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Professor Galyna Oleksandrivna Puchkovska

On 22nd of June, 2009, Galyna Oleksandrivna Puchkovska, one of
the outstanding Ukrainian woman scientists working in the field of solid
state physics, molecular physics and vibrational spectroscopy, an associ-
ate member of the European Academy of Sciences, Arts and Humani-
ties, Doctor of Science in Physics and Mathematics, Professor, Honored
Worker of Science and Technology of Ukraine, Head of the Photoactivity
Department of the Institute of Physics NAS of Ukraine, celebrated her
75th birthday.

She was born on June 22, 1934, in Kyiv, in a medical family. Her
father, Oleksandr Mytrofanovych Puchkovskii, a well-known Ukrainian
scientist in the field of otolaryngology, a founder of the Otolaryngology
Chair in Kyiv Medical Institute, was tragically lost in 1937. Since her
three-year-old, she was brought up with her mother, Vira Gavrylivna Boi-
ko, otolaryngologist, who during the years of the Great Patriotic War was
working as a medical officer in the evacuation hospital. After the war,
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she worked as a senior research associate in the Institute for Hygiene and
Industrial Disease in Kyiv. High standards of hard-working and devotion
to science were also set to Galyna by her older sister, Nadiya Oleksandri-
vna, the outstanding ophthalmologist, Member of the National Academy
of Sciences of Ukraine and Member of the Medical Academy of Ukraine,
who for many years headed the V.P. Filatov Institute of Eye Disease and
Tissue Therapy in Odessa.

After having graduated from 13th Young Ladies School in Kyiv in 1951
with silver medal, Galyna Puchkovska attended the Physics Department of
Taras Shevchenko Kyiv National University where she obtained her MSc
degree in molecular physics in 1956. Since 1956, she works at the Institute
of Physics of the National Academy of Sciences of Ukraine. Just after
graduating from the university, she was first appointed at the Institute of
Physics of the National Academy of Sciences of Ukraine as an engineer and
then as junior Research Associate in the Department of Infrared Detectors
headed by Anton Fedorovych Malnev. During 1960-1963 she studied as a
postgraduate student at the Institute of Physics of the National Academy
of Sciences of Ukraine, and in 1966 she obtained her Ph. D. degree. Her
Ph. D. thesis was focused on studies of the IR spectroscopic behavior of n-
paraffins in different phase states. Since 1966, she was appointed as Senior
Researcher (1966-1990), Chief Researcher in Photoactivity Department
(1990 -1993), and Head of Photoactivity Department (1993 onwards). In
1972 she and her team joined the Photoactivity department headed by
Marat Terentijovych Shpak.

In 1988 she received her D. Sci. (habilitation) degree at Taras Shevchenko
Kyiv National University for applications of vibrational spectra to eluci-
dation of structure, molecular dynamics and polymorphism in molecular
crystals. In 1993 she received her professorship, and in 2000 she was
awarded with Soros Professorship Grant.

During 1964-1974 years she also participated in the development of the
first domestic instrument for measurements of spectral parameters of IR
detectors in 0.4-300 micrometers spectral range built on the basis of an
absolutely pyroelectric detector. For this research she was honored by the
State Prize of Ukraine in 1984. For her outstanding scientific achievements,
G.O. Puchkovska was honored with four state medals.

For many years of scientific activities of Galyna Puchkovska, her creati-
ve forces were related to different aspects of solid state physics, molecular
physics, as well as vibrational spectroscopy of disordered systems.
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Since 1960, the main scientific interest of G.O. Puchkovska was focused
on systematic studies of molecular dynamics in condensed states, which
allowed to discover and study in detail the phenomenon of conformational
polymorphism in long-chain aliphatic compounds {(mono- and dicarboxylic
acids, cholesterol esters, etc.), and to understand a variety of properties
and structures of molecular systems appearing in different phases using
optical vibrational spectra.

At the beginning of 80th years of XX century, one of the important
problems in solid state physics was experimental verifications of an exci-
ton theory developed by O.S. Davydov and its application to vibrati-
onal excited states of molecular crystals. For the first time, Prof. Galyna
Puchkovska found that interactions of alkyl chains in a condensed phase
may be estimated using the spectral value of dynamic resonance (Davydov)
splitting of IR absorption bands related to rocking vibrations of alkyl chai-
ns.

Among her most outstanding scientific achievements are studies of
temperature dependence of Davydov splitting in the IR spectra of n-
paraffins and their binary mixtures, carboxylic acids, which allow to determi-
ne the temperatures of phase transitions in these systems and to discover
solid rotator phases where orientational motions of molecules are acti-
vated.

An important field of Prof. G.O. Puchkovska’s activities is IR and
Raman spectroscopic studies of the structure and lattice dynamics of
hydrogen-bonded crystals. For a family of alkali iodates and their acid
salts, homologous series of n-alkane cholesterols, n-alkylbensoate cholesterols
and their fluorinated derivatives, she has elucidated the effect of different
kinds of hydrogen bonds (formed in a condensed state between molecules,
molecules and complex molecular ions, or between ions) on the structure of
the hydrogen-bonded systems and found a correlation between a spectral
behavior and structural properties of these systems. The results of these
studies were summarized in a monograph "IR Spectra of H-bonded Crystals"
(with co authorship of L. Babkov, S. Makarenko, and T. Gavrilko) publi-
shed by "Naukova Dumka"publishing house, Kyiv, in 1989.

Among the most significant achievements of Galyna Puchkovska is also
her contribution to the studies of surface phenomena in anisotropic crystals
of alkali iodates, ZnO and BeO. For the first time, surface polariton di-
spersion curves were studied for massive crystals, thin films and cerami-
cs allowing to obtain important parameters of these materials. These
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results were additionally confirmed by Raman scattering and ellipsometry
measurements. Prof. Galyna Puchkovska is the author or co-author of well
over 250 original research papers published in most respected scientific
journals.

Her aspiration to all the new always serves as a creative incentive
for her scientific activity, and her exceptional intuition and ability to
find prospective trends in the scientific research distinguish her among
others. In recent years, she fruitfully works in the field of nanophysics and
coordinates the complex investigations of the physical phenomena, relati-
ng to the self-organization processes and organic molecule interactions in
the nanosized heterogeneous structures of the organic-inorganic type, the
photochemical and luminescent properties of nanostructures, photophysi-
cal processes in the nanosized semiconductors, and nanostructure based
systems for the information optical recording. These studies are being run
in the department headed by her.

Ukrainian scientific school in the field of vibrational spectroscopy of
nonmetallic and liquid crystals, disordered and nanostructure heterosystems
has been actually created under the direction of Prof. G.O. Puchkovska.
Galyna Puchkovska has trained 19 young Candidates of Physico-Mathematical
sciences, also stimulated the three thesises for Doctor Degree, by O.L
Barabash, ..M. Babkov and V.I. Melnyk. Her grateful pupils work successfully
in the educational and scientific research establishments in Ukraine (Lutsk,
Sumy, Zaporizhya, Kyiv), Russia, USA, and never forget the years spent
together with Galyna Oleksandrivna, the warm environment she creates,
her continual care and help. The papers, written by G.O. Puchkovska and
representatives of her school, are commonly recognized in the scientific
society and have a reasonable authority in Ukraine, as well as abroad.

G. O. Puchkovska takes an active part in the international scienti-
fic collaboration, and during almost 20 years she keeps in close scienti-
fic touch with the scientists from different countries, in particular, from
Germany, Romania, Poland. Many years she also fruitfully cooperates wi-
th the researchers from Russia (Moscow, Saint-Petersburg, Saratov Uni-
versities, the Institute of General Physics RAS), Uzbekistan (Samarkand
University), and the ones from Tartu, Riga, Vilnius, Erevan etc. G.O.
Puchkovska is an indefatigable participant of the scientific-social activi-
ties, with endless energy and enthusiasm. She is a member of Scientific
Council on solid-state physics NAS of Ukraine, Scientific Council of the
Institute of Physics NAS of Ukraine, Specialized Scientific Councils of the
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Institute of Physics and F.D. Ovcharenko Institute of Biomolecular and
Colloidal Chemistry NAS of Ukraine. For many years, she executes the
duties of members for national and foreign scientific publishing editori-
al boards and organizing committees of different international scientific
forums. In 2001, she was elected to the members of European Academy
for Sciences, Arts and Humanities (Paris, France).

Starting from 1973, G.O. Puchkovska is a permanent chief of National
(from 1989 - International) School-Seminar "Spectroscopy of Molecules
and Crystals", which is held systematically during above 35 years, due
to her persistence and organizing abilities. Till present time, 18 such
School-Seminars have been held together with the scientists from nati-
onal educational establishments, universities and institutes in different ci-
ties of Ukraine (Uzhgorod, Lutsk, Lviv, Chernivtsi, Mukacheve, Cherkasy,
Poltava, Ternopil, Kharkiv, Nizhin, Sumy, Odessa, Chernihiv, Sevastopol,
Beregove). A wide involvement of outstanding national and foreign scienti-
sts and scientific youth to this scientific meeting encourages the propagati-
on of the advanced scientific approaches and spectroscopic methods, the
establishment of international scientific relations and the growth in authori-
ty of Ukrainian science around the world.

The year of her jubilee, Galyna Oleksandrivna meets in creative research,
as always, full of new scientific ideas and goals, projects and plans, si-
ncerely shared with her pupils and colleagues, drawing them in intense
scientific activities. We wish our dear and respected Galyna Oleksandrivna
good health, creative inspiration, new touches with beautiful and always
new world; and also, to remain fond of science, art, history and culture,
to save a sincere and rich soul, not indifferent to people for many-many
years.

We love You!
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Preface

The Book contains abstracts of papers presented to 19 International
School-Seminar "Spectroscopy of Molecules and Crystals” (19ISSSMC).
The School was founded by Professor Galyna Puchkovska and is held bi-
annually starting from 1973. Topics of the School cover recent advances in
theoretical and experimental spectroscopy of: crystalline solids, nanosystems,
liquid crystals and amorphous materials, liquids, gases, polymers and bi-
ological systems, surface and thin films, intermolecular interaction. Computer
simulation, nonlinear optical phenomena, new spectroscopic methods, and
applications are considered too.

Abstracts are published in the authors’ version.

The Book of Abstracts is recommended for publications by the Academic
Council of Faculty of Physics of National Taras Shevchenko University of
Kyiv.



Contents

© 00 ~I O O W N

—
= O

THEORY

MOLECULES

CRYSTALS

LIQUID CRYSTALS
NANOBJECTS

SURFACE

BIOMOLECULES AND POLYMERS
METHODS AND APPLICATIONS
COMPUTER SIMULATION
Minor Academy of Sciences
Author index

10

22

91

133
157
220
244
295
327
343
362



1 THEORY

10



11

0-1

The Investigation of Excitons at Boze-condensation State
Applying Anti-stocks Comporent of Hyperraman Scattering
L.N.Ovander', V.A.Shadura', J.U.Zavorotnev’
1 Zhitomir State Technological University, Chernjahovsky str. 103,
Zhitomir, 1005, Ukraine, E-mail: ovan@ziet.zhitomir.ua
2A.A. Galkin Physics & Engeneering Institute of National Academy of
Science, Rosa Luxemburg str. 72, Donetsk, 83114, Ukraine, E-mail:
zavorot@dpms.fti.ac.donetsk.ua

The intensive electromagnetic radiation allows to obtain the high densin-
ties 10'7 + 10" sm ™3 of excitons. Such densinties make the collective
properties of the mentioned quariparticles more significant, namely Boze
condensation. The authors of the given article have no information about
any experimental data related to the observation of the mentioned states.
The "needle-shaped” peak in the luminescence spectrum does not prove
the presence of Boze-condensation states. The authors of the given article
intend to consider the possibility to study the mentioned states within the
limits of the polariton model which shows the propagation of electromag-
netic waves in crystal. The excitons condensation is expected to appear at
the minimum of the polariton spectrum upper branch (the point, where
the wave vector k =~ 0). It is impossible to achieve the transition from
the state k = 0 into the electromagnetic radiation outside the crystal, as
the law of wave vector preservation does not take place at such transition.
Hiper-Raman scattering allows to study the states which can not be stud-
ied by means of luminescence. The theory of scattering is presented in
monograph [1]. Four quasiparticles participate here. The primary state
is represented with three polaritons. One of them is located at the point
k = 0, two other are located at the area of transparence. The polariton
is at the transparence area in its final state. Applying the methods pre-
sented in [1], we have obtained the formula for spectrum density of the
secondary radiation in the form:

](w) = Da(wlwgwg)é(wl +wos —w -+ )Ol(wl)IOZ(WQ)f(E)

hbar
where I (w1), Ioo(we) - are the spectrum densities of two primary streams,
f(E) - is the spectrum of quasiparticles, which are considered to be in the
state of Boze-condensation, « - is the tensor of Hyper-Raman scattering,
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é - is delta - function, D - is the constant, depending on crystal sizes,
refraction index and some other characteristics of an object. Formula (1)
allows to find the function of quasipaticles of distribution around the point
k = 0 and to conclude if the mentioned quasiparticles are in the state of
Boze-condensation or not.

[1]. Zavorotnev Y.D., Ovander L.N. Non-linear optical effect in molec-
ular crystals. Nord Press Donetsk 2005.(in Russian).
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To What Extent are Thermodynamic Properties of Water
Argon-Like?
Sergey V. Lishchuk!, Nikolay P. Malomuzh®
! Materials Research Institute, Sheffield Hallam University, Howard
Street, Sheffield S1 1WB, United Kingdom,
sergey.lishchuk@googlemail.com ? Department of Theoretical Physics,
Odessa National University, Dvoryvanskaya str., Odessa, 65026, Ukraine,
mnp@normaplus.com

Surprising properties of water in its liquids states are well known.
Among them, the special attention is usually paid to the non-monotonous
temperature dependence of density, the large values of dielectric permit-
tivity and the local structure, close to that in hexagonal ice. All these
as well as other surprising properties are connected with the existence of
H-bonds in water.

However, the role of H-bonds should noticeably change with temper-
ature. Let 7 be the average lifetime for typical local configurations of
H-bonds. In the wide temperature interval, from the melting point T,
to the critical one T, , 77 has the same order of magnitude as the soft
collision time.

This conclusion about the temperature dependence of 7g is practically
self-evident if we take into account the behavior of the kinematic shear
viscosity of water. For temperatures T < T, , the latter has the same
order of magnitude as for argon.

Our analysis shows that in the wide temperature interval the main
thermodynamic properties of water are argon-like. In particular, for the
fraction volume and the evaporation heat per molecule such a similarity
takes place practically in the whole temperature interval 315 K < T <
550 K for liquid states. At T < 315 K , i.e. in the supercooled and
normal states joined to the melting point, the properties of water are
determined by clusters, the lifetime 7, of which is essentially greater than
the characteristic time 7y . At temperatures, closed to the critical point
(5650 K < T < 648 K), the properties of water are determined by both the
fluctuation effects and the dimerization ones. In this region, the lifetime
74 of dimers is also essentially greater than 7.

The similarity of the thermodynamic properties of water and argon in
the wide interval 315 K < T < 550 K is naturally explained by the effective
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intermolecular potential between water molecules, which is obtained from
the strongly anisotropic microscopic potential owing to the averaging on
the rotation degrees of freedom.

In this report we consider 1) the structure of the averaged inter-
molecular potential for water, 2) the closeness in the thermodynamic be-
havior of normal and heavy water and argon on their coexistence curves
and 3) the cause of strong difference in the positions of the melting points
for water and its nearest homologue HoS' .



15

0-3 |

Thermalization in Heavy-Ion Collisions

Stanislav Yezhov', D.Anchishkin®, A.Muskeyev'
'Taras Shevchenko Kyiv National University, 03022 Kyiv, Ukraine
2Bogolyubov Institute for Theoretical Physics, 03680 Kyiv, Ukraine

The model of isotropization and thermalization in the system formed
after collision of two N-particle systems (two nuclei) is proposed. Two-
particle collisions are taken into account. The model is based on two
ingredients: three collisions of every particle results in the full randomiza-
tion of the particle momentum and the single-particle momentum transfer
space is restricted from above. We show that these features lead to a
smearing of the nucleon momenta around initial values and as a conse-
quence this results in a partial isotropization in momentum space. In the
frame of proposed [1] Maximal Isotropization Model (MIM) we derive a
“double” single-particle distribution function which reflects that every of
two nuclei possesses its own initial condition.

LdS_N> _ lefﬂw(p) {IM(p_kO) + In(p + ko)
N &p ), za(3) 2 ()

2
The distribution function carries the memory about initial state of each
nucleus. These memory effects are washed out with increase of the num-
ber of effective collisions, or the memory effects disappear with time and
the nonequilibrium distribution function becomes a regular equilibrium
Boltzmann distribution in the momentum space.

The partition function of nonequilibrium distribution which was ob-
tained in MIM is exploited to extract physical information from experi-
mental data on the proton rapidity and transverse mass distributions. We
propose to separate all amount of nucleons into ensembles in accordance
with a number of collisions.

Dus(p) = (

AN Mimax
dT - Z C(M)DM(I)) + Ctherthherm(p) .

M=1

On the base of our model we analyze rapidity distribution and get a num-
ber of particles in every collision ensemble [2]. We argue that even a large

number of effective nucleon collisions cannot describe the central rapidity
region and the thermal source appears as a result of thermalization of the
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collective (parton) degrees of freedom. The obtained number of nucle-
ons which corresponds to the thermal contribution is treated as a nucleon
power of the created quark-gluon plasma.

References
[1]. Yezhov S.N., Anchishkin D.V.; The thermalization in heavy-ion colli-
sions, Ukr. J. Phys., 2008, V. 53, No. 1, P. 87-97 [arXiv:0802.0259]
[2]. Yezhov S., Anchishkin D., Muskeyev A., Full and partial thermaliza-
tion of nucleons in relativistic nucleus-nucleus collisions, Nuclear Physics
A 820 (2009) P. 307310 [arXiv:0902.0999 |



17

P-1|

External noise effects on relaxation process in resonant
tunneling structures
E.A. Ponezha

Bogolyubov Institute for Theoretical Physics, NASU, 03143, Kyiv,
Ukraine

In recent years, the investigation of nonlinear systems far from equilib-
rium under the influence of stochastic forces (or noises) has received great
attention. Of particular interest and importance are noise-driven phe-
nomena that occur near instability points of the deterministic (noise-free)
system. In the present work, we studied noise effects on the process of tun-
neling of electrons through a double-barrier resonant tunneling structures.
Understanding of transport properties in such structures is very impor-
tant in the sight of solid-state electronics. The process of tunneling in the
resonant case is characterized by the existence of a negative differential
conductivity and a hysteresis cycle in a current-voltage characteristic. We
studied effects of intensity fluctuations of an incident electron flow which
were described by a Gaussian white noise of a zero mean. We consid-
ered a case when the system was originally in a state of low transmission
determined by a small value of the incident intensity. If this parameter
was changed to a value close to the end point of the lower branch of the
hysteresis cycle, the system eventually relaxed to a state of high trans-
mission in the upper branch. A simplified Langevin equation was used to
describe the system near the critical point. By numerical simulation of
this equation, dependencies of a mean first passage time (MFPT) to reach
the upper state on the noise intensity and the deviation of the incident
electron flow intensity from the critical point have been obtained. Numer-
ical results satisfactory agree with analytical results obtained with the use
of the method of Ref. [1]. The change of the behavior from the case when
the average value of the incident intensity is less or bigger than the critical
one indicates the change from relaxation via activation by fluctuations to
relaxation via deterministic dynamics. It was shown that in the region
below the critical point MFPT increases with decreasing of the incident
intensity. At fixed distances MFPT decreases with increasing of noise in-
tensity. For those values of incident intensity for which the transition in
deterministic limit was impossible, adding of noise makes it possible.

[1]. P. Colet et al. Phys. Rev. A. 39, 149 (1989)
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General Dynamic Properties of Quasi-Particles Under an
External Field
Suprun A.D., Shmeleva L.V. ,Razumova M.A.
Taras Shevchenko National University of Kyiv, Faculty of Physics,
Dept. of Theoretical Physics Pr ospect Acad. Glushkova 2, Kyiv 03022,
Ukraine; e-mail:lshmel@univ.kiev.ua

The features of dynamic properties of free quasiparticles as represented
by Frenkel excitons were analyzed in paper [1]. The Frenkel excitons are
electrically neutral. Therefore a field of elastic stresses which are caused
by crystal deformation or by lattice defects can serve as an example of
external field for them. In case of electron injected into a semiconductor,
which is considered in this work, the influence of external electric field is
analyzed.

The analysis of dynamic properties of quasiparticles under an external
electric field of general spatial configuration was done. To separate a con-
tribution of an external field to dynamics of the quasiparticle from other
physical influences, the most simplified model of the crystal was used:
nearest neighbor approximation, the cubic crystal lattice approximation
and continuous approximation of the second order. Also, this analysis
was performed under approximation of homogeneous external field and
generalized approximation of amplitude-modulated plane wave. The gen-
erality of approximation manifests itself in the fact that the wave vector
and energy phase component of wave function depend on time. As in the
case of absence of an external field [1] (uniform dynamics), in the case of
non-uniformity it is also possible to provide different descriptions of quasi-
particle dynamics (the quantum-mechanical (base) description and the de-
scription of classical type) that are in mutual agreement. The relations
obtained allow us to define basic dynamic characteristics of quasiparticle
identically to the case of no external field (in particular, speed vector and
the dynamical mass tensor are kept identical).

References
[1]. Suprun A. D., Razumova M. A. Origin of dynamics duality phe-
nomenon for exciton type quasiparticles. Visnyk Kyivskogo Universytetu
(Bulletin of the University of Kiev). Series: Physics & Mathematics, 2006.
issue 3, p.p. 554-565.
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Structure of Fluids in Pores of Various Shape
Alexei N. Vasilev'?, Pavlo I. Gordijchuk!, Oleksij V. Kulish'
! Taras Shevchenko Kiev University, Physics Faculty, Department of
Theoretical Physics, 64 Vladimirskaja str., Kiev, 01601
2 National Technical University of Ukraine ”KPI”, Kiev 03056, 16/2
Jangelja str., Faculty of Medical Engineering, Department of Biomedical
Engineering

It is known that in pores external field can cause significant rearrange-
ment of density (particles) in the system. Namely, for pores of small
size filled with fluids (i.e. finite-size liquid systems) wall potential as well
as gravitational field affects essentially distribution of fluid. Such non-
uniform distribution can be measured by experiments on neutron refrac-
tion. Peculiarities of density fluctuations correlation at critical state are
studied by light scattering as usual. Those experiments give interesting
information about critical state of the system at critical region.

