wave-length of excitation is 472 nm. It is very similar that
this band of luminescence correspond to transition 2E — 4A for Mn** ions.
But when wave-length of excitation is 392 nm, the spectra of luminescence
has two bands. One of them is the same as the wave-length of excitation was
392 nm.

Another band of luminescence with maximum on 550 nm, may be
caused by SE — 5T2 transition in ions of Mn**. It is important note, that Mn**
ions by ESR method not observe.

In addition to results about charge state and local symmetry of Mn ions
was determine frequencies of lattice vibration by periodic luminescence
maximums on wings of spectra lines.
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INVESTIGATION OF JAHN-TELLER PHASE TRANSITION
IN KDY(WO,), SINGLE CRYSTAL BY RAMAN SCATTERING

A. V. Peschanskii
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Low-temperature thermal and magnetic-resonance studies show that in
monoclinic KDy(WO,), single crystal a structural phase transition (SPT) at
6.38 K takes place. The magnetic field dependence of the critical temperature
is observed. The prominent features of the SPT are typical for a second-order
Jahn-Teller transition, which is not accompanied by any change in the symme-
try of the crystal lattice in the low-temperature phase [1]. A steplike irreversible
variation in the elastic strain is observed to occur with an increase in the mag-
netic field applied along the a or b axis of the crystal monoclinic cell. This
variation disappears after thermal cycling at temperatures which are essentially
higher than SPT one [2].

This compound was studied earlier by Raman scattering method [3]. A
number of additional spectroscopic studies at different temperatures and in ex-
ternal magnetic field were performed in order to explain new unusual effects
observed in KDy(WO,),.

Spectrum of the Raman light scattering is investigated in KDy(WO,),
single crystal in the frequency range 3-950 cm™ in the temperature range
2-300 K. All 36 vibrational modes predicted by group theory analysis for high-
temperature phase were detected and their symmetries were determined.

It is established that first excited electronic quasi-degenerated doublet is sp-
lited higher SPT temperature (6.38 K), and at lower temperatures has complicated
structure, containing in scattering spectrum four lines. This fact indicates the
presence of four nonequivalent ions of dysprosium in low temperature phase.

Creation of three additional phonon lines, which indicates primitive transla-
tion cell doubling at phase transition, is observed in low temperature phase at 2K.

The measurements in magnetic field have shows that scattering spectrum
transformation on first exited electronic quasi-doublet takes place. This trans-
formation indicates on the presence of phase transition induced by magnetic

field.
[1]. V. P. D’yakonov at all, Physics of the Solid State, 40, 691 (1998).
[2]. I B.Krynetskii, A. F. Popkov at all, Physics of the Solid State, 48, 1553 (2006).
[3]. Yu. A. Popkov, V. I. Fomin, L. N. Pelih, Phys. Nizk. Temp., 8, 1210 (1982).
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M. I. Pashchenko', A. V. Malakhovskii’, L. N. Bezmaternykh?,
A. L. SukhacheVv’, V. L. Temerov’

'B. Verkin Institute for Low Temperature Physics and Engineering, National Academy of
Sciences of Ukraine, 47 Lenin Ave., 61103 Kharkov, Ukraine
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As known from the magnetometric measurements [1], spin-orientation
phase transition occurs in antiferromagnetic TbFe,(BO,),at H || C, (H_ = 35
kOe at T'= 4.2 K). We performed spectroscopic and magnetooptical investiga-
tions of this crystal to clarify the peculiarities of the transition.

Optical absorption spectra of single crystal TbFe,(BO,), were studied in
the region of ’F, — *D, transition in Tb* ion in external magnetic field H || C,
(0—60 kOe). At H < H_ the absorption lines undergo linear in the field strength
splitting, conditioned by nonequivalence of magnetic sublattices. Measured
splitting of the absorption lines in magnetic field permitted us to obtain the cor-
responding splitting of states and their Landé factors.

In the region of the phase transition a superposition of the spectra of low-
field and high-field magnetic phases is observed. It testifies to the existence of
a magnetic intermediate state with the periodic alternation of domains of the
both magnetic phases. In the same interval of magnetic fields the considerable
reduction of light transmission of the crystal is observed, which is a conse-
quence of strong light scattering arising in the region of the phase transition.

Visual polarization investigations of the domain structure of the magnetic in-
termediate state were performed. It was shown that the high-field magnetic phase
arises as cylindrical domains which are transformed into a labyrinth domain struc-
ture with the increasing field. The strong scattering of light by the crystal is the re-
sult of the magnetic two-phase domain structure. The measurements of Faraday
rotation and magnetic linear birefringence at H || k || C, were performed. In the high-
field magnetic phase the large magnetic circular birefringence appears. Its value is
an order of magnitude larger than the value of the linear birefringence. This allows
us to infer that the main mechanism of the light scattering on the domains is related

to the large value of the Faraday rotation in the high-field magnetic phase domains.
[1]. C. Ritter, A. Balaev, A. Vorotynov, G. Petrakovskii, D. Velikanov, V.Temerov,
I. Gudim, J.Phys.: Condens. Matter, 19 (2007) 196227.
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2-(2’-hydroxyphenyl)benzoxazole (HBO) is a photoluminescent mate-
rial emitting in the green spectral region with a maximum of an emission
band at 506 nm. Its bright fluorescence with a quantum yield of about 0.42 in
the crystalline state is caused by tautomeric species of HBO molecules
formed by the excited state intramolecular proton transfer. After photoexcita-
tion large amplitude twisting of the molecule in the excited state is supposed
to be responsible for a radiationless deactivation process decreasing the quan-
tum yield of the luminescence down to a value of about 0.018 in solution at
room temperature [1].

Non-polarized Raman spectra in the frequency region 15-250 cm™ of the
HBO single crystal have been studied in the temperature range 293-393 K.
The Raman spectrum comprises two narrow very intense bands in the region
15-50 cm’, five strong bands of approximately equal intensity in the region
50-130 cm’!, two medium and one weak wide bands in the region 130-250
cm’. The parameters of 12 vibrations have been obtained by fitting of the
observed spectra with the use of the model of weakly interacting oscillators.

A crystal of HBO belongs to the structure class Pna2 with 4 molecules
per unit cell [2] so that, under the rigid body approximation, 21 intermolecu-
lar vibrations are expected to be active in Raman spectrum and strict separa-
tion of translational and librational modes is not possible. The density func-
tional theory (DFT) calculations performed for an isolated molecule of HBO
show its flexibility and predict 5 internal vibrations below 250 cm™ at 58, 66,
116, 164 and 244 cm™' (unscaled values).

The temperature dependence of the spectra does not demonstrate prefer-
able disappearance of any Raman bands in the region studied. It may be con-

cluded that reorientation of the molecules is hampered by crystal packing.
[1]. S.M.Ormson, R.G. Brown, Prog. Reaction Kinetics 19 (1994) 45
[2]. Yi-Ping Tong, Acta Cryst. E 61 (2005) 03076.
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Boronic acids RB(OH), are the compounds able to take part in various su-
pramolecular systems due to the presence of different reactive centres in one mol-
ecule. Two hydroxyl group can be involved in various homomeric and heteromeric
hydrogen-bonded assemblies [1], as well as in condensation reaction leading to
covalently bonded systems, e.g. the esters with hydroxyl compounds [2,3]. The
dehydration products, boroxins, are the promising building blocks in the design of
molecular architectures and materials [4]. Lewis acidic character of the boron atom
makes possible the complex formation with Lewis bases, e.g. anions.

Flexibility of the boronic acid molecule plays the important role in the di-
versity of the systems. The presence of two hydroxyl groups in different con-
formations (Fig. 1) enables the formation of hydrogen bonded assemblies in
one-component systems (only boronic acids) or multi-component ones [1].

H H H

| |
O PloNgPeN
O\B”O O\B H H B TH

The properties of boron compounds result not only from the boronic
groups, but also from weak interactions with other parts of the molecule. Hence,
the investigations of the supramolecular structure of substituted boronic acids
may be of significance.

Several examples of the influence of the substituents in the phenyl ring of
phenylboronic acids on the higher supramolecular levels will be presented, in-
cluding isomers of formylphenylboronic acids and fluoro-substituted phenyl-
boronic acids. The Hirshfeld surface analysis will be applied as the useful tool

for depicting types and directionality of weak intermolecular interactions [5].
[1]. A. Sporzynski, Pol. J. Chem., 2007, 81, 757-766.
[2]. T.D.James, M. D. Phillips, S. Shinkai, Boronic acids in saccharide recognition,
RSC Publishing, Cambridge, UK, 2006.
[3]. K. Severin, Dalton Trans., 2009, 5254-5264.
[4]. A. L. Korich, P. M. lovine, Dalton Trans., 2010, 1423-1431.
[5]. M. A. Spackman, P.G. Byrom, Chem. Phys. Lett., 1997, 267, 215-220.
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Existence of domains essentially influences all characteristics of fer-
roelectric materials, first of all on their electrophysical properties. Espe-
cially it is shown at research of character of the response of a ferroelectric
material in the process of absorption of radiation at pyroelectric effect. It
was observed in experimental works, research of characteristics which
cause this influence, and creation of adequate theoretical models of these
processes however wasn’t offered.

Modern sections of physics of ferroelectric phenomena demand not
only understanding of processes of domain structure construction in a fer-
roelectric material, but also developments of experimental methods of
research of evolution of this structure and the mathematical description of
these processes.

The purpose of this work consisted in experimental and theoretical
research of influence of domain structure and its evolution on temperature
characteristics of a signal of the pyroelectric response in the ferroelectric
triglycine sulfate crystal (TGS).

Measurement of a signal of pyroelectric response U of the experi-
mental sample on action of laser radiation (P = 3mW) was carried out in
the pyro-EMF mode at dynamic pyroelectric effect. The obtained experi-
mental results have shown essentially not monotone character of tem-
perature dependence U (T).

Experimental features of the spent researches consisted in use of a
laser probe for control of parameters of domain border movement in the
process of the crystal temperature change from the room temperature to
the Curie temperature T = 49°C. Speed of crystal temperature change in
the process of measurement was the 1°C/minute. Values of displacement
of domain walls have been measured from initial position at room tem-
perature to their positions in process of change of temperature approach
to Curie temperature, and these measurements were spent at temperature
change through each 5°C. Values of displacement of domain borders were
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measured by means of a laser probe which had the diameter size d =
20pm.

The obtained experimental results of temperature dependence of do-
main walls displacement have been used for creation of phenomenologi-
cal model of pyroelectric response of the TGS crystal on action of laser
radiation.

On the basis of the spent researches temperature dependences of the
unipolarity coefficient 1 (t) and the pyroelectric response signal U (T) of
polydomain ferroelectric material have been theoretically obtained. It is
shown that a local maximum of curve

U (T) correspond to a maximum on curve of temperature dependence
of domain borders displacements.

The obtained theoretical results of research of influence of domain
structure evolution on pyroelectric response of the TGS crystal quantita-
tively describe experiment.
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Compound TbFe (BO,), undergoes a structural phase transition at 198 K
and magnetic ordering transition at about 40 K. The nuclear and the magnetic
structure of TbFe (BO,), as a function of temperature were determined using
neutron diffraction measurement [1]. Recently, the Raman spectra of the
compounds RFe,(BO,), with R = Gd, Tb, Er, and Y were measured in Ref. [2]
as a function temperature. In present report the results of investigation of vi-
brational and magnetic excitations in TbFe,(BO,), crystal in temperature
range of the magnetic transition and their behavior in an external magnetic
field are presented.

The Raman scattering spectra on compound TbFe,(BO,), were
investigated in the frequency range 3-500 cm™ at temperatures 2-300 K. The
measurements were carried out on single crystal oriented along the C, and
hexagonal axes of the trigonal phase.

A number of additional phonon lines in comparison with Ref.2 were
observed above and below the structural phase transition. These lines are the
result of LO —TO splitting of polar phonons in high-temperature phase. New
data from the Raman spectra of TbFe,(BO,), displaying some more lines in
low-temperature structural phase were interpreted on the basis of lowering of
the symmetry at phase transition and additional Davidov splitting.

An anomalous temperature behavior of some vibrational modes was
founded in magnetic phase. These phonon lines undergo a shift when an ex-
ternal magnetic field H || C, is applied.

A broad structured band around 70 cm was observed at low tempera-
tures and was attributed to two-magnon Raman scattering. The band displays
no changes of shape, shifts or splitting in applied magnetic field. The energy

of magnons on the Brillouin zone boundary was estimated.

[1]. C Ritter, A Balaev, AVorotynov, G Petrakovski, D Velikanov, V Temerov and
I Gudim, J. Phys.: Condens. Matter 19, 196227 (2007).

[2]. D. Fausti, A.A.Nugroho, PH.M. van Loosdrecht, S.A. Klimin, M.N. Popova,
L.N. Bezmaternykh, Phys. Rev. B 74, 024403 (2006).
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In the past decade, in the context of the increasing use of luminescence
spectroscopy for facing complex analytical problems in fields of large social
and economical impact such as environmental sciences, medical diagnostics,
and cell biology, lanthanide complexes have been the focus of much attention
for their possible application as labels and sensors. Eu®" ions, which possess
luminescence lifetimes in the microsecond—millisecond range, offer the
opportunity to efficiently exclude autofluorescence and light scattering, the
most relevant interferences, particularly when biological material is involved.

The aim of this work is to study the luminescent properties of europium
coordination compounds with carbacylphosphortriamides — geteroanalogues

of B-diketones (Fig.).
R=N )
(HL")

\ R 2,2, 2—trichloro-N-(dipiperidin-1-yl-
Y ~pl phosphoryl)acetamide
R= N/_\O
n_/ (HLZ)
2,2, 2—trichloro-N-(dimorpholin-1-yl-
phosphoryl)acetamide

We used Eu(NO,),(L")(HL"), and Eu(NO,),(L*)(HL?), crystal compounds that
differ in the nature of the coordinated phosphortriamide ligands. Their luminescence
spectra at 293 and 8 K have been reported and analyzed. In order to find out the ways
of energy transfer to the luminescence center, the lasers with 337.1, 473 and 532 nm
wavelengths were used. Luminescence of the HL! and HL? had also been excited in
the maxima of their absorption bands lying in the UV- range of the spectra.
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The confinement and guiding light in sub-wavelengths sized hollow core
waveguides based on photonic crystal structure are very attractive tools for
enhancement of light interaction with gas and vapour phase media with pos-
sible application to the miniaturization and simplification of existing meas-
urement apparatuses. Nonlinear photon crystal based optical devices are
particularly attractive because the light localization in photon crystal elimi-
nates the tradeoff between small beam areas and finite focal depth. There are
a number of potential applications of such systems in atomic and molecular
spectroscopy, including gas phase sensing, precision spectroscopy, metrolo-
gy etc.

Synthetic opals (opal lattices) constitute an important example of globu-
lar photonic crystals—systems consisting of spherical particles (globules)
close packed in the form of a cubic lattice with a period a comparable to vis-
ible wavelengths. The periodic structure of photonic crystals leads to the for-
mation of allowed and forbidden bands for photons (photonic bands). This
feature of photonic crystals has been used to create advanced optical devices:
high- Q resonators, spectral filters, and others [1].

The coherent Doppler narrowing of absorption line of cesium atom in a
thin vapor cell and observation of the Dicke regime in the optical domain
was demonstrated [2]. The similar effects could be observed in opal filled by
absorbing gas.

The experimental equipment is based on the single frequency diode laser
sub Doppler spectrometer [3]. The opal samples were placed in sealed cell,
evacuated and filled by molecular iodine by vacuum sublimation techniques.

The nonlinear absorption spectra were studied and results are discussed.

[1]. A. P. Goncharov, V. S. Gorelik Emission of Opal Photonic Crystals under
Pulsed Laser Excitation/ Inorganic Materials, Vol. 43, No. 4, pp. 386-391, (2007).

[2]. Stephan Briaudeau, Solomon Saltiel, Gerard Nienhuis, Daniel Bloch, and Mar-
tial Ducloy. Coherent Doppler narrowing in a thin vapor cell: Observation of the Dicke
regime in the optical domain/Phys. Rev.A, v.57. no 5, pp. R3169-R3172(1998).

[3]. LV. Matsnev, A. M. Negriyko, V.M. Khodakovskiy, L.P. Yatsenko Precise char-
acterization of molecular iodine hyperfine structure spectra near 640 nm, this book, pp.

126



4

LIQUID CRYSTALS







O-1 LIQUID CRYSTALS

A DESIGN STRATEGY OF NEW MATERIALS WITH
ACTIVE C=C BONDS FOR LC PHOTOALIGNMENT
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Corresponding author: vretik@list.ru

New polymer materials were designed for LC orientation under the il-
lumination of linearly polarized UV light [9]. The main photochemical reac-
tion which leads to the photoinduced optical anisotropy of their films is Fries
rearrangement [2-7]. Materials proposed are bearing arylester photoactive
fragments capable to Fries rearrangement and terminal tetrahydrophthalic/
maleimide/ methacrylamide groups capable of crosslinking due to photoaddi-
tion/ photopolymeryzation that in a case of polarized light illumination re-
sults in highly efficient LC alignment. To verify realization of each of these
possible reactions IR spectra before and after UV irradiation has been ana-
lyzed [8]

[1]. Syromyatnikov, V., Vretik, L., Yaroshchuk, O., Zakrevskyy, Yu., Kim,T. M., Jo,
J. H., Kim, J. Y., and Kim, S. H. 2001, Mol. Cryst. Liq. Cryst., 368, 543.

[2]. Vretik, L., Syromyatnikov, V., Zagniy, V., Paskal, L., Savchuk, O., Yaroshchuk,
0., Dolgov, L., Kyrychenko, V., and Lee, C.-D. 2007, Mol. Cryst. Liq. Cryst., 479, 121.

[3]. Vretik, L., Paskal, L., Syromyatnikov, V., Zagniy, V., Savchuk, O., Dolgov, L.,
and Yaroshchuk, O. 2007, Mol. Cryst. Liq. Cryst., 468, 173.

[4]. [4]. Kyrychenko, V., Smolyakov, G., Zagniy, V., Vretik, L., Paskal, L., Syromy-
atnikov, V., and Yaroshchuk, O. 2008, Mol. Cryst. Liq. Cryst., 496, 278.

[5]. Vretik, L., Syromyatnikov, V., Zagniy, V., Savchuk, E., and Yaroshchuk, O.
2008, Mol. Cryst. Liq. Cryst., 486, 57.

[6]. Gryshchuk, L., Vretik, L., Syromyatnikov, V., Novikova O., Paskal P., Voyteku-
nas V., and Abadie M.-J. 2004, Polymer International, 53, 27.

[7].  Gryshchuk, L.,. Vretik, L., Syromyatnikov, V. 2002, Materials Science, 20, 5.

[8]. Vretik, L., Kyrychenko, V., Smolyakov, G., Yaroshchuk, O., Zagniy, V., Ga-
vrilko, T., Syromyatnikov, V. 2011, Mol. Cryst. Liq. Cryst., 536, 224.
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HELICAL TWISTING IN CHOLESTERIC SYSTEMS
CONTAINING PHOTOSENSITIVE AZOXY NEMATICS:
EFFECTS OF UV RADIATION

M. I. Serbina, N. A. Kasian, V. D. Panikarskaya

Institute for Scintillation Materials, STC “Institute for Single Crystals”, NAS of Ukraine,
60 Lenin Ave., Kharkiv, Ukraine
*Corresponding author: kasian@isma.kharkov.ua

For cholesteric liquid crystalline systems containing photosensitive
nematic ZhK-440 and a mixture of cholesterol derivatives, changes in helical
twisting induced by UV irradiation were studied. The UV-induced shift of the
selective reflection maximum A __was shown to depend upon concentration
of the nematic component. At low concentration of ZhK-440 A increases,
which correlates with corresponding temperature-induced changes. At
higher concentrations of azoxy nematic, A decreased regardless of the
temperature behavior of the system. To explain the experimental data, a
theoretical description is proposed on the basis of development of molecular
models of helical twisting. Good agreement was obtained between calculated
and measured values of UV-induced shift AL as function of the azoxy
nematic concentration, with two extrema and an inversion point. The extra
twisting emerging in the system due to formation of non-mesogenic and
non-chiral cis-isomers can be presumably assigned to ordered orientation of
short molecular axes of cis-molecules, with resulting contribution to helical
twisting determined by the sense of the helix that had been already formed in
the cholesteric system.

In another set of experiments, cholesteric systems containing
photosensitive nematic ZhK-440 and photosensitive optically active dopants
were studied, and peculiar features of UV-induced variation of helical
twisting in such systems are noted.
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THE SPATIAL-PERIODIC THRESHOLD STRUCTURE
OF DIRECTOR IN A NEMATIC CELL WITH PERIODIC
ANCHORING ENERGY

M. F Ledney', O.S. Tarnavskyy**

'Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
*Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
“Corresponding author:smalko1@bigmir.net

The threshold reorientation of director under the influence of static exter-
nal electric field in a planar nematic cell with a periodic surface anchoring
energy has been investigated theoretically. The value of transition’s threshold
and spatial distribution of director above the threshold have been found as
functions of the period and anchoring energy value. It has been shown that
the threshold of the transition depends non-monotonically on the number of
anchoring energy periods S that could be located along the cell length. The
distribution of director above transitionys threshold in the case of inte-
ger S traces the periodic changes of anchoring energy. The amplitude of pe-
ri- odic directors deviations grows while the ratio of the cell thickness to
the anchoring energy period decreases.
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MAGNETIC HIGH-SENSITIVE DISPERSION OF
MAGNETIC NANORODS IN NEMATIC LIQUID CRYSTAL

O. Buluy', Yu. Reznikov', D. Burseva', M. KolosoVv’, A. Krivoshey?’,
M. Prodanov?’, V. Vashchenko’.
"nstitute of Physics, National Academy of Sciences, Kyiv, Ukraine:

“State Scientific Institution “Institute for Single Crystals”, Kharkov, Ukraine.
Corresponding author: buluy@iop kiev.ua

Brochard and de Gennes in the 70th suggested that doping of thermo-
tropicnematic liquid crystal (LC) with ferromagnetic particles of the micron-
size could increase the magnetic sensitivity of the nematics on several orders
[1]. Later [2] confirmed this suggestion, strong aggregation of ferro-particles
in magnetic field prevented wide application of such ferronematics.

We report on studies of stability of the suspensions of ferromagnetic
nanorods covered with different surfactants in a LC 5CB. To enhance the
stability of dispersion the new surfactants were specially designed and syn-
thesized. The surfactants consistedofa LC like molecule chain and phosphon-
ic terminal group that provided a strong anchoring between surfactant and
surface of the nanorods.

—o—LC5CB dgj
18 —o— suspension 'c~0,01%' | |

Phase Retardation A®, rad

6 3‘0 éO 0 120 150
Magnetic Field, mT

Dependence of the magnetically-induced phase retardation in the cells at the magnetic
field.

Method of the particles preparation was described in [3, 4]. The resulting
suspensions had different stability depending on the chemical structure of the
surfactants. Neverthelessthe best suspensions revealed a good stability dur-
ing at several months. The suspensionc=0,1% wt., was filled to the cell with
a planar boundary conditions and put between cross polarizers in the mag-
netic field. We measured of the phase retardation in the cell in the magnetic
field.
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We found that the suspension was well responsive to magnetic fields.
Doping with the particles decreased the Frederics threshold in the suspension
on the 30-35% in compare the pure LC.

Taking into account the extreme sensitivity to magnetic field become the
topical task of the physics and applications of ferronematics.

The work was supported by the STCU Grant “Development, study and
application of inorganic nanoparticles dispersions in liquid crystals for opti-

cal information processing”
[1]. F. Brochard and P.G. de Gennes,. J. Phys. (Paris), 31, 691 (1970)
[2]. Shu-Hsia Chen and Nabil M.Amer, Phys.Rev.Lett., 51, 2298 (1983).
[3]. B. Tang, G. Wang, L. Zhuo, J. Ge, and L. Cui, Inorg. Chem., 45, 5196 (2006)
[4]. C. Sudakar, G. N. Subbanna, T. R. N. Kutty, J. Mater. Chem., 12, 107 (2002)
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STRONG CUBIC OPTICAL NONLINEARITY OF NEMATIC
LIQUID CRYSTAL DOPED WITH GOLD NANOPARTICLES

E. Ouskova', D. Lysenko', S. Ksondzyk!, L. Cseh?, G. H. Mehl?,
V. Reshentnyak’ and Yu. Reznikov'

! Institute of Physics, National Academy of Sciences of Ukraine, Pr. Nauki 46, Kiev
03028, Ukraine;
2Department of Chemistry, University of Hull, Cottingham Road, Hull HU6 7RX,
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3 National Taras Shevchenko University of Kyiv, Volodymyrs’ka str. 64, 01601, Kyiv,
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This paper reports on the observations of extremely strong and fast cubic
optical nonlinearity in nematic liquid crystal (LC) doped with gold nanopar-
ticles in the vicinity of a plasmon resonance band of the particles.

The nonlinearity was observed by recording dynamic phase sinusoidal
holograms with a continuous operating laser. It is caused by changes of the
refractive index of a LC due to efficient light-induced heating of the nanopar-
ticles at plasmon resonance excitation and following thermal transport of heat
to LC matrix.

Strong nonlinearity parameter (1n,~10 cm*kW), fast characteristic times
and excellent photo- and thermo-stability of the system exhibit several in-
triguing advantages for optical processing applications.
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SIMULATING CHARGE TRANSPORT IN DISCOTIC
LIQUID CRYSTALS

Denis Andrienko

Max Planck Institute for Polymer Research, Ackermannweg 10, Mainz, 55128 Germany
*Corresponding authors: andrienko@mpip-mainz.mpg.de

The role of material morphology on charge carrier mobility in partially
disordered organic semiconductors is discussed for several classes of materi-
als: derivatives of hexabenzocoronenes [1], perylenediimides [2], triangu-
larly shaped polyaromatic hydrocarbons [3]. Simulations are performed us-
ing a package developed by Imperial College, London and Max Planck Insti-
tute for Polymer Research, Mainz ( www.votca.org,[4]). This package com-
bines several techniques into one scheme: quantum chemical methods for the
calculation of molecular electronic structures and reorganization energies,
molecular dynamics and systematic coarse-graining approaches for simula-
tion of self-assembly and relative positions and orientations of molecules on
large scales; kinetic Monte Carlo and master equation for studies of charge

transport.

[1]. J. Kirkpatrick, V. Marcon, J. Nelson, K. Kremer, D. Andrienko, Phys. Rev. Lett.,
98, 227402, 2007

[2]. V. Marcon, W. Pisula, J. Dahl, D. W. Breiby, J. Kirkpatrick, S. Patwardhan, F.
Grozema, Andrienko, J. Am. Chem. Soc., 131, 11426, 2009

[3]. X. Feng, V. Marcon, W. Pisula, M. R. Hansen, J. Kirkpatrick, F. Grozema, D.
Andrienko, K. Kremer, and K. Mullen, Nature Materials 8, 421, 2009

[4]. V.Ruhle, C. Junghans, A. Lukyanov, K. Kremer, D. Andrienko, J. Chem. Theor.
Comp. 3211, 2009
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DIRECTOR FIELD IN A NEMATIC CELL WITH
INHOMOGENEOUS ANCHORING

N. Arvasova’, Yu. Reznikov

Physics of Crystals Department, Institute of Physics, National Academy of Sciences of
Ukraine, pr. Nauki 46, 03028 Kiev, Ukraine
"Corresponding author: aryasova@iop.kiev.ua

Inhomogeneous alignment of liquid crystals (LCs) at boundary surfaces
is important for both fundamental science and various technological applica-
tions. The competition between LC elastic energy and surface anchoring re-
sults in a rich variety of the director fields. Recently significant efforts have
been directed towards designing patterned LC alignment with micro- and
nano-patterns. These patterns can be achieved by various techniques such as
nano-rubbing, nano-imprinting lithography, optical and chemical patterning,
mixing polymers favoring planar and homeotropic alignment. Due to the
small size of the pattern and relatively weak anchoring, elasticity can deviate
the director at the inhomogeneous substrate from the easy axis. The similar
effect may also be observed at the untreated substrates with ‘random’ align-
ment.

In this paper we present a theoretical description of the equilibrium di-
rector field in a nematic cell with inhomogeneous anchoring. We demonstrate
that the elastic energy of the cell can be described by the director field at the
inhomogeneous substrate, leading to a representation as a set of surface mi-
cro-domains with the effective interaction potential. We use this representa-
tion to perform numerical simulations and investigate dependence of director
field on elastic constants, surface anchoring and cell thickness.
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ELECTROOPTICAL AND NONLINEAR-OPTICAL
PROPERTIES OF LYOTROPIC LIQUID CRYSTALS DOPED
WITH ELECTROCHROMIC VIOLOGENS

H. B. Bordyuh", G. V. Klimusheva’, A. P. Polishchuk’
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*Corresponding author: ghoul13@ukr.net

This work presents the results of experimental studies of structural, elec-
trooptical and nonlinear-optical properties of lyotropic ionic liquid crystals
(LILC) with soluted electrochromic admixtures of viologens.

It was obtained that LILC of potassium caprylate doped with viologen
admixtures form double-layer smectic A phase which is characterized by
electrostatic interlayer of metal cations, water, and negatively charged oxy-
gen atoms between alkyl chains. It was found, that viologen molecules (2-4
% by weight) are harmonically built into liquid crystal matrix without break-
ing its order.

It was shown that LILC-viologen composites obtain electrochromic
properties inherent to viologens, which produce coloured radical cations and
dimers while reducing. The presence of radical cations and dimers is fixed by
optical absorption spectra. It was established that under the action of an elec-
tric field samples of LILC-viologen form bi-layer structure consisting of a
liquid crystal layer and an absorptive layer of viologen redox products (radi-
cal cations and dimers). Due to liquid crystal medium a deposited viologen
layer is also characterized by ordering which was proved by the presence of
dichroism in coloured samples.

A dynamic grating recording was realized and studied in bi-layer LILC-
viologen cells. It was determined that recording takes place in the coloured
layer of viologen redox products. The possible mechanism of grating record-
ing in LILC-viologen cells was proposed.
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PHOTOALIGNING OF LIQUID CRYSTALS ON INORGANIC
SURFACE OF CHALCOGENIDE GLASSY FILMS

N. Boyarchuk!, Yu. Kurioz!"*, M. Klebanov’, V. Lyubin’®,K. Slusarenko’ and
Yu. Reznikov'
! Institute of Physics of NAS of Ukraine, Prosp. Nauki 46, Kyiv, 03680, Ukraine? Lev
Institute-JCT, Jerusalem 91160, Israel

3 Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel
*Corresponding author: kurioz@jiop;kiev.ua

The photoalignment of a LC on chalcogenide surface was firstly reported
in [1]. Here we demonstrate photoalignment of different LCs by chalcoge-
nide glassy surfaces and show a crucial role of the pair “LC — chalcogenide”
for producing a light-induced anchoring. Our studies were focused on pho-
toalignment of nematic LCs SCB, E7 and E44 on a chalcogenide surface
As,S, at the in-situ irradiation with polarized light (1=436 nm). The experi-
ments were carried out in the cells made of the command chalcogenide sur-
face, the reference rubbed polyimide surface and LC in between. The initial
planar unidirectional alignment on the chalcogenide surface was defined by
the rubbed reference surface and by cooling of the cell from temperature T >
T, to the room temperature in a magnetic field parallel to the rubbing direc-
tion.

We found the evident dependence of the light-induced anchoring on the
pair “LC- As,S.”. The most efficient and stable anchoring was observed for
the pair “5SCB - As,S.”. The pair “E7 - As,S,” revealed weaker anchoring that
decreased with time. We did not find notable anchoring for the pair “E44 -
As,S.”. The director orientation induced by the first exposure could be reori-
ented by the second exposure with the different direction of light polariza-
tion. The observed results are explained in the frame of the model of light-
induced adsorption/desorption of LC molecules with chalcogenide glass’s
absorption sensitivity to the light polarization.

Acknowledgments: The authors are grateful to M. Trunov for useful dis-
cussions. The work was partially supported by the STCU Project 4687: “En-
gineering of permanent holographic gratings by vortex and speckle beams in

solid and liquid crystals”.
[1]. Yu. Kurioz, M. Klebanov, V. Lyubin, N. Eisenberg, M. Manevich and Yu.
Reznikov. Mol. Cryst. Liq.Cryst, 489, 94[420] (2008)
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DIELECTRIC SPECTROSCOPY OF CHEMICALLY
MODIFIED MOLECULES OF FULLERENE C_ IN NEMATIC
LIQUID CRYSTAL

V. Vovk', A. Koval 'chuk’ and N. Lebovka®
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03028 Kyiv, Ukraine
YInstitute of Biocolloidal Chemistry, National Academy of Science of Ukraine, 42,
Vernadskii Prosp., 03142 Kyiv, Ukraine
Corresponding author: vovk@iop.kiev.ua

We have obtained solutions C60 with attached molecules of diamine
(C60D) in nematic liquid crystal 6(CHBT. The concentration ¢ of C60D in LC
was changed within the range of 0 to 3 wt.%. We have studied samples of the
sandwich structure of the thickness 25 pm with planar and homeotropic ori-
entations of molecules. The film structure was investigated by using a polar-
izing microscope, and dielectric properties were studied within the range
frequency 10'-10° Hz and at the temperature 293 K by using an oscilloscope
method [1].

For the frequencies less than 100 Hz, the dispersion of the components
of complex dielectric permittivity was observed. It was shown that this rela-
tion can be described by the Debye equation. The value of relaxation time
was determined. It was shown that the temperature dependence of relaxation
time correlates with the temperature dependence of specific resistance.

As it follows from the analysis of dielectric spectra, for homeotropic
orientation of molecules, the time relaxation t caused by dipole polarization
of molecules increases with the growth of the C60D concentration. For planar
orientation, the value T does not depend on the C60D concentration. It was
shown that the parameters, which cover the temperature and concentration
dependences of AC conductivity, also depend on an orientation of LC mole-
cules. Analyzed were the reasons that explain these effects, and offered was
the mechanism that interprets influence of structural features of C60D clus-
ters on dielectric properties of the mixture LC- C60D.

Acknowledgement: This work was supported by the Institute of Physics,

NAS of Ukraine, Project 1.4.1 B/134.
[1]. A.J. Twarowski, A.C. Albrecht, J. Chem. Phys. 20, 2255 (1979).
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NONLINEAR OPTICAL RESPONSE OF SMECTIC GLASSES
BASED ON COBALT ALKANOATES

Yu. A Garbovskiy', A. V. Gridyakina®, G. V. Klimusheva®, T. A. Mirnaya®,
A. P. Polischuk?
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“Institute of General and Inorganic Chemistry, Prospect Palladina, 32/34, 03142 Kyiv, Ukraine
*Corresponding author: morhin@ukr.net

Metal alkanoates can form almost all states of condensed matter: solid crys-
talline state, liquid state, liquid crystalline state, isotropic and anisotropic glasses,
and low-dimensional systems. Recently such a variety of metal alkanoates and
their phase states was used in order to fabricate optical and nonlinear optical ma-
terials, for instance, double-layer cells “photosensitive film — ionic lyotropic liquid
crystal”, ionic lyotropic liquid crystals doped with electrochromic impurities [1],
mesomorphic glasses with dissolved dye molecules [2].

In present work we studied nonlinear-optical properties of the mesomorphic
glasses based on cobalt-alkanoates: 1) homologous series of pure cobalt alkano-
ates; ii) binary and ternary systems based on cobalt\potassium\lithium octanoates.
Nonlinear-optical response of anisotropic smectic glasses was studied using meth-
od of the dynamic holography. Laser induced dynamic gratings under the action of
the nanosecond laser pulses were observed and analyzed for such materials. It was
found that cubic optical nonlinearity of all studied anisotropic glasses is of elec-
tronic origin at nanosecond diapason and caused by nonlinear polarization of the
cobalt-alkanoates complexes. Fundamental optical (refractive index » and absorp-
tion coefficient &) and nonlinear-optical (nonlinear susceptibilities ¥ and polariz-
abilities y,,) parameters of the mesomorphic glasses based on cobalt-alkanoates
can be tuned via varying length of alkanoate anion chain (interlayer smectic dis-

tance) and by varying binary and ternary metal alkanoate systems.

[1]. Bordyuh A., Garbovskiy Yu., Bugaychuk S., Klimusheva G., Reshetnyak V. Fast
Nolinear Optical Mechanisms in Bi-Layered Cells Composed by Lyotropic Ionic Liquid Crystals
with Dye and Viologen Films, Mol. Crys. and Liq. Crys., 2009, 508, 296 - 308.

[2]. Bugaychuk S., Klimusheva G., Garbovskiy Yu., Mirnaya T., Ischenko A. Nonlinear
optical properties of composites based on conductive metal-alkanoate liquid crystals, Opt.-el.
Rev. 2006, 14(4), 275-279.
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SUSPENSIONS OF FERROELECTRIC NANOPARTICLES IN
LOW BIREFRINGENCE LIQUID CRYSTALS

R. Karapinar", O. Kurochkin’, E. Ouskova’ and Y. Reznikov?
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Colloidal dispersions of nanoparticles in liquid crystals are of great inter-
est as they have advantage of combining the orientational order of liquid
crystals and physical properties of nanoparticles. Such systems have a poten-
tial for the electro-optic displays because of their effective sensitivity to ex-
ternal fields [1]. Ferroelectric nanoparticles that are dispersed in a nematic
liquid crystal macroscopically appear identical to a pure liquid crystal. How-
ever these colloids show interesting physical properties since strong electric
field from the particles enhances the orientation ordering of liquid crystal
molecules [2-3]. Recently it has been reported that the suspensions of ferro-
electric nanoparticles in liquid crystals at low concentrations (~0.1%) in-
crease the nematic-isotropic phase transition, optical anisotropy and dielec-
tric anisotropy but decrease the threshold voltage [4].These changes in the
physical parameters are due to the increased orientational order of liquid
crystal molecules induced by ferroelectric nanoparticles. In this study we re-
port the recent investigations of optical parameters of the ferroelectric nano-
particles in low birefringence liquid crystals and discuss order parameters of
these colloids.

Acknowledgments
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[3]. O. Kurochkin, et al. J. Opt. A: Pure Appl. Opt. 11, 024003 (2009).
[4]. O. Kurochkin, et al. Cond. Mat.Phys., 13, 33701 (2010).
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MOLECULE LENGTH INFLUENCE ON THE STRUCTURAL
PROPERTIES OF NORMAL ALKANE ELC LAYERS
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Structural characteristics of epitropic liquid crystalline (ELC) [1] layers
of saturated hydrocarbons, which form the base of lubricating oils, determine
anti-wear properties of the latest [1]. As it was defined by the hydrodynamic
modeling approach [2] on the basis of rheological research, the thickness of
normal alkanes ELC layers, in particular, which formation is related to the
fluctuation forces generated by metal surfaces, may reach several microns (~
1+5 pm). Although the influence of molecule chain length on the n-alkane
homologues ELC layer structural characteristics, such as layer thickness and
degree of ordering, is under consideration.

Estimation of structural parameters of ELC layers of C,,H, and C H,,
was performed using the variable thickness slot light guide method [1]. With-
in the framework of such approach, the dependence of phase shift 8 between
the elliptically polarized light (A, ~589 nm) components on the thickness D
(0=f(1/D)) of interlayer, bounded with metal substrates, is established and
structural parameters are defined:

271 (2d An)~
A D

where d_is the ELC layer thickness; An is the value of optical anisotropy,
which determines the degree of molecule ordering; L is the light guide length.

It was determined that ELC layer thickness of C H.. (d, ~4 um) and
value of An (An ~ 1,8-10 %) at the metal substrate are higher compared to
C,H, (d ~2 pm, An~ 1,35-10 ). This may be explained as increase of layer
degree of ordering within the molecule chain length.

[1]. B.A. Altoiz and Yu.M. Popovskii, Fizika poverkhnostnykh sloev zhidkosti

(Physics of Liquid Surface Layers) (Astroprint, Odessa, 1996).
[2]. B.A. Altoiz, S.K. Aslanov, and S.V. Kiriyan, ZAMP, 62 Ne 2 (2011).
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PHOTOCONDUCTIVITY OF 4-PENTYL-4'-
CYANOBIPHENYL IN DC FIELD

P._Korniychuk, O. Gabovich, A. Tereshchenko, A. Voitenko and Yu. Reznikov
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Nematic liquid crystal (LC) 4-pentyl-4cyanobiphenyl SCB has recently
attracted significant attention as photorefractive medium. There two types of
photorefractive effects in this material which are observed at dc-field applied
to the LC cell. The first one is related to bulk-mediated photorefraction [1-2].
In this case incident light intensity grating generates photo-charges in LC
bulk, which migrate and diffuse within the LC material and set up spatially
distributed charge field. The second one is related to surface-mediated pho-
torefraction [3-5]. In this case the space-charge grating is formed in the
“aligning layer-LC” interface. The spatial modulation of the charges in the
interface results the corresponding modulation of the electric field which ex-
tends in the LC bulk and reorient the director. The characteristics of the sur-
face-mediated photorefraction gratings strongly depend on the characteristics
of LC electrical double layer nearby the aligning surfaces and related to pho-
toconductivity in the LC cells. We report on studies of formation of the charg-
es double layer and photocurrent characteristics in a cell with two ITO-
boundary surfaces and LC 5CB in between. It was found that optimal charac-
teristics of the photorefraction grating recording which realized at the applied
dc-field correspond to the formation of the stationary charges double layer at
the ITO surface. The irradiation of the interface results in a shrinking of the
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double layer (Figure, left), producing of a photoconductivity which changes

the value of the initial steady current in the cell (Figure, right).

[1]. Rudenko, et al. JETP Letters, 1994. 59(2): pp. 142-146.
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The idea of imparting ferromagnetic properties to nematics by doping
liquid crystals with ferromagnetic nanoparticles, proposed by De Gennes and
Brochard many years ago [1], opened the field of hybrid liquid-crystal com-
posites. Here, we report on basic properties of new liquid-crystal nanomateri-
als based on dispersions of ferromagnetic nanoparticles in mineral liotropic
liquid crystal.

We used a colloidal aqueous suspension of V,0; ribbons (several 100
nm long, about 25 nm wide, and 1 nm thick) doped with ferromagnetic Fe,O,
spherical particles of 10 nm diameter. Undoped colloidal suspensions dis-
played a nematic phase for V,O, volume fractions in the range 0of 0.7 - 1.1 %.
Doping of the V, O, colloid with Fe,O, nanoparticles resulted in a shift of the
nematic range to smaller volume fractions. The nematic colloids were studied
in 50 my thick cells made from two glass substrates, covered with either ITO
layer or with a surfactant , C H,  O(CH,-CH,0)_ (n 12-14; m = 10) layer.
The planar alignment of the colloids was achieved by flow during cell filling
and was stable for weeks. No aggregation of V,O, ribbons and ferromag-
netic nanoparticles was observed either by polarizing microscopy or by
small-angle X-ray scattering.

We found that the colloidal hybrid (V,0,/Fe,0O,) nematic dispersion is
very sensitive to a magnetic field. The field, H , was applied perpendicularly
to the cell substrates and we measured the dependence of the optical phase
retardation in the cells on field intensity. The phase retardation in the cells
with pure V,O, nematic colloid did not show any change up to the highest
available field, H = 2.5 kG (the reorientation threshold for this colloid was
reported to be about 10 kG [2]). In contrast, phase retardation changes, with-
out any threshold, were observed with the (V,0./Fe,O,) doped colloid; direc-
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tor reorientation was readily observed at H > 50 G. The characteristic times
of director reorientation were around several minutes and decreased with the
increasing field intensity. Switching off the field resulted in slow (~30 min)
relaxation of the director back to the initial state. This recovery of the initial
alignment suggests the existence of an anchoring energy of the suspension,
which is probably due to anisotropic interaction of ribbons with the aligning
surfaces.

To set the origin of the effect we studied the magnetically-induced bire-
fringence of the dispersion of the nanoparticles Fe,O, in water and of (V,0./
Fe,0,) isotropic dispersion in water. It was shown that at the same concentra-
tion of Fe,O, nanoparticles the field-induced birefringence in the isotropic
V,0/Fe,O, dispersion was in two orders larger than in Fe,O, dispersion. In
the limit of one order smaller volume concentration of Fe O, nanoparticles
than volume concentration of V,0O, this birefringence is proportion to the
concentration of Fe,O, . These facts together with other results have allowed
us to suggest a mechanism of the extra-high sensitivity of the V,0./Fe,O,
dispersion based on formation of chain-like structures of Fe,O, particles in
the dispersion, oriented along H-field. An electric interaction between these
anisometric chain structures and V,0 ribbons induces in a strong torque that
results in the reorientation of the V,0./Fe O, dispersion.

This research was supported by the EcoNet grant “Dispersions colloi-

dales de particules ferroélectriques dans des cristaux liquides lyotropes.
[1]. F. Brochard and P. G. de Gennes, J. Phys. (Paris), 31, 47 (1970).
[2]. P. Davidson. Comptes Rendus Chimie, 13, 142-153 (2010).
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FERROELECTRIC-LIKE CURRENT —-VOLTAGE AND
CHARGE VOLTAGE LOOPS OF COLLOIDS OF SrTiO,
NANOPARTICLES IN NEMATIC LIQUID CRYSTALS
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Colloids of nano-particles (NP) of different nature in liquid crystal (LC) host
possess intrigue properties, especially the colloids of ferroelectric (FE) nano-
particles (FENP) in nematic LCs. Advanced properties were attributed to sponta-
neous polarization P_of the FENP. Earlier we observed the polarization reversal-
like behaviour in FENP-LC colloids with Sn,P,S, and BaTiO, (BTO) NP.

To clarify a crucial role of P_in the observed ferroelectric-like behaviour of
FENP-LC colloids we performed the same characterization for NP-LC colloids
with NP of quantum paraelectric SrTiO, (STO), which belongs to perovskite group
as ferroelectric BaTiO,, but does not possess P_even under deep cooling.

The (0,1-1) vol % NP-LC colloids of STO (50-80 nm) nanopowder in LC
pentylcyanobiphenil (5CB) and NP-LC-cells were prepared the same as FENP-
LC-cells, namely NP were covered with an oleic acid (OA) surfactant and the layer
of polyvinyl-cinammate (PVC) was used for LC planar alignment.

The studies of dynamic charge-voltage (Q-V-), current-voltage (I-V-) and
capacitance-voltage (C-V-) loops were performed. Drive a.c. voltage of 0 - 20V
of amplitude in the frequency range 0,1 Hz - 1 kHz was applied to the circuits
of series connection of tested sample with reference capacitor or resistor.

The shapes of experimental [-V-, Q-V- and C-V- loops for BTO FENP-
LC and STO NP-LC colloids are qualitatively similar, in particular the I-V-
loops contain the characteristic peaks that indicate coercive-like phenomena.
Under the same conditions the characteristic current peaks are not observed
in the LC-cells with pure S5CB. Only in general the shape of I-V- and Q-V-
loops of BTO FENP-LC and STO NP-LC colloids is similar to that of non-
saturated I-V- and Q-V-loops for BTO single crystal plates. The peculiarities
of I-V-, Q-V-and C-V- loops and frequency behavior of I-V- and Q-V-loops
similar for both types of colloids are different from those of FE plates.

The behaviour of BTO FENP-LC and STO NP-LC colloids is discussed re-
lated to LC dimer — LC monomer local orientation transformation, surface anchor-
ing and adsorption influence on local director configuration, different boundary
conditions at (NP)OA — LC and LC — PVC surfaces, and space charge and field
effects in (NP)OA — LC and (NP)OA — LC — PVC-ITO-electrode inter-spaces.
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POLARIZATION DIFFRACTION GRATINGS IN LIQUID
CRYSTALS CELLS WITH CHALCOGENIDE GLASSY
COMMAND SURFACE
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We report on recording of permanent electrically-controlled polarization
gratings by means of polarization sensitive light-induced anchoring of liquid
crystals (LCs) on photosensitive chalcogenide glassy surface. The gratings
were recorded in the combined LC cells with cell gap around 30 mm. They
consisted of command chalcogenide As, Se,, surface, reference surface and the
LC 5CB or E7 in between. The rubbed polyimide layer served as the reference
surface. It provided strong planar alignment of the LC. The command chalco-
genide surface was also rubbed. The directions of rubbing on the command and
reference surfaces were parallel. The cells were filled with the LCs in nematic
phase by capillary effect and a uniform planar alignment of LCs was formed.
To record the gratings, two laser beams with 1 = 532 nm and opposite circular
polarizations were intersected in the plane of the cells. It resulted in a spatial
modulation of the linear polarization, E (x) , with a period determined by the
converging angle of the recording beams. Due to the effect of light-induced
anchoring, the spatial modulation £ (x) resulted in modulation of the easy ori-
entation axis of the LC on the chalcogenide surface, e (x) . The spatial distribu-
tion e (x) led to the corresponding modulation of the optical axis in the LC bulk
and resulted in recording of the grating. The grating was tested by observation
of the probe beam diffraction. Application of the electric field resulted in the
reorientation of the LC and a change of the phase retardation amplitude modu-
lation in the cell. It allowed us to effectively control the diffraction of light and
to optimize the diffraction efficiency of the grating. The maximum diffraction
efficiency h » 33% was achieved.

High sensitivity and thermal stability of the grating in LC cells with chal-
cogenide layers together with effective electrically driven control of the grat-
ings characteristics makes them very attractive for potential optical and photon-
ics applications.

Acknowledgments: The work was partially supported by the STCU
Project 4687: “Engineering of permanent holographic gratings by vortex and
speckle beams in solid and liquid crystals”.
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INFLUENCE THE QUALITY OF THE PLANAR TEXTURE
OF A CHOLESTERIC LIQUID CRYSTAL ON THE LASING
SPECTRA

L P. Iichishin, Eu. A. Tikhonov, T_V. Mykytiuk
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Dye-doped chiral liquid crystals (CLC) with a natural periodic structure
suitable for lasing. On the basis of such materials microlasers with distributed
feedback have been realized (DFB) [1]. Low lasing threshold and the arbi-
trary size of the active medium of such lasers are responsible for the pros-
pects of their use in creating new systems of information displays.

The goal of our work was to study the effect of the optical quality of the
planar texture of the steroidal CLC on the spectral characteristics of lasing.

Used three methods to create a planar texture of the steroidal CLC; ori-
entation by rubbing in the one direction of substrates with polyimide varnish
(PAC) deposited on transparent electrodes of SnO,; only substrates with a
layer of PAC and substrates with a layer of polyvinyl alcohol (PVA). The las-
ing spectra in a CLC at different methods their orientation show strongly
correlation with the quality of the texture. For the best quality texture with a
narrow band of selective reflection (SR) (the orientation of the CLC layer by
PAA + SnQ,) in the lasing spectrum recorded three lines, which correspond
to longitudinal modes with a low lasing thresholds. Expansion of CO bands
in the texture produced by the two other technologies, accompanied by a
broadening of the mode structure in the lasing spectrum and increasing her
threshold.

An interesting result was obtained with additional orientation viscous
steroidal CLC rotation for 90° either of the orienting substrates. In such a
texture recorded the most narrow SR band, in the lasing spectrum was ob-
served only one central mode. The lasing thresholds for the two side modes
is not achieved even with a substantial (50 times) increase in the pump. A
possible explanation of this phenomenon - the formation of local defect mode
due to the phase jump at turn orienting the substrate [2]. Obtained results al-
low us to define the limits of applicability of existing models of the lasing to

specific types of CLC.

[1]. 1. I Ilchishin, Eu.Tikhonov, V.Tishchenko and M. Shpak. JETP Lett. 1980, 32,
24.

[2]. 2. V. Belyakov Mol. Cryst. Liq. Cryst. 2008, 494, 127.
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PHOTOINDUCED OPTICAL ANISOTROPY
INVESTIGATION IN POLYMETHACRYLATES WITH SIDE-
CHAIN AZOBENZENE MOIETIES

O. M. Nadtoka'", O.V. Yaroshchuk?
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In the past few years, azo-dye-containing polymers have been the sub-
ject of intensive research because of their potential uses in photonics, opto-
electronics, and optical signal processing. One of the main interests of these
polymers is photoinduced optical anisotropy, which is appeared when they
are irradiated with the linearly polarized light. This phenomenon comes from
the reorientation of the azobenzene groups through trans-cis-trans isomeriza-
tion cycles, which leads to an excess of photochromic entities oriented per-
pendicularly to the laser polarization direction.

o)
N R
o N

R = NO,, COOC,H,, OCH,, OC,H,,

In this work we study the kinetics of the photoinduced orientational ordering
of two type of methacrylic polymers containing different azobenzene groups with
both electron-donor and electron-acceptor substituents under irradiating them at
two different wavelengths. For the experimental study of the orientational distribu-
tion in polymer films we use the methods of null ellipsometry and polarization
spectroscopy [1]. It was found that azo fragments were oriented by photoorientation
or photoselection mechanisms depending on the excitation wavelength as well as
the end substituents in azo fragments. In the case of acceptor substituents (NO,,
COOC,H,), azo fragments adopt a uniaxial orientation and a uniform distribution
in the plane perpendicular to the direction of excitation-light polarization. In the
case of donor substituents (OC.H, , OCH,) the distribution of azo fragments in the
saturation state is isotropic at the excitation of the wavelength corresponding trans-
isomers. Irradiation them of the wavelength corresponding cis-isomers leads to

orientation, which is the same as in the case of acceptor substituents.
[1]. O.Yaroshchuk, A.D.Kiselev, Yu.Zakrevskyy, J.Stumpe, J.Lindau. Eur.Phys.J. 2001,
57-67,E 6.
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Prepared and studied were stable for several months mixtures of nematic
liquid crystal 6CNBT with single-wall carbon nanotubes (CNTs), which were
unmodified and modified with COOH groups. The diameter of nanotubes
was 10 nm, the length was 1000 nm, and the concentration — 2.10 wt.%. The
samples with planar orientation of LC molecules were prepared by deposition
of orienting coatings. Observations with the polarizing microscope showed
that a low concentration of nanotubes does not effect on the orientation of
liquid crystal molecules.

Using the oscilloscope method within the frequency range 10'-10° Hz
and at the temperature 297 K, dielectric properties of the obtained mixtures
were studied. It was shown that even a small amount of nanoparticles leads to
changes of the sample properties.

It was shown that, unlike the LC mixtures with high concentration of
nanotubes , the presence of small amount of nanoparticles leads to a decrease
in the conductivity of the mixture LC-NTs. The maximum decrease in the
conductivity was obtained for LC mixtures with the modified NTs (more than
three times). Non-modified NTs reduce the conductivity of the mixture by
two times less than the modified ones. It was suggested that the main reason
for the reduction of conductivity is adsorption of ions, which are located in
LC and take part in charge transfer on the surface of nanotubes. Modification
of NT by the COOH group leads to a significant increase in adsorption prop-
erties of the NTs. Estimations were made as regard to improvement of the
adsorption properties of NTs by using other groups of molecules apart from
the COOH ones.
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EFFECTS OF LIQUID CRYSTALLINE PHASE
STATE UPON LUMINESCENT PROPERTIES OF
2-BROMOBENZOPHENONE
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Luminescence spectra of liquid crystalline solutions of 2-bromobenzo-
phenone (2BrBP) were studied in comparison with similar spectra of 2BrBP
measured in standard organic solvents and in the crystalline form. The lumi-
nescence behavior was found to be markedly different at different excitation
wavelengths. Under 280 nm excitation, the luminescence spectrum was gen-
erally similar to that obtained in a standard (isotropic) solvent with a charac-
teristic band peaked at ~322 nm, though a strong long-wave tail could be
noted. Under 240 nm excitation, the 322 nm band completely disappeared,
and a broad luminescence peak emerged at ~420 nm, rather close to the 437
nm and 467 nm peaks noted for the crystalline samples for both excitation
lengths. Moreover, several additional peaks in the ~350-425 nm range ap-
peared in the standard solution under 240 nm excitation, alongside with the
322 nm band.

The observed unusual behavior can be considered as an even more clear
example of the effects of liquid crystalline phase state upon luminescent
properties in the case when the luminophores show molecular polymorphism
[1]. Apparently, in this case molecular luminescent properties are affected not
only by conformational changes induced by orientationally ordered medium,
but also by conformational changes under excitation, with a complex inter-
play of both factors.

Another interesting property of 2BrBP is its very high (up to 20%) solu-
bility in liquid crystal solvents. Its effects upon helical twisting, studied under
the same conditions as previously reported for other luminophores [2], at
high concentrations become notably non-linear, with induction of texture

changes within the cholesteric mesophase.

[1]. L.N.Zavora, M.l.Serbina, N.A.Kasian, Yu.A.Gurkalenko, V.M.Shershukov,
L.N.Lisetski, Functional Materials, 16, 470 (2009).

[2]. L.N.Lisetski, L.N.Zavora, N.A.Kasian, O.V.Vashchenko, V.D.Panikarskaya,
Mol.Cryst.Liq.Cryst., 510, 106 (2009).
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ORIENTATION PROPERTIES AND INTERACTION
OF NEMATIC LIQUID CRYSTALS WITH NEW
PHOTOSENSITIVE AZOMETHINE POLYMERS
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We report the development and characterization of new photosensitive
polymers for orientation of nematic liquid crystals (NLCs). These materials
based on azomethine polymers and have different arrangement of chromo-
phores. We found that polymers demonstrated high photosensitivity and rath-
er strong anchoring energy of liquid crystals. The reference cell technique [1]
was used for estimation of the azimuthal anchoring energy. The poliazome-
thines that contained chromophores in the main chain were obtained through
polycondensation of aromatic dialdehydes with some aromatic diamines.
These polymers demonstrated the increase anchoring energy of liquid crys-
tals during the observation period. The polymers that contained chromo-
phores in the side chain were synthesized by the reaction of azomethine dyes
with 2-methylacryloyl chloride followed by the polymerization in DMF at 80
°C in the presence of AIBN as a free-radical initiator. These polymers clearly
demonstrated the decrease anchoring energy of liquid crystal during our ex-
periments. The photoalignment mechanisms are discussed in terms of disper-
sion and dipole-dipole interactions between liquid crystal molecules and pho-
tosensitive polymer fragments.

Acknowledgments: The authors are grateful to prof. Yu.Reznikov for
useful discussions.

[1]. Andrienko D, et. al. Mol. Cryst. Liq. Cryst., 1998, 321 , 71
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The phenomenon of photo-alignment and new photo-aligning materials
were subjects of extensive researches, since the effect was firstly described as
reversible cis-trans isomerization of the azobenzene units attached to the sub-
strate or polymer matrix. Photo-alignment is a non-contact method, which
enables to create a high quality orientation of the liquid crystal (LC) layer
without mechanical damage of the substrate, electronic charge or dust con-
tamination. After the appearance of the first photo-aligned films, such as dye-
doped polymer layers [1] or polyvinyl cinnamates the development of new
photo-aligning materials becomes a hot topic of research [2].

