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FOREWORD

The 2009 International Conference on Physics of Optical Materials and Devices
(ICOM2009) is the second conference jointly organized by the Institute of Nuclear
Science “Vin¢a” (Republic of Serbia) and the Ecole nationale supérieure de chimie de
Paris (France).

Herceg-Novi in Montenegro is of course dedicated to tourism but also to enjoyable and
useful discussions between scientists through several conferences every year.

This conference brings together scientists and technology users who are investigating
or developing materials for optical applications. The conference will present the state
of the art in preparation methods, optical characterization and usage of optical materials
and devices in various photonic fields. The Workshop on low dimensional structures
and materials will be held as a satellite meeting on ICOM2009 and will cover the
advanced topics and subjects in the areas of bottom-up approaches to nanostructured
materials. The conference will stress the value of a fundamental scientific
understanding of optical materials and applications in lasers, scintillators, phosphors.
The accent will be put on material elaboration and characterization.

The ICOM2009 Conference is organized in a workshop style, composed of several
sessions, which will comprise 19 invited lectures by the leaders in the field, 50
contributed oral lectures and 156 poster presentations.

We are grateful for sponsorships which have assisted us by providing some financial
support. We are grateful to Prof. G. Boulon, editor-in-chief, for the acceptance of some
selected papers in the journal Optical Materials. We are grateful to Prof. M. Franko,
associate editor, for the acceptance of some selected papers in the journal Acta Chimica
Slovenica.

We wish to express our thanks to the members of the International committee for their
suggestion of oral speakers and we are also grateful to the members of the local
organising committee in Belgrade for their effort and time during preparation of the
conference.

Chairpersons

Prof. Miroslav Dramicanin
Dr. Bruno Viana
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NOVEL PROPERTIES OF PES FABRICS MODIFIED BY CORONA
DISCHARGE AND COLLOIDAL TiO, NANOPARTICLES

Darka Mihailovi¢, Maja Radeti¢, Marija Radoi¢i¢, Ricardo Molina, Tamara Radeti¢,
Petar Jovanci¢, Jovan Nedeljkovi¢, Zoran Saponji¢

P3HT:PCBM BULK HETEROJUNCTION SOLAR CELLS

D. Cattelan, M. Gaillet, L. Yan

DATA RECORDING BY FLUORESCENT PHOTOSENSITIVE
NANOCRYSTALS

Sorin Jinga, Ecaterina Andronescu, Cornelia Jinga, Eugen. Pavel
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POLYMER COMPLEX SOLUTION SYNTHESIS OF

(Y,Lu;,);03:Eu’” NANOPOWDERS
Zeljka Anti¢, Radenka Krsmanovi¢, Miodrag Mitri¢, Barbora Bartova, Miroslav D.
Dramicanin

Gd,05:Eu*" NANOPARTICLES PREPARED USING COMBUSTION
SYNTHESIS: INFLUENCE OF DIFFERENT FUEL TYPES AND
ACTIVATOR CONCENTRATIONS ON PARTICLE MORPHOLOGY

AND LUMINESCENCE PROPERTIES
Radenka Krsmanovi¢, Zeljka Anti¢, Barbora Bartova, Miodrag Mitrié,
Miroslav D. Dramicanin

POLYMER COMPLEX SOLUTIONS SYNTHESIS TECHNIQUE FOR
RARE-EARTH-DOPED Lu,0; NANOPOWDERS

Radenka Krsmanovi¢, Zeljka Anti¢, Ivana Zekovié, Miroslav D. Dramiéanin

FABRICATION AND CHARACTERIZATION OF SAMARIUM AND
TERIBIUM ACTIVATED TiO, ANATASE NANOPARTICLES

Zeljka Anti¢, Radenka Krsmanovi¢, Milena Marinovi¢-Cincovi¢, Stefano Polizzi,
Davide Cristofori, Miroslav D. Dramicanin
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ZnO NANOMATERIALS: OPTICAL PROPERTIES AND
DEVICE APPLICATIONS

A.M. C.Ng,' X. Y. Chen,' F. Fang,' Y. F. Hsu,' A. B. Djurigi¢,"" W. K. Chan?

'Dept. of Physics, University of Hong Kong, Pokfulam Road, Hong Kong,
dalex@hku.hk
’Dept. of Chemistry, University of Hong Kong, Pokfulam Road, Hong Kong

Zinc oxide is a material of great interest for a variety of optoelectronic applications due to its
wide band gap and high exciton binding energy [1,2]. In addition, ZnO can form a variety of
nanostructured morphologies, which can be grown by different methods and which can
exhibit very different optical properties [2]. ZnO nanorods fabricated by different methods are
of interest for applications in light emitting diodes (LEDs) [3], as well as dye-sensitized solar
cells (DSSCs) [4].

We have studied the influence of different fabrication methods (hydrothermal growth, vapor
deposition, electrodeposition), as well as different post-fabrication treatments on the properties
of ZnO nanorods (morphology and photoluminescence). Then, we have investigated the
relationship between the nanorod optical properties and their performance in LEDs and
DSSCs. There is a complex relationship between the native defects in the nanorods and their
optical and electronic properties, and consequently device performance. In addition, factors
affecting LED performance are interfacial states and energy band alignment which can be
affected by the growth method, while for DSSC application the attachment of the dye may be
affected by the surface properties of the nanorods. Various factors affecting light emitting and
photovoltaic applications of ZnO nanorods with different properties are discussed in detail.

[1] U. Ozgiir, Ya. 1. Alivov, C. Lin, A. Teke, M. A. Reshchikov, S. Dogan, V.
Avrutin, S.-J. Cho, H. Morkoc, J. Appl. Phys. 98 (2005) 041301.

[2] A.B. Djurisi¢, Y. H. Leung, Small 2 (2006) 944.

[3] Y.F.Hsu, Y. Y. Xi, K. H. Tam, A. B. Djurisi¢, J. Luo, C. C. Ling, C. K. Cheung,
A. M. C. Ng, W. K. Chan, X. Deng, C. D. Beling, S. Fung, K. W. Cheah, P. W. K.
Fong, C. Surya, Adv. Func. Mater. 18 (2008) 1020.