In our work we consider problem of fluid distribution in pores of dif-
ferent shape from theoretical point of view. We find profiles of density
distribution in systems of several geometries and analyze results for some
special cases (i.e. for particular types of wall potential and for the case
of gravitational field). Here we use methods that were developed previ-
ously for simple one-component systems and several particular types of
wall potential and multi-component systems under influence of external
field of general type. We complete our theoretical results with numerical
calculations and compare results with experimental data and other results
are exist.
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On Nature of Broadband Background in Spectra of Raman
Scattering of Light
Erkin N.Shermatov, Zafar Bobonazarov, Ozod Abdullaev
Faculty of Physics, Samarkand State University, 15, University blvd.,
Samarkand, 703004, Uzbekistan (E-mail: erk-shermatov@yandex.ru)

In spectra of spontaneous Raman scattering of light (RS) of liquids and
polycrystalline objects side by side with narrow lines of intramolecular vi-
brations a broadband background is observed. The broadband background
is stretched up to 5000 cm ™' in the Stokes region and sharply decreased
in anti-Stokes one. Experimental dependencies of formation of this back-
ground were studied in many works, however, the nature of appearance
this background is still uncertain.

In the present work we propose a mechanism of formation of the broad-
band background in spectra of Raman scattering. As a result of self-
organization and self-compression in atomic-molecular systems there is
a process of formation of collectivized electrons or electronic subsystem.
Formation of collectivized electrons should not be considered as a process
of formation of quasi-free or Brownian electrons. As a result of oscillating
influence of the physical vacuum and surrounding particles there occurs an
additional volume polarization of valency electrons or induction of beats
of frequency of vibrations (spins). This process leads to formation of os-
cillating WFR of electrons, and the phase correlation between WER of
electrons leads to formation of self-coordinated field of electrons [2]. We
present a broadband background in Raman spectrum of D tirozyne at
=300 at different power of exciting radiation. One can see that the rise of
power of exciting radiation is accompanied by rise of intensity in the max-
imum of the scattering spectrum. Such dependence can be explained by
self-organizing influence of the exciting radiation on the energy structure
of the self-coordinated field of substances electrons. There is the addi-
tional polarization of electrons, and this process leads to rise of intensity
of the broadband background.

The broadband background in spectra of Raman scattering should be
considered to be a manifestation of the self-coordinated field of electrons
on main electronic energy level. Energy transition to excited electronic
level with absorption of excitation energy leads to formation of electronic
absorption spectrum, and the energy transition to the main electronic
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energy level leads, in the process of formation of electronic liquid, to lu-
minescence phenomena.

References
[1]. Moisenko V.N., Gorelik V.S., Shvets T.V., Abusal B., Optics and
spectroscopy, 1999, v.. 86, 1, pp. 77-89.

[2]. Erkin N. Shermatov. Superconductivity and memory of Man. Saint-
Petersburg, Polytechnic university press, 2006. -172 p.
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Intermolecular Hydrogen Bond in Solutions of Quinoline.

Spectroscopic Studies
F.H.Tukhvatullin, A.Jumabaev, H Hushvaktov, A.Absanov,
A .Shaymanov, A.Usarov, G.Sharifov
Samarkand State University, 15, University blvd., 140104, Samarkand,
Uzbekistan. E-mail: ahmad@samdu.uz

The half-width of bands 1414 em~" and 1033 cm~' of Raman scatter-
ing spectrum of quinoline at the dilution of it in neutral solvents (benzene,
CCly) markedly narrowed (in 1,3-1,5 times) at high dilution. The effect is
associated with increased time of vibrational relaxation.

In solutions with isopropyl alcohol band 1033.8 becomes of doublet
character, with a reduction of quinoline in a mixture of high-frequency
component increases in intensity and in these concentrations the doublet
character of the band is clearly detected. Resolution of bands becomes
better in the dilution of the binary solution of quinoline-alcohol in a large
number of neutral solvent (benzene). Wave number of bands in the triple
mixture of 1033 em~' and 1039 cm~'. Doublet nature of the band in
the binary and triple mixtures is associated with the presence in a liquid
mixture of monomer molecules and aggregates of quinoline-isopropyl al-
cohol (high-frequency line). Quantum-chemical calculations showed that
between molecules of quinoline and alcohol molecules can form hydro-
gen bonds. For example, between the hydrogen atom of OH group of
ethanol and the nitrogen atom of quinoline molecules is formed H-bond
with length 1,938 and the energy profit 23.1 kJ/mol. Apparently, in-
termolecular hydrogen bond to form between the molecules of isopropyl
alcohol and quinoline. Formation of aggregates is seen in the band 820
em ™~ isopropyl alcohol in a solution with quinoline - band width with
decreasing content of alcohol goes through a maximum, which accounts
for 0.1 m.f. of alcohol content. A similar picture is for the band 667
em ™' of chloroform in a mixture with quinoline. In both cases, the ob-
served picture is associated with the complexity of the bands of alcohol
820 em ! or chloroform 667 ecm™—!. The above method of the triple mix-
ture allowed to improve the resolution of the complexity of the band 667
em~! of chloroform.
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Spectroscopic Studies of Formation of Intermolecular
Hydrogen Bonding in Alcohol Solutions of Pyridine
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Quantum-chemical calculations and experimental data on Raman spec-
tra show that the possible aggregation of dimer molecules of pyridine in
pure liquids, at this the molecules form two hydrogen bonds with each
other. The bonds are formed between two molecules with participation
of neighboring nitrogen and hydrogen atoms of one molecule with similar
atoms of other molecule. The length of hydrogen bond is 2,570 . Note that
the distance between the nitrogen atom and the nearest hydrogen atoms
in the monomer molecule is 25% less than the length of intermolecular
hydrogen bond. Intermolecular H-bond is weak and it corresponds, ac-
cording to calculations, the energy of 7.37 kJ/mol. In the Raman spectra
992 em ™! band of pyridine, with a strong dilution in heptane is narrowed
in about two times, partly due to, in our opinion, the destruction of dimers
of pyridine. Narrowing of the 992 cm~! band may also be associated with
increased time of vibrational relaxation, which usually occurs in the dilu-
tion of a substance in a solvent of low density. The difference in frequencies
of monomers and dimers of pyridine, according to calculations, is small -
0.6 cm— 1.

In pyridine solution with isopropyl alcohol in the Raman spectra along
with a band of monomers pyridine 992 cm ™' we observed in the high-
frequency part two other bands with the wave number of 998 em ™! and
1001 em ', which are associated with the presence in a mixture of pyridine
aggregates of various types.

Calculations showed that in mixtures of pyridine with methyl alcohol
it is possible through hydrogen bonding formation of dimers - pyridine,
methyl alcohol and trimer pyridine with two molecules of alcohol with the
energy profit, respectively, 23.1 kJ/mol and 59.78 kJ/mol. In the trimer
aggregate is involved in hydrogen bonding a hydrogen atom nearest to
the nitrogen atom of pyridine molecule. Formation of these aggregates is
possible also in pyridine - isopropyl alcohol solutions. With the use of the
triple mixture - dilution of the binary mixture of pyridine-isopropyl alco-
hol a large amount of heptane - we were able to improve the resolution of
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the bands 992 cm™!, 998.5 cm ™! and 1001 cm ™! (respectively, monomers,
simple and complex aggregates) and to determine from anisotropic com-
ponents of the bands the relaxation times of the orientation of aggregate
formations, which were equal to 4.1, 11.0 and 21.0 ps.
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The picolinic acid N-oxide (PANO) can be attributed to the series of
systems with strong intramolecular H-bonds. However, it can be suspected
that in super-polar media (e.g. formamide, ¢ = 109.6!) the intramolecular
H-bond system may convert into intermolecular neutral H-bond complex
of PANO with formamide molecule.

NMR experiments were carried out on a BRUKER AVANCE!! /400
NMR spectrometer (details are given in [1]). 'H and '*C chemical shifts
of PANO were confirmed by the analysis of 2D homo- and hetero-nuclear
NMR experiments (‘H'H COSY, 'H'*C HSQC and 'H'*C HMBC).

Our computations of H-bonded structures of PANO and PANO/formanide
were based on density functional theory (DFT). Molecular geometries in
vacuo and solutions were derived from the PBE1PBE geometry optimiza-
tion in combination with the 6-3114++G** basis set. The same level of
theory was also utilized to calculate magnetic shielding tensors within
gauge-including atomic orbital approach. We have used the polarizable
continuum model (PCM) to account for solvent effects. Because for-
mamide is not a built-in solvent within PCM in the Gaussian 03 program,
we have provided the value of dielectric constant of formamide at room
temperature in the liquid-phase calculation explicitly.

The obtained NMR and DFT data indicate that formamide being ex-
tremely polar solvent (maybe the most polar found among liquids) indeed
can act on certain H-bond systems as their destroyer. It can even affect
the systems with such a strong H-bond, as PANO molecule. The bridge
proton can be removed from its primary motion path and placed to a
newly appeared one due to the short-range order structures build with
one or several solvent molecules.

References
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Influence of Fluorescent Probe Hydrophobicity on Cell-Probe
Binding in Cell Tracing Applications
Svetlana Yefimova, Gleb Guralchuk, Anna Lebed, Alexander Sorokin,
Yuriy Malyukin
Institute for Scintillation Materials NAS of Ukraine, 60 Lenin ave.,
61001, Kharkov, Ukraine e-mail: ephimovaQisc.kharkov.com

Fluorescent cyanine dyes are widely used as markers and sensors in bio-
logical systems. They can be introduced in bio-systems either by covalent-
labeling or by adsorption. Due to the different strength of electrostatic,
hydrophobic and van der Waals forces between the dye and the target, the
adsorption interaction can be very specific. According to their adsorption
state, the fluorescence and absorption behavior of the dye molecules can
change remarkably upon adsorption.

In the present study we try to found out the role of such a parameter
as dye hydrophobicity on the efficiency of it binding with cell membranes.
For this purpose, a series of cationic dialkyloxacarbocyanine perchlorate
(DiOC,,) dyes has been used. As a model system of cell membrane we use
micelles of anionic sodium dodecylsulpate (SDS) surfactant. Based on the
study of changes in DiOC,, dyes absorption depending on the surfactant
SDS concentration, the efficiency of the dye surfactant micelle interaction
has been analyzed. The increase of the SDS concentration leads to the
increase in the absorption of all dyes and shift of the absorption maxima
toward long wavelengths that is evidence of the dyes incorporation into
SDS micelles. Using Benesi-Hildebrand equation, the binding constants
(Kp) of the dyes to the surfactant micelles, the fraction of the dyes bound
to the micelles (f,,;.) and the standard free energy change (AGY) of the
dye transfer from water phase to micellar phase have been calculated.
It has been shown that the interaction of oppositely charged dyes and
surfactant micelles is controlled by both electrostatic and hydrophobic
interactions. The increase of the dye hydrophobicity by lengthening alkyl
chains increases the tendency to associate, the Ky, fni. and AG values
increase with increasing dye alkyl chain length. For DiOC, dye with the
shortest alkyl chains the electrostatic attraction between the dye and a
micelle is found to be not enough for effective binding. In this case only
50% of the dye molecules are incorporated into SDS micelles. However,
a small increase in the dye alkyl chain length causes an abrupt nonlinear
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increase of the f,,;. value that points to the fact that the hydrophobic
interactions plays a major role in the dye to micelle incorporation.
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Fermi Resonance of New Type
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The lecture is devoted to manifestation and study experimentally and
theoretically of Fermi resonance of new type: the resonance between a
local vibration and the two-phonon spectrum in layered crystals (H-Pbl2)
with transition metals. The plan lecture is the following:

INTRODUCTION. Fermi resonance and particular interest to investi-
gation of layered crystals with ferro-group transition ions.

Exciton reflection spectra.
Influence of temperature on energy position and half-width of exciton
absorption band (n=1).
Electron magnetic resonance studies.
Manifestation of Fermi resonance of new type by Raman spectroscopy
method.
Theory and simulation.
Fermi resonance between impurity and two-phonon states.
CONCLUSIONS.
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Spectroscopic and Thermodynamic Parameters of Liquid
n-alcohols
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Primary monohydric alcohols are the polar solvents associated by H-
bond. They have naturally changing physical and chemical properties.
These properties affect their spectroscopic and thermodynamic parame-
ters. In the present work these characteristics of liquid n-alcohols from
methanol up to octanol at 5 - 55° (over 10 ) are analyzed.

Far IR-spectra maxima (Vma.) (accordingly to [1]) using structure-
related parameters (compressibility, density) are calculated. Shift viscos-
ity and v, experimental data, relaxation times of transmitting oscilla-
tory conditions (7g) and a structural relaxation (7p), self-diffusion factors
(D) this n-alcohols according to works [2-5] are calculated and analyzed
using the values we define. Calculated at 5 55 © values of vinee, T8, ™D
and D is in accordance with available experimental data.

Association constants and part of monomers in structure of n-alcohols
are estimated over the same temperature range on the basis of model
proposed in [6]. H-bond, dispersive, dipole and inductive contributions
in total energy of intermolecular interactions (I1A) have been determined
for the alcohols mentioned above. Change of a part of each contribution
with temperature growth and hydrocarbon radical rise has been shown
quantitatively, also as their influence on structure of liquid n-alkanols.
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Properties of organic molecules significantly changes during transition
of them from gas phase to solution. Intermolecular interactions between
solute and solvent are the reason of these changes. They influence on
conformation equilibrium, on organic reactivity and others properties.
IR-stectra parameters are especially sensitive to manifestation of inter-
molecular interactions. This gives opportunity to use IR-spectroscopy as
the basic method for studying them. Nowadays different approaches are
used for estimation of solvent effects influence on IR-spectrums. They
can be divided on methods based on physical models and methods using
empirical scales of solvents.

In present work we have studied influence of media on IR-spectrums
of different molecules and its complexes in single and binary solvents.
The most widely spread models of solvent effects assessment on IR-stectra
(gutman scale (an), hildebrand scale of density of cohesion energies,
allerhand-schleyer scale (g) and multi-parameter equation of kamlet-abboud-
taft) were used. It was shown that they are not universal. Some of them
have good capacity of quantitative description of observed solvent effect on
frequencies; others possess opportunity adequately to mIRror the mecha-
nism of solvent involvement in studied process. In general all studied mod-
els cant account contribution of cooperative hydrogen bonding in solute-
solvent interaction. Cooperativity is the important property of all types
of intermolecular interactions in condensed media.

New model for analysis of solvent effects on IR-spectrums was applied.
This model is based on thermodynamics of solvation of alkanes in or-
ganic non-electrolytes. According to this model experimentally measured
stretching vibration frequency shifts (relative to a gas phase) of molecule
x-h in solution is presented as the sum of contribution of van der waals in-
teractions, hydrogen bonds formation and cooperative effects. Assessment
of van der waals interactions values is carried out using the new solvent
parameter Sy, proposed in our work.
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Solvent effects on stretching vibration bands of C=0, S=0 AND P=0
groups of free molecules in aprotic solvents were studied. Applicabil-
ity of different models to describe frequency shifts was analyzed. It was
shown that sensitivity to media of studied objects depends on structure of
molecules and polarizability of characteristic group. Frequency shifts due
to van der waals interactions in some cases were more than 30 cm—!.

Stretching vibration frequencies of h-bonded complexes in different
aprotic and proton donor solvents were measured. Analysis of value and
mechanism of solvent influence were carried out. The methods of
an assessment of cooperative influence of proton donor and proton accep-
tor solvents on strength of hydrogen bonds in complexes of alcohols,
polyhydroxyphenols, amides with different molecules was proposed based
on IR-spectroscopic data solvent effects on stretching vibration frequencies
of different molecules acetone, butanone, octanone-2, dimethylsulphoxide
and ethanol in binary mixture acetonitrile-tetrachloromethane were stud-
ied. It was shown that there is no linear correlation between frequency
shifts of studied groups at different composition of components and sol-
vent parameters due to preferential solvation. Consequently, the solvation
shell around the standard solutes which were used for determination of sol-
vent scales is changed than we dissolve other molecules. Deviation from
additivity is increased with increasing of molecules polarity. The same
situation was observed for solutions of one solute in different binary sol-
vents. Some regularity between compositions of mixtures and value of
solvent effects were determined.

The work was supported by grants MK-1462.2008.3, BRHE NO Y5-
C-07-12 and RFBR 09-03-00751-A.
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The processes of the molecular cluster formation of monohydric alco-
hols (from methanol to hexanol) were investigated by FTIR using the ma-
trix isolation technique in Ar matrices. The transformation of FTIR bands
of free hydroxyl groups (3600-3800 cm™!) into diffuse bands (3000-3600
em 1), which were assigned to the stretching vibrations of the H-bonded
O-H groups in various clusters, was monitored in its initial stage soften-
ing the matrices by heating from 20 K to 50 K. The band shape analysis
was carried out for all investigated systems. The FTIR bands of alco-
hol molecules trapped and solidified in the matrices without annealing
were found very close to be Gaussian-shaped. The magnitude of inhomo-
geneous broadening due to the matrix effect was evaluated. The values
of hydrogen bond dissociation time of alcohols trapped in matrices were
evaluated from the bandwidths of dimers, trimers and higher aggregates
after broadening factor was taken into account. These data correlate with
those directly measured in ultra fast infrared experiments of alcohols in
solutions.



34

0-91]

Luminescence Properties of Dyes in a Strongly Scattering
Medium
O.A. Prygodiuk, Vasil P.Yashchuk

Kyiv Taras Shevchenko National University, physics department

Being inherent in dyes the significant overlapping of luminescence and
absorption spectra causes reabsorption of luminescence radiation. It re-
sults in significant dependence (long-wave shift and spectrum contour
change) of luminescence spectra (LS) on the parameters influencing the
absorption efficiency: the sample thickness and the dye concentration. In
the strongly scattering medium these parameters are supplemented with
scattering efficiency. The efficiency increases luminescence path length in
the sample influencing in such a way the reabsorption. Multiple scatter-
ing also influences the excitation redistribution in a sample. Thus one can
expect the significant dependence of the LS and excitation spectra (ES)
on the scattering centers concentration and the center refractive index.

The mentioned influences can be substantially described theoretically
by successive considering of reabsorption and reluminescence in each sam-
ple point. But this method of the problem solution is laborious that results
in formulas complicity and being difficult for analyses. On the general con-
clusion basis we obtained the simple expressions determining luminescence
radiation dependence on excitation and luminescence wavelength, scatter-
ing and absorption coefficients, sample thickness. The main feature of the
expressions is obvious including of all main actual mechanisms that allow
us to analyze their influences: the influence of absorption and multiple
scattering on the excitation redistribution in the sample, and absorption,
multiple scattering and reabsorption influence on the LS. The multiple
scattering influence was introduced via photon path length dependence
on the scattering centers concentration been calculated by Monte-Carlo
method.

It were experimentally investigated the dependences of LS and ES of
rhodamine 6G in solid polymer suspension of scattering particles (silica,
BN) on the particles concentration and the sample thickness. The LS and
ES concentration-dependencies were shown to be observed under essen-
tially different particle concentration and sample optical thickness (Djjl
and D;1 correspondingly). The obtained experimental and calculated re-
sults are in good agreement.
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As the LS determine the gain contour of a dye, the similar spectral
dependences have to be observed for random lasing as well. It agrees
with experimental results too. Thus the obtained results can be useful for
random lasing spectra calculation and for strongly scattering medium (as
abrasive tools) diagnosing.
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Anharmonism Effect on Chemical Bond Deviation of the
Deformed Methane Molecule
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The force matrix for free methane molecule has been computed without
using tentative assumptions about force field pattern. The calculations
have been carried out by the relatively new method of 3N-matrices [I]
using experimental frequencies of normal vibrations of CHy, CDy4 and
CT,4 molecules.

The deviation scope of valence-force field from real molecule force field
has been ascertained the “addition” of central force field amount near 11%.
The effect of anharmonicity has been taken into account using two stages:
calculating zero frequencies of normal vibrations using four independent
parameters of anharmonism for each vibration and constructing model
potentials for all eigenmodes according to their forms.

The deviation of chemical bond C-H (the term “deviation” was pro-
posed in [2] for chemical bond “bending” effect) for deformed molecule has
been calculated using both harmonic and anharmonic approximations.
The chemical C-H bound deviation by certain preliminary molecule de-
formation is the one of the manifestations of central-force field “addition”
to the valence-force field. The C-H bond deviation can be explained by
changing the equilibrium position of hydrogen atom.
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Problems of intermolecular interaction and manifestation of this inter-
action in the spectra of molecules is not only scientific but also practical
significance. Of particular interest are studies of molecular spectra of
hydrocarbons, particularly methane. Problems of the spectroscopic deter-
mination of methane in the atmosphere (damp) or in the atmosphere of
other planets is still important. Spectroscopic methods are expected to
play an important role.

In this report we present the results of the study of spectra of vy band
of isotropic Raman scattering (IRS) of methane and in mixtures with Ar
and Kr in the gas phase in the temperature range 140 = 380 K and den-
sities up to 380 Amagat. In all cases v; band of CH, in the gas phase
at densities up to 10 Amagat not alter its half-width, and then with the
increase in density increases almost linearly with the density of the gas.
According to the linear dependence of the half-band of v band on density
we determined the factors of the density broadening K.

For the studied systems running the following ratio.