In this work, we concentrate on the methacrylic azopolymers of different
structure with both electron-donor and electron-acceptor substituents.

These polymers were obtained by free-radical polymerisation of such
methacrylic azobenzene-containing monomers as:

CH,

CHFé_g_@m@

where R = CH,, OCH,, NO,, Br

Copolymers were synthesized from azobenzene-containing monomers
with methyl-, butyl- octyl-, decylmethacrylate as well as 2-hydroxyethyl-
methacrylate in AIBN-catalyst presence.

We have investigated the photo-aligned azopolymer layers for liquid
crystal alignment and studied its dependence on azobenzene chemical struc-

ture as well as main polymer chain.

[1]. Gibbons W., Shannon P., Sun S.T., and Swetlin B., 1991, Nature, 351, 49.

[2]. Vretik, L., Syromyatnikov, V., Zagniy, V., Savchuk, E., and Yaroshchuk, O.
2008, Mol. Cryst. Liq. Cryst., 486, 57.
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The influence of incident light beam's narrowness and intensity distribu-
tion along beam's transverse dimension on the hysteresis of light induced
Freedericksz transition in a homeotropic nematic liquid crystal cell has been
considered. Cases of one- and two-dimensional confined beams have been
investigated. In the case of one-dimensional confined beam several different
distributions of the light intensity have been used for calculations. Threshold
values of orientational instability and values of maximal director's jumps for
increasing and decreasing of the incident light intensity have been found nu-
merically as functions of beam's transverse size. Conditions for the maximal
width of the hysteresis loop have been obtained. It has been demonstrated
also that the range of admissible elastic Frank constants'ratios (K, — K)/ K,
and K, / K, becomes wider with increasing of the transverse
size of one-dimensional confined light beam.
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THE INFLUENCE OF RIGIDITY OF CHIRAL STEROID
CORE IN MOLECULAR STRUCTURE OF CHIRAL
DOPANTS ON SHORT-PITCH TEMPERATURE
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Among experimental studies the certain interest is devoted to investiga-
tions of character of temperature dependence of helical pitch in visible range,
1, for cholesteric liquid crystal (LC) systems induced by chiral dopants. There
are some origins to be responsible for this characteristic.

Since [=P - n, the temperature dependence of mean refractive index, n
(T), yields some contribution, but in the majority of cases, n (T) dependence
of different nematics is quite negligible. The change of elastic constants of
selected nematic with temperature effects on character of 1 (T) and gives one
more additional contribution. But we believe the most important factor deter-
mining the certain dP/dT (and correspondingly, dI/dT) is the possibility of
conformational changes with temperature in molecular structure of a chiral
dopant, if it takes place or, contrary, relative molecular rigidity of a chiral
dopant. The latest aspects are widely discussed in literature. The helical pitch
gradient with temperature is usually observed for flexible chiral compounds
[for example, 1]. The effect of molecular rigidity, for example, in case of
bridged biaryl and helicene derivatives is mentioned as a reason of little tem-
perature dependence of helical pitch [2].

In this work we discuss some 5a-androstanone, androstenone and estro-
ne derivatives possessing relative rigid molecular structure due to inflexible
steroid core and its influence on the helical pitch temperature behavior in in-

duced cholesteric LC systems.

[1]. Hai quan Zhang, Wen ke Liu, An lei Qin, Fei fei Wang, Li cheng Zhao, Shuai
Zhang, Ying Li and Huai Yang, Liquid Crystals, 37 (3), 2010,
pp. 317-324.

[2]. David J. Earl, Mark R. Wilson, Journal of Chemical Physics, 119 (19), 2003,
pp-10280 — 10288.
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1. Introduction. Cholesteryl formiat (ChF) is the first member of choles-
teryl n-alkanoates homologous series. ChF has a monotrop cholesteric liquid
crystal phase which appears under cooling of the isotropic ChF phase [1]. IR
spectra have shown [2] that in ChF there are intermolecular hydrogen bonds.
The purpose of the given work is to provide more detailed and correct, as
compared with [2], study of hydrogen bonding in ChF and its influence on
mesomorphism of ChF.

2. Methods. ChF in solid crystal, cholesteric liquid crystal, and isotropic
liquid phases as well as in solution in the CCl, was investigated by IR spec-
troscopic method. Infrared absorption spectra in the 4000-400 sm™' region
were measured by spectrophotometer UR-20. Besides, ChF was studied by a
method of semi empirical quantum-chemical calculations.

3. Results and discussion. Changes of IR spectra in the basic in the 1750-
1700 sm™ region of C=0 stretching vibration at phase transitions show that in
ChF there are intermolecular hydrogen bonds of type C=0...H-C. In solid
crystalline phase all molecules are associated on dimers. In isotropic liquid
phase almost all dimers are dissociated on monomers. In cholesteric liquid
crystal phase the number of dimers and monomers is almost equal.

Semi empirical quantum-chemical calculations confirm these results.

4. Conclusions. Formation of intermolecular hydrogen bonds in solid
crystal phase of ChF leads to increase of forces of intermolecular interac-
tions, and, as consequence, to rise in temperature of melting of ChF. Transi-
tion from at solid crystal phase to isotropic liquid phase without formation
liquid crystal phase at heating of crystal ChF can be explained by the fact that
the temperature of melting of ChF lies above temperature of area of existence

of the mesophase.

[1]. M. V. Kurik, A. A. Rudenko, V. G. Tishenko, Zhurn. Fiz. Khim. 54 (1980) 79
(in Russian).

[2]. L.S. Gorbatenko, T. P. Myasnikova, R. Ya. Evseeva, Zhurn. Prikl. Spektros. 24
(1976) 153 (in Russian).
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STRUCTURAL AND PHOTOLUMINESCENCE PROPERTIES
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Nanoscale semiconductor materials are currently in a focus of consider-
able interest due to their great potential for the application as functional ma-
terials. Due to its wide band gap and high exciton binding energy the nano-
sized ZnO is one of the most promising materials for applications in UV light
emitters, transparent conductive films, gas sensing, etc. Wide variety of ZnO
nanoparticles has been synthesized. Among them the nanoparticles encapsu-
lated in inert matrices are advantageous due to better stability of their surface
conditions. Many porous materials have been used to prepare ZnO nanostruc-
tures: zeolites, porous silicon, porous alumina, porous carbons, and porous
silicas. Among these nanoporous solids, the SBA-16 silica has attracted a lot
of attention because of its three dimensional cage structure, high surface area,
relatively high pore volume, large pore sizes, good thermal stability due to
the thick wall, and economical synthesis with inexpensive silica sources.

This study is focused on the synthesis and characterization of nanocom-
posites constituted of ZnO nanoparticles dispersed in mesoporous silica ma-
trix SBA-16. Mesoporous silica SBA-16 was prepared using the non-ionic
triblock copolymers Pluronic F127 (EO, PO, EO, ) as template. Molar ratio
of the components in the starting mixture of reactants was: 1 TEOS : 0,004
F-127 : 4,2 HCI: 119 H,0O. All the used chemicals were analytical-grade rea-
gents. SBA-16 thus synthesized has a cubic arrangement of mesopores cor-
responding to the Im3m space group. Textual properties of SBA-16 are pore
volume V= 0,52 cm?/g, BET surface area S, = 589 m*/g, cage size = 71 A.

The nanoparticles are grown inside the matrix by the sublimation meth-
od. This novel route of synthesizing ZnO nanoparticles implies physical
sorption of zinc acetilacetonate precursor into the matrix pores from the gas-
eous phase, hydrolysis of the precursor, and thermal decomposition of the
product with the formation of ZnO nanoclusters directly inside the pores. The
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procedure of SBA-16 loading with ZnO was carried out in a two-chamber
evacuated vessel. The nanocomposite was characterized by X-ray diffraction
(XRD), nitrogen adsorption-desorption isotherms, and photoluminescence
spectroscopy methods.

Small-angle X-ray diffraction patterns for the pure SBA-16 porous silica
and the nanocomposite material revealed one strong diffraction peak and two
minor less-resolved higher angle peaks in the range of 20 = 0.8—1.8°, as-
signed to (110), (200) and (211) planes. Observation of this diffraction peak
points to the presence of periodically organized mesoporous structure with
regular repetition of the pore diameter. The position of the reflection peak is
the same both for pure SBA-16 and ZnO-containing composite, and the in-
tensity of the peak does not change essentially after the introduction of ZnO
into the porous matrix. This proves that the ZnO-containing matrix maintains
the same order, i.e. maintains the same size of the unit cell upon ZnO loading
and subsequent treatments.Thus, introduction of ZnO does not affect the
mesoscopic order in the host.

The high-angle XRD patterns in nanocomposite ZnO/SBA-16 show no
characteristic peaks of the wurtzite ZnO structure. The absense of diffraction
maxima could be attributed to the formation of very small zinc oxide clusters
in the pore system of mesoporous silica matrix SBA-16 by a sublimation
method. This suggestion is further supported by the chemical analysis results.

Nitrogen adsorption—desorption isotherms of pure SBA-16 and ZnO/
SBA-16 nanocomposites are all type IV classification, which is characteristic
of adsorption of mesoporous materials. The decrease of BET surface area,
average pore diameters and pore volumes with the loading of ZnO indicates
that ZnO clusters should be confined in the pores of SBA-16.

The photoluminescent properties of the pure mesoporous silica SBA-16
and of the ZnO/SBA-16 nanocomposites were characterized by the photolu-
minescence measurements with the excitation wavelength of 337 nm at room
temperature. The ZnO/SBA-16 nanocomposites yield a strong emission band
at about 381,8 nm.

The photoluminescence results with the ones of X-rays diffraction and
nitrogen adsorption-desorption methods demonstrate that the proposed subli-
mation method of synthesis of the ZnO/SBA-16 nanocomposites provides
good luminescent material.
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ENERGY MIGRATION IN PSEUDOISOCYANINE

J-AGGREGATES
B.A. Gnap’, I I Fylymonova, A. V. Sorokin, I. A. Borovoy, S. L. Yefimova,
Yu. V. Malyukin

Institute for Scintillation Materials, STC “Institute for Single Crystals”, NAS of Ukraine,
60 Lenin ave., 61001 Kharkov, Ukraine
*Corresponding author: gnap@isma.kharkov.ua

Luminescent molecular aggregates (so-called J-aggregates) take a special posi-
tion among organic materials, due to their very narrow absorption band, near resonant
luminescence, giant oscillator strength, giant optical nonlinearities, high sensitivity of
spectral properties to the microenvironment. These features are caused by delocaliza-
tion of the excitation over a molecular chain and Frenkel excitons appearing. One of
the fundamental question in J-aggregates photophysics is an exciton migration. There
is a significant contradiction in the efficiency of exciton energy migration reported by
different authors. According to some data the exciton migrates in J-aggregates over up
to several hundred molecules, while in other data an exciton motion over 10* molecules
at room temperatures is stated. Using exciton traps, recently, we have shown efficient
exciton migration in J-aggregates of amphiphilic pseudoisocyanine (amphi-PIC) dye.
But the most interesting is to estimate the exciton transport efficiency in pseudoisocya-
nine (PIC) dye, which is the most investigated J-aggregating dye.

To achieve this goal another cyanine anionic dye DiD-C3S has been used as an
exciton trap. As PIC is cationic dye, the main attractive force for DiD-C3S incorpora-
tion into PIC J-aggregates was the Coulombic interaction. Despite it, sensitized lumi-
nescence of the trap incorporated into PIC J-aggregates in solution has been revealed
to be quite low, pointing to weak interaction. An analysis of J-aggregates luminescence
quenching by the DiD-C3S dye using Stern-Volmer equation has shown that 50% of
PIC J-aggregates luminescence is quenched in ratio PIC/DiD-C3S = 12:1, that is much
less compared to amphi-PIC J-aggregates (amphi-PIC/trap = 120:1) . Formation of
surfactant shell around PIC J-aggregates, which improves it structure, leads to increas-
ing the exciton migration efficiency.

Formation of the PIC J-aggregates in PVA polymer films using spin-coating
method helps to concentrate traps and J-aggregates that result in stronger interaction
and increasing DiD-C3S sensitized luminescence. Using Stern-Volmer equation it has
been shown that 50% of PIC J-aggregates luminescence in films is quenched in ratio
PIC/DiD-C3S = 28:1, i.e. exciton migration efficiency in J-aggregates dispersed in
polymeric film is increased comparing to that in solution.
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PHOTON-BOSON CONVERSION IN PHOTONIC CRYSTALS

V. S. Gorelik

P.N. Lebedev Physical Institute of Russian Academy of Sciences. Leninsky prospect, 53,
Moscow, Russia.
Corresponding author: gorelik@sci.lebedev.ru

The results of experimental and theoretical investigations of “up” and
“down” conversion of light emission effects in media and in photonic crystals
are presented. Secondary emission properties of globular photonic crystals,
constructed from SiO,-globules (200-600 nm) and filled by different lumino-
phors [1-2] are discussed.

Stimulated and spontaneous photon-boson conversion effects are ana-
lyzed. The conditions for observation of visible photon conversion into scalar
or pseudoscalar quasiparticles in crystals, photonic structures and in physical
vacuum are discussed [3-5].

The applications of photon-boson conversion for construction of selec-
tive and conversional mirrors in lasers are described. Solar light photovoltaic
elements, supplied by photonic crystal converters, should provide increased

efficiency.

[1]. V.S. Gorelik. Optics of Globular Photonic Crystals. Laser Physics 18, N 12
(2008) pp. 1479-1500.

[2]. Sergey Ambrozevich,Vladimir Gorelik, Dmitry Dirin, Roman Vasil’ev, Alexei
Vitukhnovsky, and Yurii Voinov. Optical properties of 3D Photonic crystals filled with
CdSe/CdS quantum dots. Journal of Russian Laser Research 30, Ne4 (2009) pp. 305-312.

[3]. V. S. Gorelik. Massive photons properties in 3D — photonic crystals, filled by
dielectrics or metal. Physica Scripta. T135 (2009) 014039 (3pp).

[4]. V. S. Gorelik, A. A. Esakov, and . I. Zasavitskii. Low_Temperature Persistent
Afterglow in Opal Photonic Crystals under Pulsed UV Excitation. Inorganic Materials 46,
No. 6 (2010) pp. 639-643.

[5]. V.S. Gorelik. Linear and nonlinear optical phenomena in nanostructured pho-
tonic crystals, filled by dielectrics or metals. European Physical Journal of Applied Phys-
ics, 49, 33007 (2010) p1-p9.
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ENHANCEMENT OF THE IR-SIGNALS OF
BIOORGANIC MOLECULES ADSORBED ON THE
SURFACE OF CARBON NANOSTRUCTURES

Galina Dovbeshko!’, Olena Fesenko!, Olena Gnatyuk!, Anna Rynder”.

nstitute of physics of National Academy of Science of Ukraine. Prospect Nauki 46,
03028, Kiev, Ukraine.
National University of Kyiv-Mohyla academy, Skovorody str, 2, Kyiv, 04070, Ukraine.
*Corresponding author: gd@iop.kiev.ua

Unique properties of the plane and rolled graphene sheets (carbon nano-
tubes), fibers, exfoliated graphite, etc., are of fundamental and applied inter-
est. Earlier we have studied thymine (Thy) and adenine (Ade) interaction
with single walled carbon nanotubes (SWCNT) with IR-experiment and
quantum-chemical calculations. We found numerous structural changes in
Thy and Ade molecules under their adsorption on single walled carbon nano-
tubes. Recently we paid attention to an enhancement of IR signals for a
number of bands of Thy and Ade adsorbed on the SWCNT surface. The en-
hancement factor of IR main bands of Thy and Ade adsorbed on the surface
of SWCNT was equalled to 2-10. The most enhancement in IR spectra was
obtained in the region of low-frequency vibrations of the molecules under
study. The effect of the enhancement of IR bands was registered by us for
other molecules — sodium dodecyl sulphate, caffeine, DNA adsorbed on the
SWCNT. This effect is similar to well-known surface enhanced infrared ab-
sorption (SEIRA) of the molecules adsorbed on the nanostructured metal sur-
face. By the way, the carbon nanotubes could have metallic nature also. The
mechanism of enhancement of vibrations of the molecules adsorbed on the
graphene surface is discussed.

We thank Ukrainian-Russian project 4/10-24 “The glow of three-dimen-
sional photonic crystals for optical and electrical excitation” for financial
support and Ukrainian Fundamental Research Project 115 “Study of interac-
tion and biocompatibility of nanoparticles with cultivates cells”.
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FLUORESCENCE RESONANCE ENERGY TRANSFER AS A
TOOL TO STUDY DYE-TO-DYE INTERACTION IN NANO-
SCALE VOLUME

S. L. Yefimova*', T. N. Tkacheva', I. Yu. Kurilchenko?, I. A. Borovoy',
A. V. Sorokin’, Yu. V. Malyukin'

!Institute for Scintillation Materials, NAS of Ukraine, 60 Lenin ave., 61001 Kharkov,
Ukraine
2 Slavyansk State Pedagogical University, 19 Batyuka str., Slavyansk 84116, Ukraine
"Corresponding author: ephimova@isma.karkov.ua

Recently, significant advances have led to a large variety of labeling rea-
gents based on nanomaterials, such as quantum dots, magnetic nanoparticles,
lanthanide doped-compounds, fluorophore-tagged latex/silica nanoparticles,
fluorophore—labeled polymeric nanospheres etc. Strong interest in such ob-
jects is dictated also by the fact that nanoparticles have the potential to revo-
lutionize the diagnosis and treatment of many diseases, for example cancer
and infectious diseases. Fluorophores can be introduced in non-fluorescent
nano-scale objects either by covalent-labeling (fluorescent labels) or by ad-
sorption (fluorescent probes). Both methods are widely applicable.

In the present study, it has been shown that fluorescence resonance en-
ergy transfer (FRET) between several dyes encapsulated in nano-scale vol-
ume is as effective tool for fluorophore-tagging of nano-sacle particles and
studding dye—to—dye interactions in nanoscale volume. Sodium dodecyl sul-
fate (SDS) micelles and phosphatidylcholine liposomal vesicles have been
used as model systems of nanoparticles. It has been shown that to create
FRET composition in nano-scale volume, tandem dyes mast meet not only
primary FRET requirements, but should have similar molecular topology and
electronic density distribution. Using carefully selected dye molecules with
extra-high FRET efficiency, the tags emission spectrum can be turned so that
only the longest-wavelength dye will exhibit significant fluorescence at a
short-wavelength excitation. This feature will overcome the challenge of
small Stokes shift of many organic dyes. In our case, the “Stokes shift” of
about 8000 cm™ has been achieved. On the other hand, using dyes with dif-
ferent FRET efficiency, barcode tags can be produced for multiplexed tar-
geted FRET under single wavelength excitation.
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NEW NONLINEAR OPTICAL MATERIALS FOR
PHOTONICS.

G. Klimusheva ., Yu. Garbovskiy '3, S. Bugaychuk ', A. Tolochko ',
D. Melnik’, T. Mirnaya’

!Institute of Physics, Prospect Nauki 46, 03680 Kyiv, Ukraine
Ynstitute of General and Inorganic Chemistry, Prospect Palladina, 32/34, 03142 Kyiv,
Ukraine
3University of Colorado at Colorado Springs, 1420 Austin Bluffs Parkway, Colorado
Springs, Colorado, 80918, USA

New nonlinear optical materials were obtained on the basis of ionic lig-
uid crystals and anisotropic glasses of pure metal alkanoates as well as with
doping by different electro-photosensitive organic or inorganic additives and
/or contain nanocrystals CdS. The molecular formula of metal alkanoates is
(CH, . COO)M"*, where Me™ — uni-, bi-,or tervalent metal cation,

n " 2n+l
C H, . COO - alkanoate-anion, k = 1-3. These materials were synthesized

b}i Irzlnstlitute of General and Inorganic Chemistry NAS Ukraine. Metal alkano-
ate salts can form lyotropic and thermotropic ionic liquid crystals and as well
as anisotropic glasses at room temperature. The techniques for fabrication of
the following cells were developed: 1. Double-layer composites: nanosized
photosensitive dye or electrochromic viologene film — lyotropic ionic liquid
crystals; 2. Mesomorphic glasses doped with organic or inorganic dyes and
anisotropic glasses of alkanoates Co as well as binary and ternary mixtures of
alkanoate metals containing alkanoate Co; 3. Anisotropic glasses of Cd al-
kanoates comprising CdS quantum dots. New materials manifest fast nonlin-
ear optical response accompanied with small thermal effects within the light
absorption range.

For dynamic holographic recording of grating we proposed covering
thin absorbing dye film with ionic smectic lyotropic liquid crystals. Binary
systems water — potassium caproate (H,0- C;H,,COOK, weight ratio of 1:1)
were used as ionic lyotropic liquid crystals to cover absorbing thin dye film.
Cationic and anionic polymethine dyes were used to fabricate thin absorbing
film. Such double-layer cells were used for dynamic holographic grating re-
cording. Ionic lyotropic liquid crystals (potassium caprylate) initially were
doped with electrochromic dopants — viologens. Such a mixture of ionic lig-
uid crystals and viologens is transparent initially but drastically changes its
color when a DC electric field is applied to the cell, demonstrating a typical
electrochromic behavior. It is important that under the action of external DC
electric field initially homogeneous cell used to transform to heterogeneous
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double-layer cell “thin film of products of viologen reduction — lyotropic lig-
uid crystals”. The coloured thin film has a thickness less than 400 nm. Mech-
anism of resistive photoconversion of dimmers into radical cations under the
action of intense laser radiation as dominant optical nonlinearity was pro-
posed for such cells.

Ionic thermotropic liquid crystals of metal-alkanoates can be super-
cooled to form anisotopric rigid long-living glassy state. Such an anisotropic
glass state is characterized by space ordering, which is similar to the meso-
morphic smectic ordering. Ionic thermotropic liquid crystals can be first
doped with various organic dyes, and then supercooled, forming colored
smectic glasses. These novel unusual objects were used as holographic re-
cording media and non-linear optical materials. In the case of homologous
series of cobalt alkanoates mesomorphic glasses absorb light in the visible
optical diapason (500 — 600 nm). Fundamental physical properties of meso-
morphic glasses based on cobalt alkanoates can be tuned not only via chang-
ing of the alkanoate anion length, but as well as by varying cation composi-
tion for binary and ternary systems.

New nanocomposite materials of metal alkanoates containing semicon-
ductor nanocrystals of cadmium sulfide, which were synthesized in the IGIC
NSAU, were investigated from the standpoint of their structure, optical and
nonlinear optical properties. By means of x-ray investigation of polycrystal-
line powders the symmetry and parameters of the crystalline lattice were ob-
tained for two cadmium alkanoates (CdC6 and CdC8) employed as the ma-
trix for the synthesis of CdS nanocrystals. The nanocomposites were estab-
lished to contain CdS nanocrystals of two crystalline modifications — hexago-
nal and cubic. Results obtained from the luminescence and excitation spectra
of the nano-systems testify for the existence of two principal emission chan-
nels in CdS quantum dots: exciton annihilation in the quantum dots and sur-
face localized states.

New materials manifest fast nonlinear optical response accompanied
with small thermal effects within the light absorption range. The values of the
cubic nonlinear optical susceptibility obtained for different photosensitive
centers appeared to be ¥®~4+107...10° esu with pico- and nanosecond re-
sponse times. Relaxation characteristic time of residual thermal holographic
gratings was within ~30 + 100 ps.

[1]. V.M.Asaula, T.A. Mirnaya, G.G. Yaremchuk, A.S.Tolochko, Ukrainian Chemis-
try Journal, V.77, Nel (2011) 24.
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DISPERSIONS OF CARBON NANOTUBES IN
NEMATICS:A PHYSICAL PICTURE OF AGGREGATE
FORMATION

L. N. Lisetski’", N. 1. Lebovka?, M. S. Soskin®
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Dispersions of carbon nanotubes (CNTs) in nematic liquid crystalline (LC)
matrices are known as promising materials for a number of applications. A major
problem is that CNTs in a freshly sonicated dispersion (for concentrations above
~0.05%) rapidly (within minutes or hours) form aggregates resulting in uncon-
trolled heterogeneity of the material. Several not fully satisfactory ways of avoiding
or hindering the aggregate formation have been proposed, but from the physical
standpoint, the mechanism of this process remains largely unclear.

A review and generalization is presented of our recent works [1-3], where the
process of aggregate formation in dispersions of CNTs in nematic matrix was stud-
ied by a number of experimental methods (microscopy, optical transmission and
DSC in vicinity of nematic-isotropic phase transition, electrical conductivity and its
voltage variation in the region of Freedericks effect, methods of singular optics,
etc.). Simple procedures for monitoring the aggregate formation can be proposed
on the basis of variations of the measured characteristics with time.

A molecular model simulating interactions of individual CNTs leading to for-
mation of aggregates of the fractal nature was developed. We call such aggregates
of anisometric nanoparticles in an anisotropic medium as “S-aggregates”, to distin-
guish them from the “bundles” of substantially different structure often found in LC
dispersions of CNTs. Simple relationships involving concentration, aspect ratio,
and orientational order parameter of CNTs were obtained. The effective concentra-
tion of aggregates was 2-3 orders higher than the initial CNT concentration, with
large number of nematic molecules being “captured” in “cavities” and adjacent
outer shells of the S-aggregates formed.

[1]. A.L.Goncharuk, N.I.Lebovka, L.N.Lisetski, S.S.Minenko, J.Phys.D: Appl.Phys.,
41, 125106 (2009).

[2]. S.S.Minenko, L.N.Lisetski, A.l.Goncharuk, N.I.Lebovka, V.V.Ponevchinsky,
M.S.Soskin, Functional Materials, 17, 454 (2010).

[3]: L.N.Lisetski, S.S.Minenko, V.V.Ponevchinsky, M.S.Soskin, A.Il.Goncharuk,
N.I.Lebovka, Materialwissenschaft und Werkstofftechnik (Mat.Sci.Eng.Technol.), 42, 5
(2011).
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IRREVERSIBLE CHANGES OF RADIATE PARAMETERS
OF HIGH POWER LIGHT-EMITTING DIODES AT THE
CHANGE OF CURRENT

O. V. Lyashenko!, A. I. Viasenko?, V. P.Veleschuk?, M. P. Kisseluk’.

'Taras Shevchenko Kyiv National University, 4, Academician Glushkov Ave., 03022, Kyiv, Ukraine;
2V. Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine 41, prospect Nauky
03028, Kyiv, Ukraine
Corresponding author: lyashenk@mail.univ.kiev.ua

By the most perspective sources of luminescence in a visible range and
illuminations due to sight of efficiency are the nanoheterostructures of
InGaN/GaN. Thus a progress of this direction trend is as an increase of area
of epitaxy heterostructures and creation of matrices from the structures of
high power light-emitting diodes (LED). Accordingly, swift development of
optoelectronics and energy-save technologies requires both comprehensive
research of physical properties and operating parameters of heterostructures
and application effective methods of nondestruction non-recycling diagnos-
tics and control of degradation.

In this work the spectral and intensity characteristic of high power indus-
trial LED with quantum well are studied.

Electroluminescence intensity of white LED with the colour temperature
T ,=3300 K and 5700 K in maximums of blue strip of radiation of the In-
GaN/GaN structure and strip of the phosphor grows (from something by dif-
ferent inclinations) at the increase of current to J = 1400 mA and then falls.
For achievement of big density current (1400-2000 mA) an experiment was
conducted at an additional metallic heatsink. Dependences from current of
R(I) - relations of the intensities in maximums of injection strip blue electro-
luminescence InGaN/GaN structure 7, and phosphor strip luminescence of
the LED1 (/,,, ) and LED2 (/,,,)R=1,, /I, (LED l)andR =1,/1,,,
(LED 2) have maximum in range 400-500 mA for LED1 (7, ,= 3300 K) and
slump for LED2 (7, = 5700 K).

The sum of intensities of radiation in maximums of two peaks P =/

583 nm

+1,, (LED)P=I, ~+1,  (LED 2)is calculated. Evidently, that in
initial (total) optical intensity of LEDs with re-absorption photons in the
phosphor it is observed maximum at 1050 mA.

It is established that at the increase of current there is growth of the color
temperature due to the redistribution of intensities of strips of GaN of struc-

ture and phosphor. Thus 7, and strip of phosphor grows with different in
170
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clinations at the increase of current and then falls, and the white color of ra-
diation of the LED monotones changes from warm on cold. Thus, at the in-
crease of current and at application of heatsink in high power LED based on
the GaN with a phosphor there is a change of the color temperature, so change
of coordinates of coloured, which enables purposefully to regulate them at
the practical using for illumination.
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NEW LUMINESCENT PROPERTIES OF ACTIVATED
NANOCRYSTALS

Yu. V. Malyukin®, A. A. Masalov, O. G. Viagin, I. I. Ganina
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Activated nanocrystals are very attractive materials which could allow
tailoring the main stages of a scintillation process (creation of electron-hole
pairs and fast thermalization, exciton dynamics, energy transfer and activator
luminescence) and reaching high scintillation efficiency.

It is clear today that the spatial confinement in nanocrystals and devel-
oped surface result in dramatic changes in the luminescence of activated
nanocrystals. The luminescence from the excited Stark components of the
split terms of Pr3* ion have been observed due to the quantum confinement in
the phonon spectrum of Y,SiO,:Pr*" nanocrystal [1]. The decay curve of Pr**
luminescence follows the unusual algebraic low ~ t%° that points to the oscil-
lation regime of energy exchange between the localized electronic states of
Pr’*ion and the phonon modes of the Y,SiO,:Pr** nanocrystal [2]. The surface
stimulated nonuniform tension is the reason of irregular distribution of Pr**
ions within the volume of the Y_SiO,:Pr*" nanocrystal that results in specific
conditions for the Pr** luminescence quenching [3,4].

In Lu,SiO,:Ce’ nanocrystals of about 5 nm size, the thermolumines-
cence was not observed [5]. A small volume of nanocrystals and irregular
distribution of doped ions enhance the ion and charge interactions and allow
the energy storage in Lu,SiO,:Ce**,Yb** and Lu,SiO,:Ce*,Dy*" nanocrystals

to be controlled [6].

[1]. Yu.V. Malyukin, A.A.Masalov, P.N.Zhmurin, Phys.Lett. A 316, 147 (2003).

[2]. O.G.Vyagin, L.I. Ganina, Yu.V.Malyukin, Opt. Materials (2009) accepted for
publication.

[3]. Yu.V.Malyukin, PN.Zhmurin, N.V.Znamenskii, T.G.Yukina, Phys.Stat.Sol. (b)
244 (9), 3325 (2007).

[4]. O.G.Vyagin, LI. Ganina, Yu.V.Malyukin, J. Lumin. 129, 1695 (2009).

[5]. N.V.Znamenskit, E. A. Manykin, E. A. Petrenko, T. G. Yukina, Yu. V. Malyukin
et al., JETP 99 (2), 386 (2004).

[6]. A.A.Masalov, O.G.Vyagin, [.1.Ganina et al., JETP Lett. 35(4), 6 (2008).
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FERMI LEVEL OF CARRIERS IN MICRO-HULLED
STRUCTURE BASED ON HEAT-RESISTANT METALS
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Odessa, 65026 Ukraine.
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Micro-hulled structure based on metals are widely used in modern nanotechnology,
especially when creating high temperature sensors and structural elements based on metal
foams. The development of contactless and nondestructive methods for diagnosis and test
control parameters of multiply connected matrix base material is a very important and in-
teresting aspect of the application [1]. In a heat-resistant metal with the volume filling de-
fects (VFD) (micro- and nanopores with complex topologies and sizes) it is primarily its
strength and electrical and physical characteristics. Almost all rapid methods of such mea-
surements are based on both electrical measurements data and on fundamental functional
relationships establishing of the microstructure parameters and the dispersion medium car-
riers. The influence of a disordered set of volume filling defects (VFD) (micro- and nano-
pores of complex topology and various sizes) is the unsolved problem on the electronic
properties of heat-resistant the micro heterogeneous materials theory. The new statistical
“plasma” approach is proposed in this work. This method is based on the modeling statis-
tical concept of the heterogeneous plasma system (HPS) characteristics. The main point of
this approach is the concept of an electrically neutral cell. This cell is the smallest area of
the electrically inhomogeneous material released by a multiply connected surface IT ex-
treme of instant self-consistent system electric potential [2].

The electronic component statistical equilibrium in volume filling defects of the heat-
resistant metals of both nano- and mesoscopic sizes determines the level of electrochem-
ical potential of a homogeneous volume of the sample in any its point. Statistical equilib-
rium of the electronic component in FVD high-temperature metal nano- and mesoscopic
size determines the level of electrochemical potential F of a homogeneous volume of the
sample in any its point. Moreover, according to the principle of free energy minimum, F
takes the smallest value. Equilibrium distribution of the local density of the electronic
component in the matrix base material and VFD satisfies this condition and is determined
by solving the effective electrostatic problem in an averaged cell [2]. The external electric
field @, influence on the electrons density distribution in the sample VFD was determined
in the computer experiment. The possibility of creating of the sensitive temperature sensors
based on heat-resistant metal with nano-VFD was discussed in details .

[1]. Maa X., Peytona A.J. NDT & E International, 2005,Vol. 38, Iss. 5P. 359-367.

[2]. Marenkov V.I., Kucherskiy A.Yu. Statistical concept modeling electronic prop-
erties of materials with micro-defects filling volume.- (SEMST-4).- Ukraine, June 28 -
July 2, 2010.- Odessa — Book of Absracts.- P. 125-126.
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SPECTRAL PROPERTIES OF NANOCOMPOSITES BASED
ON CADMIUM ALKANOATES WITH SEMICONDUCTOR
NANOCRYSTALS CdS

D. Melnik!, G. Klimusheva!, A. Tolochko', S. Bugaichuk!, T. Mirnaya®
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Ukraine

Novel nanocomposite materials on the base of liquid crystals and meso-
morphic glasses of metal alkanoates with semiconductor nanocrystals were
synthesized in Institute of general and nonorganic chemistry [1]. In this pa-
per the structure and spectral properties of different nanocomposite materials:
(1) Cd*(C.,H ,COO0Y), + 6 mol.%CdS nanocomposites synthesized by differ-
ent method, (2) mixture Cd*(C.H ,COO), / Cd*(C,H ,COO), (mixture
components concentrations 50:50 mol%) + 3 mol.%CdS nanocomposites,
and (3) Cd*(C,H,,COO0), + 2 mol.%CdS were obtained. We discuss the ob-
tained absorption, excitation and luminescence spectra of these new nano-
composite materials. With the use of absorption spectra dispersion degree
and nanocrystals sizes were obtained (2-4 nm depending on the synthesis
conditions). Luminescent properties of cadmium sulfide quantum dots, syn-
thesized on the base of cadmium alkanoates electrostatic layers are being re-
searched for the first time and can serve as a model for studying of lumines-
cent properties in such new structures and influences of medium, surface and

polarization effects on them.
[1]. V.M.Asaula, T.A. Mirnaya, G.G. Yaremchuk, A.S.Tolochko, Ukrainian Chemis-
try Journal, V.77, Nel (2011), 24
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An interest to spontaneous parametric down-conversion (SPDC) is caused by the
possibility to obtain bi-photons fields consisting of correlated pairs of entangled pho-
tons. Along with single crystals the polydomain crystals [1] and crystals with chirped
spatial frequency of quadratic susceptibility [2] are also studied as bi-photons sources.
This work is devoted to the creation of nonlinear photon crystals on the basis of syn-
thetic opals and to the study of laws in their emission spectra under optical excitation.

Nanodisperse silicon dioxide globules have been received by modified Stober
method [3]. Globules diameter d and distance A between (111) planes in various sam-
ples were 250270 nm and 204-220 nm, respectively. Opal infiltration was made by
soaking initial samples in a water solution of Ba(NO,),, LilO, and KH,PO, with the
following annealing at temperatures lower than melting ones. Further, some samples
were soaked in pure glycerine (n,” = 1.4739) to lower dielectric contrast in nonlinear
photonic crystals. Secondary emission in samples was excited by radiation of a 407
nm semiconductor laser with a mean power of 60 mW along z axis parallel [111].
Spectra measured were similar for all infiltrated substances and had a spectral band
within a 410 - 650 nm range whose intensity was nonlinearly dependent on substance
quantity in opal pores. In emission spectra of samples impregnated with glycerine this
band had significant width (> 100 nm) and symmetric form with maximum position
at 525 nm for Ba(NO,),. In spectra of samples without glycerine impregnating the
secondary emission intensity decreased within a photon stop-band. In all cases angu-
lar distribution of spectral intensity took place. It was fixed as by photographing trans-
mitted radiation as by measuring secondary emission spectra collected at different
angles (1° - 5%) between excitation and registration directions. In the latter case angular
dependences of spectral intensity distribution and intensity maximum position were
obtained. Thus, secondary emission observed has been interpreted as SPDC under a
quasi-phase-matched conditions k, = k, + k, + mq(z), where g(z) = 2n/A(z).

We thank Ukrainian-Russian project No. 71-02-10 “Radiation of 3D photonic

crystals under optical and electric excitations™ for the financial support.
[1]. G.Kh. Kitayeva, A. N. Penin, Soviet JETP Lett., 82, 388 (2005).
[2]. S. E. Harris, Phys. Rev. Lett., 98, 063602 (2007).
[3]. W. Stober, A. Fink, E. Bohn, J. Coll. Interf. Sci., 26, 62 (1968).
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Equilibration kinetics for inhomogeneous binary methanol-hexane solu-
tion under gravity has been studied in the work above the consolute critical
temperature, T > T , by using refractometry technique.

The experimental data of equilibration kinetics of refractive index gradient
values <dn/dz(z,t)> have been used to build-up dynamic scaling equation for
substance under gravity close to the critical point for temperatures above the
critical one T>T _[1]. Analysis of height and time dependencies behavior of the
obtained data <dn/dz(z,t)> has allowed to suppose, that analogous equilibrium
properties of substance for certain temperatures q = (T — T )/T, correspond to
these nonequilibrium characteristics of solution at different times t.

Proceeding from the qualitatively same time <dn/dz(z,t)> ~t™ (x » 0.54)
and temperature dependencies <dn/dz(z,t)> ~ q ¢ (g » 5/4) it was proposed
the relation between temperature g, of equilibrium value <dn/dz(z, 0 t)> and
time t, of nonequilibrium values <dn/dz(z,t)> : 0,(t)=0 (t/t )x/y=C-t". Here t_
is the equilibration time at the temperature q ; n = x/g = 0.434.

On the basis of the obtained data <dn/dz(z,t)> the scaling equations of
a nonequilibrium fluid under gravity were suggested:

<dn/dz>= 07+f (z")=t™f"(z")

Here f(z*) and f"(z") are scaling functions of scaling arguments z'=z/
0% and z"=z/t"® respectively (here g » 5/4; b » 1/3; d » 5 are the critical ex-
ponents of the fluctuation theory [2]).

These studies have shown, that kinetics of equilibrium establishment in
inhomogeneous nonequilibrium methanol-hexane system under gravity can

be described by dynamic scaling equation.

[1]. Alekhin A.D., Abdikarimov B.Zh., Bulavin L.A., Ostapchuk Yu. L., Rudnikov
E.G. // Proceedings of the Academy of Sciences of Kazakhstan. Series: Physics & Mathe-
matics. 2008. Ne2 (258). P. 18-23.

[2]. Patashinskii A.Z., Pokrovskii V.L. Fluctuation theory of phase transition. Perga-
mon, Oxford, 1979.
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INFRARED-TO-VISIBLE CONVERSION BY RARE-EARTH
IONS IN CRYSTALS WITH METAL NANOPARTICLES
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The effects of metallic nanoparticles (NP) and NP clusters with multi-
frequency nanoparticle-plasmon resonance spectra on spectral behavior of
atoms located near them are theoretically considered. The results of calcula-
tions performed with the framework of quantum and classical electrodynam-
ics are presented both in analytic and graphical forms and can be used for
planning experiments and analysis of experimental data.

It is shown that metallic nanoparticles and their nanostructures can be
used to control efficiently the rate of spontaneous and induced transitions in
atomic systems Thus, an atom located near metallic nanoparticles or their
structures (in particular — clusters) haves the rate of stimulated or spontane-
ous transitions that is ten and hundreds times higher than the rate of these
transitions in a free space. The rate of atomic transitions can increase (or
slow) by a factor of hundred thousands and even more if nano-bodies from
meta-materials (having the negative dielectric constants) are used. The main
two new ideas are used in ours work. Firstly, metallic nanostructures with the
help of its nanoparticle-plasmon resonances can enhance the rates of ones
transitions and inhibited the others. The last can be both the radiating and
non-radiating transitions. This gives the opportunity to control kinetics of
elementary processes in atomic systems. Secondly, for the first time it is pro-
posed the use of metallic nanostructures for what the nanoparticle-plasmon
resonance spectra is in accordance with atomic spectra. These ideas been an-
nounced at the international conferences on optical holography and its ap-
plications (Kiev, 2004) and on ICONO/LAT (International Conference on
Coherent and Nonlinear Optics/ and on Lasers, Applications and Technolo-
gies (St. Petersburg, 2005; Programmé&Abstracts — IWC3).
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In connection with the intensive use of unique properties of substance at the
critical state in the newest technologies study of these properties of supercritical
fluid (SCF) is the urgent task of physics of the condensed state of substance. Ac-
cording to the fluctuation theory of phase transitions the mail structural charac-
teristics of SCF are the size of the fluctuations of the order parameter (correlation
length) R and the time of its life t_[1]. Earlier on the basis of the experimental
data of molecular scattering of light for the inhomogeneous substances the tem-
perature and field-height dependences of the correlation length R (Dm(z),T) of
the system have been investigated [2]. On the basis of these data the line of the
extremum of temperature dependences of R (Dm(z),T) at Dm(z)=const have
been founded in the supercritical temperature region. Within the framework the
linear model of parametric equation of state the equation of this line of extre-
mum have been calculated [2]. In this work on the basis of obtained R (Dm(z),T)
data the three-dimensional surface of the times of life t (Dm(z),T)~R (Dm(z),T)**
of fluctuations of the order parameter has been built for the spatially inhomoge-
neous systems in the field of gravity of the Earth. The times calculated t_are
close to their values, obtained according to the experimental data of acoustic
spectroscopy of liquids at the critical state [3]. It has been shown that on the
temperature dependences of t (z,T) at Dm(z)=const the line of extremum also
appears in the supercritical temperature region. This line of extremum is close to
the critical adiabatic curve of substance, which is the line of the maximum prob-

ability of fluctuations creation w at the critical state.

[1]. A.Z. Patashinskii and V.L. Pokrovskii, Fluctuation Theory of Phase Transition
(Pergamon, Oxford, 1979).

[2]. A.D. Alekhin, A.K. Dorosh, Ye.G. Rudnikov, Critical state of substance under
gravity field of the Earth (Kyiv, Politechnika, 2008).

[3]. O.L Bilous, Acoustical and rheological properties of a number of liquid systems
near the critical temperature, The thesis for the scientific degree of Ph.D. in physics and
mathematics. (Kyiv 2003)
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Pr** AND YVO,_:Er*",Yb* NANOCRYSTALSDETECTED BY
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Considerably lower threshold of 'D,®°H, luminescence concentration
quenching as compared to correspondent bulk crystals has been revealed for
Y,SiO,:Pr*" nanocrystals. Analysis of luminescence excitation spectra and
decay curves has clearly shown abnormal high quantity of Pr ion pairs in
Y,SiO,:Pr*" nanocrystal even at negligibly low Pr** concentration.

Effect of Pr ion pair formation in Y SiO_:Pr*" nanocrystals even at low
doped ion concentration was analyzed on the base of surface-induced doped
ion segregation theory. Strain gradient determined by nanocrystal surface
stimulates the uphill diffusion of doped ions leading to the non-uniform Pr**
distribution, Pr** pair’s formation and as consequence to the low threshold of
luminescence concentration quenching. Temperature treatment variation al-
lows us to trace the Pr** redistribution and to estimate the main diffusion pa-
rameters of this process.

Effect of doped ions redistribution observed for Y,SiO,:Pr*" nanocrystals
must be common for all nanocrystals with different radii of impurity and
regular ion. To confirm the generality of this effect the spectra of
YVO,:Er*",Yb* nanocrystals after different heat treatment were taken. Both
Er** concentration and heat treatment temperature increasing led to similar
changes in up-conversion luminescence spectra (increasing of “red-to-green”
ratio). So we can suppose that in this case we deal with Er** temperature de-
pendent segregation manifested itself in redistribution of up-conversion lu-
minescence intensities.
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ONE-STAGE ORDERING OF NANOPARTICLES IN
POLYMER MATRIX BY THE METHOD OF HOLOGRAPHIC
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Opver the last decade, hybrid nanocomposites based on nanoparticles (NP) em-
bedded in a polymer matrix have become the subject of wide scientific research as
very promising materials for modern optics, laser physics, and optoelectronics. Cre-
ation of polymer—NP periodic structures with a submicron period and different di-
mensionality (1D, 2D, 3D) opens new possibilities for use of nanocomposites. Spe-
cific properties of NP (nonlinearly optical, luminescent, laser) in combination with
diffraction properties of periodic structures can be used for creating light-controlla-
ble nonlinear diffraction elements, diffraction elements with an ultrahigh spectral
dispersion, distributed feedback lasers, in holographic security technologies, etc.
Among various methods of obtaining volume spatially periodic structures, holo-
graphic photopolymerization is the simplest one-stage method of obtaining 1D, 2D,
and 3D structures with a large area and a high degree of faultlessness of the structure.

We present a short overview for results for the development and the investigation
of photopolymerizable nanocomposites containing the NP of different nature (metal,
metal oxide, semiconductor). The aim of our investigations is to create a maximally
universal holographic composition that ensures the formation of periodic structures for
NP of different types and is based on known commercially produced monomers.

We propose a holographic nanocomposite that is based on a two-component
mixture of commercially produced acrylic monomers with different functional-
ities, which ensures an efficient spatial ordering of NP in a polymer matrix. We
suggest the general approach to the choice of components of a photocurable nano-
composite, and exemplified a high efficiency of the two-monomer system for a
number of NP. Using NP of a different nature (TiO,, ZrO,, SiO,, CdSe/ZnS, LaPO,,
Au), we have fabricated volume gratings with a period of 0.38-2.1 pm and modu-
lation amplitude of the refractive index of 0.006-0.024, which exceed (in some
cases, by nearly an order of magnitude) these parameters obtained for the same NP
in composites that involve only one monomer. We suggest a model of formation of
polymer—NP periodic structures, discuss particular features of obtained structures,
consider the effect of parameters of the interference field (intensity and period) on
their characteristics, and give some examples of using obtained periodic structures.
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OPTICAL MANIFESTATION OF SELF-ASSOCIATION DYES
IN THE NANOSTRUCTURED COMPOSITE THIN FILM
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Creation of material with a controlled response to light has a large potential
in different applications due to of the non-contact manipulation of the material.
Such processes can induce small changes on the nanoscale that cause a change in
the material properties. Applying the technique of sol-gel synthesis we can combine
inorganic and organic materials to create composite materials with attractive
properties. It is known that dyes molecules in solution can interact electrostatically
to form aggregates such as dimmer, which is in turn influenced by several factors,
including the concentration, temperature and solvent nature. The work reported
here was focused on the aggregative properties of the different dye molecules in
spatially separated regions of surfactant-templated mesostructured silicate thin
films. In this case, sol-gel synthesis plays a key role, as it provides a low cost tool to
obtain mechanically and optically stable organic-inorganic hybrid materials.

We demonstrate results of monitoring of the optical and fluorescence spectra
of laser dyes with different nature of the charge state and various concentrations
in micelle templated nanosostructured silica films at all stages of its preparation. In
addition, the molecular interaction of dyes in normal solvents was studied using
visible spectroscopy and luminescence for comparison.

Unusual optical manifold of spatial localization of the dyes and existence of
the concentration limit of dyes in micellar space deliberated in the body of mesoporos
silica was demonstrated. It is accompanied by the increasing changes of absorption
and fluorescence spectra with a formation of ionic pairs of dye and appearance of
absorption spectra of the ionic pair due to the centers of monomolecular absorption.
In case of excess of the amount of cation dye R6G in a hydrophobic core more
than two, formations of excimers and excimer fluorescence excimer fluorescence
with the characteristic spectra and lifetime at the simultaneous quenching of the
monomolecular fluorescent spectrum is experimentally observed. The more
intense and red-shifted peaks in the fluorescence and photoexcitation spectra
of R6G in films relative to spectra in amorphous films demonstrate that R6G is
incorporated into the micelle body. The manifestation of concentration quenching
and aggregation in fluorescence spectra and fluorescence lifetime measurements
in mesostructured thin films demonstrate that even large R6G concentrations are
incorporated into the micelles interior.
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J-aggregates are luminescent well-ordered nanoassemblies of non-cova-
lently coupled luminophores. Due to high order degree of molecular packing
in J-aggregates and strong dipole—dipole interaction between molecules
forming the J-aggregate, an electronic excitation is delocalized within a mo-
lecular chain forming Frenkel excitons. That explains unique optical proper-
ties of J-aggregates: extremely narrow (for organic molecules) spectral width
of the absorption band, resonant luminescent, giant oscillator strength, giant
optical nonlinearities etc. One of unique properties of J-aggregates is exciton
migration over hundreds of monomers. Due to this feature, J-aggregates can
be considered as optical antenna for energy delivery purposes.

In the study presented we have determined an exciton migration effi-
ciency in J-aggregates of amphi-PIC (1-methyl-1’-octadecyl-2,2’-cyanine
perchlorate) dye, which was formed in polymer films using layer-by-layer
(LbL) technique. As exciton traps different polymethine dyes have been used.
Exciton migration efficiency was measured using known Stern-Folmer equa-
tion of donor luminescence quenching by acceptor. It has been revealed that
exciton migration in amphi-PIC J-aggregates is strongly depends on sample
preparation method, namely either J-aggregate containing layer forms from
monomers or aggregates. Despite on film preparation method exciton trans-
port has been found to be less effective in polymer films comparing solution.
The reasons for such difference are discussed.
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We have developed the method of finding the border of perturbed nemat-
ic liquid crystal around the carbon nanotubes aggregates by using polarizing
microscopy. It is based on the analysis of the intensity distribution and Stokes
parameters of light that passes through the sample and comparison of the
structure of nanotubes aggregates in nematic and isotropic phases of liquid
crystalline matrix.

Nanotubes form clusters of micron size with irregular borders. The inter-
action of liquid crystal molecules and nanotubes leads to the appearance of
transition layer of perturbed nematic, which largely determines the optical
characteristics of composites. When concentration of nanotubes is large clus-
ters touch each other and produce a percolation cluster.

The application of an external electric field changes the structure of the
transition layer. The inversion walls appear in it.

The investigation of scattering of laser beam that passes through the cell
shows that the amplification of scattering during the application to the elec-
tric field correlates with the increase of the width of transition layer. The dy-
namics of speckle and optical singularities in the scattered field has been
studied.
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The dependences of the surface plasmon energy were studied for silver nanopar-
ticles in the size range 11-30 nm and in the temperature interval 293-650 K.

The energy of SPR in silver nanoparticles embedded in silica glass host matrix
depends on the size and the temperature of the nanoparticles. Our experiments ex-
hibit the nonlinear red shift of the SPR as the size of the nanoparticles decreases.
The increase of the surface scattering rate of the free electrons causes the red shift
of the SPR energy as the particle size decreases.

As the temperature of the sample increases, the SPR red shifts. The volume
thermal expansion of the nanoparticles leads to red shift of the SPR. As the tem-
perature of the particle increases, the volume of the nanoparticle increases and the
density of the free electrons decreases. The lower electron density leads to the
lower plasma frequency of the electrons and subsequently to the red shift of the
SPR. The red shift of SPR with the increase of temperature is linear for large (25
nm and 30 nm) silver nanoparticles and becomes nonlinear (superlinear) for small-
er nanoparticles (17 nm, 11 nm). The nonlinearity of the dependence of SPR energy
on temperature becomes stronger for smaller nanoparticles (17 nm, 11 nm). These
two effects can be rationalized by the dependence of the coefficient of the volume
thermal expansion on the size and temperature of the nanoparticles, The coefficient
of the volume thermal expansion increases when the nanoparticle size decreases
and with the increase of the temperature of the nanoparticle.

Spill-out and electronic environmental effects were considered as possible
mechanisms of the shift of SPR as the temperature and size of the nanoparticles
changes. The calculations of the SPR shift caused by these two effects show that it
is negligibly small.
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The ability of nanoparticles (NP) to show antioxidant or pro-oxidant
properties is the subject of intensive study [1]. NP similar to superoxide dis-
mutase (SOD) can inactivate highly reactive oxygen species [2].

The ability of NP to change the free-radical processes was studied by the
adrenaline autooxidation reaction. Features of the NP influence on free-radi-
cal formation processes depending on the form, type and size of NP were
studied. Two types of the unmodified particles were used: NP of rare-earth
doped orthovanadates with different form-factor, namely — spherical (with an
average size of 3 nm), and rod-like (57 x 4.4 nm), and CeO, spherical parti-
cles with size of 1, 10 and 50 nm. All types of nanoparticles were stabilized
by sodium citrate. Nanoparticles concentration (0.2-50 mg/ml) influence on
the inactivation of free-radical processes was studied.

It has been observed, that nanoparticles pro-oxidant activity strongly de-
pends on their concentration in solution. CeO, particles with size of 1nm and
concentration of 2 mg/ml reveal maximal antioxidant activity. At the same
time in the case of NP concentration more than 20 mg/ml and less than 0.5
mg/ml, NP have shown pro-oxidant properties. Significant antioxidant effect
for solutions with high rare-earth doped orthovanadates concentrations and
decrease of this effect under dilution was detected.

Obtained results clearly show that NP influence on the inactivation free-
radical processes strongly depends on the nature of NP that can be explained
by different interaction mechanisms of free radical with NP surface. Different
behaviour of the concentration curves in the case of pro-oxidant or antioxi-
dant effect realization must be considered in the nanomaterial antioxidant

activity studies.
[1]. G. Oberdorster, V. Stone, K. Donaldson. //Nanotoxicology, 2007; 1(1): 2-25.
[2]. Heckert E. G., Karakoti A.S., Seal S., Self W.T. / Biomaterials. 2008,V. 29,
Iss.18, P. 2705-2709.

185



P-4 NANOOBIJECTS
STRUCTURAL PROPERTIES OF SUPERCRITICAL FLUID

O. D. Alekhin®

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
“Corresponding author: alekhin@univ.kiev.ua

According to the fluctuation theory of phase transitions the main param-
eter of a substance (the correlation length) unlimitedly increases as the criti-
cal point is approached. It leads to the unlimited increase of the compressibil-
ity B; the heat capacity c ; the thermal conductivity k of a substance; de-
crease to zero the diffusion coefficient D; the temperature conductivity coef-
ficient x. These unique properties of a substance at the critical region (super-
critical fluid, SCF) are practically applied in modern technologies.

The purpose of the work is to connect the unique properties of super-
critical fluid useful for their practical application with the structure character-
istics and the parameters of the equation of state of a substance at the critical
region.

The structure characteristics of supercritical fluids have been studied for
spatially inhomogeneous systems under gravity near the critical point by the
molecular light scattering method. The correlation length, the number of fluc-
tuations of order parameter in one mole of a substance, the total volume of
these fluctuations, the density of a substance inside a fluctuation of order pa-
rameter have been obtained in the work. The energy of intermolecular inter-
action inside a fluctuation of order parameter has been also estimated. On the
basis of the obtained data the conclusion was made that the unique properties
of supercritical fluid, which manifested at its practical application, are caused
by the high velocity of the molecules of a substance, v > 107 cm/s, in the proc-

ess of the creation and break up the fluctuations of order parameter.

[1]. A.Z. Patashinski, V.L. Pokrovski. Fluctuation Theory of Phase Transitions, Ox-
ford, 1982.

[2]. Superecritical fluids. Theory and practice, Moscow, 2008, N 2, 1-101.

[3]. A.D. Alekhin Structural parameters of supercritical fluid // Bulletin of the Kyiv
University. Physics and Mathematics, 2011, Issue 1.
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Small clusters of Si and Ge are the subject of research for many years because of
their importance for semiconductor industries. Typically, hydrogen terminated clusters,
as conceptually simple structures, have been studied. Another candidate for cluster ter-
mination is iodine. It has been shown recently [1] that iodine, like hydrogen, can be
used for stable silicon cluster termination. However, no iodine terminated germanium
cluster study has been reported yet. Here we present results of our experimental and
theoretical studies on germanium iodide clusters, and compare the results with that for
silicon iodide ones.

Clusters of Si and Ge iodides were formed by the laser ablation of bulk powder
Sil, and Gel,, respectively, in the Bruker Reflex III-T time-of-flight mass spectrometer,
equipped with a nitrogen laser (337 nm, 4ns, 300 pJ), and studied in situ. The mass
spectra consist of series of main peaks assigned to Si I, . "and Ge I, , *clusters, respec-
tively, which are followed by weaker peaks. The most abundant clusters in the series are
Si,I;" and Ge,l.". For germanium, there are also other peaks assigned to Gel’, Ge,l,",
Ge,L" clusters. Moreover, the cluster Ge,L," is the most abundant among all the ob-
served germanium iodide ones.

To elucidate the cluster structures we performed DFT calculations using Firefly
software [3]. The calculations on silicon iodide clusters [2] revealed that the abundant
clusters are straight chains with iodine bridge in n=1-6, multi-cyclic rings of pentagons
in n=7-15, and cages constructed by pentagons and hexagons in n=16-22. Our calcula-
tions on germanium iodide clusters confirm the stability of chain structures, like that for
silicon, and suggest structures for the clusters that have no silicon iodide equivalent.

Our results show that iodine, like hydrogen, can be used for stable both silicon and
germanium cluster termination, and reveal the differences of the clusters. The results

can be important for semiconductor industries.

[1]. Dmytruk A., Park Y.-S., Kasuya A., Kikuchi H., Takahashi M., Kawazoe Y., and
Watanabe A. J. Nanosci. Nanotech., 7, 3788-3791 (2007).

[2]. Takahashi M., Kikuchi H., Kawazoe Y., Dmytruk A., Kasuya A., Watanabe A.
Chem. Phys. Lett., 450, 1-5 (2007).