[4] Y. F. Hsu, Y. Y. Xi, A. B. Djuris$i¢, W. K. Chan, Appl. Phys. Lett. 92 (2008)
133507.



INTERVALENCE CHARGE TRANSFER IN Pr’* AND
Tb*-DOPED DOUBLE TUNGSTATE CRYSTALS KRE (WO,),
(RE =Y, Gd, Yb, Lu)

P. Boutinaud*®, M. Bettinelli®, F. Diaz®

“Clermont Université, ENSCCF, LMI, BP10448, F-63000 Clermont-Ferrand
Philippe. Boutinaud@univ-bpclermont. fr
bLaboratorio di Chimica dello Stato Solido, DB, Univ. Verona and INSTM, UdR
Verona, Strada Le Grazie 15, 37128 Verona, Italy
“Laboratori de Fisica Aplicada i Cristallographia, Universita Rovira i Virgili, 43005
Tarragona, Spain

First experimental evidences of intervalence charge transfer (IVCT) transitions in Pr’”
and Tb’" doped double tungstate crystals KRE(WO,), (RE = Y, Gd, Yb, Lu) are
reported. The IVCT bands are located nearly at the same energies for Pr’" and Tb*" in a
given crystal and these energies are consistent with an empirical model recently
developed for Pr’" ions in titanates, vanadates niobates and tantalates [1-4] (see Fig. 1).
These findings made it possible to locate the 4f" states of trivalent lanthanides in
KREW crystals by applying the Dorenbos “double seat” empirical model [5].
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Fig. 1: Variation of the experimental IVCT energy vs. the ratio between the optical
electronegativities of the d” M™ lattice cations and the shortest Pr' -M"" distances.

[1] P. Boutinaud, E. Pinel, M. Oubaha, R. Mahiou, E. Cavalli, M. Bettinelli, Opt.
Mater. 28, (2006) 9

[2] P.Boutinaud, R.Mahiou, E.Cavalli, M.Bettinelli, Chem. Phys. Lett. 418 (2006) 185

[3] P. Boutinaud, R. Mahiou, E. Cavalli, M. Bettinelli, J. Lumin. 122—-123 (2007) 430

[4] P. Boutinaud, E. Cavalli, M. Bettinelli, J. Phys: Condens. Matter 19 (2007) 386230

[5] P.Dorenbos, J. Phys. Condens. Matter 15 (2003) 8417



LANTHANIDE LEVEL LOCATION IN TRANSITION METAL
COMPLEX COMPOUNDS

Pieter Dorenbos, Andreas H. Krumpel, Erik van der Kolk

Delft University of Technology, Faculty of Applied Sciences, Mekelweg 15, 2629JB,
Delft, The Netherlands

Luminescence quantum efficiency, preferred valence, charge carrier trapping, and energy
transfer efficiency from the host to lanthanide impurities are often determined by the precise
location of the relevant lanthanide impurity levels with respect to the conduction band and
valence band of the hosting inorganic compound. Our knowledge, our experimental
techniques, and our empirical and ab initio theoretical models are continually being improved
to better understand and predict level location. With optical spectroscopy one can measure the
energy of electron transfer from the valence band to the conduction band but also from the
valence band to the open 4f shell of trivalent lanthanide impurities. This provides us with a
method to position the divalent lanthanide ground state with respect to the top of the valence
band [1]. With thermoluminescence techniques one may probe the trapping of electrons from
the conduction band by the open 4f shell of trivalent lanthanide. This provides us with a
method to position the divalent lanthanide ground state below the conduction band. The two
complementary techniques give consistent results [2]. Those methods can not be used to
determine the location of the ground state of trivalent lanthanide ions.

For the transition metal complex compounds (molybdates, tungstates, vanadates, niobates,
tantalates, titanates) there appears another unique method to determine the location of the 4f
ground state of trivalent lanthanides. The method is based on measuring the energy of electron
transfer from the open 4f shell of a trivalent lanthanide ion to the transition metal cation.
Boutinaud and co-workers studied this so-called Intervalence Charge Transfer (IVCT) by
means of optical spectroscopy on many Pr’* and Tb*" doped transition metal complex
compounds [3,4]. These type of compounds are characterized by a relatively low lying
conduction band, and then the weak IVCT band can be observed at energies lower than the
much stronger and otherwise overwhelming 4f-5d excitation bands. The energy of the IVCT
band provides the location of the 4f ground state of trivalent lanthanide ions relative to the
conduction band formed by the transition metal cation states.

In this work we will combine experimental information on the band gap, CT, and IVCT
energies with empirical models on lanthanide level locations with the aim to determine the 4f
ground state energies of all divalent and all trivalent lanthanides in a selection of molybdate,
tungstate, vanadate, niobate, tantalate, and titanate compounds. Possible shortcomings of the
method, and the implications of the found level locations on optical performance will be
addressed.

[1]7 P. Dorenbos, J. Phys.: Condens. Matter 15 (2003) p.8417.

[2] A.J.J. Bos, P. Dorenbos, A. Bessiere, B. Viana, Radiation Measurements 43 (2008)
p.222

[3] P.Boutinaud, E. Pinel, R. Mahiou, E. Cavalli, M. Bettinelli, Chem. Phys. Letters
418 (2005) p.185.

[4] P. Boutinaud, E. Cavalli, M. Bettinelli, J. Phys. Cond. Matter 19 (2007) p.386230.



