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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.
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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' .
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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 |
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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.



24

0-21]

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
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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



28

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



44

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
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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].

References

[1]. S. L. Mattes and S. Farid, Exciplexes and Electron Transfer Reac-
tions, Science 226 (1984)917.
[2]. T. J. Kesti, N. V. Tkachenko, V. Vehmanen, H. Yamada, H. Imahori,
S. Fukuzumi, and H. Lemmetyinen, Exciplex Intermediates in Photoin-
duced Electron Transfer of Porphyrin-Fullerene Dyads, J. Am. Chem.
Soc. 124 (2002) 8067.



46

p-2J
The Pecularities of NMR Spectra of Cobalt Semiquinolates
Transformed by Hyperfine Coupling
Voronov V. K., Ushakov I.A., Borovik M.I.
Irkutsk State Technical University, 664074, Lermontov Str.83 , Irkutsk,
Russia E-mail: voronov@istu.edu

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.
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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.



55

P-7|

Molecular and Crystal Structure and Spectral Properties of
New Squarylium Dyes
Yu.G. Vlasenko', V.V.Kurdiukov', A.N.Chernega', S.G.Garasevych
Unstitute of Organic Chemistry, National Academy of Sciences of
Ukraine, Kyiv, Ukraine, e-mail: joeorge@Qukr.net
2Department of Physics, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine

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.
References

[1]. Van Acker S. A. B. E., Van den Berg D.-J., Tromp M. N. J. L. et al.

Free Rad. Biol. Med. 20 (1996) 331-342.

[2]. Sengupta P. K., Kasha M. Chem. Phys. Leit. 68 (1979) 382-385.

[3]. Pivovarenko V. G. Ukr. Bioorg. Acta 1 (2002) 40-49.

[4]. Svechkarev D. A., Karpushina G. V., Doroshenko A. O. Ukr. Bioorg.

Acta 6 (2008) 38-45.

[5]. Svechkarev D. A., Bukatich 1. V., Doroshenko A. O. J. Photochem.

Photobiol. A: Chem. 200 (2008) 426-431.



59

P-10 |
Estimation of Solvent Effects On N-H And C=0 Frequencies
of Amides and Amines, of its H-Bond Complexes and
Self- Associative Species by IR-Spectroscopy Method
Ilnaz T. Rakipov , M.A. Varfolomeev
Chemical Institute Of Kazan State University, Russia, 420008 Kazan,
Kremlevskaya 18 ilnaz0805@rambler.ru

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.
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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.
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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



72

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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Doped with Er®*

Yu. K. Voronko', A.V. Malov®, A.V. Popov', M.O. Marychev®,
P.A. Ryabochkina®, N.V. Somov®, S.N. Ushakov', E.V. Chuprunov®
[1] Prokhorov General Physics Institute RAN, Moscow, Russia
[2] Mordovian State University, Saransk, Russia
[3] University of Nizhni Novgorod, Nizhni Novgorod, Russia

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).
References

[1]. F. Fazio, D. Yulin, V. Chumash, F. Michelotti, A. Andriesh, M.
Bertolotti, ” On-off resonance femtosecond non-linear absorption of chalco-
genide glassy films,” Journal of Non-Crystalline Solids 168, 213 (1994).



104

o-71

Features of Electroluminescence of Light-Emitting Gaasp/Gap
Structures After Natural Ageing
Veleschuk V.P.', Vlasenko A.L', Lyashenko O.V.2,
Nedilko S5.G.2, Scherbatskiy V.P.2, Kisseluk M.P.*
1V. Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine 41,
Prospect Nauky, 03028 Kyiv, Ukraine
2Kyiv National Taras Shevchenko University 2, Academician Glushkov
Avenue, 03022 Kyiv, Ukraine

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



105

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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Specific Features of Luminescence Spectra in Liquid
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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
Mykhaylo F. Ledney, Alexandr S. Tarnavsky
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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

National Taras Shevchenko University of Kyiv, Physics Faculty

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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Nanotubes
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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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Optical Films Based on Plasma Beam Aligned Layers of
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.
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We study a tunable-focus lens with convex and flat tip electrodes in ho-
mogeneous liquid crystal (LC) cell. When a voltage is applied to the elec-
trodes, a centro-symmetric gradient refractive index is generated within
the LC layer, which causes the focusing behavior for the extraordinary
wave. There has been the experimental studies of the systems with spher-
ical and parabolic shape of the top electrodes [1,2] and there is a need in
the theoretical modeling.

We present a theoretical model of the lens operation and analyze its
properties. We solve the Maxwell equations that are coupled to the Euler
Lagrange equations from the variational principle applied to the total free
energy minimization. LC director spatial profile is found subject to the
applied voltage. After that the phase retardation profile of the test light
beam is calculated and thus a focal length dependence on the applied
field. The model is in the good agreement with the experimental data.
This LC lens has advantages of relatively large focal length range, low
control voltage and good mechanical stability.
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A gradient polymer stabilized liquid crystal (G-PSLC) structure has
been proposed for a tunable-focus lens application [1]. The mixture of
homogeneous planar oriented nematic liquid crystal (NLC) and few per-
cent of photopolymerizable monomer are illuminated by a laser beam
with Gaussian spatial intensity distribution. This exposition induces a
spatially inhomogeneous polymer network in the cell. As a result, the
electro-optical response of this system to a uniform electric field reveals
an inhomogeneous, centrally symmetric character. Freedericksz transition
threshold appears to be maximal in the centre of the illuminated spot and
minimal in the nonilluminated regions. Thus it is possible to obtain a
corresponding distribution of the NLC director in the cell and form a cir-
cularly symmetric distribution of the refractive index, with a maximum in
the cell centre. Such cell represents a lens for the extraordinary polarized
light. By applying the voltage one can vary the profile of the refractive
index and so, the focal length of the lens.

In this presentation we further develop theoretical model [2] that de-
scribes the dependence of the G-PSLC lens focal length on applied voltage
and present a theoretical study of lens aberrations. Using geometric op-
tics [3] we find the optical path of a ray inside the nematic layer in the
cell. According to Fermat’s principle we minimize the optical path of a
ray functional and calculate the ray angles output from the cell. Using
these results lateral and longitudinal aberrations are estimated. Obtained
results can be applied to develop G-PSLC lenses that have no moving
parts and allow the electro-optical zooming.
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Deep integration of liquid crystal (L.LC) molecules and micrometer-long
carbon nanotubes (CNTs) may result in many unique properties. LC is an
excellent host for CNTs and orientational order of LC can be transmitted
to carbon CNTs. From the other side, the LC is strongly anchored to the
CNT surface, so that aligned ensemble of CNT may induce alignment of
LC. CNT dopant essentially changes performance of L.C layers allowing to
improve operational parameters of LC devices. The LC-CNT composites
demonstrate improved electro-optic response with reduced driving voltage
and switching time, suppressed parasitic effects like image sticking and
back flow. These features make LC-CNT suspensions rather attractive for
electro-optic LC applications.

A present work discusses electro-optic effects of liquid crystals with
negative dielectric anisotropy doped with multiwalled CNTs (0.01-0.5 wt.%).
EBBA (Reakhim, Russia), MLC6608 and MLC6609 (Merck) were used as
LCs. The layers of LC-CNT suspensions were homeotropically aligned in
a sandwich type LC cells. Observation of these samples between crossed
polarizers revealed that in the field on state they switch to the random
planar alignment, which remains after the field is off. The obtained mem-
ory state was stable in the temperature range of mesophase. However, it
was possible to erase it thermally (by bringing sample to the crystalline or
isotropic state and its subsequent return to mesophase), or mechanically
(deformation of LC cells).

The mechanism of electro-optic memory is discussed. Electric field
application caused homeotropic-to-planar reorientation of LC and resulted
in development of electro-hydrodynamic flows (EHDF) in the LC phase.
A breakdown of large initial CNT aggregates was facilitated by EHDF.
This effect suggests unique method for in-situ dispergation of CNT in a
LC medium. This dispergation results in a deep integration of CN'Ts in
a LC host and formation of strong CNT network in the vicinity of the
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percolation threshold. The network formed may stabilize the planar state
of LC which resist to homeotropic alignment force of the boundary layers.

The efficiency of electro-optic memory may further be increased by
doping L.C with a chiral dopant. A small amount of chiral dopant (0.1-0.2
wt.%) does not disturb homeotropic state of L.C suspensions, but weakens
homeotropic anchoring caused by the boundary layers of the cell. Thus,
jointly with CNT network, a chiral dopant stabilizes the planar LC align-
ment, thus causing the memory effect. The observed effect allows us to
suggest a new principle of information storage in LC media.

These studies were carried out within the frame of 10-07-H Project of
NASU and ”Dnipro” program of French-Ukrainian scientific collaboration.
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The dielectric spectra ”(f) and £'(f) of planarly aligned layers of ne-
matic liquid crystal 5CB doped with multiwalled carbon nanotubes (CNT)
are investigated in a wide range of frequencies (f = 1072 — 10 Hz) and
CNT concentrations (¢=0-0.25 wt.%). It is shown that studied frequency
range can be divided in three parts according to behavior of £/(f) and
£”(f) curves. The low-frequency range (10°2 < f < 10! Hz) reflects the
near-electrode processes in the cell. The ratio £’(f)/e'(f) used to charac-
terize these processes sharply grows if concentration of CNT exceeds 0.05
wt. %. The moderate frequency range (10! < f < 10° Hz) corresponds
to alternating current conductivity, 4. At the nanotubes concentration
less than 0.025 wt.%, o0 4c does not depend on the frequency that implies
its ionic origin. In turn, at the ¢ > 0.025 wt. %, o4+ is a power function
of the frequency that is typical for electronic hopping mechanism. The
transition from the ionic to electronic conductivity can be explained by
percolation theory with a critical concentration of nanotubes 0.03 wt.%
and percolation parameter 2.5. The high-frequency range (10° < f < 10%)
is mainly attributed to dipole volume polarization. For ¢ < 0.05 wt.% such
polarization is well described by Debye equation. The time of dielectric
relaxation in this frequency range increases with nanotubes content. This
is explained by effective interaction of nanotubes with LC molecules.
These studies were carried out within the frame of 10-07-H Project of
NASU and ”Dnipro” program of French-Ukrainian scientific collaboration.
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O]?‘elailures of Energy Transport in Luminescent Molecular
Nanoclusters (J-aggregates)
Gleb Guralchuk, Alexander Sorokin, Roman Grynyov, Yuriy Malyukin
Institute for Scintillation Materials NAS of Ukraine, 60 Lenin ave.,
61001, Kharkov, Ukraine e-mail: guralchuk@isc.kharkov.com

A rapid development of nanotechnologies observed today requires novel
delivery systems which provide energy transport to the nanoscale reaction
centers. Nature demonstrates us a prominent example of such delivery sys-
tems light harvesting complexes (LHC), which provide extremely fast and
efficient energy transport of the absorbed light to the photochemical reac-
tion center of plants and photosynthetic bacteria. Recently J-aggregates
of amphiphilic cyanine dyes have been shown to be the most promising
artificial system to mimic LHC. J-aggregates are luminescent well-ordered
nanoensembles of non-covalently coupled luminophores. Due to high or-
der degree of molecular packing in J-aggregates and strong dipoledipole
interaction between molecules forming the J-aggregate, an electronic exci-
tation is delocalized within a molecular chain, as in case of LHC, forming
Frenkel excitons. That explains unique optical properties of J-aggregates:
extremely narrow (for organic molecules) spectral width of the absorp-
tion band, resonant luminescent, giant oscillator strength, giant optical
nonlinearities etc.

To study the mechanism of the exciton transport in amphi-PIC J-
aggregates, special energy traps (organic dye molecules) were embedded
into the J-aggregate chain. As an exciton trap, amphiphilic cyanine dye
dioctadecyltetramethylindodicarbocyanine perchlorate (DiD) was used.
To estimate the efficiency of the exciton migration to the trap, J-aggregate
luminescence quenching by the trap was analyzed using the well-known
modified SternVolmer equation. It has been shown that 50accessible for
quenching is quenched at the ratio 1 trap molecule per 120 amphi-PIC
monomer ones. It is large enough value for such type of nanoobjects.
However, we can increase the efficiency of exciton migration in amphi-PIC
J-aggregates by improving their structure via a formation of a surfactant
shell around the aggregates. In such case 50at the ratio 1 trap molecule
per 160 amphi-PIC monomer ones.
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Multiply Resonances in Raman Spectra of C60 Fullerite,
Davydov Splitting and Polymerization Mechanisms
Korniyenko M. Ye., Kulish M.P., Pavienko O.L.,

Alekseev S.A., Dmytrenko O.P., Bilyi M.M.
Taras Shevchenko National University, pr.Glushkova 6, Kyiv,
nikkorn@univ.kiev.ua

Molecular crystals and polymerized forms of Cgo fullerites are subject
of great interest due to their prominent properties that can be used in tech-
nological and scientific applications.Big size of g9 molecules and a number
of normal vibrations lead to appearance of new regularities that are absent
in the simple molecules and crystals. We have studied Raman scattering
(rT laser, 514,5 and 488 nm), infrared absorption and diffuse reflection
forboth pure films of 60 (thickness 600, 1200 and 2000 nm, Si(100) sub-
strate) and doped with Cu, In, Bi films of 49, and g films irradiated with
electrons (doses D=1-25 MGy, Ee=1,8MeV). Crystal structure was stud-
ied by means of X-rays diffraction (?7¢, =1,7902 A). High excited states
were controlled by photoluminescence (PHL) within spectral region of 1-
2,2 eV. Analysys of resonance Raman scattering in the Cgg fullerite was
performed with taking into account of the stimulated resonance processes.

We report about existence of number of Fermi-Davydov resonances in
which all observed and nonactive modes are involved. It is well-known
that IR spectrum of Cgq fullerite consists from 4 vibrations F,, (i) (i=1-4),
Raman spectrum - from 10 vibrations (A,(1,2) H,(j), j=1-8). Lowering
of the symmetry due to natural contain of isotopes 2, molecular interac-
tion, influence of crystal field leads to appearance of new vibrations, for
example F,(1,2), G4(1) in Raman spectrums and 4(2) in IR spectrums.
Vibration resonances Hy(1)4+H,(2)=H,(3); Hy(1)4,(1)=H,(4);
2H, (1)=F, (1); F, (1)4F,(2)=H, (5); H,y (3)+F,, (1)~H, (6);
2H,(3)=H,(7),F.(4); 2Hy(4)=H4(8); Hy(3)+H,(4)=,(2) are observed in
whole region of low-frequent and high-frequent excitations. Respective
nonlinear interactions H, (2)4+H, (4)=4(1)+H,4(3); Hy(1)4+H, (6)=H,(2)+H,(2)
and other cause the energy redistribution between different states. Strength-
ening of low-frequent lattice vibrations 71at=60-180 ~! at doping of the Cqgg
fullerite with Cu (2%) and shifting of bands to the high frequencies during
increasing of the irradiation dose for case of the electron irradiation have
allowed to determine resonance of the first overtone with low-frequency
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mode Hy(1). Resonances with participation of 7lat appear in the region of
high-frequency bands Hy(5-8) and ,(2). Therefore resonances of normal
vibrations of Cgg molecules are supplemented with many resonance inter-
actions of the lattice and intramolecular vibration modes. This can be
confirmed by nonmonotonic changes of majority of frequencies of C60 vi-
brations and intensities of maximums of peaks on XRD diffraction pattern
at increase of irradiation dose.

We have studied fine structure of vibration bands that is associated
with overlapping components of Davydov and isotopic splitting. It is
shown that IR bands F,(1-4) and low-frequent bands H,(1), 4(1) in Ra-
man spectrum Davydov splitting at room temperature is more intensive
than in the low temperature phase of the Cgo fullerite. That points on
amplification of intermolecular interaction due to appearance of nonequi-
librium vibration excitation. We have determined correlation of intensity
of Davydov splitting in molecular crystal g9 with splitting of vibration
bands at polymerization of the fullerites. It is shown that shifting of Cgo
vibration frequencies at polymerization agree with vibration resonances.

All the observed regularities can be connected with nonlinear resonance
interaction of thermally excited vibration modes and cascade excitation
of higher vibration states. The latter are located near exciton and elec-
tron states that leads to amplification of vibration-electron interaction
and change of the electron states. Delocalization of vibration modes in
the crystals leads to spatial amplification of nonlinear interaction pro-
cesses. The proposed nonlinear conception can be confirmed by the ob-
served components of resonance differential frequencies, eg.,H,(1)=H,(3)-
H,(2); Hy(4)-4(1). The idea of amplification of molecular interaction in
strongly excited state of the substance can be confirmed by use of high-
energy electron irradiation.

Transformation of electron states due to nonequilibrium vibration ex-
citation of fullerite reveals in appearance of background in vibration spec-
trums and shoulder of excitant line in Raman spectrums and small-angle
scattering on the XRD pattern. The intensive shoulder of excitant line in
Raman spectrums has complicate structure and contains few exponential
regions that characterizes the electron structure collectivization. Change
of electron states reveals also in considerable change of the intensities
of vibration bands and splitting of peaks of XRD pattern. Interaction
of vibrationally excited molecules go and change of the electron states is
accompanied by appearance of spatial heterogeneity of the fullerite that
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has regions with weak and tightly bonded molecules. Very important is
correspondence of atomic-vibration and electron subsystems, thanksgiv-
ing to that a number of vibration resonances are observed and new types
of chemical interactions are revealed due to vibration motion. New elec-
tron states can be also conditioned by absorbed water that has the most
high-frequent vibrations.
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Frequency Tunable Sources of Light on the Base of Photonic
Crystals
V. 8. Gorelik
P.N. Lebedev Physical Institute, Russia, 119991, Moscow, Leninsky
pr.53
E-mail: gorelik@sci.lebedev.ru

Photonic crystals are new type of physical objects, revealing a number
of unique physical properties. In this work the results of theoretical and
experimental investigations of different types of three dimensional pho-
tonic crystals are presented.

Description of photonic crystals growth technology has been discussed.
Such technology is based on artificial opal obtaining as a result of nanoglob-
ule of amorphous quartz packing into face centered cubic lattice. The next
step was thermal annealing of the samples at 500-600 C for ordering of the
crystalline structure. Then different substances have been embedded into
the artificial opal pores for modifying of the physical properties of pho-
tonic crystals. Artificial opal pores were filled by some liquids, aromatic
substances, ferroelectrics, ferromagnetics, noble metals, and carbon struc-
tures. As a result we have obtained new hybrid materials as: dielectric-
ferroelectric, dielectric-ferromagnetic and dielectric-metal. In the case of
opal pores filling by high fusing temperature substances (ZrOy | carbon
and metals as Au, Pt, Pd) additional annealing was made at high tem-
perature (1200 C). The samples, annealed at high temperature became
homogenous and transparent for visible radiation. Its structure was peri-
odically placed quantum dots of high fusing temperature substance inside
homogeneous quartz matrices and corresponds to new type of photonic
crystal: so called quantite.

We have established that obtained photonic crystals may emit quasi-
monochromatic radiation in different spectral regions in dependency with
photonic band gap position. Such emission has revealed due to photonic
crystal excitation by continuous source of visible light, ultraviolet emis-
sion or high frequency electromagnetic field excitation. The conditions
of frequency tunable laser generation taking place from three dimensional
photonic crystals have been analyzed.
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Photonic Crystals in Nature and Science
V. S. Gorelik
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At the beginning of XXI century the attention of numerous physicists was
attracted to new physical objects so called photonic crystals. The prop-
erties of electromagnetic waves and also visible light in photonic crystals
seemed to be very different from the known properties of usual optical
media. It was established that group wave velocity of electromagnetic
emission at some frequency in photonic crystals may become very small;
the refraction index may be negative and accordingly the refraction law is
changed; photons, moving inside photonic crystal, become massive qausi-
particles and its mass may be positive or negative and so on. Experiments
and theory have shown, that in photonic crystals so called photonic band
gap should exist. Inside photonic band gap the propagation of electro-
magnetic emission is forbidden. Accordingly in reflectance spectrum of
photonic crystal is the region of strong light reflection, spectral position of
which depends on the photonic crystal structure. Recently three dimen-
sional photonic crystals have been obtained. One of the examples of three
dimensional photonic crystals is artificial opal, known before in nature as
precious stone. Important property of artificial opal is the presence in-
side of its structure free pores, size of which is several tens nanometers.
Such pores may be filled by different substances quantum dots: liquids,
organic and inorganic substances, biologic molecules, ferroelectrics, mag-
netic, metals and also superconductors. Now for us new opportunities
have appeared for modifying of substance physical properties with the
help of hybrid materials construction: dielectric-ferroelectric, dielectric
- magnetic, dielectric-metal, dielectric- superconductor and others. Pho-
tonic crystals are also realized in living nature and in cosmos; such crystals
are used in technique as new type mirrors and may be effective media for
laser generation; new opportunities have appeared for quantum computers
creation and for numerous other applications.
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Spectroscopy
Andriy Dmytruk"*, Igor Dmitruk™>*, Ivan Blonskyy', Bogdan
Botvynovskyy?, Rodion Belosludov®, Yoshiyuki Kawazoe®, Atsuo
Kasuya*

Unstitute of Physics of National Academy of Sciences, Kyiv, Ukraine
2Kyiv National Taras Shevchenko University, Ukraine
3Institute for Materials Research, Tohoku University, Sendai, Japan
4 Center for Interdisciplinary Research, Tohoku University, Sendai, Japan

Stable clusters sized between molecules and solid state attract much at-
tention now from both fundamental science, as specific objects of unique
structure and unusual properties, and from applied science, as perfect
probes and promising building blocks for assembling of nanostructures.
Among the variety of materials, clusters of semiconductors are of partic-
ular interest due to their size-dependent optical properties and implied
novel applications in solar energy conversion, optoelectronics, photochem-
istry and photobiology.

CdSe and ZnO both are well known and deeply studied semiconductors.
However, stable small clusters of these materials have been synthesized
with atomic precision just recently [1, 2], and now they are a subject of ex-
tensive investigations. Namely, essentially different features on their time-
of-flight mass spectra, obtained by pulsed laser ablation, stimulated us to
perform computer simulations of their structure by quantum chemistry
calculation methods. As a model, several cage-like structures have been
considered, as well as fragments of the bulk wurtzite structure. Semiem-
pirical (AM1, PM3), as well as first-principles (B3LYP functional for DF'T
on 6-31G and 3-21G basis sets) calculations confirm the enhanced stability
of the clusters of suggested structures over the bulk fragments.

An investigation on the ways for CdSe magic clusters synthesis resulted
in two wet chemistry methods of their production in mass quantities [1,
3]. Synthesized colloidal solutions of the clusters have been studied by
spectroscopic (absorption, photoluminescence, Raman) and other (XRD,
electron microscopy) methods. The results confirm predicted by calcu-
lations caged structure of the clusters. The achieved photoluminescence
quantum yield (about 30% of Rhodamine 560) is high enough to inspire
work on applications of the magic clusters.
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Ways of Formation and Spatial Stabilization of Ag Clusters
and Nanostructures in Mesoporous Titania Thin Film
German Telbiz, Yaroslav Kyshenia, Vitaly Shvalagyn, Florenc Okafor!,
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It is believed that an ordered, continuous network of porous titania would
improve the efficiency for many useful application e.g. as the semiconduc-
tor component of the Gratzel photovoltaic cell. A standard application of
TiO2 has been as a photocatalyst for decomposition of organic molecules.
Immobilization of titania on a rigid support as a thin film can avoid many
drawback for photoreactor. Variety of attempts has been made to intro-
duce various metal species into the TiO2 matrix in an effort to enhance the
photocatalytic activity and/or broaden the absorption of the solar spec-
trum by the doped TiO2. Methods that have been used include ion ex-
change, impregnation and co-precipitation have used for preparing doped
TiO2.The ideal morphology of titania would 1) maximize the internal sur-
face area, (titania accepts electrons), and 2) have surfaces spaced every
20 nm or less (pore diameter), such that excitons may diffuse to a surface
before recombining. A method for creating such morphology has been de-
veloped using block-copolymers as a structure directing agent in a sol-gel
spin-coating process. The purpose of this investigation was to determine
the best condition for formation titania coating with incorporating silver
for inhibition the recombination carriers and improving of photocatalytical
efficiency. Different ways for Ag nanoparticles stabilization was examined.
Composite titania mesoporous films with spatially determined and stabi-
lized Ag nanostructures were prepared. Green synthesis approaches for
preparation of silver nanoparticle and nanostructures organization were
realized by assembled in the mesoporous TiO2 network films. Analy-
ses of these systems were based on XRD, AFM, FTIR, and elipsometry
porosimetry data. The confinement effect of mesoporous TiO2 network
of hexagonal pore configuration towards Ag nanostructures was demon-
strated by the enhanced thermostability and photoactivity. The method
of stabilization of the nanostructures in matrixes accompanied shifted and
broadened of the plasmon absorption peak due to interaction with host
matrixes proposed. Received composites have favorable electronic and
photocatalytical properties.
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Exciton Dephasing in Single-Walled Carbon Nanotubes
Leonas Valkunas
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Results obtained by means of three-pulse-photon echo obtained on
semiconducting single-walled carbon nanotubes embedded in polymer ma-
trix at room temperature will be presented and discussed. The results
demonstrate a striking dependence of the peak shift on the excitation
intensity. The theoretical model based on a interacting boson model
and subsequent numerical simulations demonstrate that the intensity de-
pendence originates from a highly nonlinear optical response initiated by
exciton-exciton annihilation.
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Polymer-nanoparticle composites have been increasingly studied be-
cause of their enhanced optical and electronic properties. Composites
containing semiconductor nanocrystals are promising for applications in
optoelectronics as the materials for light-emitting devices. Also, this re-
search is motivated by fundamental interest in nanoparticles interactions
with different matrixes.

We studied the nanoparticles that were prepared by chemical routes.
The colloidal access to nanoparticles is achieved by carrying out a pre-
cipitation reaction in a homogenous solution in the presence of stabiliz-
ers, whose role is to prevent agglomeration and further growth. Colloidal
methods have not yet excelled at preparing doped nanocrystals, but recent
advances portend an exciting future for this area.

CdMnS nanoparticles were synthesized in aqueous solution using cad-
mium chloride (C'dCl,), sodium sulfide (NasS) and manganese chloride
(MnCly) as starting materials. Polyvinyl alcohol was used as a capping
reagent. All steps of the synthesis were performed at room temperature
under ambient conditions. In order to keep the system in the focusing
regime (the formation of nearly monodisperse nanocrystals) for a long
time, it is possible to perform additional slow injections of precursors dur-
ing the growth, effectively keeping the concentration of free species in a
solution above a critical threshold. Thus obtained nanocomposites - semi-
conductor nanoparticles/polymer matrix - were characterized by , SEM
and optical methods.

The EM studies of the material synthesized demonstrated the presence
of nanoparticles with the average size less than 10 nm. The SEM studies
of the material synthesized demonstrated the structure of the matrix that
influences the embedded particles.
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Optical spectra revealed band gap change due to quantum size effect
and composite. Photoluminescence studies showed that the nanocrystals
embedded in polyvinyl alcohol give bright emission in the visible range.
Three photoluminescence bands were attributed to the residual photolumi-
nescence of the polyvinyl alcohol matrix, the near band edge luminescence
of CdS and the emission corresponding to the surface traps in CdS. Dop-
ing with manganese contributed to the emission in the spectral range of
surface traps. It is also shown that the polymer matrix participates in the
excitation of nanocrystals.
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Spontaneous Parametric Light Scattering in
Spatially-Nonuniform Materials Based on Globular Photonic
Crystals
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A great interest in studying globular photonic crystals based on syn-
thetic opals is caused by presence of forbidden gaps in their photonic band
structure [1-3]. Optical properties of these materials may be easily modi-
fied by infiltrating them with different substances. An origin of secondary
emission of such synthetic opals is now discussed being explained in terms
of parametric scattering [4] or impurity luminescence [5]. The aim of
present work is to clear up the origin of emission of synthetic opals in-
filtrated with nonlinear optical materials. Measurements were performed
on samples of synthetic opals grown by us. The photonic stop-band posi-
tion was determined from Bragg reflection and transmission spectra. An
infiltration with Ba(N03)s and LilOs was made by soaking samples into a
water solution of subsances with a following high-temperature annealing
at temperatures lower than melting ones (595°C' and 120°C respectively).
Secondary emission of samples was excited by LED Edixeon EDST-3LAx
at 400 nm. The exciting radiation frequency was in the range of upper
photonic dispersive branch at significant distance from the band edge.
Spectra were measured in the forward scattering geometry. In all spectra
a wide structured continuum in the range of 425 nm - 640 nm was observed
as before annealing as after one. According to [5], the main criterion of
its origin is the spectral position and intensity after annealing. In case of
impurity luminescence due to the structural OH group defects this con-
tinuum is disappeared as water is evaporated. In our case it is shifted to
blue side becoming more than 20 times intensive. Thus, the origin of this
band may be explained by spontaneous parametric scattering (SPS) in
spatially-nonuniform samples with regular structure. Observed SPS spec-
tral distribution is due to the overlapping of bands shifted relative to that
in uniform medium in correspondence with the quasi-synchronism condi-
tion with regard for the reciprocal lattice vector and an interference of
bands [6]. SPS is most probably observed in the range of the maximums
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of photon density of states which correspond to the stop-band edges in
photonic crystals. A change of SPS spectral position and intensity after
annealing is due to the shift of a stop-band position and the disappearance
of the OH group luminescence.
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Optical phenomena in structures with space modulation of dielectric
constant with period close to the wavelength of light are of a great inter-
est now because of the presence of forbidden gaps in their photonic band
structure (photonic crystals) [1-3]. Synthetic opals constrained from silica
globules serve as a good prototypes for 3D photonic crystals. By infiltrat-
ing them with dielectrics the study of surface enhanced Raman scattering
phenomena becomes quite urgent [4].

The aim of present work is to clear up the nature of emission of bare
opals and opals infiltrated with salts of metals in the vicinity of the exciting
line within a Raman scattering spectral region.

Measurements were performed on samples of synthetic opals grown by
us. The photonic stop-band position was determined from transmission
spectra. An infiltration with salts of metals (CuCly, Ba(N03),, CdSO4 and
LiOH) was made by soaking samples into a water solution of corresponding
substances with a following high-temperature annealing at temperatures
lower than melting ones. Secondary emission of samples was excited by
LED Edixeon EDST-3LAx at 400 nm. The exciting radiation was in the
range of upper photonic dispersive branch at significant distance from the
band edge. Spectra were measured in the forward and back scattering
geometries with the use of modernized spectrometer DFS-12. They were
detected within an aperture of j0.177 sr in the j111, direction. Registra-
tion of a useful signal was carried out in a regime of the photon counting
with accumulation.

For all emission spectra of bare opals there was an intensive band whose
spectral position was independent of the stop-band position and previous
technology conditions. It is situated in the vicinity of the excitation line
and corresponds to the vibrational spectrum range. The spectral inten-
sity distribution in infiltrated opals was quite dependent from kind of sub-
stance. This intensive band is most probably due to the surface enhanced
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Raman scattering in amorphous substances which compose samples under
study. It results in appearance of scattered radiation whose spectrum is
determined by the density of phonon states of corresponding substances.
Such process becomes possible to be detected owing to the essential in-
crease of the radiation field caused by the slow diffuse motion of incident
photons into sample volume and as a result of surface enhanced conditions
inside of opal pores.
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New method of experimental determination of local field enhancement
at metal nanoparticles is suggested [1]. It uses surface plasmon as a
probe. In the present report we investigate spectral characteristics of
surface plasmon resonance, namely, its position, intensity, and halfwidth.
We report observation of alternating-sign shift of surface plasmon res-
onance frequency under laser irradiation. It is a manifestation of two
phenomena with different influence on surface plasmon and with different
kinetics. The faster one observed during the action of pump pulse can
be attributed to laser-induced changes in dielectric constant of studied
composite medium. In previous studies performed at lower pump inten-
sities the influence of dielectric matrix was a priori considered negligible.
Simple estimates show that even at the higher intensities of the order of
101! W/em? used in the present paper changes of optical constants of sil-
ica and consequent their influence on characteristics of surface plasmon
have to be almost undetectable. However, these phenomena became so
prominent due to surface enhancement of local electric field well-known
from surface enhanced Raman scattering (SERS) and surface enhanced
infrared absorption (SEIRA). Comparison of the expected and observed
changes of the frequency of surface plasmon allowed us to suggest an alter-
native method of experimental determination of field enhancement factor
at the surface of metal nanoparticles, which is important for better un-
derstanding of enhancement mechanisms in SERS and SEIRA.

The samples containing spherical copper nanoparticles with d = 35 —
60 nm and narrow size distribution in pure silica matrix have been pre-
pared by modified sol-gel method [2]. High optical quality of the samples
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and high stability of silica allowed us to conduct measurements at higher
intensities of pump beam compared to other studies [3]. Pump-probe
measurements have been performed with a Coherent femtosecond laser
system consisting of a Mira-900F oscillator and a Legend HE amplifier.
Output pulse energy was 2.5 mJ at 1 kHz repetition rate, pulse duration
estimated from autocorrelation function was approximately 130 fs. Probe
"white light” was generated in a sapphire plate. We used part of the
amplifier output at 780-800 nm or its second harmonic (390-400 nm) gen-
erated in BBO crystal as a pump beam. Measurements were performed
at room temperature.

Characteristic feature of absorption spectrum of copper nanoparticles
is a peak of surface plasmon at 2.175 eV (for d = 47 nm particles). Under
the intense pump it decreases in amplitude and broadens. More details
can be obtained from analysis of the shape of plasmon peak and its evolu-
tion during and after the pump pulse. In the case of copper, the spectral
position of surface plasmon is close to an onset of band-to-band transi-
tions. Absorption background caused by band-to-band transitions changes
its shape under intense pump. To separate plasmon peak from the back-
ground we have performed multi-peak analysis. At first, the red shift of
plasmon is observed in almost any case of first or second harmonic excita-
tion. It is observed for very short time approximately equal to the pump
pulse duration. After the end of the pump pulse the plasmon peak shifts
to the blue side and then gradually relaxes to its original position with a
time constant of 0.5 ps. We can explain the plasmon red shift observed
during the pump pulse by decrease of resonance frequency of surface plas-
mon Qgp = ———2—— | where w, is plasma frequency of bulk copper,

Ver(Qsp)t2em
€1(Qgp) is a contribution of bound electrons to dielectric constant of cop-
per. Plasmon frequency decreases as a result of optical Kerr effect, which
causes increase of dielectric constant of silica matrix surrounding nanopar-

ticle €,, = n2, = (ng + nal;)? , where I, = % is intensity of the pump
beam, ng is refraction index of silica for low-intensity light. Validity of pre-
sented above supposition about the origin of the plasmon red shift is sup-
ported by its instantaneous character. Obviously, after the end of pump
pulse when the influence of the optical Kerr effect disappears, the dielec-
tric constant relaxes to its original value, that causes back shift of plasmon
resonance frequency at 0.25 ps. In this case, from the value of the red shift
of plasmon band we can calculate a necessary value of electric field, which

causes the shift. Comparing it with the electric field of the femtosecond
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pump pulse we can determine the enhancement factor G, because due to
small value of Kerr constant quantitative agreement cannot be obtained
without taking into account field enhancement effect. In the vicinity of
nanoparticle electric field of incident light is enhanced with factor G = 5—37
where Ep and FE is the electric field of incident electro-magnetic wave in
silica far from nanoparticles and electric field in the vicinity of copper
nanoparticle, respectively. Estimates performed with AAQgp = 0.019 eV
observed in our experiments at I = 4.46 x 10"'W/cm?, ng = 1.45, and
ny = 2.48 x 10716 cm? /W [4] give G = 20 for copper nanoparticles with
average size d = 47 nm.
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For the purpose of studying of influence of immediate environment
on electronic properties optical properties of cobalt in different structural
conditions : crystal massive, crystal film, amorphous and liquid have been
studied. Besides spectra interband conductivity & (hv) of cobalt in the
specified structural conditions on the basis of theoretical data about den-
sity of electronic state been calculated. Optical properties of cobalt are
investigated at a room temperature on the massive and film samples by
thickness 40 pam received by a method magnetron sputtering on cooled
liquid helium leucosapphire’s substrate. Owing to the big speed of cooling
(710° /) was persistent amorphous structure of films, in due course they
were transfered to a crystal condition. Cobalt mirror surface in a spectral
interval 0,25-17,0 pm (0,07-4,96 eV) by methods of spectral ellipsometry
were investigated, using Beatty’s method. On experiment near the main
angle of sight was measured ellipsometric parametres ) and y and on
their basis optical constants » and ¢, permittivity £2 = n? — x?, optical
conductivity ¢ = 4egnvnk., (v - frequency of light) and reflexion factor
((n—1)*+x7)
((n+1)24+x2)"
dependences of optical characteristic from of energy of photons A in an
interval A = 0,07-4,96 eV has allowed to receive the information on elec-
tronic structure of investigated systems. On a curve o (hv) amorphous Co
it is revealed three prominent features: a wide maximum at 0,77 eV and
less intensive two narrow maxima at 0,38 and 0,16 eV while for crystal
Co in this area of a spectrum it is observed only two maxima: the basic
- at 0,88 eV and additional - at 0,18 eV. Besides, at transition to a crys-
tal condition the peak of the basic band is displaced on 0,11 eV almost
coincides with a maximum Co in a liquid condition. However at energy h
(0,6 eV absorption starts to increase in a liquid condition monotonously.
Let’s specify, that the most intensive band of absorption which responsi-
ble interbands to transitions, practically does not change the position on
a energy scale in crystal samples: massive and film Co. It testifies to a

paid off atnormalangleofsightonsample R = The analysis of
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dominating role of a near environment on formation of power conditions
which are responsible for interbands absorption. Having compared curves
for cobalt films in a crystal condition with results for the massive sample,
it has been established, that in massive Co the double structure of the
basic strip of absorption which is located in a vicinity 1 eV is shown, and
the long-wave maximum disappears at 0,18 eV. Instead of it in massive Co
the excess of curve o (hr) which, in our opinion, is caused by imposing of
a long-wave band of absorption with the basic which intensity the higher
is observed. Besides, in this area of a spectrum insidebands transitions
become more intensive, than interbands. Caused by exchange interaction
of splitting of the basic band of absorption of massive cobalt in the field
of 1 eV in film systems it is not shown. Displacement of the basic maxima
for a crystal condition concerning amorphous (approximately on 0,11 eV)
in high - energetic area of a spectrum and increase in semiwidth of the
basic maxima on curves s (hn) is connected with zones broadening as a
result of structural transformations. It is shown, in an electronic spec-
trum Co the new energetic zone which is located on 0,38 eV more low
Fermi level Fp which is connected with defects of structure is formed.
It is established, that at structural transformations from amorphous in
crystal conditions, character immediate environment essentially does not
change, though occurrence of a structural order leads to broadening ener-
getic bands of metal and their displacement in area high energy photons.
Structural transformations lead to reorganisation electronic to a cobalt
spectrum, and, occurrence of an additional band of absorption in a long-
wave site of a spectrum specifies that essential changes in an electronic
spectrum occur near Fermi’s level.
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In the biological system, apatites are of great interest as an integral
constituents of vertebrate hard tissues like bone, teeth. In the form of
carbonated hydroxyapatite they provide stability and hardness to these
skeletal tissues. All normal hard tissues of humans are apatitic. Further-
more, hard tissues that form in pathological calcification are also apatitic.
The biogenic minerals in these hard tissues are formed through a process
called biomineralization and these minerals are usually termed as biomin-
erals.