[3]. Alex Granovsky, Firefly version 7.1.G, http://classic.chem.msu.su
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Far-infrared spectral region are very attractive for characterization of po-
rous polar semiconductors because unlike well studied por-Si for polar semicon-
ductor compounds it is the specific region of the Reststrahlen band and also
mixed plasmon-phonon mode existence in doped materials. In terms of micro-
structure porous semiconductor is a typical composite and effective medium
approximation (EMA) is absolutely correct in this spectral region where light
wavelength is of order of tens micrometers and typical pore diameter is of order
of tens nanometers. Systematic theoretical consideration in framework of two
basic models of EMA: cavity-Maxwell-Garnett and Bruggeman [1], including
porosity and doping influence, isotropic and anisotropic pore disposition, pene-
tration depth is presented.

Porous layers were obtained by electrochemical etching of n-type GaAs,
InP and GaP single crystals in water and ethanol solutions of the HF, HCI and
H,SO, acids correspondently, mainly in the galvanostatic regime. Free charge
carriers concentration was in wide region 10'¢- 10'® cm, this makes it possible
to investigate pure phonon and mixed plasmon-phonon modes. SEM measure-
ments show that diameter of pores is in the range 50 - 200 nm and porous layer
thickness is in the range 5- 90 mm depending on etching conditions. Optical
studies include near-normal reflectance and ATR measurements including sur-
face polariton (SP) excitation regime in the 20-50 pwm spectral region. The ex-
perimental spectra of porous materials clearly exhibit different changes in com-
parison of the bulk one: shape modification of the Reststrahlen band in the re-
flectance spectra and shift, splitting or disappearance of the minima correspond-
ing to SP excitation in the ATR spectra.

In conclusion, the EMA can be efficiently applied for studies of porous
A’B® semiconductor media in the far-infrared region including the existence
range of surface phonon and plasmon-phonon polaritons. At the same time, the
specific effective medium model to be used is dictated by the symmetry and
microstructure of the porous medium under study. As shown theoretically and
supported by experiment, SP spectroscopy shows much promise for porous
composite medium characterization, since SPs are very sensitive to the essential
parameters of porous semiconductor layers (porosity, symmetry, free carrier
concentration, thickness, etc.).

[1]. N.L. Dmitruk, A.V. Goncharenko, E.F. Venger. Optics of small particles and
composite media. Kyiv, Naukova Dumka, (2009) 386 p.
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RAMAN STUDY OF MONOCLINIC TO TETRAGONAL
PHASE TRANSITION IN ZIRCONIA AND HAFNIA

N. Berezovska®,-A. Naumenko
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*Corresponding author: n_berezovska@univ.kiev.ua

Zirconia (ZrO,) and Hafnia (HfO,) are promising materials for creation
of piezo- and constructional ceramics, bioceramics, materials for solid elec-
trolytes, optical materials and for some other applications. The significant
attention to the materials on the basis of zirconia and hufnia is caused by their
unique combination of properties such as high strength and fracture tough-
ness, resistance to effect of aggressive chemical conditions, low thermal con-
ductivity, and special electro-physical properties. These properties essentially
depend on the crystal structure of the mentioned materials. The application of
Raman spectroscopy considerably expands the possibilities of study of the
material crystal structure, the phase transformation peculiarities, the quantum
size effect, compositional effects, the material evolution with treatment.

In present work we study Raman spectra of two polymorph modifica-
tions of zirconia and hafnia — monoclinic and tetragonal. The nanocrystalline
powders and pressed pellets prepared by means of different technological
conditions were investigated. Nanocrystalline powders and polycrystalline
samples were obtained by the method of the high-temperature hydrothermal
synthesis which allows obtaining more homogeneous powders with the nar-
row size particle distribution. The control of phase composition of samples
has been carried out by X-ray phase analysis. Raman spectra were obtained
using double grating spectrometer DFS-24 in photon counting mode in back-
scattering geometry at room temperature.

Observed Raman spectra contain all fundamental optical modes, as pre-
dicted by the group theoretical analysis for monoclinic and tetragonal modi-
fications, both for powders and polycrystalline pressed pellets of the same
composition. The band intensity relationship depends on the type of sample.

The full interpretation of Raman spectra of materials under study have
been done using the obtained forms of the fundamental vibrations. The cor-
relation between phonon modes of lattices of both polymorph modifications
has been discussed.
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MODIFICATION OF OPTICAL PROPERTIES OF POROUS
A"MBY LAYERS PRODUCED BY ANODIC ETCHING
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Porous (chemical, electrochemical) layers of ATBY semiconductors are usu-
ally used in photodetectors and various physical sensors to reduce optical losses
and to increase sensitivity of materials with huge specific surface area.

The morphology and optical properties of the porous layers on GaAs and
InP single crystals were investigated by atomic force microscopy (AFM) and
scanning electron microscopy (SEM), monochromatic multi-angle-of-incidence
(MAI) ellipsometry, photoluminescence (PL), Raman scattering (RS).

In this work the porous layers on the n-type GaAs (0.5 - 2) x 10'8 cm™ and
n-type InP (10' — 10'°) cm™ wafers were prepared by electrochemical etching in
HF:H,O and HCI solutions, respectively. Two-layer structure of porous layers
was confirmed by AFM and SEM methods. The top layer consists of oxides and
reaction products. It also contains some GaAs or InP nanocrystals. The optical
parameters, the reflection index, n and extinction coefficient, k, have been deter-
mined by MAI ellipsometry. It has been shown by the example of porous GaAs
layer that the porous layer on single crystal can be presented as semi-infinite
medium with optical parameters of porous layer and some oxide overlayer. This
approach confirms the surface morphology of studied porous A™BY materials.
Photoluminescence spectra of investigated materials at room and low (77 and
2 K) temperatures have shown the change of the surface recombination velocity
and quantum confinement effect for excitons in GaAs and InP. PL from porous
GaAs in visible spectral region can be caused by transitions associated with im-
purities and defects in oxide layer. Raman spectra of porous GaAs and InP sam-
ples have been compared. They have shown similar peculiarities. In porous layers
comparatively with the flat surfaces the TO, LO phonon modes in RS spectra are
of the same order of intensity due to the surface enhanced scattering and the vio-
lation of the selection rules for the TO mode in (100) geometry. The surface
phonon lines and the quantum confinement effect for phonons were identified
reliably in some samples of porous GaAs. The size of nanocrystals in the porous
GaAs and InP was estimated by RS, PL and SEM/AFM. An application of porous
A"BY layers as antireflection coating in photodevices and as sensitive area in
optochemical sensors has been also discussed.
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SYNTHESIS AND OPTICAL PROPERTIES OF
TRANSPARENT NANOCOMPOSITES MATERIALS BASED
ON CdS, ZnS, CdZnS/PMMA

A. A. Biryukov, T. 1. Izaak, E. Yu.Gotovtseva, V. A. Svetlichnyi

Separate Organization Department «SPTI», Tomsk State University, prosp. Lenina, 36,
Tomsk, Russia

In the last time the polymers of acrylic row, in particular polymethyl-
methacrylate imobiolized in his volume nanoparticles of semiconductors
groups of A"™BY', find a wide application in the different fields of science and
engineering, goods on their basis it is possible to take to organo-neorganical
multifunctional optically transparent materials. Such composites, as rules
get, by either the sorption of precursors in the porous previously obtained
polymeric matrix, and then directly precipitate nanoparticles in the pores of
these materials in the process of impregnation of him in solution precipitator
or initially obtained nanoparticles of semiconductors by a micro emulsion
method, and then carry them in medium methyl methacrylate (MMA) with
his following photopolymerization. The lack of these methods is that ex-
tremely difficult to obtain the even distributing of nanoparticles in the volume
of polymeric matrix, besides in the case of micro emulsion method evapora-
tion of original solvent for the transfer of nanoparticles in medium of mono-
mer, that not always it is possible to carry out without the change of proper-
ties of particles of semiconductors and polymeric block composite on the
whole. The direct synthesis of nanoparticles of semiconductors in such mon-
omers was impossible until recent times, because of low permittivity of
MMA. In similar environments dissolution, both organic and inorganic salts,
with a high or low concentration is difficult and on some case not in the least
possible.

It is shown, that using salt of trifluoroacetate specifically cadmium, zinc
and their mixture as initial precursors able for lights dissolution in MMA al-
lowed to realize one-stage dimensionally controlled synthesis of chalcoge-
nide nanoparticles such as CdS, ZnS, CdZnS directly in monomer, and fol-
lowing photo- or thermo polymerization gets for obtaining hybrid optically
active material with even distributing of nanoparticles within polymeric com-
posite, and size of synthesized particles gives on the phase of synthesis and
varies from 4 to 10 nm. It is shown, that properties of their composites on the
whole and straight depend on size of synthesized particles.
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SHAPE AND LOCATION OF CHARGE WAVES IN IONIC
POLYMETHINE SYSTEMS IN ELECTRIC FIELD
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A quantum-chemical investigation of the charge distribution and mo-
lecular geometry in ions of linear conjugated molecules in electric field has
been carried out. It was shown by quantum field theory that a charge in the
collective m-electronic system is autolocalized and forms both charge and
bond length solitonic-like waves. Introducing the donor groups generates ad-
ditional waves at the conjugated chain ends, what causes the symmetry
breaking in the long polymethine-cations. In the short molecules, the contri-
bution of the terminal groups becomes predominante. Such character of the
charge distribution received by quantum field theory calculations is con-
firmed experimentally by the NMR spectra.

Keywords: linear conjugated systems, polymethine dyes, quantum-
chemical calculations, quantum field theory, charge waves, bond length
waves, soliton, NMR spectra.
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Lately tetracene has attracted much interest in connection with development of
organic light-emitting field-effect transistors [1]. Earlier we found out a possibility to
fabricate planar light-emitting systems consisting of Au nanoislands and organic lu-
minophores, and showed that the light emission from such nanostructures features
emission spectra from both metal nano-islands and luminophore molecules [2].

In the present work we report on a systematic study of molecular structure,
morphology and electroluminescent properties of tetracene thin layers deposited
in vacuum on Au island films. FTIR absorption spectra of the obtained samples
were measured at room temperature (Bruker IFS-88, 2cm™ resolution, 64 scans)
and showed pronounced changes in position and intensity for major absorption
bands compared to those of polycrystalline tetracene. The observed changes indi-
cate strong interaction of adsorbed tetracene molecules with Au surface. Scan-
ning tunneling microscopy studies revealed an amorphous structure of the depos-
ited tetracene layers. It was also found that local current-voltage characteristics
(CVCs) of the obtained tetracene films with a thickness of about 100 nm have a
pronounced non-symmetric shape.

For electroluminescent studies, a planar gap-type cell was fabricated. The
cell consists of two conducting metal strips deposited on a dielectric substrate and
separated with a narrow (~10 um) gap. By UHV deposition method, the gap is
covered with Au nanoislands and then with a tetracene thin layer. Upon applica-
tion of ~5 V electric voltage corresponding to a super-linear region of CVC, a
photonic emission from the nanostructure is observed. Monotonic increase of
light emission with applied voltage is accompanied by flashes correlating with
jump-like increase and decrease of conduction current. These results show that
polycyclic aromatic hydrocarbons can be prospective materials for application in

planar light-emitting structures based on metal nano-islands.

[1]. R. Capelli, S. Toffanin, G. General, et al. Nature Mater., 9 (2010)496-503.

[2]. D. Chubich, G. Dovbeshko, O. Fesenko, R. Fedorovich et al. Mol. Cryst. Liq.
Cryst., 497(2008)186/[518]-195/[527].
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POLYNUCLEOTIDES
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Recent revolutionary progress in synthesis and characterization of single-
walled carbon nanotubes (SWNT) has demonstrated the enormous potential for
the development of new devices with unique capabilities. Furthermore, biological
molecules (especially, nucleic acids) are easily combined with SWNT, forming
multifunctional materials with new properties. However, the mechanism of this
process is still not well understood.

The present study was aimed at revealing of changes in physical and optical
characteristics of single-stranded nucleic acids (NAs) and SWNT owing to the
formation of a complex between them. Aqueous suspensions of nanohybrids have
been investigated by differential UV-visible absorption spectroscopy in the tem-
perature range from 20 °C to 90 °C. Heating NAs-SWNT hybrid can lead to chang-
es in its light absorption, which reflect the conformational change of the adsorbed
molecule, as well as the change in SWNT absorbance at disruption of base-stack-
ing interaction within NAs and with SWNT surface, respectively.

According to measurements at 20 °C, homopolymer adsorption onto the
nanotube is followed with changes in optical characteristics both of the polymer
and SWNT, being the result of p-p-stacking interaction of the polymer with the
tube surface. Attenuation of the light absorption intensity was observed in the
range of (44000-38000) cm™ where the polymer and the tube absorb and in the
range of only the nanotubes absorption ((35000-27000) cm™). It was revealed that
upon poly(rA) wrapping on nanotubes a significant part of its bases keeps self-
stacking while upon adsorption a more rigid poly(rC) is disordered almost com-
pletely. The temperature increase to 90 °C does not result noticeable nanotube
precipitation. On melting curves of polynucleotides the features are revealed
which can be explained by a re-orientation of these polymers on the nanotube with
the heating that provides the optimal n-m -stacking of nitrogen bases with the car-
bon surface. The complexes formed by a flexible disordered poly(r]) and nano-
tubes show a lower stability. With increasing temperature to 90 °C the nanotube
precipitation (about 12% of SWNT) was observed, indicating that complex degra-
dation occurs through a loss of m-interaction. This assumption is confirmed by a
hyperchromicity of nanotube absorption.

The experimental data are explained by results of molecular dynamics simu-
lation of NAs-SWNT hybrids.
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A single-walled carbon nanotube (SWNT) is a quasi-one-dimensional
crystal characterized with unique physical and chemical properties, which can
be used in various fields of nanotechnology. Under ordinary conditions, be-
cause of the strong van der Waals interaction between individual nanotubes,
they form bundles. For practical applications it is important to obtain isolated
SWNTs. Bundles can be separated in the water medium by means of ultrasonic
dispersion in the presence of a surfactant or water soluble polymers, for exam-
ple, DNA. This polymer wraps around SWNT and prevents nanotubes from
re-aggregating into bundles after the ultrasonic treatment. Besides isolated
SWNTs in aqueous suspension, it is necessary to obtain individual nanotubes in
the composite film. In connection with this problem, a question of the environ-
ment affect on SWNTSs physical properties is topical now.

Herein, we report results of our work on studying the environment effect on
Raman spectra of HIPCO SWNTs in a film with DNA at 5 and 295 K. Resonance
Raman (RR) spectra of DNA-wrapped single-walled carbon nanotube films were
studied in the range of radial-breathing (RBM) in (175-320 cm ™) and tangential
(G) (1520-1625 cm™) modes. The carbon nanotube-DNA interaction results in
the following changes in RR spectrum of this sample, relatively to the spectrum
of nanotubes in bundles: increasing of the integral intensity of RBM bands, redis-
tribution of intensities between the bands, which can be partly explained by trans-
formation of resonance conditions, G band is upshifted, and the intensity of the
asymmetric band of the low-frequency component of this band weakens in the
film. The temperature lowering from 295 to 5 K is accompanied by the upshift of
RBM bands, the magnitude of which is higher for metallic nanotubes than that for
semiconducting ones. Upon the temperature lowering from 295 to 5 K, the up-
shift of bands attributed to G mode is observed for two samples but its magnitude
is different for metallic and semiconducting nanotubes. It should be noted that the
spectral shift value between the high-frequency component of G band peaks of
two samples at 5 K retains the same as it was observed at 295 K. In general, it can
be concluded that temperature changes observed in RR spectra of SWNT:DNA
film and nanotubes in bundles are similar. It results from the fact that the strong
interaction between tubes in bundles is replaced with a rather strong SWNT inter-
action with the polymer.
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A new method for imaging, structural study and cultivation of cells
based on the effect of the enhancement of optical signals from biomolecules
near the nanostructured rough gold surface is proposed. The SEIRA (surface
enhanced infrared spectroscopy) and confocal microscopy experiments were
done on culture of SPEV (porcine embryonic kidney epithelium transplant-
able line) cells cultivated and adsorbed on the gold support.

The first SEIRA spectra have been registered from monolayer of the
SPEV cells with better resolution than those for monolayer of protein or oth-
er biopolymers. They showed a low frequency shift about 2-7 cm™ of the
most IR vibrations for cells cultivated on the rough gold in comparison with
those for adsorbed cells from suspension on the same substrate. Factor of
enhancement was equalled to 15-30. Then we visualised SPEV sells on the
rough gold support and got contrast image in laser fluorescence mode.

Confocal imaging was done by a Carl Zeiss LSM-510 META confocal
laser scanning microscope with Plan-Achromat 63x/1.4 Oil DIC oil immer-
sion objective in Multi Track mode. The FTIR spectra were collected in the
400-7000 cm™' region with an IFS 66 Bruker instrument with resolution of
0.5 cm and precision of wavenumber definition not less than 0.01 cm™.
SPEV cells were cultured in plastic flasks in DMEM (Sigma) medium.

This approach could open new possibility for imaging of living cells,
cells in vivo without staining and without labelling. Fluorescence from the
rough gold have been registered for three laser excitation in confocal micro-
scopy. The plasmonic effect responsible for our findings is discussed.

We thank Program of NAS of Ukraine BLI-138 Ne 0107U002165, 2007-
2011 year for financial support and Ukrainian Fundamental Research Project
115 “Study of interaction and biocompatibility of nanoparticles with culti-
vates cells”.
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Deep clectron traps in InGaAs/GaAs quantum dot (QD) structures, which
largely affect the transport of charge carriers and photoconductivity of the system
were identified by thermally stimulated conductivity (TSC) technique. The discrete
values of deep level depth below GaAs conduction band at 0.16 eV, 0.22 eV, and
0.35 eV were obtained from analysis of TSC curves shape after excitation with
quanta energy iv=0.9 eV, 1.2 ¢V and 1.6 eV.

Observation of TSC curve peaks with maximums T’ near 90 K, 106 K, and 187
K pointed to existence of tree deep electronic states at least, which are localized at
GaAs intermediate layers in the vicinity of QDs.

The shape of TSC curve depends on quanta energy. After exciting of structures
by photons with energy outside the PL band, it was impossible to observe the second
TSC peak (state at £ —0.22 eV) near 106 K. Peaks near 90 K (state at £ —0.16 eV)
and 187 K (state at E, - 0.35 eV) were observed only after excitation by 4v 0of 0.9 eV
and 1.6 eV. This means that the second peak is associated with deep recombination
center located outside the QD.The state at £, —0.22 eV is shown to be related to the
recombination centre, which can hold non-equilibrium holes over a long period of
time on condition that non-equilibrium holes localized by quantum states of QDs.
During long-term electron storage in the vicinity of QDs, the electron trapped at
E —0.16 eV level are recaptured by deeper and remote spatially £, — 0.22 eV level,
which causes TSC peak observation at 106 K. With respect to spatial localization
and the physical nature of deep-level traps, we can assume that deep levels £, - 0.16
eVand £ - 0.22 eV may be assigned to In,_ Ga As-GaAs interface defects.

Presence of recapturing is illustrated by peak shifting at different heating rates.
Peaks shift to higher temperatures with increasing of heating rates, while maximum
values of the conductivity are growing up. Data obtained at different heating rates
allow us also to calculate the depth of the deepest trap 0.35 eV, which is responsible
for observation of the TSC peak near T = 187 K. Such levels may be assigned to
EL6 traps in GaAs.

The study shows that level with depth of 0.16 eV is effective electron trap,
which provides crossing of lateral conductivity to high-resistance mode, and there-
fore causes a high value of photocurrent sensitivity about 3 A/W at 77 K with excita-
tion by interband transitions in QDs. The charge density of electrons captured by
E_—0.16 eV level was determined to be 2x10* C/cm* at 77 K, which induces electric
field ~ 10° V/cm in the vicinity of QDs.
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This paper investigates bistable merocyanine dyes (oxynitrostiril tetrahydro-
fenantridine (SF)) with photo and thermochromic properties. These compounds
are sensitive to the characteristics of the environment.

To study the dependence on the environment of properties of SF dye composi-
tions the solvents with surface-active substances (SAS) were used. It was revealed that
at certain concentrations of surfactant in such compositions the self-organization of
molecules and formation of supramolecular nanostructures are going on. The formation
of micelles is accompanied by formation of local areas, which in general differs in
characteristics from the environment. Spectral studies were conducted for different con-
centrations of dye and SAS and for the different ratio of components.

Absorption spectra of dye solutions in chloroform without SAS consist of broad
bands in the ranges of A =320 nm, A =410nm, A =610 nm, and luminescence
spectra have bands in the range of A =490 nm and A_ =700 nm, respectively and
caused by emission of dye’s monomers and excimers.

Premicelle concentrations of SAS do not influence the spectral characteristics of
dyes. It means that SF does not form with SAS any chemical compounds or complexes.

The increasing of monomer and extinction of excimer luminescence of the dye is
observed after reaching the concentrations of SAS micelle-creation. At the same time,
the spectra of absorption remain practically unchanged. These experimental results tes-
tify that the creation of micelles impedes SF intermolecular interaction as well as the
possibility of inclusion of the dye molecules to the micelle.

Further increasing of SAS concentration over the critical level of micelle-creation
leads to considerable changes in spectra of absorption and luminecence and is accom-
panied with decolouration of dyes. The bands of SF merocyanine form disappears
while the bands of SF spirane form increse in the spectra: absorption & = 330 nm,
luminecence A_ = 500 nm. The existance of isobestic point confirms the shift of bal-
ance to the colorless form of SF in certain concentrations. The experemental results
could be explained by fixation of molecule of the dye in the micelles, where the local
environment with reduced polarity is established as the consequence of pecularities of
micellar structures with inward directed non-polar tails of SAS molecules.

198



P-17 NANOOBIJECTS
SYNTHESIS AND CHARACTERIZATION OF ORGANIC
DYE-DOPED SILICA NANOPARTICLES

V. V. Danilina®, T. N. Tkacheva, I. I. Ganina, S. L. Yefimova, A. V. Sorokin,
Yu. V. Malyukin

Institute for Scintillation Materials, NAS of Ukraine, 60 Lenin ave., 61001 Kharkov, Ukraine
*Corresponding author: danilina@isma.karkov.ua

In the last ten years, significant advances have led to a large variety of
labelling reagents based on nanomaterials with controlled size and shape.
These materials represent an exciting and often more effective alternative to
the use of organic fluorophores. Such nanomaterials show many unique prop-
erties that are not observed in the bulk materials. Dye-doped silica nanopar-
ticles possess significant advantages over single dye labeling. They are made
of thousands of organic or inorganic dye molecules doped inside a silica that
protects dye from the surrounding environment, increases photostability, and
provides fluorescent signal enhancement.

The work presents experimental results on synthesis of silica nanoparti-
cles doped with polymethine dye Dil and studding their luminescent proper-
ties. Silica nanoparticles were synthesized by the modified Stober method
and characterized by TEM. The influence of reactant concentrations (ammo-
nium hydroxide and TEOS) on SiO, nanoparticle size and size distribution
has been examined. Dye molecules were encapsulated into SiO, matrix by
three different methods: during the nanoparticle synthesis, by the SiO,
nanoparticles impregnation with the dye and using layer-by-layer self-assem-
bly technique. Comparison analysis of fluorescence spectra, photostability
and dye-leakage ability for three different types of dye-doped silica nanopar-
ticles have been done.
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Sol-gel synthesis of oxide matrices doped with rare earth ions can pro-
vide economic luminescent materials for photonics, lighting and displays.
They permit incorporation of noble metal ions and nanoparticles for plas-
monic enhancement of the impurity fluorescence. But the efficiency of ener-
gy transfer from noble metal dopants to the fluorophore not exceeded 20-40
% till recently [1].

Sol-gel TiO, films activated by Sm** ions and co-doped by silver parti-
cles described here demonstrate up to 20 times enhancement in fluorescence.
Strengthening of Sm*" absorption by plasmons localized in silver particles is
considered as a reason of such enhanced emission [2]. Sol-gel TiO,:Sm*
films deposited on thin (50 nm) gold layers allow tuning of spectral distribu-
tion and polarization of Sm** emission. Such effect is due to coupling of fluo-

rescence with surface plasmon waves induced in gold layer.

[1]. G.E.Malashkevich et al. // Phys. Solid State 50 (8), pp. 1464—1472 (2008).

[2]. L. Dolgov, V. Reedo, V. Kiisk, S. Pikker, 1. Sildos, J. Kikas // Opt. Mater. 32, pp.
1540-1544 (2010).
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Interest to opal films is caused by an opportunity of manufacturing on
their basis optical splitters, filters, integrated optical circuits, memories, opti-
cal sensors and etc.

The purpose of the present work was grew film of opal on a basis of sili-
con dioxide globules and investigation structural disorders influences on their
optical properties.

Synthesis of silicon dioxide globules was carried out by modified Stober
method [1]. Opal films were grown by vertical pulling of quartz or glass sub-
strate from suspension of nanodisperse silica globules with middle size of
about D =240 nm. Speed of pulling was of about 100 nm/s. In this case, un-
der action of forces of a surface tension of particle suspension, globules were
stacked in a uniform layer. Such method of film creation as shows experience,
is most effective and occupies

much less time than method of film growing in a region of moving me-
niscus by evaporation of a liquid from suspension [2]. The samples received
thus were dried up during day at room temperature with the subsequent an-
nealing at T = 480 °C.

Diffraction of laser radiation with A = 640 nm at the relation D/A = 0.37
(near lower edge of photonic stop-band) on the prepared opal film samples
was observed, while authors of work [3] observed diffraction patterns in the
range from D/A=1.07 to D/A=2.10 that corresponds to photonic forbidden
band of higher orders. Character of distribution and brightness of diffraction
reflexes was various in various sites of a sample that testify to polydomain
structures of film. Reflection spectra from various sites (size ~ 200 — 300 p)
of film with use of specially developed optical probe are measured by double
monochromator DFS-12. The various character of spectral distribution
caused by influence of point defects, “strips of growth” and structural disor-

ders in various sites of a sample is established.

[1]. W. Stober, A. Fink, E. Bohn, J. Coll. Interf. Sci., vol. 26, p. 62, 1968.

[2]. A.I Plehanov, D. V. Kalinin, V. V. Serdobinceva. Russian Nanotechnology, vol.
1, pp. 245-251, 2006.

[3]. F. Garcia-Santamaria, J. F. Galisteo-Lopez, P. V. Braun, C. Lopez, Phys. Rev.,
vol. 71, p 195112, 2005.
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Optical microscopy studies of electrical conductivity and rheological
properties (in the cone-plate geometry) of glycerol suspensions filled with
multiwalled carbon nanotubes (MWCNTs) have been fulfilled [1]. The re-
searches were carried out in the intervals of temperature T=283+333 K and
MWCNT concentration C=0+1 wt%. MWCNTs in glycerol are demonstrated
to have a strong tendency toward the aggregation, so that “primary” MWC-
NT aggregates persist even after the intensive ultrasound homogenization.
Typical percolation phenomena accompanied by an enhancement of the elec-
trical conductivity and the viscosity are observed at an increase of the MWC-
NT concentration. The concentration percolation threshold is identified at
C=C 0.1 wt%, and the scaling behavior in a vicinity of the percolation
threshold is found to be characterized by the conductivity exponent t=2.7+0.3,
which is somewhat higher than a value typical of the random percolation
problem. The introduction of MWCNTs in glycerol resulted in the appear-
ance of thixotropic behavior related to the fracture of MWCNT aggregates
under shear. An anomalous rheological behavior is observed at a high MWC-
NT concentration, C=1 wt%, which testifies to the destruction of the H-bond
network in glycerol induced by MWCNTs. The dependences of the activation
energies of the ionic electric conductivity and a viscous flow on the MWCNT

concentration are estimated.
[1]. L. A. Bulavin, N. I. Lebovka, Yu. A. Kyslyi et al. Ukr. J. Phys. 56, 217 (2011)

202



P-21 NANOOBJECTS

UV ABSORPTION OF NANOSTRUCTURED TITANIUM
DIOXIDE DOPED WITH TRANSITION METAL CATIONS
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Titanium dioxide, TiO,, is attracting much interest for its unique proper-
ties, such as high dielectric constant, high refractivity, ferromagnetic phase
above room temperature, photocatalytic activity etc. But still, wide techno-
logical usage of TiO, as solar cells and photocatalysis is impaired by its large
band gap (3 eV for rutile and 3.2 eV for anatase), which requires UV irradia-
tion. Many attempts have been made to modify the physical, chemical and
optical properties by doping TiO, with different metal cations. New physical
and chemical properties can thus be imparted to nanostructured TiO, depend-
ing on the synthesis procedure and dopant type and content. These materials
seems to possess unique optical and photocatalytic properties, as well as it
might be a perspective material for solar energy conversion.

In the present work, a comparative study of UV optical absorption of
anatase (A) and rutile (R) polydisperse nanopowdered TiO, doped with dif-
ferent transition metal ions Cu*, Fe**, Co*, and Cr** was performed. The
doped anatase samples have revealed an increased optical absorption and sig-
nificant red spectral shift of the absorption edge, whereas rutile samples have
no such shift of the absorption edge. The doping effect in the absorption of
rutile is observed only in the range 3.0-4.5 eV, whereas the absorption of
doped anatase differs from pure anatase in the range 3.0-5.5 eV. The samples
were characterized by XRD, TEM-EDX, UV-spectroscopy, and Fourier
transform (FT) Raman and IR spectroscopic techniques. Correlation between
the structure and optical properties is discussed.

This work was supported in part by the National Academy of Sciences of
Ukraine under the Program “Nanophysics and Nanoelectronics” (Project
No. VC-138/23).
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Nanocrystalline titanium dioxide (TiO,) is a photoactive semiconductor
material with multifunctional properties including high dielectric constant,
high refractive index, high optical absorbance in the ultraviolet and transpar-
ency in the visible spectrum, which are widely used in photocatalysis, photo-
voltaic cells, photosensors and photonic crystals [1,2]. However, the large band
gap of TiO, (3.2 eV for anatase, 3.0 eV for rutile) allows its activation only in
the UV light (wavelengths A < 400 nm) that limits possible applications, for
instance, in photocatalysis under the natural solar irradiation.

In this work, the values of the band gaps for direct (Eg » and indirect (Eg].)
transitions for the studied anatase samples are obtained. For pure polydisperse
anatase, the direct band gap value is shown to be E =325¢V.Our values of
the direct band gaps for the doped anatase correlate well with the literature data
for anatase with similar impurity cation concentration and particle size.

It is found that, as compared with pure rutile, the band gap in the doped
rutile does not change, whereas for the doped anatase it decreases, and most of
all for A/Cr and A/Fe samples. It is shown that the large amount of transition
element impurities in the doped TiO, samples create additional recombination
centers for photogenerated electrons and holes, which cause the inhibition of
photocatalytic activity. It is found that the improvement of photocatalytic activ-
ity of the doped TiO, in the reaction of organic dye safranine destruction is most
pronounced for the anatase samples as following: A/Fe>A/Cu>A/Co>A. It cor-
relates with the relative intensity of photoabsorption of doped anatase at the
4.0-5.5 eV. In the case of rutile samples, the doping effect leads to the inhibition
of the photocatalytic activity as following: R/Fe<R/Cr<R/Cu<R/Co<R.

This work was supported in part by the National Academy of Sciences of
Ukraine under the Program ‘“Nanophysics and Nanoelectronics” (Project
No. VC-138/23).
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In work the question of working out of new methods of an establishment and
forecasting of duration of term of maintenance of operational parametres of high power
commercial light-emitting diodes (LED) on the basis of InGaN/GaN nanoheterostruc-
tures with quantum well on the basis of complex examination of their performances the
acoustics emission (AE) method and the spectrographic analysis is considered.

It is known that operation LED at excess of the recommended temperature
considerably reduces the guaranteed term of work because of acceleration of proc-
esses of a defect formation in nanostructure. It influences also character of depend-
ence 1(J) powers of radiation - electroluminescence (EL) / from supply current J
and an energy distribution in its radiation spectrum.

Originally, the AE-method was erected maximum allowed current and tem-
perature of operation LED. Because of the analysis of dynamics of intensity and
peak distribution of AE-signals, the deduction about criticality and intensity of
processes of formation of defects, reliability and expediency of magnitude of a
loading, and its subsequent magnification became.

The subsequent measuring were lead at the stand of a spectrograph with a
ruler of photodetectors (time of recording of a spectrum less than 10 ms), a measur-
ing instrument of integrated power of radiation (sensitivity practically does not
depend on a radiation wave length in a range 250 - 3000 nanometers), with spectro-
scopic not selective thermoelectric detector, a control system and the control of
temperature LED.

The algorithm of processing of results is offered allows to build power distri-
bution in a spectrum of the EL, and also to find out differences in /() for LED
different power at various temperatures (for example, at 250 °C and 550 °C). Dia-
gram’s I(J) are well approximated by multinominals of the second degree. It is re-
vealed that type LED coefficients of multinominals depend on temperature.

The registered changes in spectrums of radiation LED at various temperatures
allow doing quantitative assessments of subjective perception as changes of color
of radiation (taking into account spectroscopic sensitivity of an eye of the person).
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ABNORMAL LOW LINEWIDTH TEMPERATURE
BROADENING OBSERVED FOR YVO,:Eu NANOCRYSTALS
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Since the spectral lines temperature broadening are determined by pho-
non scattering on the impurity centre modification of phonon spectrum can
affect the temperature broadening suppression. So, by controlling of nanoc-
rystal size and “nanocrystal - environment” interface the effect of “cluster
freezing” — abnormal weak spectral lines temperature broadening up to room
temperatures — can be achieved.

Spectral lines of impurity ions in YVO,:Eu’* nanocrystals remain abnor-
mal narrow (~10 cm™) even at the room temperature, while for the bulk crys-
tals the average linewidth at the room temperature is ~70 cm™. This narrow-
ness of spectral lines can be clearly explained by manifestation of phonon
spectrum depletion in nanocrystals. Linewidth temperature dependences ob-
tained for nanocrystals with different size exhibit strong dependence of spec-
tral line width from the size of nanocrystal and differs from bulk crystal
(Fig.1).
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Fig.1
Decreasing of crystal size up to few nanometers manifests itself in sig-
nificant modification of phonon density of states p(w). Obtained data are in
good agreement with equation for spectral linewidth (1), where p(w) is
phonon densrLy of states corresponding to nanocrystal size.

J'—ln 1+W2 -p*(w)-sh™ (ha)/kT)}(l)
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ON THE POSSIBILITY OF NANOFLUIDS USING AS A
COOLANT
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The heat-transfer properties of “water-nanofluids” liquid system, which
contains high-purity single-walled nanotubes SWCNTs, have been investi-
gated [1]. It was found that the relation of heat conductivity factor between
the nano-structuring liquid and the classical one has linear dependency in

concentration range of C=0+0.3 mg/1 (see Figure).
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Figure: A /A, as a function of concentration C for liquid system “water-
nanotubes” (A, is the nanofluids thermal conductivity coefficient and A, is the
classic liquid one).

For the reason of performed experiment we propose the possibility of

nanofluids using as a coolant.
[1]. L.A.Bulavin, D. A. Gavryushenko, V. I. Kovalchuk, and V. F. Korolovich Nucl.
Phys. Atom. Energy 11, 405 (2010).
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At ambient conditions, fullerene C,, forms nearly ideal molecular crys-
tals with the molecules bound by Van der Waals interactions. In the last years,
a new carbon structure (carbon like and diamond like) has been prepared
from fullerene C,, under high pressures and temperatures. These materials
show different electrical and optical behaviours, according to their structure,
depending on several parameters in each production method. In this work,
investigation results of Raman spectra in obtained from C,, molecular beams
films been presented. Films were produced from C,; fullerene powder by
sublimation in vacuum on Si and quartz unheated substrates. Raman spectra
C,, films display lines peaked at 1426, 1470 and 1578 cm. It has been reveal
itself that C_  molecules decomposed and that new carbon structures (graph-
ite like and diamond like) form in the films depending on the C , beam ener-
gy. We have carried a study of this films Raman spectra, by measuring it at
the different excitation energy. Raman spectra was measured by using an
Argon ion laser with A =514 nm and A = 488 nm.

We have established that for the lowers excitation energy (A = 514 nm)
D peak is more intense than the G peak, and its intensity decreases with in-
creasing of excitation energy (A = 488 nm). Whereas the G peak position is
practically independent of excitation energy, the D peak shows a variation of
its position. The D mode can not be a simple Raman mode. The two bands G
and D representing the same basic Raman active vibration mode of the graph-
ite. The G mode represents the classical zone-centre excitation, the D reports
zone-boundary excitations excited via a resonance process, by © —x" electron
transition. The electron excitation might contribute to Raman spectrum. The
excited electron emits a phonon with the same momentum, where the photon
absorption took place. There is the resonant Raman scattering with new se-
lection rule.
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N. N. Melnik", E. Perevedentseva'?, P. —H. Chung’, M. Kazaryan',
C. - L. Cheng’
' P. N. Lebedev Physics Institute, RAS, Moscow, Russia

2 Department of Physics, National Dong Hwa University, Hualien, 97401 Taiwan
*Corresponding author: melnik@sci.lebedev.ru

In this work, photoluminescence of nanodiamonds interacting with bio-
logical macromolecules, such as proteins, lysozyme and albumin, is studied.
Proteins were physically adsorbed on carboxylated nanodiamonds surfaces.
The PL spectra of the protein-nanodiamond complex were measured. It is
shown that the surface passivation can modify the nanodiamond lumines-
cence band shape.

Nanodiamonds have a strong photoluminescence in the visible range.
Protein molecules do not luminescence. However, the adsorption of protein
on the nanodiamonds surface changes the luminescence. It is difficult to as-
sume that the lysozyme molecule can greatly change the nanodiamond phys-
ical properties at the room temperature.

Our previous measurements showed that the nearest environment of na-
noparticles can strongly affect the optical properties of nanoparticles [1,2].
Usually there are graphite clusters on the surface of nanodiamonds, which
absorb the exciting radiation and transmit the excitement in nanodiamonds.
The presence of protein molecules near the carbon cluster can change the
nanodiamond excitation condition because of the interaction of biological
molecules and graphite clusters. As a result, the changes of photolumines-
cence band shape of protein-nanodiamond appear.

This study is important for the bio and medical applications of nanodia-
monds used as a biocompatible label.

This work was supported in part by Russian Foundation for Basic Re-
search under Grant No. 10-02-00809-a and Fundamental Research Program

of the Presidium of RAS «Quantum Physics Condensed Matter»

[1]. N.N. Melnik , T.N. Zavaritskaya , V.A. Karavanski, “Surface and bulk states of
disordered carbon and their optical properties” Proc. SPIE, 5507 (2004) 103-109

[2]. N.N. Melnik, T.N. Zavaritskaya, V.A. Karavanski. “Optical properties of graph-
ite nanoparticles in irradiated diamonds”, 2nd conference on New Diamond & Nano Car-
bons (NDNC 2008), May 26th-29th 2008, Taipei, Taiwan, Abstracts, 260
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The organic/nanosize inorganic hybrid materials have a prominent role in
the forefront of research due to combining the advantages of organic and inor-
ganic materials and open up countless possibilities for application.

In this work novel composite films based on poly (di-n-hexylsilane)
(PDHS) incorporated into SiO, [1] and TiO, nanoporous films were fabricated.
Photoelectronic properties of these composites have been studied using optical
spectra and photoluminescence decay measurements in the wide temperature
range (5-330) K as well as refractive index of inorganic matrix and composites.
It was proved that the polymer chains are localized into the nanopores of inor-
ganic films. These measurements demonstrate essential influence of inorganic
matrixes on the polymer chains conformation and the emission properties. It
was shown that an intense aggregate photoluminescence is specific feature of
newly fabricated composites, and photoluminescence and life time of PDHS/
TiO, composites are much lower than that of PDHS/SiO, composites, which
we attribute to the exciton dissociation at the polymer - TiO, interface.

Temperature dependence of photoluminescence intensities enabled us to
establish the nature of the conformational structure of the polymer chains as
well as to obtain information about the thermochromic transition of the con-
fined PDHS and the excitation energy transfer pathways.

It was shown the strong suppression of nonradiative decay channels and
the absence of the thermally activated photoluminescence quenching of em-
bedded nanosize PDHS, what is in contrast to the results obtained for polymer
films and solutions. The effect is evidently caused by the reduced exciton mi-
gration due to the strong exciton localization in the low-dimensional structure.
It is discussed characteristic features of nanocomposite films related to the su-

pervision of intensive photoluminescence even at a room temperature.
[1]. N.L Ostapenko, N.V.Kozlova, E.K. Frolova et.al., J. Appl. Spectr., 78, 1, (2011) 82.
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The work is devoted to questions of interrelations between methods of
functionalization and functional groups distribution character on the surface
of nanographite plates. Functionalization of initial thermoexfoliated graphite
(TEG) was carried out with using of inorganic reagents such as KMnO, solu-
tion in the sulfuric acid and mixture of sulfuric and nitric acids and during
different time of first and re-dispersion in the magnetic stirrer. Quantitative
and qualitative composition of functional groups on the nanographite plates
surface was determinated by infrared spectroscopy method.

As it is revealed from detailed studies of structure of the functionalized
graphite the fuctionalization results in destruction of initial TEG structure
and reduction of TEG particles size under some nanometers (Fig.1). The IR
absorption spectrum for functionalized TEG is presented at Fig. 2
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Fig.1. TEM image of nano-exfoliated Fig.2. The IR spectrum for nano-exfoliated
graphite particles functionalized with graphite functionalized with KMnO, soluti-
KMnO, solution in sulfur acid. on in sulfur acid.

As it should be from figure the IR spectrum contains intensive peaks,
which correspond to the valence vibrations of the hydroxyl —OH group (3750
cm™), hydrogen atoms bonded with sp* and sp*- hybridized carbon atoms
(3000 cm), C=0 double bond (1800-1650 cm™), lactone group (1450 cm™).
The intensity of these peaks in the IR spectra for specimens with bigger re-
peated dispersing time is weaker.
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Static and dynamic magnetic properties of nanostructured compound
BaMn, O, was investigated in temperature range 4.2-100 K in magnetic
fields up to 6 kOe. Two types of samples were investigated: a powder and a
compacted powder. The magnetic moment temperature dependences M(T)
for both samples demonstrate an anomaly around 50 K caused by phase tran-
sition in the magnetically ordered state.

Temperature dependences of magnetic moment measured in field cool-
ing (FC) and zero field cooling (ZFC) regimes in magnetic fields from 24 to
3000 Oe are strongly different for two type of samples. Magnetization at
4.2 K in a field 200 Oe differs by almost two-fold. Existence of splitting point
between FC and ZFC regimes indicates that in this compound exists a phase
separation at low temperature. The temperature of the splitting for both sam-
ples, T * is weakly dependent on the external magnetic field. This indi-
cates that the compound is in a state of spin glass.

The study of the temperature dependence of the dynamic magnetization
of pressed powder BaMn, O, in the frequency range 10 - 10 000 Hz allowed
to determine the frequency dependence of the freezing temperature T . Based
on these data determined the rate of frequency shift of the freezing tempera-
ture T,

oh T, :
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the resulting value is consistent with similar estimates for the spin - glass sys-
tems.
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Organic dyes are still widely used in biological researches and medical diag-
nostics as fluorescent markers and probes for cell and tissue imaging and tracing,
studying different processes taking place in living cells. Fluorescence labeling of
non-fluorescent nano-scale vehicles such as liposome vesicles, polymeric mi-
celles, latex nanoparticles, polymeric spheres is also powerful tool for studying
their fate in living organisms. Organic dyes can be introduced in nano-scale vehi-
cles either by covalent labeling or by adsorption. The latter way can supply re-
searches with additional information concerning the probe environment. How-
ever, since electrostatic, hydrophobic and van der Waals forces between the probe
and the target can be very specific, it can affect the interpretation of the data ob-
tained in biological research. So, the specificity of probe-to-target interactions
could be taken into consideration.

In present study, the interaction of series of hydrophobic cationic carbocya-
nine dyes 3,3’-dioctadecyloxacarbocyanine perchlorate (DiO), 1,1°-dioctadecyl-
3,3,3”,3’-tetramethylindocarbocyanine perchlorate (Dil) and 1,1’-dioctadecyl-
3,3,3’,3’-tetramethylindodicarbocyanine perchlorate (DiD) with egg yolk phos-
phatidylcholine (PC) has been studied spectrophotometrically in aqueous solu-
tions. Using the modified Scott equation, the binding constant (K ) of the dye to
PC liposomes at four different temperatures (288, 298, 308, 318 K) have been
calculated. The thermodynamic parameters (the standard free energy change
(AG) of the dye transfer from water phase to lipid phase, enthalpy (AS) and en-
tropy (AH)) of this complex were calculated from the K values at different tem-
peratures by the usual method. The calculated K _values for all dyes are very high
that indicates the strong interaction between the dyes and lipid bilayer of lipo-
somes. The increase in temperature causes the decrease in the binding constant
for all dyes. It is evident that at higher temperature the tendency to form the dye-
to-liposome complexes lessens. The high negative values of AG indicate that the
process of dye-to-liposome binding is spontaneous and energetically favourable
process. Obtained data were used to select tandem dyes for PC liposome labelling
in “liposome — cancer cells” interaction studying,.
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THERMOLUMINESCENCE OF THE NANOCRYSTALLINE
ZrO, - PURE, YTTRIA-STABILIZED AND Cr, Mn, Fe DOPED

O. Stanovyi, Yu. Morozov, I. Dmitruk, S. Kutovyi®

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 2,
Kyiv, Ukraine
*Corresponding author: Ins@univ.kiev.ua

The nanocristalline ZrO,, pure and yttria-stabilized (ZrO,), (Y,0,), has
been investigated by the thermostimulated luminescence (TSL) method in
the temperatures range of 8§0—400 K over the composition range 0<x<0.08.
Pure ZrO, doped with Cr, Mn, Fe was also studied.

The TSL glow curve of pure zirconia, 3.4 mol. % and 8 mol. % YSZ
(yttria-stabilized zirconia) is shown in Figure. The TSL glow curve of pure
zirconia contains four intensive peaks at 100, 131, 184, 258 K, at least two of
them are complicated. TSL glow curves of YSZ consist of several strongly
overlapped peaks in the range of 85-200K.

The trap activation energy values for 3.4 mol. % YSZ were determined
using the fractional glow curve method. The calculated energy values are in
the range of 0.15—0.5 eV. As it occurred the trap activation energies for this
specimen can be described by formula E=fwn, where iw=0.050 eV (404 cm
), n assumes integer values. The corresponding vibration band (403 cm)
was found in Raman spectra of nanocrystalline YSZ. For the sample 8§ mol.
% YSZ the trap activation energy values change continuously from 0.15 eV’
to 0.45 eV. We consider that it caused by the changes in the thermolumines-
cence mechanism due to increasing of the impurities concentration.
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FABRICATION AND OPTICAL PROPERTIES OF
FUNCTIONAL OPTICAL ALUMINA AND ZIRCONIA
NANOCERAMICS

A. A.Shulzhenko', A. D. Shevchenko®, V. N. Uvarov’, A. N. Sokolov’,
V. G. Gargin', N. N. Belyavina®, V. N. Yashchuk®, N. N. Berezovska®,
M.M.Biliy’, A. P Naumenko?

'V. N. Bakul Institute for Superhard Material of the NAS of Ukraine,
2, Avtozavodskaya str., Kyiv, Ukraine
2G. V. Kurdyumov Institute for Metal Physics of the NAS of Ukraine,
36, Academician Vernadsky Blvd.,Kyiv, Ukraine
3Taras Shevchenko National University of Kyiv, 60, Volodymyrs’ka st., Kyiv, Ukraine
“Corresponding author: admit@imp.kiev.ua

The optical absorption spectra, Raman spectra, and photoluminescence
spectra of optical oxide nanoceramics ZrO, and 0-Al,O,, obtained under con-
ditions of high 5, 7 GPa pressure using high-pressure apparatus such as
Bridgman anvils with toroidal depression and a hydraulic press with the ca-
pacity 2000 tons have been studied. Phase composition and crystal structure
of the samples have been studied by X-ray analysis. Diffraction patterns of
samples were recorded in filtered copper radiation with an automated X-ray
diffractometer DRON-3. Optical absorption spectra were recorded with an
automated spectral complex on the basis of single monochromator MDR-3 at
room temperature in a wide spectral range (370 — 1100 nm). Raman spectra
were obtained using automated spectral complex based on double grating
spectrometer DFS-24 in the backscattering geometry (A = 514.5 nm). Emis-
sion and excitation spectra were obtained at room temperature using a Cary
Eclipse fluorescence spectrophotometer (Varian). The obtained absorption
spectra of the investigated oxide nanoceramics based on ZrO, and ALO,
nanopowders show that these nanoceramic materials are transparent in the
visible range (400 to 800 nm). Nevertheless the weak bands at 437, 448, 454,
464,477,491, 554, 576, 583 nm have been observed in absorption spectra of
zirconia. The absorption spectrum of Al,O, sample demonstrates the clearly
observed absorption minimum at 773.5 nm and a weak feature in the area of
340 nm. A characteristic feature of Raman spectra of all samples is the pres-
ence of a strong fluorescence background. However, even in the case of small
signal to noise ratio in the Raman spectra all the bands characteristic to
monoclinic zirconia have been reliably recorded. For Al,O, sample only one
weak band at 97 cm™ has been obtained in Raman spectrum. ZrO, sample,
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obtained under conditions of high pressure (7,5 Gpa), demonstrates not only
typical qualitative Raman spectrum but emission spectrum with a maximum
of 405 nm and corresponding excitation spectrum with a maximum at 335
nm, that confirms the fact of formation of crystal lattice in this material.
Group of bands in the region of 450-600 nm fluorescence spectra can be
caused by the presence of oxygen vacancies.
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HIGH-RESOLUTION RAMAN SPECTROSCOPY OF
PHOTOPOLYMERIZED AND NONPOLYMERIZED
FULLERENE FILM IN WIDE TEMPERATURE RANGE

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., Kharkov 61103, Ukraine
“Corresponding author: peschansky@ilt.kharkov.ua

Fullerene is a promising material for different applications. In spite of the es-
sential number of articles on fullerene, published in literature for last years, some
fundamental characteristics have not been studied properly yet. In this report the
results of studies of photopolymerized and nonpolymerized fullerene film of high-
resolution Raman spectroscopy in wide temperature range were presented.

Polymerized and polymerized partly (up to 45%) fullerene films were ob-
tained under using simultaneous fullerene deposition and irradiation with ultra-
violet light [1]. In the low temperature Raman spectra of these films the bands
corresponding to chains and dimers of photopolymerized fullerene located at
1461 cm! and 1466 cm’!, respectively, have distinguishing peaks, in contrast,
to earlier Raman spectra of these films obtained with lower spectral resolution
at which only one asymmetric band was observed [2] This observation gives an
opportunity to characterize different fullerene polymeric phases in detail.

A small upshift (~2 cm™) of the peak position of the fullerene monomer
at 1469 cm™ is revealed at 5 K when the degree of the fullerene film polym-
erization increased. This shift can be explained by the transformation of the
surrounding around monomer molecules because of polymerization.

At temperature increase from 5 K till 290 K peaks position of lines corre-
sponding to monomers, dimers, trimers and chains in photopolymerized films are
downshifted by about ~1 cm™. However, in the nonpolymerized film the peak of
line assigned with of Ag(2) mode (1469 cm™) is upshifted, at first, but upper 250
K this peak is downshifted. It should be noted that the change of the direction of
the temperature dependence coincides with the fullerene phase transition

At low temperature for nonpolymerized fullerene film a few additional
bands are observed in the region of Ag(2), Hg(7), Hg(8) modes (1400-1600

cm™), the origin of which is discussed.
[1]. V.A. Karachevtsev, P.V. Mateichenko, N.Yu. Nedbailo, A.V. Peschanskii,
A M. Plokhotnichenko, O.M. Vovk, E.N. Zubarev and A.M. Rao, Carbon 42, 2091 (2004).
[2]. V.A. Karachevtsev, A.Yu. Glamazda, V.A. Pashinskaya, A.V. Peschanskii,
A.M. Plokhotnichenko and V.I. Fomin, Phys. Nizk. Temp. 33, 923 (2007).
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A MECHANICAL ACTION OF LASER LIGHT ONTO THE
SUB-MICRON SIZED SOLID PARTICLES

A.V. Kashchuk, O.V. Gnatovskiy, A.I. Svyatenko, A. M. Negriyko,
0.G. Udovitska
Institute of Physics National Academy of Sciences of Ukraine, prosect. Nauki, 46, Kyiv,

Ukraine
*Corresponding author: yustas@iop.kiev.ua

The ability to manipulate, remote control and move small particles by
the radiation pressure is useful tool for manipulation microscopic objects,
including solid state micro-, sub micro and nano sized particles, living cells,
atoms and molecules. The small particles manipulation by laser tweezers is
widely used in a variety of science and technology applications, particularly,
in biology and medicine. The ability of laser manipulation of small objects
strongly depend on the object size, its optical properties and laser beam pa-
rameters. The micron sized transparent objects are rather convenient for such
control, in contrary, light absorbing particles needs the special shape of laser
beam . Very attractive applications of laser tweezers in nanotechnology need
the study of fundamental processes of light mechanical momentum transfer
from light to nano-sized particle.

We have developed and studied the optical tweezer for absorbing parti-
cles based on the digital holography approach to the shaping of laser beams.

Holographic techniques significantly extend the capabilities of laser
tweezing, making possible extended trapping patterns for manipulating large
numbers of particles. The methods for creating arbitrary configurations of
optical tweezers using computer-generated diffractive optical elements are
under the development in many laboratories. We propose the effective algo-
rithms of calculation of phase distribution for phase masks and diffractive
elements. The experimental techniques of laser beam control with spatial
light phase modulator were tested and studied. The ring-shaped laser beams
were generated and used in laser tweezer to manipulate by the absorption
particles in solutions.

The possible mechanisms of resonant light pressure on the nano sized
particle are discussed and theoretical estimation of light force are presented.
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INFLUENCE OF MORPHOLOGY OF THE GOLD
NANOCLUSTER ENSEMBLE ON THE SERS OF DYE FILM

K. Grytsenko', P. Lytvyn!, V. Strelchuk’, Yu.Kolomzarov', B. Servet’,
G. Gwy?, S.Schrader’

Institute of Semiconductor Physics nam. V.E.Lashkaryov , NASU,
pr. Nauki 41, Kyiv, 03650, Ukraine,
*THALES Research & Technology France, Campus Polytechnique, 1 av. Augustin
Fresnel, 91767 Palaiseau cedex, France,
SUniversity of Applied Sciences Wildau, Bahnhofstrasse, 15745, Germany
* Corresponding author: Phone/ Fax: +380 44 5255530 e-mail: d.grytsenko@gmail.com

Gold nanoclusters (AuNc) are using for Surface Enhanced Raman Scat-
tering (SERS) spectroscopy of various organic compounds. We developed
the method for the production of the AuNc by evaporation and co-deposition
of polytetra-fluoroethylene (PTFE) and Au in vacuum. During co-condensa-
tion and composite film growth Au forms nanoclusters which size in first in-
stance, dependent on the Au concentration. The AuNc size distribution is
about 4-9 nm at Au concentration about 15 %(vol). The mean size of the
AuNc can be increased from 7 nm to up to 50 nm with annealing of the as-
deposited Au-filled PTFE films to 300°C. Thin films of the rhodamine 6G
and squaraine dyes were deposited by evaporation in vacuum onto substrates
with different AuNc morphology. The SERS spectra obtained are in good
agreement with the known ones for Rhodamine 6G. The larger AuNc, the
higher SERS signal. But the intensity of the Raman signal and signal-to-noise
ratio are also dependent on the parameters of the whole AuNc ensemble mor-
phology. The final morphology of the AuNc ensemble dependent on the Au
concentration, film thickness and annealing temperature. The AuNc —PTFE
system seems very perspective as chemically and biologically inert substrate
for SERS spectroscopy of various organic compounds.
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THE EFFECTS OF STRONG VIBRATION-ELECTRON
INTERACTION IN VIBRATION SPECTROSCOPY OF
C,, FULLERENES AND LIMITATIONS OF QUANTUM-
CHEMICAL CALCULATIONS

Korniyenko M.Ye., Kulish N.P, Pavlenko E.L., Momot A.1,
Brusentsov V.A.

Kyiv National Taras Shevchenko University, Faculty of Physics,Volodymyrska 64, Kyiv,
Ukraine, nikkorn@univ.kiev.ua

Fullerenes C, and C, Sn are good model objects for the quantum
chemical calculations and further comparison with experimental results
by methods of vibration spectroscopy. The aim of this work is seek of
limitations of quantum mechanics at its application to the complicate
objects, in which great role plays nonlinear resonance interaction of vi-
bration bands [1]. The limitations are revealed in phonon discrecity of
condensed matter of heat of phase transfer and vibration nonstability of
the condensed matter structure [2]. All these phenomenon are caused by
strong vibration-electron interaction (VEI), that is not accounted in the
quantum chemical interaction and at calculations of normal vibrations.
In Raman and IR spectrums strong VEI are revealed in the anomalous
amplification of vibration bands, appearance of background and casual
wide band that correspond to electron ones [2]. Numerical calculations
of geometrical configurations and binding energy, vibration frequencies
and activities of all bands in the RS and IR spectrums for the molecules
C,, and C,Sn are done in Gaussian-03 program with use of Hartree-
Fock method.

Differences of calculated and observed vibrations sharply increase
with increase of the frequency, achieves up to 200 cm™ and cannot be
accounted by scalable multiplier. Discrepancies were revealed for the
intensities of theoretical and experimental bands. In C_ observed bands
Hg(3), Hg(7) are in 4,5 and 6,7 times higher, bands Hg(5), Hg(6) are
weaker. That is explained by existence of the frequent resonances
Hg(1)+Hg(2)=Hg(3) and 2Hg(3)~Hg(7) and strong VEI, that is con-
firmed by observation new electron bands near Hg(3,7) modes with half
widths 80 and 150 cm’. Increase of changes in electron polarizability
for Hg(3,7) bands we explain by amplification of delocalization of elec-
tron density and its sensivity to vibrations. Redistribution of the trans-
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ferred charge 0,977¢ from Sn to C_, in numerical calculations leads to
rise of Hg(3,7) bands intensity in 2 times, decrease of Hg(6) in 2 times.
This points on necessity of new conception in quantum-chemical calcu-

lations.

[1]. Kornienko N.E., Kulish N.P., Alekseev S.A.,et al., Optiks and Spectroscopy,
2010, v.109, Ne5, p.742-752; Ukr. J. Phys., 2010, v.55, Ne 6, p.732-738.