INVESTIGATION OF RARE-EARTH-DOPED AND DYE-DOPED
LUMINESCENT SILICA NANOPARTICLES FOR DNA-

MICROARRAY LABELING
F. Enrichi'", R. Riccd!, A. Meneghellol,R. Pierobon', F. Marinello',
P.Schiavuta', K. Fincati', A. Parma'?, P. Riello®, A. Benedetti’

!CIVEN and Nanofab, via delle Industrie 5, 30175 Marghera (Venezia) — ITALY
’Dip. Chimica Fisica, Univ. Ca’ Foscari Venezia and INSTM, via Torino 155, 30170
Mestre (Venezia) — ITALY, *enrichi@civen.org
Luminescent nanoparticles are gaining more and more interest in bio-labeling and bio-
imaging applications, like for example DNA microarray. This is a high-throughput
technology that consists of an arrayed series of spots of ssDNA, called probes, each
containing a specific nucleotide sequence. Probe molecules have the ability to hybridize a
target sample and this event (probe-target interaction) is usually identified and quantified by
means of optical, fluorescence-based detection. To improve the sensitivity of the microarray
and to avoid limitations related to common dyes (i.e. photobleaching, chemical stability,
etc...) the development of new and better biolabels is desiderable. In particular silica
nanospheres are a promising and interesting solution because they can be uniform and well
controlled in size, highly luminescent, non toxic and easily functionalized on their surface.
The liquid synthesis of silica spheres can be obtained by hydrolysis and condensation of
tetraethylortosilicate (TEOS) in basic environment. Luminescence of these spheres can be
induced by the incorporation of organic or inorganic emission centres, such as rare earth
ions, quantum dots or fluorescent dyes. In this talk the work done at the Civen/Nanofab
laboratories about all these strategies is presented, pointing out the advantages and
disadvantages of each. Rare earths exhibit narrow emission bands (easy identification),
large Stokes shifts (efficient discrimination of excitation and emission), long luminescence
lifetimes (possibility to perform time-delayed analysis) which can be efficiently used for the
improvement of signal to noise ratio. On the other hand, luminescent dye-doped
nanoparticles could be also excellent candidates for biological applications because they can
be analyzed with the standard existing tools (microarray scanners, which are fitted for
fluorophore excitation and emission curves), a large number of dye molecules can be
incorporated in a single particle (increasing the optical signal) and the silica matrix provides

a protective barrier minimizing photobleaching and photodegradation.

The synthesis and characterization of luminescent silica spheres either by rare-earth-doping
or by organic dye-doping are investigated and reported. Moreover, their application in the
DNA microarray technology in comparison to the use of standard molecular fluorophores
or commercial quantum dots is discussed. Finally, trends for future developments are given.
The cheap and easy synthesis of these luminescent particles, the stability in water, the
surface functionalization and bio-compatibility makes them very promising for present and
future applications in bio-labeling and bio-imaging.
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Description of the DNA microarray technique (left), luminescence from spots containing silica spheres
doped with different dyes (center) and SEM image of rare earth (Eu’") doped silica spheres (right)
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POSSIBILITIES OFFERED BY HIGH-RESOLUTION FOURIER
SPECTROSCOPY IN CHARACTERIZING OPTICAL
MATERIALS: EXAMPLE OF LiYF, - Tm*

Sergey A. Klimin

Institute of Spectroscopy RAS, 5 Fizicheskaya str., Troitsk, Moscow region, Russia,
klimin@isan.troitsk.ru

Optical materials containing the rare-carth (RE) ions are widely used as laser media,
luminophors, and scintillators. Currently, rare earth doped crystals attract great
attention as promising systems for quantum information processing and storage. In this
latter new field, particularly, one needs precise information on the positions,
linewidths, hyperfine splittings, shapes of the RE spectral lines. Here, principal
advantages of the Fourier-transform spectroscopy over other spectroscopic techniques
offer unprecedented possibilities in characterizing such optical materials. To
demonstrate this, examples of high-resolution optical spectra of LiYF, — Tm’" single
crystals are presented. Among other RE ions, the Tm’" ion is of a special interest for
quantum memory applications [1]. As for the LiYF, matrix, it is known to ensure a
very narrow inhomogeneously broadened spectral line. The narrowest
inhomogeneously broadened linewidth (0.001 cm™) ever reported for crystals was
found in LiYF4:Er [2].

The detailed energy level scheme for the Tm®" ion in LiYF, is presented. Several
crystal field transitions with low integral intensity were found that were not registered
before by means of ordinary spectroscopy. Experimental data on the hyperfine and
deformation splittings, isotopic effects, the spectra of the Tm — Tm pairs and of the
Tm®" jons in a vicinity of defects are discussed. Resonant enhancement of the intensity
of some vibronics and an anomalous broadening of the Tm®* ground state due to the
resonant electron-phonon interaction is reported.

This work was supported by the RFBR (grant Ne 09-02-01067) and by the Russian
Academy of Sciences under the Programs for Basic Research

[1] T. Chaneliére et al., Phys. Rev. B 77 (2008) 245127.
[2] R.M. Macfarlane, A. Cassanho, and R.Z. Meltzer, PRL 69 (1992) 542.



DESIGN OF LANTHANIDE-DOPED NANOMATERIALS FOR
APPLICATION IN OPTICS AND CERAMICS

Beatriz Julién-Lépezl’z, Moénica Martos', Jose Planelles', Eloisa Cordoncillo’,
Patrick Ashehough?, Clément Sanchez?, Fabienne Pelle?, Bruno Viana’,
Purificacion Escribano’

! Departamento de Quimica Inorgdnica y Orgdnica, Universitat Jaume I,
Castellon, Spain. E-mail: julian@gqio.uji.es
? Laboratoire de Chimie de la Matiére Condensée, UMR 7574, CNRS, UPMC, Paris

The study of luminescent nanomaterials is largely motivated by the prospect of original
specific applications such as electroluminescent devices'"), integrated optics™™, high
efficiency and stable solid-state lasers"™), new sensors,* biological labels™ or advanced
ceramics'®. Lanthanide ions are usually the species responsible for the optical
properties of these materials because they exhibit a wide variety of luminescence
phenomena (fluorescence, phosphorescence, up- and down-conversion, etc...), ranging
from UV to infrared region, and a low impact for environment and human health.