K(CHy+ CH, =~ K(CH{Kr) > K(CH, + Ar) > K(CH, + He)

The change in temperature leads to a qualitatively similar change in the
coefficient of broadening for all the studied systems: the increase in tem-
perature from 140 K the broadening coefficient initially decreases, reaching
a minimum in some temperature T,,;,, depending on the buffer gas, and
then begins to rise. Nonmonotonic dependence of the coefficient of broad-
ening on the temperature was predicted in the model ML Strekalova and
Al Burstein [1], which showed that the cause of this behavior can be influ-
enced in the collisional processes of attraction, the relative role of which
is dependent on temperature. Calculated by the model ML Strekalova
and Al Burshtein correlation of the broadening coefficient of vy band of
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gaseous pure methane on the density and temperature were compared with
the experiment. The shape of both curves are similar, but the calculation
predicts a weaker dependence than is observed in the experiment. Model
ML Strekalova and Al Burshtein only qualitatively explains the shape of
curves, there is no quantitative agreement.
. mechanism of intermolecular interactions in molecular spectrometry is
still largely open.
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We studied the shape of IR absorption band (¥4, = 673 cm™!) of
gaseous and liquid benzene in dependence on thickness of absorbing layer.
The band of IR absorption vpme. = 673 cn! is related to non-plane vi-
bration of the benzene ring. In gaseous state the contour of IR absorption
band of benzene represents lateral P and R branches and the central Q
branch. Distance between maximums of intensity of P- and R-branch is
Avpr ~ 26em™! in the process of transition to liquid state there is a
significant deformation of the bands contour. Normal spectrum of IR ab-
sorption in liquid benzene can be obtained when the thickness of benzene
layer is 3-4 1 m the bands contour consists of intensive central dispersion
contour and lateral high-frequency contour.

We studied the dependence between the absorption bands contour and
the thickness of benzene layer. With rising thickness we observe, firstly,
a deformation of the contour in its maximum, and when the thickness is
higher than 15-20 p m we observed a disappearance of the central disper-
sion part. The band’s contour of liquid benzene becomes similar to that
in the gaseous state without the central Q branch. Distance between the
maxinums of P and R branches is about Avpp &~ 24em™?, ie. like if it
would be in gaseous state.

The obtained results can be explained in terms of field-substance inter-
action [1]. As a result of oscillating influence of molecules on each other
and the physical vacuum, an oscillating wave-function of response (WFR)
is induced on each molecule. As a result of phase correlation between
WER of molecules a self-coordinating field of molecules is formed. Energy
structure of WFR of molecules is identical to the energy structure of the
self-coordinated field of matter. That is why the WFR of molecules is an
order parameter for molecular systems. Observable P and R branches in
the gaseous state should be referred to manifestation of oscillating WFR
of molecules. Due to difference in spatial dimension and frequency of oscil-
lations we observed the difference between the frequencies and intensities
of lateral P and R branches. As a result of break of phase correlation in
the self-coordinated field of molecules the Brownian particles are formed.
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Dynamics of mass-center and orientation of the particles are of chaotic
character. The Brownian molecules lead to formation of the central Q
branch in vibrational spectra. In the process of transition from gaseous
state to liquid one there occurs a mutual compensation of dipole moments
of WFR of molecules, as a result of which there occurs a significant de-
crease in intensity of lateral P and R branches. The Brownian molecules,
as in case of gaseous state, form the central Q branch.

With rising thickness of layer there occurs a process of restoration of the
phase correlation of WFR. of molecules in the self-coordinated field of lig-
uid. As a final result, realization of total phase correlation between WFR
of molecules leads to disappearance of the central Q branch. Approximate
coincidence of PR in gaseous and liquid states testifies on insignificant
change of the frequency of FWR. of molecules in the process of transition
of matter from one aggregate state to other.
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Nowadays considerable attention has been focused on the investigation
of stimulated emission in random strongly scattering medium (RSSM) re-
sulting in random lasing (RL). But the other possible stimulated process -
stimulated Raman scattering (SRS) - has not been investigated in RSSM
so far. Due to multiple light scattering the both emission processes are de-
veloped along broken trajectories and reveal itself as undirected emission.
But the corresponding emission spectra are quite different. RL spectrum
is usually continuous under diffusive conditions of light propagation L ~ [
(L - characteristic medium size; [ - light wavelength and photon mean free
path) because the scattered wave interference is destroyed in this case.
Linear view of the RL spectrum is possible only under a unique condition
of the weak photon localization (I ~ A) being usually difficult to achieve.
But SRS is characterized with linear spectrum.

We showed experimentally that SRS can be obtained when it accom-
panied with stimulated emission in RSSM. This effect for dye molecules
was obtained in two type of RSSM: concentrated suspensions of silica in
polyvinylacetate and vesicular polymeric films. Pumping was performed
by the second harmonic of either YAG Nd®*t or wavelength tuneable phos-
phate glass Nd°t laser. SRS and stimulated emission jointly form in
RSSM united non-linear process. In this case the quasilinear spectrum
of RL under diffusive regime of light propagation in dyed RSSM was
experimentally revealed. Initially the observed emission spectrum was
continuous. Under pump intensity increasing it narrows down rapidly to
saturation value ~3-8 nm (depending on the dye and spectral region) cor-
responding to the RL rise. Further pump increasing caused reformation
of narrow lasing spectrum into quasi-line spectrum with not-equidistant
lines. The lines spectral position in observed quasi-line spectra is strongly
reproducible and depends on excitation wavelength. For rhodamine 6g
dyed RSSM the line frequency shifts relatively to the pump frequency
as well as the lines intensity are in good agreement with corresponding
parameters of the inverted Raman scattering [1] and SERRS (surface-
enhanced resonant Raman scattering) [2] lines for this dye. On this basis
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we can assert that the lines in RL spectrum arise from Raman scattering
on dye molecules.

The lines formation in the RL spectra is quasi-threshold process and it
adheres to certain rules. The lines arise within RL spectral region only [3];
their intensities (against the smooth background) are linearly dependent
on emission intensity of RL at the same wavelength and pump inten-
sity. It testifies the lines formation is conditioned by both these processes.
The quasi-threshold behavior of line formation testifies about stimulated
mechanism of dye Raman scattering in RSSM. Unlike the "classic” SRS
observed for one or several high-Q Raman lines only the RL spectra reveal
almost all active Raman lines. It testifies about specific conditions real-
ized in RSSM which impede transition from enhanced Raman to ”classic”
SRS and thereby destroyed competition between different Raman lines.

Having the interrelated intensities the Raman scattering together with
RL form a united non-linear process in the RSSM and influence each other.
These processes can be described by means of system of the equations
in Stokes and simulated emission intensities at Raman frequencies and
molecules state population as well.
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Anomalous nucleoside 6-azacytidine (6-azaC) is known as an antimetabo-
lite with wide spectrum of therapeutic activities. Raman study of 6-azaC
dissolved both in H,O and D,O revealed that some Raman peaks of 6-
azaC dissolved in 5O have manifested abnormal high frequency shifts
with respect to their position in water solution while the other have been
shifted normally to low frequencies. Similar results were obtained for
canonical nucleoside cytidine and its related nucleobase cytosine [1,2]. Re-
cently there was reported so called blue shift in Raman spectra of methanol
in water solutions due to improper hydrogen bonding involving the methyl
group of methanol with solvent [3]. To discriminate effect of deuterated
solvent and deuteration effect of the nucleoside molecule itself we have
made recrystallization of 6-azaC and cytidine from their H,O and DO
solutions. Raman spectra of 6-azaC microcrystals recrystallized from HoO
solution proved to be the same as spectra of the initial 6-azaC microcrys-
talline sample. But in spectra of 6-azaC microcrystals recrystallized from
D»0 solution in addition to the initial peak at 760 cm ™' appeared new
peak at 750 cm ™! and in addition to the initial peak at 1290 cm ™' ap-
peared new peak at 1301 cm~!. It confirms noticeable deuteration effect of
the nucleoside molecules itself in D5 O solution and existence of abnormal
Raman isotopic shift in 6-azaC crystal too. Similar results were obtained
for recrystallized cytidine. To the best of our knowledge this is the first
observation of abnormal Raman frequency shifts of intramolecular modes
under deuteration unlike to reported in [3]. To elucidate principal possibil-
ity of such abnormal shifts Raman spectra of the above three compounds
and their water solutions were calculated using PCM model, Gaussian 03
package, B3LYP hybrid density functional in 6-314+G (d,p) basis set. For
6-azacytidine and cytidine were obtained both normal and abnormal fre-
quency shifts close to the experimentally observed (except abnormal shift
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in spectrum of cytosine. We assume that abnormal shift occurs due to
deuteration of intramolecular H-bonds. To test such possibility we calcu-
lated Raman spectra of benzophenone and fully deuterated benzophenone
that has no H-bonds and of 2,27-dihydroxybenzophenone that contains
two adjacent OH groups. No abnormal shift occurs for benzophenone in
view of excellent agreement of calculated and experimentally measured
Raman spectra. On the contrary after replacement of OH with OD in
the 2,27-dihydroxybenzo phenone molecule calculations predict abnormal
shift of initial 1060-cm~" peak for 5.4 cm ™' to higher frequencies. .
References
[1]. O.Slobodyanyuk, I.Alexeeva, S.Buth, S.Garasevych, D.Hovorun,
L.Palchykovska, M.Yakhnenko Raman Study of Biologically Active Aza-
pyrimidine Nucleosides X VIII International School-Seminar Spectroscopy
of Molecules and Crystals p. 207.
[2] O. Slobodyanyuk, S. Garasevych, M. lakhnenko - International Con-
ference Kombinatsionnoe Rasseyanie 80 Let Issledovaniy Moscow 2008,
pp. 48-49.
[3] C. Dale Keefe*, Elizabeth A. L. Gillis and Lisa MacDonald //Improper
Hydrogen-Bonding CH-Y Interactions in Binary Methanol Systems As
Studied by FTIR and Raman Spectroscopy// Journal: J. Phys. Chem.
A, 2009, 113 (11), pp 25442550.
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Phenanthtrene and Fullerene-60 in Oxygen Containing and
N-Alkane Solvents
LA Ar’ev', N.ILebovka', V.M.Ogenko?

! Nat. Acad. Sci. of Ukraine, Ukraine, F.D.Ovcharenko Institute of
Biocolloidal Chemistry Kyiv, bulv. akad. Vernadskogo, 42, e-mail:
arev.igor@gmail.com, lebovka@gmail.com
2 Nat. Acad. Sci. of Ukraine, Ukraine, V.I. Vernadskii Institute of
General and Inorganic Chemistry, Kyiv, prosp. akad. Palladina, 32-34,
e-mail: ogenko@ionc.kar.net

Solvent-induced shifts of bands in S1 < S0 and high-energy transitions
of benzene, naphthalene, phenanthrene and fullerene-60 in oxygen contain-
ing (heavy water, light water and the first alcohols) and n-alkane solvents
are compared. It was shown that ratios of shifts of bands belonging to
high-energy transition to corresponding shifts at S1 < S0 transitions in
in oxygen containing solvents noticeably exceeded the similar ratios in
n-alkane solvents. Probable nature of such effects and peculiarities of
fullerene-60 spectral shifts are discussed. It was speculated that excess
values of spectral shifts can be provoked by electronically excited state of
molecules in form of charge-transfer complexes (exciplexes).

Probable mechanisms of such effect and peculiarities of spectral shifts
are discussed. An assumption is expressed that excess values of spectral
shifts provoked by oxygen atoms in solvent molecules are connected with
short-time imbedding oxygen electrons into high-energy states of solutes
(exciplexes in high-excited solute states)[1].
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The valence tautomerism of Co semiquinolate complex (Co(SQ)s) has
been studied in wide temperature range 183 383 (toluene Dsg) and 293
423 (DMSO Dg) using ' NMR technique.

The ' NMR spectrum of Co(SQ)s recorded at 293 K just after the
dissolution in DMSO Dy is drastically broaden and shows signals of aro-
matic protons (6-8 ppm) and tret-butyl moieties (0-4 ppm.). The increase
in temperature leads to the significant narrowing the signals in the spec-
trum which is accompanied by slight changes of their chemical shifts. The
reverse change in the sample temperature is attended with separation of
resonance signals at 343 . Such transformation of the spectrum can in-
dicate to the fact that the complex exists in solution as two tautomers
[1] where noticeable delocalization of unpaired electron spin density on
protons of the ligand molecule does not occur. Therefore, the values of
chemical shifts of signals of aromatic proton and signals tret-butyl moieties
differ insignificantly from diamagnetic analogs.

Analysis of the chemical shifts alteration points to the presence of
intramolecular exchange process which is not associated with valence tau-
tomerism.

The transformation of the ! NMR spectrum of Co(SQ)z in DMSO Dg
unexpectedly results in the appearance of two broaden signals of low in-
tensity with chemical shifts at 12.2 and 16.3 ppm. The location and width
of the signals change in the course of the temperature varying according to
Curie law [2]. Analysis of the spectral data reveals the linear dependence
of chemical shifts on temperature.

Similar signals are observed in the ' NMR spectra of Co(SQ)s recorded
in toluene Dg at various temperatures. The signals appear at 313 and
become strongly broaden at 233 . however, like in the case with DMSO, the
change in chemical shifts depends linearly on temperature and is obeyed
to Curie law. The data obtained can be explained by NMR. theory applied
for paramagnetic systems.

The work has been performed under financial support of RFBR. (project
09-03-00386-).
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lonic liquids (hereinafter - 1Ls) are materials consisting exclusively of
anions and cations, which melting temperatures are lower than +100 C.
The discovery of ILs is one of the most recent and most successful break-
throughs creating the multifunctional materials. ILs demonstrated their
unique characteristics in various high technology areas, from which partic-
ular mention: enzyme catalysis, protein synthesis, membrane techno-logy,
fuel cells, dye-sensitized solar cell (DSSC), gas sensors, and others. Dielec-
tric studies show that the ILs are not super-polar systems. It is thought
that the most of exclusive properties of ILs are due to mezoscopic effects
- in particular with a heterogeneous formation of nanostructures and the
dynamic process between them [1]. Intermolecular interactions between
the anions and cationic in IL should be one of the most important factors
determining formation of such structures.

In this research of ionic liquid 1-decyl-3-methyl-imidazolium bromide
[C1omim][Br], the neat material, and also dissolved (0.01 mol. concen-
tration of solution) in various dielectric permeability media (chloroform,
acetonitrile, ethanol, 2-butanol, H,O, etc.) research using 'H and *C
NMR method was carried out. The most important interaction in this
compound is considered to be the hydrogen bond, which forms between
the anions and cationic BrHN T,

Experimental studies were performed with AVANCE!! /400 NMR Bruker
spectrometer using a 5 mm BBO probe. 297 K temperature in the probe
was maintained with accuracy of 0.5 K. Chemical shifts were measured
respect the TSPSA standard [2] in D,O solution in capillary. The same
D>O capillary was used for lock.

In order to obtain supplementary insights into the experimental ob-
servations the 'H and '3C chemical shifts of [C;omim]|[Br] were calculated
using density functional theory (DFT). Calculations were performed using
modified hybrid Perdew, Burke and Ernzerhof functional (PBE1PBE/6-
314++G**) and the GIAO atomic orbital approximation. For compounds
geometry optimization were used B3LYP functional and 6-311+4++4G(2d,
2p) base function set.
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The 'H chemical shifts of various groups of [C1omim|[Br] dependences
on the dielectric constant are measured. It is worth to note that the most
considerable variation of the chemical shifts is observed in small dielectric
permittivity range (10 - 20), in particular at the transition from the neat
IL to solutions.

The obtained results show that signals of terminal methyl groups re-
tain the most stable shape of the spectrum. Dielectric medium mostly
influence the behavior of the BrHNT proton, which is characteristic of
H-bonds. Also noteworthy ’central’ [Ciomim]|[Br] parts groups of NMR
signal shifts. This may be due to the relatively 'long’ decyl- hydrocarbon
chain conformational transformation during the transition from the neat
material to the solution.
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lonic liquids (ILs) are one of the most successful breakthroughs of the
last years creating novel multifunctional materials those posses many ap-
pealing features [1]. It makes these systems very attractive as for high
technologies as well as for research. By their dielectric properties IL sys-
tems are not super-polar [2]. Their extraordinary action in certain molec-
ular processes is mainly due to the supra-molecular structuring and other
short-range (in nano-scale) order effects [3]. The vibrational spectro-scopy
(FTIR, Raman) can be particularly powerful method studying these ef-
fects. Perhaps the most informative are the low frequency modes that
are coupled with phonons, Hbonding, skeletal vibrations, etc. Unfortu-
nately their spectral contours often are very broad and not resolved in the
conventional 1D spectra. The two-dimensional (2D) correlation analysis,
developed by Noda [4], can be effective tool solving this problem. This has
been already demonstrated on the FTIR spectra of IL systems [5, 6]. In
the present work 2D correlation technique was applied on the Raman spec-
tra. One of imidazolium-based room temperature ionic liquids, namely -
1-decyl-3-methyl-imidazolium bromide (short name: [C;omim]|[Br]) was
chosen for the study.

This substance has a rather low melting point (T, = 289 K) and is to-
tally miscible with water and other solvents of technological importance.
Just above its melting point [Ciomim][Br] is extremely viscous (7892.9
mm?/s at 293 K, data from Merck KGaA). The low frequency Raman
bands (50 - 200 cm™!) are indeed overlapped under a broad envelope
contour in the 1D spectrum. These modes are resolved in the 2D asyn-
chronous spectrum obtained using the thermal perturbation of the sample
in the range of 296 < T < 433 K stepping by 20 K.

The vibrational modes of different conformers of [Ciomim][Br] were
identified and fairly good agreement between experimental and calculated
(DFT B3LYP/6-31++4G**) frequencies was achieved.
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The clustering phenomena and structural peculiarities of partially orde-
red liquids are of great interest in the context of recent trends and develop-
ments in studies on modern multifunctional materials, heterogeneous sys-
tems and nanotechnologies. Monohydric alcohols, that usually build broad
variety of H-bond aggregates, are quite simple and convenient models to
investigate the properties of molecular systems sized over the mezoscopic
scale (1 - 100 nm). The purpose of present studies was to register the
dynamical FTIR spectra of the simplest alcohol, i.e. methanol trapped in
Ar matrices using temperature perturbation and to analyze the changes
in spectra applying 2D correlation analysis [1].

Dynamic FTIR spectra I4(w) = I5(w,T}),7 = 1, .., m have been measu-
red by heating of the sample from T = 13 K to 42 K stepping by 1 K.

The synchronous 2D correlation spectrum was obtained by the inner
product of two spectrum vectors

@(whwg) =

m—14

1 m
> Li(wr) - Lgg(wn),
j=1

while the asynchronous correlation spectrum was calculated by a cross
product of the spectrum vector and its Hilbert transformation Hgy; [1]:

1

mzfdj(w) - Hej(ws).

Jj=1

\Ij(w17w2) -

The obtained results provide qualitatively new information concerning
methanol clustering kinetics and the role of water impurities on the clus-
ters structure.

References



53

[1]. 1. Noda, Y. Ozaki, Two-Dimensional Correlation Spectroscopy:
Applications in Vibrational and Optical Spectroscopy (Willey: Chichester,
2004).



54

P-6 |

Raman Scattering and Boson Peaks in a Glass-Forming
Liquid: phenyl-2-hydroxybenzoate
J. Baran®, N.A. Davydova®, M. Drozd®
@ Institute of Low Temperature and Structure Research, PAS, 50-950,
Wroclaw, Poland
bInstitute of Physics, NANU, 46, pr. Nauki, 03028, Kiev, Ukraine

Low-frequency Raman scattering as a function of temperature was
carried out on molecular compound phenyl-2-hydroxybenzoate
((HO)CgH4CO4CgHs)) from far below to above the glass transition at 223
K. Glassy phase shows a broad feature in the frequency range from 14.5 to
17.2 em™!; the ‘Boson peak’, which is associated with the inhomogeneous
glass nanostructure [1, 2].

We have found that Boson peak could be interpreted in terms of its
relationship to the formation of structural clusters, i.e. generation of crys-
tal nuclei, through fluctuation of liquid structure below 258 K. More-
over, it was shown that the crystalline structures of the nuclei formed
in supercooled liquid state differ from the initial state structure of crys-
talline phenyl-2-hydroxybenzoate. During subsequent cooling the nuclei
become an important element of the glass structure, and thereby are con-
sidered as a measure of the intermediate range order in this glass. Com-
plementary differential scanning calorimetry measurements of phenyl-2-
hydroxybenzoate were done in the temperature range from 104 to 360 K
to confirm the results of the Raman study.

[1]. L. Andreozzi, M. Faetti, M. Giordano, J. Non-Cryst. Solids 352
(2006) 3829.

[2]. H. Sillescu, J. Non-Cryst. Solids 243 (1999) 81.
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Squarylium dyes have high selectivity and intensity of absorption and
high photostability, therefore they find an application for different areas:
information recording and saving, analytical determination of cations for a
number of different metals, etc. Recently some squarylium dyes have been
used as luminescent mark on the biopolymers. Squarylium dyes derivatives
of pyrilium which include heteroatom connected with the four-spatial ring,
absorb in near IR region, so powerful and portable semi-conducted lasers
could be used for their photoexcitation.

Spectral-luminiscent properties of new squarylium dyes (4E)-2-[(2,6-
ditert-butyl-4H-pyran-4-ylidene)methyl]-4-[(2,6-ditert-butylpyrylium-4-yl)
methylenel]-3-thioxocyclobut-1-en-1-olate 1, (4Z)-2-[(2,6-ditert-butyl-4H -
pyran-4-ylidene)methyl]-4-[(2,6-ditert-butylpyrylium-4-yl)methylene]-3
-(dicyanomethylene)cyclobut-1-en-1-olate 2 and (47)-2-[(2,6-ditert-butyl-
4H-pyran-4-ylidene)methyl]-4-[(2,6-ditert-butylpyrylium-4-yl )methylene]-3-
(dicyanomethylene)cyclobut-1-ene-1-thiolate 3 in solution were studied
under by UV spectroscopy.

As a result of single-crystal X-ray diffraction method it was found that
in contrast to all previously known squarylium dyes these compounds have
not the trans-trans, but cis-trans configuration. Investigation of crystal
packing has showed that in 3 there is a stacking molecular organization,
whereas in 1 and 2 the parallel molecules are connected in pairs that are
oriented in the herring-bone type.
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Organic electronics is the field where organic chemistry, material science
and engineering and technology interrelate [1]. The modern organic syn-
thetic methods allow chemists to develop the organic semiconducting ma-
terials with the optimal set of properties. In order to obtain materials
with the required properties the sets of similar derivatives, e.g. varying
the heterocyclic system or junction position, should be synthesized and
characterized. The synthetic strategy for 2- and 3-substituted function-
alized carbazole stilbenes was developed. The reaction of 2-(3-)bromo-
9H-carbazole with various vinylic compounds under Heck conditions and
alkylation of stilbene derivatives with epichlorohydrin gave monomers con-
taining benzyl, pentafluorophenyl, carbazolyl and triphenylamino
chromophores. Polyethers were obtained by cationic polymerization initi-
ating with BF30Et2.