Relevant aspects of the functional behaviour of the calcium phos-
phate particles in their working medium (ion exchange with the body
fluids, dissolution/re-precipitation during the remodeling/readsorption in
the host tissue) depend significantly on their structural (bulk) order but
whether there is an effect of the surface order at atomic level on the chem-
ical properties of the calcium phosphates and their interaction properties
with water is unknown.

In this respect, we compared two nano-hydroxyapatites (HA) with very
similar surface area, bulk carbonate content, constituted of particles about
10x30x60 nm?® in size, crystalline in their bulk, but exhibiting, as shown
by high resolution transmission electron microscopy (HR-TEM) analy-
sis, different surface structures. In the first material, HA-x, the bulk
order extends up to the surface of the materials, that, although stepped
and irregular, are actually resulting from the interruption of a HA crys-
tal. Conversely, the second material considered, HA-a, exhibits a surface
amorphous layer about 1-2 nm thick, so that the only difference between
the two materials is actually in their surface structure. By using IR spec-
troscopy of adsorbed H,O, D2 O, CO and CO», used as probe molecules, we
described the nature and the properties of surface species. HyO/D»O iso-
topic exchange indicated that both materials exhibit a low amount ({10%
of surface sites) of surface hydroxyls, slightly more abundant in the case
of HA-a, as expected for a non stoichiometric surface. Both the surface
Lewis acidity, monitored by CO adsorption on Ca’* sites, and surface ba-
sicity, monitored by the formation of surface carbonates as a result of the
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interaction with COs, resulted more marked for HA-x. These differences,
likely arising also by a different arrangement of the reciprocal positions of
surface sites, has a significant effect on the structure of the surface water
ad-layers: while, in the case of HA-x, from the third layer of H,O adsorbed
on the surface, the structure of water is comparable with the one of bulk
liquid water, for HA-a a H-bond network significantly stronger than in
liquid water is observed up to the fourth water layer. Finally, the crys-
talline surfaces showed a less pronounced modification of the interaction
properties with water as a consequence of thermal treatments.
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The integration of nanotechnology with biology and medicine is ex-
pected to produce major advances in molecular diagnostics, molecular
biology and bioengineering.

In this work, we describe an original chemical approach for the quan-
titative synthesis of colloidal solutions of europium oxide nanoparticles.
The study of the structure and optical properties of these materials is not
only of fundamental interest, but also of technological importance for the
development of advanced phosphors for different applications, for example,
fluorescent probes for cell biology.

The synthesis method is based on a direct rare-earth oxide precipita-
tion in high boiling alcohol (diethylene glycol). The nanoparticles synthe-
sized by this method are homogeneously dispersed and distributed within
a very narrow range of sub-20nm sizes. The synthesize nanoparticles of eu-
ropium oxide were tested with biological objects: bovine serum albumin,
dextrane, polyvinyl alcohol (such plasma substitute), DNA and RNA.The
materials obtained have been characterized by high-resolution TEM and
luminescence microscopy.
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The nanoprobes are widely used in the biomedical investigation in or-
der to solve a great variety of problems from the surface and intracellular
proteins labeling up to a genetic analysis and observation of cellular pro-
cesses dynamics. The main requirements imposed upon them are their
biocompatitibility, ability to be dissolved in water and low toxicity.

In the present study, the GdVO4:Eu?T - based aqueous colloidal so-
lute nanoparticles having a negative surface charge and average diameter
of 3. 20 and 120 nm have been used as the nanoprobes. Their interac-
tions with bimolecules as well as the peculiarities of their accumulation
by cells and isolated cellular organelles have been estimated. For this pur-
pose the aqueous 0.1dextran 70000, bovine serum albumin were used. The
concentration of the nanoparticles in the incubation solution was about
0.4 mg ml-1. Isolated rat hepatocytes nuclei and cells (5x105 cell/ml
in dimension) together with the nanoparticles were incubated in the 5in
nuclei and cells was observed by a microscope Olympus [X71 (X 100 ob-
jectives) on excitation by a xenon lamp of 75 W over range 460-490 nm
with an emission wavelength of 500 and more. The character of nanopar-
ticles - biomolecules interaction was found to depend on the peculiarities
of molecular structure and surface properties of the nanoparticles. In the
absence of Mg?T ions the aggregation of the particles in the solution of
biomolecules studied was expressed weakly. However, addition of Mg?™
ions resulted in both adhesion nanoparticles to nucleic acid and appear-
ance amorphous areas clusters and threats in the visible range. This fact
is a indicative of the aggregation of nanoparticles on the nucleic acids
which are in the state close to a native form. In the isolated hepatocytes
nuclei, the accumulation of nanoprobes accompanied by increased red lu-
minescence was observed that correspond to EU emission line. Thus, the
magnesium DNA and RNA complexes have been predominantly painted
by the nanoparticles as well as the nucleic acidrich nuclei in the native
form. The particle size had a significant effect on their accumulation by
the cells. The particles of 120 nm in diameter clustered along the cell pe-
riphery whereas on application of the particles of fewer diameters (20 nm
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and less) the intracellular accumulation most likely by endocytosis mecha-
nism, has been noted, followed by their accumulation in nuclei. The results
obtained demonstrated opportunities for an application of the nanoparti-
cles as luminescent nanoprobes in biomolecules and cells as a whole in the
biomedical investigations.
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We report the strong photoluminescence from the spherical silver nanopar-
ticles with sizes of 8 - 30 nm incorporated in silica matrix. Two bands
were observed in PL spectra of Ag nanoparticles. The high energy band
was observed only in the samples with smallest 8 and 11 nm Ag nanopar-
ticles. It was attributed to the radiative recombination of the electrons
in sp conduction band of silver with holes in d valence band. The low
energy band was observed in all the samples with the nanoparticles of
sizes of 8 30 nm. The intensity of PL spectrum was found to increase
with decrease of nanoparticle size. The quantum yield of the photolumi-
nescence was measured. It was found to be maximum in smallest 8 nm
Ag nanoparticles, namely about 1072 that is in 10® times higher than
in bulk silver. We performed the calculation of the theoretical photolu-
minescence spectra of Ag nanoparticles with various sizes working in the
frame of the modell of the local field enhancement by surface plasmons in
Ag nanoparticles. The calculations is in good agreement with the experi-
mental results that proves that the strong size dependent enhancement of
the luminescence from Ag nanoparticles is the results of the enhancement
of the electric fields of exciting and outgoing photons due to coupling of
photons to surface plasmon resonance in Ag nanoparticle.
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We studied the temperature behaviour of the absorption spectra of
Au/PTFE nanocomposites with various filling factors at 77-936 K. The
obtained temperature dependences of surface plasmon energy and band-
width in gold nanoparticles with size of 5 nm proves the aggregation of
nanoparticles due to thermal softening of polymer matrix and consequent
melting of nanoparticles with formation of isolated large (about 25 nm)
nanoparticles. The melting of gold nanoparticles occurs at temperatures
considerably lower than the melting point of bulk gold. The interac-
tion between the gold nanoparticles significantly affects the melting of
the nanoparticles. When the filling factor increases the melting point of
gold nanoparticles decreases and the spectral signature of their melting
become stronger.
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Diffusion-limited growth is a well-known technique to produce ternary
II-VI semiconductor nanocrystals in a glass matrix. Their electronic spec-
trum, determining the optical properties, can be effectively varied by the
nanoparticle size and chemical composition. Spectroscopic techniques,
used to determine the main parameters of the nanocrystals, can be com-
plementary and often competitive to transmission electron microscopy and
X-ray diffraction-based techniques.

Here we report on obtaining and spectroscopic characterization of
ternary (CdS;_,Se, and CdSe;_,Te,) and quaternary (CdS;_,_,Se,Te,)
nanocrystals grown in a borosilicate glass using heat treatments at 600 to
700° C. Optical absorption spectra of the obtained samples, measured
with a LOMO MDR-23 monochromator at room temperature, enabled
the average nanocrystal size to be derived from the spectral position of
the confinement-related exciton absorption peaks. Resonant Raman spec-
tra measured at room temperature using a Dilor XY 800 monochromator
as well as ArT and KrT™ lasers were used for the determination of the
nanocrystal composition.

For two-mode CdS;_,Se,, and CdSe;_,Te, ternary systems the nanocrys-
tal composition was determined from the corresponding LO phonon fre-
quency difference, taking into account the effects of the glass matrix pres-
sure, confinement-related relaxation of the selection rules as well as surface
phonon scattering. The composition of the obtained CdS;_,Se, nanocrys-
tals is shown to depend on the heat treatment parameters: the content
of the predominant chalcogen (S or Se) increases with the heat treatment
duration and temperature.

The measured Raman spectra clearly confirm the formation of quater-
nary CdS;_,_,Se, Te, nanocrystals in a glass matrix which are character-
ized by a three-mode behaviour of the phonon spectrum. The frequencies
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and intensities of the CdS-like, CdSe-like, and CdTe-like LO phonon bands
in the spectra correspond to the related component content.
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Functionalization of single-walled carbon nanotubes (SWN'Ts) by biopoly-
mers opens ways for designing nanodevices in which the unique physical
properties of nanotubes combine perfectly with recognizing abilities of bi-
ological molecules. To solve successfully fundamental and practical tasks
connected with the formation of the nucleic acid (NA)-carbon nanotube
complex, it is important to be informed in the structure of NA being the
main functional element of the complex.

In this study SWNT functionalization was performed by single- and double-
stranded deoxy- and ribonucleic acids in aqueous salt buffer solutions.
Heating-induced transitions from the ordered helix to the disordered coil
as well as converse processes - hybridization of single-stranded comple-
mentary nucleic acids with formation of double-stranded structures were
studied by UV-spectroscopy methods and computer simulation. The re-
sults obtained are compared with data for free solution polymers.

It is shown that, upon adsorption of single-stranded molecules on SWN'T,
intensities of main transitions in bases are re-distributed due to w-stacking
interactions with carbon hexagonal cells of nanotubes. As well, it was
revealed that the helical structure of the polymer and interplane interac-
tions of its heterocyclic bases disrupt significantly during adhesion on the
SWNT surface.

At adsorption of double-stranded DNA and RNA on the nanotube, ther-
mostabilization of the polymer structure was observed, resulted from the
decrease of the effective density of charges of the sugar-phosphate back-
bone. As well, losses in entropy because of limitation of freedom degrees
of the polymer backbone at adsorption on SWNTs contributed to the sta-
bilization.

The process of the double helix formation (hybridization) on the nan-
otube when one of the polymers is bound with the nanotube surface
and the complementary polymer is in solution was studied. It is shown
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that, in comparison with quick hybridization kinetics of free poly(rA)-
poly(rU) (the double helix is created for tens of minutes), the process of
the double-stranded molecule formation on SWN'T lasts tens of hours at
20°C. Double-stranded poly(rA)-poly(rU) formed on the nanotube by hy-
bridization are of lower thermal stability than that for molecules without
nanotubes. Computer simulation revealed that destabilization may result
from the imperfection in the structure formed as the significant part of
bases is unable to form regular Watson-Crick pairs because of interactions
with the carbon surface.
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The interface interactions were studied by methods of conductome-
try, low-temperature phosphorescence and differential scanning calorime-
try (DSC) in multi-walled carbon nanotubes (MWCNT) and benzophe-
none (BP) composite. The concentration of MWCNTs was varied within
0-1% wt. A percolative threshold was found at MWCNT concentrations
exceeding 0.1 % wt. The integration of MWCNTs caused melting tem-
perature increase ( 3K for 1% wt of MWCNTs). The effect of positive
thermal resistively coefficient, as well as substantial hysteretic behaviour
of electrical conductivity in a heating-cooling cycle, was observed near the
melting point of BP (7,,= 321.5 K). The activation-type temperature be-
haviour of electrical conductivity was observed in the temperature range
of supercooled BP. The activation energy was decreasing with increase of
MWCNT concentration. The observed nonlinear dependencies of electri-
cal conductivity versus applied voltage U reflect the transport mechanism
of the charge carriers through amorphous interface films formed near the
surface of the MWCNTs. The thermal shifts of phosphorescence spectra
measured within the temperature range of 5-200 K evidence existence of
such interface films of amorphous BP with width of the order of 0.1 & m.
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In this paper we studied the spectra of resonance Raman scattering at
room temperature in the structures with nanowire ZnSe; ZnTe; ZnMTe;
ZnSe / CdSe (each wire is an alternating segments ZnSe and CdSe); in film
ZmSe; in crystal ZnTe. Samples ZnSe; ZnTe; ZnMTe represent a quantum
filament with a diameter of 10 - 30 nm, grown by molecular beam epitaxy
at substrate GaAs, catalyst - Au. Spectra of ZnSe were measured in sam-
ples with varying thickness of the film Au (2, 10 and 100 A, film thickness
determines the diameter of Au nanowire). ZnMnTe spectra were mea-
sured for different concentrations of Mn. Raman spectra were recorded
on a u-1000 spectrometer in backscattering geometry. The source of laser
radiation used He-Cd, ar and Ar-Kr laser. In the spectra of structures
with nanowire ZnSe (film thickness of au 2 and 10A) and ZnTe, observed
boundary of luminescence peak shift towards higher energy. We assume
that this shift is due to increase in the effective width of the band gap,
due to effects of size quantization. We estimated nanowire radius based
on the magnitude of this shift. It is concurring in order of magnitude
with the data of electron microscopy. Spectra of samples with thickness
of Au, equal to 100A, are identical to the spectra of the ZnSe film. This is
probably due to the fact that nanowire in this sample is covered by ZnSe
film. This fact is confirmed by measuring the infrared reflection coefficient.
One can see visible peaks corresponding to lo and to phonons GaAs, lo
phonons ZnSe, and mode at a frequency of 248 cm™! on the spectrum
of resonance Raman scattering in nanowire ZnSe / CdSe. Perhaps this
is vibration mode in the ZnCdSe alloy, which demonstrates the mutual
diffusion of components. Spectra of ZnMnTe alloy nanowire is charac-
terized by double mode behavior. The L,-phonon repetition can also be
observed. By comparing the spectra for ZnSe nanowire and films, one can
see change in the intensity of L, phonon-repetition (maximum intensity
in the film are 4L,, while in the one-dimensional sample - at 1 and 2L,).
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Presumably, these differences are related features of hot luminescence in
quantum-dimensional structures.
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Single-walled carbon nanotubes (SWN'Ts) are new type molecular nanowires.
They have got unique physical and chemical properties and wide prospect
of using in nanotechnology. SWNTs can be used as the basis new bio/chemical
sensors thanks to their chemical inactivity. Depending on their diameter
and chirality, SWNT possess metal or semiconductor properties. Peaks
of the electronic density of states van Hove singularities, between which
transitions occur when a photon is absorbed or emitted, are present in
the valence and conduction bands of semiconductor nanotubes. Lumines-
cence of semiconductor nanotubes is observed in the near-IR range of the
spectrum.

The bulk synthesis processes yield SWNTs in the bundled form with large
intertube van der Waals attraction. Under ordinary conditions, nanotubes
form bundles because of the strong van der Waals interaction between in-
dividual nanotubes. In bundles, nanotubes with metallic conductivity
quench luminescence of semiconductor SWNT. The bundles can be sepa-
rated in a water medium by means of ultrasonic dispersion in the presence
of a surfactant or watersoluble polymers. This molecules absorbs onto the
SWNT prevents the nanotubes from re-aggregating into plaits after the
ultrasonic treatment has been completed. Luminescence of nanotubes in a
water suspension is very strongly influenced by the external environment,
variations of the surfactant or polymer type as well as properties of the
solution itself (pH, ionic strength, and so on).

Herein, we report our work on studying the pH effect on spectral char-
acteristics of SWNT in aqueous solutions with surfactants (sodium dode-
¢yl sulphate and sodium dodecylbenzenesulfonate) or polymer (DNA) in
0.85-1.45 eV range of the spectrum. pH has varied in 3-11 range. The
luminescence spectrum of SWN'T consists of a series of peaks due to the
emission from nanotubes of different chirality and diameters. The intensity
of spectral bands rises as pH of SWNT solution with surfactant or poly-
mer increase. Therefore, it can be stipulated by (1) decreasing interaction
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of adsorbates with the nanotube surface because of their deprotonation
and hydrophily increase and/or (2) structural changes of absorbates [1].
The intensity of the spectral bands lowers as pH of SWNT solution with
a surfactant or polymer decreases. It can be stipulate by the increase of
protonation of carbon nanotube and adsorbates [2]. We have discussed
various models pH effect on complexes of nanotubes with polymers and
surfactants.
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The temperature dependence of ferromagnetic resonance (FMR) spec-
tra of superlattices Co/Cu was studied for establishing of forming of mag-
netic anisotropy mechanism. We have investigated the series of samples
[Co/Cu(111)]s0 with fixed thickness of ferromagnetic cobalt layers d¢, =
8 A, while the thickness of nonmagnetic copper interlayers valid from 7 to
22 A with step 1-2 A . The samples were obtained on mica by magnetron
sputtering. The measurements of FMR spectra were performed with a
JEOL-XK spectrometer in 3-cm wavelength range in temperature interval
from 230 to 350 K. From the values of resonance field quantitative de-
terminations of effective anisotropy constant K.¢; have been made. The
temperature dependence of effective anisotropy constant K.y is close to
linear behavior for all samples of series ( AK,;f ~ 25%).

For same multilayer magnetic films the magnetic anisotropy consists
of four main contributions:

Kepp = Kye + Kugp + 2Ks/deo — 2 M?

where K7 - magnetocrystalline contribution, K - magnetoelastic con-
tribution, connected with the pseudomorphyc state of Co and Cu layers,
K - surface anisotropy constant, — 27 M? - magnetodipole contribution,
determined by the value of saturation magnetization. Magnetoelastic and
magnetodipole contributions are dependent on temperature.

In this work the actual parameters of the lattice were calculated in
consideration of a pseudomorphic interface [1]. In view of the actual lat-
tice parameters and the values of the coefficients of linear expansion for
cobalt and copper (ac, = 17.9 - 1076 deg™!, acy, = 15.2-107° deg™! [2])
the magnetoelastic contribution for given temperature interval was calcu-
lated (AKpy g = 0.1%). The changes of magnetodipole contribution were
evaluated and makes from 10% [3] to 50% [4].
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So, the main contribution to the temperature dependence of effective
magnetic anisotropy is given by the magnetodipole contribution, deter-
mined by temperature dependence of saturation magnetization.
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The investigation of optical properties of the photoconducting poly-
mers confined in the nanosize volume is stimulated by the expansion of
the application area of these materials to the optoelectronic devices. Re-
cently the possibility to manipulate properties of conjugated polysilanes by
incorporating them in nanoporous silica matrices has been demonstrated
[1-3]. It was shown that proper manipulation of the polymer chain con-
formation and interchain interaction allows for the development of highly
efficient polymer-based devices. However the use of the silica in a powder
form was a significant limitation to their investigation and application.

In this work the novel hybrid composites were fabricated on the basis
of poly (di-n-hexylsilane)-PDHS incorporated into porous SiO, films with
different pore diameters. For this purpose, at first the composite fabri-
cation procedures were developed in order to find optimal conditions for
the polymer incorporation (concentration, temperature, the film surface
cleaning).

The fluorescence and excitation spectra of these nanocomposites have
been studied in the temperature range from 5 to 240 K and the absorption
spectra from 293 to 353 K. The spectra were measured versus the PDHS
concentration, the type of the porous film and the pore diameter. It was
shown that optical spectra of the PDHS confined in the nanoporous SiO9
films depend on the pore diameter and differ from those of the bulk film,
polymer solution, as well as from those of PDHS /silica nanocomposites.
This difference is due to a decrease of both the intermolecular and the
exciton-photon interactions in the composites. It was proved that poly-
mer chains located in the pore volume of SiOs have both separate and
aggregate forms. Temperature dependence of the fluorescence and ab-
sorption bands intensities enabled us to explain optical properties of their
conformational structure and to obtain information about the
thermochromic transition of the confined PDHS and the excitation energy
transfer pathways.
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Nanostructured materials which are formed by introduction of nanopar-
ticles in a porous matrix of other material have been extensively studied.
In the present work the photoluminescence (PL) spectra of the structure
obtained by introduction of CdSe nanocrystals in porous SiO,, layers have
been investigated. Porous SiO,, layers were produced by thermal evapora-
tion of silicon monoxide in vacuum and oblique deposition onto polished
Si substrates. During deposition, the substrates were oriented at the angle
75 between the normal to the substrate surface and the direction to the
evaporator. Obtained SiO, layers have column-like structure and porosity
of these samples (volume share of pores) was equal to 53-57 %.

Precipitation of CdSe nanocrystals onto Si-SiO,, substrates was carried
out by two ways. In the first case the CdSe nanoparticles were deposited
onto porous SiO, layer as colloidal solution, with the subsequent evap-
oration of the hydrocarbon solvent. After evaporation of hydrocarbon
samples were exposed to additional processing in hydrocarbon. The sec-
ond way of nanoparticles precipitation is the direct formation of CdSe
nanoparticles on the porousSiO,, layers.

It is shown, that after precipitation of CdSe nanoparticles from col-
loidal solution in PL spectrum of obtained sample two broad PL bands
are observed. One, more intensive with maximum at ~ 550 nm and second,
less intensive, maximum at ~ 420 nm. Additional processing of samples
by hydrocarbon results in redistribution of PL bands intensity.

At precipitation of nanoparticles from colloidal solution on porous sur-
face influence of this substrate results in disturbance of equilibrium condi-
tions at which the size of particles in the solution is stable, that results in
rearrangement of part of the nanoparticles in fraction with the new sizes.
Occurrence of fractions with the new sizes is shown in PL spectra as broad-
ening of the basic band with ,,,, 550 nm and occurrence of additional PL
band with,,q,;~ 420 nm. As follows from experimental data, additional
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processing by hydrocarbon results in change of the both PL bands half-
width. Probably, it is caused by exchange processes between particles
and CdSe clusters, adsorbed on surface of porous sample, and formation
of fractions of the nanoparticles with the new optimal sizes for the given
conditions of precipitation. Growth of intensity of the shortwavelength
PL band confirms the formation of particles with smaller sizes.

At chemical precipitation of the CdSe on Si-SiO, substrate, it is ob-
served shift of PL. maximum in the short-wave side in comparison with po-
sition of PL maximum for colloidal solution of CdSe nanoparticles (;;,q, ~ 548
nm). This shift can be caused by decreasing of the nanoparticle size
as results of their formation in restricted volume of pores between SiO,
nanocolumns.

Thus, using of porous SiO, layers as a substrate for precipitation of
CdSe nanoparticles allows to realize process of nanoparticles synthesis in
the limited volume. It enables to control process of synthesis and to obtain
nanoparticles of the different sizes.
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Molecular dynamics and phase transition temperatures in multi-wall
carbon nanotube (MWCNT)/benzophenone (C13H100, BP) nanostruc-
tured binary systems were investigated by means of FTIR absorption
spectroscopy and differential scanning calorimetry. The MWNTs were pre-
pared from ethylene using the chemical vapor deposition (CVD) method,
and typically have the outer diameter de about 10 20 nm, and length
about 5 10 m. The MWNTs BP composites were obtained by adding the
appropriate weights of NTs (0 1%) to the organic matrix in the isotropic
liquid state with their subsequent 20 30 min sonication using a UZDN
2T ultrasonic disperser. The differential scanning calorimetry (DSC) data
(transition temperatures and enthalpies) were measured by Perkin-Elmer
DSCT7 instrument in the heating and cooling modes in the range of 278-330
K, at the rate of 8 K/min. FTIR adsorption spectra were measured with
Bruker IFS-88 FTIR spectrometer in 380-4000 cm-1 spectral range with
1 ¢cm-1 resolution in parallel experiments for the nanocomposites and the
undoped organic matrix.

It was found that the phase transition temperatures of the BP com-
ponent increased by up to 3 K with incorporation of small amount of
MWCNT. However, BP crystallization was not observed in our DSC mea-
surements suggesting that MWCNTs promote BP supercooling in the
MWNTs BP composites. The noticeable increase of the BP melting tem-
perature could reflect the presence of strong interface interactions between
MWCNT and BP. Our FTIR spectroscopic data confirmed strong binding
interactions between MWNTs and benzophenone in the studied binary
systems, which mainly involve terminal C=0O groups.
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Using a high-temperature Brownian motor with unidirectional motion
provided by symmetric deterministic dichotomic fluctuations of a potential
energy as an example [1], it is shown that taking into account the transi-
tion duration between the dichotomic-process states has essential influence
on the average velocity of the motion, when this duration becomes greater
than the characteristic diffusion time of the particle on the period of po-
tential energy. Analytical dependences of the average velocity on time
parameters of the system have been obtained [2]. Their comparison with
harmonic time dependence of potential energy has been undertaken.

In the theory of Brownian motors, nonsymmetrical dichotomic process
with different state lifetimes allows to govern the direction of motion at
definite conditions by varying of the lifetimes. The competition of the
lifetimes difference with the transition duration between the dichotomic-
process states leads to interesting phenomena discussed in this presenta-
tion.

References
[1]. V. M. Rozenbaum, Pis'ma Zh Eksp Teor Fiz, 88, 391 (2008) [JETP
Lett. 88, 342 (2008)].

[2]. I. V. Shapochkina, V. M. Rozenbaum, Vestnik BSU (2009, in press).



204

P-16 |

Adsorption of Organic Molecules on Au Nanoparticle Surface
as Studied By SEIRA And UV-VIS Absorbance Spectroscopy
T. Gavrilko, G. Dovbeshko, O. Fesenko,

R. Fedorovich, V. Nechytayilo, L. Viduta
Institute of Physics, National Academy of Sciences of Ukraine, 46
Prospect Nauky, 03650 Kyiv-22, Ukraine

Self-assembly of organic compounds on metal surfaces has attracted
much attention due to its importance both from the view of scientific per-
spective and for potential applications in molecular electronics, non-linear
optics and nanoscale electroluminescent (EL) devices. Recently we demon-
strated a new type of planar nano-scale EL device built from an island
metal and organic compound film [1]. It was shown that the electrolumi-
nescence from such planar devices to a large extend depends on molecular
organization at the interface between the metal and organic components.
For better understanding of the EL mechanisms, is it necessary to study
the influence of the processes of the film growth and self-assembly in metal-
adsorbate systems on their structure and optical properties.

Here we report on the studies of SEIRA (Surface Enhanced IR Absorp-
tion) and UV-Vis absorption spectra of several organic compounds (light-
emitting complexes terbium(111) tris(2,2,6,6-tetramethyl-3,5-heptanedionate),
Th(thd)3, and europium (dibenzoyl-methanato)3(bathophenanthroline),
Eu(DBM)3bath, as well as polymers polynaphthalimide-methacrylate, and
polymethylmetacrylate) layers deposited on Au nanoparticle surface. Au
nanoparticles of controllable size (80 100 nm) were obtained according to
the procedure described in [2]. Thickness of the organic layers was con-
trolled by digital quartz balance monitor, and varied from 35 to 120 nm.
Room-temperature SEIRA spectra of the composites were measured us-
ing IFS-66 Bruker FTIR spectrometer with 2 cm 1 resolution. UV Vis
absorption spectra were measured in the range 400 800 nm with a LOMO
MDR-23 monochromator equipped with photodetectors.

The changes observed in the SEIRA spectra of the studied molecules
are explained in terms of different molecular orientation with respect to
the nanoparticle surface. In addition, it was shown that the surface plas-
mon peak in UV-Vis absorption spectra of all studied metal-adsorbate
systems is shifted compared with its position in the spectra of the island
metal substrate, the shift value being dependent on the type of organic
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compound. Correlation between the plasmon peak shift and SEIRA
enhancement factor for different compounds is discussed.

This work was supported by the National Academy of Sciences of
Ukraine under the Ukrainian-Russian Program on Fundamental Research
(Grant No.RFFD /2-09-26).
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The ultraporous nanostructured oxyhydroxide of aluminium (NOA) is
a medium with high specific surface, so it is suitable for molecular adsorp-
tion and nanoparticles deposition. For applied reasons it is interesting to
study optical and nonlinear optical (NLO) properties of such a medium,
considering it as a suitable way for designing novel guest-host functional
materials. Incorporation of various guest systems into the NOA matrix
allows to investigate its interaction with adsorbates, also it may even en-
hance NLO response of the guest subsystems by the local field of the
matrix.

Synthesis of the NOA is based on selective aluminium oxidation upon
exposure to humide atmosphere through a mercury film [1]. The monoliths
grown posess extra high porosity and specific surface of the order of ~ 300
m?/g. The NAO structure consists of amorphous nanofibrils of ~ 100 nm
length and 5 nm in diameter, forming nanopores with an average size of
10 nm.

The described technique allows to obtain monoliths of sufficient size
for optical and nonlinear optical diagnostics. However, due to the ultra-
light structure of the monoliths, they are very brittle. So the samples for
the characterization were prepared via compression into pellets 0.25-0.4
mm thick and 13 mm in diameter, the fibrous nanostructure remaining
undamaged.

NLO transmittance of NOA samples annealed at different tempera-
tures was studied using continuous laser excitation at 532 and 633 nm.
The behavior of NLO responses of different samples are compared and
discussed.

Nonlinear interaction of non-annealed sample with picosecond-range
laser pulses (1064 and 532 nm) was under investigation. The scale of the
effect observed reminds of the giant NLO response of the porous layers of
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TiO, nanocrystals [2]. In the intensity range less than 10 MW/cm? the
cubic NLO susceptibility Im(X(S)) ~ 107® esu was measured at 1064 nm.
The NOA samples under study are very high-dispersive. The homoge-
nius scattering type observed proves that the process of compression does
not affect the fibrous nanostructure of the samples.
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For the last two decades, the interaction of carbon microparticles with
high-power pulsed laser radiation has attracted much interest. The ma-
jority of the publications is devoted to research of carbon suspensions
(primarily aqueous) and of soot microparticles in air, which are formed
as a result of combustion of organic fuel. The laser-induced behaviour
of light-absorbing microparticles in solid and high-viscosity matrixes is
investigated insufficiently.

The main physical effect of the laser radiation on light-absorbing mi-
croparticles in air and in condensed matrixes is their warming up to tem-
peratures of approximately 4000 K. Thermal radiation of laser-heated mi-
croparticles is easily observed and is referred to as LII (laser-induced in-
candescence). The optical signal of LII allows estimating the amount of
soot in the exhaust or in the combustion chamber, which gives the valuable
information for the operative control over the engine.

In the present work, LII of carbon microparticles in condensed mat-
ter with high viscosity, such as synthetic resins (epoxy resin); solutions
of polymers (polystyrene) and water-soluble gels (gelatine gel), is inves-
tigated under powerful laser irradiation (Q-switched YAG:Nd**t laser).
High viscosity of the matrix essentially reduces the influence of convective
streams on the investigated phenomena and allows studying the properties
of suspensions depending on the dose of the laser irradiation. Besides, for
laser irradiation of non-stirred matrixes, the stable local changes of optical
properties are expected. At last, the investigation of laser-induced effects
in carbon-doped high-viscosity matrixes can create a bridge for gradual
transition from liquids to solids activated by light-absorbing microparti-
cles, which are poorly investigated.

The experiments reveal essential differences in behaviour of water sus-
pensions and suspensions in polymers. In the polymeric non-aqueous ma-
trixes, under irradiation by a sequence of powerful nanosecond laser pulses,
the phenomenon of LII building-up is observed. The increase of LII inten-
sity with the irradiation dose is accompanied by the increase of LII pulse
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duration. A model is proposed for interpretation of the observed phe-
nomena. The model includes the laser heating of carbon microparticles
to temperatures of about several thousands of kelvins with the pyrolysis
(thermal decomposition) of oligomers around the overheated carbon parti-
cle. The products of pyrolysis — gases and nonvolatile carbonized products
— form gas bubbles and carbonized shells around the particles. As a result,
the increase of size of light-absorbing center causes the observed increase
of LII intensity with the irradiation dose.
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The theory is developed [1] which allow the energy absorbed by nonspher-
ical particles of small sizes from laser-induced irradiation of double pulse
of given duration to calculate in the region of surface plasmons excita-
tion (Mie-resonances). For particles of oblate or prolate spheroidal shape
[2] the dependences of this energy on degree of deviation from spherical
form, pulse duration, particle volume and on the polarization of laser beam
electric field with respect to spheroid axis of revolution are obtained. It is
shown, that depending on the time delay between two pulses the energy
absorbed by a nanoparticle can be higher or less than the total absorbed
energy of two no correlated pulses.
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On the basis of the contemporary fluctuation theory of phase transi-
tions (FTPT) [1] a substance near the critical point (CP) is a gas of the
clusters of fluctuations. The compressibility of the system goes to infinity
near the CP. Due to this fact the characteristics of the substance (corre-
lation length R, a mass of the cluster of the fluctuation m; = %’NRgpf)
change along the height of the system in the external field h = p,gAzP; !

[2]. The condition of equilibrium [3]
A= EEE = = pegAzP | (1)

cannot be considered as correct one for such inhomogeneous systems under
gravity near the CP. Here p, , P, , u. are the critical density, pressure,
chemical potential; g is the gravitational acceleration; Az is a level in the
sample cell, measured from the level with the critical density of substance.

Some new peculiar properties of such inhomogeneous systems near the
critical point have been obtained experimentally for the first time [4-6] by
using the molecular light scattering and refractometry methods.

1) The action of the gravity field of the Earth causes the appearance
of the internal nonuniform field U (k) in the inhomogeneous liquid at the
critical state. It changes in the range of magnitudes AU(h) = u(h) =
(10 = 10%) - h >> h for different substances.

2) The value of this internal field |Ap(h)| >> |h| depends on the
critical temperature of substance (AU(T,) = Ap(T,) ~ T2), i.e. on the
forces of intermolecular interaction.

3) AU depends on the linear size of the system (AU(L) = Ap ~
J(L) ~ L77);

4) AU depends on the average density p of the system filling with the
substance AU(p) = Ap(p) = f(p).
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Hence it follows that the condition of the equilibrium of an inhomoge-
neous substance under the gravity field of the Earth is different from (1),
namely

A= B AT L) >> @

It means that the condition of equilibrium in the inhomogeneous sub-
stance depends on the system vicinity to the critical state.