[2]. Kopuuenko H.E., Bectn. Kues. yH., cep.d.-m.H., 2004, Ne 4, 466; 2006,Ne3,
489.
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TRANSLATIONAL DIFFUSION OF COLLOIDAL
PARTICLES AT A FLUID INTERFACE
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M. In and M. Nobili
Laboratoire Charles Coulomb (UMR 5221), Université Montpellier 2/CNRS
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*Corresponding author: denysfedorenko@gmail.com

Colloids at fluid interfaces have attracted much attention in the past
years as model systems for fundamental questions as crystallization, melting,
gelation.... In front of these extended studies and despite the interest for
applications (Pickering emulsions, froth flotation,..) less attention has been
paid to the measurement of their dynamical behavior [1-2]. The aim of this
contribution is the study of colloidal diffusion at a fluid interface.

Spherical colloids with different surface wetting properties have been
studied. Wetting properties are important to address open questions such
as the influence of the interfacial confinement on the effective viscosity,
the specific coupling between the rotational and translational diffusion, the
influence of the morphology induced interface deformation on the particle
diffusion,..

In the experiment, colloids of micrometric size are trapped at air/
water and air/hexanol interfaces by a spraying technique to avoid surface
contaminants. The position of the particle with respect to the interface is
finely adjusted via the colloid contact angle. On silica beads this angle can
be easily tuned in the range 30°-140° by controlling the surface density of
a silane-based hydrophobic agent. A new home made technique coupling
Vertical Scan Interferometry and particle tracking allows measuring the
diffusion coefficient of the particle as well as its radius, its contact angle and
possible interface deformation.

The diffusion of spherical particles at the interface is faster than in
the bulk and strictly different from the theoretical models predictions [3].
The difference could be explained taking into account possible couplings
between the rotational and translational diffusion and the particle induced

surface deformation which were not taken into account in the models.
[1]. V. Prasad, S. A. Koehler, and Eric R. Weeks, Phys. Rev. Lett. 2006, 97, 176001
[2]. Wei Chen and Penger Tong, Eur. Phys. Lett. 2008, 84, 28003
[3]. K. Danov, R. Aust, F. Durst, U. Lange, J. Coll. Int. Sci., 1995, 175, 36
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IMAGE FORCES FOR DIPOLES NEAR METAL
SURFACES
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The method, previously elaborated for calculations of charge image
force energy [1] was applied to point dipoles. Theory describing point-dipole
image force energy near the surface of the condensed-matter substrate was
developed taking into account the dipole screening by free or bound charges
in the adjacent medium. The screening is characterized in terms of the dielec-
tric permittivity with spatial dispersion. The dipole orientation with respect to
the surface plane is considered arbitrary. It is shown that the classical depen-
dence 3 of the dipole attraction to the surface, where r is the distance be-
tween the dipole and the surface, should be drastically modified by the sub-
strate. Specific calculations were carried out for metallic substrates in the
Thomas-Fermi and Schulze-Unger-like approximations for the dielectric per-
mittivity. The latter makes allowance for the quantum-mechanical character
of screening at small distances (large transferred wave vectors). We found that
in the case of the quantum-mechanical screening the image-force energy of
the horizontally oriented dipole diverges as 7!, while that for the normally
oriented dipole is finite at » — 0. In the classical theory, dealing with the
ideal conductor, which possesses the infinite dielectric constant, the dipole
orientation perpendicular to the surface is always energetically favorable. On
the contrary, we have shown that this orientation is preferable only at long r,
whereas near the surface dipoles should be directed along the surface. Our
findings demonstrate that any results in the theory of adsorption obtained in
the framework of the classical electrostatic approach should be regarded with

caution .
[1]. A. M. Gabovich, V. M. Rozenbaum, and A. 1. Voitenko, Surf. Sci. 186 (1987)
523.
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FOR SMALL MOLECULAR CONTAMINATION ON THE
BASIS OF THIN TRANSITIONAL METAL AND GOLD FILMS
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Faculty of Physics, Kyiv National Taras Shevchenko University,
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Single-layer sensors for small molecular contamination based on polariton
measurements are made on the basis of thin translucent gold films, evaporated on
hypotenuse edge of the prism of the total internal reflection or on central cut semi-
cylinder from glass or quartz. But gold films have weak adhesion to glass or quartz,
therefore such sensors have a short life-time. In the same time it is known that tran-
sitional metals, on the contrary, have high adhesion to glass and quartz. So we have
calculated the sensitivity of the row of polariton ellipsometric sensors made on the
basis of two-layer thin films Ti-Au, Cr-Au, Ni-Au and Mo-Au. Such sensors must
be charaterized by a mush longer life-time, than single-layer on the basis only gold
films. The calculated sensors work as ellipsometric sensors with change the angle of
incidence under constant length wave. The calculations of such sensors with excite-
ment of surface polaritons were organized on base of recurrence Airy formulas for
three-layer thin film system. The index of refraction of the glass prism was 1,52. The
length of the light wave A=620 nm. The indexes of refraction and absorptions for
gold and above mentioned transitional metals were taken from reference book. Ex-
citement of surface polaritons by Krechman method was considered. Ellipsometric
parameters tg¥ and cosA (W-azimuth of restored linear polarization, A- phase shift
between p- and s-component of the reflected wave) were calculated, since exactly
these parameters are measured ellipsometric Beatty method. First, tg'¥ and cosA for
clean unpolluted surface of the sensor were calculated, then for surface on which a
thin film of the lavender butter with index of the refraction 1,46 was inflicted. Was
defined such thickness of the film of the lavender butter, under which difference of
the values tg¥ and cosA for clean surface of sensor and surface with film of the
lavender butter, still exceeded absolute accuracy of the measurements. The received
results have shown that more sensitive is parameter cosA. Exactly by latter the thick-
ness of lavender butter film was defined. So for sensor Ti-Au and Ni-Au this thick-
ness turned out to be 1A. For sensor on base of Cr-Au and Mo-Au films - 5A.
Thereby it is necessary to note that sensors on base of two-layer film Ti-Au and Ni-
Au allow confidently determine monoatomic superficial layer of polluting material.
The most sensitive angels of incident of the light on sensor were also determined.
They turned out to be: Ti-Au -44°, Cr-Au-64°, Ni-Au-44° and Mo-Au-58°.
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Surface forces field of the solid substrate induces in wall-adjacent layers of
some liquids orientationally-ordered qusy-phase similar to nematic phase and
called epitropic liquid crystalline state (ELC). This state is separated from the
bulk isotropic liquid by relatively sharp boundary. The ELC thickness depends on
the substrate nature (dielectric or conductive) and varies from hundreds to thou-

sands of molecular lengths, the order parameter of ELC layers is about 0.2-0.3.
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! IF‘:g ;" mem 80 by quarts (1,2) and steel (3) substrates. Calcula-

tions were done in the framework of early pro-
posed model of ELC spectral properties [1], which take into account dipole-dipole
and disperse interaction between liquid particles and disperse interaction between
these particles and solid substrate.

Fig 1 illustrates the evidence of jump in behavior, which is conditioned by
the transition from ELC to isotropic phase. Fig.2 illustrates 2 zones of dependence:
in the range h<25 nm molecular part prevails and in case of h>25 nm — structural
part of disjoining pressure prevails. Fig. 3 illustrates peculiarities in dependence of
symmetrically bounded interlayers. It is explained as the manifestation of two-com-
ponent nature of ELC layers — sandwich-type dimers (with compensated dipole
moments) dominate in wall-adjacent ELC layers and their evidence lead to decreas-
ing of dielectric permittivity.

[1]. Mikhailenko V.I., Popovskii A.Yu. Adv. Col. & Interface Sci., 2003,104, p.285
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REFLECTION/TRANSMISSION SPECTROSCOPY FOR
METAL NANOPARTICLE/NANOWIRE ARRAYS ON THE
SEMICONDUCTOR SURFACE
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Spectroscopy of transmission enhancement into semiconductor substrate
through a nanostructured conductive (e.g. metal) layer has applications in
photovoltaics, sensors and various non-linear optoelectronic devices (see e.g.
[1]). However, for experimental study of these phenomena, the reflectance
spectroscopy is more preferable. Therefore in this report the theoretical anal-
ysis and numerical calculations of light transmittance/reflectance for ensem-
bles of metal plasmonic nanoparticle/nanowire arrays with excitation of local
(surface) plasmons (SP) and surface plasmon polaritons (SPP) has been per-
formed.

Using curvilinear coordinate transformation method [2], the spectra of
reflectance/transmittance were calculated for s- and p- polarized light inci-
dent on the periodic system of Au nanoparticles/nanowires on the GaAs sub-
strate. First of all, the obtained spectra contain peculiarities corresponding to
the diffraction orders of SPP excitation. In the same time, these spectra have
very smooth form for averaged flat gold films with the identical mass thick-
ness. Besides there are other peculiarities due to excitation of local (SP) plas-
mons in nanoparticles or on the cross-section of nanowires. The transforma-
tion of local plasmons into SPP with the filling factor (by metal) increase is
predicted. Analysis of the spectral peculiarities of reflectance/transmittance
indicates the asymmetric Fano resonance shape as a characteristic feature of
interacting quantum systems [3]. In our case, apparently, the light excited SPs
across the metal nanowires (nanoparticles) interfere with SPP’s of the 1D
(2D) their array. Namely, the Fano lineshape is usually conditioned by inter-
action of narrow discrete resonance (e.g. Frohlich local mode SP) with a
broad spectral line of continuum (e.g. SPP diffraction modes). As unique
asymmetric shape of Fano line for plasmonic systems as the effect of trans-
mittance enhancement in the conductive layers on semiconductor substrate
are discussed in this report as applied to polaritonic sensors and plasmonic
solar cells.
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[1]. N.L. Dmitruk, A.V. Korovin and I.B. Mamontova, Efficiency enhancement of
surface barrier solar cells due to excitation of surface plasmon polaritons, Semiconductor
Science and Technology, vol. 24, pp. 125011-125017, 2009.

[2]. A.V. Korovin, Improved method for computing of light-matter interaction in
multilayer corrugated structures, The Journal of the Optical Society of America (JOSA) A,
vol. 25, pp. 394-399, 2008.

[3]. B.Luk’yanchuk, N. Zheludev, S. Maier et al. The Fano resonance in plasmonic
nanostructures and metamaterials. Nature materials, vol. 9 pp. 707-715, 2010.
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Investigation of amorphous ice has attracted considerable attention be-
cause of its importance for atmospheric sciences, environmental studies as
well as for broad practical applications in cryobiology and astrophysics. In
this work the results on FTIR spectroscopic study of dispersed amorphous
water ice, adsorption and reactions of some molecules on its surface are pre-
sented.

The cryostat cell for spectral studies of adsorbed molecules at variable
temperatures (55-370 K) and the device for water film deposition were de-
scribed elsewhere [1].

The estimated specific surface area of freshly deposited at 77 K water ice
film is about 160 m*/g and decreases on raising the temperature together with
intensity diminution of the bands due to the dangling OH (OD) groups at
3696 (2727) cm™! until the disappearance of the latter at 130 — 160 K when the
changes of bulk absorption of ice provide evidence for the transition from
amorphous to polycrystalline phase [1]. CO adsorption at 77 K results in two
bands at 2153 and 2137 cm! assigned to molecules forming weak H-bond
with the dangling hydroxyl groups or bound to unsaturated surface oxygen
atoms, respectively. Adsorption of different molecules results in the low-fre-
quency shifts of the band of dangling OH groups [2]. Besides, spectra of ad-
sorbed N,, CO and CH, registered at 55 K reveal absorption intensity de-
crease at ~ 2650 cm™! at the high-frequency side of the bulk absorption, and
increase at about 2625 cm’'. This new effect we interpret as a result of
strengthening of H-bonds between surface water molecules, which act as ad-
sorption sites either as proton-donors or as donors of the lone pair of elec-
trons.

Surface of ice particles plays the role of a condenser of atmospheric pol-
lutants and acts as a micro-photoreactor in the atmosphere. This is illustrated
by the results on study of such ecologically important reactions like ozone
photolysis and ozonolysis of chlorinated ethenes and hydrogen cyanide at 77

—200 K.
[1]. Rowland B., Devlin J. P. J. Chem. Phys. 1991. V. 94 (1). 812 — 813.
[2]. Rudakova A.V., et al. Langmuir. 2009. V. 25 (3). 1482 — 1487.
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PHOTODEGRADATION OF ADSORBED DYES ON THE
SURFACE OF MESOPOROUS SIO,, TIO, AND SIO,/TIO, FILMS

N. Smirnova*, N. Surovtseva, A. Eremenko, T. Fesenko,
V. Pokrovskiy
0.0. Chuiko Institute of Surface Chemistry of NAS of Ukraine,

str. General Naumov 17, 03164 Kyiv, Ukraine
*Corresponding author: smirnat@i.com.ua

A detailed knowledge of the photostability and photodecomposition of dyes
when adsorbed on the oxide surfaces in air is desirable to monitor the transition prod-
ucts of the destruction. The aim of the work was to investigate the effect of photocata-
lytic porous TiO,, TiO,/SiO, and SiO, film surfaces and photoinduced superhydro-
phylicity of TiO, films on the mechanism of dye photobleaching under UV irradiation
by combination of UV-vis spectroscopy and laser desorption/ionisation time-of-flight
mass spectrometry. We synthesized the mesoporous TiO,, TiO,/SiO, and SiO, films,
tested these films as wafers for Laser desorption/ionisation (LDI) mass-spectrometry
and in situ studied the kinetics of adsorbed thyazine dye Methylene Blue (MB) and
acridine dyes Acridine Orange (AO) and Acridine Yellow (AY) photobleaching.

The transparent porous thin films were synthesized via low-temperature sol-
gel route in presence of template agents having the developed porosity and the high
surface area. The developed porous structure is favorable geometrically for an en-
trance of two and more dye molecules. The associates of MB, AO and AY in porous
silica gel are formed beginning with the covering ~0.01% of monolayer when the
ratio of Dye:OH groups is app. ~1: 600. On the surface of mixed TiO,/SiO, the
adsorption of organic dyes is remarkably increased due to the enhancement of sur-
face acidity and surface hydroxylation.

Metachromasy effect (the dye aggregation followed by change of color with a
hypsochromic spectral shift due to repulsive interactions, which induce shifts to
higher energies) coincide with photoinduced superhydrophylicity of TiO, films.

Photodegradation of adsorbed MB, AO and AY on the surface of researched
films in air leads to the formation of various transient intermediates depending on
the film composition. In presence of titania, photobleach of adsorbed dyes occurred
faster in comparison with this process in presence of pure silica. We suggest that
formation of active oxidative species like singlet oxygen and/or hydroxyl radical
under UV irradiation of adsorbed dye molecules leads to the full degradation and
discoloration of adsorbed dye. Efficient photodegradation of MB, AO and AY oc-
curs through following steps: 1-N-demethylation (deamination for AY); 2-photodi-
merization; 3-photodegradation.
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VARIABLE-TEMPERATURE IR SPECTROSCOPY FOR
STUDYING THE THERMODYNAMICS OF REVERSIBLE
GAS-SOLID INTERACTIONS

Carlos Otero Arean

Department of Chemistry, University of the Balearic Islands, Palma de Mallorca,
Spainco.arean@uib.es

Reversible gas adsorption on porous solids constitutes the basis of a
wide range of technological processes; among them, gas separation and puri-
fication (based on selective gas adsorption), gas sensing, and gas storage and
transport. Variable-temperature infrared (VTIR) spectroscopy was shown [1-
2] to be a very sensitive technique that has the potential to discriminate be-
tween different adsorption site types that can be present in the adsorbent and,
simultaneously, to give precise values of the corresponding (site specific) ad-
sorption enthalpy and entropy that rule the thermodynamics of the gas ad-
sorption process. In addition, knowledge of the characteristic IR absorption
bands of the adsorption complex helps to correlate structure and function of
the porous adsorbent.

The basis of the VTIR method will be highlighted, followed by a per-
spective of recent developments, combining VTIR spectroscopy with peri-
odic DFT calculations [3], relevant to the fields of hydrogen storage [4-5] and
carbon dioxide capture and sequestration (CCS) [6-7]; which bear high inter-
est in the context of present day issues related to energy and environmental

science.

[1]. C.O. Arean, O.V. Manoilova, G.T. Palomino, M.R. Delgado, A.A. Tsyganenko,
B. Bonelli and E. Garrone, Phys. Chem. Chem. Phys., 4 (2002) 5713-5715.

[2]. E. Garrone and C.O. Arean, Chem. Soc. Rev., 34 (2005) 846-857.

[3]. C.O. Arean, D. Nachtigallova, P. Nachtigall, E. Garrone and M.R. Delgado,
Phys. Chem. Chem. Phys., 9 (2007) 1421-1437.

[4]. [A.W.C. van den Berg and C.O. Arean, Chem. Commun., 6 (2008) 668-681.

[5]. G.T.Palomino, C.P. Cabello and C.O. Arean, Eur. J. Inorg. Chem., (2011) 1703-
1708.

[6]. [D.M. D’Alessandro, B. Smit and J.R. Long, Angew. Chem. Int. Ed., 49 (2010)
6058-6082.

[7]. A.Pulido, M.R. Delgado, O. Bludsky, M. Rubes, P. Nachtigall and C.O. Arean,
Energy Environ. Sci., 2 (2009) 1187-1195.
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INFRARED SPECTROSCOPY OF SURFACE SPECIES

A. A. Tsvganenko

V.A .Fock Institute of Physics, St.Petersburg State University,
St. Petersburg,198504, Russia tsyg@photonics.phys.spbu.ru

The lecture deals with the advances in the IR spectroscopy of adsorbed
molecules and surface species. Vibrational spectra of surface compounds pro-
vide unique information about the structure of adsorbed layers, properties of
surface sites, about the effect of strong surface electrostatic fields upon the mol-
ecules and the nature of intermolecular interactions. They are not complicated by
the rotational structure and can be studied in a broad range of temperatures, not
limited by points of condensation or crystallization as in solutions or matrices.

Cell technique for spectral measurements at variable temperatures is consid-
ered, as well as the methods of studying the samples of different nature, such as
oxides, metals, salts, films of porous ice. The influence of scattering upon the
spectra of pressed powder samples is analyzed. Special attention is paid to the
application of isotopic substitution for the establishing the structure of surface
species.

The advances of FTIR spectroscopy for the studies of surfaces are illustrated
by the examples of weak surface complexes of simple molecules. Spectral man-
ifestations of H-bond, both conventional as well as the blue-shifting are dis-
cussed.

The mechanism of lateral interactions between the adsorbed molecules on
oxides includes strong repulsion caused by the static effect, whose mechanism
includes relaxation induced by adsorption, and the dynamic coupling, that shifts
the bands and affects their shapes. Co-adsorption of acid and basic molecules
demonstrates the effect of induced acidity or basicity, when the strength of sur-
face sites changes dramatically due to the presence of weakly adsorbed mole-
cules.

Recently it was shown that CO reveals linkage isomerism and forms with
surface cations both C-bonded and O-bonded complexes, which coexist in ther-
modynamic equilibrium. Surface isomeric states were established for some other
adsorbed species, such as cyanide ion CN- produced by HCN dissociation. The
existence of linkage isomerism can be explained by a simple electrostatic model,
which also predicts a correlation between the frequency shifts on adsorption and
the integrated absorption coefficients. The experimental results are in a fair
agreement with the theory.
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SPECTROSCOPIC PROPERTIES OF ORGANO-MODIFIED
MONTMORILLONITES. EFFECTS OF MULTIWALL
CARBON NANOTUBES DOPING

T. V. Bezrodna', I. T. Chashechnikova', V. V. Nesprava'",V. I. Melnyk’,
G. O. Puchkovska, J. Baran®
nstitute of Physics, National Academy of Sciences Ukraine,46 Nauki prosp., Kyiv
03680, Ukraine?
Institute of Low Temperature and StructureResearch, Polish Academy of Sciences,
2 Okolna st., 50-422 Wroctaw, Poland
*Corresponding author: nesprava@iop.kiev.ua

The structure and photoluminescent properties of natural montmo-
rillonite (MMT) aluminosilicates from three mineral deposits (Askan,
Cherkassy and Pyzhevsk), which differed in the inorganic impurity con-
tents and cation-exchange capacities, and were modified by cations of
sodium or the surfactant cetyltrimethylammonium bromide (CTAB) have
been investigated. Photoluminescence emission for these materials can be
reached only at helium temperatures and does not appear at room one. X-
ray fluorescence analysis showed significant differences in the concentra-
tions of the inorganic dopants in these materials. An X-ray diffraction
analysis established that incorporation of the CTA" long-chain cations
into the MMTs expands remarkably the mineral interplanar distances, the
values of which are close to each other for all organoclay samples under
study and equal to 1.8-2.0 nm. The photoluminescent properties of the
Na-form of the MMTs are shown to depend on the amount of introduced
dopant capable of either enhancing or quenching the emission. Deposi-
tion of CTAB on the mineral surface influences the luminescence pattern,
the spectral contour and wavelength range being practically the same for
all modified samples. The emission may intensify or weaken because of
such surface modification.

A method to modify a montmorillonite (MMT) clay mineral surface
by surfactant cations with simultaneous doping by multiwall carbon nan-
otubes (MWNT) has been proposed. Samples with MWNT do not lumi-
nescence at all, since the MWNT contain traces of contaminating iron
cations, which probably, quench the emission. Studies of these composite
materials by IR-spectroscopy have revealed the mutual influence of the
components appearing as the ordering of near-surface layers in the alumi-
nosilicate framework and a change in the modifier methylene chain con-
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formation at the interphase boundary. The majority of CTAB (~90%) is
shown to be located inside the MMT galleries, the packing arrangement
of which depends on the cation-exchange capacity value and affects the
interplanar distances in MMT. The alkyl chains of the CTA* cations on the
outer surface of the MMT plates are sorbed by nanotubes, thus providing
contact between the organoclay and MWNT surfaces.
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EFFECT OF SOLVENT ON OPTICAL TRANSMITTANCE OF

POLYMER CARBON SUSPENSIONS UNDER POWERFUL
PULSED LASER EXCITATION

V. V. Garashchenko®, M. P. Halushchak, O. V. Kopyshynsky, S.E. Zelensky

Faculty of Physics, Kyiv National Taras Shevchenko University,
prosp. Glushkova, 2, Kyiv, Ukraine
“Corresponding author: garashchenko@gmail.com

The kinetics of transmittance was investigated using a pump-probe
scheme in the suspensions of carbon microparticles in liquid polymer (epoxy
resin without addition of a hardener) with small amount of the solvent (ace-
tone) adding. For suspensions preparation the method of laser ablation was
employed. As a result, epoxy carbon suspensions with the average particle
diameter of about 130 nm and with approximate particles concentration of
0.2*10" cm™ were obtained. The investigated suspension was exposed to ir-
radiation by a single laser pulse (YAG:Nd**, pulse energy 20 mJ).

The basic physical effect at the laser irradiation of light-absorbing mi-
croparticles both in gases and in condensed matter is their heating up to high
temperatures of approximately 4000 K. Such particle heating in polymer ma-
trix is accompanied by laser-induced incandescence (LII), which is clearly
visible, and by the phenomenon of optical limiting (OL), due to the self-ac-
tion of laser irradiation in the sample.

In the transmittance kinetics the main mechanism of optical transmit-
tance decrease is laser-induced scattering, which involves Mie scattering by
microbubbles formed in the vicinity of overheated carbon microparticles and
filled with gaseous products of pyrolysis of epoxy resin. After a small amount
of solvent adding to the polymer suspension, the kinetics of transmittance
changes significantly. Changes in the solvent concentration lead to significant
changes in the transmittance kinetics, which can be used as a tool for detec-
tion of solvent presence in the polymer.
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MEASUREMENT OF DEPOLARIZATION OF LIGHT
SCATTERED FROM DIELECTRIC STRONGLY
SCATTERING SAMPLE

A. Y. Yevtushenko'

'Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 2,
Kyiv, Ukraine

Industrial usage of noncontact methods for measuring objects parame-
ters and material they consist of currently is sufficiently large. Goniophoto-
metric measurement is one of these methods. Depending on the type of sub-
stance, from its scattering abilities one can gain its purity, surface structure,
statistical distribution of its particles or other relevant information, according
to properties which influence on substance scattering abilities.

In this work we studied scattering properties of dielectric samples made
of standard glass MS-20. For the measurements we used goniophotometric
device based on goniometer G-5. Sample was illuminated with s and p line-
arly polarized light. At the same time, we observed scattered light through
linear polarizer to obtain s and p polarization component of scattered light.
Thus we could analyze depolarization of light after scattering. During the
experiment we gained luminance of scattered light with respect to luminance
of propagation light, for the illumination angle 0, 45 and 60 degrees, and four
combination of polarizer and analyzer state. Gained data correspond to be-
haviour of strongly scattering low-absorbing samples.
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Kyiv, Ukraine
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Laser-induced incandescence (LII) is a well-known type of laser-induced
emission observed in light-absorbing microparticles under powerful pulsed
laser irradiation. LII is easily observed in suspensions and aerosols with the
use of moderate-power lasers generating nanosecond-timescale lasers. To a
naked eye, LII looks like a broadband luminescence.

As a kind of thermal emission, powered by a nanosecond laser pulse, LII
possesses properties of nonlinear emission. The intensity of LII, 7, at a fixed
wavelength nonlinearly depends on the intensity of laser excitation, F, which
can be approximated as power function /=ConstxF" for moderate deviations
of F. In carbon suspensions, typically, the factor of nonlinearity y=2...5.

Computer simulations demonstrate that bulk light-absorbing materials
can demonstrate LIl when irradiated by a nanosecond laser pulse. If the
length of thermal diffusion during the laser pulse and the penetration depth of
laser radiation are short enough, the surface layer can be overheated to the
temperatures suitable for observation of incandescence in the visible spectral
range at laser power density of the order of 10...100 MW/cm?.

For bulk carbon samples, the experiments confirm the conclusions of the
computer simulation. We observed LII with the nonlinearity factor of
y=7...13, which is in good agreement with the calculated values. Besides,
partial fading of LII is observed with the increase of dose of laser irradiation,
which can be attributed to the laser-induced changes of the relief of carbon
surface.

It is expected that LII of surfaces of light-absorbing materials can be of
use for monitoring of surface parameters and condition.
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HIGH REFLECTION EFFICIENCY FOR SURFACE PLASMON
RESONANCE BY USE OF METAL-DIELECTRIC FILMS

V. G. Kravets ", P. Yu. Kurioz ?, L.V. Poperenko 3
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Taras Shevchenko National University of Kiev, Faculty of Physics,
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Surface plasmon resonance (SPR) is an important property of metal na-
nostructures, and has been used in application such as optical sensing of bio-
molecules, photothermal therapy, spectral signal enhancement, photovoltaics
[1]. The SPR features of metal nanostructure are highly sensitive to the com-
position, size and morphology. For gold and silver, the synthesis of nanos-
tructures with controlled size and morphology has led to the production of
nanostructures with well-defined SPR absorption features that can be system-
atically tuned from the visible to the near-infrared spectral range. In case of
excitation SPR the intensity of the p-polarized light reflected from the glass-
metal-air interfaces dropped sharply at some particular value of incidence
angle. This reflectivity minimum occurs because surface plasma oscillations
absorb the light wave energy at the metal-air interface. The resonant charac-
ter of the process makes the reflectivity minimum very sensitive to the optical
properties of the metal and its environments.

Here, we reported on the excitation of the SPR in Glass/Aw/H{O, multilayer
structures. It was found that the reflection efficiency for SPR is dependent on the
thickness of dielectric (HfO,) and noble-metal (Au) films. We have analyzed
surface plasmon efficiently using of multiple interference effect on the lossy di-
electric layer and thin gold film. Our calculations are confirmed by measuring the
polarized reflectivity. The standard thin films optics approach, based on the Fres-
nel coefficients, was employed in order to predict the SPR in the visible spectral
range. The reflection and transmission spectra were simulated for an attenuated
total reflection setup, also known as the Kretschmann configuration. To be in ac-
cord with future experiments, the dielectric functions of the metal and dielectric
media are those of the materials deposited in our laboratory. The spectral depen-
dences of the complex refractive index 7+ ik = \/&(®) for gold film, which
used in our calculation, is obtained by a model fitting of the experimental data
using two Lorentz functions with a Drude term. The optical constants of the HfO,
film has been parameterized by the Cauchy function with an extinction coeffi-
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cient equals to zero. The refractive index of dielectric shows low dispersion with
values of n,=2.04+0.05 throughout the visible and near IR spectral range. Main
goal of this calculation is to minimize the p-polarized reflection spectra and its
half width on the half of high.

At first step the simulation and measurement were done for pure gold film.
The thickness 47 nm of gold was obtained by using the Fresnel equations and
confirmed by measurement at angle of incidence about 47 deg for wavelength
630 nm. For this thickness the reflectivity minimum is 2-3 % in the Kretschmann
geometry. The HfO, film on top of Au layer changes the electromagnetic field
distribution of the surface plasma oscillation: with increasing thickness of HfO,,
h, the field strength at the Au surface increases as well as that part of the energy
of the SPR which is transported in the absorbing Au film. A small metal thickness
of gold layer can provide the strong coupling the SP to incident waves and excite
the SP with sufficient amplitude. Usually metal thickness (40-50 nm for Au) re-
sults in very large radiative losses of leakage surface plasmon wave, which does
not allow getting large reflection efficiency due to large radiative losses. If we add
the HfO, dielectric layer with thickness 40-50 nm it is possible to get phase dif-
ferences between ray reflected from HfO, and from glass-gold interfaces equals
to 180°. Angle of incidence (60-70°) should also be appropriate to get phase
matching between plasmon wave and incident wave. In this case we have fast
leakage surface plasmon wave propagating in complex structure of Glass/Au/
HfO, layers with relatively small radiadive and dissipative losses (since large
amount of wave energy is propagating in lossless HfO,, and due to existence of
negative interference). Due to relatively a small losses and a good coupling to
free wave it should have significant influence on reflected coefficient. As result a
large part of the incident wave energy will transform into SP waves which causes
a small reflection coefficient. Our experimental measurements showed that the
reflectivity spectra of the samples with increasing of HfO, thickness from 10 to
50 nm for fixing Au (30nm) reach the minimum at plasmonic resonances. Note
that the pronounced minimum of reflectivity for p-polarized incident light is ob-
served at the photon energies 1.5-2 eV. Half width on the half high of the SPR has
smaller values about of AE~0.01 eV for structure Glass/Au/HfO, than for pure Au
(47.5 nm) film (AE~0.05 eV). The results presented here were obtained by nu-
merical simulations and experimental measurements and they shows an algo-
rithm for optimization the thickness of metallic and dielectric layers which the

surface plasmon propagating makes possible with high efficiency.
[1]. .J.N. Anker, W. P. Hall, O. Lyandres, N.C. Shah, J. Zhao, R.P. Van Duyne. Bio-
sensing with plasmonic nanosensors. Review, Nat. Mater. 7, 442-453 (2008).
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SPECTROELLIPSOMETRY OF AMORPHOUS METALLIC
RIBBONS OF FE, TM B, (TM=TIL, V, CR) ALLOYS IN THE
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Optical properties of metals and amorphous metallic alloys in the infra-
red are connected with intraband electronic transitions [1]. Studying interac-
tion between electromagnetic wave and a surface of a metallic material due
to the reflected beam ones carry up some information on the electronic char-
acteristics and atomic structure. The aim of this work is to establish the sig-
nificance of the substitution of small concentration of one transition metal to
another in the Fe, TM_ B, ,metallic amorphous alloys and its influence on op-
tical properties. Dielectric functions of amorphous metallic alloys of Fe,,T-
M_B . (TM=Ti, V, Cr) were obtained in the far and the middle infrared (0.05-
0.6 e¢V) via spectral ellipsometry method. Such electronic parameters as a
relaxation and plasma frequencies were calculated. The obtained parameters
indicate much higher concentration of charge carriers near the Fermi level in
the case of TM=Ti, Cr substitution than TM=V one and simultaneously
smaller free length path for them. Moreover, these parameters of electronic
system are closed enough one to another in the case of TM=Ti and TM=Cr.
The results of an analysis of specrtroellipsometric data have established that
in amorphous metallic alloys of the abovementioned type at the condition of
substitution of Fe atoms by atoms of such 3d -metals as Ti, V, Cr the Fermi
level became more closed to a mobility edge of the density of electronic
states (at certain concentration of Fe atoms such level may occur into pseu-
dogap). The analysis of dielectric functions of the investigated samples with
TM=Cr, Ti makes us sure that in the observed optical phenomena there are
only single type of charge carrier. In contrast to these alloys in a case of a
sample with TM=V probably there are two groups of charge carriers having

different concentration and mobility.

[1]. Kpagen B.I",, ITonepenxko JI.B., Manbko /1.10., Buranuenko K.JI. DnexTponHbIe
U TOMOJOTMYECKHE MapaMeTphl CKUH-CIOS aMOP(GHBIX METaIMYECKUX JICHT MOCIe
tepmuueckoro orxkura / XKIIC — 2010 - T.77, Ned- c. 598-603.
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ELLIPSOMETRIC INVESTIGATIONS OF THE FILMS ON
CD- AND TE-SURFACES OF CDTE(111) SINGLE CRYSTALS
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In view of wide application of CdTe in optoelectronics, it is essential to
monitor the structure and state of the crystal surface before and after surface pro-
cessing. The films formed on the CdTe(111) polar surfaces (Cd- and Te-terminat-
ed) as a result of storage or different treatments of samples differ in theirs chemi-
cal composition, structure and properties. In this work, it was found that the sur-
faces have different optical constants and thickness. The samples were being
stored under ambient air conditions for different time periods. Also chemically
etched CdTe samples were studied. The morphology and structure of the surface
region of the crystals were monitored by atomic force microscopy and reflection
of high-energy electron diffraction. The ellipsometric measurements were carried
out in the spectral range of 400-632 nm. The obtained values of the ellipsometric
parameters were interpreted using the model of a homogeneous absorbing layer
located on an absorbing substrate. The refraction # and absorption k& indices of the
modified surface layer were calculated on the base of the fundamental ellipsomet-
ric equation. The values of n, k and thickness d of the surface layer were obtained
for the both surfaces of each investigated sample.

It was found that the films formed on different surfaces of CdTe(111) crys-
tals had different optical constants and thickness. In particular, the refractive and
absorption indices of the film on the Cd-terminated side were about 2.6 and 0.43,
respectively. The corresponding values for the Te-terminated side were n = 2.7
and k= 0.33. The thickness of the modified film on the Cd-surface (d = 10-18 nm)
was a little larger than that of the Te-surface (d = 9-16 nm). The films formed on
different surfaces of the CdTe(111) crystals after chemical etching were transpar-
ent for the used light and had the same optical characteristics (n =2.42) and thick-
ness varying from 1 nm (freshly etched samples) to 10 nm (samples after storage
in air for several weeks). The difference in the optical properties of the films on
the Cd- and Te-surfaces is due to their different capacities to absorb extraneous
elements and oxidize under storage in ambient air conditions for a long time.
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Isotopic substitution is very helpful when the structure of surface species can-
not be unequivocally established from the IR spectrum, as it was for the surface
complexes of adsorbed CO [1] or ozone [2]. In this work we used this method to the
systems with linkage isomerism, when the suggested structure was based on tem-
perature dependence of band intensities. So, for CO adsorbed on zeolites [3] two
bands of stretching vibrations were attributed to C- and O-bonded species (struc-
tures 1 and 2 in the scheme). For adsorbed HCN two isomeric forms can be sug-
gested both for coordinately bound molecules (structures 3 and 4) and for CN" ions
arising as a result of HCN dissociation (structures 5 and 6). The aim of this work
was to use the data on H-D, *C and "N substitution for the assignment of the bands
of CO adsorbed on some zeolites and those of HCN on Al O, and TiO,

The performed calculation has shown that for adsorbed diatomics the isotopic
shift differs from that one, which follows from the reduced mass ratio, and depends
on the way of coordination. For C-bonded CO or CN species the shift caused by *C
substitution should be greater than for O- or N- bonded compounds. The difference
grows with the increase of the force constant of the bond with the surface. In fact,
for the high frequency bands of strongly adsorbed CO molecules on ZnZSM-5
(2233.5 cm™) and CaY (2186 cm™) zeolites the shift is 1.0-1.8 cm™ greater, while
for the O-bonded species on CaY it is 0.6-1.5 cm™ less, than anticipated from the
reduced masses.

To distinguish the bands of molecular and dissociatively adsorbed HCN, spec-
tra of DCN on alumina and titania were studied. The shifts caused by *C and N
substitution have shown that molecular adsorption is always as in the structure 3 for
both the oxides, while the band at 2190 cm™ of HCN on alumina is due to the N-

bonded ions (structure 6), in accordance with the earlier assignment [4].
[1]. M.A.Babaeva, D.S.Bystrov, A.Yu.Kovalgin, A.A. Tsyganenko. J. Catal., 123 (1990), 396.
[2]. K.M.Bulanin, etal J. Phys. Chem. B, 102 (1998), 6309.
[3]. C.O.Arean, G.T.Palomino, A.A.Tsyganenko, E.Garrone Intern. J. Mol. Sci., 3(2002), 764.
[4]. J.S.Kim, D.C.Sorescu, J.T.Yates, Jr., J. Phys. Chem. C, 111(2007), 5416.
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Surface vibrational studies using infrared reflection absorption spectros-
copy (IRAS) and electron energy-loss spectroscopy (EELS) for CO adsorbed
on the Mo(112) and Mo(110) surfaces revealed an unusually low C-O stretch-
ing frequency (1130 cm™! for CO/Mo(110)). A disappearance of this mode on
heating to 250 K was suggested to indicate this state as a precursor to CO
dissociation. Present DFT calculations show that the C-O stretching frequen-
cy decreases due to forming C-Mo bonds, which result in the weakening of
the C-O bonds. In particular, due to the overlap of the Mo and n-derived CO
states,? the tilting results in an increase of the C—O bondlength (from 1.13 to
1.17 A), and, consequently, the C-O stretching vibrational frequency de-
creases dramatically. In contrast, for CO molecules adsorbed on oxygen-
modified Mo(110), as well as for CO molecules forming the second mono-
layer on the surface, the CO stretching frequency approaches the value char-
acteristic of a free CO molecule. Performed calculations confirm that on
Mo(112) and (110) surfaces CO adsorbs without dissociation.
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A DENSITY FUNCTIONAL THEORY STUDY OF THE
ELECTRON-PHONON COUPLING AT THE AU/MO(112)
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Institute of Physics National Academy of Sciences of Ukraine,
prosp. Nauki, 46, Kyiv, Ukraine
Corresponding author: yakov@iop.kiev.ua

Recent advance in high resolution angle resolved photoelectron spec-
troscopy (HRUPS) allows not only for a direct visualization of the surface
electronic band structure, but also for investigations of the subtle details, in-
cluding the shape and width of the bands in the vicinity of the Fermi level. In
particular, the linewidth of the surface bands is originated from electron-elec-
tron (e-e), electron-phonon (e-p), and electron-impurity scattering, which
makes the HRUPS, combined with first-principles calculations of the real and
imaginary parts of the self energy, one of the major tools for investigation of
e-p coupling at metal surfaces. The present contribution shows an example of
the interplay between results obtained in HRUPS investigations of a clean
and (1x1)Au covered Mo(112) surface, and performed DFT calculations of
surface electronic bands, phonon bands, Eliashberg functions, and self ener-
gy. We have found significant contributions from the surface phonon modes
to the low-frequency part of the phonon density of states and Eliashberg func-
tion, which result in the enhanced e-p coupling at the surface and, conse-
quently, also to an increase of the mass enhancement factor and the imaginary
part of the self energy. The DFT calculations indicate that gold overlayers
increase the line width of the Mo(112) surface band, crossing the Fermi level
at 0.54 A, due to increasing imaginary part of the self energy.
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X-RAY PHOTOELECTRON SPECTROSCOPY OF
POLYIMIDE SURFACE TREATED BY PLASMA BEAM

R. M. Kravchuk!, K. Artyushkova®, and O. V. Yaroshchuk!
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*Department of Chemical and Nuclear Engineering, University of New Mexico,
209 Farris Engineering Center, Albuquerque, NM 87131, United States
Corresponding author:r_kravchuk@jiop.kiev.ua

The present study is focused on the XPS characterization of the changes at a
polyimide (PI) films caused by an oblique plasma beam treatment, which is pres-
ently used as an effective process for LC alignment. The studied samples were the
films of PI 2555 from Dupont treated by the beam of accelerated plasma of Ar, At/
H, or H, gases generated by the linear anode layer source. The incidence angle of
the beam on the PI films was about 70° and the exposure time was 3 min.

The XPS measurements were carried out by using Kratos Axis Ultra X-ray
photoelectron spectrometer with a monochromatic Al Ka source operating at 300
W. Survey and high-resolution spectra were acquired at pass energies of 80 and
20 eV and step size of 1 and 0.1 eV, respectively. The survey spectrum was used
to estimate elemental content of the surface layer of the film, while the high reso-
lution band C 1s was analyzed to clarify chemical state of carbon atoms in the
layer. In the acquisition of all spectra take-off angles q of 90, 60 and 20° were
utilized. They corresponded to ~10, ~8, ~3 nm of the sampling depth. To eluci-
date the in-plane anisotropy of the treated surfaces, the spectra were also mea-
sured for the in-plane projection of plasma beam parallel and perpendicular to the
incidence plane of testing X ray beam at constant value of take-off angle.

The following results have been obtained. (1) Surface elemental content of the
PI samples changes at the plasma beam treatment. The increasing of carbon concen-
tration and decreasing of nitrogen and oxygen concentrations is detected in case of
Ar plasma beam. Adding of hydrogen to the working gas enhances substantially this
trend. The changes are most severe in the top layer of the film. (2) The best targets
for accelerated particles are aromatic and imide rings. In parallel with destruction of
these elements, growth of the fraction of hydrogenated carbon is detected. H, plas-
ma causes the largest formation of hydrocarbon types of species. The highest con-
centration of hydrocarbons is detected at the shallower depths that implies that C:H
layer is formed on the PI surface. It is seemingly formed from the fragments of de-
structed polyimide rings. (3) The in-plane anisotropy of treated films is detected,
which suggests angularly selective modification of PI surface. The polyimide frag-
ments are stronger destroyed and the hydrocarbon structure is most intensively
formed in the direction corresponding to the in-plane projection of plasma beam.

246



7

BIOMOLECULES AND
POLYMERS




O-1 BIOMOLECULES AND POLYMERS

DISCOVERY OF HIGHLY EFFICIENT INTRINSIC
PHOSPHORESCENCE FROM A SIGMA-CONJUGATED
POLYSILANE: NEW CONCEPT OF STRONG ENHANCEMENT
OF ISC RATE IN CONJUGATED POLYMERS

A. Kadashchuk,"*" Yu. Skryshevski,! S. Nespurek’®

nstitute of Physics, NAS of Ukraine, Prospect Nauky 46, Kyiv, Ukraine
2IMEC, Kapeldreef 75, B-3001, Heverlee-Leuven, Belgium
3Institute of Macromolecular Chemistry, Academy of Sciences of the Czech
Republic,Heyrovsky” Square 2, Prague 6, Czech Republic
"Corresponding author: kadash@iop.kiev.ua

The interest to phosphorescence (Ph) phenomena in organic semiconduct-
ing materials has greatly increased in last decade due to creation of highly ef-
ficient phosphorescent OLEDs with internal quantum efficiency closer to 100%
which was achieved by using organometalic complexes as dopants in such or-
ganic matrixes. The reported intrinsic Ph quantum yield for conventional con-
jugated polymers is usually as small as 107 or not detectable at all. The combi-
nation of a low intersystem crossing (ISC) rate implying a low population of
the triplet state, a low radiative rate and a high non-radiative decay results in an
extremely low Ph yield for conjugated polymers devoid of heavy atoms.

In this study we report on a highly efficient intrinsic Ph found in a neat
o-conjugated polysilane polymer containing an extended m-conjugated side groups
featuring quantum yield as large as ~10% in solid films and 20% in a diluted frozen
solution, that is unusually large as for conjugated polymers devoid of heavy atoms
and is comparable to that of organometallic polymers. The Ph and delayed fluores-
cence (DF) in this polymer were studied by time-resolved PL techniques and it was
shown that Ph is due to the radiative decay of triplets on side group under excitation
of the o-conjugated polymer backbone, i.e., with energy well below then the lowest
singlet state of the side group, and the DF comes from polymer backbone as a result
of triplet-triplet annihilation. Efficient triplet energy transfer in the polymer films
has been revealed by PL quenching method using doping the polymer films with
different triplet acceptors and organometallic complexes. We argue that the excep-
tionally strong Ph in this polymer results mostly from a greatly increased ISC rate
due to the latter occurs in this polymer between S, and T, states of different (viz.,
sigma and pi conjugated) parts of the macromolecule. This suggests a new concept
of strong enhancement of the ISC for efficient conversion of primary excited sin-
glets into triplets in conjugated polymers without involving a heavy atom effect,
while the rate of radiative T -S transition remains here virtually unaffected. Finally
we demonstrate that this polymer could be promising for application as host mate-
rial in white-light emitting OLEDs due to rather high intrinsic triplet level.
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THE SPECTRAL-LUMINESCENT CHARACTERISTIC
OF POTENTIAL-SENSITIVE PROBES IN SOLVENTS OF
DIFFERENT POLARITY AND ISOLATED HEPATOCYTES

N. S. Kavok, M. Yu. Malyukina*, 1. A. Borovoy, T. N. Tkachova

Dept. of Nanocrystalic Materials, Institute For Scintillation Materials National Academy
of Sciences of Ukraine 60 Lenin Ave., Kharkov, 61001, Ukraine
*Corresponding author: ogrammal@mail.ru

The influence of microenvironment on the fluorescence parameters of
new squaraine probes has been studied. It has been found that solvent polar-
ity coefficient decrease shifted fluorescence emission maxima of anionic de-
rivatives SqSC2, SqSC4, SqSEt, neutral dyes SqC1, SqC2, SqC18 as well as
polymethine dyes H-510 and D-307 towards red-area wavelengths, which
allowed us to assess a probe microenvironment in cellular structures. It has
been detected that unlike polymethine dyes, the squaraine probes get local-
ized mostly in membrane regions with higher polarity. Their localization can
be explained by charges of chromophore structure and is connected with
charge distribution on membrane of live cells and the transmembrane poten-
tial value. It has been found that among all the dyes H-510 and SqSC4 were
the most sensitive probes to transmembrane potential changes induced by
some agonists in hepatocytes. Our study shows that SqSC4 is the most stable
to photodestruction, which is crucial for long-term monitoring.
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EVOLUTION OF RAMAN SPECTRA OF
RIBONUCLEOSIDES CONTAINING PYRIMIDINE BASES
UNDER DEUTERATION

M. lakhnenko, S. Garasevich, O. Slobodyanyuk™, 1. Vaskivskyi

Faculty of Physics, Taras Shevchenko National University of Kyiv,
64, Volodymyrska St., 01033 Kyiv, Ukraine
*Corresponding author: slobodol@univ.kiev.ua

Raman spectra of two ribonucleosides containing pyrimidine bases, i.e.,
cytidine [1,2] and uridine and anomalous nucleoside 6-azacytidine [3] and
their deuterated analogs, were analyzed in solid state, in an aqueous solution
and theoretically calculated. Analysis of all these spectra, measured on both
native and deuterated species, allow us to present new interpretation of high
frequency shift of some Raman peaks in the spectra of studied compounds.
As deuteration affects not only eigenfrequency of vibrational mode but also
set of displacements of nuclei involved in that mode so this may lead to in-
creasing or decreasing of corresponding Raman peak’s intensity. There is a
possibility that there is no real high frequency shift of eigenfrequency of par-
ticular vibration mode but an apparent shift arising from drastic redistribution
of Raman intensities of adjacent mode. To confirm this assumption the calcu-
lation of the vibrational spectra of studied compounds for different hypo-
thetic hydrogen isotopes with atomic mass in range 1<m_ <2, i.e. intermediate
between hydrogen and deuterium, were made in order to monitor an evolu-
tion of the Raman spectra. It was turned out that there are no high-frequency
shifts of Raman peaks under deuteration but change of relative intensity of
the two adjacent modes takes place: namely an intensity of low-frequency
mode decreases while intensity of high-frequency mode increases. Correla-

tion calculations are also proving this assumption.

[1]. L Alexeeva, S. Garasevich, M. Iakhnenko, L. Palchykovska, O. Slobodyanyuk,
1.Vaskivskyi, XIII European Conference on the Spectroscopy of Biological Molecules
2009, p.PA111.

[2]. S. Garasevych, M. lakhnenko, O. Slobodyanyuk, I. Vaskivskyi, Spectroscopy,
V. 24,N. 3-4, p. 191 (2010)

[3]. S.Garasevych, M.Iakhnenko, O.Slobodyanyuk, I.Vaskivskyi XXII International
Conference of Raman Spectroscopy, AIP Conference Proceedings, p.664, (2010).
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THE SPECTRAL PROPERTIES OF ORGANIC POLYMERS
AND FUNCTIONAL MACROMOLECULES DESIGN FOR
PHOTONICS APPLICATIONS

V. M. Yashchuk®, V. Yu. Kudrya

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
“Corresponding author: vmyashchuk@univ.kiev.ua

The main electronic processes in organic synthetic and biological poly-
mers were examined. The investigations results of the peculiarities of the
optical absorption, excitation energy transfer by singlet and triplet excitons,
and resulting fluorescence and phosphorescence in these media were pre-
sented.

The number of possible applications of results obtained was examined.
Particularly the answer on the question “How knowledge of the peculiarities
of electronic processes in polymers can be used in design of functional poly-
mers?” was done. It was discussed the applications in: molecular electronics;
information recording; intramolecular plastification; the design of materials
for OLEDs; aging and degradation of polymer materials (including problems
of stabilization of polymers and protection of polymers against photochemi-
cal reactions).

The problems mentioned above were examined for biological objects
too.

This work was supported in part by STCU (Project No 4570).
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CLASSIFICATION OF BIOLOGICAL MACROMOLECULES:
VISUALIZATION IN FORM OF GRAPHS AND TREES

Eena Jaké

Institute of Biology, E6tvos Lorand University, H-1117 Budapest,
Pazmany P. sétany. 1/C, Hungary,
*Corresponding author: jako@elte.he: jakoeena@gmail.com

A novel discrete mathematical approach and corresponding software,
called Boolean analysis or BOOL-AN is proposed as an additional tool for
molecular systematics. The method is based on algorithms generating math-
ematical representations directly from DNA/RNA or protein sequences, fol-
lowed by the output of numerical and visual (graphs, trees) characteristics.
The binary encoded sequence information is transformed into compact ana-
lytical form, called the Iterative Canonical Form (or ICF) of Boolean func-
tions, which is used as a generalized molecular descriptor. What is important,
the basic requirements, formulated earlier for chemical codes are satisfied by
the proposed molecular codes and molecular descriptors. They are unique,
compact and complete, that is allow reconstruction of the sequence informa-
tion without loss. Thanks to these features, the proposed generalized molecu-
lar codes and molecular descriptors can reveal the inherent abstract structure
of the nucleotide or protein sequences, characteristic to the given biological
function.

The method of classification, based on ICF-graph distance calculations
is not restricted to relatively small molecules and can be used therefore for
studying any DNA/RNA or protein sequences available in the current data-
bases. As it is shown on samples of evolutionarily or functionally more re-
lated tRNAs the topology of macromolecules represented in form of ICF
graphs is very similar, whereas it differs substantially for distantly related

Species.

[1]. E.Jaké, E. Ari, P. Ittzés, A. Horvath and J. Podani (2009): BOOL-AN: A method
for comparative sequence analysis and phylogenetic reconstruction, Molecular Phylogeny
and Evolution. 52(3): 887-97.

[2]. E.Jako, P. Ittzés, A. Szenes, A. Kun, E. Szathmary and G. P4l (2007): In Silico
Detection of tRNA Sequence Features Characteristic to Aminoacyl-tRNA Synthetase Class
Membership. Nucleic Acids Research, 35, 16: 5593-5609.

[3]- Randi¢, M (1991). Generalized molecular descriptors. Journal of Mathematical
Chemistry 7, 155-168.
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SPECTROSCOPIC STUDY OF IMIDAZOPHENAZINE-
PENTADECATHYMIDILATE CONJUGATE AND ITS
COMPLEX WITH POLY(DA)

O. A. Rvazanova®®, V. N. Zozulya', L. V. Dubey?, I. Ya. Dubey’

! Department of Molecular Biophysics, B. Verkin Instituite for Low Temperature Physics
& Engineering of NAS of Ukraine, 47 Lenin ave., Kharkov, Ukraine
*Department of Synthetic Bioregulators, Institute of Molecular Biology and Genetics,
150 Acad. Zabolotnogo str. Kyiv, Ukraine
“Corresponding author: ryazanova@ilt.kharkov.ua

The end modification of the oligonucleotides by the intercalative dyes is
widely used in antisense oligonucleotide technology to increase the stability of
their complexes formed with complementary target oligo- and polynucleotides.

In our work imidazophenazine dye was attached to 5’-end of (dT),; oli-
gonucleotide via flexible linker (Fig. 1).

T IJ._'\-. . L |
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L. .-'I xS, .-j—-. N>
(CH,);CONH({CH},NHCOO-5'+{Tp) T

Fig. 1. Molecular structure of imidazophenazine-pentadecathymidilate conjugate.

Absorption and fluorescent properties of the constituents, as well as their
changes in consequence of the conjugation were registered. Binding of (dT),,Pzn
to synthetic poly(dA) was studied in 2.5 mM cacodylate buffer (pH 6.9) with
0.5 mM EDTA in the presence of 0.1 M NaCl using absorption, fluorescence and
melting techniques. It was established that the duplex formation is accompanied by
substantial absorption hypochromism, 2.5-fold fluorescence quenching, increase in
fluorescence polarization degree and small opposite shifts of the dye spectral bands,
which amount to 3 nm for absorption, and 4 nm for fluorescence one. The UV-
melting profiles of poly(dA)-(dT), Pzn were compared with those for non-modified
poly(dA)-(dT),; obtained under the same experimental conditions. It was estab-
lished that the modification of (dT),; by imidazopenazine results in the rise of the
duplex helix-to-coil transition midpoint temperature of about 4.5 °C. Such increase
of the duplex thermostability is conditioned by an intercalation of planar imidazo-
phenazine chromophore between nucleic bases. The changes of the thermodynam-
ic characteristics, such as standard enthalpy, entropy and Gibbs free energy, were
estimated in the frame of all-or-none model. It was shown that the tethering of the
imidazophenazine to the 5’-end of (dT) , stabilizes the duplex formation increasing
the value of standard Gibbs free energy change by 1.3 kcal/mole per oligonucle-
otide strand or 0.087 kcal/mole per AT-pair.
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SPECTROSCOPIC STUDY OF THE INTERACTION OF
CATIONIC PHENAZINE DERIVATIVES WITH INORGANIC
POLYPHOSPHATE

1. M. Voloshin*®, V. N. Zozulya
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& Engineering of NAS of Ukraine, 47 Lenin ave., Kharkov, Ukraine
*Corresponding author: voloshin@ilt.kharkov.ua

The weak electrostatic interaction of the cationic dyes with the external
surface of DNA double helix is known to be exists along with the strong in-
tercalative mechanism. The contribution of this interaction type into the com-
plex formation is essential due to the cooperative character of the binding. It
should be considered to determine correctly the intercalation characteristics
such as binding site number, their specificity or the process cooperativity. It
is known that several phenazinium salts forms both intercalative and external
complexes with DNA. In the present work the binding of three phenazine
derivatives, namely N5-ethyl-B-pyrrolidono(4, 5-d)-phenazinium perchlorate
(F1), 3-(1-prolyl)-N5-ethyl-phenazi-nium perchlorate (F2), and 3-(alanyl)-
NS5-ethyl-phenazinium hydrosulfate (F3), with inorganic sodium polyphos-
phate (PPS) was studied by several spectroscopic methods. Absorption and
fluorescent properties of the complexes were precisely determined in a wide
range of molar polymer-to-dye ratios (P\D). Measurements were carried out
in aqueous buffered solutions under low ionic conditions. No changes in ab-
sorption and emission characteristics of dyes were observed under P\D vari-
ation. Both fluorescence intensity and fluorescence polarisation degree were
practically without changes. To explain this fact, it is possible to suggest that
the zvitterionic structure of F1 and F2 derivatives hinders their complex for-
mation with PPS chain. Whereas the binding of monocationic F3 derivative
to polyanionic chain of inorganic PPS was expected to be observed. The ab-
sence of features in the absorption spectra pointing out to the chromophore
stacking-association can be explained by deficient shielding of the chromo-
phore positive charges.
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PECULIARITIES OF PYROACTIVITY IN PVDF BASED
POLYMER, COPOLYMER AND COMPOSITE FILMS

K. V. Gutnichenko!, S. L. Bravina®, N. V. Morozovsky?,
L. A. Pasechnik®, Y. Zhang?

'Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 2,
Kyiv, Ukraine
“Institute of Physics NASU, 46, Prospect Nauky, 03028 Kyiv, Ukraine
*National Polytech. University (KPI), 37, Pr. Peremogy, 03056 Kyiv, Ukraine
“PohlInst. Sol. St. Physics, Tongji University, 1239 Siping Road, Shangha, China
*Corresponding author: bravmorozo@yahoo.com

Polar films of polyvinilydene fluoride PVDF and its copolymers
P(VDF/TrFE) with trifluoroethilene (TrFE) are intensively used for pi-
ezo- and pyroelectric sensors and bending actuators, which operation
parameters in high degree are determined by remanent polarization P,
and so by space distribution of polar characteristics, in particular by
profiles of pyroactivity distribution (PPD).

The PPD was examined for PVDF and P(VDF/TrFE) films of vari-
ous production (“Solvay”- Belgium, “Piezotech”- France, “Kureha” -
Japan, “Plastpolymer”- Russia, ‘“Pennwalt”- USA) and ferroelectric
crystal — polar polymer TGS-P(VDF/TrFE) composite films. The study
of PPD was performed by photothermomodulation pyroelectric method
in the pyroelectric current mode (U_=U_ u y/c,,y = dP/dT is the pyro-
electric coefficient, c, is the volume heat capacity) and pyroelectric
voltage mode (U, = U _, nvy/c g, ¢ is the dielectric permittivity) in modu-
lation frequency f range 1 Hz <f < 100 kHz.

For the edge fixed films the pyroelectric resonance (PyR) and
antiresonance (PyAR) regions were observed in f -range 1-10 kHz cor-
responding to A -range of 1.5-4 um (A, = (a/nf )", a  is the thermal
diffusivity). Such PyRAR phenomenon was proved to be connected
with bending vibrations through the thermal expansion coefficient o,
and piezoelectric module d,,.