Various spectroscopic techniques were used for the studies of synthe-
sized materials. For example ionization potential (Ip) or HOMO energy
was measured by the electron photoemission in air method (photoelec-
tron spectroscopy). It was showed that changing chromophores in the
molecules the Ip could vary from 5.3 eV to 5.9 eV. The investigation of
optical and photophysical properties by UV-VIS and fluorescence spec-
troscopies enable to characterize the materials as emissive materials for
organic light emitting diodes. It was showed that fluorescence maxima
of diluted solutions in THF could vary from 380 nm to 450 nm. Such
differences could be explained by the different conjugation length in the
molecules.
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The derivatives of 3-hydroxychromone is a numerous group of natural
and synthetic compounds, characterized by high biological activity and
possessing powerful antioxidant and anti-inflammatory properties [1]. In
the last decades, they became a subject of extensive interest of researchers
all over the world due to their unique spectral and fluorescent character-
istics. At the electronic excitation of these molecules, the process of the
excited state intramolecular proton transfer (ESIPT) occurs, determining
the existence of dual-band fluorescence spectra [2]. This feature gave birth
to the new approach of the luminescent analysis application - ratiometric
detection. In this method, the normal-to-phototautomer bands emission
intensity ratio plays the role of the analytical signal independent of the dye
concentration. This advantage makes ratiometric fluorescent compounds
very useful as probes for investigating physico-chemical characteristics of
natural objects and even living organisms [3].

The new derivatives of 3-hydroxychromone with highly effective fluorophore
moieties in position 2 - 2,5-diphenyloxazole [4] and 1,3,5-triphenyl-2-pyrazoline
[5] - were synthesized. High fluorescence quantum yields are typical to
both these groups of compounds (up to 50-70%), which places them among
the most effective fluorescent dyes of the 3-hydroxychromone family. At
the same time they exhibit high sensitivity to different parameters of
their microenvironment. Thus, remarkable positive solvatofluorochromism
was observed for the title compounds (bathochromic shift of the nor-
mal form emission maximum reached 4500 cm ™! in case of the 1,3,5-
triphenyl-2-pyrazoline derivative, passing from hexane to ethanol). The
intramolecular proton transfer reaction is very sensitive to the polarity
itself, demonstrating the increase of the normal-to-phototautomer bands
emission intensity ratio in polar surrounding. This effect allows using the
title compounds in different applied investigations, for example, for wa-
ter admixtures analysis in organic solvents. This was particularly exem-
plified by fluorimetric titration of 1,3,5-triphenyl-2-pyrazoline-substituted
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3-hydroychromone acetone and dioxane solutions by water.

Temperature also influences the spectral and fluorescent properties of the

compounds under study. The effective temperature quenching and fluo-

rescence termochronism was observed in our experiments. The ratiometric

temperature effects determined by the simultaneous action of the acceler-

ation of proton phototransfer reaction and non-radiative processes, which

entail the asynchronous changes of the two bands intensities in their flu-

orescence spectra were outlined. This performs significant prospects for

practical application of these dyes as ratiometric temperature probes.
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Intermolecular interactions significantly influence on properties of many
supramolecular and biological systems. Especially they are important in
conformational stability of proteins and nucleic acids. Model objects such
as amides and amines usually are used for investigation and analysis of
such systems. Intermolecular interactions influence on the characteristics
of absorption spectrums. Today large quantity of models for analysis and
estimation of influence of intermolecular interactions on IR frequencies are
known.

In present study solvent effects on N-H and C=0 stretching vibration
frequencies of pyrrol, N-methylformamide (NMF'), N-methylacetamide (NMA)
and C=O0 stretching vibration frequency of N,N-dimethylformamide (DMFA)
and its complexes with proton acceptors and proton donors were investi-
gated. For analysis of solvent effects model (Solomonov B.N.; Varfolomeev
M.A., Novikov V.B., Klimovitskii A.E. (2006) // Spectrochimica Acta A.
V64, P.404.) was applied. It is based on solvent parameter s,,,,.

On the first stage absorbance of free molecules of pyrrol, nma, nmf
and dmfa were analyzed. It was shown that obtained C=0 frequencies of
these substances in proton acceptor and inert solvents linearly depend on
solvent parameter s,,,, responsible for van der waals interactions. Sensitiv-
ity to solvent is changed by next way NMF>NMA >DMFA. Deviations of
frequencies from obtained linear dependencies were induced by hydrogen
bond formation and proton transfer. The absorbance of N-H groups was
analyzed in the same way. The frequency shifts induced by different types
of interactions were calculated. In work frequencies of H-bonded N-H
groups of pyrrol, nmf and nma in complexes with proton acceptors (N-
H...b) in different solvents were obtained. In aprotic solvents frequency
shifts were induced only by occurrence of van der waals interactions. In
proton donor environment ternary or more complicated complexes are
formed. The strength of hydrogen bonds N-H...b in these complexes is
changed due to cooperative effect. The obtained cooperativity factors were
analyzed from view of molecules structure.
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Influence of solvent effects on self-association of pyrrol, nmf and nma
in different solvents was studied. Formation of associative species induces
occurrence of new N-H and C=0O stretching vibration bands shifted to
low frequencies. It was shown that increasing of polarity, proton acceptor
and donor abilities of solvents decreases degree of association. Obtained
IR-spectra give opportunity to make consequences about the predominant
structure of self-associative species of pyrrol, nmf and nma. Comparison
of solvent effects contribution on frequencies of H-bonded O-H, N-H and
C=0 groups was carried out. The work was supported by grants MK-
1462.2008.3, BRHE NO Y5-C-07-12 and RFBR NO 09-03-00751-A.
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Dye-surfactant interaction is a subject of numerous studies. Surfactant
micelles, which have polar and hydrophobic regions and form in solutions
at the concentration of a surfactant above the critical micelle concentra-
tion (CMC), are considered to be simple model systems of biological mem-
branes, because cell membranes consist of surface active components (lipid
bilayers). The study of interactions between organic molecules and sur-
factant micelles can help to understand complex processes of substance
delivery and transport taking place in a variety of biological processes.
Optical analysis based on fluorescence labeling has been extensively used
to study these processes and organic fluorophores are used most often
for these purposes. Therefore, studying the interaction between dyes and
surfactant micelles is also important from this standpoint.

In the present work, the interaction between cationic diethyloxacarbo-
cyanine perchlorate dye (DiOCs) and anionic surfactant sodiumdodecyl-
sulfate (SDS) has been studied spectrophotometrically in aqueous solu-
tions in surfactant pre- and postmicellar concentrations. In aqueous so-
lutions of DiOC, with SDS at SDS concentrations far before the CMC,
the formation of ion-pair complexes of 1:1 composition between the dye
cation and surfactant anion has been revealed and studied by the method
of continuous variations. In the higher premicellar region of SDS con-
centrations, the formation of dye-rich induced micelles has been revealed.
Further increase of the SDS concentration (above the CMC) causes the
dye solubilization by SDS micelles. Using absorption spectra of the dye in
solutions at SDS concentration above the CMC; binding constant (K) of
the dye to the surfactant micelles and a fraction of the dye bound to the
micelles (f,.;.) have been calculated by means of the Benesi-Hildebrand
equation. It has been shown that binding of oppositely charged dye and
surfactant micelles is controlled by both electrostatic and hydrophobic
forces and the latter play a key role, because just 50% of the DiOCy dye
molecules are incorporated into SDS micelles. It means that for the dye
with a short alkyl chains the electrostatic attraction between the dye and
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a micelle is not enough for an effective binding. Thus the hydrophobic
interactions play a major role in the dye to micelle incorporation.
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In our articles [1-2] the experimental data on parameters dependence
study of low-frequency Raman spectra in the weak solution of hydrogen
peroxide (concentration of peroxide less than 3 on the concentration have
been published. Within the limits of widely accepted oscillatory model the
vibration component of spectrum of water dynamic susceptibility is well
described [3] by two lorentians with average frequency of high-frequency
(HF) peak on measurements in our conditions of 170 cm~! with a dis-
persion of 1.5 cm™! and LF: 45.5 cm™~! with a dispersion of 1.5 cm™!
. These values are considerably less than water infra-red absorption fre-
quencies (183.4 cm~! and 50 em~! [4]). Thus the frequency and peaks
width dependence on concentration of peroxide is very noisy. But the de-
pendence of frequency on width is much less noised, that testifies to their
correlated change owing to some other factor influence. The dependence is
linear with negative coeflicient of absolute size much less than 1 : -0.19 for
HF [2] and -0.14 for LF. Such behavior is similar to that of the ¢ lassical
oscillator, which has frequency and width of spectrum of free oscillations
(without influence of other forces except the friction force ), is described
by the expression v = v? + §2, where vy is the resonant (eigen) oscillator
frequency . If the eigen frequency is constant and the width changes in
small limits, from the relation : —(6/v) * (Ad/Av) = 1 is obtained, where
(Ad/Av) is the inverse value of the declination in dependence of frequency
on width. For this relation to be done it is necessary to assume, that the
width of the line of oscillations in a spectrum is nonuniform, i.e. there is
the oscillators ~'-1 (with a dispersion of 1.3 cm™!), the eigen frequency -
183.6 cm ! (1.0 cm™ 1), that of the LF line is 25.9 cm ™! (0.7 em™!) and
51.5 cm ! (1.6 cm™!) accordingly, that quite well coincides with data on
IR absorption of water [4].
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Using B3LYP/6-31G (d) method the energy minimization, structure
optimization, dipole moment and polarizabilities calculations for the 2-
biphenilmethanol (2BPM) molecule were performed. The force field was
built and the frequencies of the normal modes with their overtones and
combinational frequencies were calculated using anharmonic approxima-
tion. With the anharmonicity taken into account the agreement between
the calculated and measured frequencies was considerably better than in
the case of using harmonic approximation. This approach allows avoiding
the scaling procedure for the calculated force constants and vibrational
frequencies. On the basis of the modeling results obtained by authors in
their previous experimental and theoretical investigations of the 2 BPM
crystalline sample structure in stable triclinic modification and its vibra-
tional spectra, a full interpretation of the measured IR and Raman spectra
was given.



66

P-14

Low Temperature Time-Resolved Fluorescence of
Merocyanines and Nature of Their Electron Transitions
M.M. Sevryukova', Yu.P. Piryatinski', O.0. Viniychuk?, Yu.L.

Slominski?, O.D. Kachkovsky”
nstitute of Physics, National Academy of Sciences, Prospect Nauki 46,
Kiev, 03028, Ukraine
2Institute of Organic Chemistry, National Academy of Sciences,
Murmanska 5, Kiev, 03094

The merocyanines as donor-acceptor conjugated compounds with the
high polarizable collective system of 7-electrons are excellently important
for numerous applications because of their specific electronic, linear and
non-linear optical properties; also, they are favorite model molecules to
verify the new theoretical approach and to study of the dependence of
the electron structure in the ground and excited states as well as the na-
ture of the electron transition on an extension of the conjugated chain,
symmetry, total charge, topology of terminal groups, etc. [1]. Upon ex-
citation, merocyanine molecules show considerable intramolecular charge
transfer, especially in the polar solvents. Such mobility of the charge wave
could be detected by the time-resolved low temperature investigations
(4.2 K). This paper presents the results of the combine quantum-chemical
and experimental investigation of dependence of the fluorescence spectra
of merocyanines derivatives of malodinytriles on changes of the chemical
constitution. It was found the existence of two components in the fluo-
rescence spectra at low temperature detecting as two spectral peaks. The
intensities of each spectral bands depends strongly on the polarity of the
solvent. Basing on the spectral and quantum-chemical investigation, we
have concluded that the observed spectral effects at 4.2 K point on the
appearance of the solitonic charge waves in the excited state and their
mobility upon relaxation.
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Film-forming charge transporting organic materials are known for various
applications such as organic light-emitting diodes used in displays and for
lightning [1,2], photovoltaic cells [3], photorefractive materials [4], organic
thin film transistors [5] and electrophotographic photoreceptors [6]. Or-
ganic semiconductors containing electronically isolated carbazolyl groups
how rather poor hole drift mobilities and relatively high ionization poten-
tials [7]. Recently we have synthesized several families of glass-forming
compounds with larger conjugated electron systems. They exhibit lower
ionization potentials and enhanced hole transporting properties [8,9].

In this presentation we report on the synthesis and spectral character-
istics of 3(6)-substituted derivatives of 9-alkylcarbazole, i.e., 9-ethyl-3-
(carbazol-9-yl)carbazole, 9-(2-ethylhexyl)-3,6-bis-(carbazol-9-yl)carbazole,
9-(2-ethylhexyl)-3-[(carbazol-9-yl)iminomethyl]carbazole, 9-(2-ethylhexyl)-
3,6-bis-[(carbazol-9-yl) iminomethyl]carbazole. All the reported compounds
were identified by "H NMR, *C NMR, FTIR and mass spectroscopy. The
data found were to be in good agreement with the proposed structures.
The signals in the "H NMR spectra of the compounds containing imi-
nomethyl groups can be exactly assigned to the characteristic hydrogen
atoms of these compounds. The well-distinguished signals of methine pro-
tons are at 9.2 ppm in the spectra. The typical proton signals of carbazole
rings are at 7.3-9.0 ppm. The analysis of IR spectra of the synthesized
compounds has shown, that the spectra have characteristic absorption
signals of aromatic groups at 3045-3055 cm™!(CH stretch), at 1584-1593
em ™!, 1490-1460 ecm ! (C=C stretches) and characteristic absorption sig-
nals of aliphatic groups at 2970-2930 em ! and 2871-2855 cm ! due to
CH stretches of alkyl chains.

The certain information concerning applicability of organic semiconduc-
tors in optoelectronic devices can be obtained by UV spectrometry. An
important role in the charge transport of carbazolyl-containing materials
is assigned for 7 electrons. The comparison of UV spectra of organic
semiconductors often enable to estimate indirectly the extent of conju-
gation of 7 electrons. Condensed carbazole derivatives reported in this
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presentation absorb in the range of 220-420 nm. All the reported com-
pounds exhibit strong bands attributed to p-p* transitions. The absoption
maxima of investigated C-N bond conjunct compounds are at the simi-
lar wavelengths. The absoption maxima of iminomethyl group having
compounds are shifted bathochromically with respect to the absorption
maxima of C-N bond conjunct compounds.

Ionization potentials (I,,) of the condensed carbazole derivatives estab-
lished from the electron emission spectra range from 5.32 eV to 5.80 eV.
From the point of view of I, values the reported compounds are applicable
as hole transport materials in electrophotographic photoreceptors [10-13].
Time of flight measurements were used to characterize the magnitudes of
the hole drift mobility of the compounds reported. Hole drift mobilities of
carbazole derivatives molecularly dispersed in bisphenol Z polycarbonate
reach 107° ¢cm?/Vs at high electric fields.

References
[1]. Tang C.W., Van Syke S.A. Appl Phys Lett 1987, 51, 913.

[2]. Adachi C., Tsutsui T, Saito S. Appl Phys Lett 1990, 57, 531.

[3]. Ganstrom M., Petritsch K., Arias A.C., Lux A., Andersson M. R.,
Friend R. H. Nature 1998, 395, 257.

[4]. Zhang Y. D., Wang L., Wanada T., Sasabe H. Macromolecules 1996,
29, 1569.

[5]. Dimitrakopoulos C. D.; Malenfant P. R. L. Adv Mater 2002, 14, 99.
[6]. Strohriegl P.,; Grazulevicius J.V. Adv Mater 2002, 14, 1439.

[7]. Grigalevicius S., Blazys G., Ostrauskaite J., Grazulevicius J., Gaidelis
V., Jankauskas V. J. Photochem. Photobiol. A.: Chem., 2003, 154, 161.
[8]. Grigalevieius S., GraZulevieius J.V., Gaidelis V., Jankauskas V. Poly-
mer, ISSN 0032-3861, Elsevier Sci., 2002,43 ,2603.

[9]. Tomkeviciene A., Grazulevicius J.V., Jankauskas V. Chem. Lett.,
2008, 37, 344.

[10]. Miyamoto E., Yamaguchi Y., Yokoyama M. Electrophotography
1989, 27, 364.

[11]. Chigono Y., Kitamura T. Electrophotography 1993, 32, 7.

[12]. Nakavaza T., Kawara A., Mizuta Y., Miyamoto E. Electrophotogra-
phy 1994, 33, 127.

[13]. Aoki D., Kashiwabara M., Okabe M., Hikosaka S., Inoe E. J Imaging
Sci Techn 2000, 44, 179.



69

P-16 |

Excited State Symmetry Breaking in Anionic Polymethine
Dyes Detected by Low-Temperature Time-Resolved
Fluorescence
S.V. Vasylyuk ', V.M. Yaschuk', Yu.P. Piryatinski', M.M. Sevryukova®,
A.O. Gerasev®, 0.0. Viniychuk®, Yu.P. Kovtun®, M.P. Shandura®, O.D.

Kachkovski®
! Physics Faculty, National Taras Shevchenko University of Kyiv
2Institute of Physics, National Academy of Sciences, Kiev, Ukraine
3Institute of Organic Chemistry, National Academy of Sciences, Kiev,
Ukraine

According to the current views [1], the charge (electron or hole) in-
jected to the highly-polarized collective system of -electrons is not delo-
calized uniformly over the whole -system, but is self-localized in the form
of a charge wave, i.e. as a kink or soliton. The quantum-chemical calcula-
tions have shown that the charge wave is of a finite length, approximately,
15-17 carbon atoms. Simultaneously with a charge wave, there is a gen-
eration of a solitonic-like wave of the alternated bond lengths, so called,
geometrical or topological soliton. The shapes and the locations of the
charge and bond length waves are mutually connected. When the length
of the conjugated chain exceeds the dimension of the solitonic wave, the
soliton becomes mobile. It was previously shown that the movement of the
solitonic waves in the cyanine dyes with the terminal groups could lead to
a symmetry breaking in the electron density distribution and equilibrium
molecular geometry. Symmetry breaking results in the considerable broad-
ening of the absorption bands for near IR dyes, which can be explained by
the co-existence in the ground state of two molecular forms with the sym-
metrical and asymmetrical charge distributions [2]. In the excited state
the dimension of the solitonic wave becomes smaller, and therefore, the
symmetry breaking effect can occur at the shorter polymethine chain. We
performed a detailed quantum-chemical analysis and time-resolved spec-
troscopic investigation of a series of the anionic polymethine dyes.

Time-resolved low temperature investigations (77 K) have shown a
transformation of the fluorescence spectra in both series of the dyes and
an appearance of the additional bands in the long wavelength region. The
intensity of these additional bands increases with time (up to 10 ns), while
the intensity of the main bands decreases. Room temperature spectra in
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the time scale 500 ps - 10 ns remain unchanged indicating that the emission
originates mainly from the symmetrical molecular geometry. We conclude
that a restriction of possible conformational processes at 77 K results in
the registration of the fluorescence from the asymmetrical form generated
by the mobile excited-state geometrical soliton.
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Organic charge-transporting materials are currently widely used in op-
toelectronic devices such as electrophotographic photoreceptors, organic
light emitting diodes, solar cells and electronic devices, such as organic
thin film transistors. In most of the organic optoelectronic devices hole-
transporting materials prevail. They are used both in bulk heterojuction
solar cells and in dyes sinsitized solar cells. For the later devices glass-
forming low-molar-mass materials with high chrge carrier mobilities and
low ionization potentials are required.

Four new 1,1-bis(4-aminophenyl)cyclohexane based triarylamines in-
cluding those with mehoxy-substituted triphenylamino groups and those
with 9-butylcarbazole-3-yl moeties were synthesized by improved Ullman
condensation. 9-(4-methoxyphenyl)carbazole-3,6-diyl containing triary-
lamine was synthesized usind the same method. 1,1-bis(4-aminophenyl)cyclo-
hexane based enamine was prepared by the condensation reaction of the
mentioned primary amine and diphenylacetaldehyde.

The reactions were monitored by IHNMR, FT-IR and mass spec-
troscopy techniques. These techniques were also used for characterization
of the chemical structure of the compounds obtained. The dissappearance
of the signals of amino protons at 3.55 ppm in CDCI3 and at 3.40 ppm
in DMSO-d6 was observed in ITHNMR spectra of the target compounds
as compared with the spectra of the starting amines. The dissappearance
of the absorption bands of primary or secondary amino groups in 3500-
3300 cm-1 region was observed in FT-IR spectra of target compounds as
compored with those of the starting amines. The appearance of the addi-
tional signals of aromatic fragments in 6.60-8.00 ppm region of IHNMR
spectra of the target compounds was also observed . Optical and photo-
physical properties of the diluted solutions of the compounds synthesized
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were investigated by UV-VIS and fluorescence spectroscopy methods. The
absorbtion in the region of 200-420 nm was observed and the flourescence
peaks in the range from 356 to 449 nm were established.

The synthesized compunds were studied by the method of electron
photoemission spectroscopy and the values of ionisation potentials ranging
from 4.97 to 5.55 eV were established. The charge transport properties
of the new derivatives and of their molecular dispersions in bisphenol-
7 polycarbonate were estimated by time-of-flight technique. Hole drift
mobilities up to 3.2104em?V s~ ! were observed.
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Raman spectra of water in temperature range 20-3 °C and pressure
up to 70 atm was investigated. Spectra were excited by laser irradiation
with wavelength 532 nm. Raman signal was collected at an angle of 90°
to exciting laser beam and was detected by PMT which works in ”pho-
ton counting” mode. For complex Raman spectra approximation a few
Gaussian-shaped peaks were employed, and the best result was obtained
with five ones. Positions of maximums of these five constituents were 3070,
3230, 3440, 3600 and 3650 ca—!. The most intensive constituents are 3230
and 3440 cm ! lines which contribute more than 90% to Raman spectrum
of water. The most sensitive to temperature changing the 3230 cm™ ! line
was unveiled. So, under decreasing of temperature from 20 °C to 3 °C: i)
position of its maximum moves from 3232 cm~! to 3224 em™*; ii) and its
magnitude increased on 14%. Authors could not detect any changings in
constituents positions and its magnitude under pressure increasing up to
70 atm.
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Europium and terbium aromatic carboxylates with the high lumines-
cence quantum yield can be used in devices of molecular electronics and
photonics, applied as light transforming materials, sensors, etc [1, 2]. In
this paper, some paths of enhancement of the Ln®>t luminescence effi-
ciency will be discussed. The efficiency of the excitation energy transfer
from ligands to Ln®t ions and the luminescence quantum vield depend on
the structure of compound. That can be adjusted by the change of the
architecture of carboxylate anion and other ligands [3, 4].