The design of efficient materials for advanced applications require the development of
novel synthetic strategies to prepare nanomaterials with a perfect control of parameters
like size, morphology, crystalline phase, etc. and, of course, the optical properties.
Among them, sol-gel methodology and solvothermal synthesis are two of the most
successful procedures.

On the one hand, sol-gel technology offers an alternative way to prepare homogeneous
and highly transparent materials at low temperatures, besides other facilities such as
easy shaping, miniaturization, high purity of the precursors, possibility to combine
organic and inorganic components providing the tunability of properties, etc. All these
advantages are useful for integrated optical devices. On the other hand, solvothermal
route allows to prepare nanocrystalline materials at low temperature with spherical
morphology and controlled size (from nano to micro). These features are crucial to get
stable dispersions of interest, for instance, in ink-jet ceramic technologies.

In this presentation, some outstanding examples of designing transparent inorganic and
hybrid inorganic-organic nanomaterials for optics (Eu*'-doped PDMS and
Eu’":CdS/ZnS:Si0, materials) and inorganic materials for advanced ceramics
(Eu*":SrALLOy4, Ln,Ti,0; with Ln: Er’*,Ce*/Ce*" systems) will be shown. Special
attention on the composition-synthesis-structure-properties relationship will be paid.

[1] V.L. Colvin, M. C. Schlamp, A. P. Alivisatos, Nature, 1994, 370, 354

[2] V. I Klimov, A. A. Mikhailovsky, S. Xu, J. A. Holligsworth, C. A. Leatherdale,
H. J. Eisler, M. G. Bawendi, Science, 2000, 290, 314.

[3] A.C. Franville, D. Zambon, R. Mahiou, Y. Troin, Chem. Mater., 2000, 12, 428.

[4] C. Rottman, G. Grader, Y. DeHazan, S. Melchior, D. Avnir, J. Am. Chem. Soc.,
1999, /21, 8533.

[5ST A. Doat, M. Fanjul, F. Pellé, E. Hollande, A. Lebugle, Biomaterials, 2003, 24,
3365.

[6] P. Escribano, M. Marchal, M. L. Sanjuan, P. Alonso-Gutierrez, B. Julian, E.
Cordoncillo, J. Solid State Chem., 2005, 178, 1978.



IMPROVING SOLAR CELL EFFICIENCY: A CHALLENGE
FOR THE TWENTY-FIRST CENTURY

Bernard Moine, Antonio Pereira, Amina Bensalah-Ledoux, Christine Martinet

Université de Lyon; Université Lyon 1; CNRS; Laboratoire de Physico-Chimie des
Matériaux Luminescents, Villeurbanne, France. (moine@pcml.univ-lyonl.fr)

The solar energy which floods the Earth each year corresponds to 10,000 years of fossil
energy to the rthythm of current worldwide consumption. However, to generate a significant
fraction of the energy demand with solar cells, is a true challenge which implies to strongly
increase the output of these while reducing their production costs. Currently one of the
principal limits to the output of solar cells is the inadequacy between the spectrum of the
incident radiation and the absorption spectrum of cells. Several solutions has been proposed to
increase the solar cell efficiency that we will examine. Among the various possibilities
suggested to obtain a better coupling between the spectrum of illumination and the absorption
of solar cell, an approach, still little developed, consists in modifying the spectrum of
illumination rather than to seek to adapt, as well as possible, solar cells to the sun spectrum.
Accordingly, wavelength shifter materials are used to convert energy between various spectral
ranges. Because of poor yield of currently known materials, the implementation of spectral
conversion very often passes by a geometrical concentration of the light. For a direct
application on solar cell, it is necessary to develop and optimize new luminescent materials
which can be deposited as thin layers. Some of them will up-convert two infrared photons into
one visible photon, others will down-convert UV-photons into less energetic photons. In both
cases, the converted photons should fit better to the maximum of solar cell sensitivity. These
latter “quantum cutter” materials in which emission of photons in cascade occurs, lead to a
multiplication of photons in the active thin layer and should allow a rupture in terms of
spectral conversion output. Their introduction appears as a very promising alternative.
Potential candidates will be described.



CRYSTALLIZATION MEASUREMENTS ON TITANIA FILMS

S. Phillip Ahrenkiel**, Srujan Mishra®, Jayson C Johnson®, Pavel Dutta®,
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“South Dakota School of Mines & Technology, Rapid City, South Dakota, USA
bSouth Dakota State University, Brookings, South Dakota, USA
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TiO, (titania) is an essential material component for many emerging nanoelectronic
applications, including dye-sensitized solar cells, photocatalysis, and fuel cells. The metastable
anatase phase of titania shows superior electrical properties to the equilibrium, rutile phase.
As-deposited amorphous-titania thin films can be produced by either wet methods, using sol-
gel chemistry, or dry methods, such as vacuum evaporation and RF sputtering. Post-deposition
crystallization can then be performed to influence structural phase and promote desirable
microstructural characteristics. Previous transmission electron microscopy (TEM) in situ
studies of crystallization in titania thin films have used electron-beam irradiation to induce
inhomogeneous nucleation [1], which allows direct observation and local control of grain
formation. Crystallization of deposited layers by thermal annealing is a more common
approach for device fabrication. During isothermal annealing of films on amorphous
substrates, grains form via spontaneous, homogeneous nucleation, allowing measurement of
intrinsic materials parameters. Using in situ TEM heating, we have observed and recorded the
crystallization process in titania films deposited by both wet and dry methods, using
amorphous-carbon support layers on molybdenum TEM grids as substrates. For samples
synthesized under dry conditions, crystallization at 250 °C occurs with a characteristic time
constant of less than 2 min [Fig. 1]. But, despite similar crystallization kinetics, we note
dramatic differences between the consequent grain sizes and morphologies of material
deposited by the different dry methods. The evolution of crystallinity in vacuum-evaporated
films shows good agreement with classical predictions [2], but contrasts with results from
solution-synthesized films, in which crystallization may be highly affected by nanoparticle
coalescence [3].

[1] M. Shiojiri, H. Morikawa, and E. Suito, J. Electron Microscopy 17 (1968), p. 1.