The inversion of the sequence of the resonance f and antiresonance
f frequencies from usual (f <f ) (PyRAR) to inversed (f <f) (PyARR)
under excitation of the film sides being at different signs during poling
was found and connected with specifics of space charge state under the
electrodes.

The direct relation of PPD shape and the PyRAR phenomena was
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manifested for spin coated corona charged films of TGS-P(VDF/TrFE)
with 5 pm-powder of LA doped TGS single crystal. Indeed, PyRAR(ARR)
regions observed in the films with non-uniform PPD disappeared after
additional d.c. poling resulted in more uniform PPD.

PyRAR phenomenon is considered as consequence and indicator of
pyroelectric, piezoelectric and space charge under-surface inhomogene-
ities. PPD controlling and application prospects are discussed.
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THE SPECTRAL PROPERTIES OF NEW DYES FOR
PHOTONICS APPLICATIONS

V. Yu. Kudrya”, K. M. Kushnir', V. M. Yashchuk!, A. P. Naumenko',
0. I. TolmachoVv’, K. P. Grytsenko®, Y. L. Slominskiy’, V. V. Kosach!

"Faculty of Physics, Kyiv National Taras Shevchenko University,
prosp. Glushkova, 4, Kyiv, Ukraine
“Institute of Organic Chemistry of NASU, str. Murmans’ka, 5, Kyiv, Ukraine
3nstitute of Semiconductor Physics of NASU, prosp. Nauki, 42, Kyiv, Ukraine
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The design and creation of low-energy expenditure sources of light is one of
the main problems (caused by the energy crisis) of the modern technology world
at the last time and requires new scientific solutions. The promissory variant of this
problem solution is the usage of organic dyes with the luminescence high quantum
yield for the creation of Organic Light-Emitting Devices (OLEDs). The materials
used for such devices construction have to be stable and easy excitable by light or
electrical current without excitation the materials used as matrix for these dyes. In
the present work the characterization by spectrum-optical methods of the series of
new dyes were done.

The optical absorption and fluorescence spectra of the films (embed in poly-
tetrafluoroethylene (PTFE) matrix) and solutions (in a number of organic solvents)
of the series of new malonocyanine dyes (dihydropyrimidine derivatives titled
2565, 2566 and 2900) with isolated unsaturated groups have been investigated.
For 2565 and 2566 dyes solutions the optical absorption spectrum band that cor-
responds to the first electronic transition is observed in the spectral range near
420 nm and the fluorescence spectrum band is observed near 440 nm. For 2900
dye solution there are four absorption spectrum bands (390, 470, 570, 670 nm) that
correspond to the first transition; the fluorescence spectrum band (under excitation
by light with wavelength 405 nm) is observed near 450 nm. The correspondent
spectra bands for 2566 dye films are shifted on ~20 nm relative to the solutions
spectra bands. For 2565 and 2900 dyes only the optical absorption spectrum band
near 450 nm is observed and no fluorescence spectrum band (under excitation by
405 nm) is observed. In the range 250-350 nm that corresponds to the optical ab-
sorption of the majority of the synthetic and biological polymers (including PTFE)
no absorption spectra bands of 2565, 2566 and 2900 dyes were observed. This fact
gives the possibility to excite these dyes molecules without the exciting of a matrix
polymer. So, taking into account the facts mentioned above 2566 dye is proposed
for the organic light-emitting devices creation.
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EFFECTS OF PHOTOCONDUCTIVITY AND
PHOTOLUMINESCENCE IN THE FILMS OF POLY-
N-EPOXYPROPYLCARBAZOLE WITH ANIONIC
POLYMETHINE DYE
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The films of polymeric composites (FPC) doped with the organic dyes
are widely used in information recording and electroluminescent mediums,
as well as in photoelectric converters of solar energy. The dye molecules, for
example polymethine, are employed as the centers of light absorption and
photogeneration of non-equilibrium charge carriers. In the solid polymeric
matrixes polymethines show tendency to association. Influence of external
electric field on the spectra of absorption, photoluminescence, electric and
photoconductivity of the films of poly-N-epoxypropylcarbazole (PEPC)
doped with anionic polymethine dye based on malononitrile is investigated in
the present work. Molecules of the dye in the excited state are able to yield
electron but are not able to capture it. However, increase of quenching of
photoluminescence intensity in the external electric field, appearance of long
wave band of photoluminescence and effect of photoconductivity are ob-
served in FPC when the concentration of the dye increases. It was demon-
strated that associates of “sandwich” type of the dye structure arise in FPC
when the concentration of anionic dye is increased. Intercombination conver-
sion intensifies in these associates. Convergence of energy of high occupied
orbitals of the associates and carbazolile fragments of PEPC happens due to
splitting of energetic level of excited state of the associate. This convergence
opens possibility for transport of non-equilibrium holes through carbazolile
fragments of PEPC as well as for transport of electrons inside and between
the dye associate in singlet and triplet states.

This research was financially supported within the scope of the program
of fundamental researches of NAS of Ukraine “Fundamental problems of
nanostructure systems, nanomaterials, nanotechnologies” and STCU (Project
N4570).
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THE HIGH-EFFECTIVE SENSOR WITH OPTICAL
RESPONSE ON THE PHENOL MOLECULES PRESENCE IN
WATER POLLUTED BY OIL
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The purification of natural water polluted by oil and its hazardous components
is one of the main tasks of the modern scientific world. It is known that even low
concentrations of molecules of some oil components are very toxic. One of such
components is phenol that is high-soluble in water. That is why the development of
new high-effective principles, methods and equipments of such molecules (like
phenol) detection and extraction from water is the very actual task. In the present
work the applying of optical methods to phenol express detection were examined.

The phenol molecules manifest strong absorption at 280 nm and fluorescence
at 300 nm. This gives the ground to apply the optical methods for phenol direct
detection. To the other hand, for the detection of extremely low concentration of
phenol molecules the using of methods of some phenol molecules previous accu-
mulation is required. One of the variants of this task solution is the usage of func-
tional polymer macromolecular complexes with optical response and chemical
structure that allows the non-native impurities to be sorbed from environment and
easily detected by the optical spectroscopy methods. For this purpose the intramo-
lecular polymer complex based on poly(vinylalcohol) with poly(acrylamide) graft-
ed copolymers (PVA-PAA ) that posses such properties was used. In the present
work the results of PVA-PAA  sorbtion properties investigations by the optical
spectroscopy methods were described, the mechanisms of sorbtion were discussed,
and efficiency of purification of natural water by PVA-PAA  -films was examined.
It was shown the molecules of some organic compounds are sorbed by PVA-PAA
effectively. The highest adsorbtion rate was found for phenol molecules. The data
obtained give the possibility to create the high sensitive sensors with the optical
response for detection (and concentration measurements) of the phenol molecules
from water polluted by oil products. Besides, the mentioned above copolymer can
be used for effective purification of natural water polluted by oil.
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COMPARISON OF HYDRATION OF OXYETHYLATED
DERIVATIVES OF ACETAMIDE AND GLYCEROL
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Nowadays, oxyethylated derivatives of acetamide (OEA) in parallel
with oxyethylated derivatives of glycerol (OEG) are actively investigated as
very promising cryoprotectants. It is obvious that the effectiveness of a cryo-
protectant correlates significantly with its ability to form hydrogen bonds
with water. It prevents or reduces formation of the hexagonal crystal lattice of
ice which causes damage of biological objects during a process of cryop-
reservation. We have determined the hydration number of OEA molecules
having the polymerization degree of n = 1 and 7-8 on the basis of analysis of
phase diagrams constructed using the DSC data. It has been shown that about
8 water molecules bind to an OEA _ | molecule, and about 32-33 water mol-
ecules bind to an OEA __ . molecule. Previously, we determined the hydra-
tion number of molecules of OEG having the polymerization degree of n =5,
25 and 30 using the methods of DSC and IR-spectroscopy [1, 2]. It was
shown that each element of the polymeric chain can bind to about 3 water
molecules. Having compared the hydration numbers of these two homolo-
gous series of the polymers, we can say that the effectiveness of oxyethylated
acetamide as a cryoprotectant is determined by high glass-forming tendency
due to the presence of hydrophilic groups in both oxyethyl units and an aceta-

mide molecule.

[1]. E. N. Zhivotova, A.V. Zinchenko, L.G. Kuleshova, et al. Molecular Physics.
2008. Vol. 106, Issue 14. P. 1751-1759

[2]. E.N. Zhivotova, E. V. Dukhopelnikov, A.V. Zinchenko, XIX International
School-Seminar “Spectroscopy of Molecules and Crystals”. Abstracts. Beregove, Crimea,
Ukraine, 20.09-27.09.2009. — P. 183-184
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EFFECTS OF UV RADIATION UPON PHASE TRANSITIONS
IN HYDRATED PHOSPHOLIPID SYSTEMS CONTAINING
PHOTOSENSITIVE MOLECULES OF BIOLOGICAL
ORIGIN

N. A. Kasian®, O.V.Vashchenko, V.D.Panikarskaya

Institute for Scintillation Materials, STC “Institute for Single Crystals”, NAS of Ukraine,
60 Lenin Ave., Kharkiv, Ukraine
“Corresponding author: kasian@isma.kharkov.ua

Recently [1, 2] a new bioequivalent sensor material for UV detection and
dosimetry was developed. It based on cholesteric liquid crystal (CLC) doped
with a photo-active molecules of biological origin — provitamin D, capable to
UV-induced photoisomerisation leading to formation of vitamin D. This
process leads to the changes of macroscopic parameters of CLC matrix such
as maximum selective reflection wavelength (A__ ) and mesomorphic phase
transition temperatures.

It is well known that in living organisms biosynthesis of vitamin D from
the provitamin D takes place in membranes of epidermal cells, so the aim of
the present work was to study provitamin D photoisomerisation process in a
model membrane system based on lamellar phases of hydrated phospholip-
ids.

Using differential scanning calorimetry (DSC), it was shown that UV-
induced photoisomerisation of provitamin D resulted in changes of phase
transition temperatures in hydrated phospholipid systems. The character of
the changes was essentially similar to that observed in cholesteric systems,
reflecting the changes in molecular structure of the photosensitive substance
acting as a non-mesogenic dopant. This is considered as a direct biophysical
argument confirming the bioequivalence of the developed sensor material for
UV dosimetry.

In another set of experiments, similar studies were carried out for hy-
drated phospholipid systems containing one more human UV chromophore
— urocanic acid. In this case, effects of UV radiation on phase transition tem-

peratures were also noted.

[1]. Terenetskaya 1., Gvozdovsky 1. // MCLC, 2001, Vol. 368, P. 551-558.

[2]. Lisetski L., Panikarskaya V., Kasyan N. e.a. // Proc. SPIE, 2005, V.6023,
60230F, 4 p.
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SPECTROSCOPIC STUDIES OF MOSQUITO IRIDESCENT
VIRUS, ITS MAIN CAPSID PROTEIN AND DNA

V.M. Kravchenko'*, Yu. P. Rud’, L. P. Buchatski’, K. Yu. Mogylchak’,
S. P. Ladan', V. M. Yashchuk'

Faculty of Physics, Taras Shevchenko National University of Kyiv,
prosp. Glushkova 4, Kyiv, Ukraine
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Mosquito iridovirus (MIV) is a DNA-containing icosaedric cytoplasmic
virus which affects mosquitos of Aedes, Culex, Culizeta genera. Apart from
mosquitos and other insects, iridoviruses cause mass death of fish and cause
huge losses for industrial fish breedings. The MIV particle consists of a core
of genetic material (double-stranded viral DNA), surrounded by a capsid
(icosahedral protein shell) and further encased in a lipid envelope.

The aim of the work was to identify aromatic amino acids (tryptophan,
tyrosine and phenylalanine) which are supposed to be present in the MIV’s
major capsid protein by means of optical spectroscopy and to model the cap-
sid protein spectra with a combination of spectra of separate amino acids as
well as to model the MIV spectra with a combination of spectra of separate
amino acids and viral DNA.

Measured are absorption, fluorescence, fluorescence excitation and
phosphorescence spectra of MIV, its major capsid protein and viral DNA dis-
solved in TRIS-HCI, TRIS-HCI-EDTA buffers and distilled water, respec-
tively, as well as absorption and fluorescence spectra of the three amino acids
dissolved in distilled water (tryptophan, tyrosine and phenylalanine).

From absorption, fluorescence and phosphorescence spectra it is found
that MIV capsid protein contains all three mentioned above anino acids (tryp-
tophan, tyrosine and phenylalanine) in different proportions. MIV phospho-
rescence spectrum at liquid helium temperature is found to be well described
as a linear combination of phosphorescence spectra of its components (the
three amino acids and viral DNA). Contribution of phosphorescence spec-
trum of each amino acid was determined by its relative content in virus capsid
protein and phosphorescence quantum yield.
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BERBERINE AND SANGUINARINE INTERACTION WITH
DNA: SPECTRAL MANIFESTATIONS AND BINDING
PARAMETERS

V. Gumenyuk, S. Kutovyy*, N. Bashmakova, V. Yashchuk

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
“Corresponding author: Ins@univ.kiev.ua

Isoquinoline alkaloids belong to a group of plant metabolites; they
are widely used in medicine as both itself and the components of phar-
macological drugs. Among them, berberine and sanguinarine are very
important. Both alkaloids possess antimicrobial, anti-inflammatory, an-
titumor properties. These medicinal activities are attributed to their
ability to form a molecular complex with DNA. In this report, we present
some spectroscopic aspects of sanguinarine and berberine binding with
the DNA.

The absorption, excitation and fluorescence (PL) spectra of alka-
loid and alkaloid+DNA solutions have been obtained for the P/D (the
DNA base pairs/drug) values of 0...20. The binding of alkaloid to DNA
was characterized by changes of the extinction coefficient (hy-
pochromism) and the red shift of absorption maxima in the absorption
spectra, blue shift and changes of the intensity in PL spectra. The re-
markable increase (up to 200 times) of the berberine PL intensity takes
place. On the contrary, the sanguinarine fluorescence intensity de-
creased by the complex way when the DNA is added. All these facts
indicate the formation of the DNA-alkaloid complex. It was shown that
the binding way depend on P/D. The parameters of berberine and san-
guinarine binding with DNA were determined using the modified
Scatchard and McGhee-von Hippel equations. For convenience these
equations were transformed for direct use of experimental data. Such
conversion gave opportunity to avoid Scatchard plot building procedure
which is too sensitive to experimental data precision and involves un-
controlled error even for fair data.

Berberine. To interpret experimental data the McGhee-von Hippel
equation for cooperative binding was applied. On the base of used ap-
proach binding parameters were obtained: K = (5.2+0.2) 10* M (bind-
ing constant); n = 2 (number of binding sites covered by alkaloid mol-
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ecule); w = 1.3+0.2 (co-operativity parameter). On the base of obtained
results it can conclude that the most probable way of binding is an inter-
calation of alkaloid molecules between DNA base pairs.

Sanguinarine. The model of two binding modes (external binding,
small values of P/D<1 and intercalation, P/D>2) was applied for ex-
plaining of the experimental results. A system of the binding way-de-
pended equations of Scatchard and McGhee-von Hippel was used. The
obtained parameters for an iminium form: K, = (3.5+0.3) 10° M™' (exter-
nal binding); K, = (1.1+0.4) 10° M"' (intercalation), n = 1.5.
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THE FUNCTIONAL MACROMOLECULAR COMPOUNDS
BASED ON CARBAZOLE, PHENOTHIAZINE AND INDOLE
FOR PHOTONICS APPLICATION
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One of the main problems of the modern technology world is the devel-
opment of alternative energy sources and effective low power light sources.
The solution of this problem stimulates investigations of the materials that
could be used as an active medium in photo-electric cells (solar cells) and
electroluminescent devices (so-called LEDs, OLEDs and OPhEDs). In this
paper the results of the spectral investigations of the functional macromo-
lecular compounds containing carbazole, phenothiazine and indole pi-elec-
tron systems (specially designed for electroluminescent devices production)
are presented.

The spectral properties (optical absorption, fluorescence and phospho-
rescence) of these compounds in solutions and powders at 293K and 77K
were studied. The positions of the first singlet and triplet electronic energy
levels of the compounds were evaluated; the schemes of electronic processes
in corresponded bulk materials caused by initial chromophore excitations
were proposed. The obtained data prove that substantial efficiency of inter-
combinatory conversion into the triplet state at 77°K is typical for the most of
the investigated compounds. The delayed emission of two investigated carba-
zole-containing compounds corresponded to the fluorescence band is, in our
opinion, the delayed fluorescence that points to the triplet excitations migra-
tion in these compounds at 77°K. The presence of the delayed fluorescence
observed for these carbazole-containing compounds in bulk form proved the
effective triplet excitations migration with their following annihilation. The
position of the fluorescence and phosphorescence bands allows us to consider
investigated compounds as potential chromophores for OLED/OPhEd appli-
cations.

This work was supported in part by STCU (Project No 4570).
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THE SPECTRAL TESTING OF THE INTERACTION
BETWEEN PROTEINS AND POLYNUCLEOTIDES

S. M. Levchenko™, V. Yu. Kudrya', V. M. Yashchuk!, Z. Yu. Tkachuk?,
V. I. Mel’nik®, V. P. Vorob’yov’, A. P. Naumenko'
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The oligonucleotides and ribonucleic acids are the biological compounds
contained in the cells of all living organisms. Because of the natural origin of
these compounds the drugs based on them become widely used last time in
clinic and research medicine. Artificial synthesized oligonucleotides that
bind to a specific target molecule (for example, protein) — aptamers — are be-
ing tested clinically just now as the cures for the diseases of blood, eyes, as
immunomodulators, antivirus and anticancer drugs. The electronic properties
of these compounds as well as some proteins are manifested in the optical
(near biologically active ultraviolet, visual and near infrared) range. This
gives the ground to apply the optics spectroscopy methods for the investiga-
tions of electronic structure and interaction between oligonucleotides / ribo-
nucleic acids and proteins.

In the present work the possibility of application of a low-temperature
autoluminescence method for the detection of the binding between biological
objects was studied. The positions of the first excited singlet and triplet elec-
tronic energy levels of the ribonucleotides were specified and the same posi-
tions of m-electron containing amino acids were evaluated using absorption
and luminescence spectra. The spectral evidences of the binding between hu-
man albumin molecules and oligonucleotides / ribonucleic acid molecules
were obtained. One of the important evidence of the albumin-2’-5°A, binding
is appearance of the sharp structure in the phosphorescence structure under
the T=77K (under these conditions phosphorescence spectra of separate 2’-
5’A, is almost structureless).

This work was supported in part by STCU (Project No U4570k).
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NATURE OF FLUORESCENCE AND COLOURING
OF POLYTETRAFLUOROETHYLENE TREATED BY
I'-IRRADIATION NEAR THE MELTING POINT
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Polytetrafluoroethylene (PTFE) is a widely used material due to its
unique properties, such as excellent chemical and thermal resistance, bio-
logical stability, dielectric properties, antiadhesive properties, its low coef-
ficient of friction, and its low thermal conductivity in combination with
good viscous-elastic characteristics at low temperatures. Among the disad-
vantages of PTFE are high creep coefficient, low wear resistance (mainly at
low temperatures) and extraordinarily low radiation resistance, which play
relevant role when such material applied in the nuclear power plants or in
spacecrafts. To improve these characteristics the modification of PTFE by
radiation treatment in melting state has been used. Earlier we have shown
that PTFE subjected to y-irradiation under this condition gains color and
fluorescent properties [1,2].

In the present work the spectrophotometric and spectral luminescence
investigations of the y-irradiated near its melting temperature PTFE film
and block samples have been performed. Absorption and fluorescence char-
acteristics of the optical centers formed in irradiated PTFE have been ob-
tained. It was determined, that the different optical centers are responsible
for the fluorescence behavior and coloration of the irradiated PTFE. The
fluorescence optical centers are the conjugated polyen structures in a poly-
mer chain. The coloring centers are the low-molecular fluorine-containing
compounds liberating from heated up PTFE during process of a y-irradia-
tion. They interact with an uncontrollable impurity, which present in argon
gas, and also with a products allocated on the chamber walls. Some of the
formed compounds are colored. They are adsorbed on a surface of PTFE
samples and give them certain color. The fluorescent structures are formed
both at a near-surface layer and in bulk of a sample. Their concentration
slightly changes at the various dosage of gamma-radiation (which ranged
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from 0.2 to 0.8 MGy), while the concentration decreases notably with a
deepening into sample. It was confirmed, that the molecular oxygen traces
in a sample play an important role in formation of the optical emission cen-

ters.

[1]. Sakhno Yu.E, Klimenko VG, Seliverstov DI, Sakhno TV, Khatipov SA. Vysoko-
mol Soedin Ser A 2008;50(5—6):117-119.

[2]. Khatipov S, Nurmukhametov R, Sakhno Yu, Klimenko V, Seliverstov D, Sa-
khno T. Radiat Phys Chem 2011;80(3):522-528.
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PYROELECTRIC DETECTOR OF LASER RADIATION
ON THE BASE OF PVDF POLYMER FILM

S. K. Sklyarenko, O. O. Strokach
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High values of piezoelectric coefficients (the order 30pC/N) of polyvi-
nylidene fluoride (PVDF) ferroelectric polymer films testify to possibility of
origin of electric fields in conditions when these materials are exposed to in-
fluence of vibrational and acoustic fields. These influences import precisions
to process of measurement of a signal of the pyroelectric response (the pri-
mary contribution) U of radiation detector, which created on the basis of the
PVDF ferroelectric film, at absorption both coherent, and incoherent radia-
tion from researched object. These precisions cause presence of a spurious
signal (the secondary contribution) in the pyroelectric response of radiation
detector (RD).

A distinguishing characteristic of the PVDF films is temperature depen-
dence of piezoelectric coefficients, and also influence of this dependence on
the secondary contribution. Now temperature dependence of these piezoelec-
tric coefficients is insufficiently studied, and the data about its influence on
the secondary contribution in pyroelectric response in the science literature
practically misses.

The purpose of this work was research of temperature dependences of
values of piezoelectric coefficients d,,, d,, and d,, of polymeric PVDF films
for the purpose of optimization of operation the RD on the basis of this mate-
rial.

The polymeric films of the thickness / = 110um were used in experi-
ments. These films have been produced by company Precision Acoustics LTD
(PAL) (Great Britain). These films had the high content of ferroelectric
B-phases and they had gold electrodes, which were coated in vacuum. Films
have been placed in a temperature cell which allowed to change temperature
in limits from room to 90°C.

Measurements of piezoelectric coefficients d,,, d,, and d,, were led by a
static method in a temperature cell in a mode of direct piezoelectric effect at
which the electrical charge arose on electrodes both at expanding, and at
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compressing pressure. In these experiments the value of strain ¢ didn’t ex-
ceed value 300MPa.

The obtained temperature dependences of these piezoelectric coeffi-
cients represented non-monotone dependences dij(T).

Values of temperature dependences of pyroelectric response signals
U(T) in the conditions of acoustic influences have been measured and at dif-
ferent methods of fastening of the PVDF films on holders.

On the basis of obtained experimental and theoretical data the inference
has been drawn on conditions of optimization of the RD operation for the
purpose of reduction of influence of the secondary contribution in pyroelec-
tric response.
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NEGATIVE PHOTOCONDUCTIVITY OF FERROCENYL
CONTAINING OLIGOMER FILMS WITH A MEROCYANINE
DYE
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A. A. Ishchenko?, L. I Kostenko®, E. V. Mokrinskaya', L. S Tonkopieva’,
N. G. Chuprina’
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Films of polymer composites (FPC) containing ferrocene derivatives
(Fe(C,H,),) can ossess photosemiconducting properties. Such polymer com-
posite films are attractive for application in information media. Photoconduc-
tivity of FPC in the visible light region is provided by additives of organic
dyes, whose molecules after absorption of light energy are capable of photo-
generation of nonequilibrium charge carriers. The effect of negative photo-
conductivity of ferrocenyl containing oligomer films doped with a merocya-
nine dye based on ferrocene and tetranitrofluorene has been found. The de-
crease in the conductivity current and its recovery after switching off light are
in agreement with the decrease and the recovery of the dielectric loss tangent
in the films studied. The discovered effect of negative photoconductivity of
FPC based on ferrocenyl containing oligomer can be due to significant une-
venness of the spatial distribution of the fragments over which the transport
of nonequilibrium charge carriers occurs. We may suppose that such spatial
unevenness of the distribution of the fragments is determined by structural
features of oligomer molecules, namely, proximity of the lateral fragments
within the molecule and long distance between them in the adjacent mole-
cules. In this case, transport of nonequilibrium charge carriers among adja-
cent molecules is hindered as compared with their transport within the sepa-
rate molecule, and this creates the conditions for the formation of electrically
charged centers with a long lifetime and low mobility of charges on them.
Such electrically charged centers are the reason for the decrease in the elec-
tric field operating in FPC. The phenomenological model is suggested in
which the buildup of space charge from nonequilibrium current carriers and
its effect on electric conductivity of the films are taken into account.
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Polymer complexes occur with different kinds of bonding, mainly with hy-
drogen and ionic bonds. Lithium bonding is more rare in general [1], it is possible
between Li-ion and oxygen or nitrogen atoms in organic compounds and it is com-
pletely analogous to hydrogen bond:

X-Li..Y (Y=0OorN) It was also supported by CNDO calculations [1].

Regular polymers, e.g. polyethylene oxide, can form ordinary Li complexes
with coordination bonds and it reflects in their NMR- and IR-spectra [2]. These
complexes are formed between Li-ion of lithium salts and oxygen atom in the main
chain of polyethylene oxide . Due to them films of such polymers have ionic
conductivity and can be used as solid electrolytes for lithium batteries [2].

Firstly it had been shown by us that oxygen atoms in the side chains can also
participate in complex formation, e.g. as in copolymers butyl vinyl ether —
acrylonitrile (new bands in IR spectra). Recently new irregular copolymers of
acrylonitrile were synthetized and characterized using as comonomers butyl-,
hexyl-, octyl- and nonyl- methacrylates in different comonomers ratio. These
copolymers were used as models for studying the influence of functional groups
and component polarity on dielectric parameters and conductivity values, as well as
complex-formation abilities, and estimated by the dielectric and the NMR-
spectroscopy methods. Dielectric measurements were carried out over the
temperature range of 120-411 K and the frequency range of 0,7-15 kHz. The
dielectric characteristics (dielectric constant €’, dielectric loss tgd, loss factor €”” and
effective conductivity 6) were measured using copolymer films with a thickness of
1,5-2,0 mm and a diameter of 25 mm.

The NMR spectral data as well as dielectric studies demonstrate complex-
formation between Li-ions and O- or N-atoms in copolymers. These interactions

can be observed due to lithium bonding in such systems.

[1]. S.A.Manuel. Eur.Polymer.J. 2006, 42: 21-42

[2]. V.G.Syromyatnikov, L.P.Paskal, O.A.Mashkin. Russian Chemical Reviews .
1995, 64(3): 249-257
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METALLIZED FORM IN ALKALINE SOLUTION
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Interest in studies of structural and thermodynamic properties of DNA
metallized form is caused with a possibility of its using as nanoelectronic and
nanobiosensory elements [1-3].

The method of differential UV-spectroscopy was applied to study pecu-
liarities of effects of Zn>* ion concentration on B-DNA transition into the
metallized form in the whole range of temperatures of the double helix exis-
tence (from 25 °C to 70 °C) in solutions containing 0.01 M Tris-buffer (pH
8.5), 0.005 M NaCl and variable concentrations of ZnCl,. It was revealed that
Zn** ions induce hypochromicity of the whole absorption spectrum of DNA
the limit value of which in the DNA absorption maximum runs up to 24 %,
and this corresponds to the metallization degree [m] = 100 %. The last is real-
ized only upon heating of solutions being of [Zn**]>2-10* M concentration.
For the first time, the phase diagram has been obtained for DNA-zinc com-
plex, being composed of regions with different characters of [m] dependence

on temperature and Zn?>* ion concentration.

[1]. Sanz Miguel P.J., Amo-Ochoa P., Castillo O., Houlton A., Zamora F. (2009)
Supermolecular chemistry of Metal-Nucleobase complexes/ in Metal Complex-DNA inter-
actions, Eds. Hadjiliadis, E. Sletten, J. Willey & Sons Publ., ch. 4, P. 95-132.

[2]. Bhalla V., Bajpai R. P., Bharadwaj L. M. (2003) DNA electronics, Europ.
Molec. Biol. Organ. Rep., V. 4, N 5, P. 442-445.

[3]. Lindegaard D., Wood D.O., Wengel J., Lee J.S. (2006) Electron injection from
the side of an M-DNA duplex, J. Biol. Inorg. Chem., V.11, N1, P. 82-87.
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Renal stone disease is a very common disease, occurring in both indus-
trialized and developing countries and mainly affecting adults in a very broad
age range (20—60 years). The formation of kidney stones is a process influ-
enced by many factors. Primary contributing pathogenic factors are genetic,
nutritional and environmental, also personal habits could be of some impor-
tance. Information about the chemical structure of kidney stones is crucial to
the treatment and prevention of the kidney diseases. Unfortunately, universal
method sufficient for providing all the clinically useful information about the
structure and composition of the stones is not available up to date. Infrared
spectroscopy is showing a grate potential in the field of renal stones analysis.
Recent advances in infrared imaging technique allow not only investigate
chemical composition of the sample, but also obtain detail information on
spatial distribution of the chemical components in the sample.

The stones for this study were surgically removed from patients in Urol-
ogy centre of Vilnius University hospital ‘Santariskiu Clinic’. The stones
used for the mapping were cross-sectioned and polished in order to get as
good as possible specular reflection from the sample. The imaging is per-
formed using reflected infrared light. Specular reflection exhibits absorptions
resembling the first-derivative of a conventional absorption spectrum. Inten-
sity of these Reststrahlen bands is proportional to concentration of particular
chemical constituent of the stones. False-color images representing the distri-
bution of different chemical components in the urinary stones were obtained
by integrating the area under the spectral band of specific chemical compo-
nent.
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The article deals with the results of experimental investigations of exci-
tation process in uracil (as the base of nucleic acid) by low-energy electrons.
These investigations continue our previous ones, which were made for the
other bases of nucleic acids — cytosine and thymine [1,2].

The experiments were tried through optical method that we had used
earlier [2]. In the investigations, there was used the uracil preparation in the
form of polycrystalline powder of Sigma-Aldrich Firm. Formation of gas
phase of uracil took place through its heating in a separate metal container.
The formed gas phase of uracil entered the cell through the steam conductor.
The temperature of the container with uracil powder did not exceed 350 K
The electronic beam was formed by the five-electrode gun with a tungsten
cathode. The cell was located in the magnetic field in such a way that its force
lines were parallel to the electronic beam. The magnetic field induction was
equal to ~1.2:10T. The experiments were tried at the following conditions:
the current strength of the electronic beam was in the range of (3-4)-107 A,
the electron energy spread (FWHM) being AE, ~ 0.5 €V, the vacuum degree
was ~1-10-° Pa.

In the investigations that were made, there were obtained emission (lu-
minescence) spectra of uracil in the wavelength range of 200 — 500 nm for
different energies of the exciting electrons. In these spectra, there are mani-
fested two wide molecular bands that we identify with the radiation of singlet
and triplet state of uracil molecule. Such an interpretation does not contradict
to our calculations that were made through the semi-empirical method AM1
of the program package HyperChem 8.0. In the spectra, there are also mani-
fested at 100 eV electron energy ten molecular stripes whose maximums are
at the following wavelengths: A A = 286.5; 307.5; 317.2; 333.2; 369.6;
408.1; 432.0; 482.2; 525.0 nm. In our opinion, these additional bands reflect

the dissociative excitation of uracil molecules.

[1]. Sukhoviya M.I., Slavik V.M., Shafranyosh L.I., Shimon L.L. Biopolymers and
Cell, 1991, V.7,N6, P.77-82.

[2]. Shafranyosh L.I.,Sukhoviya M.I. Optics and Spectroscopy, 2007, V.102,N4,
P.500-502.
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NIR BODIPY DYES WITH CYANINE-LIKE SUBSTITUENTS
AND NATURE OF THEIR ELECTRON TRANSITIONS

S.VVasvlvuk*L, V. P Yakubovskyi*2, M. P. Shandura’,
Yu. P. Kovtun®, V. M. Yashchuk!, A.O.Gerasov*’, O.D.Kachkovsky’

"Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 2,
Kyiv, Ukraine
’Institute of Organic Chemistry, National Academy of Sciences, Murmanska 5, Kyiv,
Ukraine

The dyes derived from boron dipyrromethene (4,4-difluoro-4-bora-
3a,4a-diaza-s-indacene, BODIPY) have attracted considerable attention be-
cause of their excellent thermal, chemical, and photochemical stability, high
molar absorption coefficients, high fluorescence quantum yields, general in-
sensitivity to both solvent polarity and pH, large two-photon cross-section for
multi-photon excitation, the lack of ionic charge, and a good solubility. How-
ever, most BODIPY compounds have absorption maxima below 600 nm. As
long-wavelength dyes are important for both basic and applied research,
there are many synthetic approaches for modifying the BODIPY system so as
to red-shift its absorption. One of the most promising approaches to the mod-
ification of BODIPY is its peripheral functionalization at meso- and
a-positions with conjugated chromophores.

More effective might be the introduction of complex heterocyclic resi-
dues, which are the end groups in cyanine dye. They are characterized by
highly intense and highly selective absorption, which covers the spectral re-
gion from ultraviolet to near infrared wavelengths by a polymethine chain
length changes and changes in “effective length” of finite residues.

Ph Ph

X
a - =
B N
R2 FF RI /
1aX=C(CHy), 1bX=$ 2R1=CH, R2= Cyan aX=C(CHy, bX=S
1¢ X =CH=CH 3R1=R2=Cyan ¢ X=CH=CH

A series of BODIPY-based dyes bearing one or two polymethine chro-
mophores at their a-positions were prepared through condensation reactions
of 3,5-dimethyl borondipyrromethene with various hemicyanines. The dyes
obtained exhibit record deep absorption among known borondipyrromethene

276



P-21 BIOMOLECULES AND POLYMERS

derivatives (Amax up to 970 nm)

Abs
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Absorption spectra of dyes la— lc  Absorption spectra of dyes 2a -2¢
Absorption spectra of dyes 3a — 3¢

To understand the nature of electron transitions in the BODIPY and its
derivatives, the quantum-chemical calculations of the electron structure were
performed. It was shown that introducing of two cyanine-like substitutients
in meso-,a’-positions leads to the additional deeping of color by donor levels
splitting.
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POLARIZATION MEASUREMENTS IN FEMTOSECOND
TIME DOMAIN

L. M. Dmitruk*", I. V. Blonskyi’, A. M. Dmytruk®, P. I. Korenyuk?,
V. M. Kadan’, N. G. Zubrilin®

! Faculty of Physics, Kyiv National Taras Shevchenko University,
prosp. Akademik Glushkov,2, Kyiv, Ukraine
2 Femtosecond Laser Complex, Institute of Physics, National Academy of Sciences of
Ukraine, prosp. Nauky, 46, Kyiv, Ukraine
*Corresponding author: igor_dmitruk@univ.kiev.ua

Polarization measurements are among the most precise and sensitive in optics.
A number of fine physical effects as well as analytic techniques are based on the
variations of polarization of light. Polarization measurements are equally useful in
time-resolved spectroscopy [1] and time resolved imaging. It should be noted that
unlike spectral measurements the precision of polarization measurements does not
decrease with increase of temporal resolution. However, certain technical issues
and specific materials properties should be taken into account. For example, the
best quality polarizers used in conventional optics — calcite polarization prisms —
are not always good in the case of femtosecond pulses. Because of considerable
difference of n and n, polarization prism can cause substantial pulse broadening for
large diameter beam. Large thickness of the prism also contributes to pulse broad-
ening. Another case of polarizers — polymer polaroid films do not cause pulse
broadening but they have poor stability in high intensity beams, they are easily
bleached and even damaged. And quality of polarization provided by polaroid films
often is insufficient for precise measurements. A novel type of polarizers —nanopar-
ticle linear film polarizers provide much better quality (extinction ratio up to 10°)
and have rather high damage threshold.

An example of time-resolved polarization measurements performed in pump-
probe experimental setup is presented. Optically induced anisotropy of surface
plasmon in spherical copper nanoparticles is observed under irradiation by intense
femtosecond laser pulse with power density 10'-10'2 W/cm?. Subpicosecond ki-
netics of plasmon shifts and induced anisotropy may be useful for applications in
optical switches and ultrafast sensors.

Another interesting application of polarization technique in femtosecon time
domain is optical Kerr shutter for time-resolved luminescence measurements. De-
tails of experimental setup, its characteristics, and requirements to optical elements

will be presented in the report.
[1]. L Dmitruk, I. Blonskiy, I. Pavlov, et al, Phys. Rev. B82, 033401 (2010)
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ANALYTICAL METHODS STUDY OF WAVE FUNCTIONS
AND ENERGY LEVELS OF EXCITED VIBRATIONAL
STATES OF MOLECULES

S. P. Gavva

Saratov State Technical University, st. Polytechnicheskaya 77, Saratov, Russia
Corresponding author: gavvasp@mail.ru

A method for investigating the excited vibrational states of molecules based on
the analytical perturbation theory for linear operators is proposed. According to this
theory, the similarity transformation of the total projector and the construction of the
transforming function allow obtaining analytical representations of eigenvectors,
and in the course of reduction, eigenvalues of the perturbed operator. Theoretical
statements and formulas of contributions of analytical perturbations are applied to
the investigation of vibrational-rotational interactions, determination of wave func-
tions, and corresponding energy values of excited vibrational states of molecules.
The perturbation theory or linear operators is closely related to modern theoretical
physics. In the present paper, this theory underlies the solution of the fundamental
problem of quantum mechanical theory of vibrations of molecules concerning vi-
brational-rotational interactions and provides obtaining analytical representations
of perturbed wave functions and corresponding vibrational energy values.

The objective of this paper is to apply basic theoretical statements and results
of analytical perturbation theory for linear operators to the construction of the holo-
morphic operator function W, () and inverse function Z  (e). These functions are
used to perform similarity transformations of wave functions of the unperturbed
vibrational Hamiltonian {'¥,, k = 1, 3N~6} to sought wave functions of the vibra-
tional-rotational Hamiltonian {‘¥' (¢), £ =1, 3N-6} for obtaining determining ex-
pressions for contributions of perturbations to wave functions and corresponding
energy values of excited vibrational states of molecules.

In this paper, strict proof of the existence of analytical representations for per-
turbed wave functions and eigenvalues of vibrational-rotational Hamiltonian was
obtained. Methods for determining the contributions of perturbations using the
similarity transformation of projectors for eigenwavefunctions and the process of
reduction for corresponding eigenvalues were proposed. Formulas to the n-th order
of the perturbation theory giving the explicit expressions for elements of analytical
perturbations of wave functions and energy values of excited vibrational states of
multiatomic molecules were presented.
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COMPARATIVE STUDY OF CRYSTAL AND POLYMER
PHOTOACTIVE MEDIUMS FOR POLARIZATION
HOLOGRAPHY

L I Davidenko®, N. A. Davidenko, I. A. Savchenko, L. S. Tonkopieva

Kiev Taras Shevchenko National University, Volodymyrska Str., 64, Kiev, Ukraine
“Corresponding author: IrynaDavydenko@gmail.com

Polarization holography has many unique properties and possibilities as
compared to scalar holography. These ones result in advantages of polariza-
tion holographic information storage and in more flexible opportunities of
light beam control when using light polarization sensitive photoactive medi-
ums.

Polarization holography technique is based on registration of the polar-
ization state of the total field of the reference and object light beams by the
polarization sensitive recording mediums. Starting from discovery of holo-
graphic recording a lot of attempts of fabrication of polarization sensitive
mediums were done. The aim of the present work is the comparative analysis
of the features and potential possibilities of three polarization sensitive re-
cording mediums: i) magnetic yttrium iron garnet doped with cobalt
(Y1G:Co); i) CaMnGe garnet; iii) films of polymeric compositions (PC) con-
taining azobenzene polycomplexes with coordinated cobalt ions. YIG:Co and
CaMnGe garnets serve rather as the model objects for demonstration of the
mechanisms of polarization holographic recording. PC containing azoben-
zene dyes or azobenzene lateral groups presently are of interest due to per-
spectives of their use as optically active mediums, in particular as polariza-
tion sensitive mediums. We present results of investigation of the electroopti-
cal and information properties of polymeric films containing azobenzene
fragments as well as the films of polycomplexes of these fragments with co-
balt.

The physical nature of photoinduced effects (PIE) in garnets is connect-
ed with the formation of optical or/and magnetic anisotropy within the illumi-
nated sample region showing itself in the experimentally observed photoin-
duced linear birefringence or a spin reorientation transition. In the polymeric
compositions containing azobenzene polycomplexes photoinduced optical
anisotropy appears under influence of polarized light which is absorbed by
the azobenzene groups and causes changes of isomeric structure.
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DESIGN OF THE DYE-SENSITIZED SOLAR CELL

S. Garasevich, I. Davidenko, Y_Myagchenko, O. Slobodyanyuk
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A dye-sensitized solar cell (DSSC) is a low-cost solar cell belonging to
the group of thin film solar cells. It is based on a semiconductor formed be-
tween a photo-sensitized anode and an electrolyte, a photoelectrochemical
system.

Because it is made of low-cost materials and does not require elaborate
apparatus to manufacture, this cell is technically attractive. Likewise, manu-
facture can be significantly less expensive than older solid-state cell designs.
It can also be engineered into flexible sheets and is mechanically robust, re-
quiring no protection from minor events like hail or tree strikes. Although its
conversion efficiency is less than the best thin-film cells, in theory its price/
performance ratio (kWh/(m2-annum-dollar)) should be high enough to allow
them to compete with fossil fuel electrical generation by achieving grid par-
ity.

DSSCs are currently the most efficient third-generation solar technology
available. Other thin-film technologies are typically between 5% and 13%,
and traditional low-cost commercial silicon panels operate between 12% and
15%. This makes DSSCs attractive as a replacement for existing technologies
in “low density” applications like rooftop solar collectors, where the me-
chanical robustness and light weight of the glass-less collector is a major
advantage. They may not be as attractive for large-scale deployments where
higher-cost higher-efficiency cells are more viable, but even small increases
in the DSSC conversion efficiency might make them suitable for some of
these roles as well.

DSSCs degrade when exposed to ultraviolet radiation. The barrier layer
may include UV stabilizers and/or UV absorbing luminescent chromophores
(which emit at longer wavelengths) and antioxidants to protect and improve
the efficiency of the cell. DSSCs degrade when exposed to ultraviolet radia-
tion. The barrier layer may include UV stabilizers and/or UV absorbing lumi-
nescent chromophores (which emit at longer wavelengths) and antioxidants
to protect and improve the efficiency of the cell.

We measured the transmission spectra of several organic dyes and test-
ed different manufacturing techniques of DSSCs. Results of the experi-
ments show promising methods chosen selection of dyes and design of
DSSCs.

284



P-4 METHODS AND APPLICATIONS THEORY

HETARYL DERIVATIVES OF 3-HYDROXYCHROMONE
AS FLUORESCENT LIGANDS IN COMPLEXATION
PROCESSES WITH METAL IONS

B. A. Dereka, D. A. Svechkarev, A. O. Doroshenko

Institute for Chemistry, Kharkov V. N. Karazin National University,
4 Svobody sq., Kharkov, Ukraine
*Corresponding author: andrey.o.doroshenko@univer.kharkov.ua

Environmental monitoring is one of the most important activities of the
efficient nature management. Great attention is attributed to the metal ions
concentration control in the natural objects, and particularly in waters. 3-hy-
droxychromones (3HC) were described as highly sensitive fluorophores, re-
sponsing to the changes in their microenvironment parameters, including the
presence and quantity of metal ions traces [1]. Complexation processes can
occur between metal ions and 3HC, containing either aryl or heteroaromatic
substituents in the position 2 of chromone ring [2]. The latter attract particu-
lar interest because of the possibility of participation in complexation pro-
cesses, competing for metal ions with casual in the cromone family orthohy-
droxycarbonyl cavity. This can lead to the unusual effects, depending on the
photophysical features of investigated molecules [3]. Our study of complex-
ation of quinoline-, 2,5-diphenyloxazole- and benzimidazole derivatives of
3HC with different metal ions in solution and polymer films proved that spec-
tral and fluorescent properties are closely tied with the way of metal ions
binding. High affinity of diphenyloxazole derivative to the mercury ions (lg
K =17,9) resulting in the low detection limit of these species ( ~ 1071 M) was
discovered. It is well below the MPC for mercury in the drinking water. Com-
plexation of quinoline-substituted 3HC followed by fluorescence ignition

unusual for heavy metals complexes is discussed.
[1]. Poteau X. et. al., J. Photochem. and Photobiol. A: Chem., 162 2004, 431.
[2]. Roshal A. D. et al., J. Phys. Chem. A, 102, 1998, 5907-5914.
[3]. Svechkarev D. et al., J. Phys. Chem. A, 2011 (in press)
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ON OPTICAL PROPERTIES OF HOLOGRAPHIC SENSORS
BASED ON SILVER EMULSIONS

A. V. Kraiski', V. A. PostnikoVv’, T. T. Sultanov', T. V. Mironova’,
A. A. Kraiski', M. A. Shevchenko’
'P.N.Lebedev Physical Institute RAS, Moscow, Russia

2 Institute of Physico-chemical medicine, Moscow, Russia
*Corresponding author: kraiski@sci.lebedev.ru

Holographic sensors (HS) based on silver emulsions targeted to analyze solu-
tion components give an interesting object in study of light scattering by an ensem-
ble of nano-particles, since one can change the environment of the particles almost
preserving their mutual location. Such a HS is a hydrogele polymeric matrix with
thickness up to tens microns, which is fixed on a substrate. Optical properties of
the HS vary in layers with the period of half wavelength of the recording light. The
layers are almost parallel to the surface of the substrate. Thus, the holographic
layer has a structure of the one-dimensional photonic crystal. Due to this structure,
the hologram reflects the monochromatic light. Changing the period by the testing
substation leads to changing the wavelength of the reflected light. A way to form
such layers, the photographic one, is to create layers with different concentration
of the nano-grains of silver or of silver compounds. Typical sizes of the grains are
tens nm. The average distance between them is much less than the light wave-
length. In these systems we realize a considerable change of the reflection coeffi-
cient with changing acidity of the solution. One of the reasons to study optical
properties of these materials is to provide the proper work regime of the sensor.
That means that the HS should work in the whole working range of concentrations
as a thin photonic crystal. The hologram functioning is seriously influenced by the
light scattering properties. In its turn, these depend on the type (metal or dielectric)
and properties of the scattering center, and on its environment (mixture and ion
concentration of the solution and of the hydrogele). The light scattering is the
Raleigh one and can essentially limit the working range from the short wavelength
side. Another important issue is to check the quality of the holographic layer, in
particular, its homogeneity. To this purpose, we developed a colorimetric method
of determination of the wavelength with the digital camera. On the other hand, one
can check the emulsion homogeneity by the distribution of the light scattering
parameters.

The work is partly supported by the grant within the RAS program of funda-
mental research “Fundamental Science for Medicine”.
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INFLUENCE OF OXYGEN IONIC IMPLANTATION ON THE
OPTICAL AND ELECTRONIC PROPERTIES OF COBALT IN
DIFFERENT STRUCTURAL STATE.

O. P._Polianska®, V. S. Stashchuk

Faculty of Physics, Chair of Optics, Kyiv National Taras Shevchenko University,
prosp. Glushkova, 2, Kyiv, Ukraine
*Corresponding author: lenapoljanska@ukr.net

Optical properties of cobalt, and also two-componental structures Co - O
were explored in amorphous and crystalline by a method of states in a spec-
tral interval (0,25- 17,0) um (0,07 - 4,96 eV), on a non-standard spectro-
scopic ellipsometer.

Pure structures of Co - O are gained by method of magnetron sputterin-
gon cooled by liquid helium leucosapphire substrates, the last are gained at
addition in the vacuum chamber the 2 % of oxygen. From absorption spec-
trums o(hv) pure cobalt in amorphous and crystalline states and cobalt with
oxygen impurities it is visible, (see fig.) that at the content of 2 % oxygen
maximum at 0,18 eV moved on 0,09 eV.

o, 105-Om-my!
——Co-2% Ocryst1 18
——Co - 2% O amourf 2
—+«—Cocrystpure 5
— —Co bulk pure 4
—+—Co amourf pure 3

5, 10%Om.m)!
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30
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Fig. 1. Dispersion dependences of optical conductivity c(hv) pure to cobalt in crystalline
(5) and amorphous (4) states, and also with the oxygen content in the chamber and ac-
cordingly 2 % (1) in the crystalline sample and accordingly in an amorphous state (2).

Curves (3) and (4) correspond to pure amorphous cobalt and bulk cobalt.

The gauge at the left concerns pure cobalt, and on the right - to other
samples.

The area 0f 0,7-1,2 eV fig. 1 (1) in a spectrum of crystalline structure Co
- O (2 %) are shaped an absorption band with a maximum 0,97 eV, which
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related with interband transitions of electrons from impurity bands on a Fer-
mi level.

The uptake maximum nearby 1,44 eV is bound to a spectrum of pure cobalt
but biased in area of high energies in a consequence disappear of vacancies and
reduction of interatomic distances.

The long-wave strips in both spectrums for a crystalline and amorphous state
too (fig. 1). The first maximum in a spectrum of an amorphous state of structure
Co-0(2%)at0,31 eV conditioned formation of a new strip with big quantity of
vacancies. The maximum in 0,35 eV in a spectrum of amorphous cobalt disap-
pears, (fig. 1 (3)) i instead of it is shown the basic absorption band of cobalt 0,76
eV in the form of an inflexion Thus, in structure Co spectrum - 2 % O, are formed
an impurity band, which is located a Fermi level, and also an additional band,
which relating to vacancies.
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Holographic sensors based on the hydrogel containing affinity groups
sensitive to certain components of gaseous and liquid mixtures are perspec-
tive class of sensors. The sensor reflects a light in the same wavelength which
was used for a hologram preparation. After the contact with an analyte, the
analyte sensitive matrix changes its configuration, and the distances between
layers of silver in the hologram are changed. As a result, the wavelength of a
reflected light also changes. It is desirable that these changes were in the vis-
ible range (400-780 nm).

The photosensitized silver halogen nanocrystals were synthesized in the
hydrogel matrix, the matrix was immersed in water and irradiated by the red
He-Ne laser (632,8 nm, power - 15 mW)[1,2] or Blue violet laser pointer
(405 nm, 10 mW), Blue laser pointer (473 nm, 10 mW), Green laser pointer
(532 nm, 30 mW)

The matrix consisted of three-dimensional polymer net (N,N’-methy-
lene-bis-acrylamide (bis) as crosslinking agent) based on the copolymers of
acrylamide (AA), N-acryloyl-3-aminophenylboronic acid (AMPh) and addi-
tive as acrylic acid (AK), N-g-methacryloyl-lysin (Lys), 2-(dimethylamino)
ethylmethacrylate (DMA). Differences in the replay of these sensors corre-
spond to pK of components in polymeric matrices, when the charge appears
(or disappers) and matricies swelling takes place.

This research has been supporting by the Program of basic researches of

Presidium RAS “Fundamental sciences for medicine”.

[1]. V.A.Postnikov, A.V.Khamidulin, A.V. Kraiskii, T.T. Sultanov, V.V. Deniskin, In
International School Seminar “Spectroscopy of Molecules and Crystals® XIX Meeting,
20-27 September, 2009,Beregove, Crimea, Ukraine, c. 225-226

[2]. A.B.Kpaiickwuii, B.A. I[loctHukoB u np., KBanTtoBas anexrponuka, 40 (2) 178-82
(2010)
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INVESTIGATION OF CHANNELS OF CS-137 AND K
TRANSFER FROM SOIL TO PLANT UNDER NATURAL
CONDITIONS WITH OPTICAL AND GAMMA
SPECTROMETRY

V. V. Prorok”, L. A. Bulavin, L. V. Poperenko

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
“Corresponding author:prorok@univ.kiev.ua

To predict cesium concentration at the plant under natural conditions we
must determine conditions for prevailing of low-affinity and high-affinity
channels of cesium and potassium transfer to the plant under natural condi-
tions at different cases. The aim of this work - to investigate cross points of
prevailing of low-affinity or high-affinity channels of transfer of cesium and
potassium to plant under natural conditions.

We investigated dependence of plant '*’Cs uptake on content of the soil
solution and on the soil humidity. We carried out our investigations at field
conditions and investigated growing at experimental sites with different types
of soil different plants during two seasons (2002 and 2003 years). The lands
are situated in 30 km from Chornobyl Nuclear Power Plant in the Northeast-
ern direction. There were three types of soil: land A — based on glacial-water
sand, soddy-podzol, middle podzol silts and soil; land B — based on decom-
posed middle thick sedge, rush and wood peat low-lying type peat soil; land
C — based on glacial-water sand loam, soddy-podzol middle podzol sandy
loam with signs of temporal excess humidification soil.

We sowed, mixed together, at these sites, fast-ripening plants that are as
divergent from each other as possible. The roots of the plants are adjacent in
the soil and were sowed several times during each season. We harvested sam-
ples several times. Every time we sampled, we took samples of soils, samples
of the sowed plants, (if they had grown), and samples of wild plants. The
conditions for all plants were the same, since they were growing together at
the same land at the same time.

The soil solution was extracted from the soil using the centrifuge. We
determined *’Cs content in plants and in soil solutions with gamma-spec-
trometer and chemical content of plants and soil solutions with optical meth-
od with ICP spectrometer.

There are many channels of potassium transition to plants. We can’t
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identify them on the basis of our data. But we can distinct, if it is high- or
low-affinity channel at the every case.

Data of our experiments show that sometimes potassium transfer via
high-affinity channel is prevailing at rather high potassium concentration at
the soil solution (but soil humidity is small), and sometime potassium transfer
via low-affinity channel is prevailing at rather low potassium concentration at
the soil solution (but soil humidity is high). We suggested explanation of this
phenomenon. Prevailing of low-or high-affinity channel of potassium trans-
fer is determined by needs of the plant in potassium. If transferred via low-
affinity channel potassium is not sufficient for the plant, the plant uptake po-
tassium via high-affinity channel, too.

We can conclude from our data that for all the investigated experimental
sites, kind of plants and time caesium transfer to the plants via low-affinity
channel.
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This paper considers the principle of a static Fourier spectrometer (SFS)
of polarization type (PT) own designed spectrometer and its advantages over
other spectrometers. The phase difference between interfering beams of the
described device is formed by the rigid crystals of optical system, which
ensures its stability during operation in high vibration conditions. Device is
designed as a compact monoblock, which also improves the reliability of
measurements. The volume of the spectral device is smaller than a ten-
nis ball. Significant area of localization of interference pattern allows direct
measurement of the intensity of the interference pattern without use of optics,
which reduces the size and simplifies the measurement process. Speed
of measurements is limited by the time of registration of CCD («Charge-
Coupled Device»). Features of the data processing, which is based on a theo-
rem of scaling the Fourier transform, allows “free” positioning of CCD - ma-
trix relative to the SFS. Furthermore SFS PT has one important advantage
over other SFS - the ability to measure polarization characteristics of radia-
tion. The device tested by measuring the emission spectra of white LEDs.
Inverse Fourier transform of the detected spectrum agrees well with the spec-
trum obtained by the “usual” method.
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The study of methane content in coal-beds and its desorption is very im-
portant practical task. The data on the methane supplies in coal is used for esti-
mation of explosion risks in mines, potential of methane supplies as sources
of natural gas and estimation of methane impact into the local or global envi-
ronment pollution and greenhouse effect.

The methane desorption from the coal substance both by filtration and
solid-state diffusion is the subject of many studies [see, for example 1]. The
variety of desorption mechanisms needs the various techniques of its study. We
discuss the application of laser stimulated desorption of methane by coal sam-
ples and laser absorption spectroscopy detection and concentration in atmo-
sphere measurement.

The methane laser desorption has been studied in sealed glass cell having
optical windows for laser radiation, both pulsed powerful infrared radiation for
stimulation of desorption process and infrared CW radiation for methane ab-
sorption measurement.

The laser action onto the methane-contained coal samples stimulates a
number of methane-desorption processes: methane filtration due to laser de-
struction of pore walls and heating of samples, thermal activation of solid state
diffusion, surface desorption of methane absorbed by coal surface etc.

The methane desorption stimulation in the samples irradiated by infrared
nanosecond, picosecond and femtosecond laser pulses was studied and possi-
ble machanisms of laser of stimulation samples heating and stimulation of
methane diffusion, includingna thermal desorption of methane was studied la-
ser sources used in experiments of methane content in experimental phstudy
Under the proposed model of mass transfer of methane to construct asymptotic
for large and small times, expressing the time dependence of gas concentration,
and a comparison of experimental data with results of numerical calculation A
number of methane sensors are designed for methane detections in atmosphere
of some sa, for eThe one-page (page size AS) abstract should be written in

English in accordance with this sample.
[1]. Alexeev A. D. Methane desorption from a coal-bed / A. D. Alexeev, E. P. Feldman,
T. A. Vasilenko // Fuel. —2007. — Vol. 88, N. 16. — P. 2574 — 2580
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SPECTRAL PROPERTIES OF LEDS BASED LIGHT SOURCE
FOR APPLICATION IN MUSHROOM CULTIVATION

J.V. Potemkina’, N.L. Poyedinok?

nstitute of Physics National Academy of Sciences of Ukraine, prosect. Nauki, 46, Kyiv,
Ukraine
M. G. Kholodny Institute of Botany National Academy of Sciences of Ukraine,
Tereshchenovskaya Str., 2, Kiev 01601, Ukraine
* Corresponding author: potemki@iop.kiev.ua

It has been proven that light is important morphogenetic factors for growth
and development of many cultivated mushrooms. It has been shown that light
with wavelengths of 650 nm and 530 nm has essential influence on the growth
regulators and activity on growth processes of these mushrooms and has modi-
fied the lipid and carbohydrate spore composition. The light-induced modifica-
tions had prolonged action and were transmitted to the following ontogenetic
stages, from spores to mycelium. Infrared rays in definite doses cause the inten-
sification of growth in culture of medicinal mushrooms Coriolus vaporar-
ius (Pers.:Fr.) Bond, et Singer and Serpula lacrimans(Wulf. apud. Jacq.:Fr.)
Schroet. The absence or existence of light influence during the period of vege-
tative mycelial growth affects the character of further bearing [1].

The LED-based illumination with a proper proportion of light components
enhances photosynthetic productivity and ensures better plant morphology in
comparison with illumination using high pressure sodium lamps High-power
AlInGaP-based red LEDs emitting at wavelengths as close as possible to
660nm as well as further development of LEDs emitting in the vicinity of
640nm are of major interest for horticulture applications. [2].