Luminescence, phosphorescence and luminescence excitation spectra
of europium, gadolinium and terbium benzoates, salicylates, phenylcar-
boxylates, naphthylcarboxylates and corresponding complexes with 1,10-
phenanthroline derivatives were examined. Lifetimes of metastable °Dy
(Th3+) and Do (Eu®*) states were measured. To correlate paths of the
excitation energy transfer with the ligand architecture, known X-ray data
on crystal structures were analyzed. The influence of introduction of donor
and acceptor radicals in the aromatic ligand on the In®t excitation effi-
ciency (manifestation of a push-pull effect) was studied. The effect of the
methylene bridges breaking the m — m—conjugation in the ligand on the
structure of coordination centre and on the excitation energy transfer to
Ln®* ions was analyzed.

The influence of relative positions of the lowest triplet state of the com-
plex referred to one of the ligands and °Dy4 (Tb3*) or Dy (Eu®t) electronic
states on the energy transfer was investigated. The lifetime of °d, state
and the Th®" luminescence efficiency decrease noticeably in some investi-
gated compounds at increasing the temperature owing to the energy back
transfer. Correlation between the lowest triplet state energy of terbium
compounds and Dy (Th3*) state lifetime at 300 K was demonstrated.

It was shown, that the high luminance of europium salicylates can be
reached by introduction of two electron-withdrawing nitrogroups in the
ligand. This effect was connected with noticeable lowering the energy
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of the anion lowest triplet state and with increase of the energy of the
ligand metal ion charge transfer states (LM CTS). In contrast to that, the
decoupling of ligand 7-electronic system in europium carboxylates leads to
lowering the LM CTS energy. Therefore, the probability of participation
of the LM CTS in the degradation of excitation energy increases resulting
in the low luminance of europium compounds.

The studies presented can facilitate a selection and application of co-
ordination lanthanide compounds as effective luminophors. The work was
supported by the russian foundation for basic research (grant no. 08-02-
00424-a).
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Unsymmetrical cyanine dyes, including styryls and their methoxyanalo-
gues, continue to be used widely, in parallel with symmetrical dyes, in
numerous applications connected with the light conversion. Going from
symmetrical dyes to unsymmetrical ones causes significant changes in dis-
tribution of the total positive charge in the polymethine chromophore,
molecular geometry and, hence, in spectral properties.

This work presents the results of the spectral and quantum-chemical
studies of the dyes type Ry — (CH),, — Ry as unsymmetrical cyanines with
an extremely high degree of asymmetry. They are styryls and metoxystyryls
that differ by Rs group which contains N(CHs)s or OCHj groups, cor-
respondingly. Here [y is the terminal group: indolenine, benzthiazole,
benzoxazole, pirydine and quinoline.

The most intense and distinct spectral band observed in the absorption
and fluorescence excitation spectra is connected with the first electronic
transition So — S7. The second transition Sy — 59 is detected by the
fluorescence excitation anisotropy spectra.

The study has shown that the two lowest electron transitions in the
styryls containing both nitrogenic terminal groups are coupled transitions
(4. e., they have the same polarization), similarly to the symmetrical cya-
nine dyes. Whereas in the oxystyryls, the nature of the second transition
differs from that of the first transition.

Experimental results have shown that substitution of styryl by metoxy-
styryl causes a blue shift of the peak of the intense absorption band by
nearly 100 nm. An energy level diagram that accounts for the abovemen-
tioned shift is proposed.
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The IR spectra of the 4-butil-4-cyanobiphenyl in the liquid and solid
crystal states in the region 400-400 cm-1 were measured at the 28707 tem-
perature interval. The transformations of the spectra at the temperature
changes are conditioned by the conformational mobility of molecules. This
conclusion follows from analysis of results of IR spectra calculations of the
4-butil-4-cyanobiphenyl possible conformers. The calculations are realized
by method of fragment by using LEV-100 program complex. A supposi-
tion about the conformational changes in the molecule made. The bands
sensitive to the changes in its conformational structure of molecule were
found. The interpretation of the IR spectra was given. The conclusions
about conformational composition of specimen in solid crystal and liquid
phases were made.
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In wide temperature interval (11-330 ) IR absorption spectra of the
carbonic acid C3(2)20COOH (behenic aid, kC22) were measured. The
changes revealed in the spectra at the temperature increasing can be
explained by the assumption about the conformational mobility of the
molecules in the sample. The modeling of the structure and vibrational
spectra of conformers of C3(2)20COOH molecule have been carried out
to confirm this assumption. These conformers were differed by the orien-
tation of carboxylic group and by the orientation of fragment including
carboxylic group and the closest CH2 group relatively to the remaining
part of the plane carbonic frame of alkyl radical (AR). Also the modeling
of the C3(2)20COOH molecules H-bond dimer, in which the AR carbonic
frames and dimer ring are lying in the same plane, was performed. Us-
ing density functional method (B3LYP/6-31G) the energies, structures,
dipole moments and polarizabilities of conformers of the C3(2)20COOH
molecule with different orientation angles and of the H-bond dimer were
calculated. The force fields were built and the frequencies of normal vi-
brations with intensities in IR spectra were calculated for all mentioned
above quantum molecular systems. On the basis of the analysis of the
calculated and measured IR spectra the authors made a conclusion about
the conformational mobility of the molecules in C3(2)20COOH carbonic
acid sample.
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Using density functional method (B3LYP/6-31G) the energies, struc-
tures, dipole moments and polarizabilities of the 2-; 4-bromo- (2BrBP,
4BrBP) molecules were calculated. In harmonic and anharmonic approx-
imation the force fields of the mentioned above molecules were built and
the frequencies of the fundamental normal modes, their forms and intensi-
ties in the vibrational spectra together with overtones and combinational
frequencies were computed. The comparison of the calculated and mea-
sured frequencies pointed to the significant improvement of the modeling
results at the transition from harmonic approximation to the anharmonic
one. It has been found that it is possible to avoid the scaling procedure
for the calculated force fields and vibrational frequencies. On the basis of
the modeling results a full interpretation of the measured spectra of the
crystalline samples of investigated compounds was given.
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Interpretation on the Basis of StructuralDynamic Model
Construction Using Density Functional Method

Lev M. Babkov ', I. Gnatyk?, G. Puchkovska®, S. Trukhachev !
1 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

Structuraldynamic models of the methyl-7-D-glucopyranoside molecule
are constructed by density functional method in bases 6-31 G(d), 6314+G
(d, p). Energies, structures, dipole moments, polarizabilities; frequen-
cies of normal modes in harmonic approximation and IR intensities have
been calculated. Interpretation of IR absorption spectrum is presented
in range 400 - 3700 cm~'. Advantages of model, which was constructed,
compared with model, which bases on using valence-force field method
and valenceoptical theory, are discussed.
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Structure and Infrared Spectra of Small Biomolecules Trapped
in Low Temperature Inert Gas Matrixes
Stepanian S.G., Ivanov A.Yu., Plokhotnichenko A.M.
Institute for Low Temperature Physics and Engineering NAS of
Ukraine, 47, Lenin Avenue, Kharkov 61103 Ukraine

Matrix-isolation IR spectroscopy and ab initio calculations performed
at the DFT, MP2, MP4 and CCSD(T) levels of theory were employed
to establish the structure of small biomolecules and their intermolecular
complexes isolated in solid inert gases. The conformational behaviour of
the aminoacids and their derivatives were investigated with accounting for
influence of the matrix environment on structure and vibrational spectra
of the molecules studied. This approach includes the molecular dynamics
(MD) simulation of the rare gas crystals with isolated molecule. The MD
simulation was performed with the set of the force field parameters which
was constructed based on the precise ab initio calculations of the inter-
action energies between inert gas atoms and guest molecules performed
at the CCSD(T) level of theory. It allowed us to determine the trapping
site distribution and the structure of the microenvironment around the
guest molecules. These data were used in subsequent calculations of the
structure and vibrational spectra performed at the DFT level of theory
for the systems which were consisted of a guest molecule and up to 100
neighbor matrix atoms. In these calculations we used the new generation
density functional M05 modified by us for best performance in simulta-
neous prediction of the vibrational spectra and intermolecular interaction
energies. We demonstrated that the matrix environment influence both
the structure and vibrational frequencies of the trapped molecules. The
competition between hydrogen bonding and stacking interactions of the
dimers of nucleic acid bases and their derivatives was also studied using
the same approach.
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Unsymmetrical 7,8-dihydrobenzo|c,d]furo[2,3-f]indole Dyes:
Interrelationships Between Structural, Electronic and Spectral
Features
I G. Davydenko, A. D. Kachkovsky, M. L. Dekhtyar, Y. L. Slominskii,

A. I. Tolmachev
Institute of Organic Chemistry, National Academy of Sciences of
Ukraine, Murmanskaya Str. 5, Kiev, 02094, Ukraine

Based on the 7,8-dihydrobenzo[c,d]furo[2,3-f]indole nucleus [1], a num-
ber of unsymmetrical carbocyanines as well as styryl dyes have been syn-
thesized and their absorption spectra have been measured. Combined
spectro-scopic and quantum chemical study of the novel near-infrared ab-
sorbing dyes has been performed to elucidate the relationships between
the positions of their long-wavelength maxima, on the one hand, and end-
group basicities, bond-length alternations, and frontier level energies, on
the other hand. Starting from the deviations of dye long-wavelength max-
ima [2], the value of electron-donor ability D [3] has been estimated for
the 7,8-dihydrobenzo[c,d]furo[2,3-f]indol-4-yl residue; as shown, it is sig-
nificantly increased as compared to the initial 2-benz[c,d]indolyl nucleus
due to dihydrofuran annelation. It has been found that the hemicya-
nine obtained from the new heterocyclic nucleus and the dyes containing,
as the second end group, the residues of indolenine, benzothiazole, and
thiopyran exhibit negative deviations in spite of regular C-C bond alter-
nation in the polymethine chromophore. This phenomenon suggests that
the mentioned dyes are characterized by the predomination of the topo-
logical part of the deviation over the contribution from alternating bonds.
Importantly, negative deviations which are often regarded as an obscur-
ing factor in studying dye end-group basicities are invoked here, as well
as positive deviations, to assess the electron-donor properties of various
residues. On this basis, the deviation-based basicity series has been con-
structed which agrees fairly well both with the previously known empirical
scale [3] and with the computational data on bond alternation and energy
level positions in the dyes concerned.
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Spectroscopic Investigations of Luminescent Centers in
Solutions with Ag™ Impurity
T.V. Zashivailo
National Technical University of Ukraine “KPI” Pr. Pobedi 37, Kyiv,
03056, Ukraine

In this report the investigations of optical properties of oxygen-containing
salts and acids activated with Ag™ ions were carried out in the tempera-
ture range 4.2 — 290K.

The absorption spectra of concentrated aqueous solutions HCIO,4, Hy SOy,
NasSOy4, NasSOz with silver impurity (107° — 1072 mol/1) are similar to
those of solutions of phosphorus-containing and haloid salts and acids with
Agt impurity. In general case, they consist always of short-wave band and
a group of low-intensity long-wave bands. The emission spectra are also
complex, depending substantially on the wavelength of the exciting light.

A detailed study of the excitation spectra on different regions of emis-
sion bands was carried out. It was found that silver oxygen-containing
solutions are characterized by three types of structured bands of absorp-
tion (excitation) and emission.

The observed bands may be associated with the certain transitions in
the free Ag™ ion, the energy levels of which are deformed due to interaction
with the external environment.

The obtained experimental results enable to cognize fundamentally the
mechanism and nature of absorption and emission of light by solutions and
crystal phosphors containing an impurity of the same heavy-element ions.
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Exiton Migration and Relaxation in PPT and PAMAM
Dendrimers
Renata Karpic', Vidmantas Gulbinas', Marius Franckevicius® and
Rimas Vaisnoras®
Unstitute of Physics, Vilnius, Lithuania
2Vilnius Pedagogical University, Vilnius, Lithuania

Due to unique branched structure dendrimers represent large opportu-
nities for fabrication of new functional materials for organic electronics.
Dendritic materials are promising for application in organic light emitting
devices and Solar cells. Pheripheral end groups constitute a large molec-
ular structure, which may serve as a light harvesting system for Solar
energy collection. Since light absorption and emission in organic materi-
als involve excitonic states, operation of organic photoelectrical devices to
a high extent depends on the exciton properties. In this work we present
femtosecond time resolved transient absorption spectroscopy study of PPI
and PAMAM dendrimers functionalized with azobenzene (CAzPA) termi-
nal groups. Dendrimers in solvents and in thin films were investigated.
Ultrafast excited state relaxation takes place in both dendrimers with time
constant of about 7 =3ps in solvents and several times longer of about 7 &~
25ps in solid films. The relaxation dynamics is very similar to that observed
in solutions of azobenzene molecules. Therefore we conclude that the ex-
cited state properties of the dendrimers are determined by the azobenzene
functional groups, which only weakly interact with the dendrimer core.
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Features of Structure and Optical Properties of ZnO Films
M.V .Rakov', L.V. Poperenko', M.V.Vinnichenko®, I.V. Yurgelevich'
! National Taras Shevchenko University of Kyiv, Kyiv, Ukraine
2 Forschungszentrum Rossendorf, Dresden, Germany

Nowadays 7ZnO generates great interest due to specific optical and
electronic properties. It is widely used in transparent electric contacts
and gas sensors, as well as in piezoelectric transistors, luminescent devices
and UV lasers. Al doped zinc oxide is used in sun batteries.

It is necessary to determine the influence of deposition technique on
physical properties in order to obtain the films with proper operational
characteristics. In this work, the properties of the films produced at var-
ious substrate temperatures and various pressures of residual gases were
determined.

The samples were produced by reactive magnetron sputtering at SiOq
substrates. The O, and Ar partial pressures were 1.71073 mbar and
7.41073 mbar, respectively. The samples 1-4 were deposited at room tem-
perature of the substrates whereas the substrate for sample 5 had the
temperature of 550 . The pressures of residual gases were 2.710~5 mbar
(sample 1), 3.410~% mbar (sample 2), 2.210~7 mbar (sample 3), 9.710°
mbar (sample 4) and 2.510~7 mbar (sample 5). The thickness of the sub-
strate was about 210 nm.

The measurements were done by Beatties method within the spectral
range 1-4.3 eV at room temperature. The ellipsometric parameters A and
¥ were obtained. The Atomic-Force Microscopy and Scanning Elecronic
Microscopy gave information about morphology structure of the surfaces.

The dispersion curves in 3.4-4.3 eV area show the decrease of refractive
indices when reducing the pressure of residual gases. It might be due
to more disordered structure of the films deposited at lower pressures.
Meanwhile, AFM doesnt show essential difference of the structure of the
samples 1-4 and SEM shows nanostructures in the samples 2-4. Thus, no
clear conclusion could be made yet. On the other hand, both AFM and
SEM show clear crystallites on the surface of sample 5. But, the refractive
indices of the samples 3 and 5 are similar and the presicion doesnt enable
us to determine the true behaviour of the refractive index when elevating
the temperature up to 550 .
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On the Possibility pf Observing Coherent States in Fluids of
Depolarized Component of Molecular Scattering of Light
B. Eshchanov, Sh. Otajonov, A. Aivazova, A. Isamatov
National university of Uzbekistan

Coherent properties of matter are manifested in such phenomena as
superconductivity, super fluidity, Josephson Effect (interference currents).
The phenomenon of super radiance properties associated with coherent
collective state of matter ”of two” molecules. There coherent properties
of layered systems is coherent dissociation, ionization coherent.
Summarizing the above said, it is possible to approve that the coherent
(or cooperative), the phenomenon is global in nature and are observed for
all the states of matter-crystals, liquids, gas, plasma.

Our work is related to the study form the band depolarized compo-
nents of the molecular scattering of light (DCMRS) a number of organic
liquids, consisting of asymmetric polarizability of molecules (benzene and
its derivatives). In such fluids DCMRS the band took a broad spectral
region 200-250 em~!. And if the central part (area 0-50 cm™!) is a su-
perposition of two dispersion contours and is due to rotational and vibra-
tional steppes of freedom [1], the long sections DCMRS (60-200 cm ™)
does not describe the dispersion dependence and, in general, this area is
little studied. Even the experimental data in the form of distant wings
are contradictory.

Our data on the form of distant wings show that the damping wings
are damped by Gaussian.

To explain such forms of distant wings, we used the idea proposed by
Fischer [2], which suggested that the long wings as part of the spectrum
DCMRS carrier for information about the initial temporal evolution of a
collision less scattering system. Scattering is related fluctuations. Fluc-
tuations are an ensemble of particles, including some 10° molecules. This
ensemble of molecules is in the potential field created by the environ-
ment. The lifetime of such an ensemble is ~ 107!? (relaxation time of
anisotropy). After this time moving from one potential well to another,
from one configuration space to another. Therefore, we can suggest that
fluctuations in the transition from one state to another occurs in the co-
herent (phased-array condition), but more must be even distribution of
the phases of individual molecules, which are achieved through a process
of diffusion.
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Kubelka-MunkS Theory Applicability to the Random Active
Media

M.V.Zhuravsky, Vasil P.Yashchuk, O.A. Prygodiuk
Kyiv Taras Shevchenko National University, physics department

Modeling and theoretical treatment of the lasing in random active
media is very difficult problem. Therefore the development of the com-
prehensive model and theory is the task of the future. But one should
attempt to deliver different approach to this problem solving. We try out
to extend the Kubelka-Munk’s theory over the random active media and
to study the applicability this theory to the light propagation and lasing
in a random active media.

Within the framework of the two-flux Kubelka-Munk theory (the ra-
diation passing through an inhomogenouos material is represented as two
opposite fluxes, exchanging by the energy because of multiple scattering)
we considered passing of the incident radiation through the random active
medium with the negative absorption coefficient K. Solution of the proper
equations shows that the change of the absorption coefficient sign from
positive to negative results in substitution of the direct flux intensity I
decrease vs depth x by the increasing one. The rate of this increasing en-
hances considerably under K and scattering coefficient S increasing. The
intensity of the opposite flux J rises towards medium surface of the light
incidence regardless of the K sign but the amount of this increasing de-
pendence strongly on K and S. Maximal intensity I and J (at the end and
input of medium respectively) became equal and functions I(x) and J(x)
dependence weakly on boundary conditions under high value of this pa-
rameters (K ~ 200cm ™! and S ~ 100cm~!). This condition corresponds
to regenerative amplification in conventional lasers.

In a random laser the lasing develops along random broken trajecto-
ries where scattered light moves. Thus as a rough approximation one can
present a random laser as a set of scattered centers chains dipped into
an active medium. Distance between scattering centers and the chain
length are distributed according to random law (for example according
to Gauss law). While propagating along the chain the light is amplified
and scattered. Thus its propagation can be described by Kubelka-Munk’s
theory. But in contrast to previous case the light originates from spon-
taneous emission within the chain itself, and the luminescence appeared
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at both chain edges equiprobably. The situation is described by four-flux
Kubelka-Munk’s theory that can be reduced to two-flux model with equal
boundary condition on the entrance and exit surfaces of the pattern. The
equation shows the origination of two opposite equivalent fluxes which in-
tensity grows under gain and scattering coefficients increasing. As random
lasing consists of a number of the chains the lasing intensity depends on K
and S in similar way. It agrees completely with main features of random
laser.

Thus the results testifies that extended Kubelka-Munk’s theory appro-
priately describe main features of lasing in random laser and can be a base
for appropriate theory developing.
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Lo(v)v-llilrlllergy Excitation Spectrum of the Crystal KTm(MoO,),.
S.N.Poperezhay', D.L.Kamensky?, V.I Kutko', Jochen Wosnitza®,
Sergei Zvyagin®
1B I Verkin Institute for Low Temperature Physics and Engineering of
the NAS of Ukraine 61103, Lenin ave. 47, Kharkov, Ukraine
2Dresden High Magnetic Field Laboratory (HLD), Forschungszentrum
Dresden — Rossendorf, 01314 Dresden

The KTm(MoOy)s crystal belongs to the series of the isostructural
compounds in which the low-temperature phase transitions caused by the
cooperative Jahn-Teller effect (CJTE) are observed. The characteristic
feature of these materials is their layered crystal structure [1] which yields
in the acoustic and optic-acoustic vibration branches with low limit fre-
quencies in the vibration spectrum. In the KTm(MoO,), crystal the low
local symmetry of the Tm®>* ions (Cs) results in complete splitting of the
ground multiplet >Hg of Tm®T ion by crystal field with forming of the
quasi doublet with the gap AE = 2.3 em~! [2]. The long-wave infrared
transmission spectra previously studied allowed us to determine the struc-
ture of the KTm(MoOy)s low-frequency vibration spectrum in Brillouin
zone. The problem to concern with this work was to investigate the in-
teraction of the first excited Stark level of Tm>* ion with the acoustic
vibration branches depending on its position in the energy spectrum of
the crystal.

For this purpose the measurements of dependences of transmission of
KTm(MoO,)s crystal on external magnetic filed at different microwave
pumping frequencies (85 — 333 GHz) were carried on at low temperatures
(T = 2K). The experiments allowed us to make the following conclusions:

o the dynamic bond of electron excitation of Tm®" ion with crystal
lattice vibrations gives rise to the features shaped as side bands of the
ground transition in the microwave radiation absorption.

e the dynamic interaction of the electron excitation of the Tm?3* ions
with crystal lattice vibrations is enhanced when electron level crosses the
acoustic branch in the frequency range with the wave vector correspond-
ing to crystal lattice vibrations with the wavelength equal to the integer
number of periods.
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Electronic Spectra and Magnetic Properties of Layered FeAs
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0.S. Volkova?, A.N. Vasiliev?
1B. Verkin Institute for Low Temperature Physics and Engineering of
NAS of Ukraine, 47 Lenin ave., Kharkov, 61103, Ukraine,
(grechnev@ilt.kharkov.ua).
2Department of Low Temperature Physics and Superconductivity,
Physics Faculty, M.V. Lomonosov Moscow State University, 119899
Moscow, Russia.