The inhomogeneous field U(h) is not external, but internal critical
field, induced by the field of Earth gravity.
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The temperature dependence of the half-width of the central Rayleigh
line in the scattered light spectrum of the solution isobutyric acid - heavy
water near the consolute critical temperature has been study in the work
by using the method of spectroscopy of optical mixing [1]. On the basis
of these measurements the temperature dependences of the diffusion co-
efficient, D(t) = Dgt”, and the correlation length, R.(¢) = rqt™", of this
solution have been obtained along the thermodynamic directions: critical
isochore-isoconcentrate (t = (1" —1.)/1, > 0) and the liquid-liquid phase
interphase (t = (1" —1¢)/T. < 0). The values of critical indices, v , the
amplitude of correlation length, rg, and the diffusion coefficient, Dy, of
isobutyric acid-heavy water solution along these critical directions were
calculated.
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This paper reports about investigation of the series consists of samples
with undoped germanium oxide films, films doped only with gold, films
doped only with europium, and films co-doped with gold and europium.
Concentrations of activators were 3% and 10% for the gold and europium
dopants, respectively. Spectra of the undoped films (100GeO;) contain
wide very weak bands in the region 400 800 nm. Spectra of the 97GeOq —
3Au films at low temperature consist of two wide bands with maximums
near 500 and 600 nm as well as the most intensive narrow complex band
with maximum at 685 nm and additional spectral features at its long wave
length side. Only this band forms spectra at room temperature. Spectra
of the 87GeOy — 10FEu305 — 3Awu films consist of the intensive narrow
band emission in the spectral region from 550 to 750 nm. Intensity of
this emission increases by 4 times with rising of temperature from 10 K to
RT. Spectra of the 90GeOy — 10 Fu9 O3 films contain wide very weak band
with maximum at 611 nm intensity of which at room temperatures by
about 50 times lower than intensity of the similar band for the 87GeO,; —
IOEUQOg — 3Awu films.

The weak wide bands in the region 400 800 nm in the spectra of the
100GeO, films could be attributed to the emission of quartz substrate.
The broad emission bands with maximums 500 and 600 nm in the spectra
of the 97GeOy — 3 Aw films are similar neither to the luminescence spectra
of oxygen deficiency centers (-Ge-O-)2Ge:, nor to the substrate emission.
The first band may be assigned to the d°s— > d'° luminescence transitions
of the Au+ ions arising as a result of Au” ionization or to the recombina-
tion luminescence in the GeOs matrix. The latter one has to be assigned
to luminescence of gold nanoparticles. Maximums of the main narrow
bands in the spectra of the samples with 87GeOy — 10Euy03 — 3Au films
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are at 591, 611, 652 and 702 nm that allow us to attribute all of them to
intrinsic f?f emission transitions in the Fu3T ions. The weak luminescence
band observed in the spectra of the samples with 90GeOy — 10 FEus O3 films
is also corresponded to the similar radiation transitions in the Ev®t ions.

Therefore, it has been established that multiple increase of the Eu3+
luminescence intensity takes place for the 87GeOs — 10 Eug O3 —3 Au sol-gel
films compared to the 90GeO; — 10FEu, 05 films annealed at Tann = 800
C. In our opinion, this effect is caused by photo-ionization of Au atoms
on the surface of (Au0)n nanoparticles and follow transfer of excitations
from formed Au™ ions to Eu®" ions.

The work was supported by the Belarusian Republican Foundation
for Fundamental Research (project no. X09K-078) and Fundamental Re-
searches State Fund of Ukraine (project no. F29.1/038). Experiments
with synchrotron radiation were carried out at SUPERLUMI station at
HASYLAB, DESY, Hamburg, Project Nr. 20052013.
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Special structural and chemical properties of Cgg molecules can be suc-
cessfully employed as building blocks of nanostructured hybrid materials
(especially in form of thin films) based on functional fullerenes and met-
als. Thus, fullerene films provide bonding sites which could be exploited
as molecular templates. Different organic cross-linkers discovered to be
very attractive to assemble nanoparticles in the formation of covalently
linked superstructures. The cross-linking molecules with spacers of var-
ious lengths allow, to some extent, to control over interparticle spacing,
and in its turn, the interparticle spacing influences the lattice properties
such as conductivity.

The method of direct solvent-free functionalization of Cgy films with
aliphatic bifunctional amines and thiols, aminopirene, pyrenemethylamine,
diaminenaphtalene, porphyrin was applied to prepare covalently function-
alized, cross-linked Cgp films. The pristine and cross-linked with octane-
1,8-diamine and octane-1,8-dithiol fullerene films were decorated with sil-
ver and gold nanoparticles. To characterize photoelectric properties photo-
diodes were fabricated by evaporation of a semitransparent gold electrode
layer through an opaque mask onto pristine and functionalized Cjyq films,
and by making an ohmic contact to the rear side of Si substrate. Optical
and photoelectric properties of nanostructured hybrid films in comparison
with the undecorated ones were studied.

Photoluminescence (PL) spectra of the functionalized fullerene films
have been measured in wide temperature range (from room temperature
to 2 K). The low temperature PL spectra demonstrate significant changes
of the band intensity and appearance of fine structure for bands connected
with radiative transitions of self-trapped and localized excitons, and their
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phonon replicas. The changes of recombination properties of fullerene films
in consequence of the process of chemical functionalization and decoration
with nanoparticles determine the observed changes of PL intensity.

Photoelectric properties of Au/Cgo/n — Si surface-barrier structures
considerably depend on chemical agents employed in the process of chem-
ical modification of fullerene films. Thus, the gas-phase reaction of films
with diamine-octane results in the decrease of photocurrent value by an
order of magnitude, unlike the reaction with dithiol-octane. The deposi-
tion of Au nanoparticles onto the surface of the dithiol-octane modified
films causes the increase of photocurrent value in the range of local plas-
mons excitation in such kind of nanoparticles. It should be also noted,
that the modification of fullerene films with molecules of porphyrin leads
to the increase of photocurrent value by a factor of 1.5-2.
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Peculiarities of the Raman Spectra of Polyurethane/arbon
Nanotube Composite
V. Yashchuk', A. Naumenko', V. Bliznyuk®, S. Singamaneni’
1 Physical Faculty, Taras Shevchenko Kyiv National University, prosp.
Glushkova, 2, Kyiv, Ukraine
2Materials Science and Engineering Department, College of Engineering
& Applied Sciences, Western Michigan University, Kalamazoo MI 49008
USA; e-mail: Valery Bliznyuk@wmich.edu

Carbon nanotubes are among the promising constituents of carbon
nanonscale composites because of their unique properties, such as a one-
dimensional structure (small diameter of 1 nm and long length of many
microns), high thermal and chemical stability, very good heat conduction,
and high mechanical strength (elastic modulus comparable to that of a
diamond). Currently, a large number of materials allow the implementa-
tion of SWNTs for the improvement of their properties or the acquisition
of new qualities. Crucial for a successful design of nanocomposites is
the knowledge of interactions between SWNTs and the matrix (polymers,
epoxy resins, inorganic material) in the structural material.

The morphology, orientation and dispersion of carbon nanotubes in poly-
mer matrix were studied by AFM, using an Autoprobe CP (ThermoMi-
croscopes Inc.) machine in different modes. The Raman spectra were
detected by an automated double spectrometer DFS-24 (LOMO, Russia),
equipped with a cooled photo multiplier and registration system working
in a photon counting mode. The light source used was a linearly polarized,
cylindrical focused 514.5 and 488 nm A-+-laser.

In present work we have studied the Raman spectra of pristine Carbon
SWNT and composite SWNT/Polyurethane in terms to investigate the
interaction with SWNT and PU.. These spectra demonstrate, that the
SWNTs retain their pristine properties and display the characteristic fea-
tures of semiconducting SWNT. The spectra demonstrate significant in-
fluence of the polymeric matrix on the carbon nanotube bundles. The
nanocomposite Raman bands become broader and are shifted to high-
frequency area of the spectrum in comparison to the corresponding bands
of the SWNT material. Redistribution of the intensity in a vicinity of
a G-band and increase of splitting of the radial breathing mode are also
observed for the nanocomposite Raman spectrum. We suggest that these
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Raman shifts have been resulted by intrusion the polymer into nanotube
bundles. The polymer exerts a pressure on the individual tubes, thereby
increasing the breathing mode frequencies. On the other hand, as a result
o this intrusion some bundles can be combined with the lesser number of
nanotubes, until to presence of single tubes.
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Electro and Photo Physical Properties of the Ordered Dyed
Si02 Films on the Gold Surface Manufactured by Sol-Gel
E.A.Tikhonov', G.M.Telbiz?, E.V.Leonenko®
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2Physical Chemistry Institute NAS UA, Kiev

Quasi ordering of silicate glass pores with application of Zola-gel technol-
ogy is reached owing to spatial self-organizing micelles taking place at the
second critical concentration forming micelle mphiphilic molecules. Ac-
cording to the morphology of the starting molecule (like hyper-branched
precursors) or the nature of some bonds (hydrophobic Si-CHs or Si-H
groups), it is possible to build up a network with controlled pore size and
Interpore space. It is possible to select starting molecules to tailor phys-
ical and chemical properties of xerogel. As walls of such xerogel serves
arising during chemical reaction silicon dioxide. In the current literature
there is a set of data on preparation porous and mezoporous materials on
this technology for the first time offered in 1999 by authors [1]. Similar
materials are important both for basic research of complex wafers and for
their potential applications in modern optics and electronics [2].

Tasks of the given work concern both subjects and are based on ability
ordered structured SiO, to include in a film body organic dyes in concen-
tration 1mol/l compared with pore concentration. Spectral appearance of
this feature has been described in ours work[3]. It was expected, that at
equality of concentration of R6G cations and pores formed by Pluronix-
123 (a three block-copolymer, peo20ppo70peo20 (peo-(polyethylene oxide,
pop-polypropylene oxide, Aldrich (m.w.5800) not ionic, 100 % active, non-
toxic al SAS), are possible field interactions and the ordered orientation of
molecules what to be shown in the reinforced migration of vibronic excita-
tions and dichroic absorption. Thus it is important to determine the places
of dye molecule localization in the structure, possibly dependent from an
ion charge. Indeed absorption and luminescence spectra of ionic dyes at
so high concentration have found out significant changes concerning their
known spectra for the case of independent molecules.

In connection with expected photosensitivity of dye doped SiO,-films
measurements of a photo current had been carried out. It has appeared
that photocurrent was very insignificant for voltage up to 12 v For under-
standing of the similar response conductivity of undoped SiO, 200nm films
deposited on a gold surface has been measured. In measurements 4-point
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scheme eliminating of contact resistance influence was used. Longitudinal
specific conductivity structured and nonstructural SiO,- films appeared
high as for insulator and equal 510-4(.)-1,, but it explained low photo-
sensitivity of the dye doped material. Lateral macro conductivity such a
film remained very low (less 1mS). The preliminary analysis of results on
conductivity with use data of work [4] allows to consider as responsible
for the high conductivity a nonstechiometry of SiO, at a lot of Si share
through the measured index refraction 1,47 is typical for the glass.

The phenomenon of amplification of light scattering (SERS) by a sur-
face of precious metals [5] arising at simultaneous excitation of the surface
plasmonic polaritones is known . In work [6] it was possible to experi-
ence even laser emission in visual spectra on surface plasmon polaritones
(SPP), compensating losses in metal by light amplification in dye solution.
SPPs are confined to the proximity of metal-dielectric interface and decay
exponentially to both media.

When SPP is excited an evanescent wave arises near to a surface cor-
responding metal (up to 4-5nm). Molecules that are in the field of local-
ization evanescent waves respond to a greater signal of a scattering light
or a luminescence emission. We have observed the similar effect of ampli-
fication for a part of a fluorescence spectrum on the dye doped SiOs-films
deposited on a gold substrate at excitation by the linearly- polarized p-
wave at comparison with results for the same samples on a usual glass
substrate.
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It is known, that the solid substrate may induce orientational ordering
state in the wall-adjacent layers of some organic liquids.

This special epitropic liquid-crystal (ELC) state stretches up to the
100 molecular distance lengths into the liquid.

Taking into account facts, mentioned above, it is possible to describe
the current system by methods, which was developed earlier for classical
LC. First of all these methods consider the effects of dipole-dipole inter-
action and anisotropy of intermolecular dispersion interaction, connected
with the anisometry of the molecules shape.

In this work we analyzed the influence of the substrate treatment and
its nature on the formation and peculiarities of ELC phase and on the ap-
pearance of molecular associates. The dichroism of electronic-vibrational
absorption spectra of thin liquid interlayers and wetting films of nitroben-
zene was studied. It allowed us to ensure the diversity of symmetrical and
unsymmetrical boundary conditions for studied systems: ” quartz-quartz”,
"metal-metal”, 7 quartz-metal” and ” quartz-air”.

In last case the wetting film was formed in porous cell with simultane-
ous measurement of its thickness. It was found that the homeotropic type
of molecular texture in ELC layers was formed in all of above mentioned
situations.

Quantative characteristics (order parameter, equilibrium layer thick-
ness) of ELC layer depend essentially on the type of boundary conditions.
The largest effect of ordering degree was observed in case of conductive
bounding substrates. Note, that in all of studied situations the orienta-
tionally ordered phase was separated by relatively sharp boundary from
the bulk liquid and that in ELC phase dimers prevail, as compare with
the bulk liquid where monomers prevail usually.

These peculiarities of ELC structure are explained in the framework
of theoretical model which takes into account the effects of dipole-dipole
interaction between pairs monomer-monomer, dimer-dimer, anisotropy of
intermolecular disperse interaction, caused by anisometry of molecular
shape and orientational interaction of liquid particles with solid substrate.
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Transmission enhancement through a front conductive layer into semi-
conductor substrate is very important for many photonic or optoelectronic
devices (photodetectors, sensors, solar cells etc.). Recently, it was pre-
dicted the application of surface plasmon polaritons (SPP) excited in thin
metal film for this aim. Besides, the excitation of surface (localized) plas-
mons (SP) in ledges of micro(nano)relief of a thin conductive texturized
film or on the array of metal nanoparticles on the semiconductor surface
also changes the scattering/absorption of light into below laying semicon-
ductor substrate. This increases the light intensity in substrate too.

Therefore in this report the light transmission through: i) conductive
(metal) thin films with stochastically texturized interfaces; ii) thin metal
films with mutual correlation of both periodically texturized film inter-
faces; iii) 1D periodic metal nanowires ensembles on the semiconductor
substrate and iv) arrays of metal nanoparticles on the substrate has been
considered theoretically.

The influence of nano-scale roughness on the transmittance of three-
media structures with a homogeneous permittivity value in each layer
has been analyzed using the Greens functions formalism. The spectral
dependencies of the light transmission through a thin metal (Au, Ag, Al)
continuous film deposited onto GaAs substrate were calculated for the
cases of roughness inherent to "airmetal”, "metalsemiconductor” or both
surfaces. The increase of the transmittance caused by the nano-roughness
reaches about 10% compared to that in the case of flat surface [1].

The interaction between 1D periodic reliefs of a thin absorptive film
in the framework of differential formalism has bee considered. The anti-
correlated films have demonstrated an essential increase of transmittance
through the absorptive film in some spectral and angular vicinities of
SPP excitation [2]. For typical plasmon-carrying media as noble metals
(Ag, Au and Cu) has been predicted anomalous enhancement of trans-
mittance through thin film with anticorrelated reliefs of its opposite sides.
Besides the usual resonant excitation of SPPs (Fano modes), almost non-
resonant excitation of strongly dissipative damped Zenneck-Sommerfeld
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modes takes place in the strong absorption region of plasmon-carrying
medium [3].

The transformation of SP into SPP at an increasing metal filling factor
while changing the width of rectangular nanowires was predicted theoret-
ically. The theoretical calculations are based on differential formalism
using curvilinear coordinate transformation and Fourier modal methods,
and its comparison in the case of nanowires with rectangular cross section
was performed. The essential enhancement of SP oscillator strength at
transformation to surface plasmon polariton was obtained too [4].

The photocurrent of Schottky diodes (Au/GaAs) with different type of
interface has been studied. Significant contribution of SPP and SP modes
has been shown in all cases by analysis of experimental spectral depen-
dencies of photocurrent and theoretical calculations of light transmittance
into semiconductor. The structure with diffraction grating shows narrow
and intensive peak of photocurrent while it is broader and less intensive
for structure with low ordering (quasigrating, nanoparticles).

References
[1]. N.L. Dmitruk, A.V. Korovin, Thin Solid Films 484 (2005) 382 388
[2]. N.L. Dmitruk and A.V. Korovin, Optics Letters 33 (2008) 893-895
[3]. Pisma v ZhETF, 89 (2009) 75-79
[4]. N. L. Dmitruk, A. V. Korovin, O. I. Mayeva, M. V. Sosnova, Plas-
monics 4 (2009) 193200

1



226

0-41
Manifestations of Orientational Effects in IR-spectra of
Adsorbates
A. V. Snigur

Chuiko Institute of Surface Chemistry, NAS of Ukraine,
Kiev, Ukraine

As a result of the adsorption on substrates with regular structure
monolayers of orientationally ordered adsorbates are formed. The facts
proving the orientational ordering of the adsorbate are furnished by nu-
merous experiments [1]. Rather large number of experiments deal with
CO/NaCl(100) and COy/NaCl(100). The IR-spectra of these systems re-
veal Davydov splitting, related to presence of more than one non-equivalent
molecule per unit cell of quasi-2D lattice of adsorbed monolayer. The
Davydov splitting observed, proves the orientational structure of the ad-
layer is ordered and the value of the splitting helps in estimation of the
structure parameters as well as of their changes.

The general theory of calculating vibrational spectra is being devel-
oped by the author with electronic component of molecular polarizability
regarded [2]. Such regard allows to diminish the discrepancy in the value of
Davydov splitting till less than 5% for CO/NaCl(100) and COy/NaCl(100)
systems. While prior calculation for CO/NaCl(100) without molecular
polariziblity regarded showed discrepancy of 25%. Besides the Davydov
splitting integral intensities of spectral lines were calculated. Though the
coincidence is worse in this case still qualitatively the correlation is evi-
dent. E.g., the obtained analytic formulas give the null value of the inte-
gral intensity of s-polarized symmetric collective vibration band, while in
p-polarization this band is very intensive.

The variety of orientational structures furnished by monolayers ad-
sorbed on substrates with regular structure is the result of competition
of two types of interactions: lateral interactions between the molecules of
adlayer and interactions with the substrate. The former reveal themselves
in monolayers with regular structure, while the latter reveal themselves
in orientational effects even for single adsorbed molecules (or for highly
diluted adlayers). Such effects result in changes of IR-spectra (indirect
interaction of vibrational modes via the substrate, swap of integral inten-
sities of near bands, their converging) compared with gas-phase spectra
of the same molecules. Besides this, scanning radiation during spectro-
scopic measurements reflects from the substrate giving rise to additional
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orientational dependencies in IR-spectra affected both by orientational
parameters of the adsorbate and by incidence angle.

Some adsorbed systems possess hindered rotation of the adsorbed molecules
when temperature increases, that is the jump-like reorientations between
several equivalent orientations. This effect results in temperature depen-
dence of IR-spectra for such systems. E.g., the system CO/NaCl(100)
possesses temperature phase transition between the ordered phase with
(2x1)-structure and the disordered phase. As a result of growing dispersion
in the orientations of long axes of the molecules, the band corresponding
to antisymmetric collective mode vanishes in the phase transition point.
The other result is the decreasing of the Davydov splitting, still, unlike in
bulk molecular crystals, this value remains non-zero up to the phase tran-
sition point. This unusual behaviour is due to the substrate. The value
of Davydov splitting of the layer is determined by the value of average
dipole moment of the layer. In adsorbed layer molecular orientations are
constrained by the substrate and the resulting dipole moment is non-zero,
while in bulk samples molecules have no constraints in orientations and
when thermodynamic fluctuations grow the resulting dipole moment turns
zero. Still zero value of Davydov splitting in phase transition point is also
intrinsic for planar orientational structures of adsorbed monolayers.
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Newly polished mirrors of metals and metal alloys are usually used for
determination of their optical constants by ellipsometric methods. Thus
in most cases the transitive surface layer formed in the course of polishing
is set aside. Such layer consists of the adsorbed molecules and chemical
compounds (as a rule, oxides of corresponding metals). Therefore we have
conducted research of optical properties and a thickness of a transitive
surface layer on newly polished Ni and Fe mirrors. Optical constants of
newly polished mirrors were defined by ellipsometric Beatty’s method.
After that mirrors were annealed in high vacuum (10~ mm hg) for two
hours. As it has been shown by Roberts in [1], annealing of the oxidised
copper mirror in vacuum 2 - 107> mm hg restored optical constants of
the sample made in vacuum and which constants were also measured in
vacuum. Further it is known that annealing restores crystal structure of
a surface. Therefore after annealing the optical constants of samples Ni
and Fe were measured by ellipsometric Beatty’s method. Using known
formulas of Drude for a transitive surface layer on a metal surface, we
have defined a thickness and an index of refraction of a transitive surface
layer of Ni and Fe for different lengths of waves of visible spectrum. Angle
of incidence of light on the sample was 75°. Optical constants of annealed
samples in formulas of Drude were accepted as optical constants of pure
Ni and Fe surfaces, and optical constants of newly polished samples as
the oxidised surfaces. As a result, dependences of index of refraction of a
transitive surface layer for Ni and Fe from length of a wave X in visible
spectrum, and also from thickness of surface layers have been received.
For Ni the thickness has appeared equal 3 nm, and for Fe 3,9 nm. For
Ni spectral dependence of an index of refraction has an abnormal course,
and for Fe normal. It is known [2] that for pure Ni in the ultra-violet
spectrum there is an intense fundamental absorption band, which begins
at 3 V (A 400nm). Thus, if transitive surface layer on the Ni surface
consisted from Ni dependence of an index of refraction would be normal,
as is observed in work [2]. On the other hand, absolute values of the index
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of refraction received by us for Ni surface layer coincide with the data of
work [2] and change from 2 to 2,8 as a length of a light wave increases.
The explanation of abnormal dependence can be as follows: in a transitive
surface layer of oxide on Ni there is a surplus of atoms of pure Ni that
displaces the absorption band towards the bigger length of waves, i.e. a
visible spectral range. The normal dispersion of an index of refraction for
a surface layer on Fe shows that in a visible spectrum for it there is no
strong absorption, as in case with Ni. Values of an index of refraction for
a surface layer on Fe are from 3,66 to 3,9 as length of a wave A reduces.
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According to tradition, the MDS spectrum for spatially confined sys-
tems is calculated in the presence of external electromagnetic field. For
spatially confined systems their polarizability and SEM frequencies are
calculated in appearance of anomalous growth of their polarizability. In
other words, a heterogenous system of differential equations is solved for
corresponding system though the spectrum itself of surface MDS can be
found from the homogeneous system of Maxwell equations for the specific
problem as the condition of existence of nontrivial solutions [1, 2]. It is this
method was used in the given work for calculation of surface plasmones
spectrum in spherical metallic particle. The frequencies of surface modes
wim (€) are calculated. Dependences of these frequencies is calculated nu-
merically from ellipsoids’ oblongness £ = 1/¢ (e is an ellipse eccentricity)
for different values [ and m.

In any spatially confined media, fluctuations electromagnetic field al-
ways take place [3]. The spectrum of possible excitations in the media is
formed by Maxwell equation and boundary conditions corresponding to
given problem. For electrostatic approximation for the case of spheroid
these equations and boundary conditions look like [4]

AV =0,(E = —grad V), (3)

B — plewh). o pin = g B0 (4)

where V(z,y, ) is an electric field potential in an arbitrary point of space
(z,y,2) , ™ and B/ — tangential and normal components to the surface
arranging electrical field E inside spheroid, FE¢“* and ES“* — the same
components E outside of the spheroid. Taking symmetry of the problem
into consideration, the solving of the problem can be exposed in a spherical
coordinates’ system (£,7, ¢) [5, 6].

Taking into consideration a physical idea about limited nature of the
potential V' and its first derivatives’ in any space points, solution of equa-
tion (3) for internal (in) and external (out) space regions relatively to the
ellipsoid surface can be exposed:
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Vin = B () P™ (n) [A cosmp + B sinmg], (5)

Vour = Q7 (&) P/ () [C cosmy + D sinmep], (6)

where P/ (§), Q7'(§) are Legendre polynomials of the first and the second
kind.

Taking into consideration boundary conditions (4) and formulae (5),
(6), it can be found

BTG QT (&) -
A O (O
where the stroke at Legendre polynomials means differentiation by £ for
specific spheroid. Eq. (7) is the basic one for determining surface modes’
frequencies of an arbitrary spheroid.

Let us analyze a metallic spheroid disposed into a dielectric space with
permittivity e,4¢ = €, independent of frequency w. Dielectric function for
spheroid is taken in Droude form [7] &4y, = £ — Qg/[w(w +iv)]. Finally,
we obtain an equation for calculating spectrum of surface plasmons (SP)
in metallic spheroid for the general case:

B (&) QM (&)
le (50) Q;n (50) 7

where wg = QZ /Eooy T = E£4/E00, and wep, are the frequencies of the surface
modes for the metallic spheroid.

Using recurrent dependencies for Legaundre polynomials P/ (&) Q7 (&)
[6], numerical procedure was realized of calculating dependencies SP of the
spheroid wy,, (£) from £ = 1/e for different [ and m values.

The formulae obtained for calculating frequencies wy, of elongated &
can be easily generalized in case of flattened ellipsoid using a simple change
of & to i(¢3 — 1)Y? (i = v/=1). It comes from Legaundre polynomials
abilities [6].
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Molecular rotors created artificially on surfaces provoke a great inter-
est at the last time. Molecular rotors allow to study physical principles
of generation of guided mechanical motion and friction on the molecular
level. Also it allows the accidental thermal motion effects which distin-
guish nanomachines from the widely used macromachines.

Molecular rotary motion on solid surfaces reveals itself in various ex-
periments. Vibrational spectroscopy fixes specific lines of absorption in
angular (deformational) vibration frequency range as well as in frequencies
of stretching vibration range where the supplementary spectral lines arise.
Moreover, such motion leads to characteristic spectrum-line broadening.
Thermal dependence of this broadening is determined by the re-orientation
frequencies. Rotational motion of hydroxyl groups on oxide surfaces is
caused by the low value of the re-orientation barrier (AU, ~ 55meV)
with respect to typical thermal energy (kg1 ~ 26 meV; = 300 ). It re-
veals in the appearing of the IR absorption spectral lines in frequency
range of 100-200 cm-1 and of characteristic temperature dependence of
the line width of OH-valence vibrations (Arrhenius type dependence) [1]
. Another way to determine such rotations is dielectric measurements.

The temperature dependence of dielectric loss tangent fixes stochastic
resonance [2] which arises when the frequency of applied electrical field
is comparable with the thermal re-orientation frequency of molecules be-
tween equilibrium angular positions. These measurements are sensitive
to the structure of the local surrounding of the surface centre and give
the important information about it. Therefore it is actual the develop-
ment of the models allowing to obtain the frequency dependence of the
polarizabilities for the rotating polar surface centers.

We have calculated the polarizability of the flat dipole rotator with hin-
dered rotation potential U, (p,t) = U, (v)—u(p)-E(t)[3]. Here the angular
part of potential energy of polar molecule U{yp) = (1/2)AU,(1 — cos ny)is
n-well hindered rotation potential, and temporal part arises from the inter-
action of the dipole moment pi(¢) of the molecule with external alternating
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field E'(¢). Implicit analytic expressions have been obtained for the tempo-
ral dependence of the average dipole moment, the frequency dependence
of polarizability, and dielectric loss tangent (tan(é) = Ime(w)/Res(w),
wheres(w) = 1 + 47Cyx(w), Cv is the bulk concentration of hydroxyl
groups) . These dependencies are characterized by evident stochastic res-
onance. The influence of the asymmetry of two-well potential on dielec-
tric losses spectra and other characteristics of Brownian motion has been
studied. When local average fields are sources of the asymmetry emerg-
ing due to orientation phase transition in the system of dipole rotators,
the regarded characteristics have peculiarities permitting to record phase
transition and its parameters.

At n = 2, the system has a selected direction along two wells of the
hindered rotation potential. If the field is oriented at the angles ¢p #
0, £7/2, 7w to this selected axis, the alternating field modulates both
minima and maxima of potential relief [4].
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Nonequilibrium fluctuations of potential energy is one of operating
mechanisms in Brownian motors [1]. Typical example of a such fluctuation
can be catalytical chemical reaction which occurs in Brownian particle,
resulting in changes of its electrical charge ¢(¢) that varies between two
values ¢4 and g_. Assuming persistence of periodical potential ¢(z), leads
to temporal dependence of particles potential energy U(z,t) = q(t)p(z)
[2]. In this case potential energy U(z,t) fluctuates between two potential
profiles Uy (z) and U_(z) which have same shape with different scaling for
energy in + and - states. Special interest is attended to sign fluctuations
of potential energy that described by f(¢) = fo(t), where f is charge or
dipole moment, and o(t) = £1. In this case assuming high temperature
value [4] was shown, that the directed motion arise only at the expense of
difference in life time for 7, and 7_ states.

In order to calculate explicitly particle velocity in wide temperature
specter, low frequency assuming were used 7 > 7p, where typical diffu-
sion time 7p = L?/D for distances order of potential period L, and D is
the diffusion coefficient. It turns out that the dynamic effect considered
above does not depend on used assumption. Temperature dependence of
velocity is monotonic. Dependence of velocity from parameters (tempera-
ture, time and spatial asymmetry) were obtained by computer simulations
for potential profile in the form sum of two harmonics and stopping points
were found.

Before we offered conception of photomotors [4], special category of
brownian motors, in which the dipole moments of particle are in the field of
spatially-periodic asymmetric potential. Within the framework of this con-
ception the numeral simulation of the directed stream arising for brownian
particles for a sowtooth potential consisting of two linear areas of variable
spatial asymmetry was conducted, the system similarly possessed spatial
asymmetry. As a result characteristic dependences of average velocity of
the directed motion from a temperature, asymmetries of the system and
relation of dipole moments of particles were obtained. It appeared that
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combination of spatial and temporal asymmetry allows to change direc-
tion of motion, in other words at fixed other parameters average speed of
photomotor depending on a temperature can change a sign. We in detail
explored this question, the phase diagrams of stop points of photomotor
for different parameters of the system are plotted.
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To describe observed vibrational spectra of adsorbed monolayer cal-
culation of components of the tensor of dipole-dipole interaction of the
monolayer is needed. Such calculation implies awareness of the exact ge-
ometry of the monolayer. In some cases the calculation of geometrical
parameters of arbitrary layer is hindered. However, if the parameters of
the lattice of the adsorbent are known, the calculation can be executed
in continuous approximation with error within 10% [1]. Such precision is
enough for estimation. The idea of the continuous approximation is to
substitute chain structures of dipole moments by a system of opposite-
charged parallel threads.

To calculate the components of the tensor of dipole-dipole interaction,
fields generated by two parallel threads are found, as well as the fields
of periodic structures formed by such pairs of threads. Besides this the
internal interactions between the dipoles of the regarded chain should be
taken into consideration. These interactions are calculated exactly with
no approximation involved. For the [2x1] structure on the square lattice
with two non-equivalent molecules in the unit cell the following formulae
for the components of the tensor of dipole-dipole interaction are obtained:

A —4¢(3) 0 0
a*Dyy = 0 2¢(3) = ¢(2) 0 )
0 0 2¢(3) +¢(3) 9)
0 0 0
aDp =0 —=3¢(2) 0 k) =0l nh

where ((k) — Riemann zeta function, « lattice constant, Dy Dys - dipole
tensors of the monolayer, describing interactions with equivalent and non-
equivalent molecules of the layer respectively.
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The eigenvalues of the tensor of dipole interaction for CO/NaCl (100)
calculated by the formulae (1) show less than 10% discrepancy with the
result of exact calculation carried out by the authors earlier [2]. It indicates
that the continuous approximation in use is correct.
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Modeling of lIght Scattering of Scatter Pattern Samples
Based on Mie Theory
A.J. Evtushenko, O.V. Makarenko

Taras Shevchenko National university of Kyiv , Faculty of Physics

For effective use of modern devices, including optical, they occasionally
need to be calibrated. To do that patterns are often used. Cause their
main characteristics were measured with definite accuracy. In colorimetry
such system of standards is used. But its use is limited by 4 standard-
ized schemes of scattering measurements, which cant give full information
about general scattering properties of pattern samples. For enhancement
of their use it is desired to describe theoretically their scattering indeca-
trix by equation with small parameters quantity. To analyze possibility
of Mi theory usage for scattering parameters description we used atomic
force microscope to study structure of two working surfaces, polished and
rough, of sample made of glass MS-20. According to obtained data we
calculated correlation radius of both surfaces. With the help of program
designed in NASA (method described in book which can be found by ad-
dress http://www.giss.nasa.gov/ crmim/books.html ), which basing on Mi
theory and transport theory can calculate scattering indecatrix by known
particle size distribution of scattering surface, we obtained scattering inde-
catrix for certain illumination angles. Calculated data was compare with
experimental data gained earlier with goniophotometr.
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The composition of binary oxides promotes new physical and chemical
properties depend on the synthesis procedure. The couple TiO5/MnO
seems to present interesting optical, catalytic and ptotocatalytic proper-
ties, as well as it may be perspective material for solar energy conver-
sion. The mixed oxides TiOs/MnO with different Mn content (235 at.%
) have been prepared by chemical precipitation of manganese hydroxide
on polycrystalline TiOs particles (rutile, anatase) with thermal process-
ing at different temperatures 300, 850 900 and 1000C. The characteriza-
tion of the structure and surface properties of the samples was performed
by FT-IR and FT-Raman spectroscopy using ISF-88 FT-IR spectrome-
ter (Bruker), X-ray and X-ray-fluorescent analysis. UV-VIS absorption
spectra of mixed TiOs/MnOsamples were measured in the range of wave-
lengths 250-700 nm. Spectra were measured using the standard deuterium
lamps and portable PC-operated CCD-based multichannel optical spectra
analyzer SL40 (grating 600 |/mm, blaze 350 nm, 3648-pixel TCD1304AP
linear sensor, spectral resolution 0.3 nm).

According to X-ray data, synthesized mixed oxides are polydisperse
compounds of different composition. It was shown that the samples cal-
cined at 300 and 850 contain TiOy and Mn,Osoxides, while the high-
temperature samples (heated up to 900 and 1000) contain also MnTiOsin
their structure. The mean size of MnoOsand MnTiO3 crystallites was
determined and was shown to be 2560 and 30-70nm, correspondingly.

From the UV-VIS absorption spectra of mixed TiOs/MnOsamples, it
was found that the absorption edge shifts significantly to longer wave-
length comparing with pure TiOs, which is due to decrease the optical
band gap E;. The derived E, of the samples with Mn content of 15at.%
is 2.4 eV which is in good agreement with [1]. The red shift of E, can be
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interpreted as mainly due to the sp-d exchange interaction between the
conduction band electrons and the localized d-electrons of the Mn ions
substituting Ti ions [2].

In FT-IR absorption spectra of TiOy/MnOsamples, some broadening
and shift of main absorption bands related to TiO, are observed. In ad-
dition, several new bands are registered centered at 200, 319, 342, 527,
659, 682, as well as 1078, and 1140cm! characteristic of new structure
phases and several types of surface defects, e.g. terminal Ti=0O, TiO or
Mn=0 bonds. A broad absorption band ranging from 4000 t01000cm !
is also observed, which may result from free charge carriers (electrons and
holes) generated due to IR light absorption by shallow traps in the conduc-
tion band caused by polyphase structure of the oxide samples. From the
width of Raman lines centered at 145cm! (anatase) and 446cm! (rutile),
a stoichiometric Ti/O ratio is evaluated. It is shown that the number of
oxygen vacancies in TiOy/MnO binary oxides increases comparing with
initial TiO4, moreover, the manganese ions hinder anatase-to-rutile phase
transition.

This work was supported in part by the National Academy of Sciences
of Ukraine under the Program Nanophysics and Nanoelectronics (Project
No. VC138).
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Thin CdTe films, deposited on the monocrystalline Si and Cd, T'e(x=0,2)
substrates were studied.