[2] M. Avrami, J. Chem. Phys. 7 (1939), p. 1103.

[3] H.Zhang and J. Banfield, Chem. Mater. 14 (2002), p. 4145.
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Fig. 1: Time-lapse TEM image series of evaporation-deposited titania films at
various stages of crystallization. Time is given in min:sec. The scale bar is 500 nm.



TOWARDS MOLECULAR SCALE PHOTOPHYSICAL LOGIC
CIRCUITS

Shammai Speiser

Department of Chemistry, Technion — Israel Institute of Technology, Haifa 32000,

Israel, email: speiser@tx.technion.ac.il

Charge and electronic energy transfer (ET and EET) are well-studied examples
whereby different molecules can signal their state from one (the Donor, D) to the other
(the Acceptor, A). This transfer is often studied as an intermolecular process but it can
also occur intramolecularly, that is between two bridged parts of a molecule. In this
communication we propose to use this transfer as a way of connecting between logical
operations that are implemented on different molecules. With such a concatenation one
can begin to think of the construction of larger scale integrated logic circuits, made up
of many molecules. In particular, the already demonstrated EET in trichromophoric
molecules assures us that a fanout operation, that is the communication of a given
output as input to more than one circuit, will be possible. While we shall not make use
of it, the scheme discussed in this presentation can exhibit a bi-directional transfer so
that feedback is also possible.

We show, that one molecule can communicate its logic output as input to another
molecule. This is achieved via an electronic energy transfer from a donor to an
acceptor. We discuss a specific pair, the thodamine 6G-azulene, for which there is
considerable data, but the scheme is general enough to allow a wide choice of D and A
pairs. We present results pertaining to a newly sythesized bicromophoric molecule
based on this pair, in which a full adder is implemented, utilising intarmolecular

electronic energy transfer between the two moieties.



NANO-ENGINEERED SILICON LIGHT EMITTING DIODES
AND OPTICALLY ACTIVE WAVEGUIDES

M. A. Lourengo, R. M. Gwilliam and K. P. Homewood

Advanced Technology Institute, Faculty of Engineering and Physical Sciences,
University of Surrey, Guildford, Surrey, GU2 7XH, United Kingdom,
k.homewood@surrey.ac.uk

Silicon is the primary semiconductor material and represents around 90% of the
semiconductor chip market. Ultra-large-scale-integration (ULSI) technology of silicon
is the basis of microelectronics and drives the exponential growth (Moore’s Law) in
computer speed and power that underpins the whole information technology sector.
Despite its predominance, silicon lacks a key semiconductor property. It has an
indirect band-gap and is fundamentally unable to emit light! Nevertheless, it is
increasingly clear that we need light emitting or light amplifying devices on silicon. In
particular there is considerable interest in and need for wavelengths in the extended
optical communications band from 1.2 to 1.8 um for optical fibre communications and,
in particular, an emitter at 1.3 um is required in key applications such as Fibre-to-the-
Home. One way to obtain these wavelengths is to use other optically active materials
or centres in silicon for example the lanthanide rare earth elements - this approach has
previously always failed to obtain efficient room temperature operation in bulk silicon
due to the strong thermal quenching. We will show that nano-engineering a strain field
in devices to provide spatial confinement of carriers can reduce, eliminate or even
reverse thermal quenching in these devices [1]. We will report here on nano-
engineered bulk silicon light emitting diodes incorporating the rare earth erbium
operating at 1.5 pm. We will also report on diodes operating over the 1.2 to 1.35 um
range achieved by the implantation of the rare earth thulium, incorporated in the
trivalent Tm®" state, into silicon p-n junctions. We will then describe recent
experiments [2] showing how rare earth implants combined with strain engineering can
lead to optical gain in silicon-on-insulator waveguide structures. Gain is seen over a
range of 150 nm, centred at 1550 nm, making it, unlike other recent approaches, ideally
suited for dense wavelength division multiplexing over this most important wavelength
range. Importantly, it can be electrically pumped unlike other approaches reported
recently such as utilizing the Raman effect [3] and four wave mixing [4] which are
purely optical effects and for fundamental reasons are not capable of being electrically
pumped. Finally, the prospects of using the approach described here for achieving all
silicon lasers and optical amplifiers will be discussed.

[1] W. L. Ng et al., Nature 410, 192 (2001).

[2] M. A. Lourenco et al., Appl. Phys. Lett. 91, 141122 (2007).
[3] H. S. Rong et al., Nature 433, 292 (2005).

[4] M. A. Foster ef al., Nature 441, 960 (2006).
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NOVEL PROBES FOR BIPHOTONIC BIO-IMAGING

Yann Bretonniére, Olivier Maury
Chantal Andraud Laboratoire de Chimie, Ecole Normale Supérieure de Lyon, UMR CNRS
5182, 46 allee d'Italie, 69364 LYON Cédex 07 France

We present here two different approaches for the design of novel fluorescent probes
featuring high for two-photon absorption (TPA) cross-sections Grpy:

-using the unique luminescence properties of Ln™ ions (sharp emission, large
Stockes shift, insensitivity to oxygen, and their long excited state lifetime ranging from ps
to ms), which triggered the development of time-resolved microscopy for applications in
biological imaging, we designed a new family of ligands-based chromophores able to
induce lanthanides emission by two-photon antenna effect'. Tuning the strength of the
donor as well as the length of the n-conjugated backbone (Fig.1, left) allowed to optimize
the TPA cross-section’.
The description of the first two-photon scanning microscopy bio-imaging experiments
using these lanthanide complexes led to consider these complexes as a new generation of
molecular probes (Fig. 1, right)’.
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Fig. 1 Dipicolinic acid ligands based complexes with optimized cross-sections for the two-photon
sensitized luminescence of europium (left); two-photon excited luminescence (right, A= 760 nm) and
contrast phase (left) images of T24 cancer cell (right)

-in order to develop efficient probes combining both second-harmonic imaging
and two-photon excited fluoresecence microscopies, we proposed a series of novel neutral
push-pull probe molecules®, fulfilling the right balance between hydrophobicity and
hydrophilicity and for which a good membrane staining, compared to existing probes, could
be observed, as shown in Figure 2°.