The discovery of superconductivity (SC) with T, ~ 26 K = 56 K in the
rare earth oxypnictides RFeAsO;_ ,F, (R=La, Nd, Sm, Pr), and in the
ternary oxygen-free arsenides AFe;Aso, where A are alkaline earth metals
Ca, Sr or Ba, has triggered an enormous amount of research activities.
These materials exhibit a crystal structure with layers of Fe—As separated
by spacer layers, where the dopants are introduced by replacing some of
the oxygen in RFeAsO with fluorine. The reported high T, SC has raised
a number of questions about the nature of SC state and the pairing mech-
anism, and encouraged the studies of high T. SC outside of the cuprate
family. The parent compounds of these pnictides are poor metals with a
spin density wave (SDW) ground state, and SC emerges as soon as the
orthorhombic distortion and the SDW magnetism are suppressed.

The performed here DFT electronic spectra calculations show that
the energy bands at the Fermi level Er in RFeAsO, ,F, and AFe;Ass
are formed by the hybridization of d-(Fe) and p-(As) states, while the
R-O bands are far from Ep. It is found, that the Fermi surface of iron
pnictides consists of slightly warped tubular sections running along the ¢
direction. These bands in most cases can be considered as two effective
2D bands. The density of electronic states at Er comes essentially from
the d electrons of Fe, and the partial contributions of other states are
substantially smaller. Therefore, SC is presumably located in the Fe—
As layers, and the R—O layers provide the charge reservoir. Also, the
LaFeAsO compound is found to be close to magnetic instability.

We also present a systematic experimental study of magnetic proper-
ties of the polycrystalline LaFeAsOg oFo 1 in the fields up to 5 T and at
temperatures of 4.2 K — 300 K. Comparing experimental data to DFT
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calculations suggests that the electron correlations are less important in
the pnictides and a competition is anticipated between the spin order-
ing and SC. Also, the susceptibility calculated in external magnetic field
appears to be close to the experimental value at the theoretical lattice
parameter. Our DFT calculations for LaFeAsO indicate, that the doping
and pressure shift the system away from magnetic instability, which is ex-
pected to be unfavourable for SC. It should be noted that in the undoped
LaFeAsO the calculated susceptibility is larger, and the experimental one
is smaller, than in the doped systems. This suggests that there are also
other important spin excitations in RFeAsO, which suppress SDW state.

This work has been supported by the Russian-Ukrainian RFBR-NASU
project 8-2009.
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Investigation of Raman Mode Relaxation in Molecular Tonic
Crystals
Petr G. Zverev
A. M. Prokhorov General Physics Institute of Russian Academy of
Sciences, Vavilov 38, 119991 Moscow, Russian Federation

Raman modes in molecular ionic crystals can be divided into two main
groups: high frequency vibrations that are originated inside molecular ion,
so called internal modes and lattice phonons, external vibrations. Internal
modes are well isolated from lattice phonons, that’s why the number of
their possible relaxation channels is limited and they can be easily inter-
preted in terms of multiphonon decay mechanisms.

Previously there was a number of publications on the vibration re-
laxation of internal modes in some molecular ionic crystals, like CaCOs,
KoSO4, NaNOs et al. The obtained results for different molecular ionic
crystals have shown that the temperature dependence of the line broad-
ening provided the fundamental information on the dominant mechanism
leading to vibrational relaxation. The developed theory [1] showed that
the full bandwidth for an internal vibron in an ideal crystal equals to the
sum of several contributions, each arising from a specific depopulation
or dephasing mechanisms. The simplest depopulation process is a two-
phonon splitting process, when high frequency vibration w; is annihilated
with emitting two lower energy phonons w; and wy, so that w; = w; +
wy . There can be two-phonon up-conversion process, which corresponds
to the fusion of a w; phonon with another one w; with producing of a
higher energy vibration wy, so that w; = w; + w;. There can be higher
order relaxation processes with the interaction of three, four and more
phonons. The probability of higher order relaxation process is strongly
reduced with the number of involved phonons. There is a dephasing pro-
cess which involves the interaction of excited vibron w; with the thermally
excited lower energy lattice phonons w; andwy. In this case these low fre-
quency phonons scatter on high frequency vibration that can be presented
as an immediate absorption and emission of phonons with the same energy
but with different phases w; + w; = w; + w;, . All the above processes
has a certain contributions to the total relaxation probability.

In this report the dominant relaxation processes of Raman modes were
obtained for a number of nitrate, tungstate, molybdate and vanadate
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molecular ionic crystals. It was found that the Raman mode linewidth
depends on spontaneous Raman spectrum. The increase of energy gap
between the investigated mode and the closest mode reduce the proba-
bility of the relaxation process that results in the increase of the mode
lifetime and narrowing of its linewidth. The slope and curve of the tem-
perature dependence of the linewidth was analyzed by the sum of variable
relaxation mechanisms. It was found that with high accuracy in many
molecular ionic crystal the relaxation of internal mode excitation can be
described by the sum of two processes: the splitting and the dephasing
processes. These results allowed to explain some favorable properties of
barium nitrate and barium tungstate crystals as a perspective nonlinear
materials for developing Raman converters.

The results on investigation of temperature dependencies of spectro-
scopic parameters of the most intensive Raman modes in molecular ionic
crystals were applied for analysis of the stability of nonlinear parameters
of the active and nonlinear crystals in Raman converters and lasers.
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Spectroscopy of New Compounds from the Family of
Rare-Earth Orthoborates
Marina N. Popova
Institute of Spectroscopy, Russian Academy of Sciences, 5, Fizicheskaya
str., Troitsk, Moscow region, 142190, Russia

My lecture is devoted to the rare-earth (RE) borates RM3 (BO3)4, M
= Al, Fe, and Cr, that have non centrosymmetric trigonal structure of the
natural mineral huntite. It gives a brief review of a spectroscopic research
on Ybs (BO3)s (YbAB) and a big group of magnetic iron borates. This
work was carried out by my group in cooperation with the Kazan’ State
University (Russia) and the Laboratory of Condensed Matter Chemistry,
ENSCP (Paris, France) The crystals of good optical quality have recently
been grown in the L.V. Kirensky Institute of Physics (Krasnoyarsk, Rus-
sia).

Spectroscopic study of YbAB was stimulated by a recent report of the
highest power ever achieved by self-frequency doubling (SFD) laser, us-
ing the YAB:Yb crystal. We have measured high-resolution temperature-
dependent polarized absorption, luminescence, and Raman spectra of YbAB.
Energies and symmetries of crystal-field (CF) levels were determined, vi-
bronic structure analyzed, multiple additional Yb®t centers were found
and discussed.

Borates with magnetic M ions (like Fe and Cr) have interesting new
properties and promising new application potential connected, in partic-
ular, with magnetoelectric interactions in them. We have performed a
systematic study of polarized RE spectra in the RFes (BO3)4 single crys-
tals, with the aim (i) to find the energies, symmetries, and, finally, wave
functions and magnetic g-factors of the CF levels and to obtain a set of the
CF and exchange interaction parameters for the whole series of the RE
iron borates; and (ii) to study different phase transitions and, possibly,
magnetoelastic interactions. Main results of this study are reviewed. The
most interesting spectral peculiarities are discussed. First results on the
RE chromium orthoborates are also presented.

A part of the results has recently been published in Refs. [1-3]. This
work was supported by the Russian Foundation for Basic Research (grant
07-02-01185), by the Russian Academy of Sciences under the Programs
for Basic Research, and by the CNRS - RAS exchange program (project
No 21241).
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The development of Er-doped solid-state lasers for 3 pm sources is
useful for medical and meteorological applications. The lamp-pumped
YAG:Er 3 pm laser (transition *Iy1/9 —* Iy3/9 of Er®T) was reported in
[1]. Laser generation on 3 pm at electron-phonon branch of 4115/2 —4 Lig/n
transition excited by 1.34 pm laser was reported in [2].

The transition *I;1 /o —* Iy3/2 of Er*T ions in YAG:Er** is self-limited
(T(*111/2) = 100 ps, 7(*I13/2) = 6.4 ms). Processes of up-conversion lead
to deactivation of lower laser level %145 /2 for high concentrations. Therefore
effective laser generation on crystals of YAG:Er is possible only at high
conecentrations of activator ion (Cg, > 30 at. %) [1].

Although crystals with regular structure such as YAG:Er are widely
used for laser generation, disordered crystals are very interesting for laser
physics as well. Disordered structure crystals doped with TR3+ ions are
characterized by strongly inhomogeneously broadened absorption and lu-
minescence spectra. This fact provides the best overlap with emission
spectrum of pumping diode and gives possibility for creation of tunable
laser operating with ultra shot pulses.

In order to evaluate the possibility of laser generation on transition
144 2= Tia /2 of Er®t ion in disordered calcium-niobium-gallium garnet
(CNGG) crystals doped with Er®t, we have investigated the structural
and spectroscopic properties of these crystals at different concentrations
of Er®t ions. We have also studied processes of Er®* ion interaction.

The CNGG:Er crystals were grown by the Czochralski method from
melt. We have found by structural studies (RSA investigation) that
structu-ral perfection is impaired for CNGG:Er crystals with concentra-
tion higher 12 at.%. Therefore CNGG:Er crystals with concentration not
higher than 12 at. % of Er®t can be used in laser generation experiments.

We have obtained oscillator strength for the transitions from the *I;5 /2
level to the excited multiplets of Er®" ion 4F5/27 4173/27 4F7/27 4H11/27
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483/27 4F9/2 419/27 4111/27 4113/2. With the help of the Judd-Ofelt method
[3,4] we have calculated the intensity parameters Q, ({ = 2,4,6). Us-
ing this parameters we have estimated the probabilities A;;s for some
radiative transitions from the excited states of Er®>t ions in CNGG:Er
crystals. Using the value of experimentally measured lifetime of *I;; /2
level of Er®T ion and value of probability of radiative transition from the
level 414 s2 we have found that quantum yield of luminescence from the
level I, /2 level is equal 14%. This value is similar to analogous values for
YGG:Er and GGG Er crystals, but differs by an order of magnitude from
YAG:Er crystals [1]. This fact is caused by decrease of probability of mul-
tiphonon intracenter transitions from the upper laser I, /2 level of Er3+
in CNGG:Er. That is stipulated by larger mass of Ga®>' ions compared
to mass of AI*T ion.

To understand the formation of inverse population at laser levels *I4 /25
Ty /2 in CNGG:Er crystals we have investigated processes of nonradiative
energy transfer from levels 483/27 4111/27 4113/2 of Er3t ions.

This study was supported by the Russian Foundation for Basic Re-
search (project 07-02-00055a).
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Outstanding non-linear optical properties of chalcogenide glasses make
them promising materials for fast optoelectronics devices [1]. We per-
formed a set of Z-scan and time-resolved pump-probe experiments inves-
tigating ultrafast nonlinear properties of as-prepared As2S3, As50S50, and
As4Ge30S66 chalcogenide glasses. Femtosecond regenerative amplifier
Legend F-1K-HE with 140 fs pulse duration was used as a pump source at
780 nm (intraband pumping) and frequency doubled 390 nm (interband
pumping). Using Z-scan technique [2] we measured nonlinear refraction
(NR) indices and Two-Photon Absorption (TPA) coefficients in the said
media. Temporal behavior of NR and Transient Absorption (TA) has
been studied in time-resolved pump-probe experiments. Excited by the
same laser source white supercontinuum with controllable time delay in
a 0 - 300 ps interval was used as a probe pulse. The pump pulses were
focused in samples of chalcogenide glass 0.5 mm and 3 mm thick. White
probe beam was directed to the center of the excited spot. After passing
the sample, the probe beam was analyzed with spectrograph. Change of
optical density induced in the test sample by the pump pulse at differ-
ent delays was measured. Temporal resolution of the setup is 300 fs. At
intraband pumping in all the studied glasses the TA dependence of the
spectrally wide probe beam on the time delay shows two decay times. The
fast component depends strongly on the mutual polarization of the pump
and probe beams, increasing tree times in As2S3 at equal polarizations
in comparison with crossed ones. The width of the TPA peak roughly
equals to the temporal resolution of the setup. Polarization dependence
of the fast part can be explained assuming that two components of TPA
are involved. One component is formed by polarization dependent direct
two-photon absorption involving one pump and one probe photon, and the
second - by two-step absorption, the first step being two-photon genera-
tion of short-living free carriers by two pump photons, or/and one-photon
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excitation of the gap states, followed by the second step - probe absorption
by free carriers, not depending on the probe polarization. Slowly decay-
ing part of the induced absorption relaxes between two consequent laser
pulses. As50S50 and As4Ge30S66 demonstrate similar behavior. At inter-
band pumping the transmission dependence of the probe beam on the time
delay shows only a single 11 ps exponential decay in As2S3, not depending
on the probe polarization, in qualitative agreement with the results of [1]
for As2Se3. Ultrafast optical Kerr effect was for the first time measured
in bulk As50S50, As4Ge30S66 and in As2S3. The sample was placed be-
tween two crossed polarizers. Kerr birefringence induced by pump beam
caused appearance of the elliptic component in the probe beam polar-
ization, which passed second crossed polarizer. The probe beam, which
survived crossed polarizers, was analyzed by spectrograph in the same
way, as in previous experiments at different time delays. The temporal
width of the measured Kerr signal equals to the temporal resolution of
the setup. Cubic non-linear susceptibility responsible for Kerr signal gen-
eration was estimated for the said glasses. The authors acknowledge the
support from Science and Technology Center in Ukraine (Project #3745).
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Significant for stable work without degradation of light-emitting diodes
is prevention of occurrence and duplication of defects of different dimen-
sion in their active area and in the field of their ohmic contacts. One
of powerful methods of research of the defective subsystem is the spec-
troscopy, in particular research of electroluminescence (el) spectra. Ear-
lier has been established [1], that in light-emitting GaAsP/GaP structu-res
due to process of natural ageing there is a reduction of defects number with
small aact which accept active participation in defects-formation processes
and micro-destructions that proceed in their active area and area of the
contacts accompanied be acoustic emission (aa) and leading to degradation
both el intensity [1] and other characteristics of light-emitting structures.
Processes of ageing occur mainly due to linkage of dot defects and disloca-
tions in clusters, i.e. Formations of new complexes of defects with greater
aact that has led to increase of local strength of a crystal. Also in light-
emitting diode structures at natural ageing there is an increase in adhesive
durability of contacts to a structure surface. In work the electrolumines-
cence of natural aged light-emitting structures based on the gap and gaasp
(the maximal constant direct current - 10 mA) is investigated. The current
raised step-by-step due to technique [1], which allowed simultaneously with
record of el spectra to register aa. Irreversible and reversible degradation
of GaAsP: N, Zn-O/GaP structures at currents up to 350 mA is found out.
It is revealed, that a part natural aged structures at currents 500 mA (and
more) and also at ambient temperature 500-600 N Degrade slowly and do
not fail, unlike new, without ageing, structures of such type for which these
currents are not achievable. Reversible degradation of the red band can be
explained by thermal ionization on isoelectronic complex ZnGa—OP. At
the raised temperatures (SINCE 300 N) disintegration of excitons on far
donor-acceptors pairs (DAP) ZnGa—OP starts to occur and accordingly
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radiating recombination between energy levels ZnGa—OP - Zn (and EV)
sharply decreases. This effect is not connected with el intensity reduction
due to increase of phonon absorption at temperature increase. The exci-
ton strip (1,78 aV) passes in a strip 1,4 aV, caused by donor OP. THus
due to a significant warming up by passage current up to 450 mA (the
overheat temperature of active area 600 N), and at external source (up
to 500 N), occurs significant displacement of the green strip from 2,18 aV
up to 2 aV due to band gap change which is caused recombination on the
isoelectronic centers of nitrogen np. due to it color of light of the aged
structures monotonously changes from green to red. Irreversible el degra-
dation corresponds as defects-formation in the area of contacts that leads
to reduction of injection coefficient, and also defects-formation in active
area and accordingly to growth of non- radiative recombination. Simulta-
neous significant shift and disappearance (both reversible and irreversible)
band 1,78 ¢V and formation of the strip 1,4 ¢V which it is accompanied
by ae, explains domination of the channel of radiative recombination at
the donor of oxygen [1] (reversible degradation) or diffusive disintegration
of dap ZnGa—OP (irreversible degradation).
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In this presentation, we report on several effects observed in the op-
tical spectrum of Pr3t in the magnetically ordered state of PrFes(BO3)4
and explained using the perturbation theory. The splittings and shifts of
energy levels appear as the first and, respectively, the second order cor-
rections of the perturbation theory. Besides, a new effect was observed,
namely, the emergence of new spectral lines at the magnetic ordering tem-
perature [1]. The transitions between singlet crystal-field sublevels of Pr3+
ion with the same transformational properties, strictly forbidden for the
trigonal D3 point symmetry of this ion in PrFe3(BO3),, appear below the
Nel temperature and grow in intensity as a square of the order parameter.
We show that the forbidden spectral lines appear not due to changes in the
symmetry of the crystal lattice structure as the magnetic phase transition
is crossed but due to mixing of wave functions of an optical center by the
exchange interaction in the magnetically ordered state. The perturbation
theory delivers corrections to unperturbed wave functions and, as a con-
sequence, to the intensities of optical transitions. Using the perturbation
theory and the results of crystal-field calculations, we were able to perform
a quantitative estimate of the observed effects [1].

This work was supported in part by the RFBR under Grants No 07-
02-01185 and No 07-02-00704 and by the Russian Academy of Sciences
under the Programs for Basic Research.
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Water impurity in solid bodies change their mechanical, optical,

electrophysical and other characteristics that regularly was not studied.Especially
important role plays water interaction with various silicate mediums which
are very widespread in the nature (in lithosphere of the Earth 58% SiOs)
and are widely used in manufacture. By methods of IR spectroscopy with
use of Fourier spectrometer Nicolet NEXUS-470 various states of OH-
groups and molecular water in a number of monocrystals (NaCl, KBr, LiF,
LiNbOg7 LiJOg7 LiTaO;37 BagNaNb5Ol5 (a banana)7 C(T1VVO47 B112G60207
Al,Os3, Y3Al5049, Ge, SiOs (quartz, amethyst),
AlL[SiO4](F,OH) (a topaz)) were studied, various samples of fused quartz,
disperse silica (silica gels, aerosils, porous glass). Samples a— and §—
phases Ni{OH)s in which except hydroxyl OH-groups contained molecules
9 in crystal kind (3Ni(OH),-25) or the adsorbed water, and also thin plates
of muscovite KAl [SigAlO14](OH,F), and teflon were in addition studied.
In disperse silicate mediums it was studied both the water adsorbed from
air, and capillary water. The existence of six discrete states of internal
OH groups and water molecules in volume of solid bodies in addition to
superficial OH groups ( 3690-3749 cm™!) for the first time is established.
Various states of OH-groups and solid bodies were identified by discrete
positions separate spectral components (3379, 3428-36, 3484, 3545, 3583-
96, 3640-75 cm 1), and also by change their intensities.

In monocrystal NaCl narrow peak of 3583 m~' OH-groups has half-
width év = 1, 5em ™!, and for bonds about 3485 cm ™! in crystals LiNbOs,
LiTaOs and BasNaNbs;Oq5 v = 27 — 29¢m ', Strips of the condensed
water in the field of 3430 cm™' have considerably the big width. Reso-
nant bond of a valency water mode 7 and the second overtone 3uv3(SiO4)
a valency asymmetric mode of structural tetrahedrons is essential feature
of crystals of quartz, a topaz and related it substances. For a band of an
overtone 3 of quartz crystals four components connected with LO-TO
splitting are observed, that allows to easily interpret them. In a spectrum
sharper lines of internal OH-groups 3380, 3484 and 3595 cm ™! are ob-
served. For fused quartz, absorption bands of OH-groups are wider and
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also displaced in high-frequency area (6675 cm~!). The same position of
bands is observed in muscovite, nickel hydroxyls, silica gels and porous
glass. The isolated OH-groups on SiO2 and Ge surface have the greatest
frequency of 3748-49 cm~'. Except area of valency vibrations OH-bonds
length -, overtones 2vop and compound tones with participation vog,
deformation, libration, and also screen water modes were in details stud-
ied. The maximum number of v lines was observed by us in IR spectrum
of Bi;9sGeOsy. And to narrow lines of HoO- molecules and OH-groups
3440, 3567,3625, 3683 and 3749 cm ! in overtone areas corresponds ap-
proximately doubled frequencies of 6875, 7130, 7235, 7358 and 7458 cm !
that specifies on very small anharmonicity of investigated vibrations. The
same situation is observed for topaz, 5 — Ni(OH ); and other substances.

Presence of molecular water forms is proved by direct supervision of
deformation mode vs = 1662cm ! in CAWOQ, and 1617 em ™! in Al,Os,
1637 em~! in 8 — Ni(OH),, and also supervision of compound tones
oz + vs near 5200 em ™! in fused quartz, Ni(OH)s and disperse silica.
Relationship of characteristic band of 4520 cm ™! intensity with the water
maintenance in disperse silicate mediums is proved. Spectral changes at
increase of quantity of the adsorbed both capillary water and strengthen-
ing of collective properties of their vibration modes are studied.
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One of intensive methods of research of structure of crystals there is a
x-raying. It is based on research of conformities to the law of dispersion of
coherent x-ray photography waves the electrons of atoms of the condensed
systems. We study phase composition and structure of the system by x-
raying method from nanocrystals components on the basis of TiO2 and
cobalt in an amount 10 and 20% mass in our work.

The structure and physical and chemical properties of the mixed nano-
crystals materials of oxide depends on their composition and method of
synthesis in majority. Oxides, based on a titania with the admixtures of
transitional metals, are mixed, have high photocatalytic activity in the
reactions of disintegration of organic compounds, and also examined as
non-reactive materials for sun small holes in the devices of transformation
of light. The mixed oxides were synthesized chemically, by introduction
of cobalt on the surface of polydiscontinuous particles of TiO2 and next
burning at temperatures 350, 600 and 900 C.