Cadmium telluride films were obtained by the hot wall epitaxy. Be-
fore loading into the setting substrates were chemically polished in HF
acid for oxide and contaminations removing. Formation of CdTe films
was conducted in a high vacuum ~ 10~ "Torr. For achieving conditions
of film growth, that would be maximally approximated to the balanced
conditions, evaporation is conducted in the quasiclosed area formed by the
source, wall and substrate, that are keep up at different temperature. Val-
ues of the parameters, that defined growth conditions of thin CdTe films
are the next: Ty uree = 380°C, Tyan = 400°C, Toupstrate = 50 + 80°C.
Time of evaporation were varied for obtaining films with different thick-
ness. Nominal thicknesses of CdTe epitaxial films were obtained by con-
tinuous growth of thin layer during the evaporation time, that was 6, 8,
10 and 14 minutes.

The ellipsometric investigations were conducted wave length of visible
area of spectra at the nonstandard photometric ellipsometer at the fixed
angle of incident ¢ = 65°. Sounding light ray fell on the areas of investi-
gated film with different interference coloring (up to 7 areas), that is with
different film thickness in the area of sounding.

Optical constants, reflective index ns and index of absorption 9, and
film thickness do were calculated from the results of ellipsometric mea-
surements using the package of ellipsometric programs Ellipsometric cal-
culator.

The most impress fact is fundamental change of optical spectra that
appears with the increasing of deposition time. This effect is observed on
the films deposited both on the Si and CdHgTe substrates. It was de-
tected, that maximum, which appears on the spectral curve in the studied
spectrum area, moves to the long wave area of the spectrum with the
film thickness increasing. According to this refractive index increase at
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all wave length, where measurements were conducted. Features of opti-
cal constants spectra moves to the long wave area of the spectrum with
the increasing of deposition time and with film thickness increasing cor-
respondingly. In particular, refractive index maximum, that is observed
at 400nm for monocrystalline CdTe, moves approximately to the 550 nm
in the case of film thickness of 130 nm. According to this absorption is
increasing at the whole studied area of the spectrum.

Change of the energy band structure could be the reason of the studied
optical parameters changes. In the area of presented investigation optical
spectra are stipulated by the electron transition from the valence band,
that is splited by the spin-orbit interaction, into the lower conduction
band. These transitions are achieving at different points and directions
of Brillouin zone, and formate the crystal fundamental absorption zone.
The energy band structure reconstructs with the increasing of deposition
time and with corresponded film thickness increasing, that is concerned
with the possible changes of film structure.
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Hybridization between two complementary single-stranded DNA is a
main recognition process on which a genosensor is based. The development
of sensitive and cheap DN A sensors with miniaturized analytical systems is
one of the main problems in biosensoring which can be solved using carbon
nanotubes. The first step in this direction is to ascertain a possibility of
DNA hybridization on the nanotube surface.

In this work we report results of investigation on adsorption of syn-
thetic polyribonucleotides (poly(rA)) on the single-walled carbon nan-
otube surface in aqueous suspension and its hybridization with a free com-
plementary strand of poly(rU), employing NIR luminescence, UV absorp-
tion spectroscopy, atom force microscopy (AFM) and computer modeling.
After mixing of these two components, the double-stranded polymer is
formed the appearance of which is confirmed with the characteristic S-like
form of its melting curve (the dependences of UV light absorption of poly-
mers on the temperature in the range 20-900 °C). However, the melting
temperature of this polymer is decreased in comparison with that of the
free poly(rA)-poly(rU). This result indicates that poly(rU) hybridization
with poly(rA) adsorbed to the SWNT surface occurs with defects along
the whole polymers length because of the essential 7-7 stacking interac-
tion between nitrogen bases and the nanotube surface, which hinders the
usual hybridization process. Computer modeling demonstrates different
possible structures of hybridized polymers on the nanotube surface and
confirms the defect hybridization on the nanotube surface. Hybridiza-
tion of polynucleotides induces aggregation of nanotubes. At hybridizing
free poly(rU) with two complementary poly(rA) adsorbed to different in-
dividual tubes local cross-linking can occur between them. Nanotubes
aggregation is accompanied with light scattering and can be observed by
AFM. The size of the assembly increases with time, and then this process
results in nanotubes precipitation. This work was partially supported by
Grant 4918 of the Science and Technology Center in Ukraine.
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The Effect of Noble Metal Atoms on The Spectral Properties
of the Polynucleotides
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It is known the incorporation of the heavy atom into the pi-electron
containing molecular systems leads to the changes in photochemical and
photophysical properties of pi-electron containing polymer macromolecules.
The same processes take place in the vitally important biopolymer macro-
molecules - the nucleic acids RNA and DNA that play the main role in the
transfer, storage and realization of the genetic information. In the present
work the investigation results of the dynamics of electronic excitations,
the nature of the emitting centers and the effect of noble metals atoms
(Pt) incorporation in the nucleic acids macromolecules are presented. The
optical absorption, fluorescence and phosphorescence of the DNA and the
nucleic-acid-platinum complexes (DNA-Pt) that are used for anticancer
chemitherapy were examined. It is shown the phosphorescence of the
DNA is connected with AT-sequences are the traps for migrating triplet
excitations in the DN A. The effect of Pt centers on the spectral properties
and electronic processes in the DNA was studied. Also the optical absorp-
tion of the samples of the DNA and DNA-Pt complexes under irradiation
by UV-light were studied. The conclusions concerning the influence of
Pt-atoms on the DNA photostability were made.
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Nowadays, oxyethylated derivatives of glycerol are considered as promis-
ing cryoprotectants for low-temperature preservation of biological objects.
There is a strong correlation between cryoprotecting ability and hydration
ability of a compound since formation of hydrogen bonds near a cryopro-
tectant considerably decreases mobility of water molecules and therefore
prevents formation of ice crystals causing damage and death of biological
cells. In the present work, hydration of oxyethylated glycerol (OEG) of
polymerization degree n = 5, 25 and 30 was studied by IR-spectroscopy.
IR-spectra of OEG solutions of different concentrations were recorded us-
ing spectrophotometer UR-20 (GDR, Carl Zeiss). Formation of hydrogen
bonds between ether groups of OEG and water was observed in the form
of low-frequency shift of the absorption band of asymmetric stretching
vibrations of the ether groups (1100 ¢cml) when water content in the sam-
ples increased. The maximal shift of the wavenumber indicated comple-
tion of hydration of the ether groups. We showed that the other type of
polar groups of an OEG molecule hydroxyl groups is hydrated earlier
than the ether groups. Therefore completion of hydration of the ether
groups of an OEG molecule corresponds to completion of hydration of the
whole OEG molecule. According to the experimental results, about 20
water molecules bind to an OEGn=5 molecule, about 75 water molecules
bind to an OEGn=25 molecule and about 90 water molecules bind to
an OEGn=30 molecule. Each element of the polymeric chain can bind
to about 3 water molecules. Thus OEG molecules have sufficiently high
hydration ability that explains the mechanism of OEG cryoprotective ac-
tivity.
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Investigations of photoinduced processes in polymers helped to develop
a picture of electronic processes in these materials. However, over the
past decade studies on photophysics of polymers have mainly focused on
homo-polymers such as poly(phenylene-vinylene)s or polyfluorene. Cur-
rent state-of-the-art materials, however, are often co-polymers with four or
more chemically different subunits. Each of the units carries one or more
functionalities ranging from enhancing the solubility, the suppression of
aggregation, to charge transport, recombination and light emission. It
turned out that co-polymers based on fluorene are suitable as emitters to
cover the entire visible spectrum in OLED or lasing applications. Mix-
tures (blends) of electron and hole transporting fluorene co-polymers are
efficient as charge generation and transport layers in bulk heterojunction
photovoltaic devices. To increase the thermal and electrical stability of
polyfluorenes the introduction of a spiro linked fluorene has proven to be
successful.

Here we present investigations of the excited state dynamics in
poly(spirobifluorene- co-benzathiadiazol) (PSF-BT) thins films.
The fluorescence in PSF-BT is characterized by an unusual long lifetime
with non-trivial decay characteristics. We investigate the temperature
dependence of the fluorescence decay and transient absorption kinetics to
delineate a picture of the excited state kinetics. To shine light on the influ-
ence of the conjugated spiro-fluorene we compare our data to the data for
well-known poly(fluorene-co-benzathiadiazol. The experimental results
and their comparison with the similar data obtained for poly(fluorene-
co-benzathiadiazol) show that the long-lived excited state with reduced
transition to the ground state dipole moment is formed on a subpicosec-
ond time scale due to the exciton localization on a polymer backbone
and spirobifuorene side group. Excited state stabilization reduces the
transition dipole moment still further causing fluorescence relaxation on
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a nanosecond time scale faster than the excited state relaxation. We
conclude that the excited state properties are heavily dependent on the
nature of the substituents. This is partly due to a higher internal charge
transfer character of the excited state compared with a homo-polymer or
co-polymer without conjugated side-groups.
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Organic light-emitting diodes (OLEDs) have been extensively investi-
gated for full-color plat-panel display applications and illumination light
sources because of their merits of high luminance, low drive voltage,
and variety of emission colors. Internal quantum efficiency of electro-
fluorescence OLEDs is limited to be around 25% according to simple spin
statistics. In order to overcome this efficiency limit of fluorescent OLEDs,
phosphorescent (triplet) emitters doped into host material have been used.
Triplet emitters are low-molecular weight phosphorescent dye molecules
incorporating a heavy metal atom with strong spinorbit cou-pling that
mixed singlet and triplet states. The radiative decay of triplet states be-
comes al-lowed and the efficiency of intersystem crossing is also enhanced.
As result, the lowest triplet state is efficiently populated and produces
light emission with large quantum yield. Triplet emitters in both small
organic molecule hosts and polymer hosts allow for harvesting singlet and
triplet excitons and, therefore, internal quantum efficiency of the OLED
devices can be greatly enhanced approaching 100%.

In the present work [1] the phosphorescent materials consisting of
the red triplet-emitting iridium complex Btp2lr(acac) doped into poly(2-
(6-cyano-6-methyl)-heptyloxy-1,4-phenylene) (CNPPP) and polystyrene
(PS) host matrices, as well as frozen diluted solution of Btp2lr(acac) were
characterized by time-resolved photoluminescence techniques. The excita-
tion intensity dependence of the phosphorescence (Ph) emission and the
Ph decay kinetics measurements in Btp2lr(acac) (1wt.%) doped CNPPP
films reveled that the triplet-triplet an-nihilation inevitably occurs even
at a moderate (about 50 /em? x pulse) excitation intensi-ties due to the
annihilation with movable host triplets. It was also found that oxygen has
a profound effect on the apparent lifetime of Btp2lr(acac) in the doped
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polymer films at rela-tively large Btp2lr(acac) concentration (ca. 10 wt%)
even in inert PS host. The latter evi-dences on triplet energy migration oc-
curring through the triplet-emitter manifold, that was further supported
by the observation of the spectral diffusion effect at such doping level.
Elimination of the oxygen by the film encapsulation does prevent the
Btp2lr(acac) triplet quenching.

Further, phosphorescence and delayed fluorescence of polyfluorene poly-
mer films doped with cyclooctatetraene (COT) and anthracene were in-
vestigated by time-resolved photolumi-nescence measurements. Occur-
rence of an anomalous nonvertical triplet energy transfer in solid conju-
gated polymer films is demonstrated for the first time [2] employing the
nonverti-cal COT triplet acceptor, which appears to behave not much dif-
ferent from conventional vertical triplet acceptors like anthracene. Both
dopant molecules are found to quench effi-ciently host phosphorescence
without affecting the host fluorescence of the polymer owing to the large
singlet-triplet (S1-T1) splitting of these molecules. This S1-T1 splitting
is exception-ally large in COT due to its low-lying relaxed triplet state
capable of accepting host triplet excitations. In contrast to anthracene,
the triplet lifetime of COT molecules is reasonably short, making a fast
deactivation of triplet excitations possible. This suggests that nonver-
tical triplet scavengers might be promising candidates for quenching of
host triplet excitations in future electrically-pumped fluorescence organic
lasers, which suffer from excessive triplet state losses.

References
[1]. A. Kadashchuk, et al., Chem. Phys. Vol. 358, 147 (2009).

[2]. A. Kadashchuk, et al., ChemPhysChem.,Vol. 10,. 1071 (2009).



252

P-1|

FTIR Spectrometry on y-irradiated Polytetrafluoroethylene
Yu.E. Sakhno™?, S.A. Khatipov®, D.I. Seliverstov®, 1.V. Korotkova',
T.V. Sakhno!
1 Poltava Department of Ukrainian Academy of Technological
Cybernetics Sciences, Poltava, Ukraine
2Dip. di Chimica IFM and NIS Center of Excellence, Universit di
Torino, Via P. Giuria 7, 10125 Torino, Italy.
3Karpov Institute of Physical Chemistry, ul. Vorontsovo pole 10,
Moscow, 105064 Russia

Radiation-chemical modification of polymers is widely used for the
manufacture of advanced materials with improved properties or unique
combinations of characteristics. It was revealed that ~-irradiation at room
temperature induces the polymer degradation process leading to a rapid
fall in the molecular mass. It was also found that irradiation of the polymer
in the molten state at 360380C results in its depolymerization. Chemical
transformations and alteration of properties induced by ionizing radiation
in PTFE above its melting point were investigated by IR, ESR, NMR,
TGA, and DSC and X-ray diffraction techniques.

The quantum-chemical investigation of tentative products of radiation-
chemical transformations in PTFE under the action of radiation at a tem-
perature higher than the melting point of the crystalline phase was car-
ried out earlier publication [1]. The excited electronic states of fluorinated
alkylpolyenes of F3C-(CF=CF),,-CF3 (n=1-7), the same compounds with
CFO terminal groups, and the dimers of monomer fragments containing
two and more conjugated double bonds have been calculated.

In the present work partial degradation of samples of polytetrafluo-
roethylene which has absorption and luminescence in the visible region
of spectra caused by ~-irradiation were investigated by using attenuated
total reflection (ATR) and transmission IR. The quantum-chemical cal-
culations of modeling fragments chains of fluorocarbon molecules were
performed and were used to interpretate the experimental data about
molecular structure.

We studied the influence of the vy-radiation dose and atmospheric con-
ditions on the structure ~-irradiation produces COF groups with a band at
1885 cm ™! in the transmission spectra. The presence of terminal CF=CF,
and COF groups in chain is characterized by the presence of bands at 1785
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and 1885 cm ™!, respectively, in the IR spectrum of PTFE. The IR spectra
of PTFE are sensitive to the formation of defects related to emerging of
branching CF3 groups in side chains of the PTFE structure. The pres-
ence of branching -CF3 groups in a chain is characterized by the band
at 986 cm ™! in the PTFE IR spectra. In case of branches formation in
chains, the sensitivities of vibrations C=C and C=0 in olefin and carbonyl
groups depend on the place of branching, and the frequency of CF =CF
vibrations can change at their close location.

The quantum-chemical calculation of possible centers of absorption
and luminescence spectra is done, taking into account the reactions of rad-
icals formation in the process of irradiation. Cyclic connections containing
three attended double by connections take in the visible region of spectra
and can determine colouring of the radiation-exposed polymer. Bands of
absorption in IR regions at 982-986 cn ! were delivered due to vibrations
of cycle is perfluorocyclobutyl and perfluorocyclopentyl. Intensive bands
in the spectra at 900-990 cm-1 of perfluorocyclic structure located at 985,
990, 965 and 980 cm~ ! for perfluorocyclohexane, perfluorocyclopentane,
perfluorocyclobutane, and perfluorocyclobutene accordingly. These bands
behave to vibrations of ring in cyclic molecules.
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The interaction of high-intensity laser radiation with light-absorbing
microparticles (carbon) is well investigated in gases, as well as in aqueous
suspensions.

The basic physical effect at the laser irradiation of light-absorbing mi-
croparticles both in gases and in condensed matter is their heating up to
high temperatures of approximately 4000 K. Thermal radiation of such
microparticles (laser-induced incandescence, LII) is clearly visible. In
aqueous carbon black suspensions (CBS) LIl is accompanied by the phe-
nomenon of optical limiting (OL), which includes the significant decrease
of optical transmittance with the increase of laser power. The main appli-
cation of optical limiting effect in CBS is the protection of optical devices
(for example, photodetectors) against accidental overshoot by pulsed laser
radiation.

In this work, we investigate optical limiting of carbon suspensions in
high-viscosity matrixes: synthetic resin (epoxy resin) and water-soluble
gel (gelatin gel). The experiments were performed with the dependence
of optical transmittance on the laser irradiation dose. A Q-switched
YAG:Nd?T laser (wavelength 1.064 pm, pulse width 25 ns, power den-
sity 100 MW /cm?) was used. Besides, a pump-probe technique with a
c.w. He-Ne laser beam was also used for the investigation of optical trans-
mittance kinetics.

The experiments reveal significant differences in the processes and con-
sequences of interaction of laser radiation with carbon in aqueous and
non-aqueous matrixes. A model is proposed which explains the interac-
tion of the investigated suspensions with powerful pulsed laser radiation.
While in aqueous suspensions the high local temperatures in the vicinity
of microparticles cause the evaporation of water, in the synthetic resins
the main mechanism is the pyrolysis (thermal decomposition) of oligomers
around the overheated carbon particle. The gaseous products of pyrolysis
form gas bubbles and the condensed products of pyrolysis form carbonized
shells around the particles.
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Spectral Properties of Furosemide
K. Yu Mogil’chak, V.M.Kravchenko, A.V.Diakova, V.M. Yashchuk
Taras Shevchenko National University of Kyiv, vul. Volodymyrska 64,
Kyiv 01601, Ukraine, E-mail: krav@Quniv.kiev.ua

Furosemide (chemical formula C19 Hy1CIN2O5S) is 5-aminosulfonyl-4-
chloro-2-furanylmethyl acid and is used widely as an effective diuretic in
the treatment of edematous states caused by cardiac and renal failure,
hypertension, congestive heart failure and cirrhosis of liver.

The work presents a study of spectral properties of furosemide solu-
tions (dissolved in distilled water, etanol, solvents with different pH in-
dices) in order to elucidate the mechanism of light absorption and emission
as well as the electron energy structure of furosemide molecule. Investi-
gated were the spectra of absorption, fluorescence, fluorescence excitation
of furosemide dissolved in the abovementioned solvents in different con-
cetrations. The spectra were found to be dependent on the pH index of
solvent. The solutions were also checked for optical activity.

The electron energy spectrum was calculated with the help of the
LCAO method using the HyperChem computer propram. A satisfactory
agreement was obtained between the experimentally determined position
of electron energy levels and the results of calculations.
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Determining Thermodynamic Parameters Mg?t, Ni*t AND
Cd?*" Ion Binding With Single-, Double- and Three-Stranded
Polynucleotides Containing Adenine and Uracil
FEugenia Usenko, Viadimir Babenko, Victor Sorokin, Vladimir Valeev
B.1. Verkin Institute for Low Temperature Physics and Engineering,
NationalAcademy of Sciences of Ukraine,47, Lenin Ave., Kharkov, 61103

Interest in studies on the dependence of polynucleotide conformational

states on metal (Mt) ion concentrations and temperature is generated with
ecological problems and with a possibility of polynucleotide metal com-
plexes use in therapy (as therapeutic agents). Binding constants (K) and
stoichiometry (n) of the complexes are main thermodynamic parameters
conditioning the concentration range of stabilities of Mt ion-nucleic acids
complexes.
By phase diagrams of polyU-polyA-polyU (A2U) complexes with Mg+ [1],
Ni?* [2] and Cd?* [3] ions and by the clip theory [1], K and n values were
calculated for three-, double- and single-stranded polynucleotides consist-
ing of adenine and uracile, with these ions. The data obtained permitted
to ascertain the physical nature of different effects of the above ions on
temperature of 2(polyA-polyU) (AU)—A2U+polyA transition (2—3 tran-
sition) (Tm)o3, observed in phase diagrams of these ion complexes with
AU. It is shown that widening of the AU existence region in the presence
of large Ni*T concentrations is caused with the fact that the difference
between association constants of these ions with AU and polyA is larger
than that one between association constants of these ions with A2U and
AU. As a result, opposite relations of differences in binding constants of
Mg?" ions and these polynucleotides lead to (Tm)ss lowering. As Mg?*t
ions, Cd*>* lower (Tm)ss. But, unlike the case with magnesium, such
a decrease is conditioned with the strong interaction of Cd*T ions with
single-stranded polyA bases.
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Fulerene Containing Three-Particle Nanosystems for Medicine
Applications
A. Golub'; O. Matyshevska', V. Yashchuk?®, A. Naumenko®, A.
Mykhailova', E. Radchenko', K. Palyvoda'

! National Taras Shevchenko University of Kyiv, Departments of
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2 National Taras Shevchenko University of Kyiv, Department of
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The nanosystems containing SiO9 nanoparticles with covalent bounded
fullerene molecules attached by gold nanoparticles have been designed and
synthesized.

The aim of such nanodevices is to penetrate to cancer cell (due to SiOs
nanoparticles) to generate excited states of the molecular oxygen that
have to destroy the cell (due to fullerene groups). The gold nanoparticles
attached to SiO9 nanoparticle have to increase oscillated force of fullerene
species. The functionality of such systems and their characterization can
be realized by spectroscopic methods.

Another three-particle nanosystem consists of SiO5 nanoparticle, fullerene
and fluorescein species. The role of fluorescein - to mark with he help of
intensive green fluorescence the penetration of mentioned above system
into the cell.

The absorption, fluorescence and Raman scattering have been applied
to study the structure and functionality of these nanocomplexes.

The phototoxic effect of these nanosystems on oncotransformed T-
lymphocytes (jurkat cell line), but not on normal T-lymphocytes (isolated
from Wistar rat thymus) have been demonstrated.
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The Peculiarities of the DNA and RNA Luminescence
Yashchuk V.

National Taras Shevchenko University of Kyiv, Department of
Experimental Physics, Volodymyrska Str., 64, 01033 Kyiv, Ukraine

The brief review of the DNA and RNA optical properties studies to-
gether with recent results on this topic of the authors team are presented.

The results on optical absorption, fluorescence, phosphorescence of the
pure and doped by number of dyes DNA and RNA were examined. The
obtained results allowed us to evaluate the positions of DNA and RNA
electronic energy levels, to suggest the nature of the electronic excitations
traps. The errors in the determination of the positions of the polynu-
cleotides electronic triplet levels were analyzed. It was shown that namely
the position of the lowest triplet levels for DNA and RNA (belong to
theadenosine base) determines the phenomena of the self-protection of
these vitally important biologic macromolecules.

The results of the investigation of the singlet and triplet excitation en-
ergy transfer in DNA macromolecules were analyzed. The data obtained
proved that mobile singlet excitations (S-exciton) spread on the short dis-
tances that corresponds several base pairs; the triplet excitons spreading
way correspond to 18-20 base pair length along the DNA. Due to triplet
excitons intra-DNA migration and their annihilation the delayed fluores-
cence is observed similar to manifestation of these processes in synthetic
macromolecules.

Some applied problems connected with polynucleotide detection and
imaging, the spectral manifestation of the DNA and RNA interactions
with other biological molecules were examined and discussed.
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Spectroscopic Study of Pheophorbide-a Methyl Ether Binding
to Synthetic Polynucleotides and DNA
Olga Ryazanova, Igor Voloshin, Victor Zozulya
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NAS of Ukraine, 47 Lenin ave., 61103, Kharkov

Binding of the pheophorbide-a methyl ether (Mepheo-a) to the syn-
thetic double-stranded poly(A)-poly(U), the poly(G)-poly(C) polynucleotides,
four-stranded poly(G), and native DNA was studied by methods of ab-
sorption and polarized fluorescent spectroscopy. Measurements were car-
ried out in aqueous buffered solutions pH6.9 of low ionic strength (2
mM Na') in a wide range of phosphate-to-dye molar ratios (P/D). Ab-
sorption and fluorescent characteristics of complexes formed by the dye
with the biopolymers were determined. It is established that binding
of neutral Mepheo-a to four-stranded poly(G) is accompanied by signifi-
cant spectral transformations, namely, by dye absorption hypochromism,
bathochromic shift of Soret absorption band (~26 nm), bathochromic
shift of fluorescence band maximum (~9 nm) and 50-fold increase of
dye fluorescence intensity. Unlike that, Mepheo-a binding to double-
stranded poly(A)-poly(U), poly(G)poly(C) polynucleotides and to calf
thymus DNA is accompanied by insignificant spectral shifts of absorption
and fluorescence bands, as well as by no more than 4-fold rise of fluo-
rescence intensity. Observed substantial spectral changes and the high
value of fluorescence polarization degree (0.26) evidence the intercalation
of dye chromophore to four-stranded polynucleotide structure. Insignifi-
cant increase of the dye fluorescence polarization degree (0.12) and weaker
spectral transformations point to another binding mode, namely, the in-
corporation of MePheo-a to a groove of the double helix, presumably,
in the dimeric form. Since binding of MePheo-a to four-stranded poly(G)
polynucleotide induces substantial changes in fluorescent characteristics of
the dye, this derivative is promising as a fluorescent probe for monitoring
the G-quadruplex structure.
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Spectroscopic Features of Interaction of Azanucleoside with
Water and Organic Solvents
lakhnenko Marianna, S.Garasevich, O. Slobodyanyuk, V. Tokar
Department Of Physics, Taras Shevchenko National University Of Kyiv,
64, VolodymyrsKa St., 01033 Kyiv, Ukraine

We have compared raman spectra of anomalous nucleoside 6-azacytidine
(6-azac), cytidine and cytosine in different solutions in order to get spec-
troscopic features of their interaction with solvents. The close similarity
of raman spectra of 6-azac in crystalline form and dissolved in different
solvents in the region from 500 to 1800 cm-1 allows us to assume that
parameters of intramolecular modes in crystal and in solutions are ap-
proximately the same but depend on solvent. After dissolving of 6-azac in
h20 all raman peaks in above region experience low frequency shift with
respect to their position in crystalline state while after dissolving in d2o
some peaks manifest high frequency shifts with respect to their position
in water solution. Similar behavior of raman spectra of canonical nucleo-
side cytidine and its related nucleobase cytosine was observed [1]. These
shifts apparently are caused by interaction between nucleoside and sol-
vent due to h-bonds particularly so called improper hydrogen bonding as
was recently reported for raman spectra of methanol in water solutions
[2] but in high frequency shifts in d2o solutions also contribute dueter-
ated intramolecular h-bonds of nucleosides themselves. After dissolving
of cytidine in dmso we observed both shifts of raman peaks of cytidine
as well as dmso itself that may be regarded as spectroscopic features of
their interaction. We suppose that analogous shifts of solvent peaks in
water solutions are not observable through their large width as compared
with dmso. Raman spectra of 6-azac after adding it to dna water solutions
showed definite shifts of some 6-azac peaks as compared with 6-azac water
solutions that could indicate on interaction between nucleoside and dna.
Absorption spectra of 6-azac in dna water solution proved such assump-
tion. Authors thank prof. V.yashchuk from physics department of taras
shevchenko national university of kyiv for useful discussion. This work
was supported by the fundamental researches state fund of the ministry
of education and science of ukraine (grant #F25/137).
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Abnormal Decrease in Thermal Stability of Double-Stranded
polyl.polyC and Native DNA in Presence of Mg?" Ions
Victor Sorokin, Vladimir Valeev, Eugenia Usenko
B.1. Verkin Institute for Low Temperature Physics and Engineering,
National Academy of Sciences of Ukraine, 47, Lenin Ave., Kharkov,
61103

The tasks on ascertaining molecular mechanisms of the metal ion bio-
logical action, related to ecological problems and, recently, to applications
of oligo- and polynucleotide metal complexes upon creating nanoelectronic
schemes [1,2], require studies on dependences of conformational states of
polynucleotides of different contents on Mt?T ion concentrations and tem-
perature.

Mg?t ion effects on thermal stabilities of double-stranded polyl-polyC
(IC) (0.1 M Nat, pH7) and salmon sperm DNA (0.015 M Na™, pH8.5)
were studied with thermal denaturation and UV-spectroscopy methods.
The initial rise of the magnesium ion concentration ([Mg?*]) induce the
increase of their melting temperatures (T,,), resulted from ion-induced
neutralization of the charge on oxygen atoms of phosphate groups. On
reaching the critical [Mg?*] value (10~* M and 2-10~* M for IC and DNA,
respectively), T, lowers sharply up by 8°C (for IC) and 26°C (for DNA).
In both the cases the value of derivative |y| = |%| is about 2-10°
degree/mole that is by 2 orders larger than the |y| value in the region of
the ion binding to polynucleotide phosphates. Such a high cooperativity
of T,, decrease can be an evidence of Mg?*-ion induced conformational
rearrangement of polynucleotides, being realized as the phase transition.
It is supposed that the transition is a result of cation-m-interactions of
Mg?t ions with nitrogen bases. The principle possibility of realization of
the above interactions was shown for complexes of hydrated Mg?" ions
with duplexes of Dickerson decamers and dodecamers [3].
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Mass-Spectrometric Studies of Glycine Molecule
Fragmentation
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A mass-spectrometric apparatus based on the magnetic mass-analyzer
has been applied to study the single and dissociative ionization of the
glycine molecule by electron impact. A primary emphasis was given to the
production of ionic fragments. Such data are of specific interest in view of
tracing the possible effects occurring in the live tissue under the influence
of ionizing radiation accompanied by the production of slow secondary
electrons, which, in turn, cause a series of structural transformations in
the cells resulted in degradation of constituent elements of human body [1].
Amino acids, which glycine belongs to, are one of the basic building blocks
of the live body. Moreover, recent investigations have shown that amino
acids are present in various space objects (say, meteorites and/or comets),
proving, thus, the idea of life ”import” to the Earth [2]. Of special inter-
est is the fact that such molecules take an active part in constructing live
cells and repairing damaged tissues, in particular, in forming antibodies,
which fight against the viruses and bacteria that destroy the immune sys-
tem of living organism. Experiment was carried out using a crossed-beam
technique combined with mass separation of electron-molecule interaction
products. The measuring procedure was fully automated using the PC
control. Besides measuring the mass-spectra of the initial molecule, we
have determined the energy dependences of the ionized fragment yield
with the 0.3 eV energy step and the 0.2 — 0.5 eV (FWHM) energy res-
olution from the threshold up to 150 eV using a specially-designed elec-
tron gun instead of the conventional one used in the original version of
mass-spectrometer ion source. It has been found that the main ionic
fragments of the initial CoHsNO5 molecule are CH,N'T, CH3NT and
CHy;N™T, which can be produced in various isomer states. Since the ini-
tial molecule may undergo strong fragmentation due to the thermal pro-
cesses, special studies of possible temperature-induced fragmentation of
the glycine molecule were carried out allowing one to choose the regime
of molecular beam generation, minimizing, thus, the influence of thermal



265

effects. Application of special least-square fitting procedure [3] enabled
the absolute values of the appearance potentials for the above fragments
to be found. Out data demonstrate fairly good agreement with the results
of recent photoioniozation studies [4]. More detailed analysis of experi-
mental data and possible mechanisms of electron-impact glycine molecule
fragmentation will be presented at the conference.
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Synthetic polymers based on organic polyethers are widely used in
pharmacology, cryoprotection, green chemistry and design of bionanode-
vices. Knowledge on parameters of interactions of polyethers with biomolecules
is necessary for elaboration of advanced materials and technological pro-
cedures.

In the present work structural features of supramolecular complexes
formed by oligomers of polyethylene glycol PEG-400 and oxyethylated
glycerol derivatives OEG-5 (synthesized in the Institute for Problems of
Cryobiology and Cryomedicine of NAS of Ukraine, Kharkov) with ions of
alkali metals and organic cations of amino acids (proline, histidine, orni-
tine, valine) are studied by mass spectrometry with fast atom bombard-
ment (FAB) and electrospray ionization (ESI) and theoretical simulation
by molecular dynamics. A peculiarity of synthetic polymers is that they
have no a single molecular mass (M) but are characterized by a definite
molecular mass distribution (M,,). Parameters of low mass oligomers in-
teractions with any other compound are dependent on the oligomers length
(number of monomers, n).

FAB and ESI mass spectra of PEG-400 and OEG-5 contain sets of pro-
tonated M, H™ and cationized M, Na™, M, K™ oligomers [1]. In some
earlier works [2; 3] it was shown that stabilization of the complexes of
PEGs with alkali metal ions in the gas phase is achieved due to wrapping
of the polymer chain around the monoatomic cation. The polymer chain
accepts semi-circle configuration similar to that of crown ethers with the
ether oxygens are turned to the cation. Our molecular dynamics simula-
tion have confirmed wrapping of OEG-5 oligomers (with n;4) around Na™
and KT cations.
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In the ESI mass spectra of systems containing OEG-5 and the above
amino acids protonated associates of the amino acids and OEG-5 oligomers
were recorded [4]. Increase of efficiency of binding of amino acids by
oligomers with n;7 was observed. We have suggested a possibility of
wrapping of the OEG-5 oligomers around charged moieties of amino acids.
Molecular dynamic modeling allowed us to follow a spontaneous bending
of the extended oligomer chain around the charged imino group of pro-
line amino acid being either in neutral zwitterionic or charged protonated
form. The supramolecular complexes of oligomers with n=9-10 with zwit-
terionic proline are stabilized by four-point contacts: two bonds between
hydrogens of N H; group with the ether oxygens and two bonds of COO~
group with terminal OH groups of the oligomer. Thus, stabilization of the
oligomer-amino acid complexes due to wrapping of the polyether chain
around an organic cation (positively charged group) is demonstrated for
the first time. Modeling of OEG-5 oligomers (n = 2-12) with amino acids
in various charge states is in progress.

A competition for binding of inorganic and organic cations with oligomers
is observed, since there are no triple complexes of oligomers with alkali
metal ions and amino acids. Obviously, addition of the third component to
a compact positively charged binary complex is unfavorable. At the same
time binding of COO- group of zwitterionic amino acid to the cationic
alkali metal-oligomer cluster is possible; the resulting comlpex, however,
is neutral and thus invisible in the mass spectra.

The results obtained can be applied to explanation of molecular mech-
anisms of cryoprotective function of OEG-5 oligomers which are connected
with stabilization of the solvation shell of separate amino acids present in
biological fluids as well as of the positively charged sites of proteins.

Experimental details: FAB mass spectra were obtained on MI-1201E
magnetic sector mass spectrometer (SELMI, Sumy, Ukraine); ESI mass
spectra were obtained at the Chemical Research Center of the Hungar-
ian Academy of Sciences (Budapest) on API 2000 Triple Quadrupole MS
(Applied Biosystems, Canada); molecular dynamic simulation was per-
formed using CHARMM force field on grid-platform computer cluster of
the ILTPE NAS of Ukraine.

This work was partially supported by a grant N 24/09-nano of the
NAS of Ukraine programme Nanostructured systems, nanomaterials and
nanotechnologies and inter-academy exchange programme of Ukrainian
and Hungarian national academies of sciences.
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Antibiotic Topotecan with Aromatic Drug Molecules
Mosynov A.A., Evstigneev M.P.
Department of Physics, Sevastopol National Technical Univeristy,
Universitetskaya str. 33, Sevastopol, 99053; e-mail:
max_evstigneev@mail.ru

Antitumor antibiotic Topotecan (TPT) is a camptothecin derivative
and has long been known as Topoisomerase I - targeting drug exerting
clinically important anticancer activity in certain types of cancer. It has
also been shown that the integral biological effect of TPT can be altered by
addition of another aromatic drug, such as Caffeine or Vitamin B2, which
provides a way to directed regulation of biological response. The prin-
cipal mechanism for such regulation suggested in recent years was solely
based on the hetero-association between TPT and other aromatic drugs
present in solution along with TPT. With an aim to estimate the strength
of hetero-association involving TPT and its influence on binding to biore-
ceptor, in the present work we have studied by 1H NMR spectroscopy
the hetero-association of TPT with various aromatic biologically active
drugs: antibiotic Daunomycin, Proflavine and Ethidium Bromide mu-
tagens, Caffeine, Flavine-mononucleotide (analogue of Vitamin B2) and
Nicotinamide. We used concentration and temperature dependences of
proton chemical shifts in order to obtain the magnitudes of equilibrium
constants, thermodynamic parameters and magnetic shielding. The re-
sults of numerical analysis have enabled to build the most probable struc-
tures of 1:1 hetero-complexes, make conclusions on the contribution of
principal physical factors into stabilization of the hetero-complexes. It
was shown that the binding of TPT to Daunomycin and Proflavine occur
with the highest affinity whereas its binding to CAF and NMD is charac-
terized by the lowest hetero-association constant. Some consequences of
this knowledge on the interceptor mechanism influencing the TPT biolog-
ical effect in the presence of aromatic drugs are discussed.
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The electronic (spectral) properties of the biopolymers (the DNA,
RNA, oligonucleotides) in the optical range are connected with the pres-
ence of the pi-electronic groups in the nucleotide cells in their macro-
molecules. The biopolymers belong to the type of polymers in which the
pi-electron systems are localized in separate groups and, as the result,
their energy structure determined mainly by individual properties of such
groups. Taking this into account the optical absorption and luminescent
spectra of the biopolymers give the possibility: to evaluate the positions
of the singlet and triplet energy levels of the biopolymers and to deter-
mine the centers of the electronic excitations localization in these macro-
molecules. To the other hand the fluorescence and phosphorescence of
the biopolymers are very sensitive to interaction with other molecules, f.e.
proteins. The optical absorption, fluorescence and phosphorescence spec-
tra of the different RNA, ribonucleotides and some complex proteins were
investigated. Positions of the first excited singlet and triplet electronic
energy levels of the RNA bases were evaluated. Comparing the phospho-
rescence spectra of the RNA macromolecules and rAMP it was found:
the main triplet excitations traps in the RNA are adenosine groups. The
phosphorescence spectra of the RNA-, DNA- and oligonucleotide-complex-
proteins show the facts of the binding of these biopolymers with complex
proteins.
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Proteins are the vitally important biologic macromolecules for any liv-
ing creature. The proteins are the main ”constructional material” for any
biological cell, defend them against bacteria and viruses, regulate the ma-
jority of chemical reactions and take part in the forming of the sequence of
a gene, which is encoded in the genetic code etc. There are 3 pi-electron-
containing classical proteins amino acids that take part in the photophys-
ical processes in the proteins: tryptophan, tyrosine and phenylalanine.
These compounds can be detected using optical spectroscopy methods.
The optical absorption, fluorescence and phosphorescence spectra of the
albumine and interpheron proteins as well as their pi-electron-containing
components - amino acids (tryptophan, tyrosine and phenylalanine) were
investigated. The spectral measurements were carried out at the tempera-
tures of 4.2K and 77K. The positions of the first excited singlet and triplet
electronic energy levels of the amino acids were evaluated. The centers
of the electronic excitations localization in albumine and interpheron as
well as singlet and triplet electronic excitation energy exchange between
amino acids and oligonucleotides bind to proteins were examined.
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The significant part of produced electrical energy is utilized in lighting.
That is why the problem of design high efficient materials for effective
energy saving source of light is very important.