Fig. 2 Simultaneous TPEF (left) and second harmonic generation (right) images of F98 cells excited at
810 nm.

[1] A.D’Aléo, A. Picot, A. Beeby, J. A. G. Williams, B. Le Guennic, C. Andraud, O.
Maury, Inorg.Chem.,47, (2008) 10258.

[2] A.D’Aléo, A.Picot, P.L.Baldeck, C. Andraud, O.Maury, Inorg.Chem.,47, (2008) 10269.

[3]1 A.Picot, A. D’Aléo, P. L. Baldeck, A. Grishine,A. Duperray, C. Andraud, O. Maury, J.
Am. Chem. Soc., 130, (2008) 1532.

[4] C.Barsuy, R. Fortrie, K. Nowicka, J.-C. Vial, P.L. Baldeck, A. Barsella, A. Fort, M.
Hissler, Y. Bretonniére, O. Maury, C. Andraud Chem. Comm., (2006) 4744.

[5] C.Barsu,R. Cheaib, S. Chambert, Y. Queneau, O. Maury, D. Cottet, H. Wage, J.-C.Vial,
J. Douady ,Y. Bretonniére, C. Andraud submitted.
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OPTICAL PROPERTIES OF CR* ION IN TRANSPARENT
NANOCERAMICS

W. Strek and P.Gluchowski

Institute of Low Temperature and Structure Research,
Polish Academy of Sciences, Wroclaw, Poland

The synthesis of transparent nanoceramics from the crt doped Y;Al;0,,, MgAlO, and
Al,O; from nanocrystalline powders is presented. Their structure and morphology were
determined.

The optical measurements (fluorescence, excitation and lifetimes) of Cr’* in
nanoceramics were performed. In particular it was noticed the emission and excitation
spectra were strongly affected by the grain size of nanoceramics. The effect of applied
sintering pressure on optical behavior of Cr** ion was observed. The effect of grain
size and sintering pressure on electron-phonon coupling and crystal field strength were

investigated.
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NON LINEAR PROCESSES IN STRUCTURED SOLID STATE
LASERS

P. Molina and M.O Ramirez, L.E. Bausa
Dept. Fisica de Materiales, Universidad Autonoma de Madrid, 28049-Madrid, Spain

luisa.bausa@uam.es

Structuring materials in the micro and sub-micrometer range constitutes an intense
research field in photonics relevant from the fundamental point of view, but also from
the increasing need of a spatial and spectral control of the electromagnetic radiation. In
particular, when an appropriated structure is practised on a solid state laser crystal, new
optical functions can be added.

The aim of our work is the extension of the functionality of laser materials to include
new non-linear processes provided by a superstructure of ferroelectric domains on it.
We will show how by using two-dimensional anti-ferroelectric micro-domain
structures novel frequency conversion processes can be obtained.

Specifically, we will show how by means of the appropriated structure and
configuration multiple-direction second harmonic generation can be continuously tuned
in an extremely broad frequency range covering the whole visible spectrum.

The results are promising for novel optical multifunctional devices based on solid state
lasers, which can simultaneously act as multiple harmonic generators, nonlinear prisms
or all optical deflectors.
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NEAR-INFARED MULTISPECTRAL IMAGING AS
TECHNIQUE IN NANOMATERIALS: SYNTHESIS AND
CHARECTERIZATIN OF SOL-GEL GLASS ENCAPSULATED
FULLERENES

Chieu D. Tran

Department of Chemistry, Marquette University
P. O. Box 1881, Milwaukee, Wisconsin 53201, USA

chieu.tran@marquette.edu

We have recently developed a novel near-infrared multispectral imaging instrument
(NIR-MSI), which employs an acousto-optic tunable filter (AOTF) for spectral
scanning. This AOTF-based NIR-MSI has the combined advantages of a NIR
spectrophotometer and a NIR imaging instrument, namely, it provides, for the first
time, the means to noninvasively, sensitively (at single pixel resolution of about 10
pm/pixel in the NIR-MSI instrument and 0.6 pm/pixel in a NIR-MSI microscope), and
rapidly (usec) record, not at a single wavelength as in NIR imaging instruments, but an
entire NIR absorption spectrum (as in a spectrophotometer), and not just one spectrum
but tens of thousands of spectra at tens of thousands of different locations within a
sample in a period as short as a few hundred microseconds. Chemical information
derived from these spectra makes it possible to noninvasively and accurately detect and
identify many different chemical species at many different positions within a sample.
Using these unique capabilities, we have successfully used the instrument for studies
and measurements which would otherwise have been impossible. Some applications of
this imaging instrument including its use to characterize and determine molecular state
and distribution of encapsulated fullerene molecules (Cgy, C79 or their mixture) in

newly synthesized sol-gel glass samples will be described in this seminar.
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PHOTOACOUSTIC SPECTROSCOPY IN TRACE GAS
SENSING

Markus W. Sigrist

ETH Zurich, Institute for Quantum Electronics, Schafmattstrasse 16,
CH-8093 Zurich, Switzerland,
sigristm@phys.ethz.ch

In most applications of trace gas sensing high sensitivity, specificity, multi-component
capability, minimal or no sample preparation, large dynamic range and good time resolution
are important issues. Despite the availability of many instruments there is still a need for
improvements or for developments of alternative techniques to meet above requirements.
Optical and laser-based devices play an increasingly important role in this field as they offer
some unique advantages. Often a tunable mid-infrared laser is used as light source. If less
sensitivity is required, alternatives such as near-infrared diode lasers or even LEDs can be
employed. With respect to sensitive detection, we focus here on the photoacoustic (PA)
technique although other laser-based schemes such as direct absorption in multi-pass cells or
cavity ringdown spectroscopy will also be introduced for comparison of performance.