Information of x-raying analysis show that after here gigue at temperatu-
res 350 and 600 C crystalline structure of example in tetragonal with the
parameters of a=3,785 and ¢=9,514, that answers the grate of TiO2 is an
anataze. Sciagraphy, being of cobalt in the free state can be related to
disguise of lines of cobalt from considerable expansion of lines of anataze.

The analysis of size of blocks of coherent dispersion is resulted on
expansion of x-ray photography lines of anataze shows that structure of
standards after burning at the temperature of 350C shallow with the size of
blocks of order of 80 - 90 nm. Burning at the temperature of 600C results
in a jumboizing blocks to 120 nm. Standards, heated at the temperature
of 9000s presented three phases (are an anataze (77-78%), tetragonal rutile
of TiO2 (18-20%), (a=4,593, c=2,959) and connections of Sotio3 at initial
maintenance of cobalt 20% is 6%. Burning at the temperature of 900C
results also in a substantial jumboizing blocks of mosaic of anataze to
d=300nm.
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Crystal KYb(Mo00O,)s belongs to a family of double alkali — rare earth
molybdates with the general formula KRe(MoQOy)s, where Re is a rare-
earth metal ion. These compounds have an orthorhombic crystallographic
structure (D1}, z = 4) [1]. Their common features are low temperature
phase transitions induced by the cooperative Jahn-Teller effect (CJTE)
[2,3]. The compounds have a layered crystalline structure formed by
the weakly-bonded KT — layers and the Re(MoQ4)s — layer packets with
stronger bond. It induces low-frequency vibrational modes in the excita-
tion spectrum and a strong electron-phonon coupling between the electron
excitations of the rare-earth ions and the lattice vibrations, provided that
their energies coincide.

To identify the structure of the low-energy vibrational and electron
excitation spectrum of KYb(MoO,)s we measured the long-wavelength
IR transmission. Two absorption bands with the energies 25.3 cm™! in
the polarization El|c and 16.8 cm ™! in the polarization E||a were detected.
They are interpreted as interlayer vibrational modes. The acoustic and
optico-acoustic vibrational branches of the crystal KYb(MoOy)s in the
Brillouin zone were calculated using a one-dimensional model [4].
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Materials modification by electronic excitation is an important prerequi-
site for many novel technological applications in material and surface en-
gineering, photochemistry, micro- and nanoelectronics. At the same time
the relevance of integration of techniques of materials modification by
electronic excitations into the modern industry requires the development
of remote nondestructive continuous analytical approaches to monitor the
correspondent technological processes of material parameters changing [1],
and the problem of analytical control of crystal composition and structure
modification processes is one of the central problems in solid state radia-
tion physics and chemistry [2].

The basis for the electronically induced lattice modification technolo-
gies is a localization of the excitation energy followed by the energy trans-
fer to the material surroundings. A variety of inelastic processes induced
by electronic excitations have been studied, but many details of the elec-
tronically induced modification of solids are still not understood in deep.
Rare-gas solids are the model systems in chemistry and physics of solids,
and a lot of information about dynamics of electronic excitations has been
documented in several books and reviews (see e.g. Ref. [3] and references
therein). It is generally recognized that creation of electronic excitations in
rare-gas solids results in self-destruction of crystal lattice. Recently, har-
nessing the intrinsic luminescence of rare-gas solids, the kinetic model for
description of radiation-induced subthreshold inelastic elementary proces-
ses in rare-gas solids has been proposed, which allows the real-time an-
alytical monitoring of the crystal structure of the samples [4]. Exciton
self-trapping induced defect accumulation progress curves — time depen-
dence of intensity of characteristic “defect” luminescence subbands —show
pronoun-ced linear growth at the beginning of irradiation, saturation at
longer times, and, finally, fading behavior [5].

In the present study we apply our kinetic approach to such a progress
curves and propose an explanation of the slow decay of the “defect” sub-
band as a result of defect phase formation induced by Frenkel pairs cre-
ation during relaxation of self-trapped excitons. The experiments were
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carried out at the SUPERLUMI-station at HASYLAB, DESY, Hamburg.
Initial increase of the intensity of the characteristic luminescence subband
during irradiation reflects the accumulation of stable long-lived point de-
fects (Frenkel pairs) in the lattice as a result of exciton creation and self-
trapping in the consecutive process

E+T= MTE — D,

where F' is the mobile excitation (free exciton), which is trapped at trap-
ping center T" (lattice imperfection) and forms an excited metastable trapped
center MTE [4]. Radiation decay of short-live MT E-center either returns
the lattice into the initial state, or creates the stable defect D (Frenkel
pair). The kinetics of growth of characteristic luminescence intensity un-
der steady-state conditions of irradiation may be expressed as

K-t

1(t) = I —_—
() O+L+t7

where Iy = I(0) is the initial intensity of characteristic luminescence of
the sample; K is the saturation value of (I(¢) — Ig) at t — o0 ; L ~
ngnT(nyre) ! is a specific constant of a sample; n — concentration [4].
Numerical fitting of experimental dose curves for the samples of solid
xenon and neon allows to obtain the values of these constants Ky, =
1.6 - 103 cps, KNe = 6 - 102 ¢ps, Lxe = 24 -10% s, Lne = 1.4 - 10* 5.
After long exposure, when the point defect concentration in the sample,
np, will exceed the critical value, the exciton self-trapping near existent
defects will not stimulate the creation of the new defect, but will induce
the aggregation of the existent defects in the process

MTE+D — DD.

In this case the fading kinetics of the characteristic luminescence may be

expressed as

K. I
I(t) = ——
)=

where L' ~ nyrrpnp(npp)~! . Numerical fitting of the dose curves allows
to determine the value of this constant L’ = 4.8 - 10% s for the particular
case of xenon cryocrystal.

Proposed analytical luminescence method provides a way of qualitative
and quantitative analysis and certification of rare-gas cryocrystals, which
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is indispensable at any attempt of comparison of data from experiments
with different samples [6]. Analytical applications of this method enable
an estimation of the “defectiveness” of the sample and maximum radia-
tion dose, above which the growth of the defect phase occurs in the sample.
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4. 47-bipyridine derivatives are widely used in the practice as the
electrochromic materials, electron transfer mediators, biosensors, matrices
of molecular electronic devices, etc. The viologens, 4,47-bipyridine tertiary
salts, are the most useful of them.

We have recently synthesized new substituted viologens contained var-
ious functional groups (amide, amino, urea, carboxylic, etc), conjugation-
extended viologen analogues bearing stilbene motif as a spacer between the
pyridine moieties and some other principally new 4,47-bipyridine deriva-
tives. Single-crystal X-ray diffraction was used for the determination of
the molecular and crystal structure peculiarities of these compounds. It
was found that in the most cases the dipyridine core of viologens and
their analogues is planar. But there are also some exceptions that demon-
strate twisted bipyridine structures. It was found by X-ray diffraction
that the viologens bearing hydrogen-contained functional groups depend-
ing on the type of H-bonding could be organized in the solid state not
only in the intermolecular chains, but also in the helices or nets. Spectral-
luminescent properties of the all new compounds in microcrystalline state
were studied under excitation with UV laser diode operated at 405 nm.
It was found that the extended viologen-analogues demonstrate strong in-
tensity of luminescence in contrast to the corresponding original viologens.
Structure-luminescence dependence has been studied.
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180°-domain walls (DW) which are ones of kinds of borders between
the neighbor domains, are a typical example one-dimensional nanostruc-
tures (the characteristic sizes 7-12 A for ferroelectrics BaTiO35 and PbsGesOqy
with phase transitions of type of ”displacement” and nearby 100A for fer-
roelectric triglycine sulfate (TGS) with phase transition of type ”order-
disorder”). These one-dimensional nanostructures are the plane defects of
crystal lattice. These defects create the additional branches of acoustic
and optical vibrations in the vibration spectrum of a ferroelectric and ones
are localized near to DW. The temperature dependence of parameters of
these local vibrations strongly influences the nature of nanodimensional
objects.

Within the limits of this research a behavior of dependences of char-
acteristic size d of these one-dimensional nanostructures from microscopic
parameters of ferroelectrics with phase transitions of both kinds have been
theoretically studied.

On the basis of microscopic model for ferroelectrics with phase transi-
tions of type of "displacement” it has been established, that for motionless
domain walls there is critically possible minimal size d,,.;, of this nanoob-

Jject
dmin -V 8530/9507

where Sgg is the parameter which characterizes a dispersion of soft mode,
Ogp is the value of soft mode in the centre of the Brillouin zone.

Within the limits of model which was used for consideration by meth-
ods of the Lagranges formalism moving with a speed V domain borders,
it is established, that width d of such moving nanoobject is defined in the
form of

d=Cy2a(1 =V?2/C?)/a,

where C is the velocity of a sound in the crystal, a and « are the parameters
of the ferroelectric model with the double-minimum anharmonic potential.

By research of spectra of pseudo-spin excitations for ferroelectrics with
phase transitions of type ”order-disorder” it has been established, that for
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moving domain walls the width d is defined in a similar way, but with
parameters of this model.

The temperature dependences of parameters of these models specify
that characteristic size d the mentioned nanostructures in the ferroelectric
phase has a following appearance

dr~ (Te —T)7 V2.

In this case the nanostructure object at approach of the temperature 7 to
the point of phase transition T is delocalized, increasing the character-
istic size.

The experimental researches of temperature dependences components
of dielectric permittivity along a polar axis for monodomain &,, and poly-
domain ¢, crystals TGS have been spent. These researches have quali-
tatively confirmed results of theoretical calculations which have defined
decrease of the contribution from movement domain walls in this param-
eter at temperatures approach to To:

ep —Em ~ (Te = T)3/2
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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 investigation the correlation of structure and spectral-fluorescent prop-
erties of merocyanine dyes, 2,2-difluoro-1,3,2(2H)-dioxaborine dye was syn-
thesized. The goal of the present work was the determination of the bonds
lengths distribution in these compounds by single-crystal X-ray diffraction
method. It was found, that these dyes depending on conditions could be
crystallized 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, which compound
was crystallized from. It is worth to note that the indexing of X-ray re-
flections 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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Influence of a Proton Irradiation on Rate Recombination of
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The influence of defects of structure on rate recombination is defined
by their concentration, factors of capture electron, hole and power level
of traps. With other things being equal this influence the is less, than
more finely power level of a trap concerning one of zones. Physically it
designates that the majority of carriers of a charge seized from the nearest
zone, at once are thrown out in a zone. Such of defects of structure
are the good suppliers equilibrium electron or hole and strongly change
electrical conduction’s. On the contrary, the impurity with deep levels of
energy low-grade influence on equilibrium electrical conduction’s, but can
strongly change times of life (recombination’s defects of structure).

The change of rate recombination was studied at isothermal and not
isothermal modes after an irradiation by protons of ceramics ZnS-Cu. The
excitation luminescence and the light sum a accumulation were carried out
by integrated study x-ray tube (Mo, 35V, 10 mA) at temperature 85 and
295 .

During experiment samples (initial and irradiated by protons by dozes
103, 1014,10'® /em? with energy 50 Mev) were raised during different
intervals of time, from 2 sec till 3 hours. The change of rate recombination
and was analyzed on linear sites of curve accumulation the light sum on
all area of afterglow. The analysis 7received on the formula for located
electron at short-term excitation used time from 2-3 sec up to 60 sec
testifies to dependence of this parameter on a level impurity doping process
by protons.

The received dependence of rate of accumulation up the light sum 7() of
an initial sample in an interval 100 up to 440 testifies to presence of several
grades of traps participating in accumulation up the light sum. After
an irradiation of ceramics has changed kinetics of accumulation up the
light sum during an interval of registration thermostimulated luminescence
(TSL). And, the presence of radiating defects differently changes processes
of accumulation up the light sum on different grades of traps. The increase
of values 7 for samples irradiated with a doze 103, 104 /cm? (area of
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registration 100-250 ) contacts to increase of concentration interstitial of
zine (Zn;) crucial for low- temperature peaks TSL. The peaks 110 and
125 are caused by sulphide of zinc, the peak TSL at 160 communicates
- with V; (vacancy of sulfur).

For deeper traps the value 7 has changed concerning the appropriate
values of an initial sample a little. The changes 7 in these sets of samples
can be connected with increase of concentration of the canters participat-
ing in recombination processes, i.e. increase of channels recombination of
carriers in a material.

The increase of value 7 on the average in 2-3 times (temperature area
250-450 ) is characteristic for samples irradiated by a doze 10'°/em?. In
this temperature area the selective change 7, showing about occurrence
after an irradiation of new local levels selectively influencing of accumu-
lation up the light sum by the certain groups of traps is observed. The
relation reserved up the light sum under curves TSL enables to assume oc-
currence of the canters of suppression in the irradiated samples by depth
0,5 €V, and the concentration them is comparable to concentration be-
fore the available canters of capture. For finer traps, the linear growth
of value 7 with increase of temperature is observed. The received val-
ues 7 in low- temperature an interval TSL can be connected by probable
displacement Zn; in regular places that is reduction of concentration Zn;
and V; for low- temperature peaks TSL. The radiating defects, generated
by a proton irradiation, result in change kinetics of luminescent processes
and change of a spectrum of local statuses in a researched material. The
selective change of speed of accumulation up the light sum after a proton
irradiation testifies to presence in sulphide of zinc tunnel recombination
of processes.
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The temperature broadening and shift of phonon lines is a manifestation of
the phonon-phonon and phonon-lattice interaction. The investigation of
Raman mode temperature dependencies allows to study the anharmonicity
of lattice and molecular ionic vibrations.

The spontaneous Raman spectrum of Pb(NO3)s crystal was inves-
tigated in [1]. The internal vibronic modes of (NO3)™ molecular ionic
group in lead tungstate are well isolated from lattice vibrations with en-
ergy gap about 500 cm~'. This simplifies the analysis of phonon-phonon
and phonon-lattice coupling. In this report the results on temperature de-
pendencies of Raman mode parameters in the range 15300K are presented.
The frequency shift and line broadening were measured for F, (96 em™ 1),
E, (730 em™!), F, (733 em™ 1), Fy (736 cm™!), F, (1047 cm™!) and A,
(1049 cm~!) Raman modes. The temperature shift of Raman mode fre-
quencies exhibit similar behavior. The mode energies are reduced with
heating due to lattice expansion and lowering of the crystal field influence
on (NO3)~ molecular ion. The Gruneisen parameter that characterize the
mode coupling with crystal field were estimated for these Raman modes.

The increase of temperature results in Raman mode broadening. The
value of the linewidth at 0°K and the slope and curve of temperature
dependence are determined by the coupling processes. The analysis of
temperature broadening allows to predict the dominant relaxation mech-
anisms. High frequency Raman vibrations in molecular ionic crystals are
originated inside molecular ion and are well isolated from lattice phonons.
That’s why the number of their possible relaxation channels is limited
and they can be interpreted in terms of multiphonon decay mechanisms.
Our analysis showed that with high accuracy the relaxation of high fre-
quency Ag(n) vibronic mode can be described by a combination of two
processes. At low temperature the dominant relaxation process is a two-
phonon splitting with the excitation of a lower energy internal vibron and
a lattice phonon. At higher temperature the dominant is a dephasing pro-
cess due to the interaction of the A,(ny) internal vibron with highly pop-
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ulated low energy lattice phonons. The dominant relaxation mechanisms

are proposed for all investigated Raman modes in lead nitrate crystal.
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Fluorine substituents have become a widespread and important drug
component, their introduction facilitate the development of protecting and
selective fluorinating agents. Organofluorine substituents affect nearly
all physical and biological properties of the initial compound: absorp-
tion, distribution, metabolism, excretion, etc. Their inductive effects are
relatively well understood (for example, they enhance bioactivity by re-
ducing the basicity of neighboring amines). In contrast, exploration of
the specific influence of carbon-fluorine single bonds on docking interac-
tions, whether through direct contact with the protein or through stere-
oelectronic effects on molecular conformation of the drug, has only re-
cently begun [1]. We have recently synthesized and investigated a number
of new heterocyclic compounds containing trifluoromethanesulfonylimino-
, methylsulfonylimino groups and some N-trifluoromethylsulfonyl-N-(4-
fluorophenyl)carboximidoyl chloride derivatives. As a result of single-
crystal X-ray diffraction it was found that in the most cases the molecules
are characterized by the very strong intramolecular hydrogen bonds which
significantly influence on their spatial structure. The peculiarities of in-
tramolecular hydrogen bonds in solid state and solutions were investigated
by IR-spectroscopy. X-ray diffraction has also shown that in crystals the
hydrogen-contained functional groups usually form intermolecular chains
or nets by different types of hydrogen bonds which often include solvent
or water molecules.
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The new transition-metal tellurium oxycloride has clearly a pronounced
layered structure. Each layer is made of groups of five distorted nickel-
octahedra into a ”claw unit” with some unusually short nickel-nickel dis-
tances [1]. The magnetic properties should therefore be dictated by strong
magnetic interaction within each ”claw unit”. The powder sample under-
goes a transition in antiferromagnetic ordering state at temperature 23 K
[1].

In high-field electron-spin resonance investigations of Nig(TeO3),Cl, sin-
gle crystal, ten spin-resonance modes with characteristic magnetic-field
dependencies were discovered [2]. The two-dimensional model discussed
by Mihaly et al. [2] reproduces only a part of the observed excitations
and further investigations including neutron and Raman scattering are
necessary for a complete exploration of the magnetic structure in this
compound.

The transition metal tellurium oxychloride, Nis(TeO3)4Cls, has been in-
vestigated by Raman scattering method at temperatures 2 - 300 K. Sixty
two phonon modes (of the total 69 Raman-active phonon modes allowed
for the monoclinic structure) were identified in the spectra and their be-
havior was analyzed. The temperature behavior of the phonon modes
testifies the absence of a structural phase transition in the temperature
range 2 - 300 K.

At low temperature range 2 K, a number of additional weak peaks at
13.1, 16.8, 24.4, 29.2, 31.9, 46.2, 48.2, 56.3, 69.4, 69.9 cm™—! appear in the
low-energy Raman spectra. The energy of additional peaks is consistent
with results of spin-resonance investigations [2]. Additional peaks (except
peak at 56.3 cm™!) vanish at around Ty with temperature rising. This
is a typical behavior for the one-magnon scattering. Moreover, wide band
at 50 cm~! perhaps two-magnon scattering in origin was observed.
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The behavior of additional peaks have investigated in magnetic field 0 -
25 kQOe in different geometries. It was discovered that line at 56.3 cm ™"
did not respond on magnetic field. Moreover, this line displays a strong
interaction with the phonon mode at 55.1 cm ™" and exhibits the anoma-
lous temperature dependence. Line observes at temperature well above
Tn. The interesting features of behavior this line is discussed.
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Resonance studies show that in KTh(WO,)s the non-Kramers terbium
ion possesses in the bottom part of the electronic spectrum a quasidou-
blet of states separated by an energy gap ~ 1 K [1]. The experimental
results obtained for the static magnetic properties of KTh(WOy)y show
this compound to be an Ising antiferromagnet with critical temperature
Tx = 0.7 K [2]. Phase transition induced by external magnetic field has
been observed [1]. The experimental dependence of the susceptibility [2]
has been described in assuming a model included three excited electronic
quasidoublets. A correctness of the two-level model may be verified by
new experimental information about the arrangement of the energy levels
of the terbium ion.

Spectrum of the Raman light scattering is investigated in KTh(WOy4)s
single crystal in the frequency range 3-950 cm ™" in the temperature range
5-300 K. All 36 vibrational modes predicted by group theory analysis
were detected and their symmetries were determined. The temperature
behavior of the phonon spectra testifies the absence of a structural phase
transition in the investigated temperature range. To extract electronic
spectrum contribution the isomorphic compounds of yttrium and dyspro-
sium were investigated.

In KTh(WO4)s ten of the 11 predicted Raman-active low-energy elec-
tronic transitions were found between the levels of the ground state mul-
tiplet of terbium ion split by the crystal field with the symmetry Cy. It
is determined that the first excited electronic quasidoublet consists of two
singlet levels with different symmetry, and it is separated from the main
quasidoublet by enough big energy (~ 75 em~'). The behavior of all
experimentally observed levels in external magnetic fields is investigated.
Study of electron transition from first thermal populated level in external
magnetic field gives opportunity to evaluate an energy spliting of quasi-
doublet ground state in zero field (~ 0.7 em™!). Spectroscopic g-factor
of quasidoublet ground state and excited electronic states evaluated from
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electronic Raman lines field dependence.

The results of investigations confirm that at low temperatures a case of
the pure Ising anisotropy is realized, and that the considered magnet may
be regarded as a system of two-level magnetic ions.
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A detailed analysis of investigation state-of-art on the ionizing radi-
ation influences on laser systems has been conducted. The research has
concentrated on estimation of predictable level of space radiation and other
radiation field environments influences on optical materials, laser elements
and solid state lasers.

The diode pumped laser output functional dependence of the main
parameters of pumping and characteristics of basic laser elements is well
known for the basic modes of generation [1]. Features of major types
of lasers, such, for example, as Nd:YAG lasers, full enough taken into
account in a number of works. In this connection, for a development
of model, allowing to estimate influence of ionizing radiation on a laser,
the experimental information is needed about influence of radiation on
absorption and scattering of light in optical elements, change of reflectivity
of multi-layered dielectric mirrors, change of transmission and absorption
of laser crystal on a wavelengths of pumping and lasing. The following
models have been analyzed [2]: (a) solar flare influences on laser systems;
(b) forecasting of ionizing radiation influences; and (c) risk assessment
in laser safety analysis. The possibility of using statistical probability
risk assessment and nonlinear forecasting models of laser dynamics under
ionizing radiation influences has been analyzed. This is a so-called black
box or input-output model, which seeks only to reproduce the behaviour
of the systems output in response to changes in its setpoint or inputs. The
model inputs are radiation influences on lasers and output parameters are
indexes (integral characteristics) of laser elements.
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Lanthanide (L.n) doped phosphates, vanadates, molybdates and tungstates
have been the subject of recent investigations as potential materials for lu-
minescent applications. MIO—P,05—MY!03—Lny03 (LnF3) (M! = Na
or K; MY = Mo or W) melted systems were investigated as following bi-
nary sections: M PO3—MI MY Oy, 0.5( M} POy x M PO3)—M{ MY 1O,
and M} POy — M4 MoOy containing 5 % mol. M41Os (M = La, Nd—
Gd, Dy — Lu) or 7 % mol. M1 Fs (MM = La — Lu). Two main meth-
ods were used: FTIR-spectroscopy and single crystal XRD. Three types
of compounds were revealed. One of them, namely K, Ln(PO,)(MY!1O,)
has attracted our attention to study luminescence properties.