In this paper some results of studies of the luminescence properties of
carbazolecontaining compound (specially designed for electroluminescent
devices production) are presented. The effect of various technology film
deposition on their spectra and intensities of luminescence were discussed.

The compounds investigated are mainly chemical dimers, trimers of
carbazole; two of them include five-six carbazole groups. The optical ab-
sorption, fluorescence and phosphorescence of these compounds in solu-
tions, powders and films (obtained by two technologies of deposition) were
studied at 293K and 77K.

The data obtained prove that the spectral properties of above men-
tioned compound in solutions are determined mainly by 7-electron systems
of carbazole groups and weak interaction between them. The films con-
trary to their (carbazole nature) absorbtion manifest the main impurity
contribution in their fluorescence and phosphorescence spectra. In num-
ber of cases the influence m-electron groups each other leads to domination
the phosphorescence in luminescence spectra. The effects of difference in
deposition technology on spectral properties of investigated compounds as
well as their applications in sensor systems and OLEDs are discussed.
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Experimental methods of laser spectroscopy usually demand the probe
beams with certain energy distribution by their cross-sections to be formed.
Ideally this must be done independently of radiation wavelength, output
energy, the time behavior of laser. This stipulates that appropriate diffrac-
tional laser radiation converters are designed. This task could be fulfilled
by adapting existing methods of diffraction optics to specific conditions
of laser experiment. Thus, material properties and production technology
become crucial and provide for high diffractive efficiency, beam durability
of an optical element, and possibility to operatively produce new elements
with modified forming characteristics as well.

Based on these demands, research works to produce test series of
diffractive elements were carried out. These elements provide for forming
of so-called spiral laser beams with different kinds cross-sectional symme-
try in them. Technology of production of such elements makes it possible
to form laser beams in the range of wavelength 0.41.1 m. They keep well
their forming characteristics up to energies 200300 MWt /cm?.

The elements were produced on basis of self-developing polymeric com-
positions elaborated in Institute of Physics of National Academy of Science
of Ukraine. The possibility of spatial phase modulation of both surface
and volume of diffractional element along with keeping good quality of a
specimen are the key advantages of such compositions. Thus diffractive
efficiency of elements can be enhanced. It is important that the phase re-
lief can be formed straight at the moment of specimen irradiation without
additional processing. Comparatively fast production of specimens with
new forming characteristics should also be noted.

Specimens were produced so that properly zoomed out amplitude trans-
parency was projected, and exposed regions subsequently polymerized.
The transparency represented a computed hologram of a beam, looking
as interference bands with necessary distribution of amplitude. This pat-
tern provided necessary distribution of energy on specimen, and thus, the
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required phase relief of the band. By changing degrees of blackening and
exposition time, it was possible to adjust the depth and the form of phase
relief in diffractional converter. The effective aperture of specimens de-
signed to be installed in laser resonator was 35 mm. For an externally
installed specimen, in a previously widened beam, the effective aperture
was 510 mm. By means of interferometry in such specimens the profile
of phase relief was measured in dependency of exposition, polymerization
degree and other technological parameters.
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Interest in studying metal complexes of nucleic acids forming both
duplex and triplex structures is generated with their biological role and
possibilities of application in biotechnological processes [1]. To describe
in detail transitions in these complexes, more sophisticated theoretical
approaches must be applied.

By the theory based on the equilibrium binding model, phase diagrams
have been calculated for polynucleotide structures formed with single-
stranded poly(rA) (A) and poly(rU) (U) (poly(rA)-poly(rU) (AU) and
poly(rA)-2poly(rU) (A2U)) in solution with Mg?*, Ni?t, Cd>T at 0.1M
NaT. Binding constants (K4, Ky, Ky, Kaou) have been determined,
the agreement with the early experimental results being observed. Calcu-
lations of diagrams with Mg?t are shown to permit obtaining satisfactory
results if steady mean constants of ion binding to polynucleotides of all
the mentioned structures are used. But in the cases with Ni*T and Cd**,
constants dependences on ion concentrations must be taken into account,
especially with high ion contents in the presence of which compaction of
molecules of single-stranded poly(rA) emerges. It has been revealed that
the main factor being responsible for differences in diagrams for Ni>* and
Cd?* is a significant variation of their constants of binding to poly(rA).
Temperature dependences of conformational transitions obtained by UV
spectroscopy for low polymer concentrations are compared with those ob-
tained by IR and VCD spectroscopy at high contents of these molecules
and, accordingly, metal ions in solution. Differences and peculiarities con-
ditioning irreversibility of the earlier observed disproportional AU to A2U
transition are clarified.
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Symmetry analysis and numerical calculations were done for polydi-
hexylgermane and polydihexylsilane macromolecules which are character-
ized by zigzag structure of Ge- or Si-backbone, correspondingly. The re-
sults of analysis and calculations were used for interpretation of observed
vibrational spectra.

Normal modes were constructed for model of endless zigzag chain of the
same type atoms using method of symmetrical translations. Such system
is described by two optical modes: longitudinal By, and transverse A,
which are allowed in Raman scattering.

Quantum-chemical calculations were done by means of Hartree-Fock
method for basis 3-21G using Gaussian software for shot chains (from 2 to
15 atoms in backbone). Hexane radicals were not considered and dangling
bonds were saturated by hydrogen atoms. It was found that dependence
of frequency of vibrations on chain length n comes to saturation for n
around 10 for most of modes. It proves that the frequencies of vibrations
for endless chains have to be close to calculated ones.

Only modes A, (460 cm™! for Si-chain and 288 em™! for Ge-chain)
and By, (416 em™! and 250 em™! for Si- and Ge-chain, respectively)
having maximal intensity even for shot chains and obtained by symmetry
analysis have to be observable for the endless chains. The rest of calculated
vibrations with another symmetry type are the result of the finite chain
length. Such additional oscillations are localized on the ends of a chain
or they resemble the standing wave. Low frequency oscillations (54 cm !
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for Si-chain and 34 cm ™! for Ge-chain) corresponding to constriction and
stretching of chain are the acoustic longitudinal oscillations. Such kind of
oscillations is observed only for shot chains as a result of the quantum size
effect on phonons. Frequency of such oscillation decreases to zero with
increasing of chain length because of approach to the center of Brillouin
zone. The intensity of some oscillations doesnt increase monotonically
with chain length. This fact is a result of the splitting of modes with
similar displacement of atoms. This assertion is supported by monotonic
dependence of total intensity. Such splitting takes place when the number
of atoms in chain equals 8. When the chain consists of 11 atoms the non-
monotony of the intensity of mode 416 em ! indicates the presence of the
next detachment.
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Interest in experimental studies of the processes in the molecules of
biological relevance by electron-impact is related, first of all, to the signif-
icance of the problem of intracellular irradiation of biological structures
by secondary electrons produced in the substance in quite considerable
amounts under the influence of different-type radiation. It has been shown
in our preliminary experiments carried out with the heterocyclic compo-
nents of the above molecules [1-3] that under electron impact different
physical processes occur: i.e. molecules excitation, ionization, dissociative
excitation and dissociative ionization. Physical modeling of these pro-
cesses and estimation of their radiobiological consequences require knowl-
edge of their basic characteristics — absolute ionization and excitation cross
sections. Reliable data on the cross sections could be obtained only in the
precise experiment, in which the role of environment is minimized. Such
approach was applied in this work.

Production of positive and negative ions of nucleic acid base molecules
has been studied using a crossed electron and molecular beam technique.
The method developed by the authors enabled the molecular beam inten-
sity to be measured and the electron dependences and the absolute values
of the total cross sections of production of both positive and negative ions
to be determined. A five-electrode electron gun with a tungsten cathode
was used as an electron beam source. Measurements were carried out at
the 10-7-10-metricconverterProductID6 A6 A electron beam current and
the AE1/270.3 eV (FWHM) energy spread. An electron energy scale was
calibrated with respect to the resonance peak of the SF6— ion production,
the position of which determined the zero point of the energy scale.

The emission (luminescence) spectra of nucleic acid bases were ob-
tained in the wavelength range 200-600 nm, as well as the electron energy
dependences of the effective excitation cross sections (excitation functions)
of the molecular bands at their peaks.

Using the technique developed by the authors, the absolute cross sec-
tions of the positive and negative uracil ions formation have been deter-
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mined within the 0-200 eV (positive ions) and 0.4-5.0 eV (negative ions)
incident electron energy ranges. It has been found that the maximal posi-
tive ion production cross section is observed at 78 eV and reaches 7.8.10-16
cm?2. Value of the ionization cross section obtained by us has a sense of the
total cross section, i.e. it includes ion production cross sections for both
initial molecules and its fragments. Formation of the primary molecular
positive ion dominates. It has been found that the maximal negative-ion
formation cross section is observed at 1.5 eV and is 4.2.10-18 cm2. Main
contribution to the cross section was shown to result from the dissocia-
tive ionization cross section. It has been noted that due to the resonance
mechanism of the negative uracil ions formation just at low incident elec-
tron energies considerable disorders in the nucleic acid macromolecules are
probable.
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The in vivo replication processes of DNA have extremely high precision
- on an average 10~% mistakes per one nucleotide [1]. However, elementary
physical mechanisms of these processes remain vague without regard to
the important biological role of these processes in functioning of the cell.
For the first time [2] we suggest and prove the simple physical model
of Watson-Crick base pairs recognition and inhibition the biosynthesis
of mispairs formed by bases in basic tautomeric form by the proteins of
replicative complex from the side of major groove of DNA using modern
non-empirical quantum-mechanical methods.
It is proved that only four aminoacids from 20 possible - asparaginic, glu-
taminic, asparagin and glutamine - can realize this function for each of
four Watson-Crick pairs by the lateral radicals with the help of H-bonds.
Actually such model eliminates the mistakes of biosynthesis of DN con-
cerned with the formation of mispairs AC/CA and GT/TG by the bases
in the canonic (basic) form.
In such a way emerge a natural question - as far as this approach is uni-
versal and whether it allows to inhibit the synthesis of DNA base mispairs
at the participation of the mutagenic tautomers. The known approaches
in particular the Poltev-Bruskov model [3] which is based on the ideology
of the invariant atomic groups don’t satisfy this question in this sense,
as base pairs formed by the mutagenic tautomers are quasiisomorphic
Watson-Crick base pairs that is to say have roughly the same spatial lo-
cation of invariant atomic groups and so can’t be blocked for their further
biochemical insertion in the structure of DN A that is synthesized.
Various pairs of nucleotide bases formed by the rare tautomers which are
quasiisomorphic Watson-Crick pairs and their complexes with the sim-
plest models of the aminoacid residuals that belong to the proteins of the
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replicative complex were the studied objects.
We came to the conclusion using non-empirical quantum-mechanical cal-
culations that suggested by us approach is universal and we proved that it
can sufficiently block also the synthesis of mispars bases of DNA formed
by the mutagenic tautomers of DNA.
We can confirm on the basis of our findings the assumption that complexes
explored by us are not quasiisomorphic. Moreover it isn’t possible to make
them come back to an aforementioned state in the reasonable interval of
energy. It certifies uniquely that they are incompetent from the point of
view of the biochemical act of incorporation of presented pairs into the
structure of the double helix of DNA.
It is done a conclusion that suggested by us physical mechanism that ex-
plain the high fidelity of the biosynthesis of DNA at elementary physical
level is universall. It allows to recognize Watson-Crick nucleotide base
pairs eliminating from the process of biosynthesis purine-pyrimidine mis-
pairs as at participation bases in canonic tautomeric form so in rare filling
with concrete physical sense the so-called "rule of compulsion”.
References
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Sanguinarine is a benzophenanthridin biologically active alkaloid with
antimicrobial, antiinflammatory, antioxidant and potentially antitumoral
activities [1]. These medicinal activities are presumed owing to the sanguinarine-
DNA interaction. In this report we present some spectroscopic aspects of
sanguinarine binding with the Calf thymus DNA.

Absorption spectra of a sanguinarine solution consist of some complex
bands in visible and UV region. If DNA is added, the intensity of absorp-
tion grows, the band maxima shift to the long-wave region up to 10 nm.
The hypochromic and batochromic effects reveal in spectra and indicate
the DNA-sanguinarine complex formation.

In the fluorescence spectra of sanguinarine two bands manifest them-
selves at 420 and 587 nm. The excitation spectra of those bands are
different, which testifies to different origins of fluorescence centers. The
587-nm band is associated with the first electron level. From the analysis
of obtained spectra we may assert that in our experiments both imine
and alkanolamine forms of sanguinarine are present, and its characteristic
peaks are at 587 and 420-nm, correspondingly. Besides, from our ex-
periments it follows that both forms of sanguinarine interact with DNA,
contrary to data [2].

The concentration dependencies of the sanguinarine-DNA absorption
and fluorescence spectra were studied. The shifts of the maxima position
and the intensity changes depending on P/D (the DNA base pairs/drug
ratio) are measured. The shift of the fluorescence maxima increased with
P/D and flattened out at P/D=8. The fluorescence intensity and the
optical density have a minima at P/D~1-2. These and some other facts of
the spectral behavior are indicative of certain optimal binding conditions.
Analysis of these conditions was given too. According to the McGhee and
Von Hippel’s equation the binding parameters were calculated.
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Since the discovery of luminescence from an organic material organic
compounds become attract attention as the promising material for LED.
Moreover organic Pi-electron containing materials can be used in a wide
spectrum of applications such as medicine, opto- and nanoelecronics, etc.
One of the promising potential applications of such compounds is the cre-
ation of energy-saving luminescent light sources with emission spectrum
similar to the visible range of sun emission spectrum. These light sources
could be real alternative to the existing conventional illumination lamps.
In our work a new luminescent dyes which emits light in red-orange region
of the visible light spectrum were investigated. The absorption and lumi-
nescence spectra of these compounds solutions at ambient temperature
were measured. Our measurements show a high luminescence quantum
vield of the dyes that make them a promising compounds for luminescent
LEDs and allows us to use it as red-orange molecular emitters for creation
of white OLED.
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The aim of the experiments was to study the behavior of the photolu-
minescence (PL) spectra of the green algae Chlamydomonas actinochloris
Deason et Bold and Chlorella vulgaris Bejer. under microwave irradiation.

The magnetron with 2450 MHz frequency (wavelength is about 12 ¢m)
was used as a source of radiation. Irradiation doses were 40, 85 and 140
J/g; control samples were not irradiated. The current functional state of
the samples was controlled by the chlorophyll PL efficiency (two bands
peaked at 685 and from 710 to 720 nm). Luminescence was excited by
488 nm argon laser with 19 mW power. The obtained PL spectra were
normalized to the same number of cells to remove the effect of the influence
of biomass growth on the emission efficiency.

It has been supposed that the peak within 685 to 692 nm corresponds
to the chlorophyll a of photosystem II, while the band peaked form 714 to
726 nm belongs to photosystem I. Shifting the PL spectrum peaks to long
waves is caused by microelements’ deficiency in plants. The estimation of
laser-induced PL intensities in plants at the wavelengths AIl and Al, and
their ratio f = I(All)/I(Al) allows to detect anthropogenic effects on the
living organisms.

The analysis of data on the seventh day after irradiation shows that
exposure of algae in a dose of 85 J/g significantly stimulates the lumines-
cent processes compared with control, while 140 J/g, in contrast, almost
completely reduces them. The intensity ratio of peaks at 685 and 720 nm
in the old and young cultures of Ch. actinochloris changed on the 7th day
after exposure. After irradiation of the old cultures at highest dose, the
685 nm peak in the PL spectrum of Ch. actinochloris disappeared com-
pletely, and the band at 720 nm of Ch. vulgaris shifted to short waves.

Significant reduction of the f ratio at high exposure levels is caused,
in our opinion, disruption of the normal migration of energy in electron-
transport chain of photosynthesis. Concerning the Al shift to short waves,
one can say the following. It is known that the chlorophyll in the PSI
reaction center can be in a state of a monomer, dimer or trimer. The last
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one is characterized by the most long-waved band of radiation and the
highest f. Therefore, the decay of trimers or dimers under the influence
of microwave radiation is accompanied by a Al shift and decrease of f,
which has been observed.



287

P-24 |

Nonlinear Optical Properties of Nanosized Polymer Films
Doped with Merocyanine Dyes
A.V.Uklein', M.A.Kopylovsky', G.A.Galich', D.O.Grynko?,
V.Ya.Gayvoronsky"
Unstitute of Physics NASU, Prospect Nauki, 46, 03680 Kyiv, Ukraine
2Institute of Semiconductor Physics NASU, Prospect Nauki, 41, 03028
Kyiv

Merocyanine dyes are one of the most promising molecules for develop-
ment of composite materials with specified structure and nonlinear optical
(NLO) properties [1]. They possess high polarizable m-electron systems
that explains high interest in these materials for nonlinear optics.

In this work some NLO properties of polymethyl methacrylate (PMMA)
films doped with merocyanine dyes with concentrations 0.1 %, 1 %, 10 %
and 50 % as well as pure PMMA film are discussed. The results are com-
pared with those for solid merocyanine film condensed on a glass substrate.
The dependencies of the films NLO properties versus dye concentration
gives the possibility to conclude about aggregation effects in the samples
[2].

The samples of PMMA doped with merocyanine dyes were prepared
using spin-coating technique. The solid organic film was prepared via
method of condensing of organic compounds in vacuum. The thicknesses
of the samples vary from 16 nm for 50 % to 92 nm for 0.1 % merocyanine
concentration.

In this work optical and NLO properties of the samples were studied
in a way of the excitation with second harmonic of Nd:YAG picosecond
laser pulses (532 nm, 30 ps) and continuous wave (CW) radiation at 532
and 633 nm.

The total NLO transmittance and on-axis transmittance dependen-
cies were measured as functions of laser intensity in both cases of pulse
and continuous excitation of the samples. For all the samples both real
and imaginary parts of the cubic NLO susceptibility were calculated at
different excitation levels.

The main result of the investigation is that the total NLO response
of PMMA doped with merocyanine dyes increases with the growth of the
dye concentration in both cases for pulsed and continuous laser excitation,
but at the same time the specific NLO response for the merocyanine dye
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decreases. We suggest that this is due to the dye molecules aggregation
effect.

Also the scattering losses for all the samples were measured using CW
laser radiation at 532 nm. They were found out to be 3 % for 1 % me-
rocyanine concentration, 5.5 % for 50 % concentration, and 13 % for the
condensed organic film. This indicates that the scattering losses also in-
crease with the growth of the dye concentration in the samples.

We acknowledge O.Kachkovsky, Ya.Prostota and O.Yaroshchuk.
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Electric field induced photoluminescence quenching is a well known
phenomenon widely used for the investigation of the charge carrier genera-
tion in organic materials. There are several processes, which may cause flu-
orescence intensity variations under applied electric field. These processes
may influence operation of optoelectronic devices, organic light emitting
diodes, solar cells and polymer lasers. Main functions of organic semicon-
ductors are related to their ability to transport and interconvert electrical
and light energy.

Here we report our optical and electrical studies of a new class of semi-
conductors. For our investigation we select a new indolo[3,2-b]carbazole-
based polymer. The indolo[3,2-b]carbazole-based derivatives show good
hole-transport properties and are environmentally stable. We investigated
voltage induced fluorescence changes of the polymer material sandwiched
between I'TO and aluminium electrodes. Both fluorescence quenching and
enhancement has been observed depending on the voltage direction and
excitation intensity. Fluorescence decay kinetics showed that the fluores-
cence variation was caused by the changes of its life time.

Several mechanisms of the fluorescence quenching may take place in
polymeric materials. They may be separated into three main groups:
a) fluorescence quenching by the filed stimulated exciton splitting into
charge pairs and b) fluorescence quenching by injected or generated charge
carriers and ¢) the fluorescence intensity variation due to the Stokes shift of
the material absorption band causing variation of the sample absorbance
at the excitation wavelength.

Our experiment results show that the main effect causing the fluores-
cence variations is the fluorescence quenching by the mobile and trapped
charge carriers. Numerical modelling of the experimental results show
that the electric current caused by the carrier injection and photogenera-
tion cause occupation of carrier trap states, while electric field also causes
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release of carriers from traps. Common action of both effects causes com-
plex fluorescence dependence on applied voltage.
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UV and X-Ray irradiation influence on the fibrillar biopolymer (human
hair) was investigated by the means of the photo - and X-ray luminescence.
It was found that the long term exposure to the UV radiation effectively
affect on fibrillar biopolymers regardless of the melanin content. Pho-
toluminescence intensity monotonous decrease (of about 50 percent) for
the 5 Hours exposure to radiation with the further on restoration of the
intencity after the 16 hours period without the radiation was observed
for the fibrillar biopolymers with now melanin (grey hair). As for the
melanin saturated fibrillar biopolymers (dark blond hair) the stable glow
was observed for the 5 hours exposure to radiation with the further on
increase (for 25 per cent) after the 16 hours period without the radiation.
The long term UV-irradiation haven’t influenced the form of the photo
luminescence spectra that is represented by a number of glow lines. The
X-ray luminescence spectra were registered for the fibrillar biopolymers
under the X-ray irradiation but there were no change in the intensity and
form of the X-ray luminescence spectra of fibrillar biopolymers (regardless
of the melanin content) even for the doses highly exceeding the allowed
for the human body. The form and intensity of the photo luminescence
spectra registered before and after the X-ray irradiation haven’t changed
either. The melanin presence in the fibrillar biopolymers doesn’t’ influ-
ence the intensity either photo or X-ray luminescence. The luminiscence
intencity analysis has been made for the different samles.
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The nanosystems containing SiO9 nanoparticles with covalent bounded
fullerene molecules attached by gold nanoparticles have been designed and
synthesized.

The aim of such nanodevices is to penetrate to cancer cell (due to SiO,
nanoparticles) to generate excited states of the molecular oxygen that
have to destroy the cell (due to fullerene groups). The gold nanoparticles
attached to SiOs nanoparticle have to increase oscillated force of fullerene
species. The functionality of such systems and their characterization can
be realized by spectroscopic methods.

Another tree-particle nanosystem consists of SiO5 nanoparticle, fullerene
and fluorescein species. The role of fluorescein to mark with he help of
intensive green fluorescence the penetration of mentioned above system
into the cell.

The absorption, fluorescence and Raman scattering have been applied
to study the structure and functionality of these nanocomplexes.

The phototoxic effect of these nanosystems on oncotransform T-lymphocytes
(Jurkat cells, but not of normal thymocytes) have been demonstrated.
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Recently we disclosed excellent liquid crystal (L.C) photoaligning effi-
ciency of bis-methacrylic polymers [1]. They provide LC alignment char-
acterized by high thermal and photo-stability, strong anchoring and con-
trollable pretilt angle.

In the present study we are focused on photochemical transformations
of bis-methacrylic polymers, which determine orientational ordering and
LC alignment on the films of these compounds.

As representative of bis-methacrylic photoaligning polymers we choose
poly(p-methacryloylaminophenyl methacrylate). Theoretically, three pho-
tochemical transformations in this polymer are possible: two Fries rear-
rangements and photocrosslinking /photopolymerization of side methacrylic
groups. These reactions were studied by IR spectroscopy capable to moni-
tor separately reactions in NH-C=0 (amide group), O-C=0 (ester group)
and C(CH3)=CH; (methylene group) groups during irradiation. To find
positions of these groups, modeled compounds were synthesized in which
one or more reactions mentioned above were excluded. The changes in
FTIR spectra under ultraviolet illumination reveal an occurrence of both
Fries rearrangements and a conversion of C=CH, methacrylic bonds in
poly(p-methacryloylaminophenyl methacrylate).

The polarized absorption spectra measured in a UV /Vis range for all
polymers suggest photoselection mechanism of photoorientational ordering
[2]. Besides, all materials provide LC photoalignment. These facts allow
us to conclude that all three photochemical reactions discussed contribute
to LC photoalignment. However, as we checked, they differently influ-
ence photoalignment properties; while Fries rearrangement causes strong
azimuthal anchoring, crosslinking reactions provide high alignment stabil-

ity.



294

These studies were partially supported by 'Dnipro program’ of French-
Ukrainian scientific collaboration.

References
[1]. L. Vretik, O. Yaroshchuk, V. Syromyatnikov, V. Zagniy, L. Paskal, L.
Dolgov, V. Kyrychenko, C.-D. Lee, Mol. Cryst. Lig. Cryst., 479, 121 (2007).
[2]. M. Dumont, Z. Sekkat, Proc. SPIE, 1774, 188 (1992).



8 METHODS AND APPLICATIONS

295



296
0o-11]
Saturated Absorption Resonances in Heteroisotope Molecular
TIodine as References for Diode Laser Frequency Stabilization
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The iodine molecule is frequently used as a frequency reference for
laser spectroscopic applications and laser frequency stabilization in a wide
region of the optical spectrum from the green (500 nm) to the near infrared
(900 nm). High frequency stability of He-Ne laser at 543 nm, 612 nm, 633
nm, 640 nm, Nd:YAG laser at 532 nm ( second harmonic), Ar™ laser at
514,5 nm is achieved by use of sub-Doppler techniques such as saturation
spectroscopy for locking to an iodine molecular transitions.

The precise frequency locking onto the iodine hyperfine transitions
is used now for the determination of the nuclear electric quadrupole in-
teraction and the nuclear spin-rotation interaction parameters of iodine
molecules. The'?°I,and™7I'?°1 molecules are the attracting objects for
these investigations. The very promising set of iodine transitions for laser
frequency stabilization includes the wavelengths 502 nm (?"I,R(51) 68-
0), 633 nm (1271 R(33) 6-3), 793 nm (**"I, R(92) 0-15). The additional
references could be created with transitions of '27I'?°T molecules.

The diode lasers with external cavity are widely used now as sources of
standard wavelengths for metrology, spectroscopy and interferometry with
frequencies locked onto the iodine hyperfine transitions [1]. We present
here the construction of a modified external-cavity diode laser based on a
transmission diffraction grating in the Littman-Metcalf configuration [2]
and its application for laser frequency stabilization. The photopolymer
holography grating is used in laser design. The advantages of transmission
grating cavity is discussed.

The absorption lines of molecular iodine 1?71 and ?7I'%°I are used as
quantum references in red spectral region. The comparison of nonlinear
resonances of both of iodine molecules parameters is presented.

The femtosecond laser based heterodyne laser spectrometer for direct
measurement of optical frequencies is described. The first experimental re-
sults of optical frequencies comparison with MHz-precision are presented.
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Determination of Isothermal Compressibility of Solvent from

Changes in the Absorbance of a Dye Solution Under Pressure
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Compressibility of the liquid and isothermal coefficient 37 are fundamen-
tal characteristics reflecting the change in the energy balance of the in-
termolecular attraction and repulsion with the pressure increasell2. Ap
= —(0V /OP)p/V (1) Data on a change in the liquid volume determined
in temperature and pressure intervals make it possible to describe the ra-
tio of the main thermodynamic parameters (P —V —T'). In the present
work we propose two simple methods for indirect determination of the
dependence of AV /Von P by data on the absorption of a dye solution
under pressure. For this purpose it is necessary that the increase in the
absorbance with the pressure increase would be caused only by an increase
in the number of solvent molecules per volume unit. It was found® that
with the pressure increase to 100 mpa the absorption bands undergo a
small (2-3 nm), usually bathochromic shift. For purposes of the present
study we chose the dye rhodamine 6g with a smooth maximum of the ab-
sorption band in the visible spectral region. When the pressure increases,
the absorbance can change due to a change in the volume and, hence, in
the concentration, and due to a change in the molar absorption coefficient.
It can be checked that the molar absorption coefficient remains constant
with the pressure increase only by comparison of the plots of AV/V VS. P
obtained from the data on the absorption of the dye solution under pres-
sure and by direct precision measurements. For these measurements the
special variable volume quartz cell was designed which filled up with dye
solution and placed in a high pressure optical bomb disposed in the cell
compartment of the spectrophotometer. The experimental results are in a
good agreement with literature data of precision measurements (+1%) of
compressibility of toluene and carbon tetrachloride. This work was sup-
ported by the russian foundation for basic research (Project 08-03-00219).
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Optical Frequency Comb as Spectroscopic Tool
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Since 1999 one of the hot topics of physics research has been the study
of an optical frequency comb which is an optical spectrum comprising a
set of equidistant discrete frequency components. To generate a frequency
comb, a mode-locked laser can serve very well: the optical spectrum of a
periodic pulse train, as generated in a mode-locked laser, consists of dis-
crete spectral lines with an exactly constant spacing equal to the pulse
repetition frequency. Nowadays, frequency combs are widely used for
metrology purposes, mainly for the measurement of absolute optical fre-
quencies [2]. A frequency comb has potential use also as spectroscopic
tool, especially as a source of equidistant optical frequency components in
experiments dealing with the coherent interaction of light with matter.

The quantum interference between excitation pathways is one of fun-
damental effects appearing in such interaction. It can eliminate the ab-
sorption at the resonant frequency of an atomic or molecular transition in
gas medium, through the preparation of "dark states” that are immune
to excitation. Such phenomenon, the so-called coherent population trap-
ping (CPT) [1], can be observed in a system in which the two hyperfine
components of the S/, ground state of an alkali atom are coupled to a
common excited state by two laser fields. If the frequency difference of the
laser fields is close to the atomic hyperfine splitting wis the quantum co-
herence between the two hyperfine components is created, which leads to
enhanced transmission of the optical fields in a narrow resonance around
the difference frequency of the two optical fields. CPT resonances have re-
cently been used for the slowing of light, storage of quantum information,
magnetometry and in metrology.

To provide two optical fields with a frequency difference equal to wqs
one must use modulation techniques involving microwave radiation. An
effective modulation of laser radiation with a few GHz modulation fre-
quency is still a challenging problem. Let us consider the laser frequency
comb overlapping with the absorption line of a three-level system and the
frequency separation A of the comb components is chosen in such a way
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that NA ~ wq5 and N is a large integer. One can expect that there will be
CPT resonances if the frequency A is tuned to exact two-photon resonance
A= wlg/N [3]

We present a theoretical analysis of the CPT resonances excited by
frequency comb including modelling of the short laser pulses interaction
with 8Rb vapour. An experimental study of the magneto-optical CPT
resonances in 2"Rb and ®°Rb fluorescence, excited by the femtosecond
Ti:Sa-laser radiation resonant with D5 line has been performed too. In
the experiments, the CPT resonances were detected as narrow dispersion
shape features in the output of the lock-in amplifier which detects the
amplitude of the first harmonic in the fluorescence signal in the presence
of axial magnetic field, modulated with small amplitude at low frequency
as a function of this field dc component. The experimental results show
that these resonances can be detected with high signal to noise ratio, and
their characteristics are well described by the developed theoretical model.
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Physics of Light Forces and Laser Cooling for Beginners
L. Yatsenko

Institute of Physics of Ukrainian Academy of Sciences, prospect Nauki
46, Kiev-39, 03650, Ukraine

Goal of the talk: understand how to use light to manipulate material
objects at the microscopic level.
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Observation of Daytime Atmospheric Optical Emission at 1.27
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We designed the high-sensitive IR spectrometer by which register lumi-
nescence of singlet oxygen in solutions. Also we detected the band of
daytime atmospheric optical emission at 1270 nm. It is known that on
Earth, as well as on Mars and on Venus, on a daily side occur a photolysis
of ozone as a result of which oxygen appears in excited state (singlet oxy-
gen), which gives strong emission on a wave-length 1270 nm. We assume
that intensity of this emission maybe the measure of maintenance of ozone
in an overhead atmosphere.
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Kinematic Controllability of Dipole Photomotors
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Generala Naumova Str. 17, Kiev, 03164, Ukraine

To get an insight into the kinematics of Brownian motors [1], we have
considered a previously suggested dipole photomotor [2]. It operates due
to a change in the molecular dipole moment which occurs on resonant
laser-induced excitation of a molecule in a periodic asymmetric potential.
The expression for the average motor velocity v assumes the form [3]:

v=TD3V2V (1 - )’ [(1+a) @1 (€,6) + (1 —a) P2 (£,9)],

where D) is the diffusion coefficient, L is the spatial period of the po-
tential, 8 = (]fBT)71 is the inverse temperature (with kg denoting the
Boltzmann constant and T" the absolute temperature), V; and V; are the
first two coefficients in the Fourier transform of the z-coordinate depen-
dent potential energy V (x) = Visin(2rx/L) + Vaosin(dnz/L), o = p_ /1y
(the “+” and “-“ subscripts referring to the states with the laser switched
on and off), p_ = po, py = (po + p1) /2 (with po and gy denoting respec-
tive dipole moments in the ground and excited states), ¢ =~ (L/2m)* /D,
v =iy /(v+ +v-), § = v/v— (with v; and v_ denoting the inverse
lifetimes of the corresponding states), and the functions ®q 9 are defined
as follows:

@1 (6,0) = iy P2(60) = (1= 20) gy, 2 = awriy

It follows from relation (1) that the velocity direction at « > 0 is
governed solely by the spatial asymmetry of the potential energy (the sign
of the component V5 ). At a < 0, a novel effect arises: the motor has
stopping points at certain § where the velocity changes its sign. The case
of most interest is « = —1 (the dipole moment fluctuates by the sign
reversal); as a result, temporal asymmetry (the different state lifetimes,
4 #£ 0.5) is the only driving force for the directed motion.

For some selected organic compounds, with their molecular dipole mo-
ments drastically changing on excitation, kinematically interesting o val-
ues have been found by the AM1 method. Substituting them into Eq.
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(1) and using the biologically relevant values of substrate and environ-
mental parameters, we have obtained the values of the maximum average
velocity which appear to be comparable to or even far exceeding those for
typical protein motors (100-1000 nm/s [1]). One of the molecules under
study for which the dipole moment changes on excitation both in mag-
nitude and in sign is characterized by the negative parameter «.. Thus,
the corresponding photomotor, if placed under the same conditions as the
other molecules (with positive ) should move with a significant velocity
in the opposite direction. The examples presented show promise as dipole
photomotors and demonstrate the possibility of kinematic control through
varying molecular structure and instrumental parameters.

References
[1]. P. Reimann, Phys Rep, 361, 57 (2002).
[2]. M. L. Dekhtyar, A. A. Ishchenko, V. M. Rozenbaum, J. Phys. Chem.
B 110, 20111 (2006).
[3]. M. L. Dekhtyar, T. Ye. Korochkova, V. M. Rozenbaum, Int. J. Quant.
Chem. 109, 218 (2009).



306

pP-3
Research is Maintenance of Heavy Metals in Air by Method of
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Heavy metals are threatenings the health of man and that’s why main-
tenance them in the air basic attention is spared to that end maintenance
of heavy metals is probed in vegetable tests. In the countries of the Euro-
pean union the bryophytess of certain sort undertake as vegetable tests,
because they possess ability in a most degree to absorb in itself heavy
metals [1, 2]. But in sew on to the bar, especially in city boundaries,
bryophytess grow up very rarely, therefore we as vegetable tests took the
leaves of poplars which also are the good absorbents of city dust, in par-
ticular, heavy metals.