Several examples will be discussed to illustrate the potential of photoacoustics. A first
application concerns the monitoring of street traffic emission with a time resolution in the
minute range. Even in a harsh and noisy environment we were able to record ppb-to-ppm
concentrations of ethylene, ammonia and CO, with a time resolution of minutes with a mobile
CO»-laser based system incorporating a homebuilt multipass resonant PA cell with an array of
16 miniature electret microphones [1]. Another most recent example concerns the comparison
of the generated PA signal by using either repetitively pulsed or CW modulated radiation
incident on a resonant PA cell. In agreement with a theoretical model it was experimentally
demonstrated that the pulsed radiation (pulsed at a repetition rate corresponding to an acoustic
resonance frequency of the PA cell) yields a /2-times higher PA signal amplitude than the
modulated excitation at the same resonance frequency and average laser power. The
experimental verification was performed for NO, buffered in argon with a pulsed and a
chopper-modulated frequency-doubled CW Nd:YAG laser at 532 nm [2]. A further
development is a self-normalizing PA gas sensor where the common intensity normalization
(requiring a power detector) becomes obsolete. We introduced a novel scheme named dual-
mode excitation and recently demonstrated its feasibility by successful humidity
measurements with an LED-based sensor using this principle [3]. Further improvements with
simultaneous excitation involving 4 LEDs are currently pursued.

If elevated temperatures are required (e.g. for studies on vapors) or if only low-power light
sources are available, PA detection may not be the most appropriate sensing technique and
other detection schemes like direct absorption in multi-pass cells can be employed as several
other examples to be presented will demonstrate.

[1] D. Marinov and M.W. Sigrist, Photochem. Photobiol. Sci. 2 (2003), p. 774.

[2] R. Bartlome, M. Kaucikas and M.W. Sigrist, Appl. Phys. B (2009), in print.
[3] J.M. Rey and M. W. Sigrist, Sens. Actuators B Chem. 135 (2008), p. 161.

15



OPTICAL NANO-ANTENNAS: CHARACTERIZATION AND
CONTROL

Alexandre Bouhelier
Centre National de la Recherche Scientifique (CNRS)
Institut Carnot de Bourgogne-UMR 5209, Université de Bourgogne, Dijon, France

Optical antennas are elementary devices operating in the optical domain playing a
major role in the manipulation of light on the nanometer scale. Optical antennas offer
technological solutions for developing ultrasensitive biological and medical tools, for
increasing the efficiency of photonic interactions and light extraction in solid state
devices and for engineering radiation properties of single emitters. Although not
strictly equivalent to radio-wave antennas (presence of losses), optical antennas are
characterized by their spectral gain and their directional properties. This information is
included in the description of the electromagnetic local density of states (LDOS) of the
system. The LDOS uniquely demonstrates the available optical eigenmodes and is
therefore central to the understanding and control of optical antennas. We will present
spectroscopic LDOS measurements over different nano-antennas, and by comparaison
to a reference radiator, quantitatively assess their gain and detuning from a given
excitation wavelength (Fig. 1). Through a conoscopic and coranographic imaging
techniques we will discuss the angular emission diagram of single nano-antennas as
well as electromagnetically coupled elements.
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Figure 1: @) Optical image of the LDOS of a corral in construction made
of metal nanoparticle (optical antennas). (b) Gain G and detuning factor
BA for optical antenna dimers of varying gaps.

The use of optical antennas in functional integrated devices is strongly dependent
on our ability to redirect electromagnetic radiation through the utilization of such
element. Shape, size and materials constituting an optical antenna are all designed
parameters that allow a form of passive control over the antenna response. Ultimate
optical antenna-based devices will however require dynamic and active
functionalities that will on-demand control the interfacing properties of individual
optical antennas. In this presentation, we will show how to fine-tune antenna
properties (detuning, gain, emission diagram, etc...) by a voltage-control of the
surrounding dielectric medium. In particular, we will show that the coupling
mechanisms between a single dimer-like antenna can be pitched on-demand.
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RARE-EARTH-ACTIVATED GLASS CERAMIC WAVEGUIDES

S. Berneschi®, S. Soria®, G.C. Righini®, G. Alombert-Goget®, A. Chiappini”,
A. Chiasera®, J. Jestin®, M. Ferrari®, E. Moser®, S.N.B. Bhaktha®‘, B. Boulard®,
C. Duverger Arfuso®, S. Turrell’

“CNR - Nello Carrara Institute of Applied Physics, MDF Lab (Photonic Materials &
Devices) via Madonna del Piano 10, 50019 Sesto Fiorentino, Firenze, Italy,
giancarlo.righini@cnr.it
PCNR-IFN, CSMFO Lab., via alla Cascata 56/C, Povo, 38123 Trento, Italy,
mferrari@science.unitn.it
“Dipartimento di Fisica, Universita di Trento, via Sommarive 14, 38123 Trento Povo,
Italy, moser@science.unitn.it
LPMC, CNRS-UMR 6622, Université de Nice-Sophia Antipolis, Parc Valrose, 06108
Nice Cedex 02, France, bhaktha@unice.fr
‘Lab. LAOF, UMR CNRS 6010, Université du Maine, Av. O. Messiaen, 72085 Le Mans,

‘ France, brigitte.boulard@univ-lemans.fr
TLASIR (CNRS, UMR 8516), Université des Sciences et Technologies de Lille, 59655
Villeneuve d’Ascq, France, Sylvia. Turrell@univ-lillel fr

This work is focused on sol-gel-derived SiO,—HfO, and SiO,—SnO, glass-ceramic
waveguides activated by Er'’ and Eu®" ions. We demonstrate that with optimized
fabrication protocols it is possible to succeed in preparation of low-loss GCs
waveguides activated by rare-earth ions opening new potentialities for the development
of smart and cheap integrated optical circuits.