The mushroom cultivation needs the light environment with rather differ-
ent spectrum and intensitycomparing with plants cultivation. Here we present
the photobiology light source based on the light emitting solid state diodes
(LED) for applications in Greenhouse Environment. Basing onto the previous
investigations, we designed and prepared the illuminating system with ability
of tailoring of output light spectrum. The composition of blue and red parts of

light spectrum can be adjusted depending of experimental needs.
[1]. High-power LEDs for plant cultivation. Tamulaitis G.,Duchovskis, P. Bliznikas
, Z.et. al. http://lampar.webs.com/High power 20LEDs_for_plant_cultivation_ study. pdf
[2]. N. Pojedinok, A. Buchalo et al. The Light Factor in Biotechnology Cultivation
of Medicinal Mushrooms International/ Journal for medicinal mushrooms, v. 7, no 3,
(2005).
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DYNAMICS OF Q-SWITCHED DIODE PUMPED
SOLID STATE LASER WITH DYE-DOPED POLYMER
MODULATOR

V. I. Bezrodniy, A. M. Negriyko, A.O. Yaskovets

Institute of Physics National Academy of Sciences of Ukraine, prosect. Nauki, 46, Kyiv,
Ukraine
*Corresponding author: bezrod@iop.kiev.ua

The development of polymer-based laser elements for tunable solid-
state organic dye lasers, Q-switch modulators for flash lamp and diode
pumped solid state lasers is very attractive due to ability of substitution of the
expensive crystal-based elements by cheap polymer ones and wide modifica-
tion of laser elements properties. The solid-state dye laser with dye-doped
polymer elements have the advantage compared to liquid dye lasers being
free of solvent handling, having a small size, and being easy to operate. Dur-
ing the past few decades, these laser elements are the subjects of considerable
interest and research activity. Special object of interests is the photostability
of organic dye molecules trapped in transparent polymer matrices. The old
problem of photochemical bleaching of dyes by light, well known in textile
industry, is a problem for laser application too. The bleaching mechanism is
not well understood, and it may well vary from one class of dyes to another.

The stability of dyes molecules can be varied depending on the
chemical and physical properties of dye molecules and polymer matrices.

The photochemical bleaching of solutions of organic dyes (rhodamine,
astroflacksynes) in polymer matrices based on polyurethane and poly-
urethane acrylate was studied. The strong grows of laser dyes photostabity in
polyurethane matrices comparing with polyurethane acrylat one is demon-
strated.

The polymer based dye-doped Q-switch modulators were tested in diode
pumped solid state lasers. The dynamic of laser generation was studied at
wide range of operational parameters and effective and stable operation of
polymer modulators was demonstrated.
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LUNAR PHASES IN THE VARIATIONS OF 2“PB AND 2“BI
CONCENTRATIONS IN AIR OF UNIVERSITY BUILDING

Yu.G.Terentyeva!, G.L.Kononchuk!, V. V.Hizhko’

! Kyiv National Taras Shevchenko University,
2LLC "Science Technology Health", Kyiv

Aerosols of radioactive 2'“Pb and ?“Bi can get into the human body during
respiration. In the air they are produced by ?Rn decay. Inhalation of Radon
and its decay products increases the risk of ¢ ancer. The concentration of these
isotopes in the air of university building is the subject of our research. Because
the Radon source is 2**U, which is scattered in the soil, monthly variation in the
gravitational perturbations of the earth's crust can affect the Radon’ and its de-
cay products’concentrations.

Fhacw rraformaion P st of ki Sy | bowr dher ey

To determine the concentration of Pb and Bi we pumped over the air
through the filter, which is besieged by a 90-95% of these atoms. One sample
corresponded to the air volume approximately 10 cubic meters, pumping speed
- 1 kub.meter / min. Identification and concentration measurement of these at-
oms were performed using K-lines in the spectra of spontaneous luminescence
and nuclear transitions 351 keV, half-life time of the excited state is 26.8 min
(Pb), and 609 keV (19 min, Bi). Emission spectra recorded by Nal-T1 detector
80x80 mm, followed by 1024-channel amplitude analyzer. The spectrum of
sample after pumping air was compared with the spectrum of activated carbon,
which 3 days were placed in the room under study. Also variations in the spec-
trum of air in the chamber of detector, and changes in the spectrum of the
sample during two hours after sampling where controlled. Revealed that the
214Pb and 2'“Bi concentrations correlate with the phases of moon indeed, which
may indicate the combined influence of solar and lunar tidal cycles in the Earth's
crust. The ratio of maximum to minimum concentrations is 2,5-3 times.
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QUANTUM-CHEMICAL INTERPRETATION OF THE IR
VIBRATIONAL SPECTRA OF 2-AMINOPURINE WITH
CYTOSINE AND THYMINE

O. O. Brovarets'?*, D. M. Hovorun'?

nstitute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine,
Zabolotnoho str., 150, Kyiv, Ukraine
Institute of High Technologies, Taras Shevchenko National University of Kyiv,
Hlushkova ave., 2, Kyiv, Ukraine
*Corresponding author: brovarets@list.ru

2-aminopurine (2AmPur) is a purine derivate comparable to adenine
(Ade) and guanine (Gua), its chemical structure differs from Ade (6-ami-
nopurine) only in the position of the amino group NH2. 2AmPur is known
to be a strong mutagen.

Literature data on vibrational spectra investigations (as theoretical, so
experimental) of 2AmPur (neutral or protonated at N1 atom) and its H-
bonded complexes with cytosine (Cyt) or thymine (Thy) are not available
hitherto, although vibrational spectroscopy is one of the most perfect tools
for studying the properties of the hydrogen bonds.

The aim of this work was to determine the characteristic features of the
effect of hydrogen bonds formation on the IR vibrational spectra of com-
plementary base pairs compared with the vibrational spectra of the nucleic
acid bases using quantum-chemical calculations.

Using theoretical study on the B3LYP/6-311++G(d,p) level of theory
we have compared vibrational spectra of 2AmPur (neutral or protonated at
N1 atom species) with Ade and H-bonded complexes of 2AmPur (neutral or
protoned at N1 atom species) paired with Cyt or Thy with Ade-Cyt and
Ade-Thy base pairs.

We established that discrepancies in the spectra as monomers so base
pairs are located in the high-frequency region. Namely, we can distinguish
spectra of the Ade, 2AmPur from the spectra of Ade-Thy and 2AmPur-Thy
accordingly by the position of the symmetric stretching vibrations of the
NH2 group of purine, while spectra of Ade, 2AmPur, 2AmPur” and Ade-Cyt,
2AmPur-Cyt and 2AmPur*-Cyt are indistinguishable by this band as far as
by v(NH,™") and v(N9H) stretching modes of purines accordingly due to
the close location of the v(NH,»™), v(NH,*"™) and v(N9H) stretching modes.
For base pair intense bands corresponding to the vibrational stretching fre-
quencies of the exocyclic groups are observed.
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Differences in the IR spectra of isolated bases and base pairs besides of
the aforementioned modes consist in the distinctions of the location of the
most intense bands — for monomers the most intense bands are situated in
the low- or middle-frequency region and correspond to the out-of-plane or
scissors vibrations respectively, while for the base pairs the most intense
bands are located mainly in the high-frequency region and corresponds to
the stretching vibrations of the exocyclic groups.
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THE ANALYSIS OF THE MATRIX TYPE INFLUENCE ON
THE INNER ROTATION BARRIERS HEIGHT AND THE
TORSION STATES SPLITTING OF THE METHANOL
MOLECULE IN THE GROUND VIBRATIONAL STATE

L Yu. Doroshenko!, V. Ye. Pogorelov', G. A. Pitsevich’", V. A. Romano’

Kyiv National Taras Shevchenko University, Kyiv, Ukraine
’Belarusian State University, Minsk, Belarus
*Corresponding author: pitsevich@mail.ru

Matrix isolation of the studied molecules at low temperatures is a very
effective method for the investigations of their structure and spectral characteristics.
It is generally accepted that the matrix consisting of inert gas atoms isolates the
individual molecules of the studied substance and have no influence on their
structure and spectral properties. But the recent experimental studies [1-3] have
shown that there is the interaction between Ne atoms and the studied molecules,
determining the splitting of the absorption bands in FTIR spectra of methanol in
these matrices at 2.7 — 7 K [1]. The idea of the work is that though the neon matrix
influence on the molecule excludes its free rotation as a whole, the torsion tunneling
is still possible. As a result, the ground vibrational state is split in more energetically
favourable torsion-vibrational state of A type and the slightly higher analogous
state of E type. As it is indicated in [4] the energy difference between these stated
in the gas phase is 9.12 cm. Due to the interaction with the matrix the potential
barriers heights increase and the corresponding difference decrease to 6.7+0.5 cm™.

The excited vibrational states of methanol are also split due to the torsion-
vibrational interaction, but the value of the splitting changes at the transition from
one fundamental state to another. According to [2] for the definite fundamental
vibration at the transition from the ground state to the excited one the splitting
value usually decreases, for some transitions it remains constant, and in the case of
the deformation vibration of the hydroxyl group it essentially increases (20 cm™).
The matrix influence also causes the breaking of the selection rules A —A, and
E—E , which are strictly fulfilled for the gas phase, and the transitions A —E and
E— A, are presented in the matrix spectra with the intensities comparable with the
intensities of the permitted ones. Note also the correlation between the symmetry
of the excited fundamentals and the relative location of the torsion levels A, and E.
For the vibrations of the methyl group generated by the E type in the assumption
of C,, symmetry, the torsion levels change their locations and the level of E type
becomes lower, while for the rest of the vibrations the usual location of the torsion
levels is typical, where the ground level is the one of A, type. It seems that more
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natural and not requiring the idea of the torsion levels inversion is the consideration
of these phenomena in terms of the general torsion-vibrational levels. The ground
vibrational state is totally symmetrical and hence the symmetry of the torsion-

vibrational levels is determined by the symmetry of the torsion levels (4, x4, = 4, and

Ex 4, = E)-Itis so and for the excited torsion-vibrational levels connected to the totally
symmetrical vibrations of the methyl group and other parts of the molecule. In the
case of the excitation of the methyl group fundamentals, maintaining E symmetry,

the symmetry of the ground torsion-vibrational level becomes 4, x £ = £, while the
excited torsion level of E type in combination with the vibrational state of the same

type will contain the totally symmetrical component (£ x £ e 4,). As it is seen,
the consideration of the general torsion-vibrational state changes the symmetry
of the ground torsion-vibrational level at the excitation of the E vibrations. In the
later work [5] the low-temperature FTIR spectra of methanol in nitrogen matrix
are analyzed. It was noted that the interaction of methanol with this matrix is more
essential. The increasing of the potential barriers of the inner rotation leads to fact
that the splitting of the lowest torsion level in the ground and the excited states is
close to zero, which, in its turn, causes the absence of the multiple structure of the
absorption bands. In [5] it was noted that Ar in its matrix properties is closer to Ne.
For the theoretical estimation of the matrix influence on the heights of the

potential barriers of methanol molecule the series of computer experiments was
carried out. As the matrix material the Ar and Ne atoms as well as N, molecules
were used. At the first stage the methanol molecules were surrounded by six gas
atoms or molecules (X=Ar, Ne, N,) and using the quantum-chemistry program [6]
in the approximation B3LYP/cc—pVTZ the geometry optimization of the system
methanol+matrix was carried out by all inner variables. At the next stage the space
position of all six gas atoms or molecules was fixed and the dependence of the
inner energy of methanol on the value of the torsion angle between hydroxyl
and methyl groups in the interval from 0 to 60° with the step 10° was calculated.
Simultaneously at each step the optimization of the methanol molecule geometry
by the rest 11 inner parameters was carried out. The results of the calculations agree
with the experimental data demonstrating the increasing of the potential barriers
heights and, as a sequence, the decreasing of the value of the tunnel splitting of the
torsional energy levels in the ground vibrational state in the series Ar, Ne, N,

[1]. J.P.Perchard. Chemical Physics, 2007, 332, 86.

[2]. Y.P.Lee, Y.J.Wu, R.M.Lees, L.H.Xu, J.T.Hougen. Science, 2006, 311, 365.

[3]. M.Behres, R.Frochtenicht, M.Hartmann, J.G.Siebers, U.Buck, F.C.Hagemeister.
J.Chem. Phys., 1999, 111, 2436.

[4]. G.Moruzzi, F.Strumia, J.C.S.Morales, R.M.Lees. J.Mol.Spectr., 1992, 153, 511.

[5]. J.P.Perchard, F.Romain, Y.Bouteiller. Chemical Physics, 2008, 343, 36.
[6]. http://www.msg.ameslab.gov/GAMESS/GAMESS.html
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QUANTUM CHEMICAL CALCULATIONS OF ELECTRONIC
SPECTRA OF BENZOXAZOLES UNDERGOING EXCITED
STATE PROTON TRANSFER

Y Svetov, A. Vdovin’

'Department of Solid State Physics and Optoelectronics, Oles Gonchar Dniepropetrovsk
National University, prosp. Gagarina, 72, Dniepropetrovsk , Ukraine
2Yacht bv, Physics and Life Sciences, HTC84, 5656 AG Eindhoven, Netherlands
*Corresponding author: setov2003@yahoo.com

Excited state intramolecular proton transfer (ESIPT) as photoinduced enol-
keto tautomerization has been studied for several decades both experimentally and
theoretically to elucidate the microscopic reaction mechanisms. A number of the
compounds that show ESIPT have also been probed as materials for a variety of
applications such as laser dyes, UV stabilizers, plastic scintillators, emitting layers
for OLED and media for non-linear optics.

Time-dependent density functional theory (TDDFT) calculations have been
found to be a relevant tool for modeling spectral properties of dyes [1]. The TDDFT
and approximate coupled cluster with single and double excitation (RICC2) meth-
ods have been applied to calculations of the electronic structure and potential en-
ergy surfaces of some substances undergoing ESIPT [2].

We have calculated the energies and oscillator strengths of vertical transitions
for various rotameric and tautomeric species of benzoxazole derivatives that ex-
hibit ESIPT (2-(2’-hydroxyphenyl)benzoxazole (HBO), 2,5-bis(2-benzoxazolyl)
phenol (DBP) and 2,5-bis(2-benzoxazolyl)hydroquinone (BBHQ)) in the ground
and first (m*) excited states with the use of the TDDFT and RICC2 methods for
isolated molecules under assumption of the C, symmetry. In the ground state the
most stable structures are enol tautomers with OH...N hydrogen bonds. The
number of molecules with OH...O hydrogen bonds is found to be small that ac-
counts for the low intensity of the corresponding fluorescence bands of HBO and
DBP. In the excited state of HBO molecule, the calculations yield stability of the
keto tautomer by 0.18 eV in relation to the enol with a low barrier for the proton
transfer (TDDFT) or the barrierless process (RICC2) so that the tautomer fluores-
cence is expected to predominate. In the case of DBP and BBHQ, the RICC2 re-
sults, predicting lower energies of keto structures in the excited state, are more
consistent with the experimental findings. Nevertheless, TDDFT performs better in

the calculations of the frequencies of the absorption and fluorescence bands.
[1]. D.Jacquemin et al., Acc. Chem. Res. 42 (2009) 316.
[2]. A.J.A.Aquino, H. Lischka, C. Httig, J. Phys. Chem. A 109 (2005)
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SIMULATIONS OF VIBRATIONAL SPECTRA FOR LARGE
BIOMOLECULES

V. Andrushchenko”, P. Bour

Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech
Republic, Flemingovo nam. 2, 16610, Prague, Czech Republic
“Corresponding author: andrushchenko@uochb.cas.cz

Vibrational spectroscopy is a versatile, widely available and highly
informative tool, which has been successfully used for conformational
and structural studies of biomolecules and particularly nucleic acids for
a few decades. In addition to the classical methods, namely infrared (IR)
and Raman spectroscopy, recent development of the chiroptical vibrational
techniques, such as vibrational circular dichroism (VCD) and Raman optical
activity (ROA) significantly broadened the applicability of the vibrational
spectroscopy and enhanced the obtained structural information.

However, due to complexity of vibrational spectra of biomolecules,
large bandwidth, many overlapping vibrational bands and coupling of
vibrations, clear and straightforward interpretation of the spectra is an
ambiguous and tedious task. Theoretical simulations of the spectra can
significantly simplify this task, providing unambiguous assignment of
spectral features. Furthermore, they can additionally offer rich information
on the system’s energetics and interactions obtained from the first principles.
Unfortunately, such simulations can be currently performed at necessary
precision only for relatively small molecules, leaving biomolecules beyond
the accessible molecular size.

A possible approach to partially overcome the molecular size limitation
is Cartesian coordinate transfer (CCT) technique, which has been developed
in our group [1]. The method allows to transfer molecular properties from
smaller molecular fragments to larger systems, enabling one to compute
vibrational spectra for relatively long oligomers of nucleic acids or peptides.
The applicability of the CCT technique to compute IR and VCD spectra of

various nucleic acid conformations will be demonstrated.

[1]. Bour, P, Sopkova, J., Bednarova, L., Malon, P., Keiderling, T. A. (1997): Trans-
fer of molecular property tensors in Cartesian coordinates: A new algorithm for simulation
of vibrational spectra. J. Comput. Chem. 18: 646-659.

Support from the Grant Agency of the Czech Republic (grant
P208/10/0559 (VA), P208/11/0105 (PB)) and Academy of Sciences (grant
M200550902 (PB)) is gratefully acknowledged.
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THE INFLUENCE OF MOLECULAR CLUSTERIZATION ON
VIBRATION SPECTRUM OF METHANOL

I V. Borzda®, I. Yu. Doroshenko, V. Ye. Pogorelov

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
*Corresponding author: tatiana.borzdaia@yandex.ru

The subject of research in this work is manifestation of intermolecular
hydrogen bond in vibration spectrum. As subject of research was taken the
simplest of alcohols- methanol. Urgency of work caused by the big role
played by hydrogen bonding in structuring the most important for human
fluids - water, natural physiological fluids, etc. Feasibility studies to select
items based on the fact that methanol is the simplest one internal fluid mo-
lecular hydrogen bonds. Analysis of vibrational spectra of methanol, which
contained molecules in crystalline argon matrix leads to the conclusion that
with increasing temperature argon matrix increases the number of methanol
molecules, which form cyclic clusters. In the frequency domain, where the
apparent valency OH group vibrations can be observed vibrational bands as-
sociated with the dimer, trimmers, and tetrameter. Quantum-chemical simu-
lation for methanol molecule and clusters up to tetramer were carried out.
The calculations was based on the density functional theory in approxima-
tions of bi-exponential atomic basis 6-31G (d,p), the hybrid exchange three-
parameter Becke potential and exchange-correlation Lee-Yang-Parr potential
(B3LYP). The results of quantum chemical calculations of model spectra cor-
relate with these findings. It is shown that intermolecular hydrogen bonding
leads to changes of all vibrational spectra of methanol. In particular, undergo
significant changes contour strips that related to valence vibrations of C-O
bond. With increasing temperature argon matrix from 15 K to 50 K observed
structures and expanding the disappearance of C-O vibrational bands. A sim-
ilar result is fixed in frequency domain vibrational spectra of methanol, which
manifested O-H valency vibration. In this temperature can be argued that in
the matrix remain only four-and pyatymolekulyarni clusters. Methanol in the
vibrational spectra of argon matrices at such temperatures similar to the spec-
tra of liquid methanol. From this you can infer that in both cases were identi-
cal with the cluster structure.

305



P-2 COMPUTER SIMULATION

DETERMINATION OF THE TYPE OF HYDROGEN BONDED
FORMATIONS WHICH OCCUR IN HIGHER ALCOHOLS
BY MEANS OF VIBRATIONAL SPECTROSCOPY AND
QUANTUM-CHEMICAL MODEL CALCULATIONS

P._Golub*, 1. Doroshenko, V. Pogorelov.

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
“Corresponding author: pavelgolub87@gmail.com

The modern theory of liquids based on the fact that the structure and
properties of real fluids is largely determined by structural features of na-
noscale particles and the associative nature of the forces acting between
them. It is known that these fluids are formed three-dimensional structure,
consisting of several molecules related intermolecular hydrogen bonds - clus-
ters. Special interest causes the system with intermolecular hydrogen bonds,
which include alcohols. Alcohols are amazingly convenient object for study-
ing hydrogen bonds. In contrast to more simple, but completely unchange-
able molecules of water, alcohols can be “fit” under the necessary research by
easy restructuring of the backbone to which the hydroxyl group attached [1].

The study of alcohol clusters conducted mainly for alcohol which mol-
ecules contain a small number of atoms: methanol, ethanol, n-butanol [2-4].
There are two basic topology of formation in alcohols structures which are
connected by hydrogen bonds: formation of closed, cyclic clusters, when all
hydroxyl groups in the structure involved in the creation of hydrogen bonds,
and chain clusters, when one of the hydroxyl groups remain nonbonded on
the “edge” of a cluster [1]. Theoretical calculations and experimental studies
prefer the formation of cyclic clusters in the liquid phase [5]. However, simi-
lar cannot be say in the case of higher alcohols, because long alkyl groups
may prevent molecules to form a compact structure.

In this work investigated such higher alcohols as heptanol and oktanol.
Using the methods of quantum-chemical simulation we managed to establish
possible structures arising from the molecules in the liquid phase and deter-
mine their energies and spectra. For reasons of energy utility of structures and
comparing the calculated spectra with the experimentally obtained, it is de-
termined the types of clusters that exist in this alcohols.

It is shown that although the energy, which accounts for one hydrogen
bond, largest in the case of chain-like clusters, but the energy of the whole

306



P-2 COMPUTER SIMULATION

formation more in the case of cyclic clusters. It is expected that there are cy-
clic clusters in the alcohols (of four molecules and more) with a small per-
centage of chain-like clusters which is the result that the spectral line inten-
sity assigned to the vibration of the free hydroxyl groups decreases to the
noise level. As evidence to the assumption this spectral bond practically not

seen in the experimental spectrum.

[1]. M. A. Suhm, Advances in Chemical Physics, 142 (2009).

[2]. D. Zimmermann, T. Ha.ber, H. Schaal, M. A. Suhm, Mol. Phys. 99, 413-426
(2001).

[3]. U. Buck, I. Etischer, J. Chem. Phys., 108, 1 (1997).

[4]. S.Coussan, A. Loutellier, J. P. Perchard, S. Racine, A. Peremans, A. Tadjeddine,
W. Q. Zheng, J. Chem. Phys., 107, 17 (1997).

[5]. R.Ludwig, Chem. Phys. Chem. 6, 1369-1375 (2005).
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ONE-, TWO-, AND THREE- DIMENSIONAL POTENTIAL
ENERGY SURFACES AND ANHARMONIC VIBRATIONAL
FREQUENCIES FOR THE HCN-HF COMPLEX

E. I. Gromova

Physical Faculty, St. Petersburg State University, Ulianovskaya ul., 3,
Peterhof, St. Petersburg, Russia, 198504
Corresponding author: gromova_l@mail.ru

A nonempirical calculation of the HCN-HF complex to determine its
geometrical parameters and frequencies was attempted. The electronic
structure calculation of the complex was performed using the GAUSSIAN
package of codes. In all the calculations we adopted the 6-311+G(2d,2p)
basis. The electron correlation correction was accounted for by using the
MP2 perturbation theory. The equilibrium configuration of the complex is
linear with the atoms arranged as follows: HCN...HF. The equilibrium
bond length (HF) =0.9298 A, the bond length »(CN) =1.1626 A. For the
equilibrium configuration, the electronic energy of the complex is
-193.53787 au. The vibrational frequencies in the harmonic approximation
were calculated. The values obtained are v (H-F)=3897, v,(C-H)=3462,
v,(C=N)=2051, v,(N...H) =186, v,' (y(HCN))=729, v.' (B(FHN))= 670, v.'
(o(CNH))=83 cm!.

The possibility of calculating the vibrational frequencies of complex in
the anharmonic approximation using the normal coordinates as the vibra-
tional coordinates was analyzed. For all normal coordinates we computed the
one-dimensional cuts of electronic energy of the complex, i.e., the potential
energies of one-dimensional vibrations. The range of variation of each vari-
able coordinate was wide enough to allow the description of the ground and
several excited states of a one-dimensional anharmonic oscillator. The matrix
elements of the potential energy operator were evaluated by Gauss—Hermite
quadratures.

The anharmonic interactions between different vibrational degrees of
freedom can be more important than the one-dimensional anharmonic correc-
tions. Therefore, we considered all pairs of normal coordinates of the com-
plex, calculated the two-dimensional potential energy surfaces using the
GAUSSIAN package, and found the variational solutions of the two-dimen-
sional vibrational Schrédinger equations in which the kinetic energy operator
is the sum of the operators of the noninteracting harmonic oscillators.
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For the large-amplitude librations the kinetic energy operators of HF and
HCN molecules should be expressed in terms of their angular momenta. We
obtained the variational solutions of nine one-dimensional and a number of
two- and three- dimensional anharmonic problems. We calculated the nonem-
pirical potential energy functions dependent on one, two, or three coordinates
with the remaining coordinates fixed at their equilibrium values. In consider-
ing the librational motions, the Legendre polynomials were used as basis
functions.
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THE CALCULATION OF STRUCTURE AND IR SPECTRUM

OF THE METHYL-B-D-GLUCOPYRANOSIDE BY DENSITY

FUNCTIONAL METHOD WITH TACKING INTO ACCOUNT
THE HYDROGEN BONDS FORMATION

L. Babkov', M. Korolevich?, E. Moisejkina’

!Saratov State University, Astrakhanskaya Str., 83, Saratov, 410026, Russia
2 Institute of Physics of National Academy of Sciences of Belarus, Pr. Skoriny, 70, Minsk,
220602, Belarus

Theoretical research of IR spectrum and structure methyl-p-D-
glucopyranoside tacking into account influence on them hydrogen bond real-
ized in the sample have been conducted. By density functional method using
B3LYP functional in basis 6-31 G(d) energies have been minimized and
structures, electro-optical parameters, force constants, frequencies of normal
modes in harmonic approximation and intensity in IR spectra of the elemen-
tary complexes with hydrogen bonds between methyl-f-D-glucopyranoside
molecules presented by dimers have been calculated. The calculated spectra
H-bond complexes have been compared with the calculated spectra of a sep-
arate molecule and with experimental spectra in a range of 400-3700cm™.
Conclusions about structure of the sample methyl--D-glucopyranoside have
been made and interpretation of it’s IR spectrum have specified. Experimen-
tal IR spectrum of the sample is formed by spectra of different H-bond com-
plexes.
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STRUCTURE AND SPECTRAL CHARACTERISTICS OF
ETHANOL MONOMER AND DIMER FROM THE DATA
OF LOW-TEMPERATURE FTIR SPECTRA AND THE
RESULTS OF NON-EMPIRICAL QUANTUM-CHEMICAL
CALCULATIONS

L Yu. Doroshenko’, V. Ye. Pogorelov!, E. A. Mel 'nikova®, G. A. Pitsevich®

'Kyiv National Taras Shevchenko University, Kyiv, Ukraine
“Belarusian State University, Minsk, Belarus
*Corresponding author: pitsevich@mail.ru

Ethanol is one of the simplest alcohols able to form cluster structures due
to the hydrogen bonds formation. In comparison with methanol the number
of publications devoted to the spectral-structure characteristics of ethanol is
not so large [1, 2]. The dynamics of the C-O stretch vibration in ethanol in
CCl, was investigated in [3], the calculations of the structure of some ethanol
clusters in the approximations B3LYP/6-311G(d,p) and MP2/6-
311+G(2df,2pd) are presented in [4, 5], IR spectra of ethanol and some het-
erodimers with the investigated molecule were obtained in [6]. Besides the
typical as well for methanol possibility of the inner rotation around C-O bond
in ethanol molecule there is the additional possibility of the inner rotation
around C-C bond. Moreover, the investigated molecule can form some ener-
getically non-equivalent conformers [4, 5]. These factors essentially compli-
cate the vibrational spectrum of ethanol.

FTIR spectra of ethanol isolated in an Ar matrix were registered at dif-
ferent temperatures from 10 K to 50 K. The investigation of the ethanol
monomer and dimer was carried out with quantum-chemistry program in the
approximation B3LYP/cc-pVTZ. The calculations predict the existence of
some conformers of both monomer and dimer. The analysis of the simulation
results allowed to determine the conformation-sensitive spectral bands and to

estimate the influence of the structure factors on the force constants.
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P-6 COMPUTER SIMULATION

SIMULATION OF OPTICAL MODES IN CRYSTALLINE AND
AMORPHOUS BINARY CHALCOGENIDES
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Novel applications of binary and multinary chalcogenide semiconduc-
tors during last decades in photonics, optoelectronics, sensorics motivate a
steady interest to the search for the compositions with required properties.
This work extends our previous studies (see, e.g., [1, 2]) and is intended to the
deeper understanding of the optical and mechanical properties of complex
chalcogenide compounds in bulk, film and nanosize forms. For the present
optical modes studies we took as model materials the following extensively
studied binary compounds ZnX, GeX,, As,X,, Sb,X,,and Bi,X,, (X =, Se,
Te).

In this work, in terms of bond-orbital approximation developed by
W. A. Harrison [3] we have calculated bond polarities, transverse and longi-
tudinal optical modes, effective transverse charge, and dielectric permittivity
for binary chalcogenides under investigation. In the calculations of the above-
mentioned parameters for non-crystalline materials we took into account cor-
relation between theoretical physical parameters and their experimental val-
ues (photoemission threshold, the band gap, transverse optical vibrational
frequencies). Dependence of theoretic values of optical frequencies on the
variations in possible bond length and valence angles in view of structural
peculiarities of the investigated compounds has been analyzed. Vibrational
frequencies were calculated both for heteropolar and homeopolar bonds. The
results of calculation have been correlated with known experimental data de-
termined from Raman spectra. Quantitative agreement between theoretical
and experimental values for optical modes has been obtained.

Applicability of the proposed approach to the calculation of optical

modes for multicomponent chalcogenide materials has been discussed.

[1]. 1. Shchurova T.N., Savchenko N.D., Kondrat A.B., Popovych K.O., Rubish
V.M., Leising G., Photoelectronics, 17, 104 (2008).
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P-7 COMPUTER SIMULATION

DESIGNING AN INTERFERENTIAL FILTER WORKING INA
GIVEN SPECTRAL RANGE
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“Corresponding author: dascalu_carmen_felicia@yahoo.com

In this paper is analyzed the possibility to obtain an interferential filter for a
given spectral range. Different filters were simulated for various layers of MBBA
liquid crystal and rutile. Liquid crystals are complex, mesogene organic molecules
which, under certain temperature conditions, present mechanical characteristics of
a liquid (fluidity) and optical characteristics of a crystal (optical anisotropy) [1].
Rutile is one of the most common titanium minerals (TiO,) which can contain in
different amounts iron, nobium and tantalum [2]. It has among the highest refractive
indices of any known mineral and exhibits high dispersion [2]. The majority of ru-
tile crystals is transparent in the visible range and absorb in UV range [2].

The principal refractive indices of the samples were measured using Rayleigh
interferometer. The main values of the refractive index were determined by means
of the polarizer placed in the measuring beam having the transmission direction
oriented parallel, respectively, perpendicularly, on the optical axis of the uniax sub-
stance [3- 5]. The simulation of the birefringence in the visible range was made in
the basis of experimental data in order to determine Cauchy coefficients [4].

The aim of the study was to obtain filter with maximum of transmission factor
at a given wavelength and with a minimal bandwidth. The changes induced by an
external electric field both in the values of the main refractive indices and in bire-
fringence determine modification for the light transmission factor of the considered
device [5, 6].
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MAH-1

Cexknisa «ExcnepumentanbHa ¢iznka»

NOCILI)KEHHS CTIMKOCTI KOH®ITYPAIIIIA
MATHITHUX CUCTEM

Buopo Poman Oneecosuu

yueHb 9 Ki1acy KOMYHAJILHOTO 3aKiay “XapKiBChbKH (hi3MKO-MaTeMaTH4HUI iteit Ne
277 XapkiBcbKol MiCbKOT pasin XapKiBcbKoi 001acTi

YV po0ori 3aiiiCHEHO TOCITIHKEHHS CTIKOCT] PI3HUX MarHiTHAX CHCTEM.
Y mpoueci gOCTiHKEHHS:

*  IPOAHANII30BAaHO TEOPETHYHI I EeKCIIEpUMEHTATbHI METOIH JOCIIi-
JIKEHHS CTIHKOCTI,

*  BUKOPHCTAHO METOJMKY Bi3yai3allii po3Moiily MarHiTHOTO MOJs y
MIPOCTOPI 3a JOTIOMOTOIO 3aJ1i3HOI THPCH;

*  CKOHCTPYHOBaHO KUIbKa BapiaHTIB €KCIIEPUMEHTAIFHUX YCTaHOBOK
i3 BUKOPHCTaHHIM MAarHiTHUX B3aEMOIIN;

*  OyJI0 IPOBEICHO CEPito TOCIIIiB, OTPUMAHO 0a3y EKCIICPUMEHTAb-
HUX JJAHUX;

*  TPOBEJICHO aHAJIi3 eKCIICPUMEHTAIbHUX JAaHHX;

*  Ha OCHOBI EKCIIEPUMEHTIB Oy c(HOpMyITbOBaHI NPUHLIUIIH TOOYI0-
BH ()i3WIHOT MOJIEII Ta 3aIPOIIOHOBAHO CaMy MOJEIb;

*  Ha OCHOBI Mofeli OyJIo OTPUMAaHO TEOPETHYHI MTOSCHEHHS SBHUIII,

*  3iCTaBJCHHS TEOPETHYHHX i €KCIIEPIMEHTANBHUX PE3ybTaTiB Mij-
TBEPIMJIO iX y3TOKCHICTB;

*  OOTpyHTOBAHO aKTyaJIbHICTh TEMHU I MOXIIUBICTh MOAAIBIINX JOCITi-
JOKEHb.
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MAH-2

EKCHHEPUMEHTAJIBHI JOCIKEHHS 3AJIE2KHOCTI
KOE®IINIEHTY TEPTA BIJI TEMIIEPATYPU

Tonosxo Maxcum I'ennaoitiosuy

yuenb 9 kinacy JHImponeTpoBchKOro 00IacHOTO Jiler-iHTepHATY (Pi3uKo-
MaTeMaTUYHOTO MPOQiT0

JUi1st MpoBe/ICHHS €KCIIEPUMEHTY OyB BUTOTOBJICHHH TEPMOCTAT, TEMIIe-
patypa B sikoMy 3a0e3reuyBanacs JaMIaMH po3kapeHHs. Ha qHi ycTaHOBKH
MICTHUTBCS AePEeB’sIHA IMiJICTaBKa ITiJl poO0dy MOBEPXHIO i podoye Tijo.

KoeoirmienT TepTs BU3Ha4aBCs MO BUMIipIOBAaHHIO NPUCKOPEHHS JIOCIIi-
JUKYBaHOTO Tilla IPU TOPH30HTaJIBbHOMY pyci. Jlo Tila mpuKpimIoBaiach
HUTKA 3 TATapIleM Ha IHIIIOMY KiHIIi, 10 OyJia MepeKuHyTa Yepe3 OJOK.

BumiproBaBes yac, 3a SIKMH TiJIO Mpoiije NeBHy BigcTaHb. [Ipu pi3HuX
TeMIlepaTypax MpPOBOAMIOCH IO JECATh eKCIepuMeHTiB. J{ani BupaxoByBa-
JMCSl TIPUCKOPEHHsI 1 Koe(illieHT TepTa. 3a pe3ylbraTaMi eKCIIEPUMEHTIB
OyJ10 BCTAHOBIIEHO, IO KOS(IIIEHT TEPTS MA€E TEHIEHITIIO 10 3MEHIIICHHSI TIPH
301IBIICHHAI TEMIIEPATYPH.

Bynu moGynoBani rpadiku 3anesxHOCTelH KOe)IIieHTIB TEPTS BiJ TeMIIe-
parypu i oTpuMaHi Taki TemneparypHi koedimienTn: -0,0017 1/K mns crami
00 amrominiit i — 0,0019 1/K mst crami 06 crans. (OkcaHO, YepBOHAM BUIIITAB
— 11e Tupe uu MiHycu? I'yIJI TOJIKOM He Ja€ ysSBICHHS)

MO>KJIMBOIO IPUYHMHOIO IIHOTO € BUIIAPOBYBAHHS 3 IOBEPXHI METally MO-
JIEKyJ1 BOAIH, IO <GIIILIIOIOTEY) METaJIU IIPY KOB3aHHI OIMH IO OHOMY, TOOTO
KOe(II€HT TepTsl 3aJISKUTD Bij BIIHOCHOI BOJIOTOCTI IPH JIaHii TeMmepary-
pi.

Maui 6y70 BCTAaHOBJICHO, IO MPH CTaJIii BiIHOCHIM BOJIOTOCTI Koedii-
€HT TEPTS 3aJIMUIAETHCS MaiKe CTATMM P PI3HUX TeMIleparypax.

O1xe, KOe(DIliEHT TEPTS 3ICKUTH BiJl BIIHOCHOI BOJIOTOCTI MPH JaHii
TeMIeparypi, IpUIOMY BiH 3pOCTa€ MpH ii 301IbIIeHH]I. Y Maiil0yTHROMY Ij1a-
HY€ETHCS MIPOBECTH OLTBIIIE TOCIIIIB IS PI3HUX TiJl 1 TOBEPXOHB Ta BUKOPHC-
TOBYBATH OLTBII TOYHI MPHUIATH TS SMEHIIIEHHS TOXHOOK.
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MAH-3
ITPOI'HO3YBAHHS XAPAKTEPUCTHUK YJIBTPAJUCIIEPCHUX
CYMIIIEM 3A TOITOMOI'0OI0 KOMIT’IOTEPHOI'O
MOJEJIIOBAHHSA

Topoiiiuyk Maxcum leoposuu

yuensb 10 kiacy Uepkacbkoro (hizuko-MaTeMaTHYHOro Jileto Yepkacbkol MiCbKoT paau
Yepkacekoi obnacti

Mertoto poOOTH € IOCIIKEHHS MOXJIMBOCTI BU3HAUEHHSI XapaKTepHC-
THK YABTPAIUCIIEPCHUX CyMilliel (30KpeMa MOJIOKA) 3a JTIOTIOMOT'OF0 SKCIIePH-
MEHTAJILHUX ONTHYHUX METO/IB 1 KOMIT FOTEPHOTO MOJIEIIOBAHHS Ha OCHOBI
SIBUIIIA PO3CIFOBAaHHS CBITIA.

OCHOBHI 3aBIaHHA JOCIIIHKEHHS:

1. ExkcnepuMeHTaIbHO IOCIHIANTH PO3CIFOBAHHS CBITIa MOJIOKOM pi3-

HOT KHUPHOCTI 1 3 pi3HOIO TUCTIEPCHICTIO JKUPOBUX YACTOK.

2. CTBOpPHUTH KOMII'YOTEpHY ABOBHUMIPHY MOJENb VIS JOCIIIUKCHHS

TIPOXO/PKEHHSI CBITJIOBOTO TIPOMEHS Yepe3 aHcaMOIb chepuIHUX JKUPO-

BHX BKJIFOYCHB B OJTHOPITHOMY CEpPEIOBHIII (BOII).

3. JHocniauti MOXIMBOCTI (pOpMySIIOBaHHS i pO3B’si3aHHSI 0O0EpHEHOT

3aja4i, TOOTO MOMJIMBOCTI BM3HAYECHHS >KUPHOCTI W JWCIIEPCHOCTI 3

EKCIIEPUMEHTAJIbHUX JaHUX IO/I0 PO3CIFOBAHHSI CBITIIA.

JocnipkeHHsT 3acBiIUMIO, WO 3alpPOIOHOBaHI y poOOTI mpuiaj i
KOMIT IOT€pPHA MOJICTIb MOXKYTh OyTH aJbTepHATHBHUM IHCTPyMEHTaMH OIli-
HIOBAaHHS CHCTEMH, a MOXKYTh BUKOPHCTOBYBATHCS KOMIUIEKCHO. J{i1s1 Kopek-
THOI po00TH 000X MiAXOAiB HA OCHOBI CBITJIOPO3CIFOBaHHS HEOOXiTHO, 00
KOHIISHTPAIIisl )KUPY Ta PO3MipH KUPOBUX YACTHHOK OYIIH TOCUTH MaJIMHU.

Ha ocHOBi pe3ynbraTiB KOMIT FOTEPHOI CHMYJISAIII IPOJEeMOHCTPOBAHO,
1110 JKUPHICTh € HE €UHUM NapaMeTpoM, SIKHH BH3HA4Ya€ KyTOBUIl pO3NONiI
PO3CISTHOTO CBIT/a, — HE MEHIITYy POJIb BiMIrpae i JUCHEPCHICTH KUPOBUX Ky-
JbOK. YBeIeHI KiJbKICHI XapaKTepUCTHKU HIUKATPUCH PO3CIIOBAHHS CBif-
9arh, 10 30UIBIICHHS >KUPHOCTI 3a MOCTIHHOI JMCIEProBaHOCTI Bexe 0
301IbIICHHS BiOMBAHHS CBIT/a MIPH HE3MIHHOMY PO3CilOBaHHI, a 301IbIIICH-
Hsl IMCIIEPrOBaHOCTI MPU MOCTIHHIN )KUPHOCTI BeJe 10 Maike 130TPOITHOTO
PO3CIIOBaHHS CBITJIOBOTO ITyYKa.
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MAH-4
T'YCTHHA MOJIOKA SIK TTIOKA3HHUK HOT'O SIKOCTI

Jlpozdosceruti Iean Onexcanoposuy

yueHb 9 kiacy bapaniBcbkoi rimuasii JKuromupcbkoi obnacti

AKXTyanbHICTb Li€] TEMH IIOJISATAE B TOMY, 110 oHax 80% BaJioOBOTO BU-
pOOHHMIITBAa MOJIOKA HaJXOAWUTH Ha MOJIOKONEPEpOOHi MiANPHUEMCTBA 3 OCO-
OMCTHX TIJCOOHUX TOCIIOJApCTB HACEJICHHS, JIe¢ YMOBU HOTO OTpUMAHHS i
MIepBUHHOI 0OPOOKK MalOTh 3Ha4YHI HEAOJIKH. SIK MMpaBmIlo, B TAKHX TOCIIO-
JlapCTBaX 3aCTOCOBYETHCS py4YHE OTHHSI, HeMae e(heKTUBHUX METOMIB OXOJIO-
JUKSHHS1, Ha BIIMIHY BiJI THX, IIIO ICHYIOTb Y KOJIEKTHBHUX CLIIbCHKOTOCIIOAAP-
CBKHX MiInpueMcTBax ((pepmax), e 31e01IbII0T0 CTBOPIOIOTHCS ONTHMAIb-
Hi YMOBH JIJIs1 BAPOOHHUIITBA MOJIOKA 3 BUKOPUCTAHHSM BIAMOBIIHOT JOITBHOT
Ta OXOJIOMKYBaJIbHOT TEXHIKH.

HesBakaroun Ha T€ IO O MOJIOKA, SIKE 3arOTOBIISIETHCS IS MOJIOKOIIE-
pepoOHUX MiATNPHEMCTB, BIHCYBAaIOTHCS BUCOKI BIMOTH, JOCI 3aJIHIIAIOTHCS
HEJIOCTaTHRO BUBUCHUMH IPOOJIEMH aHAJI3y SKOCTI MOJIOKa (30Kpema Horo
TYCTHHH i HASBHOCTI JOMIIIOK Y HhOMY, HAaIlPUKJIA BOIH UM COJIi) B JOMAIII-
HIX YMOBaXx.

MeTo10 ITPOIIOHOBaHOi pOOOTH € EKCTIEPUMEHTANIbHE BU3HAYCHHS T'yCTH-
HU JIOMAIIHBOTO 1 Mara3uHHOTO MOJIOKA Y YUCTOMY BHIVIAJI Ta 3 JIOMIIIKaMH.

[Ipeamer nociiKeHHSA: TYCTHHA IPOMHCIOBOIO MOJIOKA 1 MOJIOKa,
OZIEP>KaHOT0 3 OCOOMCTHX IMTiICOOHUX rOCIIOaPCTB HACEICHHSI.

OO0’€KTOM JIOCITIJPKEHHS! € TEXHOJIOTTYHUI MPOLIEC oJiep)KaHHs MOJIOKA 3
BHUCOKHM (CTaHAAPTHUM) TOKa3HUKOM TYCTHHHU.

Marepianom it AOCHiIKeHHs Oyau poOu MOJIOKa, SIKi BiJiOUpanucs B
ocoOmCTHX MiACOOHUX TocTonapeTBax bapaHiBCbKOTO paifoHy, i MOJIOKa Map-
ku «CensHCcbke» BupoOHHITBAa TOB «JltocTmopd», nmpundanoro y cymep-
MapKeTi.

MostoKO — 11€ KOJIOiJHHHA PO3YHH KHUPY Y BOII, SKHH MICTHTB TaKOX pi3-
Hi OpPTaHIYHI Ta HEOPTaHiYHI CIIONYKH. XIMIYHUH CKIIaJ MOJIOKA CTAHOBIIATH
BOJIa, CyXi PE4OBHHH (MOJIOYHUH KU, CyXHH 3HS)KUPECHUH MOJIOYHUH 3aiIH-
IIO0K) 1 ra3u (ByIICKUCIHUH, a30T, KUCCHb, aMiaK).

@i3uyHI BIaCTUBOCTI MOJIOKA: TYCTHHA; B 3KICTh; TOBEPXHEBUI1 HATHIT;
OCMOTHYHHHU THCK 1 t KpHCTaIi3aii; eNeKTPONpPOBIJHICTb.

I'ycTrHA Mara3nHHOTO MOJIOKA MPU PI3HUX TEMIeparypax € JIello BH-
IO, HDK TYCTHHA JIOMAIIHBOrO MoJioka. OJHaK 3a3Ha4yeHi 3pa3ku MaroTh
pi3HMi KOedilieHT 00’€MHOTrO PO3MIMPEHHS: JJIsl Mara3uHHOTO MOJIOKa BiH
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MAH-4

MEHIIUH 1 HAOMIKAEThCS 10 KoedilieHTa 00’ eMHOTO posimperns Boau. Le
MIITBEPIIKYE TOM (PAKT, 1110 Mara3MHHE MOJIOKO — PO3UMH XIMIYHUX €IeMEH-
TiB y Bozti. OTKe, BMICT JIOMIIIIOK y MOJIOIII BIUTUBAE Ha 3MiHY Horo koedirii-
€HTa 00’ EMHOTO PO3IIUPEHHS.

BigHOIIEHHSI TYCTHHU MOJIOKa Ta WOTO PO3YMHIB IO TEMIIEPATypH Mae
TMHIMHAK XapakTep 1 BHABISIE OOCPHEHO MPOMOPLIHHY 3aJEKHICTH: YHM
BUIIIA TEMIIEPATypa — THM MEHIIIA T'yCTHHA.

KopucTyrourch HaBeIeHUMH METOAAMH JIOCIIKEHHS, Y IOMAIIHIX YMO-
Bax 3a IIEBHOT TEMIIepaTypy MOXKHA BU3HAYUTH I'YCTHHY MOJIOKa, HAsIBHICTb 1
KUTBKICTh BOIU Y HboMy. OTHAK aHaJli3 Ha BMICT PiIWHH MPHOIU3HO OJHAKO-
BOI T'YCTHHH B MOJIOI € HE JIOCHTh JOCKOHAIUM 1 TOYHOTO BH3HAYCHHS HE
Jla€, TOMY TIOTPiOHI 1HIII BUIH JOCIIKCHD, HATPHUKIIAT XIMIYHHA aHAITi3.
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MAH-5
JI3UTU IUBHUX ®OPM: BIJI TEOPII 1O IPAKTUKH

Jlymaii Poman Bimanitiosuu

yueHsb 9 kiacy 3anopisbkoi rimuasii Ne 6

BararsoM miTsM 1 JOpOCIMM BifioMa irpainka, sika Ha3UBAETHCS A3UTOIO.
J3ura, mo OIBHAKO OOEPTAEThCS, MOXKE CIYTyBaTH HE JIMIIE IMOTIIIHOKO
irpamikoro, a i NMpekpacHUM JEMOHCTPALIHHUM MPUIAAOM INPU BUBYCHHI
3aKOHIB IMHAMIKN 00€pTaNIBHOTO pyXy TBEpAOTO Tija. JI3uru, siKi MponaroTh
y BifIinax irpamiok MarasuHiB, MalOTh (JOpMY BUKIIIOUHO Ti1 0OepTaHHs. A
4y 000B’SI3KOBUM € Take oOMexeHHs Ha (popMy? Un MokHA 3pOOUTH JI3UTY
AKOi-HeOy/b He3BUUaiiHOi (opmu, ane mobd BoHa obepranacsi He ripiie 3a
KyIUleHy B MarasuHi? Hamii momepemHi AOCHIIKEHHS TPUBEIH HAc 10
[MO3UTHUBHOI BiAMOBIII.

Tomy Mera OpUIiHaJbHOI YaCTHHM HAIIOTO JOCHIMIKEHHS IONsArana B
TOMY, 1100 TEOPETHIHO OOTPYHTOBAHO 3aIPOIIOHYBATH HOBi (POPMH 3T, SIKi
0 He Oymm TimamMm oOepraHHSA. 3pa3Kd TAaKUX [3WT MOTIA O CIYXHUTH
JEMOHCTPAiHHAMH TIPUJIaJaMH JUI1 KPAaIloro 3acBOEHHS CTYICHTAMH i
LIKOJIIPAMH OKPEMHX BXKJIMBHX IHTaHb JWHAMIKH 00EpTalbHOIO PYXY
TBEPJIOTO Tija.

AKXTyaJIbHICTh TIOCTAHOBKU 3asIBIICHOI METH CTa€ OUYEBHIHOIO IICIA
KPUTUYHOTO aHaTi3y THX HaBYaIbHUX MOCIOHUKIB, IO 3’SIBUJIMCS OCTaHHIM
yacoM B YKpaiHi: BiH 3aCBiJJUUB, [0 JUHAMIKA 00EPTaTBHOTO PyXY TBEPIOTO
TiJIa € HEPOCTOIO TEMOIO HE JIMIIIE JJISl IIKOJISIPIB 1 CTYACHTIB, a i /171 aBTOpiB
JSSIKUX TAPYIHHKIB.

VY pesysbTari poO0TH 3 HABYAJIBHOIO JIITEPATYPOIO | BAKOHAHHS 3aB/1aHb,
10 MICTATBCS B MOCIOHUKY JUISI CAMOCTIHOTO O3HAHOMJIEHHS 3 MOHITTSAMHU
TeH30pa i emnincoina iHepuii, Oyau 3poOiIeHi TEOPETHIHI BUCHOBKH, BaXITUBI
JUT KOHCTPYIOBaHHS 3UT He3BW4alHOi (opmu. Ha mifcraBi X BHCHOBKIB
Oyam CTBOpEHI [eKiJbKa EKCIePHUMEHTANbHUX 3pa3KiB [3WI, IO SBHO
BIJIPI3HSIOTECS 32 CBOIMH ()OPMaMH Bifl Till 3 BICCIO MaTepialbHOI CHMETPii.
i 3pa3kyn ycCIinIHO MpONIIIIN eKCTIEPUMEHTANIBHY NTEPEBIPKY.
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MAH-6

JOCIIIKEHHS ®A30BUX TPAHCIIOPAHTIB JLJISA
TEHEPAIII ONTUYHHUX BUXOPIB

Mapxkoecokuii Anmorn Anamonitioguu

yueHb 9 kiacy 3aranbHoocBiTHBOT mikonu I-11I crymenis Ne 4 m. Cimbepomnons
ABroHOMHOI Pecriy6miku Kpum

Y poGoTi pO3MIAHYTI Teopis i METOIMKa OTPUMAHHS Ta JOCIIHKCHHS
KOMIT' FOTEPHO CHHTE30BAaHHMX TpaHCHapaHTiB. Pa30Bi TpaHCHApaHTH — Iie
KJIaCHYHUHA METOJ /sl OTPHUMAHHS TI'BHHTOBUX IMCIOKALiN (ONTHYHHX
BUXOPiB). ONTHYHI BUXOPH — HOBUI THIT XBWJIBOBUX MOJIIB — PO3IISAIAIOTECS
B Cy4YacHiH ONTHII i € 0COOIMBHM IOIIMPEHHSM €JIEKTPOMArHiTHOTO MOJI, Y
SIKOTO aMILTiTy/a (IHTEHCUBHICTB) JIOPIBHIOE HYIIO, a (paza € HEeBU3HAUCHOIO 1
BiZluyBae CTpHOOK. XBHILOBUI (POHT ONTHYHOTO BHUXOPY — II€ TeJiKOinu
(mampukian rBUHT). KibKICTh TUIOK TelliKoija HA3UBAETHCS TOMOIIOTIYHUM
3apsIIOM TaKoro BUXODY.

BusnaueHo kyTu qudpaxiiii, a Takok Kpok Audpaxiiiiaux eaementis. Ha
inTeppepomerpi Maxa-Llenapa Oynm imeHTH(IKOBaHI ONTHYHI BHUXOPH 3
PI3HUMH TOTIONIOTIYHAMH 3apggamu. [Toka3aHo MOXKIMBOCTI HMPaKTHIHOTO
3aCTOCYBaHHS OTPUMAaHHUX ONTUYHHUX BUXOPIB. Y mporieci poOOTH MOPIBHIHO
SKICTh TpPaHCIAPAHTIB 3 BHUKOPHCTAaHHIM (HOTOHAOOPOYHOTO aBTOMATa |1
KJIaCHYHHI METOJ1 3 BUKOpHCTaHHAM (ororutiBku (Mikpara).

BuxpoBi my4ku 3 KiTbLEBOIO (POPMOIO MOXKYTh BHKOPHCTOBYBAaTHCS B
Ja3epHill TeXHOJOoril 00poOKM MarepiaiiB, y MpoIeci CTBOPEHHS aKTUBHOTO
€JIEMEHTY J1a3epiB, J1a3epHOTO MiHIEeTa.
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MAH-7

CTPUBAIOYE IIOJYM’A

Menvrux Onexcandp I[lemposuu

yuenb 10 knacy Ykroponuchbkoi riMHasii 3akaprnarceKkoi o0nacti

B ocHOBi ymMoBH nociimkeHHs — 3ama4a XIX BeeykpaiHCBKOTO TypHIpY
rornX (izukiB 2010/2011 HaBIATBHOTO POKY.

BuBuanace moBeniHKa TOMYyM’s CBIYKM MDK JBOMa 3apsPKCHUMH
rapaJieIbHUMU ITACTHHAMH (TakKa CUCTeMa € INIOCKUM KOHIEHCATOPOM).

[loBeniHka 3aps/DKEHUX YaCTHHOK YCEpelWHI TaKoi CHUCTEMH
BU3HAYAETHCS HASBHICTIO 1 XapaKTEPUCTHKAMH EJIEKTPUYHOTO MOJIS.

Otxe, 1uist 3°siICyBaHHsI IMUTaHHS, TIOCTABJICHOTO B 3ajadi, CJIiJi BUBYATH
MOBENIIHKY ITOJIYM s 3aJI€)KHO BiJI:

*  Hampyr Ha KOHEHCATOPI NPH CTalliil BiACTaHl MiXK OOKJIaJAKaMH;

*  BiacTaHi MiX OOKJIAAKAMU IPH CTATIH HAPy3i.

xepenom Bucokoi Harpyru (25 kB) OyB enekTpoHHHI IepeTBOpIOBad
“Pospsin-17, y AKOTO BeNWYMHA BUXITHOI HATPYTH JIHINHO 3aJ€KUTH Bil
HalpyTH KUBJICHHS MTPUIALY.

VYei eramm excmepuMeHTY (ikcyBammcs (QOTO- Ta BiIe03HOMKOIO.
Bracmiok Toro, mo mpu mpo0Ooi KapTWHa CYTTEBO CIOTBOpIOBAsacs,
KPUTHYHI 3HaUCHHS HAlPY>KEHOCTI1 MOJIS CB1IOMO HE JI0CSTaIICA.

Kyt BimxmineHHS moaym’s B €JIEKTPUYHOMY IIOJI TIOB’sI3aHMU i3
HaIpy>KEHICTIO eJeKTpUYHOro nois. [Ipu meBHHMX HampyXEHOCTSX HOJs Y
MOJyM’1 «HAPOKYIOTHCS» HETaTUBHI 10HU.
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MAH-8

KYJIbOBA BJINCKABKA SIK ®I3UYHE ABUIIE

Tomuyx Anacmacis Bikmopisua

yuenuns 10 kinacy BiHHHULIBKOrO TEXHIYHOTO JIiLE0

VY BCTymi BHCBITIIOIOTHCS 3aBIaHHA POOOTH, HAEThCsS BH3HAYCHHS
KyJIbOBOI OJNWCKaBKM Ta 3allUTaHHSA, sKi BOHa CTaBHTh. Pobora omucye
BIIACTHBOCTI IIHOTO SIBHIA, TIlTOTE3W INPO NPHPOAY Ta JOKEpena eHepril
KyJbOBOI OJNMCKaBKH, IOCTIIM BYEHWX 3 BIATBOPEHHS i, JOKJIaaHIIIE
PO3IISIHYTO IJIa3MOBY TiIOTE3Y SIK HAHOUIBII IMOBIPHY 3 TOUKH 30Dy aBTOPA.

Pobora cTBOpeHa Tak, 00 MOBHO i BOMHOYAC JJAKOHIYHO OITHCATH aHaIi3
Pe3yJbTaTiB CIOCTEPEKeHb KyJIbOBOT OJIMCKABKH, Ha OCHOBI SIKOTO 3pO0JIEHO
AHAJITUYHI JOCIIIKEHHS TiIO0Te3, 0 HAMAraroThCs MOSCHUTH BUHUKHEHHS
[OTO SIBUIIA.

BucHOBKYM BHKJIaIEHO apryMEHTOBAaHO, CTUCIIO 1 BIAMOBIIHO 0 3MICTY
po6otu. Po6oTa 10BOANTE aKTyaJIbHICTH IIi€] TEMH y 0araTbox ramys3sx.
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MAH-9
MPOCTHUM ITYKAY TIPUXOBAHOI EJIEKTPOITPOBOJIKH

Xpamuenxo Muxona Cepeitioguu

y4eHb 9 kiacy [IIoCTKHHCBKOTO HaB4aIbHO-BHXOBHOIO KOMILIEKCY: CIeLiani3oBaHa
mkona I-1I crynenis-nineit Cymcbkoi obnacti

HuHi enexTpuka 3aiiMae MpoBijiHe Miclie B TOOYTI Ta MPOMHCIOBOCTI.
BinbrricTs mpuiIaniB NPamoTh Ha eJIeKTPHILi. [1oIyk CHITOBIX KaOeiB Imij-
BEIICHHS €IIEKTPOCTPYMY, SIK y JOMAIIHIX, TaK i y BUPOOHUUNX IPUMIIIEH-
HSIX, € OJIHOIO 3 BAXITUBHX NPOOJIEM Y MOBCAKICHHOMY XKHTTI. Ejekrpomepe-
Ka € JPKEPEIIOM eJIeKTPOMArHiTHUX XBUIIb.