The purpose of this work is research maintenance of cadmium, lead,
zine, coppers along the basic roads of city on a different delete from a
route: 50, 100, 150. There was five directions that’s why there was five
series. Sampling was carried out along the street.

Research results show that from all of the considered metals mainte-
nance of zinc mostly in all of the examined standards. The most high
maintenance is fixed in the standards of series 3, because it is related to
the casting production. The nonhomogeneous distributing of this element
has such reason on different deletes from a route. The least maintenance
of zinc is fixed in the standards of series 4 and 5.

Predictably, maintenance of all of the examined elements is most in
the standards of series 1 and 3, that allows to draw a conclusion that air
along these routes is most muddy.

Enhanceable maintenance of copper and cadmium as compared to the
standards of other series is contained in the standards of series 6 and
insignificantly changes as far as a delete from roads. Appeared unexpected
circumstance that maintenance of heavy metals in all of standards of the
probed series (2, 3, 4, 5, 6) practically does not change as far as a delete
from a route. Yet more surprising is that in the standards of series 1,
maintenance all and singular, examined heavy elements increased with
the increase of distance from a route. More credible than all it is related
to the closeness of chemical production. Nevertheless, this fact requires
the detailed and careful consideration.
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The holographic gauge represents hydrogel matrix on the basis of
polymer in which layer are distributed nanocrystals the silver, forming
a monochrom- atic mirror. This mirror reflects only light of the same
wavelenght corresp- onding to distance between silver layers as the hy-
drogel matrix has proper - ties to bulk up and be compressed it conducts
behind itself and distance change between silver layers and consequently
also to change of wavelength of reflected light. Thus property of polymer
to swelling directly is connec- ted with the holographic response. By intro-
duction in structure of polymer of various sensitive groups, it is possible
to change properties of a sensor control.

The sensors were prepared mainly following the protocol described
early [1-4] , but the net construction and its fixing onto the plate were
different as well as the technique of obtaining silver halogen nanocrystals
[5-6].

The matrix represents a three-dimensional polymeric network on a
basis akrilamide - (AAm) and N, N methylene-bis-acrylamide (BIS) as
the sewing agent, with addition of sensitive copolymers such as acrylic acid
(AK), N- acryloyl-3aminophenylboronic acid (AMPh), N- e-methacryloyl-
lysyn (Lys), 1-Vinyl-imidazol (IMI) and others.

Various sensor controls on structure were tested at titration of solution
HCI{0.01N) by solution NaOH (0.1N), at change ionic strength solution
NaCl to 0.3M, at studying of the response to glucose. Studying of sensor
controls on influence ionic strength, has shown that introduction in what
structure of polymer or the charged groups essentially influences polymer
swelling and so character of this process is shown. In the course of titra-
tion of sensor con- trols, it has been revealed that the response of sensor
controls (Ayq. refle- xions) on various pH essentially changes according to
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pK groups entered into structure of a polymeric matrix. That is connected
about change of charging structure and according to property to swelling.
And increase in concentration of the added groups conducts to response
increase at character preservation. At research of sensor controls of glu-
cose, influence of concentration of the sewing agent on size of the response
of a sensor control is established, non- linear dependence on concentration
BIS is shown.

Studying of properties of holographic sensor controls allows to use the
taught data at creation of new sensor controls, for the task it of additional
pro- perties, for strengthening of the response to a target component, for
achiev- ement of selective sensitivity.

This research has been supporting by the Program of basic researches
of Presidium RAS ”Fundamental sciences for medicine”.

References

[1]. C.R Low et al., J.Phys.Condens.Matter. 2006, 18, 619-626

[2]. X. Yang, M.-C. Lee, F. Sartain, X. Pan, and C. R. Lowe, Chem. Eur.
J.,2006. 72, 8491-8497

[3]. A. Horgan,A. Marshall, S. Kew, K.E.S. Dean, C. Creasey and S.Kabilan,
Biosensors and Bioelectronics, 2006,21(9)1838-1845

[4]. S. Kabilan, A.J. Marshall, F. K. Sartain, M.-C. Lee, A Hussain,
X.Yang, J.Blyth, N. Karangu, K. James, J.Zeng, D.Smith, A. Domschke
and C. R. Lowe, Biosensors and Bioelectronics, 2005,20 (8), 1602-1610
[5]. V.A.Postnikov, A.V. Kraiskii, T.T. Sultanov, V.E. Thichonov, Ab-
stracts of XV International Schol-Seminar” Spectroscopy of Molecules and
Crystals”, Beregove, Crimea, Ukraine, 2007, 261

[6]. V.A. Postnikov, A.V. Kraiskii, V.E. Tikhonov, V.V. Deniskin, T.T
Sultanov A.V. Khamidulin, ”Proc. III International conference on colloid
chemistry and physicochemical mechanics”, 2008, Moscow, 53



310

P-5 |

Pyroelectric Detector of Laser Radiation on The Base of
Polimeric Film PVDF
Sklyarenko S.K., Strokach O.O.
Ukraine, MSP, Kyiv-28, prospect Nauky, 46, Institute of Physics of
National Academy of Sciences; e-mail: strokach@iop.kiev.ua

The pyroelectric crystals and pyroelectric ceramic materials are well-
known objects for operation as the sensitive elements of the detectors both
coherent, and incoherent radiation. The polymer PVDF is the most known
material among other pyroelectric polymers as the detector of incoherent
radiation. The elementary cell of this polymer contains two monomer
units Fo CHs and belongs to the space group Cm2m. This material is
cheap and its area of ferroelectric phase extends up to the temperature
80 °C (for example, well-known ferroelectric crystal TGS has narrower
similar temperature area, as its the Curie temperature TC = 49°C). All
it allows to estimate this polymer as possible perspective use as sensitive
element of the detector of laser radiation.

The polymeric films PVDF of company Precision Acoustics LTD (PAL)
(Great Britain) have been selected as experimental research objects. These
films have been preliminary stretched along one of the axes allocated in a
plane of a film. It has allowed to reach higher maintenance of the ferro-
electric S-phase. The films, which were used in experiments, had following
sizes: a thickness 58 microns, diameter 35 mm. The aluminium electrodes
have been put on films by a method of vacuum evaporation. Then films
have been poled by the applied electric field with the strength = 10°V/sm
at temperature =85°C and the subsequent cooling to room temperatures
at this field.

Experimental researches were spent as follows: the detector of radiation on
the basis of film PVDF took places in the temperature sample cell and was
irradiated with the Ge-Ne laser of the -113-type (the radiation wavelength
A=1,15 microns; the power P=5 mW). The continuous laser radiation was
modulated by the mechanical modulator on the frequency f = 20Hz. The
orientation of a laser beam which was defined by the angle ¢ in relation
to a normal of a plane of a film, varied from 0° to 60°. The temperature
T of a surface of a film from outside irradiations was controlled by the
radiometer Fluke 576 (the accuracy of temperature measurements for the
range 20 100 © was the value AT = 0,1 K).
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Measurements of the pyroelectric response of the detector of radiation have
been fulfilled in a mode of dynamic pyroelectric effect, when the value of
pyro-EMF U was defined by dependence

U ~ ’y/Cvz%

where v is the pyroelectric coefficient, £ is the component of dielectric
permittivity of a film along polar axis, Cy is the specific heat for constant
volume.

The temperature dependences of the value of pyroelectric response U (T)
and angular dependences of temperature T(¢) of a film on orientation of
a laser beam have been obtained in the experimental results.

On the basis of the analysis of experimental results it has been shown that
the detector of radiation on the basis of the PVDF-film can be used as
the detector of laser radiation.
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Holographic sensors based on the hydrogels containing affinity groups
sensitive to certain components of gaseous and liquid mixtures are per-
spective class of sensors. These sensors have the following advantages:
the simple qualitative visual way of the information readout, the use sim-
plicity, the reversibility, the wide spectrum of application, and the low
coast at manufacturing. In same cases, for the semi quantitative or quan-
titative readout a corresponding design and reading equipment are needed.
Sensor represents a thick hologram prepared in hydrogel films containing
silver halogen nanocrocrystals. The sensor reflects a light of the same
wavelength which was used for a hologram preparation. After the contact
with an analyte, the analyte sensitive matrix changes its configuration,
and the distances between layers of silver in the hologram are changed.
As a result, the wavelength of a reflected light also changes.

The photosensitized silver halogen nanocrystals were synthesized in
the hydrogel matrix, the matrix was immersed in water or the acetic acid
(1%) solution and irradiated by the red He-Ne laser (power - 15 mW). The
sensors were prepared mainly following the protocol described early [1-4] ,
but the net construction and its fixing onto the plate were different as well
as the technique of obtaining silver halogen nanocrocrystals [5-6]. The
matrix consisted of three-dimensional polymer net (N,N’-methylene-bis-
acrylamide as crosslinking agent) based on the copolymers of acrylamide
(AAm), N-acryloyl-3-aminophenylboronic acid (AMPh) and acrylic acid,
N-e-methacryloyl-lysin, 2-(dimethylamino)ethyl-methacrylate, N-acryloyl-
D -2-glucosamine (NAG) as additive.

Differences in the replay of these sensors have been tested in the titra-
tion of the solution HCI (0,01 N) by NaOH (0,1 N). The wavelength reflec-
tion (Amaq) of these sensors agree whith pK of components in polymeric
matrices, when the charge appears (or disappers) and matrices swelling
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(deswelling) takes place. The replay of the sensor (AAm-AMPh-NAG)
pointed to the fast expansion when the pH solution approaching to pK
AMPh (8,8) and slowly contraction of the polymeric matrix and at pH
more 9,2 - only the expansion. These proceses agree with bindig NAG with
tetrahedrical B of AMPh that to carry into effect of additional crosslink-
ing.

The ability of boronic acids to bind glucose has long been known and
sensors with the AMPh were sensitive to glucose concentrations in the
solution. The wavelength reflection (A,.,.) and the shift was influenced
on the additive to polymer net and the buffer solution. The shift of \,,.x
was changed from -40 to 200 nm when glucose concentration was increased
(1-16 mM).

The importance of glycemic control for the prevention of diabetes com-
plications is well established. Future work will involve monitoring glucose
in physiological fluids to access the performance of ligands in complex bio-
logical media and their suitability for incorporation into a suitable sensor
format for continuous glucose monitoring in humans.

This research has been supporting by the Program of basic researches
of Presidium RAS ”Fundamental sciences for medicine”.
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When working with holographic sensors [1-3], there is a problem of
measuring the homogeneity of response of sensor properties over its sur-
face. For these measurements, at the present paper we developed and
applied the colorimetric method with the help of common camera. [4].
Inhomogeneity can emerge due either to inhomogeneities of the object un-
der consideration, or to those of the sensor properties. The sensor is a
thick layer hologram with width of few tens of micrometers. Its reflection
spectrum has the spectral width 5-20 nm. Because of it, one suffices to use
response from two color channels. As the main working camera we used
5-megapixel camera Sony F717. We have not managed to find its spectral
characteristics (as well as those of many other cameras), hence, we made
our own studies. Because of the constructive defect of the camera (simi-
larly to many others), the working range turns out to be restricted by the
two regions: 570-605 nm and 450-535 nm. The spectral response of camera
was studied and gauged with the incandescent lamp. We constructed the
characteristic function that allows one via color value of the pixel to de-
termine wavelength of the radiation acting at this pixel. The approach is
tested for image of the incandescent lamp spectrum obtained in the spec-
trograph with diffraction grating, and for image of the holographic sensor
at the stationary state and at the transition process of dehydration of the
sensitive layer in the alcohol solution. For the part of the lamp spectrum
in the yellow working range of the camera the approach gives practically
linear dependence of the wavelength on the coordinate and correct restor-
ing the wavelengths of the yellow mercury spectrum doublet presented
at the image. The wavelength is stable in the perpendicular direction.
The standard deviation (SD) from the average over the window within
the narrow slit window with width of 2 pixels and height of 50 pixels is
from 0.27 till 1.35 nm depending on the wavelength. Being averaged over
the whole spectral region it gives around 0.5 nm. When averaging over
the whole image of the spectrum SD for this window is 0.75 nm. Within
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image of the hologram surface with size 3 cm at the stationary state there
are around 500000 image points. A considerable part of them lies within
the interval of 2 nm. Their SD from the average over the scanning win-
dow averaged over a considerable part of image is up to 0.33 nm for the
scanning window containing 400 pixels. For a smaller window the value
decreases to 0.16 nm for 4 pixels. The dependence on the window area is
basically logarithmic. In the transition process one can observe a struc-
ture with different scales, in particular, a large scale inhomogeneity with
the wavelength dispersion of 18 nm. The dependence of SD is similar to
that in the stationary case, but with larger values. The SD for the 400
pixel scanning window is 14.8 nm and decreases to 0.52 for the 4 pixel
window. The ratio of SD for the transition process to SD for the station-
ary process varies from 3.1 (4 pixels) to 4.5 (100-120 pixels). This is due
to the hologram structure in the non-stationary regime. Thus, the col-
orimetric method is suitable for controlling inhomogeneous processes and
hologram quality. The work is partly supported by the grant within the
RAS Presidium program of fundamental research "Fundamental Science
for Medicine"in 2007-2009.
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Adaptive Q-switching Using Absorbing Media
V. Kislenko, O. Lomakin

Taras Shevchenko Kyiv National University, Radiophysical Department,
2 Acad. Glushkov Ave., 03022, Kyiv, Ukraine

The adaptive Q-switching [1] is the stepwise change from Q-factor Q.,,
of the usual resonator (UR) to Q-factor Q,,, of the adaptive resonator (AR)
with an intraresonator phase conjugation (PC) [2]. It is extensively used
for laser resonator phase distortions compensation and energy character-
istics enhancement. PC mirrors based on various types of stimulated light
scattering (SLS) usually used for making such modulators in an optical
range [3]. Usually, for their implementation, an nonabsorbing, medium is
chosen, because an absorption worsens energy and time generation char-
acteristics. It is valid without that fact [4], that in the SLS-modulator
the reflectance region moves to a cell face. But for transparent mediums
it does not influence on a Q-switching depth, is not considered, and ear-
lier was not researched. However, generation characteristics of absorbing
mediums vary considerably.

Features of the adaptive Q-switching at intraresonator SLS in absorbing
mediums are considered. For the first time it is shown, that such adaptive
Q-switching results not only in compensation of phase distortions, but also
in compensation of absorption due to the displacement of the reflectance
region. As the initial Q-factor of the laser resonator with absorption is
lower, and while generating is commensurable in comparison with a case of
nonabsorbing medium, such displacement allows increasing a Q-switching
depth, to refine laser generation parameters.

Studies which have confirmed increase of Q-switching depth due to ab-
sorption compensation in the SLS-modulator are carried out. Time de-
pendence changes of generated pulses, in particular their duration, in com-
parison with a case of nonabsorbing medium are registered.
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Halogenated pesticides are widely used class of chemicals. These tox-
icants are find out in soil and natural water. Chloroaromatic compounds
are stable for microbiological degradation, that is why searching of new
possibility of these compoundss degradation is still important task. Humic
acids (HAs) is major component of bulk of organic matter in environmen-
tal. This compound effective absorbs the UV-radiation and can play a
significant role in processes of photochemical transformation of organic
compounds. Also HAs can change the rate of microbiological degradation
of toxicants.

In the present work the data about phototransformation and sequen-
tial photo-biotransformation of MCPA in presence of HAs were discussed.
Two sources of UV-radiation were used.

Photolysis and microbiological degradation of MCPA leads to forma-
tion of 2-methyl-4-chlorophenol (MCP) as a main product and further
transformation of MCP. Phototransformation of MCP was accompanied
by formation of non-chlorinated compounds including quinones. Microbi-
ological degradation of MCP in a difference of photolysis is accompanied
the cleavage of aromatic ring. Phototransformation of MCPA in presence
of HA did not lead to the increasing of quantity of quinones in comparison
of photolysis of pure herbicide. Microbiological degradation of MCPA was
slowly in a presence of HAs.

It was shown that respiration activity of microbocenosis of active sludge
(AS) in 3-7 days of cultivation was higher in the case with pre-irradiated
solution of MCPA. Studying of influence of HAs shown that in presence
of this compound and non-irradiated MCPA respiration of AS was more
weakly than in presence only MCPA. Influence of simultaneous HAs and
pre-irradiation on respiration of AS depends on used spectrum of UV-light.
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Ice and Water Luminscence
N. Kurmei, V. Melnik, V.Nesprava, G.Klishevich
Institute of Physics NAS Ukraine, 46 Nauki prosp., Kyiv, Ukraine 03680

Having used the method of luminescent analysis spectra of emission of ice
and water tests in various sources were studied: in the Black Sea (Odessa
coast) I, the Danube River (the district of Izmail) 11, the Dnieper River
(the district of Kiev) 111, and also aqueduct water in Kiev IV and Odessa
V, and also thawed Antarctic ice and distilled water. The measurements
have been carried out on a spectrofluorimeter MPF-4 (Hitachi). Also, we
had been selected for research samples of the Antarctic ice on the western
slope of the glacier occupying the basic part of island Galindez in area of
Ukrainian Antarctic station Academic Vernadsky.

The observed fluorescence is due to the dissolved impurities in the
water. Their nature and concentration have an influence on the positions
and intensities of the corresponding emission bands.

It has been shown that the shapes and frequencies of the bands in
the fluorescence spectra of the distilled water and water obtained from
Antarctic ice are similar, while they substantially differ from that for the
spectra of the samples 1-V.

For the first time the luminescence of Antarctic ice (A) and ice pre-
pared from distilled water (D) has been measured at T=4,2 K. The spectra
consist of two bands: fluorescence (with a short lifetime) and phosphores-
cence (with a long lifetime). The emission spectrum (A) is shifted to the
long-wave side on 35 nm in comparison to the spectrum (D). The mecha-
nisms which are responsible for this emission are discussed.

The influence of the rapid cooling (strengthening) after preheating of
the ice on the fluorescence spectra of the natural and distilled water, as
well as melted Antarctic ice has been detected. It has been found that
only in the case of Antarctic water the new emission band appears in the
fluorescence spectra, while in the spectra of the other samples this band
is absent. The obtained results are discussed in the framework of the
model of water polymorphism and water structuring. The Antarctic ice
was investigated with the aim to determine the presence of man-caused
organic compounds dissolved in water.
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Nanomembraine Microcantilever as a Spectroscopic
Instrument
V. A. Fedirko

Moscow State University of Technology Stankin, Vadkovskiy alley, 3a,
Moscow, 127994, Russia, e-mail: vfed@mail.ru

The paper reports on a novel micro-calorimetric spectroscopy tech-
nique based on a micro(nano)-electro-mechanical-systems (MEMS/NEMS).
It can be used for chemical and biological detection applications. A bi-
morphal nanomembraine micro-cantilever is used as an extremely sensitive
thermal detector. The sensitivity of such a sensitive element is estimated
and its optimization is discussed.

The work is partially supported by the Russian Foundation for Basic
Research, project # 07-01-12079-ofr and project # 09-01-00448-a
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Raman and Polarimetry Study of Monosaccharides
Mutarotation
N.Kravets' Y.Myagchenko® O.Slobodyanyuk® S.Garasevich® V.Biloysov®

Taras Shevchenko Kiev University, Kyiv, Ukraine

Nowadays, optikal active materials widely use in allfields of our life.
Optical activity of materials is given by the asymmetry of their chemi-
cal structures and strongly dependent on the conformation equilibrium,
therefore, polarymetry cangiven valuable information about the spatial
arrangemet of moleules in solution. We investigated monosaccharides as
model objects using polarimetry and raman spectroscopy. In raman spec-
trum we see redistribution of intensity with time establishment of ther-
modinamic balance. Polarimetry displaied dependence optical activity in
time, (mutarotation).namely we investigated glucose and fructose in solu-
tion with H,0, physiological and D,O. Time constant of mutarotation in

physiological in three times less then in H»2O and in 6 time less then in
D->0.
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Some Problems of the Refractive Index Measurements of Thin
Films Using Interference Methods
V.N. Volovik, V.Ya. Reznichenko, M.I. Strashnikova
Institute of Physics, NANU, pr. Nauki 46, 03028, Kiev, Ukraine

In some papers [1, 2] the values of the refractive index (n) have been
obtained using the Fabry-Perot interference method in thin crystal plates
by simplified expression without a proper check of their applicability. As
a result, the conditions of validity of this expression could be violated, and
the dispersion curves n() would thus be uncorrected. Instead of the true
curve n(), which characterizes the change in the phase velocity of light,
one may obtain the dependence of the group velocity of a wave packet.
The answer on the question, how to obtain the correct dispersion curves
n(), stimulated the present study.

1. We have shown that the major requirement is that the existence of
the wavelength range where variation 7n should not enlarge the interfer-
ence order by more than unity; i.e., the assumption n = const should be
valid.

2. We have proposed the method to extend the technique for measur-
ing n( ) with the application of a Jamin interferometer combined with a
spectrograph in the case when the zero-order fringe falls outside the field
of the spectrograph.
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The Preparation Method of Detection Hexavalent Chromium
at Gold Microensembling Electrodes in the Drinkable, Natural
and Manufacturing Waters.

A. A. Skorochodova, E. A. Zaharova, U. G. Kopilova
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The detection of hexavalent chromium is a challenging task because
of the different possible oxidation states in which the element can occur.
The two environmentally relevant valence states of chromium Cr(II1) and
Cr(VI) have a contrasting impact on environment and health. Trivalent
chromium is relatively harmless plays an essential role in biological pro-
cesses, whereas hexavalent chromium is about 100 1000 times more toxic.
The maximum concentration limit of Cr (VI) is 0.05 mg L-1 (50 ppb).

Up to date methods for speciation and detection of chromium (VI)
can be divided into indirect and direct approaches. Direct detection of
chromium is spectrophotometric techniques and electrochemical methods.

The electrochemical detection of Cr (VI) has been reported at mercury
electrodes, where it is claimed that hexavalent chromium is active over the
entire pH range.

The purpose of our work is rejection of toxic mercure electrodes and
a method preparation of detection Cr (VI) at the gold microensembling
electrodes in the water.

The Cr (VI) detection was studied on analyzer TA - 4 { Tomanalit ).
Gold electrodserved as a working electrod and hloride silver elecyrodes are
subsidiary electrodes. The gold drifted few time after electrod electrolisys
(50, 100, 200 seconds).

The optimal conditions of voltammetric response of hexavalent chromium
were found. Significant voltammetric responses towards the reduction of
Cr (VI) were obtained only 0,03 M HNO3 by scaning rate 20 mV /s. Some
artifact substances wereFe(Ill), Fe(Il), HCI, NaCl, KCI, Cu(ll), NO2-,
Cr(I1I).

The method of detection Cr(VI) in water was suggested. We analysed
some water samples ( drinkable, natural and manufacturing). Method
used was colorimetry with diphenylrdcarbazide to compare the results.

Advantages of the voltammetric method are high repeatability, appre-
hensibility, application minimal quantity of reagents and equipment.
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Optical Tweezer with Tunable Spatial Profile of the Optical
Trap
Zhanna V. Potemkina, Artem Svyatenko, Sergiy Bashchenko, Olexandr
Gnatovskiy, Pavlo Ezhov, Anatoliy Negrivko, Olena G. Udovitska,
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Institute of Physics NAS Ukraine, prospect Nauki, 46, Kyiv

The laser tweezers are the effective instruments in investigation of
micron- and sub micron sized particles in physics, biology, materials sci-
ence. The formation of three-dimensional structures in laser optical traps
can be used in assembling of meta materials,self organization of nanopar-
ticles etc. The basic principles of three-dimensional optical traps are pre-
sented , as well as the scheme of their implementation. The means of digi-
tal holography together with liquid-crystalline phase modulator of light are
used for manipulation of spatial distribution of a light field in cross-section
of a laser beam. This approach allows the flexibly transformation of the
beam structure according to the solving tasks and gives the possibility of
effectively using of the laser manipulator for capture, confinement, moving
of small particles of the various natures, forming the three-dimensional
structures of such particles in the created traps. Results of the device
operation study are presented, the examples of particles capturing and
three-dimensional structures formation are shown. The capability of the
light field three-dimensional structure to keep up to 6 spherical glass par-
ticles 5 micrometer in diameter in water by He-Ne laser with moderate
output power is experimentally shown.

The applications of laser tweezers with controllable trap configuration
in laser spectroscopy of micro-and nano sized particles, atomic and molec-
ular clusters and biological objects is discussed.
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Magnetic Field Influence on the Polarization of The Radiation
of the Quasi-Isotropic Gas Laser
Kononchook G.L., Stukalenko V.V., Terentyeva Yu.G.
Physical Faculty, Taras Shevchenko Kyiv National University, prosp.
Glushkova, 2, Kyiv, Ukraine

It is found by experiment that the quasi-isotropic resonator has a slight
polarization anisotropy even the polarization elements arent brought in on
purpose. In case of the helium-neon laser with the short resonator (0.2
0.3 m) it is shown by the generation of a red line 0,63 mkm: the laser
generates two modes with the mutual orthogonal polarizations, and the
position of the polarization squares about the resonator geometry is quite
stable. This slight polarization can be connected with the multilayer cover
of the mirrors or geometry of the activation of the active centers in the
electric discharge.

It is found by experiment that the polarization of the emanation of
such laser reacts on a slight longitudinal field in the area of the discharge.

To explain theoretically the influence of the magnetic field the classical
dispersion theory and Lamb theory was used taking into account the Zee-
man splitting of neon working layers. Also, the specific dispersion course
for circular polarized waves in the bounds of Benet depressions and their
shift due to the internal magnetic field are taken into consideration. The
degree of activation of the active environment and the coefficients of the
resonator losses are used as parameters. The theoretical dependence of the
rotation of the polarization square of the laser emanation in the magnetic
field for different frequencies in the bounds of the contour of the working
transition is obtained. The calculations satisfactory correlate with the
known experimental dependences.
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One of the directions in the search of new materials for photonics and
optoelectronics is incorporation of unusual atoms in organic molecules.
Among many possibilities silicon and germanium are very promising since
they are chemically similar to carbon and can readily substitute it but
provide different energy levels for electrons and different physical prop-
erties of compounds. Important merit of silicon and germanium is that
unlike many metals and halogens they pose no hazard to environment.

The Raman spectra of a series of phenyl-based organic compounds with
silicon and germanium substituents have been studied in polycrystalline
and powder samples. Comparison of Raman spectra of similar compounds
with different substituents and side groups helps in assignment of vibra-
tional modes. The experimental Raman spectra have been compared with
the results of the first principles numerical calculations, performed with
the 6-31G basis set of Gaussian 03 package. The geometry optimization
was performed using the redundant internal coordinate procedure and the
vibrational frequencies were calculated from the second derivative of the
total energy with respect to atomic displacements about the equilibrium
geometry.

Calculated frequencies are in good agreement with experimental ones
while in intensities we found considerable discrepancies. The problem is
already known but attracted much less attention than correction of fre-
quencies. For vibrations of heavy elements (corresponding to low frequen-
cies) calculated intensities are underestimated.

A simple empirical method is suggested for correction of calculated
spectrum by increasing the intensities of the modes with vibration of C,
Si, and Ge atoms with appropriate empirically found coefficients.

With suggested corrections calculated spectra are much closer to ex-
perimental ones. The only noticeable difference is strong low-frequency
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lines in the range 50 — 100 cm ™! observed in all experimental spectra but
absent in the results of calculations. Probably these lines belong to crys-
talline vibrations not considered in our calculations for isolated molecules.

Of course, suggested methods of correction are very crude since they
are based on the displacement of atoms. Probably it would be better
and more meaningful from the physical point of view to take into account
deformation of different bonds C-H, C-C, C-Si, Ge-C and find the correc-
tion coefficient for each bond. Probably, it is possible but requires more
complicated calculations.
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Molecular Modelling as an Essential Tool of an
Experimentalist
Oleg Zhikol
STC ”Institute for Single Crystals” National Academy of Sciences of
Ukraine

When composing simple models of observed phenomenons, there is
often need of an information not accessible from an experiment (or else
hard-to-reach one). In such cases the molecular modelling might help. In
the report, the author proposes his answers to the following questions:

- in which cases the use of quantum chemistry or molecular mechanics
methods seems to be reasonable;

- what questions can be answered using molecular modelling;

- how to set the problem for molecular modelling;

- what are the computer programs accessible for molecular modelling;

- how to extract physically (chemically) significant information from the
results of calculation.

Capabilities and defects of the most popular quantum chemistry methods
are discussed very briefly.

Realization of the presented strategy is shown on the example of small
molecules (Oy, CO, metal atoms) interaction with Pd nanoclusters, which
have arisen when studying the mechanism of chemical modifier influence
on the sensibility of atomic absorption analysis.
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Quantum Chemical Calculations of Conformations and
Absorption Spectra of Alkylsubstituted Polysilanes in
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Condensed compounds in porous matrixes display a number of prop-
erties which are not observed at them in isolated state. Many works
are devoted to studying of behavior of the polysilanes which form com-
positions of porous glasses and inorganic molecular sieves. Polysilanes
are conjugated high polymers with a Si backbone and carbon-based side
groups. Because of their remarkable optical properties having potential
applications, a research of polysilanes and their derivatives has been the
top agenda of many polymer chemists and physicists. Meanwhile, the
poly(di-n-hexylsilane) which has two side chains of six methylene units
each is probably the most well studied. It was shown that spectral prop-
erties of PDHS incorporated in nanoporous silica with different diameters
of pores significantly differ from the spectra of the film and also depend
from diameters of pores [1].

The photoluminescence spectra of PDHS incorporated in pores of 2.8
nm consist narrow band with a maximum at 350 nm and broad band in
visible region at 450 nm. In the spectra of PDHS incorporated in matrix
with pore of 6-10 nm the broad band in visible region is not observed [2].
In order to elucidate the nature of the observed spectral behaviors in so-
lution and thereby to provide information about conformation of polymer
incorporated into nanoporous silica, the quantum-chemical calculations
were undertaken for PDHS. For calculations of the electronic spectra of
the polymer compounds in the ground and excited state the PM3 methods
were used (HyperChem).

Our calculations results shown that the appearance of the band at 420
nm in PDHS photoluminescence spectra can be explained by formation of
complex between trailer atom Si of polymer and an oxygen ion of walls
pores: -Si.-O-Al(Si). As follows from calculation results, the formation
of such complex strongly decrease the energy of the lowest singlet level,
?7=3957 cm~'. The study involves the dependence of absolute energy of
complex by changing the distances between trailer Si atom of polymer
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and an oxygen atom of nanoporous structure. The result of investigation
shown that the minimum of absolute energy is obtained for point of 2.5
nm. It is well-known that formation of complex is resulted in appearance
of long-wave band in fluorescence spectra that is observed experimentally
in the work [2]. We are inclined to believe that formation of a broad band
at 420 nm in spectrum of PDHS contained in the pores of 2,8 nm is due
to formation of such complex.
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Analysis of Wave Function: to Translate the Information in
Chemically Intelligible Language
Oleg Zhikol, Anatoliy Luzanov
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Many-electron wavefunction is defined in a many-dimensional phase
space and is neither understandable directly nor easy to visualize. In or-
der to extract chemically sensible information (such as atomic charges,
bond orders and so on) from the wave function, many methods exist and
are still under development.

In this survey report the most popular methods of ab initio wavefucntion
analysis are discussed. In particular, Natural Bonding Orbitals method
(NBO/NRT, [1]) and Atoms in Molecule method (AIM, [2]) are under-
lined. Also electron localization functions (ELF, [3]) and the excited state
structural analysis [4] are briefly discussed.

The subject of the consideration includes the content of the methods of
analysis, the resulting quantities, and their relation to the observed molec-
ular properties. A frame of the questions, which can be reasonably an-
swered using mentioned methods of wavefucntion analysis, is outlined.
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In the coupled cluster (CC) approach the wave function is represented
by an exponentiated excitation operator acting on the Hartree-Fock wave
function |0): K

[V oo) = exp(T)]0). (10)

The excitation operator T in (10) includes operators representing different
electron excitation levels:

In the standard CC approach termed CCSD the operator T includes all
single (S) and double (D) electron excitations from |0):

N N N N A 1.
|\IICCSD> = exp(T1 +T2)|O> = (1 + T+ Ty +T11% + §T22 —+ ... )|O> (12)

The most important excitations when quasidegenerate situation dis-
cussed are triple and quadruple ones. The CC methods that include these
excitations are termed CCSDT (M=3) and CCSDTQ (M=4), respectively.
When M is equal to the total number of electrons in the system the CC
results are equivalent to the full configuration interaction (FCI) method.
The exponential form of the CC wave function makes the CC approach
size-extensive in describing the electron correlation effects. This is key
feature contributing to the high effectiveness of the method in the calcu-
lations of atomic and molecular systems [1].

Standard expansion of the exponent in (12) produces superpositions
of excitations of different orders from the reference [0). When more than
one determinant provides a significant contribution to the wave function
(as it happens in case of excited states calculations), the structure of the
CC wave function ansatz has to be modified. To correctly describe the
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problem the CC T excitation operator has to generate excitations from all
those important configurations. We propose the new state-specific multi-
reference coupled cluster method for electronic excited states calculations
(SSMRCC) [2]. Here, the configuration expansion of the CC wave function
is generated from a single determinant |0) (called “formal reference”) from
the multiconfiguration reference space. All other reference determinants
are generated as excitations from that formal reference. The reference
space is defined by partitioning the all spin-orbitals into the inactive (core
and virtual) and active (valence). And by including in the reference space
only the determinants in which all core orbitals are doubly occupied by the
core electrons and the active orbitals are occupied by the valence electrons.
All possible distributions of the valence electron among the active orbitals
are included into the reference space; this generates the complete active
space of configurations. In our approach the reference function, which is
the linear combination of the reference determinants, is generated from
|0} by the Cl-like operators C1, Co, ete.:

|CAS) = (1 + Cy + Co +..)|0). (13)

The “formal reference” can be selected as one of the determinants from the
active space. In most cases it is chosen to be the determinant that provides
the largest contribution to the wave function. We use the CASSCF method
to obtaine orbitals and the reference function (13). From the CASSCF
determinants the ”formal reference” determinant is selected. We use the
following form of the CASCC wave function in our approach:

|Weasoe) = exp(TEN 1+ Cy + Cy +...)[0), (14)

where the operator (et generates excitations outside the CAS space.
The CASCC wave function provides correct descriptions of any state of
the system. Our calculations have demonstrated a very good ability of the
CASCC method to describe potential energy surfaces (PES) of ground and
excited states of molecular systems as compared with the FCI calculations
and other ab initio approaches [2]. In this work we use (14) wave functions
to calculate PES’es of BH and FH molecules in states with different spatial
and spin symmetries (13%F, L3I, 13 A ). The calculated potential curves
are fitted with generalized Morse (15) functions and used to solve the
radial Schrodinger equation for the nuclear motion using a new variant of
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the Noumerov method [3].
Uan(r) =) am(l = cap(=Fulr — R))™, (15)

where o, and 3, are fitting parameters, R. - the equilibrium internuclear
distance. The calculated energies of the vibration states are compared
with the (RKR) experimental data. The efficiency of different numerical
methods for solving the nuclear-motion equation is investigated by calcu-
lating molecular constants (we, Wee, Wele, Qe, f)e)
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Cluster Structure of Monohydric Alcohols: Matrix Isolation
and Quantum-Chemical Calculations
Valeriy Pogorelov, Iryna Doroshenko, Olexandr Karpenko, Olexandr
levglevskyi
Faculty of Physics, Kyiv National Taras Shevchenko University, prosp.
Glushkova, 2, build.1 , Kiyv, Ukraine

The processes of the molecular cluster formation of monohydric alco-
hols were investigated by FTIR using the matrix isolation technique in
Ar matrices. The transformation of FTIR bands of free hydroxyl groups
(3600-3800 cm ') into diffuse bands (3000-3600 cm~!), which were as-
signed to the stretching vibrations of the H-bonded O—-H groups in various
clusters, was monitored in its initial stage softening the matrices by heat-
ing from 20 K to 50 K.

The quantum-chemical calculations of different alcohol clusters were
carried out with the program set Gaussian 03 (B3LY, 6-31G(d,p)). The
comparison of the calculated vibrational spectra of the studied alcohols
with the experimental IR spectra of alcohol clusters trapped in Ar matri-
ces gives the possibility to determine the cluster structure of investigated
alcohols.
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Study of Luminescent Properties of
2-(2’-hydroxyphenyl)benzoxazole by DFT Calculations
Yevgen Syetovl, Alexander Vdovin?