Isostructural analogue Ko Bi(PO4)(MoO,) doped with Eu**t has been
chosen to investigate the concentration series up to Ko Fu(PO4)(MoOy).
Luminescence spectra measured under 4.2 and 300 K have been discussed
taking into account structural data.

Luminescent properties of the concentration series of mentioned above
undoped and doped with E«®t ions compounds were investigated and
discussed.

Luminescence of the RE3t ions doped compounds is a superposition
of own matrix luminescence and luminescence of RE>T ions caused by
intrinsic f — f radiation transitions. Besides, manifestation of interaction
between matrix and impurity ions was found. Correlation between number
of various Eu?T-luminescence centers and local structures of mentioned
typed of compounds was established.

Thus, the results obtained show a perspective of mentoined compounds
doped with Eut to be used as effective white and color light-emitting
photoluminophores.
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Oxid compounds with rare earth (RE) ions are attractive materials for
multicolor luminofors which can be used in plasma and catodolumines-
cent displays and detectors of ionizing radiation as well. There were un-
dertaken some effort to design new phosphors on the base of doped with
praseodymium ions Ca/Ba/SrTi0Os perovskites. Such type phosphors
could be used in combined LEDs. PL intensity of these phosphors is very
low and researchers aimed to enhance it have to introduce some additional
impurities, Al or Ga ions, e.g., into mentioned matrix.

BaLayTi301q belongs to Dion-Jacobson family of layered perovskite-
like titanates of common formulae Ba[lLn,_17%,0s,+1] where Ln is RFE
element from La to Sm. The some part of the La atoms in BaLasTi301¢
can be easily replaced by another RE atoms. Surely, active in visible pho-
toluminescence RFE ions can be among them. We synthesized and inves-
tigated here the structure and PL properties of the BaLas_, Fu,Ti3019
compounds, where z=0-2.

Synthesis BaLao_,Fu,TisO1p microcrystalline powders were made
using termotreatment (1" = 1520 K, ¢t = 2 hours) of simultaneously pre-
cipitated barium, titanium, and rare earth hydroxycarbonates.

Luminescence spectra were investigated using synchrotron radiation
from the region 50-330 nm. Experiments with synchrotron radiation were
carried on at SUPERLUMI station at HASYLAB (Hamburg, FRG). In
some cases luminescence was excited by radiation from the Ny (Ao, =
337.1 nm) lasers or powerful xenon lamp DKs[.-1000 and MDR-2 or DFS-
12 diffraction spectrometers which cover wide spectral region from 225 to
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1200 nm were used.

The BaLayTis019 compounds doped with europium manifest red ” by
eve” PL typical for emission of Fu3T ions. The PL spectra of the samples
consist of three well-distinct groups of lines. One group lies in 670-750
nm region and others lie in 550-725 nm region. The intensity of lines of
the first group is rather low in comparison with the one of the lines in
550—725 nm region. The shape of the spectra does not depend consider-
ably on excitation wave length either it lies in the region of absorption
of lattice or it corresponds to inner transitions of Fu®T ions. The diffu-
sion of spectrum components shows that arising of content of Ev®t ions
(r=0.5-2.0) follow with accumulation of Eu>T ions, in positions which
differ from La ions positions in BaLayTi3019 compound that leads to
destroying its layered crystal lattice and different crystal phases can be
formed as result. It is possible also that crystal structure of high con-
centrated BalLas_, Fu,TisO1p samples is closer to the structures of crys-
talline solid solutions.

For the first time, the main luminescent characteristics of compounds
BalLas_Eu,Ti30qp (z varies from 0 to 2) were investigated. It was found
that the luminescence of mentioned materials is caused by radiation tran-
sitions in luminescence centers formed by Eu®T ions. The sets of lines
observed in the regions 578-582, 580—604, 604640, 640—675 and 675725
were related with ®Do — "F; (J = 0,1,2,3 and 4) manifold transitions
respectively. Two types of luminescence centers which differ by symmetry
of neighborhood of Eu3t ions are found in luminescent emission. Con-
centration quenching depending on Fu®' ions content takes place and
luminescence intensity is the most at x=0.5. Luminescent characteristics
of BEu®" ions are in close relation with composition of BaLas_, Fu,Tis010
compounds that can be caused by both changing their crystal structure
and phase composition as well.
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Spontaneous Raman spectra for Raman-active modes in the BaWO,
were measured in the temperature range 15+295K for a body-centered
tetragonal phase [1]. The temperature dependencies of linewidth of four
Raman modes (333cm™!, 345cm ™!, 833cm ™! and 926 cm™!) were ana-
lyzed numerically using TDOS due to cubic term according to the lattice
dynamical calculations approach described in Ref. [2]. The calculated re-
sults well describe the experimental ones in this temperature range. Also,
the variation of linewidth of lower-frequency modes (333cm™! and 345
em ™! peaks) is about 2.0 times greater than that for higher-frequency
modes (833cm ™! and 926cm ! peaks). We concluded that the TDOS for
the lower-frequency modes is dominated by the decay and the scatter-
ing processes, while phonon-phonon interactions on the higher modes are
dominated by the decay of the observed phonons into two phonons having
lower energies. We found that this originates in a clearly large phonon
band gap [3] in the phonon density of states that produces a difference in
anharmonic effects on each peak’s channels. This result is similar to that
in the high-temperature phase in the case of LaGaO3 [4].
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Likely a key agent in evolution from prebiotic time, polyphosphate
(Poly P) is found as a chain of tens to hundreds of phosphate residues
linked by highenergy,phosphoanhydride bonds as in ATP. Poly P has been
conserved in every cell in nature: bacterial, fungal, plant and anymal.
Polyanion Poly P interacts with cationic compounds. The reaction, in
which high-molecular-weight Poly P cause a shift in the absorption max-
imum of cationic dyes, is well known. This reaction essentially involves
polymerization of the dye on the macromolecular anion. The conforma-
tional analysis of the Poly P chain shows that it can shape helix in which
P atoms are dragwn up into two diametrically oppositely situated linear
rows with the step of 0.36 nm, as well as PO?~ groups. Upon construction
of this geometry the P-O bond distance of 0.156 nm was taken from X-ray
diffraction data and valence angle between P-O bonds of 109.5 was used.
The obtained step of negative Poly P groups corresponds with an inter-
planar separation of m-systems of two parallel neighboring chromophore
(0.34-0.36 nm). That promotes formation by quinacrine of stacking as-
sociates on polyanionic matrix of Poly P due to attractive interaction
between positive charged groups of the quinacrine and negative charged
oxigen atoms of Poly P. Since the quinacrine molecule has mutually spaced
two positive charges that set conditions for forming of several steric type
associates. We studied the interaction of quinacrine to Poly P in water
solutions under small molar polymer-to-dye ratio (P/D) corresponding to
the saturation of the binding. Methods of absorption and polarized fluores-
cent spectroscopy were used. The change in absorbance and fluorescence
spectra evidences rearrangement of the complex structure depending on
P/D value. Models of the complex formation is suggested.
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Dispersions of carbon nanotubes (CNT) in liquid crystals (LC) are
examples of liquid crystalline colloids or, in other terms, anisotropic
nanostructured systems. Growing interest to these objects is based both
on their promising applications as advanced materials for electrooptical LC
devices and on their properties as model objects for fundamental studies
in molecular physics of anisotropic media. The integration of nanometer-
long LC molecules and micrometer-long CNTs may result in a unique self-
organization of a composite governed by the highly anisotropic excluded-
volume interactions. It has been shown that the orientational order of L.C
can be transmitted to carbon NTs, which results in a high level of nematic
order in organisation of NTs [1-2].

In this report, the properties of NT+LC composites are briefly re-
viewed. Recent results on optical, electrophysical, thermodynamical and
structural studies of CNT dispersions in LC matrices of different chemi-
cal nature (cyanobiphenyls, azomethines, etc.) and in different LC states
(nematics, smectics, cholesterics) are discussed [3]. Similarities and differ-
ences are noted for LC dispersions of CN'T and other types of particles,
e.g., platelets of organomodifed montmorillonites. Implications of the re-
sults obtained for applications (e.g., LC memory cells [4]) and fundamental
questions related to anisotropic condensed matter are discussed.
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Luminescence spectra of several substances of different molecular struc-
ture were studied in liquid crystalline (LC) and standard organic solvents.
The LC solvents used (nematic alkylcyclohexanecarboxylic acids and their
mixtures with cholesterol alkanoates) showed practically no luminescence
under excitation at wavelengths above 280 nm; even at 260 nm, their lu-
minescence could be considered as negligibly small as compared with such
commonly used nematics as alkylcyanobiphenyls. Several behavior types
of luminescence spectra could be noted as for shifts of the luminescence
maximum in LC with respect to the isotropic solvents. Thus, lumines-
cence peaks for stilbene and o-POPOP were shifted to longer wavelengths,
reflecting effects of incorporation of these molecules into the orientation-
ally ordered LC structure. With pyrene, no shift was observed, and the
excimer fluorescence at higher wavelength grew in intensity with concen-
tration. In other cases (e.g., chromenoacridines), the shifts were towards
shorter wavelengths, presumably due to molecular aggregation. Possible
mechanisms and implications of such behavior are discussed.
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Optical transmission and electric conductivity were measured for disper-
sions of multiwalled carbon nanotubes (MWCNT), organomodified mont-
morillonite (MMT) and for hybrid dispersions of MWCNT+MMT in 5CB
nematic liquid crystal (LC). The optical transmittance jump at the nematic-
isotropic transition was observed in MMT+LC ( 0.1% wt of MMT). This
behaviour was qualitatively similar to that of reported earlier for MWCNT+LC
( 0.1% wt of MWCNT) nanocomposites, suggesting exfoliation of the
organoclay plate-like particles and their incorporation into the orienta-
tionally ordered nematic structure. In hybrid dispersions the effect of
MWCNT and MMT on optical transmission was additive. Noticeable dif-
ferences in the electric conductivity behaviour for composites filled with
MWCNTSs and organomodified MMT were observed. It was shown that
MWCNTs facilitated and MMT hindered the electric field-induced tran-
sition from planar to homeotropic state in the LC cell.
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Lasers with the distributed feedback (DFB) on the basis of natural
periodic structures of cholesteric liquid crystals (CLC) are known for a long
time [1], however interest to similar systems is maintained [2]. Practical
value of such lasers is restricted due to lack of operative methods of lasing
frequency tuning. Temperature change of frequency due to change of a
helix pitch is inertial also demands the thermostability. Imposition of an
electric field along an helix axis destroys the macroscopical structure of
a mesomorphous body though such expedient of tuning can be used for
waveguide lasers with imposition of a field perpendicularly of helix axes.

The electric field can be used also for frequency tuning of lasing in dye
doped nematic liquid crystal (NLC) if to build up in an arbitrary periodic
structure and to change by the field the orientation of NLC-director and
accordingly an average refractive index [3].

In the report results of studying of lasing in dye doped NLC are pre-
sented at making the dynamic distributed feedback in two ways of excita-
tion: at an interference of colliding beams pumping and at an interference
of passing beam pumping. The pumping contribution in amplitude and
phase parts was estimated and quantity of modulation of a complex re-
fractive index was evaluated. Numerical estimates for typical NLC with
the positive anisotropy have shown an opportunity of tuning within the
limits of an dye amplification band n a2 50nm for both schemes of ex-
citation. Spectroscopic performances (absorption, fluorescence, quantum
vield, photostability) dyes of different classes in NLC are studied.

On a pyrrometane dye solution No metricconverterProductID567 in567
in NLC-654 with a quantum yield 98 n % laser oscillation is gained in the
scheme of dynamic DFB with colliding beams pumping. Tuning of a os-
cillation spectrum from an angle of an interference of pumping beams
and presence of spectral narrowing (with the advent of a spectrum of a
amplified fluorescence emission at the particular angles), testifies to exci-
tation of typical oscillation in requirements dynamic DFB on NLC. With
the purpose of optimization of laser performances their threshold, spectral
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and spatial dependences from the spatial grating period (an angle of an
interference) and an optical density of a dye solution in NLC are studied.
Lasing in the scheme of excitation dynamic DFB with an interference of
passing pumping beam it was used pirrometane dye No metricconverter
ProductID597 in597 in NLC 5. In this case also results on frequency the
oscillations corresponding theoretical estimates are gained also. Are anal-
ysed and tested some ways of optimization of basic lasing characteristics
with frequency tuning for both pumping schemes.
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Hysteresis of Freedericksz Transition in Bounded Light Beams
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Influence of form and boundedness of lateral dimension of incident light
beam on hysteresis of light induced Freedericksz transition in nematic lig-
uid crystal cell is considered. Threshold values of director orientational
nonstability at increasing and decreasing of light beam intensity are cal-
culated in dependence on the beam lateral dimension and form. It is
shown that the width of hysteresis loop changes nonmonotonically with
increasing of the light beam lateral dimension. In contrast to the case of
homogeneous light beam the domain of hysteresis existence is determined
not only by values of parameter (K3 — K1)/K3 but parameter Ko/Kj3
as well. In this case the critical values of parameter (K3 — K1)/K3 in-
crease and of parameter Ky/K3 decrease with decreasing of beam lateral
dimension.
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Influence of Director Anchoring Energy on Freedericksz
Transition Hysteresis
Mykhaylo F. Ledney, Alexandr S. Tarnavsky
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Influence of finite director anchoring energy with surface of homeotropic
nematic cell on Freedericksz transition hysteresis in field of homogeneous
light beam is considered. Values of director reorientation thresholds at
increasing and decreasing of incident light intensity are calculated. An-
alytical expressions for thresholds and hysteresis loop are derived in the
limiting cases of strong and weak director anchoring. Analytical criteria of
existence of optical Freedericksz transition hysteresis is obtained in depen-
dence on the cell parameters. It is shown that influence of finite anchoring
energy is most significant at the weak director anchoring.
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lonic liquid crystals (ILC) of metal alkanoates form non-traditional
class of liquid crystals. Most uni- and divalent metal alkanoates form
ionic liquid crystals (smectic A) by heating, which is easy subcooling with
creating mesomorphic glasses [1-2]. Such glasses are characterized by or-
dering and good optical quality. We investigate the mesomorphic glasses
(MG) of the homological series CoC,, 1, where n=7,9,11, and the com-
mon structural formula is Co“(CannCOO); . The particular feature of
MG is their layered structure, which consists of cation-anion electrostatic
layers and hydrophobic alkanoate chains between them.

We provide complex study of structural, spectral and nonlinear opti-
cal properties of homologous series of cobalt (II) alcanoates, namely oc-
tanoate, decanoate and laurate.These ILC and their glasses are coloured
due to presence of cobalt ions. The absorption spectra of (II) in alka-
noate systems are characterized by two absorption bands with the max-
imums at 512 nm and at 570 nm, which indicate the existence of two
coordination states of cobalt ions: the octahedral and the dodecahedral
ones. The nonlinear optical properties are investigated by the impulse
holographic method. Dynamic holographic gratings are recorded with
nanosecond times both for recording and for relaxation. The coefficient
of the nonlinear refraction is calculated from the experimental data. We
found that the value of nonlinear refraction coefficient is decreased linearly
with increasing the length of the alkanoate chain. A mechanism of optical
nonlinearity is considered. This property makes it possible to use ILC of
metal alkanoates as new holographic recording materials for applications
in fast information processing.
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Optical Vortices Generated in a Laser Beam Propagating
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An optical vortex core is zero-intensity point/line in 2D/3D what is
actual for high resolution imaging. The wave front with singularities
possesses quantified parameters and quit new topology against an usual
smooth wave front [1]. Therefore, it’s most suitable for investigation of
liquid crystals (LCs) doped by carbon nanotubes (CNTs). LCs doped
by CNTs displayed many unique properties and have attracted attention
due to possible applications in material science, photonics and electronics
[2]. Recently, the interesting electro-memory and percolation effects were
demonstrated for CNT-LC composites [3,4].

We have observed firstly to our knowledge optical vortices generated
in a laser beam propagating through LC cells with CNTs dispersed in a
nematic LC 5CB (4-pentyl-40-cyanobiphenyl). The multiwalled carbon
nanotubes with high aspect ratio L/d =~ 300 — 1000 were used. The com-
posites were prepared by introduction of NTs (0.005-1%) into LC solvent
with subsequent 20-30 min sonication. The LC/CNT composites were
placed in a thin electrooptical cell with thickness of 100 pm. The optical
singularizes were absent in the neat LC media, however, they appeared
in the samples at some threshold concentration of NTs (= 0.01%). It
indicates that optical singularities are generated by presence of NTs. It
can be speculated that optical singularities arise as a results of interac-
tion of an incident laser beam with LC shells covering the NTs. The
electrical conductivity of LC/CNT composites demonstrated the similar
percolation-like threshold behavior. The properties of optical singularities
were studied at different NT concentrations corresponding to the tun-
neling, percolation-like and multiple-connected mechanisms of electrical
conductivity.
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Reactive Mesogens
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Plasma beam alignment technique earlier developed for alignment of
conventional nematic [1] and ferroelectric smectic [2] liquid crystals (L.Cs)
is successfully applied for alignment of so-named reactive LCs widely used
in technology of anisotropic optical films. Along with mesogenic core, RM
molecules contain one or several polymerizable groups [3]. Due to this
structure, RM film can be aligned in a conventional way by the aligning
substrate(s) and then solidified via illumination or other action causing
polymerization.

In our studies RM films are excellently aligned with the plasma beam
alignment technique. As aligning substrates for RM films bare and poly-
imide coated glass slides and plastic films are used. As RM materials
we utilized several mixtures from Merck designed for planar (RMM256C,
RMM141) and homeotropic (RMS04-007) alignment. The phase retarda-
tion of RM films was characterized by using null ellipsometry [4].

The following types RM films are realized.

(1) Single films with planar and homeotropic alignment having properties
of positive A (4+A) and positive C (+C) optical retardation films, respec-
tively.

(2) Single films with patterned alignment optically acting as +A/+A,
+A/4+C, +A/I and +C/I patterned retarders.

(3) Single films of dyed RM with uniform and patterned alignment acting
as dichroic polarizers.

(4) Multiple films of neat and dyed RM layers acting as complex retarders
(e.g. achromatic retarders) or stacks of retarders and polarizers.

The mentioned films were characterized by high uniformity and good re-
producibility.

The obtained results open excellent perspectives for plasma alignment
technique as a constituent part of the technology of optical films based on
RMs.
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Photoinduced phenomena in chalcogenide glasses are of the large in-
terest due to strong and diverse effects produced by light. Irradiation of
chalcogenide glasses by polarized light results in different anisotropic and
gyrotropic effects. Formation and next orientation of photoinduced de-
fects, orientation of main covalent bonds of the glass and enhancement of
the fluidity of the glass under a light polarization are just one of the num-
bers of mechanisms resulting in light-induced anisotropy and gyrotropy.
Photoinduced anisotropy makes chalcogenide glasses attractive materials
for application as active and passive photoaligning layers.

We report on the first observation of reversible light-induced changes of
the pretilt angle of a nematic liquid crystal (NLC) on Asy.S3 and AssqSesq
chalcogenide glassy. Irradiation of a LC cell containing an chalcogenide
films covered glass substrate with a Gaussian beam of a low power cw-laser
(wavelength,A = 0.47, 1 < 90W/cm?, A\ = 0.53,1 = 100W/cm?) leads to
a spatially modulated pretilt angle and the corresponding modulation of
the phase retardation of the pump and test light beams. The spatial inho-
mogeneity of LC anchoring results in the formation of a strong nonlinear
Gaussian lens in the LC bulk and the appearance of aberration rings in
the far field zone. The characteristic rising and relaxation times of the
lens formation and decay are of several minutes. To model theoretically
the characteristics of the observed lenses we first minimized the total free
energy functional subject to the time dependent anchoring. Having found
the director spatial profile we studied the light beam propagation through
the cell with a spatially modulated pretilt angle and anchoring energy.
We determined the focal length and the number of aberration rings de-
pending on the properties of the LC cells. We believe that the observed
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effect is promising and can be used in recording of dynamic holograms,
light-controlled electro-optical devices and lasing.
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Electrical conductivity, optical transmittance and microstructure of mul-
tiwalled carbon nanotubes (MWCNTs) dispersed in nematic liquid crystal
4-ethoxy - benzylidene-4’-n-butylaniline (EBBA) were studied in the tem-
perature range between 287 and 363 K. The concentration C of MWCNTSs
was varied within 0.01-1%. The percolation threshold with noticeable in-
crease of electrical conductivity (by many orders of magnitude) was ob-
served in the vicinity of C ~ 0.1%. The heating - cooling hysteretic be-
haviour of electrical conductivity and optical transmittance thermal pre-
history effects were studied. These effects reflected strong agglomeration
and rearrangement of nanotubes during the thermal incubation. The esti-
mates show that transient behaviour during the thermal incubation can be
caused by Brownian motion of MWCNTs. The solidification of MWCNT
+ EBBA composite in the nematic range extended by conditions of su-
percooling was also studied as a function of temperature using electrical
conductivity measurements. The solidification lag-time dependence on
supercooling temperature followed the classical heterogeneous nucleation
law, with MWCNTSs serving as centres of EBBA solidification.
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Selective reflection in cholesteric solvents was studied for a set of lumines-
cent substances of different chemical structure. Unusually high solubility
in cholesteric matrices with selective reflection peaks clearly recorded up
to 10% concentration was noted for pyrene and o-POPOP. With pyrene,
unusually large shift of the selective reflection band to longer wavelengths
was noted, while introduction of o-POPOP, on the contrary, led to shorter
helical pitch values, i.e., additional helical twisting. This behavior is in-
terpreted in terms of molecular geometry factors and corresponding short-
range interaction features between the dopant molecule and steroid ring
of cholesterol esters. Other substances studied (stilbene, p-terphenyl) had
much lower solubility, with concentration dependences of the selective
reflection maximums close to theoretically expected. These results, to-
gether with luminescence data obtained in parallel, can indicate the ways
of search for new efficient functional materials combining useful properties
of luminescence and liquid crystalline phase state.