Merta poOOTH: BUHAUTH i CKOHCTPYIOBAaTH HANIIPOCTIMIHMNA TIpHiIam IJIs
MOIIYKY MPUXOBAHOI €JIEKTPOIPOBOIKH.

EnexrpomarsiTHe 1one — 1ie 1oje, sIKe ONHCY€E eJIEKTPOMAarHiTHy B3a€MO-
JiFO MDK (DI3MYIHUMI TLTAMU 1 CTBOPIOETHCS 3apsiaamu. HenmopyIimHi 3apsitu cTBO-
PIOIOTh €NEKTPUYHE TOJIe, PyXOMi 3apsyid — ENEKTPUYHE i MarHiTHE MOJIL.
EnexrpomarsiTHe 1ose, sike HOPOIPKYETHCS 3apsiiaMy i CTpyMaMH, i€ Ha 3apsi-
I i cTpyMH Y (hi3UgHEX Tinax. EnekTpomarHitTHe moje Moke BUKOHYBaTH po0o-
Ty 3 TIepeMIILLICHHs 3apsiB it 00epTaHHsI MArHITHUX MOMEHTIB, @ OT)KE Ma€ TI0-
TeHIIaJIbHY eHeprito. EnexrpomarHitHe 1ose, cTBOpEHe 3apsijaMH, MOIIMPIO-
€TBCS Y TIPOCTOPi Y BUIISIZII EIEKTPOMArHiTHAX XBIJIb. OTXKe, B3a€MOIist 3apsi-
JUKEHHX TiJI HE € MUTTEBOIO. 3MiHa TIOJIOXKEHHSI OZIHOTO 3apsijly BUKIMKAE 3MiHY
CHIIH, 3 SIKOIO BIH JIi€ Ha IHIIWH 3apsi, JIMIIE Yepe3 IPOMDKOK Yacy, HoTpiOHHI
IUTS TOTO, IIO0 eJIEKTPOMArHiTHa XBIJISA ITO0JIalia BiICTaHb MK 3apsIaMu.

Ha croronHi icHye BelnHKa KiIbKICTh IPUIA/IIB, SIKI (DIKCYOTh €JIEKTPO-
MarHiTHe BHIIPOMiHIOBaHHsS. BOHM MaroTh 1eBHI mepesary, ajie BOgHOYAC i
CYTTEBI HEIOJIKH, 30KpeMa BHUCOKY BapTiCTh. 3alpOIIOHOBAaHMUHA po3pobie-
HUH MpUJIaJ], Ha HAIy JIyMKY, € ONTHMAJbHUM PO3B’s3aHHAM mpobiemu. Y
MOPIBHSHHI 13 MPOTOTUIIAMHU PO3POOICHUH MpHIa HEIOPOTHH, IPOCTHH Y
BUKOPHUCTaHHI, €(pEKTHBHUII ITPU MONIYKY TPUXOBAHOI €IEKTPOIPOBOAKH.

Croyarky mpuiaj] OyB 310paHMil HA BITUYN3HSIHUX TPAH3UCTOPAX 1 PE3HCTO-
pax. [TpoTe ockiibk iX HEMae y mpozaxy, npuiiaz OyB repeBeeHNid Ha IMITOPTHI
TPaH3KUCTOPH 1 PE3UCTOPH, 1110 JAJI0 3MOTy TTOKPAIIUTH SIKICTh 3ByKOBOTO CUTHAILY,
SIKHIA BUJIA€ TUHAMIK. Y TIOHAIBIIN po3poOii mpuian Oy/e NepeBeIcH il Ha Cy-
yacHi SMD-kommonenTH (Bin surface mounted device — mprita, o MOHTYEThCS
Ha TIOBEPXHIO) 1 JIFCKOBI Oarapeiiku. Lle macTs 3Mory MiHiMi3yBaTH po3MipH IpH-
Ja/ty 1 OMICTUTH HOTO B KOPITYC 13 KYJIBKOBOI PYYKH 200 JIa3epHOl yKa3Ku.

Ipunaz onpasy 3100yB TOMYIAPHICTh Y HaMIii mkodi. IM 3anikaBuuch
YUHTEN — A7 TTOLIYKY IPUXOBAHOI €JIEKTPOIPOBOAKH y BIACHIH ocelti.
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MAH-10

JOCILKEHHS 3ATEXHOCTI IIBUJAKOCTI OXOJIOAKEHHSA
TLJI BIJI KOJIbOPY il MATEPIAJTY

Apow Aumon Banepiiiosuy

yuensb 10 kiacy rimuasii imeni [lanteneiimona Kyumira M. Bop3uu Bop3usHcbko1
paitonHoi paau YepHiriBcbkoi 001acTi

Y nmpupomi mepemaBaHHA TEIUIOTH Bil ONHUX TUT IHITUM MOXE
BinOyBarucs TO-pi3HOMY. PO3pi3HAIOTH TpU BHOM  TEIUIOOOMIHY:
TEIUIONPOBITHICTh, KOHBEKIIisl, TSIIOBE BUIIPOMIiHIOBAHHS.

Metoro Hamoi poOOTH Oyl0 TOCHIIKCHHS 3aJIeKHOCTI IIBHIKOCTI
OXOJIO/DKEHHSI TLJT BiJl IX KOJIbOPY 1 MaTepiaiy.

ITin yac BUKOHAHHS CEKCICPHUMEHTIB OYyJIM MPOBEACHI MOCIIHKEHHS
3aJIOKHOCTI LIBHIKOCTI OXOJIOIDKEHHS TUI BiJl Marepiany, 3 sSKOrO BOHHU
BUTOTOBJICHI, Ta TX KOJIbOPY, MOOymoBaHi Tpadiku, IO MiATBEPKYIOTh
MPaBUIBHICTH OTPUMAHHUX PE3YNBTATIB.

3 MeTO0 3MEHIIICHHS BUIAIKOBOI TOXHOKH ISl KOKHOTO 3pas3ka Oyio
MIPOBENEHO TPHU cepil eKCIePUMEHTIB, OOYHCICHO MOXMOKY BHMIPIOBAHbB,
3aralibHy OXHOKY BUKOHAHHX JTOCIIIKEHb.

3a pesydapTaTaMd OTPUMAaHUX CKCIEPHUMEHTANBHUX JaHUX MOXKHA
3pOOUTH TaKi BUCHOBKHU:

1. HaimBuuaime oxXolomKyeTbes 10 KiMHaTHOT Temmeparypu (20 °C)

TiJI0, BATOTOBJICHE 3 MiJIi, HAHIOBIIIEC OXOIOIKYEThCS TiJIO, BUTOTOBIICHE

31 CBHHIIIO.

2. IBuAKICT OXOJOMKEHHS TiN 3aJ€KHTh BiJ Marepiany, 3 SIKOTO

BOHHU BUTOTOBJICHI, TOOTO Bil HOTO (Di3MYHMX 1 XIMIYHUX XapaKTCPUCTHK.

3. [IBHUIKICTH OXOJOMKEHHS TiJI 3aJIEKHUTD BiJl KOJIBOPY Tija.

3a OAHAKOBHX YMOB HaWIIBHIIIE OXONOMKYETbCS UOpPHE TiIO
(92,24064 [Ix/c), manpoBme — Timo, modapboBane y Oimmid Koiip
(82,20269 Ix/c). HedapOoBane Tino (IpHPOIHUI KOMip alIOMIHIIO — Ciporo
CHEKTPY BUIPOMiHIOBaHHS ) Ma€ MIBHIKICTH OXONOMKeHHs 88,1712 JTx/c.

Pesynerarn nociimkeHs HEOOXiHO BpaxoByBaTH IpH (apOyBaHHI Ti,
1110 CHPHUATHME 3all00IraHHIO 3al{BUX BTPAT EHEprii.
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MAH-11

Ceknisa «TeopeTnuHa ¢izuka»

MOJEJIIOBAHHA I BI3YAJIIBAIUSA PYXY BUXPOBOI'O CJIILAY
3A TIOBITPSITHUM CYJHOM

bapsincoxa Mapuna Anamoniigna

yuenuis 10 knacy KipoBorpaacskoro 06:1acHOro 3arajlbHOOCBITHBOTO HaB4aIbHO-
BUXOBHOT'O KOMIUIEKCY I'yMaHITapHO-€CTETUYHOTO PO (riMHa31s-IHTepHAT-1IKONA
MHCTEITB)

Jisi MozietoBaHHS 1 BUBYEHHSI BAXPOBHX CII1J1iB JIITaKiB BUKOPHCTOBYIOTh
pI3HOMaHITHI METOOM TEOPETUYHHX JOCHIKeHb: TMpsSME 4YHCIIOBE
MOJICNIOBaHHsI TypOyJleHTHOro pyxy Ha 0a3i piBHsHb Has’e-Crokca,
MOJICTIIOBAaHHS BEIMKHUX BUXOPIiB 3 BUKOPUCTaHHAM yIpaBiins Has’e-Ctokca
1 miAciTKOBOI MOz TypOYASHTHOCTI, a TAKOXK YHCIIOBE PO3B’I3aHHS PiBHIHB
Pefinonpma. VY poborax C. M. BinomnepkiBchkoro Oyio 3ampOIIOHOBAHO
BHUKOPHCTOBYBAaTH METOZ JUCKpEeTHHX BHXOpiB (M/IB) mis monemtoBaHHS
BHUXPOBOTO CIiTy JIiTaKa.

KokeH i3 MeToz1iB 3HAHIIOB 3aCTOCYBAaHHS B MOJIEISX CITyTHOTO CIIiY.
i mozmexni cTBOproBaiMcs Ul PO3B’SI3aHHS YOTHPHOX OCHOBHHUX 3aBlaHb!
3aBIaHHs JliTaKka-reHeparopa ciiLy, B3aeMOJIii HACTYITHOTO JIiTaka 3 BUXOPOM
BiJl MONIEpETHHOTO, MOJICIIFOBAHHS TYpOYJISHTHOI aTMocdepH 1 pyHHyBaHHS
BUXPOBOTO CIIiAY.

VY po06OTi pO3MISIHYTO PO3B’sA3aHHS MPOOIEMH Bi3yauisallii CIyTHOTO
CIiZly BiX JiTaka reHeparopa, OO0 JUCIETYep IOBITPSHOTO PyXy Mir
TIOBHICTIO OTPUMYBaTH 3arajbHy KAapTHHY B IIOBITPIHOMY IpPOCTOpi 1
BHUJABAaTH KOMAaH/IH, 1[0 BiJIIOBiJAIOTh METEOPOJIOTIUHUM JaHHM.
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MAH-12

BU3HAYEHHSA MEXAHIYHUX XAPAKTEPUCTHUK 3A
JOIIOMOTI'OIO MIKPOTBEPIOCTI

Bintox Anamoniii Anamonitiosuy

yueHb 10 kmacy BiHHHIIBKOTO TEXHIYHOTO JIICO

Y po0oTi JocmipKyBanu Momynb HopMmanbHOI mpykHocTi E (Momynb
IOnra) 1 Mexy mnponopuiifHOCTI 3a JIONOMOTOI0  MIKPOTBEpPAOCTI.
MikpotBepaicte BuMmiptoBanu mnpwiagom [IMT-3. Jlnsg  mocmimkeHHS
BuOpamu nucnepciiino-tepairodi cruasu ([ TC) Al-4%Cu i Al-2%Cu, sxi
IINPOKO BUKOPUCTOBYIOTHCS B HAPOJHOMY I'OCIIOapCTBI.

JlocmipKeHHSIMH TIPOIEMOHCTPOBAHO, 10 MOXJIMBE BH3HaueHHs E 3a
hopmynoro I'epra:

d* = 6PRCEL + 125

3BiIKH MOKHA 3HANTH

g - 1-u? _1-if
d 1 1-pd ﬂ 1 1—112“
PR Ey FeR Ey

Omxe, npu BimomMux W, pi, E , R my1s1 Busnauenns E neoOxinHo BuMipsATH
BEJIMYNHY, M09y Ha iHACHTOp HaBaHTakeHHs P i BimmosimHe iif 3HaYeHHSA
niameTpa KOHTakTy d.

Mertonuika BU3HAYEHS MEXi IPONOPIIIHHOCTI (TIPYKHOCTI) 32 pe3ylIbTaTaMu
BTHUCKYBaHHS IHIEHTOPA B INIOCKY MOBEPXHIO, OCHOBOIO SIKOI € Pi3Hi IIOKa3HUKN
CTENEHS B 3AICKHOCTAX MK IiaMeTpoM BimOuTKy d i HaBaHTakeHHsIM Py
TIPY>KHIH 1 TITACTHYIHUX TUITHKAX, ONMCYEThCS piBHAHHEAMH [ epra i Maifepa:

P= 1 —d?*  P=ad™
ap# 17,
E E -

ne E, E1, u, u, — Momysti HopManbHOi pyskHOCTI Ta koedinientu [Tyaccona
iHIEeHTOpa 1 BUIIPOOOBYBAHOTO Marepiainy; a, N — KOHCTaHTH IUIACTHYHOCTI,
MpUYOMY N Ma€ 3HAYEHHSI, OJIM3bKE 10 ABOX.

Pozxomkenns Mix E, BU3Ha4eHNMH BIaBIFOBAHHSIM Ta HILIMMH CTIOCOOAMH,
niepeOyBac JUIs OLIBIIOCTI BUMTMnAyBaHKX MarepianiB y Mexxax 3%.

Mexi nponopuiiitnocti @y (Mna), BU3HaYeHi METOIOM BTHCKYBAaHHS i
PO3TATY 11 AITFOMIHIEBHX CILIaBIB)|

Otxe, DOCIIIKEHHsI CBIYaTh PO MOXKIMBICTH IHPOKOTO 3aCTOCYBAHHS
METOTy MIKPOTBEPIOCTI I OTPUMAHHS HE TUTLKH CTAaHIAPTHHUX, a ¥ CTieTlialTbHUAX
MEXaHIYHUX XapakTepucTHK. Lle mae 3Mory BUMIpSTH MeXaHiuHi BIACTHBOCTI
neraneil 6e3 iX MOIIKOHKEHHS.
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MAH-13

MEPIIUM TA IPYTUH 3BYKH Y HAJIIJIMHHOMY T'EJII
TA BO3E-AMHIITAMHIBCbKOMY KOHJIEHCATI

Tawuwun Aoam Ilasnosuuy

yuenb 10 kmacy BonuHcbKoTO Jitieto-iHTepHary BonnHebkoi 001acHOi paan

PoGoTa npucesiueHa TeOpeTHYHOMY PO3paxyHKY MIBUAKOCTI MOMINPEHHS
MEpILOro 1 IPyroro 3ByKiB y TaKMX BHPOIDKEHHX KBAHTOBHX CHCTEMaXx, SIK
HaJIUTMHHUHA Tellill 1 po3pikeHuid 0o03e-ra3 3a HasIBHOCTI KOHJEHCATY.
3alikaBIeHiCTh 10 AOCIIIKEHHS TAKUX CUCTEM BUKJIMKaHa iX crienupiyHuMu
BIIACTHBOCTAMH. 30KpeMa, y BHINE3raJaHUX CHUCTeMaX KBaHTOBI edexTu
TPOSIBIISIIOTHCS] HA MAKPOCKOIIIYHOMY PiBHI.

Merta po0oTH moJITae y BiXTBOPEHHI CXEMH OIHKCY IEPIIOTO i IPyTroro
3BYKy UIS HAIIUTMHHOTO Tellifo-4 Ha OCHOBI JiHEApH30BaHWX PpiBHSHB
JIBOPIAMHHOI TiIPOXWHAMIKK 1 3aCTOCYBaHHI ITi€i CXeMH IO HOCHTIKEHBb
3BYKOBHX MOJI B aTOMapHOMY 003e-Ta3i 3a HassBHOCTI KOHICHCATY.

Y pobori SKICHO TpOaHali30BaHO yMOBH YTBOpPEHHS 0o03e-
alHIITa{HIBCLKOTO KOHJEHCATy B PO3P1IXKEHOMY aTOMapHOMY Ta3i.

BukopucroByroun cxeMmy JOCITIDKEHb, PO3BHHYTY ISl Trelito-4,
OTPUMAaHO BUpa3M JJIsl MIBUIKOCTEH IIEPIIOTo Ta Ipyroro 3ByKiB, SIKi MOXKYTh
MOLIMPIOBATHCSA Y PO3PIIKCHOMY aTroMapHOMy 003e-rasi 3a HasBHOCTI
KOHJICHCATY.

[IpoBeneHo MOpIBHSUIBHUN aHaIi3 3BYKIB Y HQAIUIMHHOMY remii-4 i
aToMapHOMY 003€e-Ta3i 3a HasBHOCTI KOHAEHCATy. 30KpeMa, 3aCBiaueHo, 110
KOJICKTHBHI MOAM B aTOMapHOMY KOHICHCOBAaHOMY 003€-Ta3i MaloTh OCHOBHI
XapakTepHi 0coOIMBOCTI, IpUTaMaHHI TIEPIIOMY Ta JPyroMy 3ByKoBi B 4He-
II. Ha BinMminy Big 4He-II, y sikoMy ApyTwii 3ByK HOIIUPIOETHCS Y BUTIISAII
TeMIepaTypHOi XBWIi, B aTOMapHOMy 003e-KOHAEHCATi IPYrHil 3BYK €
KOJIMBAHHSM T'YCTHHH KOH/ICHCATY.
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MAH-14

®EHOMEHH NIPUPOIU: ®I3UYHI MOJEJI TA IX CTYIIIHDb
KOPEJIAILII 3 PEAJIBHICTIO

I'pucoposuu Boeoan Anopitiosuy

yuenb 10 kiacy JIporoOuibkoro neiaroriqaHoro Jineto

Amnaniz cneuu¢ikd TpagMUiiHUX (OPM HaBYAIBHOIO THpoLecy 1
MPOBENCHHS MPEAMETHHUX ONIMITIaZ, SK OCHOBHOI ¢opmu poboTH 3
HaWKpaluMMH YYHSMH, Ja€ 3MOTYy 3pOOWTH BHCHOBOK, IO BHKOHAHHS
a0CTpaKTHHUX, YaCTO BiJipBaHUX Bij peaiil )KUTTs 3a/1a4, BIIPaB i 3aBIaHb 32
BiJIBEIEHMI Ha IIe Yac He 30iraeTbes 31 crerudikoro HayKoBoi poboTH, B SKil
HalBa)KNIMBIIIEe — BAAJIO 00paTy mpoOieMy Ta po3B’s3aTd ii, 9acTo 3aBOSKU
TpHBAIIiil, CHCTEMaTHYIHIH Tparti.

CaMe Takoro miIxoAy BHMararoTh mpoOieMHi 3amadi (3amaui Kamimm),
SKi IPOIIOHYIOThCS Ha TypHipax foHuxX ¢izukiB (THO®D). 3aBnanns TypHipy
— e, SK IpaBWIO, HECTAaHIAPTHI 3amadi. BurelmicTe i3 HUX, MO CyTi, €
HayKOBUMH a00 HaBYAJIBHMMH INpOOJeMaMH 1 BHMAaraloTb IPOBEICHHS
CTpaBXHIX JOCITIPKCHb: MOYMHAIOUW BiJl TPHUIYLNICHb 1 MOJETl omucy i
3aKIHYYIOYH aHaJi30M OTPUMAHUX PE3yNbTaTIB.

ToMmy MeTOI0 LIBOTO JOCIIKEHHS € MOLIYK IIUIAXIB PO3B’sI3aHHS Ta iX
OOTrpyHTYBaHHS Ha JEAKI MPOOJEMHI 3aBHaHHs, 3amporoHoBaHi Ha XIX
Bceeykpaincskomy TIOD.

[Ipeamerom mociiKeHHS cTaidn 4 3aBOaHHS:

1. «Pubanbcpkmii mixtap». Burorosre mixTap 31 3BHYaiHOI CBIUKH i

IDTACTUKOBOI IUIAIIKA. 32 IKUX CITiBBITHOIICHD PO3MipiB YaCTHH JIiXTaps

BiH IpaIIOBaTUME HAIIHO?

2. «Kam’sHi opakynu». JIOCHIIHUKA JOJBMEHIB BUCIIOBIIIN TillOTE3Y,

0 JIOJbMEHHM IIONEepe/DKaIM PO  HAOMMKEHHS  3eMJIETPYCIB.

[Ipoananizyiite 110 rinoresy.

3. «Bikinrm». 3rigHo 3 JIEreHa00, BIKIHTM BMIUIM Opi€HTYBaTucs B

OKeaHi HaBiTh Yy TMOXMYypYy IIOTOJy, BHUKOPHUCTOBYIOYH KPHCTaII

TypMaiidy. SIKk MOXKHA 3ICHUTH HABITaIlil0 B MMOXMYypy IOTOAy 3a

JIOTIOMOTOI0 TypMaliHy? $lka TOYHICTh BUKOPHUCTOBYBAHOTO METO/Y?

4. «3apmaga AproHaBriB». YoMy OKpeMi Kparuli MOXYTb pyXaTHCS

TTOBEPXHEIO BOIH, SIK KyIbKu? JI0CTiNITh EKCTIEPIMEHTAIBHO 1eH e(exT,

OIIHIIITH HOTO TEOPETHYIHO.

BukoHaHHS 3aBIaHb 3IHCHIOBANIOCS 33 CXEMOKO:

*  IOLIYK MEepIIOKEpeNl YMOBHU 3ajadi (SKIIO BOHA Ma€ iCTOPHYHHUH
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MAH-14

acIIeKT);

*  TPOBEACHHS EKCIIEPUMEHTY (SKIIO I1€ MOXKIIHBO);

*  MPOIOHYBAHHJ TIIIOTE3 Ta 11€H;

e SKICHMH Ta KIJIbKICHHH OIIHC;

*  cTBOpeHH: (i3mgHOI MoAeTi;

* aHaJi3 TEOPETHYHO OTPUMAHHMX pPE3YyNIbTATiB 1 MOPIBHIHHI 3

pe3yabTaTaMy eKCIICpUMEHTY;

*  BHCHOBOK.

Ha ocHoBi mpoBenenoi poOOTH OTpUMaHO TaKi pe3ylIbTaTu:

1. «Pubambcbkuii mixrap». Po3misiHyTo mpomecu TemIooOMiHY,

BH3HAUYCHO YMOBH CTa0UIbHOI poOOTH JiXTapsi, OOIPYHTOBaHO

rapameTpy 1 CIiBBiTHOMIEHHS PO3MIpIB IUISIIKH Ta CBIUKH.

2. «Kam’sHi opakynny. 3MOAEIBOBAHO MPOIEC: TOABMEH PO3IIIHYTO

sk pesoHarop [empmronbua. Ha OCHOBI onepKaHUX pe3yJIbTaTiB

OTPHUMAHO i ATBEPPKEHHS PEaTiCTHYHOCTI TIIOTe3H, 3aPONOHOBAHOT B

YMOBI 3a7adi.

3. «BikiHrH». YTOYHEHO YMOBY JET€HIH-TIEPIIOMKEPENa, OIIHEHO

PEaNBHICTh  OpIEHTYBaHHS  BIKIHTIB  3aBISKH  «IyJO-KaMCHIOY,

3alPONOHOBAHO CIIOCIO HABIraIlii 3a JOIIOMOTOI0 KPUCTaTy TypMalliHy i

OIIIHEHO TOYHICTh METO.Y.

4. «3amaua ApronaBriB». EdekT mnepeBipeHO eKCHepHMEHTaIbHO,

3aIPOIIOHOBAHO 1/1€f0 HOr0 TEOPETUYHOro OOIPYHTYBAaHHS Ha OCHOBI

SIBUIIIA TOBEPXHEBOTO HATSATY, TEOPETHYHA OIIHKA SIKICHO Y3TOJKY€ThCS

3 pe3y/bTaTaMu eKCIICPUMEHTY.

BucHOBKH: mpoaHasizoBaHo (i3W4Hi SBUIIA 1 MPOIECH B MOCTABICHUX
3aBIaHHsX; 3alPOIIOHOBAHO MOXKJIMBI CHOCOOM PO3B’SI3aHHS YOTHPHOX
npoOJIeMHUX 3aBAaHb, CTBOPEHO OIMMCOBI MOENI, OTPUMAHO SKICHI Ta
KUTBKICHI pe3yNbTaTH, AKi MATBEPIKECHO EKCIICPUMEHTAIBHO.
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MAH-15

JOCIILKEHHS NTPUCKOPEHHS ®EPOMATHITHUX TILJI I
J1€1I0 EJIEKTPOMAT'HITHOI'O ITIOJIA

Poscoxosamcwvruii Bonooumup Bornooumuposuu

yuenb 10 kiacy XepcoHCbkoro ¢isuko-rexniunoro minero npu XHTY ta JHY
XepcoHChKOT MICBKOI paan

B pabore paccMOTpeHBI TEOpPETHYECKHE OCHOBBI HAKOIUICHHS H
BBICBOOOXKICHUS DJIEKTPUYECKOM SHEPTMM B 3JIEKTPOMArHUTHOM ITyIIKE
(OMII). Pa3paboranbl W UCCIENOBaHBI pa3MuHbIE CIIOCOOBI YIPaBICHUS
JBIDKEHUEM (peppoMarHeTuka B MarHUTHOM TIOJIE.

IIpennoxeH U IpOBEPEH OLICHOUHBIM TEOPETUUECKUI pacueT NapaMeTpoB
KaTyLIKH JUIsi KOHKPETHOH yCTaHOBKH, CIOCOOHOI cOO0LIAaTh MAKCUMAIIBHYIO
CKOPOCTh CHapsiaaM U3 (peppoMarHeTrka.

Wzyuensl npuHnumsl paborst OMII, rme HakomwTeneM SBISIOTCS
KOHJICHCATOpHBIE OaTapen.

Pa3zpaboran mpoekT ManorabapuTHOH, HHU3KOBOJBTHOH, Oe3omacHON
OMIL

VYnanock co3aTh OPUTHHAIBHYIO HU3KOBOJBTHYIO Oe3omacHyo OMII,
CIOCOOHYIO C ITOMOIIBIO TSKENBIX (PeppOMArHETHKOB YCKOPATH MalleHbKHE
JIMaMarHUTHBIE CHApsIbl 10 CKOPOCTH B JIBa pa3a OOJIBbILEH, YeM CKOPOCTh
camux (heppoOMarHeTHKOB.

Co3niaHHO€ YCTPOWCTBO MOXKET OBITH MCIIOJB30BAaHO HE TOJBKO B THPE
JUIsl TPEHUPOBKH, a U Ha YPOKax (PU3UKM IIPU BBIIOJIHEHUH J1a00PaTOPHBIX
paboT pu3NUEcKOro NpakTUKyMa IpU M3YYEHHH TEMbI JIEKTPOMarHeTu3ma
WIIH ABWKCHHUS TeJl B MOJIE IPUTSHKCHUS 3€MITH.

IomydeHs! BBIBOABL, YTO PEATbHO OCYIIECTBUMBI /IBA OCHOBHBIX IIYTH
YBEIMYECHUS] KOHEUHOH CKOPOCTH pas3roHa (heppoMarHeTHKa:

* OompIass EeMKOCTh KOHJIEHCAaTOPOB, HU3KOE HANpsDKEHHE W OOJbIIOe
KOJIMYECTBO BUTKOB IPOBOJIOKH B KaTYIIIKE;

* BBICOKOC HANPSDKEHHWE, CPEIHSISI €MKOCTh KOHIEHCATOPOB M Majo
BUTKOB TOJICTOTO NTPOBOJA B KaTYIIIKE.

B pabore u3yueHsl U anpoOHpoBaHEl 00a NPENCTaBIEHHBIX croco0a,
MOJTyYEeHbl Pe3YNIbTaThl, OJM3KHE K TEOPETHUECKHUM W IKCIIEPUMEHTAIBHO
UCCIE0BaHBbIE.

333



MAH-16

JET'YBAHHSI HAITIBITPOBIJTHUKIB METOJAOM TEPMIYHOI
DY 31T

Tsepooxnibos Braoucnas Anodpitioguu

yuens 9 kinacy Cymcbkoi cepennboi crienianizoBanoi mkoiu [-111 crynenis Ne 7

Tepmonndysiiinuii edexr Oy Binkpuruii JI. Jrodypom e y 1873 porii.
[Mpsimuii  TepmonudysiiiHuit edexr (s rasiB) mossirae B TOMy, LIO 3a
HasIBHOCTI MOCTIITHOT pi3HHUIII TeMIepaTyp 1o o0uiBa OOKH IeperopoaKH, 110
PO3MiJIsie OMMH 1 TOW caMui ra3, BUHUKAE, 3pOCTAE 1 CTA€ TIOCTIHHOIO Pi3HUIIS
THUCKY, HABITh SAKIIO cro4atky ii He Oyno. Otxke, pi3HUIS (TPamicHT)
TeMIIeparyp MPUBOIUTH J0 Pi3HUII (TpanieHTy) KoHIeHTpamii. Lle sume i e
TepMOIHQY3i€ro.

Jdudy3is neryrodnx JOMIIIOK Y HAIiBIPOBITHUKOBI KPUCTAIIM BBIHIILIA
y TIpoMHuciIoBe BUPOOHHMITBO 3 1960-X POKIiB i 10 CHOTOAHI € OCHOBHHM
TEXHOJIOTIYHMM METO/IOM CTBOPEHHS €JIEKTPUYHO-TETEPOTCHHUX CTPYKTYP
MIPY BHUTOTOBJIEHHI pI3HUX THIIB HAMIBIPOBIAHUKOBUX NPWIAAIB Ta
inTerpansHux MikpocxeM (IMC). [Ins3nilicHenHs indy3ii HaniBIPOBI THUKOBY
TUIACTUHY PO3TAILOBYIOTh Y HArpiTiii 0 BHCOKOI TeMIIEpaTypH KBapLOBiil
Tpy0i mudy3ikHoi medi. Yepes TpyOy npomyCKarOTh MapH JETyHUOl JOMIIIKH,
0 aJcopOyIOThCs HA IMOBEPXHI IUIACTUHH 1 AUQYHAYIOTH Y KPUCTaJiuHi
TpaTKH HAITiBIPOBiJHHUKA.

VY mpakTHIi TeXHOJIOTIYHUX PO3PaXyHKiB AU(DY3IHUX CTPYKTYp 3HAYHE
TIOIIUPEHHS ONIepKANN 3a/1adi 3 BU3HAYCHHSA NPOQLIiB PO3MOIITY JOMIIIOK
3a 33JaHUMH pexxruMaMu Judy3ii i 3BOPOTHI 3a7a9i — BU3HAYCHHS TPUBAJIOCTI
i temneparypu audysii 3a BIIOMHM THIIOM AOMIIIKH, ii KOHIEHTpAIl i
DIHOWHI 3aIATaHHs p-n-mepexoAy. Y it poOoTi MU 3podmim mepury crpoOy
ONAHyBaTH METOANKY pO3paxyHKy IapaMeTpiB TepMiunoi mudysii —
MoOyAyBall PO3paxyHKOBHH Mpodins po3nonity ¢ochopy B KpemHii.
BuznayeHo Takox, 1110 TTMOMHA 3aJsiTaHHs P-N-TIEPEXOAY B IbOMY BUIIAJKY
CTaHOBHTH ~ 1,89-5,1 MKM.
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MAH-17

BUKOPUCTAHHS BJIOK-CXEM ITPU PO3B’AA3YBAHHI 3A1AY 13
®I3UKU. EJTEKTPOHHUI NOCIBHUK 3 ®I3UKU

Yepnak Onez Apocrasosuy

yuenb 10 kiacy JloMMHCBKOTO MPUPOAHMYO-MATEMaTHYHOTO Jiitieto JlonuHChKOT palloHHOT
panu IBano-PpankiBchKol o0nacTi

Bukopucranns iH(opMaIiifHuX TEXHONIOTIH — 116 BUMOra 4acy. 3B 130K
(hi3ukH 3 IHPOPMATHKOIO Ta IHIIMMH Taly3siMU HayKH € BaKIUBUM. Diznka €
OIIHUM 13 IIPEAMETIB, SIKUi1 cripusie (GOpMyBaHHIO IHTEJIEKTYaIbHO PO3BUHEHOT
0CcOoOMCTOCTI, a PO3B’SI3yBaHHS HECTAHIAPTHUX 3alad CIPHUIE PO3BUTKY
PO3YMOBHX 1 TBOPYHX 3/1iI0HOCTEH yUHIB.

Mera poOoTH: pO3pOOJECHHS  IrOPUTMY, SKHH  ONTHUMI30BYE
PO3B’sI3yBaHHS TaKUX 33/1ad, 1a€ 3MOTY OTPHMATH NMPABUIBHUN Pe3yNbTaT y
HaHOUIBIN pallioHAIBHUHN CTI0CiO.

PosmstHyTO TSITE 3ama4 i3 pisHMX po3AimiB ¢(isuku. Bubpani THIOBI
3amadi, B IKUX Y4HI PHUITYCKAOTHCSA HAWOLIbIIEe MOMIIIOK. J{0 KOXKHOI 3 HIX
JTAETHCS TEOPETUYHE OOTPYHTYBaHHS (i3UIHUX IPOLIECIiB 1 3aKOHOMIPHOCTEH,
NPOTIOHYIOTECSL  JIBAa CIIOCOOM PO3B’SI3yBaHHS:  CIIOBECHO-(OPMYIbHUI
ANTOPUTM 1 BUKOPHCTaHHS ONOK-cxeMH. OCKUIBKM OCTaHHIN crocib € mayxe
HAOYHMM 1 JOCTYNHHM, HOMY NpHIUISEThCS ocoOnmBa yBara. IlyHKT
«IIpe3eHTalis» Jae 3MOry O3HAMOMUTHCS 3 THIIOBUMH ITOMHJIKAMH, SIKHX
NPUITYCKAIOThCS Y4HI TPH PO3B’si3yBaHHI 3anad. [IyHKT «iarpama» pae
3MOI'y TIPOAHATI3yBaTh IOKPOKOBE BHKOHAHHS OJOK-CXEMH [UIS PI3HHX
MOYaTKOBUX JaHHX.

[Iporpamu moBoto Ilackane Aal0Th 3MOTY 31HICHIOBATH CAMOKOHTPOJIb
NpH NepeBipsHHI pe3ynbrariB oduncieHb. [Iporpamu moBoro Delphi narors
3MOTY KOPHCTYBadeBi MpAIIOBATH 3 KOMII IOTEPOM B IHTEPAKTUBHOMY
pexumi.

Jis kpa1roi Hao9HOCTI i TPUBaOIMBOCTI A0 OUTBIIOCTI 13 3aIIPOTIOHOBAaHUX
y poOoTi 331a9 CTBOPEHI BiAMOBIAHI (hIelI-aHiMaii.
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MAH-18

EKCKYPC Y XBWJIbBOBY OIITUKY

Ulapasapa Bikmop Borooumuposuy

yuenb 10 kiacy J{HinponeTpoBchKoOro Jineto iHGopMaiiftHuX TEXHOIOTIH pr
JlHIponeTpoBCchKOMY HalliOHAIBHOMY yHiBepcuteTi iMeHi O. [ongapa

VY KUTTI MM 4acTO CTUKAEMOCS 3 TIEBHUMHU SIBUIAMH, SKi HE MOXXEMO
nosicHuTH. OIHE 3 TaKUX SBHII — OTPHMAaHHS NPOCTOPOBUX 300pa’keHb 3a
JOTIOMOTo10 TojyiorpaM. OCKiNBKH JOCHTIHKEHHS TOJIOTpaM HEMOXJINBE 0e3
3HaHHS XBUJILOBOT ONITHKH, TO MU BUPIIIIIIHA BKJIFOYUTH Y CBOIO POOOTY IIe i
TEOPETUYHI BiJOMOCTI 3 I[LOTO PO3ILTY (Pi3UKH.

Merta poOOTH: CTBOPEHHS MPOrpaMH, Ska O Jaa 3MOTy KOPHCTYBadyeBi
OTpUMATH KOPOTKY, HAOUHY 1 3p03yMisly iH(OpPMaIiio Npo XBHIHOBY OINTHKY,
JeTanbHy iH(OpMAIlilo PO ToJI0rpaMy, IX MOJICIIOBAHHS Ta BUTOTOBJICHHS;
pO3po0JIeHHsT TporpaMy, SKa AacTh 3MOTY KOPHCTYBady 3MOJCIIIOBATH
rojiorpamy i AOCHIAMTH ii 3aJIEKHICTH BiJl PI3HUX IapaMeTpiB, HaBiTH HE
Maro4y IMOOKHX 3HAHb 13 1IbOTO UTAHHS.

[Iporpama 30epirae naHi, BBeleHI KOpPUCTyBayeM, i BUBOAUTH IMEpPEIiK
00’€KTiB, TOJAHUX KOPHCTYBAa4YEM Y BiIMOBIIHHUM criCOK. [Ticis HATHCKaHHS
Ha KHOIIKY «Po3paxyBaTm» mporpama mo4nHae MOJeNIIOBaTu rojaorpamy. Jms
TOrO INOO PO3paxyBaTH IOJIOTpaMy, IPOrpama BBaXKa€e KOKEH 13 JOZaHHX
KOPHUCTYBa4eM 00’ €KTiB JDKEPENIOM CBITIa, POKyCaTop y TOUKY — TOUKOBUM
JDKEpeTIoM CBiTia, POKycaTop y JiHiF0 — MPSIMOIO, IO CBITHTHCH, Tormo. dai
3a HaBeJCHHMMH Yy po3aili «MojemoBaHHs Tonorpam»  (GopMyaaMu
po3paxoByeThCs iHTepdepeHIiiiHa KapTHHa Ha eKpaHi, IIUIIXOM PO3PaXyHKY
IHTEHCHBHOCTI CBITJIa B KOXKHIH TOYIll €KpaHy, BPAaXxOBYIOUH IIPH IbOMY
JOBXMHY XBHWJIl JUIi MOHOXPOMAarMYHOro CBiTIa. Binrak orpumana
IHTEHCHBHICTB TIEPETBOPIOETHCS Y BIATIHOK BiJIOBIHOTO KOJIBOPY TaK, 1100
MiHIMaJIbHIM IHTEHCUBHOCTI BiJIIOBiJ]aB YOPHHUH KOIIp, a MAaKCHUMAJIbHIA —
HaWsCKpaBilIuil BINTIHOK I[bOTO KOJBOPY. Y TakoMy BHUIISAII KapTHHA
BUBOJHUTHCS Ha €KPaH, 1 KOPUCTYyBa4Y OaYMTh OTPUMAHY TOJOrPamy.
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MAH-19

TEOPIA I'PYII I EJIEMEHTAPHI YACTUHKHA

L]yp Onvea Borooumupiena

yuenuni 10 xiiacy 1yOpoBHIIBKOrO HaBYaIbHO-BUXOBHOTO KoMIutekcy “Jlineii-
3aranbHOOCBITHA MKona I-1I crynenis” PiBHeHCHKOT 0O1acTi

AxTyanbHiCTh qociipKeHHs. OCTaHHIM YacOM aKTyaIbHOIO TEMOIO € 3aBep-
nreHHs popmyBaHHA CTaHAAPTHOI MOJET eleMEHTapHUX YacTUHOK. Bix 11010
3aJIeKUTH MONANIBIINNA PO3BUTOK TEOPETHIHOI 1, TIEPII 3a BCE, MPAKTUIHOI Hay-
ku. Jlorerrep yci mporaosn CTaHZapTHOI MOJENI MiATBEPIKYBAIIHCS €KCIIepH-
MEHTaMH, iHO/I 3 (PaHTACTUYHOO TOYHICTIO B MUTBIIOHHI 9aCTKH BiCOTKA. TilTh-
K{ OCTAQHHIMH POKAMH TIOYAJIH 3 SIBIISITHCS PE3yNIBTaTH, B SIKUX TporHo3u CtaH-
JTAPTHOT MO JeII0 Po30KHI 3 eKCIIepIMEHTaMH. 3 iHIIIOTO OOKY, OYEBHITHO,
mo CrangapTHa MoJiesIb He MOXKe OyTH OCTaHHIM CJIOBOM Y (bi3HIli eneMeHTap-
HHX 9aCTHHOK, 00 BOHa MiCTHTB Jy»e Oararo 30BHIIIHIX TapaMeTpiB, a TAKOXK HE
BKJIFOUAE rpaBiTailito. ToMy monryk BixxuieHs Bij CTaHIapTHOT MOJEITI — OIIMH
i3 HAWaKTHBHIIINX HANPSMIB TOCIIIDKEHHSI OCTAaHHIMH POKAMH.

O0’ext nocnipkenHs: CraHmapTHa MoAeib y (i3uii eJeMeHTapHUX
YAaCTHHOK.

Merta pobotu: mocuiautu CTaHIapTHY MOACb y (Di3uIli elTeMEHTapHUX
YaCTHUHOK 1 ITOKA3aTH 3aCTOCYBaHHSA B Hill Teopil rpy1.

BigmoBigHO 10 METH BU3HAYEHO TaKl 3aBIaHHS JOCIIKEHHS:

*  pocmigutu rpymy Jli;

*  JOCIIAWTH creniansHy yHiTapHy rpymy SU(n);

*  pocnignti CTaHOapTHY MOJIEIB.

Y po0oTi AOCHIIKEHO:

*  rpyny JIi;

* creuianbHy yHiTapHy rpyny SU(n);

*  CranaapTHy MOJEINb.

3acrocyBaHHsI PONOHOBaHOI TeMu. HaykoBe 3HaueHHss CTaHAapTHOT MOZIEITI
TOJISITA€ HE TUTBKK Y 11 31aTHOCTI onucyBaT (DyHIaMEHTaIbHI BIACTHBOCTI €Jie-
MEHTapHUX KOMIIOHEHTIB YCECBITY, a € HACHIIIKOM YCIIXiB i 3aCTOCyBaHHI B
acTpo¢i3uIli ¥ KOCMOJIOTii MOIEISIMH, 3aCHOBAaHUMH HA 3araIbHii Teopii BiTHOC-
HOCTI, JIO OITHCY BIIacTUBOCTeH BeecBiTy B KocMOJIOTIYHIX MaciTabax.

Bucrosku. [parroroun HaJt i€r0 TeMOr0, MU HaMaraiucs gociiutu CraH-
JapTHY Mozielb y (i3HLli eleMEeHTapHUX YACTHHOK 1 IIOKA3aTH 3aCTOCYBAaHHS B
Hili Teopii rpymn. Mu BBaxkaemo, 1o CtaHaapTHa MOJIENb € 3HAYHUM YCITIXOM Ha-
YKOBOI yMKH, IPOTE € HEMOBHOIO, 1 Tpeda O4iKyBaTH IIOAAIBIIOTO il PO3BUTKY.
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MAH-20

Ceknist «<AcTpoHoMisi Ta acTpodizukay

COHSIYHA AKTHUBHICTD TA ii BILLIUB HA
®YHKIIOHAJIBHI CHCTEMH OPTAHI3MY

Angenoitt bepnaoemma Cepeiisna

yuenuid 10 kiacy 3akapnarchbKoro 6a30BOro JA€pKaBHOTO MEINYHOTO KOJIEIKY

Mertoro pobOTH € JOCITIKESHHS i aHali3 3aJIe)KHOCT1 KUTBKOCTI BUITAIKIB
3aXBOPIOBaHb CEPIIEBO-CYJMHHOI CHCTEMH BiJ| COHSYHOI aKTUBHOCTI. AJike
mig vac BHcokoi akTuBHOCTI COHISL 3arocTproroThcst xBopoOu. Tomy
BUBYCHHS akTUBHOCTI COHIIA 1 3am00iraHHs i MIKiJJIMBOMY BIUIABY € JY)KE
aKTyaJIbHUM MTUTAHHSIM.

CoHIe — rapsiia ra3MoBa KyJis, B sIIpi sIKOT BiIOYBalOThCS TEPMOSIEPHI
peaxIiii, 110 € PKEPEIoM eHepril.

CoHsIYHA aKTHMBHICTh BHU3HAYA€THhCS CYKYMHICTIO (PI3MYHMX 3MiH, SIKI
BinOyBaroThes Ha Couili. [1 30BHINIHI POSBY — COHSUHI MUTAMHE, TPOTYOEpaHIIi,
(baxenu Tomo. Yucmo Bonbha — ocHOBHHI iHIEKC COHSAYHOI aKTHBHOCTI, IO
BimoOpaxkae KUTBKICTh MM 1 rpyn tosiM Ha CoHili. CoHsIYHA aKTUBHICTD Y
yncnax Bombha Mae DUKITIYHUI XapakTep i3 cepeHbOI0 TPUBATICTIO IUKITY
B 11,2 poxky.

AxtuBHicTh CoHIl HaliOinblle BIUIMBA€ HA CEPLEBO-CYJMHHY Ta
HEpBOBY CHCTeMH. MarHiTHa Oypsi CYyNpOBOKYETHCS 3MEHIICHHAM
CKOPOTJIMBOI CHJIM Ceplisi. Bucoka cOHSYHA aKTHBHICTH Ma€ TajbMiBHY IO
Ha PaKOBi KIITHHHU.

JBamusaTh YETBEPTHH ITUKJIT COHSYHOI aKTUBHOCTI XapaKTEePH3YEThCS
BUHSITKOBO MOBUIBHUM MIOYATKOM YTBOPEHHS 1 301IbIIICHHS COHAYHUX TIJISIM.

Jochimxyodan 3aleXHICTh KUTBKOCTI BHIIAJKIB CEPIEBO-CYAUHHHIX
3axBOpIOBaHb Bix akTuBHOCTI COHIL, 32 OCHOBY M TOPIBHSIHHSA Oyio
BUKOPUCTAHO CTaTHCTUKy mamieHTiB TsauiBcbkoi PJI Ne 1 — xBopux Ha
rinepToHiuHy XBOpOOy, imemiuHy XBOpoOy ceprs i TOCTpHil iH(papKT
MioKapaa.

3arocTpeHHs TiNepTOHIYHOI Ta iIeMiYHOT XBOPOO MPSIMO MTPOTIOPLIIHHO
3anexuth Bij aktuBHOCTI CoHIl, a iHpapkTy Miokapaa — OOEepHEHO
rporopuiiHo. Takok HANPUKIHII KOXXHOTO POKY CIIOCTEPIraeThCs 3HWKEHHS
KUTBKOCTI BHITAJIKIB XBOPOO CEPIICBO-CYTUHHOT CUCTCMH.
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MAH-21
MPOEKT: YAC, MOI'O BUMIPIOBAHHSI TA BUKOPUCTAHHSA

bozoanoe [imumpo Bornooumuposuu

y4eHb 9 Kiacy HaBYaJIbHO-BUXOBHOTO KOMILIEKCY: mKonu-konepky I-111 crynenis Ne 29
M. Binnnmi

VY poboti #imeTscst mpo Te, M0 OONIK Yacy — OAHE 3 OCHOBHHX 1
HaWJaBHIIMX 3aBIaHb acTpoHoMii. HaromomeHo Ha BaXJHMBOCTI i€l
OJMHHIII BUMIPY B HAIIOMY YOTHPUBUMIPHOMY IIPOCTOPI.

Meta pobotu: mizHaTHCcs OUTBIIE TPO Yac SIK BHMIp, SIK BaXXIIUBY
OJMHHIIIO B HAIIOMY YOTHPUBUMIPHOMY CBITi, BLAKPUTH JJIs cebe moCh HOBE
y TIOBCSIKACHHOMY KHTi; 3BEPHYTH yBary OXHOIITKIB Ha ITI0 BAXKIHUBY (HOpMy
BUMIPIOBaHHS, 3alliKaBUTH 1X, JOOWBAaTHCSA, MO0 BOHU pAaIiOHAIHHO
BUKOPHCTOBYBAJIH Yac.

Y po0ori iaeThes Ipo Pi3Hi BUAM TOJMHHUKIB: 010JIOTTYHHUNA, COHSYHHUIA,
MICOYHUHN, BOASHUN, MCXaHIYHWHA, MASATHUKOBHU, aCTPOHOMIYHHIA,
XPOHOMETp, EJNEKTPOHHMH Ta aroMHuil. biojoriyHuii IpyHTyeTbCS Ha
UKJITYHUX PUTMAX KHUBUX OpraHizMiB. OCHOBOIO COHSIYHOTO € BUUMUIT PyX
Contisg HeOOCXWIOM 1 Horo BHcoTa Haja Tropu30HTOM. OCHOBHUM ITHUKIIOM
MiCOYHOTO 1 BOASHOTO TOAMHHHUKIB € IIEPi0x epeMilieHHsI 3 OTHi€T TOCYIMHN
0 iHmoi BIAMOBIAHO MICKy Ta BoAuw. PoboTa MexaHiYHOTO TOTUHHHKA
TPYHTYETHCS Ha TIEPi0Ii, 32 IKAH OITyCKA€THCS THPS, THM CaMUM IIOBEPTAI0UN
BaJ), Ha sKui Oyma HamoraHa. [IpMHOWI Iii MasSTHUKOBOTO TOAMHHUKA
TIOJISITAE B TOMY, III0 BAHTaXK, MMiBIIICHUH 32 JOIIOMOTOI0 IIIHYpa, HAMOTAHOTO
Ha BaJI, CTBOPIOE CHITY, IO PyXa€ BCKO CUCTEMY KOJIIC, a MasTHHK 3a0e3medye
piBHOMIpHICTh iX Xomy. OCHOBHHUM B acCTPOHOMIYHOMY TOAMHHHKY €
CEKYHTHUI MasITHHK, SIKH 3]IIHCHIOE OJTHE KOJIMBAHHSI B CEKYH/IY, 1 MEXaHI3M,
10 BeJe BIJUTIK KOJMBaHHS MasTHUKA. PymIiiHOIO CHIIOI0 B XPOHOMETpI €
CHJIbHA CITipaJibHa TIPY)KUHA, & PETYISATOPOM PyXy CTPUIOK — OaslaHCUp, 110
KOJIMBAEThCA TO B ONUH, TO B IHINMHA OiK i [i€to cinabmioi cripaibHOl
NpY>KUHH. B €JIeKTpOHHOMY FOAMHHHUKY IS BIJUTIKY 4aCy BUKOPHCTOBYFOTHCS
MepiOANYHI KOJIMBaHHA €JIEKTPOHHOTO T'eHepaTopa (30kpema y BiHHUIBKOMY
HAIllOHAIGHOMY  TEXHIYHOMY  YyHIBEPCHTETI  3HAXOIWTHCA  ONTHKO-
€JIEKTPOHHIIA TOAUHHMK, IO TIPAIIOE Ha KBAHTOBO-PO3MIPHHUX CTPYKTYpax —
Cy4acHHX HaJ ACKpaBHX CBITIOAIONaXx). B aTOMHOMY TOIWHHUKY SIK
MIEPIOMUYHUIN TPOIeC BUKOPHUCTOBYIOTHCS BIIACHI KOJNMBAHHSA aTOMiB a0o
MoJekyn. Takok y poOOTi WOeThes MPO MacaXKHUH iHCTPYMEHT SK MpHiIa
JUTS 3HAXOJKEHHS MTOTIPABKY [T TOMUHHUKA.
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JocnimkeHo pi3Hi BUAM Yacy, 30KpeMa CIpaBxKHii COHSYHUM 1 cepenHii
COHSIUHMM, HanaroThesl GopMynu i ixHboro oOpaxyHky. [losicHroeTbes,
YUM BUPI3HSIOTBCS MICLEBHH 1 MOSCHUN Yac, 3rajyeThcs JIiHisg 3MIHH JIar.
Takok BHCBITJIIOIOTBCS BIAMIHHOCTI MIX JITHIM 1 JEKPETHUM YacoM,
TTOJAETHCS 1ICTOPIS 1X 3aIPOBAHKEHHS.

OCHOBHI TMKJIM, III0 BHKOPUCTOBYIOTHCS TIPH CKIAJaHHI KaJeHAapiB:
noba, TPOMYHUKA piK 1 CHHOOWYHUM Micsmb. OCHOBHI BHIU KaJCHIApiB:
COHSYHUIN, MICIUYHUN 1 COHAYHO-MICIYHUI.

[TnuH vacy He3MiHHUWH 1 MOCTIMHUHA, cydacHa Hayka HE B 3M03i ioro
TTiIKOPHTH, a JIUIIE BUMipaTH. HarosoreHo Ha paiioHaIbHOMY BUKOPHCTaHH1
Yacy B OBCSIKAEHHOMY HTTi, Ha HEOOX1THOCTI OEperTH i LiHyBaTH CBiil 4ac
1 yac CriBpO3MOBHHUKA.
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DOTOI'PA®IYHI CITOCTEPE)KEHHSA METEOPHUX ITIOTOKIB

3eacenvcxuil Poman J[mumpoeuy
-

yueHb 8 Ki1acy HaBuaJIbHO-BUXOBHOTO KoMmIuiekcey “Illkomna-ninei” Ne 3 imeni A. C.
Makxapenka M. Cim¢pepomnoins ABroHoMHOI Pecry6ixu Kpum

PoGoTa mpucBsYeHa BHUBUCHHIO METOJIB CIOCTEPEIKCHHS METEOPHUX
sBuIl, ¢GortorpadyBaHHIO METEOpIB 1 CTBOPEHHIO YCTaTKyBaHHS JUIs
(hororpadiyHUX CIIOCTEPEIKEHD.

Meteopn HanexaTb A0 KOPOTKOYaCHUX SBWII mpupoxu. Kpim Toro,
3a3/1aJIeriIb HeBiIOMO, B SIKil TIJISTHINI T THEO1HHS 1 B IK¥If MOMEHT IIPOJIETHTH
MeTteop. Y IIbOMY TOJISITae CKJIQAHICTD CIIOCTEPEKEHb METEOPIB.

HaiinoctynnimmMm Hapasi € QoTorpadiuHuii MeTox CIIOCTEpeXeHb
MmereopiB. BiH Jjae 3Mory BH3Ha4uMTH BCi Bi3yajbHI IapamMeTpu MeETeopa.
[epeBara #ioro mepex Bi3yaJbHHM METOAOM IIOJISITAE B TOMY, IO B HIM
BIZICYTHIH JIIOZICBKHUI YNHHUK 1 pe3yJbTaTH € TOCTOBIPHIIINMH.

Mera pobotu: ocBoiTH hoTorpadyBaHHs METEOPIB 1 3AIHCHUTH 3HOMKY
METEOPHUX MOTOKIB 3 HapajieIbHUMH Bi3yaJbHUMH CHOCTEPESKCHHIMHU 32
MPOTrpaMor0 «3araJbHUI OIS paliaHTiBY.

Byno 3pilicheno Tpu moi3nku s orocnocrepekeHb OpioHIIIB,
Jleonimie  (2009) i Ilepceimie  (2010). [Hdus  ¢dororpadysanus
BUKOPHCTOBYBAJINCS I3EpKabHI (oToamapatu «3eHiT», SKi Kpimuimcs Ha
(oromTaTnBi, MaiitaHINKaX TelecKomiB «Mimap» i METEOpHOMY MaTPYIIi.
Kinmekicte dotorpadiii 3 mereopamu — 15, HalOUTBII SICKpaBUX (SICKpaBilIe
TPETHOI 30PSIHOI BETUUMHHN) — 6.
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PEJIbE®HI OCOBJUBOCTI IOBEPXHI TA ®OPMA
ACTEPOIIIB

Kayenxo Temana Cepeiigna

yuenuns 10 knacy mineto Ne 15 M. Yepnirosa

JocunimkeHHs Gi3nYHUX BIACTUBOCTEH acTepoiiB Mae hyHAaMeHTalIbHE
3HAYEHHS I PO3B’SI3aHHS MPOOJIEMH MOXOMKeHHS ¥ eBoromii COHSYHOT
cucteMd. Y 3B’SI3Ky 3 OCBOEHHSM KOCMOCY 1 TUIaHYyBaHHSIM MOJBOTIB 10
MaJuX IUTAaHET Pi3ko 3pocia moTpeda B iHdopmarii mpo ¢isuuni
XapaKTepUCTUKH aCTEPOIIiB.

Ha cporommi y cycminbeTBi 0arato yBarm UpUIIIAETBCS TpoOiemi
MOXKJIMBOTO 3ITKHEHHS aCTEPOiNiB pi3HOTO po3Mipy i3 3emIiero, HeoOXiTHOCTI
MoOyZOBH TJI00aNbHOI CHCTEMH CIIOCTEPEXEHHS W OINOBILICHHS IIPO
HeOe3MneyHi acTepoi i, METOI! MPOTUAIT 3ITKHEHHSM.

V 1iif po6ori OyI10 10CIIHKEHO, SIK BILTMBAIOTH Ha BUIVISL KPUBOI OJIMCKY
acrepoina pi3Hi IeoNoriyHi YTBOPEHHS, a caMe: TipChbKi YTBOPEHHsI, KpaTrepH,
(hoToMeTpUYHA HEOTHOPITHICTH MMOBEPXHI aCTEPOI/Ia, a TAKOXK SK 3MIHIOETHCS
KpuBa OJMCKy Bil Kyta acnekty. JlocmijpkeHHsI IpOBOAMINCS Ha 310paHiit
BIACHOPYY YCTAHOBII. 3a 0a30By MOJEIb acTepoina B3sIM TPHBICHUI
eJIINCOT/I, Ha SIKOMY MOJEIIOBAIMCH Ti YW IHII TE€OJOTiYHI YTBOPEHHS Ta
(oromerpruuni HeomHOpigHOCTI. Jma pi3HEMX Mopernel actepoiniB Oymu
OTpHMaHi IX KpHBi OJIUCKY P Pi3HUX KyTax acIeKTy.

[Micns aHamizy OTpUMaHUX JaHUX OYII0 BU3HAYEHO 3 JESIKOI0 IMOBIPHICTIO
¢dopmu Takux actepoiniB: 92Undina, 599Luisa, 5510rtrud, 216Kleopatra,
1602Indiana, 559Nanon, 8Flora, 6446Chruanta.