I Dniepropetrovsk National University, Naukova 13, 49050
Dniepropetrovsk, Ukraine
2Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka
44/52 01-224 Warsaw, Poland

A molecule of 2-(2/-hydroxyphenyl)benzoxazole (HBO) possesses an
intramolecular hydrogen bond and undergoes excited state proton trans-
fer (ESIPT). Compounds that show ESIPT are considered to be useful for
a variety of applications such as laser dyes, UV stabilizers, plastic scintil-
lators, emitting layers for OLED and materials for non-linear optics.

Density functional theory (DFT) and time-dependent DFT calcula-
tions of geometry parameters and energies were performed for the ground
and excited states of different tautomeric structures of HBO. The calcu-
lated values of energies of vertical transitions for the syn-enol (OH...N hy-
drogen bond), anti-enol (OH...O hydrogen bond) and planar keto (O...HN
hydrogen bond) tautomers exceed the energies that corresponds to the
bands in the absorption and fluorescence spectra measured in C'Cly solu-
tion by about 0.16 ¢V . The most stable ground state structure of HBO
is the syn-enol, whereas the anti-enol conformation is calculated to have
the energy 6.5 kcal/mole above the syn-enol. This relation implies low
concentration of the anti-enol rotamer and low intensity of the fluores-
cence band with normal Stokes shift. We did not locate any minimum
that corresponds to the H-bonded keto species in the ground state. In the
excited state rotation around the inter-ring bond between the benzoxa-
zole and hydroxyphenyl moieties of the keto tautomer leads to significant
decrease of the gap between the ground S5 and excited Sy states up to
0.25 eV that suggests existence of conical intersection of the Sy and S
potential energy surfaces which causes non-radiative decay of the S state
decreasing quantum yield of the keto fluorescence of HBO.
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Modeling of Interactions of Methylene Blue Dye With
Nanotubes and Graphene
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the National Academy of Sciences of Ukraine, 47, Lenin Avenue,
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Modeling of interactions of redox-active dyes with nano-forms of car-
bon is necessary in connection with design of nano-devices containing such
constituents. In the present communication results of simulation of inter-
actions of cation of methylene blue (MB) dye with fragments of carbon
nanotube (CNT) and graphene sheet by means of ab initio DFT M05-2X
method with 6-31-++G(d, p) basis set and molecular dynamic simula-
tion are presented. Preliminary calculations have shown that a fragment
containing 56 carbon atoms is sufficient for adequate modeling of CNT
interactions with relatively small ligands and optimization of geometry of
the complex. For carbon bonds saturation hydrogen atoms were placed at
the terminal carbons of the fragments both of the CNT and graphene. For
frontier orbitals analysis a CNT segment of 160 carbon atoms was used.

In the optimized system MB-CNT the MB cation is located over the
CNT surface at the distance of about 3-3.5 A and the plane of its hetero-
cycles is slightly distorted for better contact with the CNT surface. In the
MB-graphene complex the plane structure of the MB cation remains in-
tact; it is practically parallel to the graphene plane being at the distance of
3.4 A. Relatively strong attraction between the n-system of carbon nanos-
tructures and MB cation is observed. The energy of MB-CNT interaction
was -159.0 kJ/mol and that of the MB-graphene was -176.0 kJ/mol. More
high energy of interaction of MB with graphene (as completely unfolded
tube) is due to better MB plane alignment and larger area of contact as
compared to the MB-CNT complex.

Molecular orbitals analysis for MB-CNT system has shown that, as
it was expected for such relatively small CNT fragment with terminal
hydrogen atoms, frontier orbitals HOMO and LUMO are located at the
hydrogens. More informative are orbitals HOMO-3 (-7.2 ¢V), HOMO-4
(-7.2 eV) located at CNT and LUMO+2 (-2.3 eV), LUMO+3 (-2.2 V)
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located at MB. Localization of the orbitals on both the MB cation and
CNT permits electron transfer in the system, which is essential for its
functioning in nanodevices.

This work was supported by STCU grant #4918.
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Distribution Function of Swift Tons Energy Losses in Solid
Targets
Ilyina V. V., Makarets* M.V.
1 Kyiv National Shevchenko University, Department of Physics,
Volodymyrska str., 64, 01033 Kyiv, Ukraine

Introduction. Equations for distribution functions of swift ions and
their energy losses in a solid target have been derived about forty years ago
[1, 2]. Last years authors [3, 4] proposed so called cumulants approach, and
have created the corresponding numerical method. However this approach
leads to an unexpected result for solution of the equations [2] for spatial
distribution of energy losses of swift particles —ions and knocked atoms.
So, equation for elastic energy losses of the particles has trivial solution
v(F) = 0, and for the inelastic ones it is equal the ion energy F, in
according to the energy conservation law.

Results. Research of the reasons for occurrence of the above results
[5] has led authors to conclusion, that a not proved assumption was made
in [2] about proportionality of energy losses inside of a small volume to
its size dV. The similar assumption for number of implanted ions [1]
certainly is valid, since the one ion can no more than once to stop inside
V. Hence the number of casual stops depends only on positioning of 6V
and stopping point. Since an ion borrows volume AV & 1/Ny, where Ny is
atom concentration, after its stopping, then the probability of its stopping
into a volume 6V < AV is 6P =~ éndV/AV ~ §V. Hence the volumetric
density distributions of implanted ions as a limit IT (v, £) = 5%}{10 IP/6V
can be introduced.

On the contrary to particle stopping, the losses of its energy occur in a
set of collisions along their trajectory. They can happen many times into
the same volume ¢V, if the particle free path length X is enough small, or if
its trajectory is curvilinear enough and it can fly many times through the
volume §V. The lost energy is proportional to the collisions number dn if
the particle comes into dV, or zero, otherwise. But dn =~ /X, where 6 ~
((5V)1/ s length of the particle path inside of 6V, and number of casual
collisions depends not only on positioning of §V and trajectories, but
also on a measure of the §V. The area, where a swift particle transfers an
energy (T'®) to the target, is a cylinder with volume AV ~ w R?), constant
radiuse R, axis between two collisions of « type. Then the probable losses
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of energy inside 6V < AV is §P* =~ (I'*)ondV/AV. Hence we obtain

P ~ ((5V)4/ % and it is impossible to introduce the volumetric density
distribution of energy losses of the fast particles. However it is possible to
introduce the density of energy losses distribution of a fast particle along
its path ol if probable loss of energy 0P =~ (I'*}on ~ 4l is considered.
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TJIOPIA - SATAJIKOBE OIITUYHE ABUIIE
Bimurens IOnis BoaoanMmupisHa
yuernirs 10-a xaacy Jopobpariseekoi 3O I-111 crymenin
3akapraTcbkoi 06JI.
nayrosull xepisrur - Biauneys Boaodumup Andpitiosuy, ewumens
Pizury

YV maniit poboTi MOAAHO IOCIKEHHS 1 TeopeTuyHe OOrDYHTYBaHHS
TJIOpil TPUPOHOTO ABUITIA, STKe aBTOP BITEPIe MaJia Haro/Iy CITOCTEPIraTH,
rmepebyBaroyn Ha BUCOKOTIp'T ykpalncekux Kapmar. Aswuie, mo mHaramye
KOJIOBY BECEJIKY, B IIEHTPI AKOI 3aBK N 3HAXOIUTHCS CIIOCTEPITat, € MOYK/INBICTH
mO0AYNTH TIJIBKN 33 OCODJMBUX YMOB, POBIJIA AKUX HABEJIEHO Y PobOTI.

3a dbizudHi 0OCHOBY MOSICHEHHS KiJIellb IJI0Pil B3ATO HABEEHI B TITEPATYPI
PO3paxyHKHN [/ KJIAIJINHA BOAM 1 3pobJIeHO y3arajbHEHHS Iiel Teopil Ta
momupeHHs 11 Ha, TOC/TIKYyBaH] siBuiia. B poGoTi mpeicTaBIeHo CBITIHHI
TJIOpil, POBTVISHYTO YMOBH 11 BUHUKHEHHS, YTBOPEHHS €/TEeMEeHTIB MTYTHOL
TJI0pil, palifyKHUX KiJelb.

OCHOBHOIO METOIO JIOCIIPKEHHS TJIOPil, IK ONTUYHOTO SIBUIA € aKTYa Ii3aITis
JAHOTO MTUTAHHS 3 METOO ITOJAJIBINOTO JOCKOHAJIOTO BuBvueHHs. OOMEKeHICTh
YMOB CITOCTEPEXREHHS 3BYZKYE MOK/IMBOCTI TOJIO BUBUEHHS JAHOTO SIBUITIA.

B po6oTi 3amponoHoBaHO po3paxyHKH 3a/I€2KHOCTI BUCOTH CIIOCTEPEYKEHHST
Bif BizicTani ;10 ropil. OcTaHHIM YacoM OUIBIMCTE MOMIYKIB CIPAMOBAHO
Ha Ti 06’¢KTH, sIKi MAIOTh DE3MOCEPEIHE 3aCTOCYBAHHS Ha MpakTurl. JlroquHa
Mag MOPUHYTH B HANUTIOTAEMHITI KyTOYKHU IPUPOIH, 11100 BUKOPUCTOBYOYUN
11 6s1ara, 3aJUMIATH 11 B HECIIOTBOPEHOMY BH/I /1 HACTYIIHUX HOKOJIiHb.

JOCJIITIZKEHHA CNJIOBUX XAPAKTEPUCTUK
KOPOHHOTI'O PO3PAAY
Iasosceknii JIrobomup Iroposmy
yuenr 10 kjacy PIBHEHCEKOrO IpHpOAHIIO-MATEMATHIHOTO JIITIeI0
"Eaitap"
naykosull xepisrur - Pubaarxo Andpit Borodumuposun, kand. ned. Hayxk,
douenm Haytonanvrozo ynisepcumemy eodnozo zocnodapemes ma
nPUPOJOKOPUCTNYSUGHHA.

V wiit poboTi AOCTIIZKEHO 3AJIEKHICTD CIJIN, 3 KOO M€ «eJIEeKTPUTHII
BiTep» Ha 3apAJzKeHNl JI0 BUCOKOTO TTOTEHTTiaJIy TTPOBITHUK i3 BiCTpsAM, BiJ
CHUJIA CTPYMY, IO BUHUKAE TIJT Uac MHOTO po3pany. as peasizaliil 150r0
JOCiKeHHsT OyJTO TTIOCTABJIEHO HACTYIIHI 3aBJAHHS:
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- po3pOOUTH METOJ[ €KCIEPUMEHTAILHOTO BU3HAYEHHs] 3HAYEHHS 1€l
CUJI Ta BUTOTOBUTH BiITIOBIZIHY eKCIIepUMeHTabHY YCTaHOBKY;

- 3aificauTH DISUIHIH €KCITEPUMEHT Ta OMPAIIOBATH HOTO Pe3y/IbTATH;

- TEOPETUIHO TIOACHUTU PEIYILTATH eKCITEPUMEHTY Ta XapaKTep 3aJIeXKHOCTI
JOCTiIyKYyBaHO! CUJIA BiJl TapaMeTpiB, MO 11 CIPUIHHSAIOTD;

- cOPMYTIOBATH BUCHOBKHU Ta PORTJISTHYTU TTEPCIIEKTUBHI HAITPSMKI
TIOJAJTBITTNUX JOC/TiI7KEeHb;

V pezysbraTi 6ys10 poBeeHo Mi3UIHUN eKCIIEPUMEHT, SIKUil TO3BOJINB
3pobUTH TaKi BUCHOBKU:

3HaYeHHs CHUJIM, sIKa JIi€ Ha BiCTpd, I CHIM PO3PAIHOTO CTPYMY Y

BUIMAJKY HETATUBHOT «KOPOHU» OiJIBIN, Hi¥K Y BUIMIAIKY TTOZUTUBHOI. ABTOpH
pobOTH CXUIBHI OB si3yBaTH 1eil PaKT i3 GBI PYX/INBICTIO HETATHBHUX
iOHIB, HI¥K TTO3UTHUBHUX;

- 3aJieykHicTh F BiA | v Meykax 3ifiCHEHOTO eKCIIEPUMEHTY OJIN3bKa 10
JTHITHOT;

pPO3MIpH caMOl «KOPOHW» CTaHOBJATL TOPSAKY 1 cm, TIpUHUOMY Yy

BUMA/IKy HETATHBHOI KOPOHHU BOHU JIEMIO OiJIBIII.

ITomaabi 3aBaaHHs BUIIEBKAZAHIX JOCTIIKEHL aBTOPH poboTi 6adaTh
y:

- po3pobIll PeryIBOBAHOTO JYKEpPeJia BUCOKOT HATIPYTH IS TOCIT JIZKEHH S
KOPOHHOTO PO3PSAIY 38 PI3HUX 2HAYMEHDL HATIPYT;

- BUTOTOBJIEHH] OiJIBII Yy TVIMBOTO JIMHAMOMETPY 1 JOCI/IzKEHH] XapaKTepy
zasiexktocTi F Bin [ y BUumaiky pisHux KOHMITYpaIiiil elekTpoia Ta 3a Horo
BiZICyTHOCTI.

CIHEKTPAJIBHBIE UCCJIEJOBAHUY MOJIOIOM AE
3BE3/bl XEPBUT'A HD179218
Bapmnprmes /Imurpnit Baaepuepma
yuenuk 10 kmacca YBK «Illkona-muneii» Ne 3 um. A.C. Makaperko r.
Cumcpeporioiss
naywroll pyxosodumenv Kosaosa O.B., k.p.-m. 1., emapuwut nay4non
compyonurx HUH «Kpwuwmeras acmpodusuveckan obcepsamopuss

JIOKIa/1 TIOCBSATIEH aHAJIN3Y CIEKTPa BBICOKOTO Pa3perieHns MOJIOA0H
3Be3abl Xepbura HD179218.

[TpuBenensb! MpU3HAKYA MOJIOAOCTY STOU 3BE3BI, IOCTABJIEHA TIEJTb PAOOTHI
OTIPENIE/INTEL OCHOBHBIE TTapaMeTphl hoTocdepsl 3 heKTUBHYO TEMITEPATYPY
U yckopeHue cBobomuHoro majenus. Haiimeno, 9To HamIydinee coBIaIeHne
PaCCUINTAHHBIX CHUHTETHYECKHUX CIIEKTPOB (HOTOChEPHI ¢ HADIIOMAEMBIMEI
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cekTpamMu B objacTu DaJibMEpOBCKUX JinmHUM jocturaercs npu leff =
11000K, u 1g(g)=4.5, 4T0 COOTBETCTBYET CIEKTPAJIBHOMY KJIACCY 3BE3ILI
B9. ¥YrouneHo 3HatMeHNIE VSini 1 BLISBJIEHO BIAUSHIE OKOJIO3BE3IHOIT 060I0TIKI
B HabJIROIaeMble TpOdUIN JIHHUI.
Obuapy:KkeH HEOOBIIHBIN JJIs1 3B€3 JAHHOTO TUTIA 3D DEKT ByaJTUPOBAHIS
B KOHTHHYYME U CIIEKTPAJILHBIX JJUHUSX Ha TTPOTIKEHHOM YIaACTKE CIIEKTPA.
[IpuBenensr KOCBEHHBIE I0KA3ATETBCTBA CYITECTBOBAHNS BTOPOTO KOMIIOHEHTA.,.
K mum oTtHOCATCH 3 dexkT ByaupoBaHUs B CIEKTPE MOJIOAOI ropsdei
3BE3/bI, HE XapaKTepHoe JJis 3Be3l JAaHHOro Tuia 3uadenue lg(g). Tlo
WHTEHCHBHOCTU OKOJIO3BE3IHBIX JIMHUH CIIETAHO IPEANOI0KEHNEe O HeDOTBIIIX
pazMepax razoBOro JUCKA O CPABHEHUIO C INCKAME y TIOJA0DHBIX 3BE3I,
Pezyaprarer ana m3a nokaza m HeOOXOAUMOCTE YUIeTa BJIUIHNS OKOJIO3BE3IHOM
000J10YKHN Ha HAOTOIAEMBIH CITEKTP MTPH MPOBEIEHUHN JIFOOBIX UCCIeI0BAHII
MOJIOABIX 3BE€3J], HEZABUCHMO OT OPHEHTAIINN UX JIHCKA.

KYMWIATUBHI E®AEKTHU B I'T IPOJAVHAMIIII
Jlomuinekuiit Makcum FOpitioprma
yuers 10 kpacy Ilpupogunygo-naykopuii jireit Nel45 Iegepcrkoro
pafiory M. Kuepa
Hayxosuti kepisnux Tpuaic Oaexcandp Bacuavosuw, suumens
Hpupodrnuwo-rnayxosozo aiuero Ne145

B nawniit poboti 1 moci/izKyBaB sIBUINE yTBOPEHHS KyMY/ISTHBHOI'O CTPYMEHs
B 1pobipIl, KUHYTIH HA TTOBEPXHIO 3 Aesikol BucoTu. Muor0 6yi1a cchopMypoBaHa
MATEMATHIHA MOJEb, 10 Omucye I sipuiie. OCHOBHUME MOJIOYKEHHSIMU
11 €:

- Posrnsimanusa HaJaHol Ta BUTPateHOl eHepril;

- Enepria nafaeThed 3a paxyHOK MOTEHITIAJILHO! eHepTil TiIHATO! HaJT
BOZOO TIPODIPKH Ta 33 PaxyHOK €HEPTil MOBEPXHEBOI'O MIapPy PiJIUHU;

- EHeprid ifie Ha MAHATTS CTpYMeHd Ha JedKy BUCOTY Ta Ha ITOJA0TaHHST
B’SI3KOCTI.

IIpu npoBesieHHi eKCIEpUMEHTY aKIIEHTH CTABUJINCH HA:

- BumiproBaHHst BUCOTH T AHATTS ITPOOIPKH Ta BUCOTH BUJIBOTY CTPYMEHsT
3 Hel, MO MPOBOJAWINCH Bi3yaabHO 38 JOMIOMOTOI0 JTIHIHKY, 3aKpiTlyieHol Ha
I TATHRI.

- BuwmiproBauus mmomn A0TUKY [HA TPOOIPKH 3 MOBEPXHER, METOIOM
BiIOUTKIB

Taxox 6yJ10 TOMIYHE YaCTKOBE HECITIBITAJaHHS TEOPIl 3 eKCIIEPUMEHTOM,
Mo MO¥Ke OyTH 00yMOBJIeHe TaKuMH haKTaMu:
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- BrakaHHA BHJIITAIOYMOrO CTPYMEHsl KOHYCOM;

- BrarkaHHSA NOTOKY JIaMIHAPHHM, XO9a IPH AOCATHEHHI AeAKUX MBUAKOCTEH
BiH cTa€ TypOyJeHTHUM;

- DBpaxxaHHA mepexoay yci€l MOTEHITIAJBHOI eHepril BOAY y €HEpTiro
CTPyMeHS, X01a Jleska 11 9acTUHa PO3CIFOETHC.

JOCJITI2KEHH A BJIACTUBOCTEN KOMHOBHHIﬂHHX
BYAIBEJIbBHUX MATEPIAJIIB
Iapan Bsuaecnas IOpitiopma
yuers 10 kaacy XepcoHCBKOro pisuKo-TEXHIIHOrO JINER IpI
XepcoHChKOMY HAI[IOHAJIBHOMY TEXHITHOMY YHIBEPCHTETI Ta
JIHITpOomeTpOBCEKOMY HaIIOHAILHOMY YHIBEPCHTETI
Hawxo Isan Muzatisosuy, ewumens gisurxu Xepconcorozo
Pisuro-mexniunozo auero npu XHTYV ma JHY, sacayorcenuti swumens
Vrpainu, swumenv-memoducm.

B inguBigyaspHoMy OyJIBHHUIITBI ITHPOKO 3aCTOCOBYIOTHC OyIiBesbHI
MaTepiaJii Ha OCHOBI TVIMHU 3 JOJIaBAHHAM TIEMEHTY i OITypOK i3 JiepeBa.
B poboTi npoBeaeHo AocizKeHHST BAXKINBUX CIY2KOOBUX XapaKTePUCTUK
X MaTepiaJiiB TEMJIOMPOBIAHOCTI i pyWHIBHOI HAIIPYTH.

JocuimeKyBaJsiicst BJIaCTUBOCTI I’ ITH THIIIB 3Pa3KiB, siKi TOTYBAJINCT Ha,
6azoBiit cymini 3 06’emui yactunn runn,l yacruna ementy M400 i mann
pizHuii BMicT omypoK i3 gepera Bix 0 g0 33,3 06’eMHUX BiICOTKIB.

Beenenns ontypok MOKpaIye TeI0i30 I iHI BAACTUBOCTI KOMIIO3UITI THIX
MaTepiaJip KoedilieHT TemIonpoBiagHocTi 3MennryeTbed Bifg 0,71 mo 0,51
Br/uK.

Pyitnipna Hanpyra B MexKax BMIcTy OMIYPOK J0 25 06’€MHUX BiJICOTKIB
MPaKTUYHO HE 3MIHIEThCS 1 ckyamae Oima 1,6 Mlla. 36iapmenns o6’ emuol
qacTKy onrypok sutie 30% npuBomTs 10 CyTTEBOTO MOHUKEHHS BETMTHHI
pyiiHiBHOI HAIPYTH.
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YOPHI 1PN

Knnmernko Omexcannp Mukoaaiopmd
yueHs 9 Kaacy 3amopi3pKoro TeXHIYHOrO JINero
nayrosutl kepisnux Dinoye Ceimaana FOpiisna, K.m.1., KePISHUK
Henmpy «O6daposanicmvy Kaacuunozo ynisepcumemy ma dinit MAH
npu 3anopiavkomy HAUIOHALLHOMY YHISEPCUMENL

Pobora BukonyBaJiacs 3 MeTOR po3ibparucs y cyvacHiil Teopil 9opHIX
Jip i «mrepeksacTiy Ha OiJIBIT 3pO3yMijy MOBY HOBITHI T€OPil Ta TPeACTaB/IeHHST

PO MOXO/KEHHsT i iCHYBaHHS YOPHUX Jip. Mu He cTaBusn 3a MeTy pedepaTuBHI

BUKJTA/T IHKABUX JIOCJIII2KEHE 1 MyOJIiKaIliif, X04a i3 3aX0NIeHHIM TPOYHTA/IH
HaraTo 3 HUX.

B pobori HaMu OIIHOYHIM METOAOM PO3MIPHOCTEH OTPUMAHO BayKIUBI
XapaKTEPUCTUKHI YOPHUX JHpP: Yac IX XKUTTHA, TeMIEPATYyPy XOKIiHTa, MBUIKICTH
3MIHU MacH YOPHOI JipH.

ITpoananizoBaHO 3a/1€2KHOCTI MizK OCHOBHUMH XaPaKTEPUCTUKAMU YOPHUX
Jip: BaJIEZKHOCTI MaCH PIBHOBAXKHOT YOPHOI JIPU BiJl TEMIIEPATYPH; 3B 30K
MiZK MTBUAKICTIO 3BMIHH MaCH UOPHOI JIiph 3 1T Macoro m B TeBHUIT MOMEHT Ta,

11 «piBHOBAYKHOIO» MAacCOO My ; 3aJIEKHOCTI Yacy 3HUKHEHHS TOPHOI JIipu
BifT 11 MacH; 3a/Ie’KHOCTI TeMTIepaTypH XOKIHTa BiJl Macu YOpHOI JIipH.

Vei 11 3aJ1eKHOCTI, OTPUMaHI eJIEMEHTAPHUM CITocoboM 30iraroThbest 3
TUMH, SKi HAJAIOThCH Y HAYKOBUX TyOsiKalisax.

ITpaxkTraraa 3HAYUYIIICTh HAIIOTC JOCTIZKEHHS TIONATAE B TOMY, IO
HaMH TIOKA3aHO, SK 33 JOMOMOTOI0 <IIKILIBHOI» (DI3WKHA Ta MATEMATHKHI
MOZKHA po3ibpartucs y cKJIaaHiil i 10 KiHIIs 111e Hepo3pobieHii Teopil YopHUX
Jip i TOB’sI3aHUX 3 HUMH NHTAHHSX MO0 CTPYKTYpPH i po3BuTKy BeecpiTy.

Braxkaemo, mo pezysbraTin Hamol pobotu OyIyTh IKABUMHU YIHIM
i BUNTE/AM, SKi MPAIOTh 33 MOIVIOJIEHOR TTPOrpaMon 3 i3uKH Ta
MaTeMaTHKH.
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PUB’AYE OKO, JIETIOYUIN TOJIJIAHAEIIDL TA
DPATA-MOPTAHA
Penrko Irop I'ennariftopuya
yuers 9 kiacy 3amopi3eKoro TeXHIYHOro JINern
nayrosutll xeptsnux Dinoye Ceimaana HOpiiena, dupexmop yenmpy
«06daposanicmvs npu Kaacuwromy npusamHnomy YHISEPCUMEME M.
3anopiorcorca

Pobfora mpucesyena BUBYEHHIO YMOB BUHUKHEHHST MipazKiB. 3a Memy
JoCcAldAHCEHHA TIOCTABJIEHO PO3POOKY METOIB OTPUMaHHS MipaXKiB y J1abOpaTOpHUX
YMOBaX Ta IXHBOTO MOSICHEHHS 32 JIOTIOMOTOI0 KOMII FOTEPHOTO MOJIE/TFOBAHHS.

V xoai poboTr BUKOHAHO TAKi 3aB/IaHHSI:

1. CrBopeHO MaTEMATUYHY MOJENb JJisd OINCY BUHUKHEHHS MipasKiB
PI2HUX BUJIB, BUKOPUCTOBYIOUH iCHYIOUI B T€OMETPUIHIN OTTHUII TTiIXO/IH.

2. Pozpobierno MmeToauKy 1abopaTopHOTO EKCIEPUMEHTY I CIIOCTEPEKEHH ST
MipazkiB Ta MPOBEJAEHO Bi OB THI JTOCTi .

3. CTBOpEHO KOMIT'FOTEPHY TIPOTpaMy JJisd MOJETIOBAHHS BUHUKHEHHS
MipazKiB.

O0’eKT JOCHIA>KEHHS: TTPOXOIKEHHS CBIT/Ia KPi3h ONTUYIHO HEOIHOPI IHI
CEPEOBUIIA.

IIpeamer pocaimzkeHHs: YMOBH YTBOPEHHS MipaKiB.

Hayxosa HoBU3HA Ma NPAKMUNHA 3HALYUECTNS JOCALIHCEHHA

Hayxoso-meromnyna HOBU3HA poOOTH MOISTAE B TOMY, 1110 ITiITOTOBJIEHO
KOMIIJIEKC JOCTYITHUX JEMOHCTPAINH /I HAOYHOTO TTIPECTaB/IeHHsT BUKPUBJIEHHST
CBITJIOBUX MMPOMEHIB 1 YITBOPEHHS MipaiKiB y ONITHYIHO HEOIHOPITHOMY CepeIOBHITI.

ITpaxkTranHe 3HaUEHHS TOAATAE, TIO-TIEPIE, B y3ara/JbHEHHI ITiIXOIiB
MaTEMATHIHOTO MOJIETFOBAHHS YTBOPEHHS MipPaKiB, 1, IO-ApyTe, y po3podii
KOMII'FOTEPHOI ITPOTPAME JIJTst HAOYHOTO MPEJICTABIEHHS 1 JOBEIEHHST CTYIITHOCTI
MaTeMaTUYIHO! MOJIeNTi YTBOPEHHS MiparKiB.
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TEPMOEJIEKTPUKA. JOCJILI2KEHHA
TEPMOEJIEMEHTIB I IX 3ACTOCYBAHHSA
Copouan €pren l'emnagiiiopny
yuens 10 kmacy MukogaiBCEKOro MOPCBEKOIO JIIEr0 iM. Ipod.
M. Anekcarnposa
Muxkoraipcpkoi MICBKOI pam
nayrosull kepienux - Mapmunosa Temana lsaniena,
suumenv-memoducm Muronraiscvkozo MoOpcvKo20 ALYEIO

VKpalHchKi BU€eHI i iHKeHepH HeMOJaBHO CTBOPIIN eKOJIOTITHIH IucThii
NPUCTPiii, AKifl mpaifoe Ha razi i y 6yauHKY BUKOHYE 3pa3y JIBa BasKJIHMBUX
3aBaHHs: 0birpiBag Horo i BupobJise enekTpuky. Koxkua rermora 6aTapes,

o obirpisae kimuary, gae me 100-150 BaTiB emekTpoenepril. [lpu bomy
exoroMuThCs 40% raszy, NOpIBHAHO 3 3BUYAHIM MEHTPAJILHIME OTTAJIEHHSIM.

B ocHOBI 11010 IPUCTPOFO JIEKUTH TepmoeaeMenT. OHa 3 MPOBITHUX TEXHOJIOTI i
MaOyTHBEOTO - OTPUMAHHS €HEPril 3 JIOMOMOTOK) TEPMOETEKTPUKH.

B cBolii HaykoBiif pobOTI g PO3TJISHYB MUTAHHS IPUPOIN TEPMOETEK TPHKH
B JIBOX Pi3HUX MeTaJIaX i HaIliBIPOBITHUKAX, POITASHYB TPUIa, B TKOMY
CTBOPIOETLCS eJIEKTPUTHA eHepris 33 PaXyHOK BHYTPIIITHEO] €Hepril iHImoTo
Tijla TepMornanapy. Anamizytoun gizudni 1 XiMivHI BJACTUBOCTI METAJIB s
BUTOTOBUB 9 TepMomap i BUMIpSB IX TepMOpYIIiiiHy cuiy. B ekcriepumenTaabHiit
qacTHHI cBOET poOOTH S TAKOXK JAOC/IINB 3a/I€KHICTh TEPMOPYIMITHOT CHTH
TEPMOTIAPU MiIb-KOHCTAHTHH BiJl Pi3HAT] TeMIepaTyp 11 cuaiB, mobyayBaB
rpadik 1€l 3a€KHOCTI, OCBITUB NMUTAHHS BUKOPUCTAHHS TEPMOTIAP.

4 Tako:x 3BepHyBCs 10 nutantsd euaukHenHs TEPC B HamiBiposimankax
3 Pi3HOTO TPUPOJIOTO TPOBIAHOCTI, POTVIAHYB TUTAHHS il TEPMOETeKTPUIHIX
XOJIONMIBHUKIB, pOBOTa SKUX I'PYHTYEThCs Ha edberTi [lepThe, 1X 3acToCy BaHHs
i mepepars HaJ iHITUME THIAMH XOJIOJWILHUKIB. B 3ak/rouniit yacruni
cBOET pOBOTH I POITVITHYB MUTAHHS BUKOPUCTAHHS TEPMOEJIEKTPUKH 1 TEPCIEKTUBY
PO3BBUTKY TILOTO aJbTEPHATHBHOTO JIZKEpESa €Hepril.

IIOBEATHKA THYUYKUX IJITBOK IIPU 3ATPY3II ¥V
OEHTPI
Bacunpuenkopa Anacracis OJrerisraa
yuernnns 10 kracy XapkiBcekoro pisuko-MaTeMaTuIHOrO Jrirnero Ne27
XapkiBcekol Micekol pagn XapkiBcekol obacti,

nayrosutll kepisnux Koaynaes lzop Muwoaatiosun, xkandudam
PIBUKO-MAMEMAMUNHULT HAYK, JOUEHTN HAUIOHAALHO20 METHIMHOZ0

yrieepcumemy «Xapriscokuth NoAMeTHINHutl THCMUMYm».
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MMonimepni marepiaiu (6ioMarTepianu) MUPOKO BUKOPUCTOBYIOTHCH HA
crorogti. Pobora mprcesiveHa BUBYEHHIO MEXAHIYHUX BJIACTUBOCTE MOJTIMEPIB,
a caMe 3aJIeXKHOCTI TIOJIOBYKEHHs TJIIBKH T1i/T HaBaHTaxkeHHsiM. Hacripapsmi,
SIK TIe BUSIBUJIOCH B XOJI JIOC/TIJ7KEHD, JedOpMallisi TIOJIiMePIiB He BiA0yBaCThCs
3a 3aKO0HOM l'yKa, AKHUil BUBYAETbCA Yy MKIIBHOMY KyPC.

SamnponoHoBaHa B poboTi MOJESb HACTYIIHA: [OJIeTHJIEHOBY ILTIBKY
HaTATYIOTh Ha 00PYd Ta CIIOCTEPITafoTh, siK TOBOAATE cebe Pi3HI YacTHHH
IUIBKY (BUMIDIOETHCS 1X TIOZOBXKEHHS B 3aJIesKHOCTI BiJT 3aTPY3KH ).

B mporteci BukoHaHHS pobOTH MO0 BUBYEHHIO MEXAHIYHUX BJIACTHBOCTEN
mIiBKK Oysiu BUpileHi Taki 3araJjbHi THTAHH:

- CTIOCTePeXKeHHs sIBUIA Ta MPUINH, MO WOTO BUKJIUKAIOTh,

- eKCITepUMeHTa bHe JIOCTIZKeHH ],

- aHaJ/I3 OTPUMaHUX 33 TIJIAHOM eKCIIEPUMEHTY 3HateHb,

- AKiCHe TIOSICHEHHS CTIOCTEPiTaeMUX SBHIIL.

B pobori 3anpononHoBaHa mpocTa MOJIENE, 10 JO3BOJIAE 3 IPUITHATHOO
TOYHICTIO, aJie TIPOCTUMHU 33c00aMu, JOCTIINTH SBUIIE Ta TPOBECTH HeOOXiTHi
BUMIpIOBaHHs. PesynbsraTtu poboTu 3acayroByOTh JOBIpH, IO M ATBEPAZKYE
ycninmicrb 0bpaHol MoJiesti.

EKCITIEPUMEHTAJIBHE BUSHAYEHHA ITOKA3HUKA
3AJIOMJIEHHA ITIOBITPA
Kynpsiperrp €Bren BooqumupoBnd
yvuerns 10 xkmacy HBK «30I1l I crynens - jgineti» M. Biaroposn
Jluaictposcekoro Omecbkol 0b1acTi
Hayxosut wepienur 3apetivyr Ceimaana leaniena

MeToro poboTH € eKCIEPUMEHTAIBHO JTOBECTH, M0 TOKA3HUK 3aJTOMIEHHS
TIOBITPs BCe-TAKHU BiAPIZHAEThCS Bif, MOKA3HUKA 3aJI0MJIEHHS BaKyyMYy.

Sa/1ava BU3HaIUTH aOCOFOTHUHN TOKA3HIK 3aJIOMJIEHHS TOBITPS BUKOPUCTOBYFOUH
TIPU3MY 3 BaKyyMy, Ha AKY HaIlpaBJIEHWl BYy3bKUIl TydOK CBIT/A.

JLJis1 meTaIbHOTO MOsiICHEHHS HAraThOX IIKABUX sIBUIIT CIIOCTEPEKYBAHUX
y OPUPOMi, TEXHIT, A/ BU3HAUEHHS MiCIIe3HAXOAKEHH acTPOHOMIUTHIX
TiJI, 3eMHUX 00’€KTIB BUKOPUCTOBYETHCS 3HAYEHHS TOKAZHUKA 33 IOMJTEHHS
TIOBITps piBHE ONWHUIL, X0Ua TOUHe 3HadeHHd Jopisuroe 1,000292.

K0 BpaxoBYBATH, 10 TIOKA3HUK 38 JOMJIEHHS TTOBITPS JIOPIBHIOE OMHUAIT],
TO BCi TepepaxoBaHi JIajl sSIBUIA HE CIIOCTEPIiTaIcs O B IPUPO/Ii: CrIocTepirad
H6aunTh 00’EKT HE B TOMY HAIPAMKY , SKWUI BiAMOBiIae McHOCTI: BUanMa,
BHCOTA TIPEAMETIB HaJI 00pi€M BUABIAEThCA OIJIbINE AifICHOCTI; BUHUKHEHHS
MIpazKiB; JAJLHOCTI BHAMMOTO 06pito Ha 5 - 6%; 30lILIMeHHs JOBKIUHN
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JHS B CEPeJIHIX MUPOTax Ha 8-13 XBUAWH, CKOPOUEHHS TOISIPHOI HOWI Ha
12 mmis.

V HayKkoBiil pobOTi 3aIpONOHOBAHO CIOCIO BU3HAYEHHS abCOJFOTHOTO
TIOKA3HNKA 3aJIOMJIEHHS TIOBITPs, 3aCHOBaHN Ha BUMIPIOBaHHI Ky Ta BiIXUTeHHST
CBITJIOBOTO IIYYKa BiJl TEPBUHHOTO HATIPSIMY TIPU IPOXOAYKEHHI CBIT/Ia depes
BaKYYMHY TIPU3MY 3 BETMKUM 3aJIOMJTIOIOUYHM KYTOM.

[IpoekT Mae He TIIBKYE HAYKOBY, aJji€ | TPAKTUIHY IHHICT. 3aITpOOHOBaHNTH
MPUCTPili MOYKHA BHKOPUCTOBYBATH JIJIs BU3HAYEHHS PiBHA 3a0PyIHEHOCTI
TIOBITPSI, MO CHOTOJIHI € AYyXKe aKTYyaJbHUM TTPU HU3LKOMY PIiBHI €KOJOTil.
HayxkoBa miHHICTL TIOAATaE B TOMY, IO 3aIPOTIOHOBAHUN €KCIIEPUMEHT
MOZKHA BUKOPHUCTOBYBATH TIPU BUBYEHH] siBUIl pedpaKiiil CBiT/Ia, 3aKOHIB
3aJIOMJIEHHS B CEPEJIHIX 1 BUIMUX yIb0OBUX 3aK1aax. ara poboTa 3arikaBuTs
VUHIB CepesIHIX Ta BUINNX YUYOOBUX 3aKJIAIB, 8 TAKOXK TUX, XTO IIKABUTHCS
€KCIIEPUMEHTATBHUME JIOCIT JIZKEHH M.

Q:PB

CHHHTHHHHIﬂHI BJIACTUBOCTI KPUCTAJIIB CDI
Tamargyk Ouer Iroposud,
yuers 9 ka. Bycbkol rimuaa3zis imeni €Breena Ilerpymesnyda mpn
JIpBIBChKOMY HaIIOHAJIBRHOMY yHiBepcuTeTi imeHi Ipana PpaHKa.

Bupuennii Bijine JOMIMIKE CBUHITO HA, CIEKTPU ONITUYHOTO MTOT/INHAHHS,
Ha $HOTO-1 PEHTTEHOTFOMIHECIIEHTIIO, CIMHTHIATiTHI xapakTepuctuku Cdly
TIpu KiMHATHIN TemmepaTypi. s qocmiJykeHHs BUKOPUCTOBYBAJIN KPUCTAIH,
Bupotieri metogoMm CrokbGaprepa-Bpimkvena. Axrusattis Cdly 3 pozmiasy
cnosykamu Pdly mpuBoanTh 710 TIOABY B CITEKTPAX MTOTJINHAHHS B ITPUKPAEBI i
obmacTi akTUBATOPHOI cmyru 395-405 HM, sika iHTepnperyeThest sk A-
CMyTa, MeHEeTUYHO II0B’S33HA 3 eJIEKTPOHHUMHE INePexXoiaMu 3 | So-cTaHy
Ha 3Pi-pipms y Bimemomy iomi Ph?t. Ilpu pentreniBchkomy 36ymzKenHi
kpucraau Cdly:Pb?t 3 onTuMaibHO0 KOHIIEHTPAIEo JOMIIOK XapaKTepu3HpyOTCs
npubJN3HO HA MOPSIOK OIABITNM CBITIOBUXOAOM 3 MAKCUMYMOM B 00/1aCTi
570-580 um, amixk xkpuctaaun Cdls B cmyzi 490-500 awm. Ilpu 6-36ymkenti
KiHETHKa 3aracaHHs JIOMIHECIEHIN] HEAKTUBOBAHOTO HOIHCTOrO KaIMito
Ma€ JIBi KOMIOHeHTH: MmBHJKY b1 =3-4 He i nopinbny - ¢dha=10-70 nec.
Baracanns pagiomtominectientil Cdly:Pb? T omucyerses B ocHOBHOMY /BOMA,
eKkcrioHeHTaMu 3 mapamerpamu ¢dq710 He 1 dhy=200-250 Hc.

CIIEKTPOCKOIIIA OB’€MHUNX KPNCTAJIIB 1
HAHOYACTVHOK. BUPOIITYBAHHA KPUCTAJIIB.
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Topcrentbka Pycrana MnkosaiBaa
yuernis 10 kracy Yepemerncekol 3H3 I-111 crynenis BuzkHIIIEKOTO
parony
nayrosull kepisnuk: Mendpuwopa JTobos Bacuaiena, ewumens (isuru

JlronuHy 3aBXKAM IKABUTH BCE, IO BiAOYyBa€TbCS HABKOJO HEl, i BOHA
cama. ¥ Hel BuHHKae Dararo 3amuranes npo [lpupony, Bceecrit. Jlromuna
MparHe Ji3HATHCH, 0 ¥ CBiTI HalbiIkIe, HAMMYKIe, HaliacKpaBile, HaifiMeHTIIe,
HalMitHIIIIE. .

Jlocuti ieKeHHs TEOPETUYHNX 3HAHB 3 Pi3UKN HeMUCIUMe Oe3 TOeTHAHHS
Teopil i3 mocmigamu. st Toro mob gocianTu 6ynoBy 06’ €MHIX KPUCTAJIIB
CJIiJT TPOBECTY TEOPETUYHI JOC/KeHHS AndpaKiil y 6araTormapoBux CHCTEMAX
Ta, CIEKTPOCKOMII0 O0’€MHUX KPUCTAJIB 1 HaHO4YacTHWHOK. JIjisa Kparmmoro
pO3yMiHHs OyI0BH KPUCTAJIB AOIIBHO IPOBECTH EKCIIEPUMEHTH 13 BUPOIILY BAHHST
Kpucrajis mo i 6yae 3pobieno y maniit pobori. B 1t pobori mpoeeneHo
TEOPETUYHE JIOC/III?KEHH DAaraTOXBIIBOBOI Audpakiil y 6ararornapoBux
CHCTEMAX, CIEKTPOCKOITIFO 00’ €MHIX KpUCTaIiB 1 HaHoUacTHHOK. [lokazamo
SIK 38 JIOTIOMOTOFO CIIPEKTPAJBHOIO aHAII3Y AOCHIKYIOTE bynoBy Comnrid,
3ip Ta razoBux xMap. B pobori npoBeaeHi JOC/Ti N i3 BUPOILYBaHHS KPUCTAJIIB.

BararoxsunsoBa qudpakiiist € BasKJIUBUM METOAOM BHCOKOPO3IILHOTO
aHaJIizy rpaHuIl map/miakiaaka. lnrepdepeninis XBUILOBUX MOJIB Yy T/AUBA
JI0 3MiHU IITUPUHHA TIEPEXiTHOTO APy TOPAIKY JOBXKUHYI XBUJI 1 JI0 TIOPYTITEeHHST
KOTEPEHTHOCTI HAIBIPOBIIHUKOBUX CTPYKTYP. 3a 11 JOMOMOTO0 MOXKHA,
BU3HAYHUTH 130MOP(IzZM POCTY TI0 BiIHOIIEHHEO JIO0 HANPSIMKY POCTY.

3a JomoMoTo 6araTOXBUILOBOT AudPaKIil MOXKHA, BUIHAUATH IO
sedopmMalil (1o 3MiHi napaMerpis I'paTku MOHOKPHCTAJIB ), 3yMOB/IEH] HAHOCTPYKTYPal
B MK/ TPATKHA HaBITh, SKITIO Tl HAHOCTPYKTYPH TTPUXOBaHI BEPXHIMA
mrapaMu. Y BHIQJKY KBAaHTOBUX TOYOK, Buporienux va OaAz (001), rparka
OaA3 TeTparoHaJbHO CIIOTBOPEHA 1 JEN0 BUKPUBJIEHA MOOINZY TTOBEPXHI
T JTK T8 TK .

JOCJITIZKEHHA CIIEKTPAJIBHUX 3AJIE2KHOCTEMN
KBAHTOBOI EPEKTUBHOCTI ®OTOEJEKTPUYHNX
ITIEPETBOPIOBAYIB HA OCHOBI TEJIYPUAY KAJAMIKO
Mensenes E.C.
yaers 10 kmacy XapKiBCEKOro pi3smKO-MaTeMaTHIHOIO JIIeH
nayrosull xepisnux Xpunynos I.C. | doxmop,p.-m. nayk, doyernm
Hauionanavrozo mexniunozo ynisepcumemy «Xapriscorul
NOAVMETHIWHUY THCTMUMYM»
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[paxruaanii qocsix Aurmil, Hiveguunu, CITA i flnowit, mepekoHmBo
TTOKA3YE, 1110, 338 YMOBH JIePKABHOT (DIHAHCOBOI M ATPUMKH, OOHIH 3 CKJIa0BHX
BUPIIITEHHST €HEPrOeKOIOTIIHNX TPOoDIeM JIOJCTBA € MIHPOKOMACITTaOHe
BUKOPUCTAHHSA COHATHUX €TeMEeHTIB. Y TaKUX eKOJIOTITHO IUCTUX BiJHOBTIOBAHIX
JPKEpeIax eHepril BiAOyBaeThCst DE3MOCEpPETHE TTEPETBOPEHHS €HEPTIl COHIIHOTO
BUMTPOMIHIOBAHHS Ha, eIEKTPUIHY eHeprifo. KKoHOMicTH ¢BigIaTh, IO TIALKHI
IJIIBKOBI COHsAYH] eJleMeHTH B MaiiOy THLOMY IOTEHIIHHO 3/1aTHI KOHKYPYBaTH
3 TPAUIIHHUMI JIZKEpeIaMi eHepPril, OCKIIBbKU cOOIBapTICTh BUPOOIIOBAHOIO
HUMU €JIeKTPUYHiil eHepril Moxke OyTH B 9OTUPU PA3H HUKYE, HIXK B TIONMTHPEHNX
3apa3 MOHOKPUCTAMIYHUX TPUIaJ0BUX CTPYKTYypax. Taknil icTOTHUH eKOHOMITHI
edeKT 3yMOBJIEHHIT TUM, IO J1J1s8 €heKTUBHOTO (POTOETEKTPUIHO aKTUBHOTO
TTOTJTMHAHHS CBITJIa JIOCTATHBO TIIBKOBOTO 0a20BOT0 MIapy 3aBTOBIITKH BCHOTO
Jexijibka Mikpomerpi. 1ImiBkoBi comsuHi enemenTn 3 0a30BUM IMIApOM
CdTe € onanMu 3 HAHOILIBIT TIEPCIEKTUBHUX JJI HA3EMHOTO 3aCTOCY BAHHS,
OCKUJIBKH BIJIMOBIHO 10 MIUpUHNU 3aDOPOHEHOT 30HU TEYPUAY KaIMIt0
(Eg= 1,46 eB) Taxi npuiafoBi crpyKTypu MaroTh MaKCHMAALHUN cepe
OJIVH TIEPEXiTHNX HATI BIPOBI THUKOBUX (POTOETEKTPUYHIX TIEPETBOPIOBAYIB
reoperudnnii Koedimient kopuchol i1 (KK/I) 29 %. Makcumabuuit KT,
KpaIux JabopaTOPHUX 3pa3KiB MIIBKOBUX COHAYHUX €JIEMEHTIB Ha OCHOBI
rerepo cucrem CdS/CdTe cknamae 16,5%. Takum unHOM HEOGXIIHO IPOJOBIKYBATH
BUBYEHHS 0COOMBOCTEN (POTOETEKTPUYHUX MIPOTIECIB JIsT BUZHAYEHHS MIIJIAXIB
TIOAJIBITIOTO T ABUIITEHHS €PeKTUBHOCTI COHIYHAX eJIEMEHTIB. ¥ MpeacTaB/IeHii
poBOTI BUBYAROTHCA O0CODIMBOCTI (DOTOEJIEKTPUTHUX TTPOIIECIB B TITIBKOBUX
rerepo cucremax Ha octHoBl CdS/CdTe/ITO. 3 mjcto meToro mpopeneHi
KOMILJTEKCHI JOC/TIIZKEHHS 1X CIIEKTPAIbLHIX 3aJEKHOCTE KoedilieHTa KBAHTOBOI
edeKTUBHOCTI, SIKi IO3BOJIAIOTE aHAII3yBaTH piznvHi MexaHizMu GOpMyBaHHS
doTocTpyMy TPUIaI0BOI CTPYKTYPHU MOTVIMHAHHS (DOTOHIB 3 PI3HOIO JOBKUHOO
XBUJI.

AHAJII3 ITIOPPIPIHOBOI'O IIITMEHTY (XJIOPO®IJIY)
3A JOIIOMOT OO METOAY MOJEKVYJIIPHOI
ABCOPBIIOHHOI CIEKTPOCKOIIIL
Pyb6anerko Mapis
yuaernrs 9 knacy Xapkiscekoi 3OI I-IIT crymenis Ne106 XapkiBcekol
Micekol pagn XapkiBcekol objacti
nayrosull xepishux Ceaarosa O.M., suumenv Xapriscoxoi 3OIII I-11T
cmynenis Ne106 Xapriscorot micorol padu Xapkiscokot obaacmi

YV MeauKo-610 0TI IHIX JOCTIIKEHHAX BEJIUKUI IHTEepec peacTaBIsTioTh
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KOMILJIEKCH TIepexiHnX MeTandiB. JIocmiyKeHHsT KOMILIEKCIB TTepexiTHIX
METAJIB JAOIJIEHO TTPOBOANTH Ha, OCHOBI BU3HAUYEHHS CIEKTPIB TOTJIHHAHHS
€JIEKTPOMArHITHOTO BUITPOMIHIOBaHHS MOJIEKY/TaMU PETOBUHM, IO € 3aBAAHHIM
MOJIEKYJISIPHOI CIIEK TPOCKOTIYHOT abcopbiril.

V nasiit poboTi OMUCYOTHCsT 0COBIUBOCTI OYI0BH KOMILIEKCIB TePexiTHIX
meraJtis Ha ocHopi ioma Co®T. Ilokazana 3a/erKnicTs 3MiHN 3a6apBIIeHHS
KOMILIEKCIB, CTBOpeHHX Ha, 0cHOBI iona Co® T, mpm 3Mmini 1x XiMiunOrO CKIIaIY.

V poboTi eKCITepUMeHTAJIEHO JOCIIIZKEH KOMILIEKC MeTaj1y mopdipiHOBOro
mirMeHTy xy1opodisy. BuBden ciekTp MOTIMHAHHS CBIT/Ia XJIOPOdLIOM 33
JOTIOMOT'OFO TN PAKIGITHOTO CIIEKTPOCKOTIA..

B pezynpraTi mochiziiB BUABIEHO TIOTIWHAHHSA 3BUYANHAM PO3TUHOM
XJIOPOMITY YEPBOHOTO 1 CHHBO-(PIOJETOBOTO ITPOMEHIB CIIEKTPY, V P31 KOHIIEHTPIPOBAHE
PO3YUMHY XJIOPOMiay MOTJIMHAHHS BCIX IPOMEHIB CHEKTPY, OKPIM 3€IeHUX.

ITpencraBieni pe3yabTaTH KOOPUMETPUYHOTO aHa i3y TPH JOCTiIyKeHH]
Jil BUXJIOTTHUX T'a3iB Ha XBOIO COCHH.

OIITNYHI KBAHTOBI TEHEPATOPU CBITJIA I
MOJIEKYJIAPHUN CIIEKTPAJIbHUN AHAJII3
Bakyn Kocrsarua BoroauMapoBad
yuenrs 10 knacy Bomoanmup-BoanHCEKOI TiMHA3IT
naykosull xepisnurx Cmenanuwenrko Matia Bacuaiena, swumens disuxy
Boaodumup-Boauncorol 2imrasii

CrekTpOCKOTIis HAPOAUJIACh HA MOYATKY MUHYJIOTO CTOJITTS, 11 MeToau
i CHOTOIHI BAUTIAIOTHCT OTHIMU 13 CyIaCcHUX MEeTO/IiB JOC/TI/IzKeHHs PETOBUHH.
Ax uncro emmipuuna Hayka 3a uacie @payurodepa i Kipxroda, Bona
JaJia TIOTNTOBX PO3BUTKY KBAHTOBOI MeXaHIKW i, B CBOIO Uepry, aKTHUBHO
BUKOPHUCTOBYBaJIa OTPUMaHI B Hill pe3yabTaTH.

Icaye 6araTo ciocobiB BUZHaAYEHHS CKJI8/ly PEIOBUHH BiJl TAKHX TPHUPOIHUX
i Ha TepIuii MOT/IAM TPOCTUX, AK OPTaHOJENTHYHI, 0 BUKOPUCTOBYIOTh
HIOX 1 cMaK JTFoAuHE ab0 TBAPUHH, 10 TaKUX CKJIIHUX, SK XpOMaTorpadis
abo yapTpaMikpoxiMiunnii aHamiz. Baxkjmee wmiciie cepesl HUX 3aiiMaroTh
diznyni MeTonn, i 30KpeMa CIIEKTPAJIBHAN aHAJI3.

HamisnpoiauuKkoBi Ja3epn 3 9acTOTOIO, K3 TTEPEHATANTOBYEThCS, TOBBOIAIOTh
BUBYATH CIEKTPU B iH(PAIEPBOHOMY JHAMa30HI, JIe TPUCYTHI CIEKTPaJIbHI
JiiHil 6iaepmocti Mostekys. Ha ocHOBI Takux JiazepiB Oyj0 CTBOPEHO psf
TIPUAJIB, 10 BiIPI3HIIOTHCA YHIKAILHOIO YYTTEBICTIO i MIBUAKOIIEIO, 30KPEMa,
- TpacoBi BuMipoBadi. Brcoka 4y TTEBICTh NpUIaIiB 3a0e3eUye peecTPaIiio
i TOYHe BUMIPIOBaHHS HaiiMEHITTNX KOHIIEHTPAITiif JOMINIOK Ha MOJIEKYIIPHOMY
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piBHi. Bucoka pozgiipHa 30aTHICTE 1 MTHPOKAIT Aianaz0H mepedyaoBr 9acTOTH
CTBOPIOIOTH YMOBH JJIsI PEECTPAII] MPAKTUIHO OYIb-IKIX PEYOBUH B TA30BOMY
cepenopuiri. CIpsSMOBaHICTL IPOMEHsT y IIPOCTOPI JIO3BOJISIE TTPOBOIUTH
BUMIPIOBaHHS y BIAKPUTIil armMocdepi abo Ha BifcTaH] Bl JOCII 12Ky BaHOTO
067eKkTa GE3KOHTAKTHO. 3aBJAKH 3aCTOCYBAHHIO IMIIYJIbCHO-TIEPIOAUTHOT
PO3TOPTKHU BJIA€THCH 3aMUCYBATH CIIEKTP PEYOBHHU 33 PEKOPIHO MaJIHil
CTPOK 1 BUBYATH IIBHJIKOMIIOUI TTPOTIECH.

ITepen mazepHOI0 MOJEKYIIPHOIO CIIEKTPOCKOITIEIO BiIKPUBAIOTHCA TITHPOKI
MTEPCIIEKTHUBY 1 B HAYKOBUX JOCTIIZKEHHAX, 1 B HAYKOBUX PO3POOKaAX: KOHTPOJIb
TEXHOJIOTI] HAJIUCTHX PEYOBHH, CTAHY HABKOJIUIITHBOTO CEPENOBUINA, YNCTOTH
MOBITPS B TIEXy, Teodi3uvHi JOCTI/KEHHS, AOCTIKEHHST B MEIUINHI 1
6ioJtoril.

BHYTPIIITHA BYJIOBA HAIIIBITPOBI/ITHUKIB
Iloxknarxo BirkTopis Mukoraipaa
yuernrs 10 knacy 3anaykiseekoil 3OII 111 crynenie aaniskoro
pationy Isano-PpaHKIBCEKOI 061aCTI.

Crorositi, KOu BUPOOHUIITBO HAIBITPOBIIHUKIB CTAJI0 OKPEMOTO TATY33E0
MMPOMUCJIOBOCTI 1 CROTOJIHI, KOJIM HAMBIIPOBIAHUKE Bce B OLIBIMIH Mipi
BU3HAYAIOTH PIBEHB IMPOTPECY B TAKUX TajIy3sX sIK PAIOEEKTPOHIKA, OO9NCTIOBAIBHA,
TEXHIKA, 3B 430K, aBTOMATHU3aIli s BUPOOHUIITBA, 3HAHHS (DI3NKY HAMIBITPOBITHIKIB
crae moTpeboro He TITBKY PaxiBIUB y JaHii rasysi, aje i OUIBIT MUpOKOro
KoJTa Jrofeil. BuMorn mpoMucIoBOCTI Ta TeXHIKH CTUMY/IIOIOTE ¥ HAI 9ac
PO3BHUTOK HAYKH i pi3UKN HATBITPOBIJHUKIB 30KpeMa. 3a I’ ATIeCAT POKIB
CBOTO PO3BUTKY (bi3UKa HABITPOBIAHUKIB Ta TPOMUC/IOBICTE 13 HEFO TIOB 'si3aHa,
TIPOHITITa BeMUKHUH MIJIAX, BiJl MePIUX JIO/IB JI0 MIKpOocxeM. ¥ MiKpocxeMi
1965 poky Bunycky Oysio 30 Tpansucropi, Toai gK crorogui uynn Radeon
HD 3870 mictuth 660 MinbiioHiB TpaH3UCTOPIB.

JIJ1s cTBOpEHHS HAINBIPOBIIHUKOBUX BUPOOiB TOTPIOHO MaTH PO3BUHYTY
MIPOMUCJIOBICTE, aJ7Ke MOTPIOHO BUTOTOBJIATH YHUCTI KPUCTAIN KPEMHIO Ta
repMaHilo, BMICT JAOMIMIOK y aKuX Oyze HaazBu4Uaiino majum ( J10 10-10
). Jopruii gac 1e 6y/10 HeMOKAUBO. IToTPiGHO BMITH BBOAUTU B KPUCTAIN
KPEMHIIO TOYHO JO30BaHI KIJBKOCTI JOMIMOK, Tomo. Aje Bee 1ie Gysio 6
HEMOKJIMBHUM 6€3 3HaHH: BHYTPINHLO! OyA0Bu HamiBnpoBigHukis. Pizuxa
HaMiBITPOBITHUKIB caMe i BuBYae OyI0BY HAITIBIPOBIIHUKIB, BOHA BCTAHOBILIIA,
[T€BHI 3ara/ibHI MpUHIMNY X QYHKIIOHYBaHHS, TOIIQ.

SaBmaraaM gaHol poboTu Oy ie BCTAHOBUTH BHYTPIITHIO OY/I0BY HAIBIIPOBITHUKIB
Ta MOSCHUTH Ha OCHOBI BHYTPINIHBOI OyA0BU IX BJIACTUBOCTI.
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1. V poboti 6y/10 poRTJIsiHYTO MOJLT PEYOBUH HA METAJIN, TiEJTeKTPHKI
Ta HAMIBIIPOBITHUKH, BCTAHOBJIEHO IX OCHOBHI €/TEKTPO]i3NYHI XapaKTePUCTUKH.

2. Ha ocuori pisagnnas IlIpegiarepa BcTaHOBIEHO 30HHUIT XapaKTep
€HepreTUYHNX CTIIEKTPIB eJIeKTPOHIB Y KpUCTa aX HalliBIpoBi fHUKIB. Po3rianyTo
npubauzni po3s’s3ku pisasuus [ peainrepa /yid KprcraJia Hali BIIPOBI THUKA.

3. JlaHe TIosicHeHHS TTOHSATTS 30H DpinifoeHa, Ta BCTAHOB/IeHa €HEPTeTUIHA,
6y/10Ba, TAKUX HAIIBIPOBIIHUKOBUX MaTepia/iB K repMaHiil Ta KpeMHin.

4. Ha ocHoBi Teopil 6y10BY HAITI BIPOBIIHUKIB TOKA3aHO BBEJIEHHS TIOHITTS
JipKH, K8, € TTEBHOIO MipOIO BiPTYaJIbHOIO YaCTHHKOTO, aJie BBEJIEHHS TaKOTO
TIOHATTS JO3BOJIIE CKAJIHY 3313y TIPO PYX BEIMIE3HOT0 UHUC/Ia eJIeKTPOHIB
BAJIEHTHOI 30HU 10 BaKAHTHUX PIBHAX 3aMIHUTH 3HAYHO OLJIBIT TTPOCTORO
3aJa4€er0 PO PYyX HEBEIMKOTO YHUCAa JIPOK, MO PO3TAIIOBYIOThCA Ha TTHUX
piBHSX.

5. Y poboTi pO3TJISHYTO BILIHB JOMIINOK Ha CTPYKTYPY Ta eieKTpodi3ndHi
BJIACTHUBOCTI HaITiBIIPOBIIHUKIB, YTBOPEHHS JOHOPHUX T4 aKIENTOPHUX PiBHIB,
PIBHIB TPUIATIAHHS.

¥ CBITI KPUCTAJIIB
Koxem’ssko Harauis Bacmrieaa
yuernirst 10 kracy Yeppororpaacekoi S3OII Ne 1 JIsgiBcekOI 061..
nayrxosutl kepisnux: Tpouv Mapia Isaniena, swumens Pisury
Yepsonozpadcoroi 3OIIT Ne 1 Jlveiscokoi 06a..

Hayxosa pobora “Y cBiTi KpucrtaJaip’ BUCBIT/IOE OyI0BY, BIACTHBOCTI,
MPaKTUYHE 3aCTOCYBAHHS KPUCTAJIIB.

Y BCTyT TpeAcTaB/IeHO iCTOPIfo PO3BUTKY BUYEHHS PO KPHUCTAJJIH Bif
JaJ1eKol JaBHUHU A0 CLOTOAHIIIHIX AHIB. AjzKe 11e B KaM'sHuil Bik JroauHi
Oy BifoMi KpeMmiHb, KBapruT, Hehput. Kamins 6yB roloBHUM 3HAPSIIIM
npari i HaiHOO 30POEIO /I 3aXUCTY 1 HATIAILY.

B meprmomy pozaiii 3pobaeno orisiza giTeparypu. 30Kpema, B maparpadi
1 BUCBIT/IIOETHCS 3araabHa, XapAKTEPUCTUKA KPUCTAITHIX TiJI, 1X (opmMma,
BIAMIHHOCTI OJMH BiJ OJHOIO.

B maparpadi “Bynosa kprucrais’ mo/1aHa XapaK TEPUCTUKS KPUCTAJI THOT
CTPYKTYPH TiJI iOHHOT, MOJIEKYIAPHOL, MeTaseBol. Hampurias, MojieKkyaspHa
KPUCTATITHA CTPYKTYPa BiAPiBHIAETHCS TPOCTOPOBOIO PENTITKOTO, ¥ By3/1aX
SIKOI HERTPaJIbHI MOJIEKY/TH pedoBrHN. TaKi peduoBUHN JIETKO PYHHYIOTHCS,
Ha BiIMIHY BiJl peYOBUH 3 METAJIEBOIO KPUCTAJIITHOI PENTITKOIO.

B Tpervomy maparpadi ommcaHo mporiecn pocry Kpuctajis. Peasbai
KPUCTaJIA He BOJOIFOTEL TPAaBUIHLHOIO KPUCTAIITHOIO PETTITKO0, 8 MiCTATh
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ILTHi PsiJT TIOPYITIEHD B POBMIIIEHH] aTOMIB, TaK 3BaHi jJedexTH.

Jam po3KpuBaEThCA MPOTIEC OJepzKaHHd MOHOKPHUCTaJIiB. B mpupomi
MOHOKPHUCTaJIH OIIBITOCT pedoBuH Oe3 TpiniuH, 3a0py/IHeHb Ta IHITHX JedeKTiB
3ycTpidaroThes piako. OcHOBHI criocobu BUPOIyBaHHS MOHOKPUCTAJIB TIE
KPUCTAJIi3aIlisl i3 pO3IJIaBY | KPUCTAi3allid 3 PO3UNHY.

3aBepIrye OrJisL IITEPaTyPU ITHUTAHHS PO 3aCTOCYBAHHS KPUCTAITHIX
Tij1. 3apa3 ICHYOTH i1 TaJIy31 TPOMUCIOBOCTI, SIKi TTPAITFOIOTE Ha, MITYIHUX
KPUCTaJIaX, MOBHICTIO CTBOPEHUX JIIOAWHOTO. B mepry wuepry, e MpoOMUCIOBICTh
HaMiBITPOBI IHUKOBUX KPHUCTAJIB, 3 SKUX POOJIATh BEJINKY KIJIBKICTh PI3HOMAHITHUX
npuwiaais. Koam jgroqu HaBuuncs: BUPOIyBaTH MITYYHI pyOiHN, BOHU CTaJIH
OCHOBHUM MaTepiajoM JJisd jazepis. lloTy:kHamii mpoMmiHb Ja3epa Jocarae
Micsitist Ta IHITAX TJTAHET, CTEXKUTH 38 KOCMIYHIME KOPabJIsiMu 1 CyIIy THUKAMU,
JoroMarae 6atunTH, SIK JIIOANHA XOAUTH 1o Micsirro.

B apyromy posaiii onucaHo npoiecu, siki B Ja6opaTopil (B MKIIbHAX
YMOBaX) JQI0Th 3MOI'Y BUPOCTHTH KPHCTAJIH.

OTke, KPUCTAJIN 1€ HE TIJILKY CHMBOJT HEXKUBOI TPUPOJIA, aJie if OCHOBA
KUATTA Ha 3EMJT.
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HOBI METO/JIU TA MOXKJINBOCTI CYYACHOI
OIITUYHOI CIIEKTPOCKOIIII MOJIEKYJI TA
KPUITITAJIIB
Tepronoschka Hatamis Mnkosaisaa
yuenuist 10 knacy Kocrsaruaiseskol 30T Ap6yznncrkoi paffoHHOT
paan Mukomaicekol 061
nayrxosutl xepisnux - Hetwenrxo Bacuav Mukonratiosus, ewumens pisuru
Kocmanmuniscoroi 30111

I. TIpeamer Ta 3aBJaHHS CIEKTPOCKOIIII.

ITpeameToM CIIEKTPOCKOITIT € BUBYEHHS CITEKTPIB aTOMHUX CHUCTEM CTIEKTPIB
BUMTPOMIHIOBAHHS, TTOTJIMHAHHS 1| PO3CITOBaHHS €JIeKTPOMATHI THUX XBUJIb.

I1. Icropmunanii orasa PO3BUTKY CIIEKTPOCKOITIT.

- PO3BUTOK CIIEKTPOCKOTI] posnovaBcd 3 BiagkpuTTd [caakom HproTronom
6isoro ceitTia B criekTpi B 1666 por.

- BIAKPUTTS | BUBUEHHS JUCKPETHUX CIIEKTPIB BUTTPOMIHIOBAHHS 1 TTOT/IMHAHHS
Opayurodepom B 1814 pori.

- BecranossienHs Kipxrodowm B 1859 porii criBBi fHOITEHHST MizK BUIIPOMIHIOBAHHSIM
Ta, TOTJINHAIBLHOO 3AATHOCTIMH TiJI, IO OJIEPIKAJI0 HazBy 3akoHy Kipxroda.

- BCTAHOBJIEHHS 3aKOHOMIpHOCTe#l y poO3TalllyBaHHI JIHI{f B aTOMHHX
criekTpax y 1885 porii BambMepo.

- reopist Bopa (1913 pik) nosicHuIa ¢y THICTH 3aKOHOMIPHOCTE B 2TOMHUX
CTIEKTPaX.

- BinkpurTd B 1925 porii cruiny enexTpona Yiaenbekowm i [ayimiTom.

- HOBHUII €Tall B PO3BUTKY CIIEKTPOCKOTII OB’ sI3aHUil 31 CTBOPEHHSIM B
1924-1926 porti KBaHTOBOI MeXaHIKH.

- 3aTIOYATKYBaHHA MOJEKYISIPHO! CIEKTPOCKOMIT 3 BiAKpUTTAM B 1928
pori Pamamom, Maapgeimramom 1 Jlancbeprom siBuima KOMOIHAINHOTO
POBCITOBaHHSA CBIT/IA

IT1. Posainu conexkrpockorrii.

- sI7lepHa, CIIEK TPOCKOTIi S BUBYAE PiBHI €Hepriil aTOMHUX s/Iep i Iepexoau
Mi¥K HUMU.

- aTOMHA CIEKTPOCKOIsI BUBYAE eJIEKTPOHHI PiBHI eHepriii aTomim i
nepexoau Mizk HuMu. Came BOHA 3irpaJia 0cobIUBY POJib ¥ POSBUTKY BUEHHS
po OYIOBY PEYOBHH.
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- MOJIEKYJITPHA CIIEKTPOCKOITist BUBYAE €JIEKTPOHHI, KOJIMBAJIbHI it 0bepTraJibHi
PIBHI MOJIEKYJT i TIEPEXOAN MizK HUMH.

- CIIEKTPOCKOTIST KOHIEHCOBAHUX CHCTEM KPHUINTAJIiB, aMOPQHUX TLT i
PiIVH, BUBYAE PiBHI €HepTiil MUX CKAaJHUX CUCTEM i TIEPEXOIN MiK HUMH.

IV. Peecrpariisi criekKTpockoiril.

OnTuyHnM NpUIaIOM, TTPUIHAYEHNM JIJIsT PO3KJIAJTY CBIT/Ia Ha CIIEKTPaJIbHI
CKJIaJIOBI 1 Bi3yaJibHE CIIOCTEepeKeHHs CIIeKTPa € CIEeKTPOCKOTIIS.

Ha cboromuininiii 1eHb cieKTpaJbHUN PO3KJI CBIT/Ia MOYKE 3T fICHIOBATHCH
TPHOMa METO/IAMMU:

- JINCTIEPCIETo 33 PAXYHOK 3aJ0MJEHHS B TIPU3MaX;

- TudPaKIHero Ha MEPIOINYHNX PEITiTKaX

- 3 BUKOPHUCTAHHSM SBUIA iHTepdEpeHTIl.

V. 3acrocyBaHisi CHEKTPOCKOITNT MOJIEKYJI TA KPHUINTAIIB.

- B XiMil Ta MaTepiaJIO3HABCTRI - /IJIsT BUBHAYEHHS eJIeMEHTHOT'O CKIIaY;
- B €KOJIOTi] KOHTPOJb 38 CTAHOM TIOBITPSHOTO CEPEJIOBUIIIA;
- B aCTPOHOMII - Jj1g BUBUYeHHs iHpopMaIil mpo 6yI0By Ta yTBOPEHHS
3ipoK;
- BUBYEHHS CTPYKTypH OioxiMiyamx 00’€KTiB, BUBYEHHS (DOTOCHHTEZY
it Gioximil 30py;
- BUBYEHHS MOYKJIUBOCTEH BUKOPHUCTAHHS JIA3€PHO-1HIYKOBAHOT (hJTyOpPEecIeHtiil
# KOMOIHAIIHHOTO PO3CIFOBAHHS /TS MIarHOCTUKH PaKy, XBOpob apTepiil i
POy IHITNX 3aXBOPIOBAHE.

JIIOTPOITHI PIIKI KPUCTAJIU TA IIEPCIIEKTUBU IX
BUKOPUCTAHHA
Kpusenko Bornan PomaHOBHY

yuenr 9 xkaacy I'imaasii 136 /IrinpoBcekoro paiiony M. Kuepa
Hedazoziunuti xepisnur - Conoeyboscora Jlapuca Isanisna

Pinaki kpucrasiu 11e pe90BUHH, 110 BJAJIO CIIOJIYIYOTh y cobi aHI30TpOITHI
BJIACTHUBOCTI KPUCTAJIIB il TeKydicTh piguH. [cHye 6araTo pedoBuH MpUpPOIHOTO
MTOXO/YKEHHS, SKi MaIOTh PiAKOKPUCTAJIYHI BJIACTUBOCTI. 33 CIOCODOM YTBOPEHHS
PiIKi KpUcTa I MOAIIAOTE Ha TEPMOTPOIHI, JIOTpomHi, doToTporHi. Yci
i BUJAM PIAKUX KPHUCTAJIB MHUPOKO BUKOPUCTOBYIOThLCA B TpakTuii. [ls
obcTaBUHA 3YMOBJIOE HEOOXIiIHICTH MOCIIYKEHHsT BJIACTUBOCTEN PiIKMX
KPHUCTAJIIB.
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B Tenepimuiii vac piKi KpUCcTaJIM MMTIPOKO BUKOPUCTOBYIOThC. Hermomapao
CTaJI0 BiIOMO, MO BaIKJWBI /I KATTEAIAALHOCTI JIFOJICHKOTO OPTaHIZMY
piauan e mioTpomnHi pimki kpreramm. Ix BracTHBOCTI MOBs3aHI 3 cTAHOM
JIFOJICBKOTO opranizmy. s obcraButa Moxke OyTH BUKOPUTCAHA /T MIarHOCTUKA
PI2HOMaHITHUX 3aXBOPIOBAHb.

Merta poboTu noJisirae B cipobi BU3Ha9eHHsT MOYKJIUBOCTI BUKOPUCTAHHST
0CcOO/IMBUX BJIACTUBOCTEN JHIOTPOITHUX PIAKUX KPHUCTAJIIB B OIOOTNIYHAX
06’eKTaX IJIsI JOCIIIZKeHHS CTAHIB IINX 00’€KTIiB, 30KpeMa, JJIs JIarHOCTHKN
3aXBOPIOBAHD JIFOJIUHI.
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