342



MAH-24

®OTOMETPIA ACTEPOIJIA 16 PSYCHE B OITIO3HIIIIO 2010
POKY

Komeneseyv Muxona Anamoniiiosuy

yueHb 9 Ki1acy KOMyHaJIbHOTO 3aKiiany “IBaHiBChbKHI HaB4aIbHO-BUXOBHHI KOMILIEKC”
UyryiBcbkoi paitoHHOi paan XapKiBchKoi 00macTi

Y poboti 3pobieHui onIA JiTepaTypu 3 JOCHDKEHb acTepoiga
ocHOBHOro mosicy 16 Psyche, sikuii 3a TakcOHOMIUHOIO Kiacudikamiero
HaJISKUTh /10 HewyucieHHol rpynu M-acrepoiniB (meraneBux). HaBeneHi
pe3yabTaTH HOBUX (POTOMETPUYHHX CIIOCTEPEKEHb aCTEPOifa y CTaHJapTHUX
cnekrpaibHux cmyrax BVR i 1, sixi Oynu BukoHaHi y »oBTHI-rpynHi 2010
poky Ha 70-canTHMeTpoBOMY peduekropi UyryiBcbkoi croctepexHoi
cranuii [ncturyty actponomii XHY imeni B. H. Kapasina. ®oromerpist Oyna
BHKOHaHA 3a JOTIOMOTOI0 TTAaHOPaMHOTO MpHiiMada BUMpoMiHtoBaHHs [133-
kamepu ML 47-10. 3a pesynasraramu GoTomMeTpii ofep:kaHi KpuBi OIHCKy B
KOKHIH 13 CIIEKTPATFHUX CMYT, SIKi MAIOTh aMILTITYy Bapiatliii ommcky 0.m14.
Byno mokasano, 1o BiICyTHI Bapiallii mokazHuKa Koibpopy V-R 1o moBepxHi
actepoiza IpH MiBICHHOMY acIieKTi crocTepexeHHs actepoina. Toit daxr,
10, 3a JITEpaTypHUMH JaHUMHM, IIPU TIBHIYHOMY acHeKTi MaloTh Micle
Bapiamii V-R, a, 3a HamIMMH JaHUMH, TP MIBACHHOMY acleKTi iX HeMmae,
BU3HAYa€ Miclle po3TallyBaHHA Ha ToBepxHi Psyche ¢oromerpuunoro
YTBOPEHHS, & caMe — y MiBHIYHIH MIBKYJIi ILOTO acTepoiza.
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KAJIEHAAPHI 3AKOHOMIPHOCTI

Heoicypa Bnaoucnas FOpitiosuu

yueHb 9 kiacy 3arnopizbKoro TEXHI4YHOTO JILIEH0

Pobora mpucBsueHa MOCHIKCHHIO KaJCHIApHUX 3aKOHOMIpPHOCTEH.
KopoTko po3mistHyTO pi3HI BUOM KaJeHIapiB, MO iCHYIOTH (ab0 iCHyBam).
OcoOnuBy yBary HpUAIJICHO OCHTIIPKCHHIO TPUTOPIaHCHKOTO KaseHaaps,
SIKUM MM HHHI KOPHCTYEMOCh.

[okazaHo, 110 TPUTOPIaHCHKHUIN KaJleHJap € JTAJIEKUM Bifl JOCKOHAJIOCTI.
Moro miHycu — 1e micsiui i KBapTamu pi3HOI TPHBANOCTI, PO36IKHICTH AaT i
JIHIB TYDKHSI B Pi3HUX Micsiusx. Llel kaneHnap HeTOUHHIA, 32 TOCUTH TPUBAITL
NPOMDKKH Yacy HaKOIUYYeThCs MOMHIIKA. HETOYHICTh MOXKHA TMOSCHHUTH
HHU3bKHM DIBHEM PO3BUTKY MaTeMaTHKH W acTpOHOMIi Ha 4ac CTBOPEHHS
KaneHmaps. Hemomiku rpuropiaHChbKOro KalleHAaps € MPUYHUHOI0 DPi3HUX
HE3py4HOCTEH.

HwuHi icHy0TB O1TBIIT TOCKOHATI IPOESKTH KaJICHIaPiB, SKi 3aCIIyTOBYIOTh
Ha yBary. Lle BcecBiTHII mocTiliHMI KaneHaap i cTabinpHUH KaneHnap. Born
ToYHIm Ta 3py4Himi. OJHAK crmpoOuW iX 3ampoBagWTH 3ITKHYIHCST 3
peNiriifHIMY 1 HAaIliOHATEHUME TPaIUITiIMH.

VY nponeci BUKOHAHHSI poOOTH 0YII0 3HAKIeHO OaraTto 3aKOHOMIpHOCTEH
TPUTOPiaHCHKOTO KaJeHAAPSL.

BcraHoBieHO  3aKOHOMIPHICTH  YEpryBaHHS pIUYHMX  KaJICHAApiB.
Po3B’A13aHO 3aj1ady KOHKPETH3allil 1Iepiofy JKHTTS, ONMCAHOTo y Bipmri M.
Bpoxncexkoro.

ITokazano, K MO>KHa PO3B’sI3aTH MPOOJIEMY KaJleHAaps 3a JOMOMOTOI0
JIAHITIOTOBUX JIPOOiB.

3HalIeHO 1 MepeBipeHO AesKi aJTOPUTMU AJIS 3HAXOMKCHHS JHS THKHS
0 JarTi.

Po3B’s13aHO psii KOHKPETHHX 33/1a4, 30KpeMa 3aady Mpo T. 3B. KYOPHY
I’ STHULIIOY.

BBaaxkaemo, 1110 Hamra po60oTa Mo)ke BUKOPHCTOBYBAaTHCS Ha TI03aKJIACHUX
3aHATTAX SIK 3 ACTPOHOMII, TaK 1 3 MaTeMaTHKH.
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EJIEKTPOHHA EHIHUKJOMEAIA “TAJIAKTUKHN”

Csisicenko Anopii Onezosuu

yueHb 10 Kj1acy KOMyHaJ bHOTO 3aKJialy OCBITH “J{HIIPONETPOBCHKOTO JIIICIO
iHdopManiifHuX TexHoNOrii Npy JHINPONEeTPOBCHKOMY HAlliOHAILHOMY YHIBEPCHTETI
imeni Onecst [onuapa”

lanaktuku — riranTebki (1o 10" 3ipok) 30psHi cHCTeMH, PO3TaIIOBaHi
noza Mexamu Hamoi [amaktuku. Takox iX 1HOmI Ha3MBaKOTh
M03arajJakTHYHUMHU TYMaHHOCTSIMH, 00 NP Bi3yaJbHOMY CIIOCTEPEXEHHI Y
TEJIECKOI BOHM BUIISIAIOTh TYMaHHMMH IUISIMaMH, SIK 1 3BHYaiiHi ra3oBi
TYMaHHOCTI.

Jani mpo TrajdakTUKA HABOAATHCS Y CIHEHIANbHHUX aCTPOHOMIYHHX
KaTayorax. 3 HHX HaWBIAOMIMIMMH € TEpHINi KaTajJor TyMaHHOCTEH i
30pSIHAX CKYITYeHb, ckianeHnit Hampukiami XVIII cromitrs ¢paHmy3skumM
actpouomoMm III. Mecre (y mpOMy Karajo3i TyMaHHICTH AHIPOMEIH,
HAIPUKIIA], 3amucana mix HomepoM 31 i mo3Hadaetbes sk M31), 1 «HoBuit
3arajpHui Karanor» (1888) ipmannceroro actponoma Jx.-JI.-E.-Ipeiiepa
(ckopouero NGC, y HbOMY, HaNpUKIaA, TYMaHHICTh AHIpoOMenu
no3HauyaeTbest NGC 224).

CBIT 30psIHUX CUCTEM — raJIaKTHUK — [I0YaB IHTEHCUBHO BUBYarTucs 3 1920
p., Konu miBeackkoMy actponoMy K. JlyHamapky Bnramocst po3KiacTd Ha
oKpeMi 3ipkH nepudepiiiHy yacTiHy cripanbHoi rataktuka M33 (abo NGC
598) y cy3ip’i TpukytHuka. Hezabapom amepukancbkuii actporom E. Xa661,
MPALOI0YX Ha HAaOLIBIIIOMY Ha TOW Yac TEJIECKOI i3 A3epKajioM JiaMeTpoM
2,5 M, BU3HAYMB 30pSHY MPHPOAY CIipAIbHUX pYKaBiB TyMaHHOCTI
AHapoMeny i AeKITBKOX OB cTaOKHUX TaJlaKTHK HempaBmiIbHOT popmu. Le
MOKJIAJI0 TI0YaTOK pPO3BUTKY HOBOI TINKM AaCTPOHOMIYHOI HayKH —
M03araJakKTHIHOI aCTPOHOMII.

BuBueHHS ranakTuk MoTpedye MakCHMaJIbHO MOTY)KHUX 1IHCTPYMEHTIB,
HAaIpUKJIa]], ONTHYHNX TEJIECKOIIIB 13 A3epKajlaMHt JliaMeTpoM OiblIe MeTpa,
a TakoK HAMHOBIMIMX 3ac00IB 1 METOMIB HOCIIIKEHHS IajJeKuX CIIa0KUX
00’exTiB. BUHATKOBO HIBHJKOMY PO3BUTKY I03araJlakTHYHOI acTpOHOMIl
COpUSIO  3aMpOBADKCHHS PaiOaCTPOHOMIYHMX METOMIB  JOCIIIKCHHS
KOCMIYHHX 00’ €KTIB.

[o3aranakTudHa acTPOHOMIS TOCIIIDKY€E PO3MIPH 30pSHHUX CHUCTEM, iX
Macu, Oy/JIOBY, BIaCTHBOCTI ONTHYHOTO, iIHPpa4epPBOHOT0, PEHTTEHIBCHKOTO 1
panioBUNPOMiHIOBaHHA. BUBUEHHS IMPOCTOPOBOTO PO3IOMUICHHS TalaKTHK
BUSBISIE  BEIMKOMACIITa0HYy CTPYyKTypy BceecBity. VY  mocmimkeHHi

345



MAH-26

MPOCTOPOBOTO PO3NOAICHHS I'AJTaKTHK i IUIAXIB iX €BOMIOLIT Mo3arajakTuyHa
ACTPOHOMIsI 3TUBAETHCS 3 KOCMOJIOTIEI0 — HAYKOIO PO BeecBiT 3araiom.

BucHoBku.

VY mporeci pobotu Gya0 omparboBaHO YHMAJIO JITepaTypH Ipo (i3uky,
aCTPOHOMIIO 1 KocMmonorifo. [loemHaBIM BUBYCHNI MaTepiall, MA CTBOPHIIN
KOMIT IOTePHY EHIMKIIOTICIiI0, Y SKy BMICTHIM OCHOBHY iH(opMamio 3
JIOCITI/DKEHUX TEM 1 MOJICNIOBAIbHY MPOrpamy, MPUCBAYEHY TpaBiTalliiHUM
TIOJISIM.

[IporonoBany po6OTy MOXKYTh BHKOPHCTOBYBAaTH BHKJIAJadi JIIETB,
TIMHA31# 1 KU U1 BUKJIAJAHHS JESKAX TEM 3 acTPOHOMIi Ta (i3uku, a
TAKOX Y4HI ISl ITIATOTOBKYM pedepariB 1 AOMOBi/IeH, BUBYCHHS aCTPOHOMII i
¢isuku. Takok 119 poOOTa MOXKE CTaTH y MPHUrOAl OyAb-sfKil JIFOAUHI, 10
[[IKaBUTHCS ACTPOHOMI€0 a00 (Pi3UKOIO.
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Cekuis «Aepogiznka Ta KOCMiYHI 10CTiTKEHHD)

BUMIPIOBAHHS 3ATAJIBHOI'O BMICTY O30HY HA CTAHIIL
KHUIB-TOJIOCIIB
Iaoixos Jlenuc Kocmsaumunosuu

yuenb 9 kiacy ninero Ne 100 “IToxin” m. Kuesa

Merta poOoTH: TOCTIANTH 3arabHUI BMICT 1 TUHAMIKY 030HY Ha CTaHIIii
Kuis-T'onociis 3a momomororo criekrpodoromerpa JJodcoHa.

3aBnanHs poOoru: BUBUMTH OynoBy crekTpodoromerpa JloOcona i
METOAMKH TIPOBE/ICHHS BUMIPIOBAaHb; MPOBECTH BHMIpIOBAaHHS 3arajbHOTO
BMICTY 030HY Ha cTaHiii KuiB-I 0510ciiB; 3i0patu i onpairoBaTi pe3yibTaTu
BUMIPIOBaHb; 3p0OUTH BHCHOBKH.

PoGoTa € akTyaJlbHOIO, OCKUIBKM JI0 ChOTOAHI Ha TepuTopil YKpaiHu
BHUMIPIOBaHHS 3araJIbHOTO BMICTY 030HY 3a JOIIOMOTOIO CIIEKTpodoTOMETpa
JloGcoHa He IPOBOIIIINCH, a el ImprIag Mae OUTBIIY TOYHICTD, HiXK HasBHI
B YKpaiHi o3oHOMeTpru M-124. O30H Bifirpae BaXJIMBY POJIb Y 30€pexeHH1
Oiocepr HamOi IDIAHETH, TOMY KOHTPOJNIOBAaTH HOTO KIUIBKICTH IyXKe
BaXITBO. OCKUTEKH OCHOBHI 030HOPYHHIBHI PEYOBUHU MOXKYTh MiCTUTHCS B
arMocepi pokamMu, TO MOMJIMBI HACHIJKH JISUIBHOCTI JIIOOWHU Tpeda
PO3paxoByBaTH Harepes.

347



MAH-28
3ACTOCYBAHHS OPBITAJIBHUX TPOCOBUX CUCTEM

Koxan Maxcum Cepeitioguy

yuenb 10 kiacy sinero Ne 15 m. Yepnirosa

OCHOBHOIO  BIOMIHHICTIO OpOITATBHUX TPOCOBHX CHCTEM  Bif
TPaIUIITHAX KOCMIYHHX anapariB € iXHs BEJIMKA TOBKIHA, TKa MOKE CSATaTh
JICCATKIB 1 COTCHB KUTOMETPIB, a B ICIKUX BUMAIKAX HABITh TUCSY 1 IECATKIB
THUCSY KIJIOMETPIB, 31 30epexeHHsIM ITPY [[bOMY MEXaHIYHOT0, EHEPTeTHYHOTO
Ta IHIIMX 3B’SI3KIB MK KiHIeBUMH Tinamu. Came 3[aTHICTH TpPOCIB
CTBOPIOBAaTH MPOTSDKHI KOCMIYHI CHUCTEMHM M OOYMOBIIOE pSi UyZOBHX
BJIaCTHUBOCTEH nuX cucteM. [To-mepiiie, MOKIIUBICTH OLIBII CHIIBHOT B3a€MO/IIT
i3 3OBHINIHIMH TOJISIMH TUIAHETH, INO-Ipyre, MOMJIMBICTh 3MiHIOBaTH
HIBUIKICTh KOCMIYHHMX amapariB 0e3 BHKOPHCTAHHsS IIajiiBa, IO-TPETE,
MOKJIMBICTh BUKOPUCTAHHsI MarHiTHOTO moiis 3emii Ta ii ioHOcdepu s
BHUPOOJICHHS eIEeKTPOSHePrii 9i 3MiHM OpOiTH KOCMIYHHUX araparis.

VY 1mif poOOTi po3mIAHAETHCS MPHHIWI OE3MaTWBHOTO 30LTBIICHHS
IIBUAKOCTI KOCMIYHHX arapariB, 3aCTOCOBYIOUH IIPH IIbOMY €HEpTilo
00epTOBOI TPOCOBOI CHCTEMH.

Po3paxyHku CBiguaTh TpPO MOXJIMBICTH BHKOPUCTAHHS ITWHAMIYHHIX
TPOCOBUX CHUCTEM ISl BUKOHAHHS IIEBHUX OIEpaliii y KOCMOCI, /ie TPOCOBi
CHCTeMH 3MOTIIH O 3HalTH epeKTHBHE 3aCTOCYBaHHSI.
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KOCMIYHI HEBE3MEKH 1151 3EMHOI IUBLII3A LT

JIyk sanenxo Cmaniciae Muxonaiioguy

yueHb 9 kiacy XapKiBCbKOTO IPUBATHOIO HABYAJILHO-BUXOBHOI'O KOMILIEKCY “CrapT-
mkosa” XapkiBcbkoi oOmacTi

Y po06oTi po3mIsIHYTI peanbHi 1 MOTEHIIATbHI KOCMIUHI HEOE3MeKkHu Ta
ixHill iMOBipHUH BIUIMB Ha 3emitto. BukoHaHmii aHai3 mpooiieM, MOB’ I3aHuX
3 MOXIHMBICTIO 3iTKHEHHA 3 3emiero acTtepoimiB i komeT. [Ipoexmeni
PO3paxyHKH po3Mipy Kparepa IpH MafiHHI Ha 3eMJII0 acTepoiniB paiiycoM
25, 500 1 5000 M. 3poOneHwmii aHai3 HACHIAKIB IS 3eMITi KiHIICBUX CTaail
esomtoriii CoHIM i MOXIUBOrO BHOYXy HamHOBOI mopsin i3 CoHSIYHOIO
cucreMoro. HaBemeHuil crmucok MUISHOK [alakTUKH, y SKAX MOXKJIHBHA
BuOyx HagHoBux II Tumy. PosmisiHyra mpoOiemMa KOCMIYHOTO CMITTS,
HeOe3MeK, IOB’S3aHMX 13 COHSYHOIO AaKTUBHICTIO. BuKoHaHMH aHami3
3axucHOi  ¢yHkuii  armocdepn  3emyi  BiA  KOPOTKOXBHIJILOBOTO
BunpomintoBaHHs COHIISI Ta IHIIMX KOCMIYHHX 00’ €KTIB.

Oco0nuBa yBara npujaijieHa 030HOBi# npoOnemi. 3po0ieHi OIliHIOBaHHS
3MIHH BEJIMYMHH NPOITyCKaHHsl YD-BUITPOMIHIOBAHHS 3eMHOIO aTMOC(HEpOI0
3a paxyHOK 3MEHIIIEHHS [1apy 030HY.
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HIABUINEHHA E@EKTUBHOCTI JOCILIKEHHS
IVTAHETHA MAPC IIJIAXOM KOMIIVIEKCHOI'O
3ACTOCYBAHHS MOBIVIBHOT'O KOMITIOHEHTY
BE3IIPOBIIHUX CEHCOPHUX MEPEXK

Opnenxo Cepeiti [lemposuy

yuenb 10 knacy [Tupsituncbkoro nineto [TonaraBebkoi obnacti

3 HacTaHHsAM €py KOCMIYHHX TIOJBOTIB CTAJI0 MOYKIIBHM HIEPEBECTH aCTPO-
HOMIYHI TOCHIDKEHHS HAMOMDKUMX 0 3eMITl KOCMIYHMX 00 €KTIB BiJI ITACHBHOTO
CTIOCTEPEKEHHSI B TUIOMIMHY aKTUBHOTO JOCII/DKEHHS H OTPUMaHHS KOHKPETHUX
pe3yabrariB 6e3rnocepeiHbOo 3 iXHbOI ToBepxHi. OHUM i3 IepCHIEKTUBHUX HaIpsi-
MIB JIOCDKCHHSI MO’KHA BBAXKATH BIIPOBA/DKCHHST TEXHOJIOTIT PO3MOIUICHUX 0e3-
MPOBITHAX CEHCOPHUX MEPEX 1 BKIIFOUESHHS JI0 TX CKIIa Ty MOOLIBHOTO KOMITOHEH-
TY, 5IK (haKTOpa, 10 MAE MiBUILMTH €EeKTHBHICTb 3aCTOCYBaHHS OCTaHHIX.

Posmnoniyieni 6e3rpoBiHI CEHCOPHI MEPEKi MAIOTh PSIJI IEPEBar y TIOPiBHSH-
Hi 3 TpaMUIHHUMU cUcTeMaMu 30upaHHs 1aHuX. OJIHIEI0 3 HUX € MOKITMBICTB 3a-
CTOCYBaHHS TaKOi TEXHOJIOT 1 IpH 30MpaHHI TaHHX Y 0ararb0X TOYKax BU3HAYCHOT
YAaCTHHH MOBEPXHi, 110 JOIIOMOYKE TOCIIITITH 3MIiHH MTApaMeTPiB JOCITIIHKYBAHIX
00’€eKTiB Ha 3a1aHiil TepUTOpIi, BIACTUBOCTI arMoc(epH, TOIIO.

BesnposigHa ceHcopHa Mepeska — 11e Hallp iHTeNeKTyalbHIX CEHCOPIB, PO3-
MIIICHUX Ha TIEBHIiH TepUTOpii Ta 00’€THAHNX y CUCTEMY 30MpaHHS TAHWX TIPOTO-
KOJIOM OOMiHY 1 BiJITIOBITHIMH BIIACHAMH i MEPEKHUMH TEXHITHUMH XapaKTeprc-
THKaMH. EQeKTUBHICTh (DyHKIIOHYBAaHHS TaKol JOCIIJHHIBKOI MEpeXi MOXKHA
TIJBHUIIMTH 32 PaXyHOK BBEJIGHHS JI0 il CKJIaly MOOLUTHHOTO KOMITIOHEHTY — By3/1a,
PO3MIIIICHOTO Ha PyXOMiii riatdopMi, 10 KePyeThCsl aBBTOHOMHOK) MiKpPOITPOIIe-
COPHOIO cucTeMOr0. B3aemotitoun 3i craijioHapHUMU By3JIaMH, MOOUTBHHI KOM-
TIOHEHT MOKE BIILHO NEPEMIIIlyBaTHCs B MeKaX X “BUIMMOCTI”, BAKOHYBATH 3a-
BIIaHHS 30MpaHHs JAHHX Y MPOONEMHHUX 30HAX, SIKi € HEJOCTYITHUMH JUIS 3aKpi-
TUIEHNX BY37iB. E(heKTUBHICTE Mepexi Moxe OyTH IIe BHITIOFO, SIKIIIO B i CKiIami
Oyme Kibka MOOUTFHIMX KOMITOHEHTIB. B3aeMomniroun Mixk coO0I0, BOHH MOXKYTh
Y3TOIPKEHO 3MIHIOBATH CBOE MICIIETIONIOXKEHHS 1 BECTH CHCTEMHI JTOCITIIPKEHHS 10~
JIIOHO JTO KOJIOHIT MypaIoK.

Bapro HaronocuTy i Ha IETEBI3HI TaKUX CHCTEM 1 3pyYHOCTI iXHBOTO PO3-
TOPTaHHs, 1110 MOXKe 3AiiiCHIOBaTHCs 6e3 yJacTi JiromuHH. Lle 0coOmiBo akTyarsHO
JUISL TUX CUTYalii, KOJIM MPHCYTHICTb JIFOJIMHY € 200 NPHHILMIIOBO HEMOXITHBOIO,
a0 HeOe3neuHor0./{0 yBaru MmpONOHYEThCS JIFOUHE TIPOTOTUIT MOOLTEHOTO KOM-
TIOHEHTY PO3NOALUIEHOT CEHCOPHOT MEPEeXi.
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MAH-31

PO3PAXYHOK TPACKTOPIi MOJILOTY KOCMIYHOT'O
AIMAPATY 3 IOHHUM JBUT'YHOM 3 HABKOJIO3EMHOI
OPBITH JIO MICSILISI

Huyko Hamanisa Apocnasiena

yuenuns 10 knacy Kanycekoi rimuasii Kamycbkoi Micbkoi paju [Bano-®paHKiBChKOT
obmacri

Mertol0 TpOIIOHOBAaHOI POOOTH € PO3PAaXyHOK TPAEKTOPIi pyxXy
kocMmiuHoro amapara (KA) 3 HaBkojo3zemHOI opOiTi 10 Micsls BiJHOCHO
1eHTpa Mac cucreMu 3emisi—Micsib. Ockiabky mig yac pyxy KA Ha HbOro
JUSTAMYTbh, KpiM cui1 Tpasitauii 3 6oky CoHust, Micsiug 1 3emui, me # cunn
iHepIii, TO JUIs pO3paxyHKy TpPaeKTopil MOTPIOHO 3aCTOCYBaTH YHCEINbHI
METOIH pO3B’ 3Ky Au(epeHiiHNX PiBHAHB, IKHX ICHy€ JOCHUTH 0arato.

Cepen HEX BHOpaHO Haiimpocrimmii Metox Teinopa, ajge B cucTeMi
KOOPAMHAT, 10 00ePTAETHCA.

BuBeneHo mocmioBHICTE POPMYI, IO TAIOTh 3MOTY 3HAWTH IIBUAKICTH
1 monoxxeHass KA B Oynb-sKuii MOMEHT dacy.

CkiajieHo mporpamy Uil po3paxyHKy TPAeKTOpiil i BUBEAEHHS iX Ha
MOHITOP.

3po0JIeHO TaKoXK aHalli3 OTPUMAaHHUX Pe3yJIbTaTiB!

*  Hall METOJ| Y TAaKOMY BHUIVIS[II, SIK BiH ITpEACTaBJIeHUH y po0oTi, 1a€

3MOTY pO3paxoByBaTH HaOJIMKEHI TPAEKTOPIl pyXy HeOeCHHX T

*  HaiinepcrekTHBHIINM € pyXx KA 3 BUBEJCHHSIM Ha reocTallioHapHy

opOiTy 3 pO3IiICHHSIM HOTO Ha B YaCTHHH, OJJHA 3 SIKUX PYXA€ThCS 110

miif opOiTi 1 BHKOPHUCTOBYETBCSA SK CYNYTHHK 3B’SI3Ky, a iHIIA 3a

JOTIOMOTOI0 10HHOTO JIBUTYHA IiCTa€ThCs Micdrs, cTae HOoro MTyqHIM

CYITyTHHKOM a00 CTa€ MTYYHUM CYIyTHUKOM 3eMili, AKmo Micsup He

3MOJKE BTPUMATH 1l.

Ham meron MoxHa 3poOuTH OUTBII TOYHWMM, 3MEHIIMBIIN KpoK At, a
TaKOXX ypaxyBaBIIH HEOIXHOPITHICTh IPaBiTAIIHNX TOJIIB.
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MAH-32
CTAPT PAKETH 3 NOBITPSIHOI IIVIAT®OPMHU

Camooypog Jlenuc Anopitiosuu

yuens 10 KJ1acy 3arajbHOOCBITHBOTO CIIEIia1i30BaHOI0 CAaHATOPHOTO IHTEPHATHOTO
sakinany “Epymut” II-11I cryneniB puist oonapoBaHux aiteil M. JloHenbka

Mera poOoTH: pO3pOOJEHHS NPOEKTY CTapTy KOCMIYHHMX paker 3
MOBITPSIHOI cTparocdeprol MmIaThopMu; PO3IVISLI MOXKIHBOCTI peasizarlil
I[BOTO TIPOCKTY, JOBEACHHS HOTr0 TEXHIYHHWX, EKOJOTIYHMX Ta €KOHOMIUHHX
nepeBar.

['ycroHaceneHi eBpomeichbki KpaiHU HE MAalOTh MOXIIMBOCTI OymayBatu
BEJICTEHCHKI Ha3eMHI KOCMOIPOMH, MPHHANMHI Ha cBOil TepuTopii. Cepen
HOBHX BapiaHTIB CTapTiB KOCMIYHUX paKeT HaWKpamuM MOXKE CTaTh
CTBOpeHHs1 cTparocepHoi craproBoi IwtardpopMu. 30ymyBaBIIM Taky
wiatgopMy, MH OTPUMYEMO «KOCMOJIPOM», SIKMA HE TIIBKH BHCOKO
poO3TaloBaHui, a W 3JaTHUH MaHEBpYBaTH, OOMparoyd HaHOIIBLI BUTIAHY
TOYKY CTapTy, poOMTH momepenHiii posriH. Takuil cTapT Mae €KOJOTiuHi
nepeBary — rnorpedye MeHIle MajnBa, sKe, 10 TOTO XK, 3ropaTiMe Ha BHCOTI,
3aro0irarYy TMM CaMUM OCIJIaHHIO POAYKTIB 3rOPSIHHS Ha TIOBEPXHI 3eMUII.
Biamanae motpeba y BeMMKUX IIIOIIAX, IKAX MOTpeOye Ha3eMHHH KOCMOPOM.

VY poborti po3misHyTO OymoBYy arMmocdepw, MpopaxoBaHa 3alEKHICTH
CWJIM TSDKIHHS BiJl BUCOTH HaJ ToBepxHEro 3emuti. OOpaHa BHCOTa CTapTy
cranoBuTh 20-30 M. IlokazaHo, mO0 TPOCTHH MigOM Ha IO BHUCOTY
3MEHIIUTE CTApTOBY Bary Ha JEKiJIbKA TOHH I PAKETH CTapTOBOIO Baroko B
JIeKiTbKa coTeHb TOHH. Lle cripusie ekoHOMIi pu OymyBaHHI pakeTd abo aae
3MOTY 301IbIITYBaTH i1 KOPUCHUH BaHTAX.

Po3paxoBani 00’eMu OayOHIB Uil 3allpOIIOHOBAHOI  IIAT(GOPMH.
Po3rsinyTa OynoBa i METOAM BUKOPUCTAHHS CTAPTOBOI IIaTQOPMH.

Po3pobienHs mpoekTy noTpedye MogaabIInX TEOPETUYHNX PO3PAXYHKIB
1 IPaKTUYHUX JTOCIIJKEHb.
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MAH-33

METEOPUTH. UITHEIIbKA METEOPUT

Decanog leop Bikmoposuu

yuenb 10 knacy XpuctusiBcbkoi crienianizoBanoi mkonu 111 crynenis Ne 1 im. O. €.
Kopmaiitayka XpucTHHIBCEKOI paiioHHOT panu Yepkacbkoi oomacti

Mera NOCHIIPKEHHS: BUBYMTH OCHOBHI XapaKTEPUCTUKH METEOPHUTIB,
JMOCHIINTH [TUTIHEBKUIT METEOpUT 1 HOro XapakTepUCTHUKHU SK OIHOTO 3
MpeACcTaBHUKIB MaUX Tiln COHSYHOI CHCTEMH, IO IIOTPATIHIIN Ha 3EMITIO.

AkTyanpHiCTh. J{OCHiIKEHHS METCOPHUTIB € BaXKJIMBHM HAIPIMOM
HAyKOBOi [MiSUTBHOCTI B TaXy3i MAJ€OHTOJNOTii, KOCMOJOTIi Ta T'eOoJIOTidHOT
ictopii. Ha mopsinky ImeHHOMY CTOITh BHBYCHHS T'€OJIOTIYHUX, O10JIOTI9HHX
HACITIKIB TaliHHsI METEOPHTIB B OKeaH! i Mops. be3cyMmHiBHO, 0 came Ha
[IbOMY IIUTSIXY 3HAHTyTHCSI BIIOBII Ha 3aITUTaHHS IPO MEXaHI3MH i IPUUUHY
MIBUAKHX 3MiH y CKJIaZl TBAPHHHOTO i POCIMHHOTO CBITY 3eMJIi i, MOXIIUBO,
PO MOXO/KEHHS YKUTTS B3arai.

AcTpoOiemMr — BENHMKI KpaTeponoiiOHi KiJbleBi yTBOPEHHS Ha
MOBEPXHI 3eMJIi, Kparepud OCTAaTOYHO HE BH3HAUCHOIO IOXOPKEHHS. 3a
CKJIaJIOM METECOPHUTH MOIUIAIOTHCS Ha 3aJTi3Hi, 3a1130-KaM ’siHi 1 KaM’sTHi.

Huni Ha Hamii tutaneTi icHye 6iu3bko 10 THCSY 3eMHHX “mIpamiB”, ane
3 yHOeBHEHICTIO acTpoOiemamu Ha3mBaoTh jume 110-150 reomorigamx
cTpykTyp. I3 HHX ciM 3HaxomsaThcs B YKpaiHi: boBruceka, DmmiHembka,
O6omonceka, PormicTpiBebka, TepHiBchka, binmmmiBcbka, 3eneHoraiceka.

[pu orsizti 1 YacTKOBOMY AOCIHIKEeHH] TepuTopii [tiHepkoro kparepa
Oy710 3pO0JICHO CBITIMHH MiCIIEBOCTI, BUMIPSHO MOTYKHOCTBH pamiamii (0,3
MK3B/TON), TYCTHHY 1IBOTO 00’€kTa (2,454 T/cM*), 3 BITHOCHOK HOXHOKOHO
1,474%; BumipsiHO TOBIIMHY Kipku IutaneHHs (0,8—1 M), HamrapyBaHHS
IPYHTY HaJ 00’ €KTOM JOCIIIKCHHSI.

VY HaBYaibHO-HAYKOBOMY HEHTpPI (Pi3MKO-XIMIUYHHX JOCIHIKEHb INpH
YHY 6ys0 mpoaHanizoBaHO XIMIYHHN CKJIa] 3pa3ka I[OKOJIS METCOPHUTY 3a
PEHTIEHOCIIEKTPaIbHUM 1 PEHTTeHOCTPYKTYPHHUM aHajtizamu. byino 3po6ieHo
MOPIBHSUIBHY XapaKTEPUCTUKY XIMIYHOTO CKJIaay 3a3HaveHoro 3paska 3i
3pa3KaMy TEONOTIYHHX CTPYKTYp, XapaKTepHUX i Ii€l MiCIeBOCTI 3i
CXOXHMM XIMIYHUM CKJIAZOM. 3pa3KH IIOKOIS METEOPHUTY PO3TIISIAIUCS ITiJT
enekTpoHHIM MikpockortoM MBC-9. Tlpu mpoMy B 3pa3ky Oyiau BHSBICHI
YaCTHHKH KBapILy, okcuiB @epymy, BKparuteHHS 3aI1i3a i TOMI4eHi XOHPUTH.

Pesyneratn mociimkeHb DOBOAATH, IO I 00 €KT € METEOPUTHOIO
CTPYKTYPOIO YKpPaiHCHKOTO IIIUTA 1 ITPOSIBIISIE 03HAKU yAAPHOTO MeTaMopdizmy.
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MAH-34

BU3HAYEHHSA BMICTY HIKIJJIMBUX KOMIIOHEHTIB
(MOHIB CTPOHIIIIO TA HOHIB PTYTI) ¥ TOBAPAX
HEPIIOI HEOBXIJTHOCTI TA ITIPOAYKTAX
XAPYYBAHHS METOJAOM CIIEKTPAJIBHOI'O AHAJII3Y

Quioscovroi Anacmacii enikcienu

yuenuns 10 kiacy, lopononskoi riMuasii, M. ['oponox

Crexrpansanit anani3 Oy Biakputwii I. Kipxropom ta P. Bynzenom B
1859 pomi, sKi TOBENH, IO PO3MEUYCHI MapH KOKHOTO €JIEMEHTAa IaBalli
MIPOMEHI CTPOTO IEBHOTO KOJIBOPY 1 MpHU3Ma BiIXMIsIA i IIPOMEHI Ha CTPOTO
TIEBHE MicIle, i TOMY Hi OJMH KOJIip HE Mir 3aMacKyBaTH iHIIOTO.

CnexTpaibHUI aHaNi3 BXE B MUHYJIOMY CTOJITTI JIOTIOMIT JOCIIPKyBaTh
ckian CoHIS Ta IHIIMX 3IPOK, a TAKOX BIIKPUTH AESKI €JIEMEHTH, 30KpeMa
refii. 3a JOMOMOTOI0 CIIEKTPaIBHOTO aHANI3y CTAI0 MOXIIUBHM BiJPIi3HATH
HE TUTBKH Pi3HI XIMIYHI €JIEMEHTH, aJI€ ¥ 130TOMX OTHOTO i TOTO K CJICMEHTY,
sKi 3a3BHYall AlOTh HEOJHAKOBI CHEKTpH. MeEToa 3aCTOCOBYETHCS ISt
aHaJIi3y 130TOIHOTO CKJIaTy PEUYOBHH.

CriekTpoCKoTis BiIKpHBA€ Pi3HOCTOPOHHI MOMKIIMBOCTI JUIS TOCITIKEHD
y Giororii, 6ioxiMii, acTPOHOMI, IHIIHIX TAITy35X HAYKH 1 TEXHIKH.

Monn pryti Ta CTpoHIi0 HeGesmedHi s JIOAMHH. PTyTh Jerko
BHIIAPOBYETHCS, a 11 Mapy, MOTPATUISIOYH B JIETEH], TOBHICTIO 3aTPUMYIOTHCS
TaM 1 BUKJIMKAIOTh 3T0/IOM OTPY€HHS OpPTaHi3My, Xo4a i He Take IIBHJKE, 5K
COJI PTYTI.

[oTpannstoun B IPyHT, CTPOHIIM pa3oM 3 PO3YNHHHAMH CIIONYKaMH
KaJIBIII0 HAJXOIUTh y pOCIMHY. Bijbllle 3a IHIIMX HAKOMMYYIOTh CTPOHLIIH
90 6000Bi poCIMHHU, KOPEHi 1 OyTBOOIIONN, MEHIIIE — 3JTaKH, Y TOMY YHUCII
3€pHOBI 1 JILOH.

JlocipKkeHHsT TOBapiB IIOAEHHOTO BXKUTKY IIOKa3ye, 110 Yy ACSKUX 3
BUOPAaHUX 3pa3KiB BUABJICHO HOHU CTPOHIIIIO Ta PTYTI.
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MAH-35

TEINIOHNPOBIJIHICTD

Jlimesin Bonooumup Inapionosuu

yuenb 11 knacy, JlernuiBcbkoro HBK Ne 1 XmenbHuIpkoi obmacti

HaBkosno Hac BimOyBaroThCs pi3HI BHIU TEIUTOBHX mporeciB. [lepedir
TEIUIOBHUX IPOLECIB BifOyBaeThcsl, SIK MPABWIO, TAaKMM YHHOM, LIO [e
MO3HAYAEThCA Ha 3MiHI BHYTPIIIHBOI €HEpPTii Til. SIKmIo Tijgo HarpiBaeThbes,
TO cepemHs KIHETHYHA €Heprisi MOoro MONEKyJl 3pOCTa€, OCKLIbKA
i/IBUIILYy€THCS TEMIIEpaTypa Tijia i MIBUAKICTH MOJEKyYI 30imbnryeTsest. OTxe
3pocTae BHYTPILIHS €Hepris Tina. I, HaBmakw, SKIIO TiJIO OXOJOIKYETHCS,
BHYTPIIIHS €HEPrisi SMEHITYETHCS. AJle MU 3HAEMO, 10 3MIHUTH TEMIIEPATypy
TiJla MOXXHa BUKOHAHHSIM MEXaHI4YHOI poOOTH 1 BHACIJOK Mepeayi TerIoTH.
IlepenaBanus eHeprii Bif OJHHMX TLT JO IHIIMX BHACIIIOK TEIIOOOMIHY €
OJTHUM 3 HAUTIOITUPEHIITNX MPOIECiB Y HABKOJIUIIIHEOMY CBITi.

OpHuM i3 BHAIB TEINIOOOMiHY (Terutonepenadi) € TeIUIONPOBiTHICTb.
TermonpoBiAHICTs — IIe 3MATHICTH T mpoBoauTH Teruio. OxHi Tina qobpe
TIPOBOASTH TEIUIO, a iHIIi TOTaHo.

Bueri naBHO MOSCHWIH TEIUIONPOBIAHICTE TUT HA OCHOBI YSBIICHB PO
ATOMHO-MOJICKYJISIpHY OyZIOBY PEYOBHHH.

Jana poGoTa ckiamaeTbesi i3 BCTYINy, TPhOX PO3ALTIB, BHUCHOBKIB,
JIOHATKIB.

Y po0oTi MOSCHEHO MeXaHi3M TEIIONPOBIJHOCTI PEYOBUH Y PI3HHUX
arperaTHUX CTaHaX Ha OCHOBI aTOMHO-MOJIEKYJISIPHUX YSIBJICHB NPO OyIOBY
PCUOBHMHH 13 JOCHIZHUM OOTpyHTyBaHHSIM. OIUCAaHO JOCIIIKCHHS
TEIJIONPOBITHOCTI IPYHTIB JaHOT MICLIEBOCTI.

Kpim TOro, BUCBITJICHO HMHUTAaHHS PO KOE(DIllIEHT PEUYOBHHHU, OMUCAHO
METOIl EKCIIEPHUMEHTAILHOTO BH3HAYCHHA Koe(ilieHTa TEeIUIONpoOBiTHOCTI
IPYHTY.

Omnmcano i HaBeneHO (GakTH Mpo M00pi i MOTaHI MPOBITHUKU TeIlIa Ta
BUKOPHCTAHHS iX JIFONMHOIO; TIPO POJIb TEIUIONPOBITHOCTI B )KHUTTEMISTBHOCTI
JIFOIUHU.

Onncana iHdopmamisi, ska OTpUMaHa B TNPOLECI JOCITIHKEHHS
TETIONPOBITHOCTI MOXKE OyTH BHKOpPHCTaHa Y Pi3HUX BHIAX IISUIBHOCTI.
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SPECTRAL CHARACTERIZATION AND SOME
PROPERTIES OF PARTIALLY ALIPHATIC
POLYIMIDES

Andreea Irina Barzic, Camelia Hulubei

“Petru Poni” Institute of Macromolecular Chemistry, Grigore Ghica Voda Alley 41A,
700487, 1asi, Romania

Among the high-performance polymers, polyimides present a great im-
portance due to their superior thermal and mechanical properties, which
make them useful for advanced technologies [1,2]. In this work, novel poly-
imides were prepared using aliphatic monomers in order to reduce charge
transfer interactions and implicitly to improve solubility, optical and dielec-
tric properties [3]. The chemical structure of the obtained polymers was char-
acterized and confirmed by Fourier Transform Infrared Spectroscopy (FTIR)
and proton resonance magnetic spectroscopy ('"H-RMN). Optical properties,
namely transparency and refractive index were determined by UV-VIS spec-
troscopy and ellipsometry, respectively. The dielectric constant at optical fre-
quencies was estimated using Maxwell relationship, recommending these
materials for applications in microelectronics and biomedical fields.

Acknowledgement: One of the authors (A. I. Barzic) is grateful for the
financial support offered by the European Social Fund — ,,Cristofor I. Simi-
onescu” Postdoctoral Fellowship Programme (ID POSDRU/89/1.5/S/55216),
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For the first time the crystal structure and phosphorescence spectra of
meta-bromobenzophenone (3BrBP) have been measured [1]. Compared to
other bromo-substituted benzophenones, the crystal of 3BrBP has several im-
portant distinctions: i) eight molecules in the elementary cell (in contrast to
four in other benzophenone derivatives); ii) close and almost parallel position
of phenyl rings, which can promote triplet excimer emission

Integrated phosphorescence spectra of polycrystalline 3BrBP have been
measured over the temperature range 1.6 to 293 K. The spectra suffer crucial
changes with varying temperature. At room temperature, very weak mono-
mer emission is observed against the background of a very strong low-energy
presumably excimer emission [2]. At 1.6 K the spectrum resembles that of
benzophenone, featuring C=O stretch series with quasi-linear structures
against the phonon wing. This strong dependence of the phosphorescence
spectra is tentatively explained as being due to excitation-related changes in

the conformation of the 3BrBP molecule.

[1]. V.N. Baumer, M.A. Strzhemechny, D.1. Zloba, R.I. Zubatyuk, R.V. Romashkin,
submitted to J. Molecular Strzucture.

[2]. E.C. Lim, Acc. Chem. Res. 40, 1038 (1987).
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DIELECTRIC PROPERTIES OF LIQUID CRYSTAL E7
DOPED BY DIAMOND NANOPARTICLES

S. Tomylko, O. Kovalchuk, and O. Yaroshchuk, tomulkosv@ukr.net
Institute of Physics, NASU, prospekt Nauki 46, 03028 Kyiv, Ukraine

In recent years, composite systems based on liquid crystals (LCs) and
nanoparticles (NPs) have been intensively investigated. Such interest is
caused by a possibility of extending the range of properties of LCs and reduc-
ing the parasitic effects typical to electro-optical devices based of liquid crys-
tals. One of the most interesting classes of the fillers is formed by carbona-
ceous materials including such unique objects as carbon nanotubes (CNTs)
[1,2].

In the present work, we investigate LCs filled with nanoparticles of dia-
mond (DNPs), which is a different allotropic form of carbon. In contrast to
multiwalled CNTs with a quasi-metallic conductivity (along the tube axis),
DNPs are non-conductive. At the same time, the NPs of diamond are
characterized by huge values of dielectric permittivity: the dielectric constant
of these particles dramatically increases during the transition from macro to
nanosize (from 5.75 (macrosize) to 7%10* (d ~ 4nm)) [3]. The purpose of our
work is to clarify whether such NPs influence on average value of dielectric
permittivity of the composite. Influence of such particles on conductivity of a
liquid crystal is also investigated.

We used DNPs with an average size of 10nm obtained from Aldrich. The
particles were dispersed in nematic LC E7 (Ae>0). The E7 samples with
varyous degrees of purification were utilized. The concentration of the
particles, C,, ., was varied in the range 0-2 wt.%. The dielectric spectra of the
obtained suspensions were measured in the frequency range from 0.1 to 10¢
Hz. On the basis of these spectra were determined values of dielectric constant
¢’ and conductivity O of LC bulk. Dielectric measurements were carried out
for planar and homeotropically aligned layers of the suspensions at room
temperature and the temperature 80°C corresponding to nematic and isotropic
phase, respectively.

It is established that the distribution of DNP leads to an increase in
dielectric constant €’ as well as significant change in the conductivity G of LC
E7. To explain the growth of & with concentrations of DNPs, two possible
reasons were considered: 1) disturbance of the field director of LC in the
vicinity of nanoparticles and 2) the additive effect of dielectric properties of
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LC and NP. Growth of the &’(C, ) curves for the samples stabilized in
isotropic phase, as well as in the case of both planar and homeotropically
aligned suspensions in nematic phase indicates the dominant role of the
second mechanism. In other words, DNPs bring their dielectric properties in
the LC matrix.

The character of the G(C,,,) curves depended on the purity of LC E7:
for the samples based on pure E7 increase of conductivity with concentration
of DNPs was detected, while for the samples with increased amount of ionic
impurity the reverse trend was observed. This is due to different direction of
the process of the interphase ion exchange. In the suspensions based on pure
LC, desorption of ionic impurity from the surface of DNPs into the LC pre-
vails. In turn, in the samples based on the E7 enriched with an ionic impurity,
adsorption of this impurity from the E7 on the surface of DNPs dominates.
Consequently, adding of DNPs allowed us to extend considerably the range

of dielectric parameters of LC E7.

[1]. H. Qi, T. Hegmann, J. Mater. Chem., 18, 3288-3294. (2008)

[2]. L. Dolgov, S. Tomylko, O. Koval’chuk, N. Lebovka, and O. Yaroshchuk, Liquid
crystal dispersions of carbon nanotubes: dielectric, electro-optical and structural peculiari-
ties. In book “Carbon nanotubes”, Jose Mauricio Marulanda (Ed.), Chapter 24, p.451,
ISBN: 978-953-307-054-4, INTECH. (2010). Available from: http://sciyo.com/books/
show/title/carbon-nanotubes.

[3]. S. M. Gavrilkin, K. B. Poyarkov, B. V. Matseevich, & S. S. Batsanov, Inorganic
Materials, 45(9), 980. (2009).
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THE SPECTRAL PROPERTIES AND PHOTOSTABILITY OF
THE BIOMACROMOLECULES

V. Yu. Kudrya®, V. M. Yashchuk

Faculty of Physics, Kyiv National Taras Shevchenko University, prosp. Glushkova, 4,
Kyiv, Ukraine
*Corresponding author: kudrya@univ.kiev.ua

The ribonucleic acids, DNA and RNA, are the biomacromolecular com-
pounds that contain the genetic information used in the development and
functioning of all living organisms. The main role these compounds is the
long time storage and transfer of this information. However the nature of the
luminescent centers of the RNA and DNA are not clear completely until now.
The electronic properties of these biomacromolecules are manifested in the
optical (near biologically active ultraviolet, visual and near infrared) range
and connected with the presence of the pi-electronic groups in the nucleotide
cells in their chains. This gives the ground to apply the optics spectroscopy
methods for the RNA / DNA electronic structure investigations. These bi-
omacromolecules are of the type of macromolecules in which the pi-electron
systems are localized in separate groups and, as the result, their energy struc-
ture determined mainly by individual properties of such groups. Taking into
account the facts mentioned above the optical absorption and luminescent
spectra of the biomacromolecules give the possibility: to evaluate the posi-
tions of the singlet and triplet energy levels of the biomacromolecules and to
determine the centers of the electronic excitations localization in these com-
pounds.

The present work shows the comparative investigations results of the
spectral properties and photostability of the DNA, RNA macromolecules,
poly- and oligonucleotides. It is examined the nucleotides in the DNA and
RNA are almost independent absorbing centers. In contrast to the DNA in the
RNA the complexes like AT-complex that is responsible for the phosphores-
cence emitting are not formed. Instead of this the main triplet electronic exci-
tations traps in the RNA are adenosine bases. These bases are the most pho-
tostable against UV-irradiation than all other nucleotides in the DNA and
RNA. The later and the fact of AT-complex photostability (in the DNA) pro-
vide the existence of the DNA/RNA self-protection mechanisms against
damage caused by UV-irradiation. It was found the ribonucleotides were
worse photostable comparing with correspondent deoxyribonucleotides. So,
the results presented above show that the DNA is more photostable than the
RNA.

This work was supported in part by STCU (Project No 4570).

374



SUPPLEMENTARY

PHOTOINDUCED REFRACTIVE INDEX VARIATION IN
THE KDP SINGLE CRYSTALS WITH INCORPORATED
ANATASE NANOPARTICLES

V.O. Yatsyna!, M.A.Kopylovsky', A.I. Rostotsky', M.S. Brodyn',
ILM. Pritula®, V.Y. Gayvoronsky'*
Tnstitute of Physics NASU, pr. Nauki, 46, 03680 Kiev, Ukraine

Ynstitute for Single Crystals NASU, Lenin ave., 60, 61001 Kharkov, Ukraine
*Corresponding author: vlad@iop.kiev.ua

Potassium dihydrogen phosphate (KDP) single crystals have found vari-
ety of applications in nonlinear optics (NLO) and optoelectronics due to their
unique properties. Among them are simplicity of growing wide aperture sin-
gle crystals, high laser and thermal durability with efficient ultra-fast quadric
NLO response, possibility of the parametric amplification of the laser pulses
in comprehensive ultra-intense laser facilities.

Dioxide titanium (TiO,) nanocrystals were incorporated into KDP ma-
trix in order to control the optical and NLO properties. Pure KDP and the
KDP crystals with TiO, nanoparticles (NPs) (10 — 107 wt. %) were grown
by the temperature reduction method. The high resolution XRD analysis has
shown that the incorporation of the NPs have no essential effect on structural
perfections of the composite materials [1]. In the growth process the KDP
matrix can capture the NPs between the growth layer stacks effectively form-
ing the 1D layered macroscopic structure ...KDP:TiO,:KDP... with spatial
period 15-20 p. It gives a possibility to incorporate TiO, NPs, which NLO
response can be controlled by the resonant excitation of the surface states.
Indeed, TiO, NPs incorporated into the KDP reveal a giant cubic NLO re-
sponse at 1.064 u wavelengths [2] due to the resonance excitation of the deep
defect states at the NP interface.

Experimental samples with sizes 10x10x0.8 mm’ were cut from pyram-
idal and prismatic growth sectors normally to the optical axis of the crystal.
We have studied photoinduced variations of the absorption coefficient and of
the refractive index under CW excitation at 532 nm wavelength for the differ-
ent concentration of the TiO, NPs in the KDP matrix and different growth
sectors of the crystal. It was found that the incorporation of the TiO, NPs
changes the sign and the magnitude of refractive NLO response of the KDP
crystal. Moreover, photoinduced changes of the refractive index have differ-
ent singes in different growth sectors. The effect can be utilized for the phase-

matching conditions optical control.
[1]. LPritula, V.Gayvoronsky, M.Kolybaeva et al. Opt. Mat. 33 (2011) 623.
[2]. V.Gayvoronsky, V.Timoshenko, M.Brodyn et al. Appl. Phys. B 80 (2005) 97.
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Krzhyzhanovsky, 3, Kyiv, Ukraine
“Corresponding author: avilon@ipms.kiev.ua

The prediction of a set of cage crystal-forming clusters X Y occurrence
from wich zeolite-like crystals based on compounds AVB'Y, A"BY and A"BY!
can be constructed, has been made by quantum mechanics methods. Their
optimized configuration, electronic structure etc have been calculated using
Hartree-Fock method RHF in the 6-31G(d) basis set. Non-monotonic de-
pendence of the stability of cage crystal-forming clusters (cohesive energy
per atom and bond lengths) on the cluster geometry and the number of atoms
have been determined. IR and Raman spectra and modes of vibrations for
clusters C,,B N and Si C (n=12,24)and Zn O , Ga N_(n = 12) have been
calculated and analyzed [1,2].

Analysis of experimental IR spectrums of samples of new phase BN
(«E-phase»), demonstrated that except for bands 800, 1360 cm™!, which are
characteristic for h-BN, additional bands appear on an area 900-1300 cm™.
These bands answer by peaks in calculated IR spectrums of clusters of BN on
an area 950-1350 cm™. In experimental Raman spectra sharp lines on 940 and
1470 cm! are well correlated with calculated modes on 850 and 1360 cm™! in
spectrum of B, N . Two satellites in area on 940 cm™ can be remarked. Bands
with complex description of on an area 1000-1300 cm™' and sharp lines on an
area 200-400 cm™! answer a calculation mainly. It is found that the calculated
IR and Raman spectra of cage crystal-forming clusters BN responsible ex-
perimental IR and Raman spectra of the so-called «E-phase» BN. It is set that
the investigational samples of crystalline phase of BN consist of cage clusters
B24N24'

The Raman spectra of synthesized products of carbon (fullerite “cubic
grafite”) in frequency range 50 — 3500 cm™ were obtained' in Taras Shevchenko
National University in Kyiv. Comparison of these spectra and the known
spectra of other carbonaceous materials rotined that next to the known char-
acteristic bands there are new intensive bands in the range of frequencies
600-800 cm'. Relative location of these bands well correlated with the Ra-
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man spectrum of carbon cage claster C,,, which has in this range intensive
peaks of vibrations and among them characteristic peak at 708 cm™, related
to the fullsymmetric vibrations of cluster, expected in theory. It is set that the

investigational samples of fullerite formed from cage clusters C,.
[1]. V.V. Pokropivny and L.I. Ovsyannikova, @77, 49, 562 (2007).
[2]. L.I. Ovsyannikova, V.V. Pokropivny, V.L. Bekenev, @T7, 51, 2206 (2009).
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Theoretical modelling electron excitation spectra of organic (in particu-
lar, conjugated) molecules is probably the first area in which applied quantum
chemistry has shown its impressing capabilities. The famous n-electron Par-
izer-Parr-Pople method (PPP, developed in 1950s) and later all-valence-elec-
tron semiempirical methods had no reasonable alternatives during just a half
of century. The simplest one-electron nonempirical methods for excited
states, like configuration interaction singles (CIS) or time-dependent Hartree-
Fock (TDHF), due to its well-established defects have a little practical value.
More sophisticated and computationally demanding many-electron models,
like multiconfigurational self-consistent field (MCSCF), give much more re-
liable results but only in case of very thorough application, being in no way a
“black box” tool.

It seems that the situation changed in the last decades with the develop-
ment of density functional (DFT) methods. The time-dependent DFT tech-
nique (TDDFT) was realized in all major quantum chemistry program pack-
ages. It usually moves the available functionals out of the parameterization
scope, therefore emphasizing their flaws. No one of the general gradient ap-
proximation (GGA) type functionals is found to be successful enough for
excited states. The new functionals of meta-GGA type [1, 2], created recently,
look very promising in this area and may be recommended for practical use.
Along with functionals, the interpretative schemes are being developed (for
example, see [3]).

On the other hand, a few coupled cluster based methods were proposed
lately for a better treatment of excited states. They are also available in quan-
tum-chemical program packages (for instance, SAC-CI in GAUSSIAN’03
and EOM-CC in NWChem 5). Due to computational difficulties, applicabil-

ity of these high-quality methods is limited now to small molecules only.

[1]. Y.Zhao, D.Truhlar, J. Phys. Chem. A 110, 13126-30 (2006).

[2]. A.D.Becke, E.R.Johnson, J. Chem. Phys. 127, 124108 (2007).

[3]. A.V.Luzanov, O.A.Zhikol, Int. J. Quant. Chem. 110, 902-24 (2010);
A.V.Luzanov, O.A.Zhikol, in: Practical Aspects of Computational Chemistry I: An Over-
view of the Last Two Decades and Current Trends, eds. J.Leszczynski, M.Shukla, H. de
Rode, Springer, 2011, in press.
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The accurate measurement of spectral positions of iodine hyperfine tran-
sitions in visible region is the subject of many-years studies, but still is rather
important due to its usage in the laser metrology and precise laser spectroscopy.

Among the various techniques of precise measurement of hyperfine
splitting in molecular iodine the laser heterodyne spectroscopy is most wide-
ly used. This technique needs the two lasers locked to the separate iodine
transitions and beats are measured. This method is rather complicated and has
the some limitations onto the maximum spacing of measured spectral com-
ponents. We here propose the frequency-modulation technique having the
intrinsic, naturally build-in scale. The precision of frequency differences
measurements is near 100 kHz and potentially can be further improved. The
single-laser apparatus allows provide measurement in fuul laser tuning re-
gion (for Toptica laser DL 100 the typical mode-hop free tuning range is 30-
50 GHz and coarse tuning 30 — 100 nm).

The frequency-modulation spectroscopy for study of iodine hyperfine
transitions near 640 nm 7’1, R(25) 8-5 was applied. The frequency reference
given by the value of the modulation frequency 12, 5 MHz as frequency
marker allows to find the frequency differences between hyperfine compo-
nents. A controlable frequency tuning without mode hopping was achieved in
range about 30 GHz by means of the electronic module DigiLock with use of
a piezoelectric actuator mounted on the external laser mirror.

The counter-propagating pump and signal beams were directed into the
outer iodine cell to produce the sub_Doppler resonances of saturated absorp-
tion. The probe beam of 7 mW and the pump beam of 16 mW with beam di-
ameter of 2 mm in a 8-cm-long iodine cell were used. The iodine vapor
pressure was kept constant by keeping the cold-finger temperature within
0.001 C. Phase modulation of the laser output radiation is produced by a laser
diode injection current modulation at the frequency 12.5 MHz. The hyperfine
structure obtained with FM spectroscopy technique (resonances of saturated
absorption) of the '*'I, R(25) 8-5 line was studied.

The possible applications of this technique for study of '*I'*'I and '*’I,
iodine molecules is discussed.
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