Concerning sol-gel-derived Er’'-activated HfO,-based glass-ceramics the research
activity has evidenced that: i) silica-hafnia glass ceramics allow to achieve an
attenuation coefficient as low as 0.3 dB/cm at 1542 nm; ii) HfO, crystalline phase can
efficiently enhance the spectroscopic properties of the embedded Er’* ions; iii) Er'®
ions remain incorporated in tetragonal HfO, nanocrystals with dimensions of about 3-5
nm depending on the HfO, content. From a technological point of view patterning of
photonic structures on the silica-hafnia film requires photolithography followed by
CHF; reactive ion etching. A more simple approach consists in the exploitation of
photorefractive properties. The inclusion of rare-earth elements, by allowing to
combine photorefractive and active properties, may provide an effective route to the
simple fabrication of integrated optics amplifiers and lasers. In this context we present
Si0,-Sn0, glass-ceramic waveguides doped with Eu’" ions with SnO, content as high
as 25 mol %. Formation and growth of nanocrystals in the parent amorphous
waveguides was induced by heat treatment. The formation of tetragonal rutile SnO,
crystals in the films was confirmed by Raman spectra. Photoluminescence
measurements indicate that most part of Eu’* ions are embedded in SnO, nanocrystals.
The excitation spectra clearly evidence the role of interband electronic transition of
SnO, nanocrystals on the luminescence of Eu’" ions. An attenuation coefficient a low
as 0.8 £ 0.2 dB/cm at 632.8 nm was measured in the 75S10,-25Sn0, glass-ceramic
waveguide. Preliminary measurements on the effect of exposure to the UV excimer
laser irradiation have shown a modulation of the refractive index of the parent
waveguide, suitable to realize optical Bragg gratings in these materials.
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ELECTRONIC PROPERTIES AND MORPHOLOGY OF
INTERFACES AND LAYERS IN ORGANIC SOLAR CELLS

Gvido Bratina, Aleksander Majkié, Polona Skraba, Egon Pavlica

University of Nova Gorica, Laboratory of Organic Matter Physics, Vipavska 11C,
5270 Ajdovscina, Slovenia

Organic solar cells are promising as relatively low-cost photovoltaic devices that would
complement mature silicon-based solar cells in the area of flexible substrates and large-
scale applications. One of the most promising approaches includes so called bulk
heterojunction systems that comprise a blend of suitable polymer and acceptor
material as layers for harvesting of solar energy. In the talk we will present basic
principles of operation of bulk heterojunction solar cells that employ fullerenes as
acceptors. We will also show how charge carrier mobility and recombination rate can
be characterized by wusing short laser pulses and time-dependent transport
measurements. Stability of metal/organic semiconductor contacts is affecting charge
carrier transport across the interface, and represents one of the issues that preclude
widespread commercialization of polymer-based organic solar cells. We will show that
indium-related compounds diffuse through hudred-nanometer thick layers of polymers

and give rise to additional electronic states in the polymer.
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SOFT PROCESSING FOR CERAMICS: SINGLE-STEP
FABRICATION OF NANO-STRUCTURED OXIDE CERAMICS
(PARTICLES, FILMS, INTEGRATED LAYERS AND PATTERNS)

FROM SOLUTION WITHOUT FIRING
Masahiro YOSHIMURA
Materials and Structures Laboratory, Tokyo Institute of Technology Yokohama, Japan
yoshimura@msl.titech.ac.jp
Since 1989 when we found a method to fabricate BaTiO; film on Ti substrate in a Ba(OH), solution by
Hydrothermal Electrochemical [HEC] methodat low temperatures of 60-200°C, we have proposed an
innovative concept and technology, “Soft Processing” or “Soft Solution Processing,” which aims low
energetic (=environmentally benign) fabrication of shaped, sized, located, and oriented ceramic materials
in/from solutions. It can be regarded as one of bio-inspired processing, green processing, or eco-
processing.l’z) When we have activated/stimulated interfacial reactions locally and/or moved the reaction
point dynamically, we can get patterned ceramic films directly in solution without any firing, masking or
etching. Those Direct Patterning methods differ from previous patterning methods which consist of multi-
step processes, for example: (1) synthesis of particles of compounds or precursors, [When this synthesis is
done in a solution it is called”Soft Chemistry”.] (2) dispersion of the particles into a liquid (“ink™), (3)
patterning of the particles on a substrate by printing of the “ink™, (4) consolidation and/or fixing of the
particles’ pattern by heating and/or firing at high temperatures. (5) Those processes would cause cracking
and/or peeling of patterned films due to the shrincage of printed powders by sintering during heating
and/or firing.
The notable feature of Direct Patterning is that each reactant reacts directly on site, at the interface with
the substrate. Therefore, the chemical driving force of the reaction, A+B=AB, can be utilized not only for
synthesis but also for crystallization and/or consolidation of the compound AB. It is rather contrasting to
general patterning methods where thermal driving force of firing is mostly used for the consolidation of
the particles.”’
We have developed the Direct Patterning of CdS, PbS, and CaWO, on papers by ink-jet reaction method
and LiCoO, by electrochemically activated interfacial reactions.” Furthermore, we have succeeded to
fabricate BaTiOs patterns on Ti by a laser beam scanning and carbon patterns on Si by a needle electrode
scanning directly in solutions.” Recent success in TiO, and CeO, patterns by Ink-jet deposition, where
nano-particles are nucleated and grown successively on the surface of substrate thus become dense even
below 300°C, will be presented.® Transparent films of several hundred nm thick can be oftained by 20
times of ink-jet scanning during 15-30 min.
As a development of Hydrothermal Electrochemical [HEC] method, we have proposed a new strategy:”
Growing Integration Layer[GIL] method”,which can provide well-adhered inte-grated/graded layers:
Titanate/TiOx/Ti or Titanate/TiOx/Ti-alloys and/or metallic glass(es) at RT-150 C in a solution. This
[GIL] strategy can be applied for many areas of functional ceramics.” In addition,our recent results on
mono-dispersed nano-particles of CeOzlo),(Hf,Eu)Oz_,(1 1),Fe304]2),etc. will be presented.
1] Yoshimura, M., J. Mater. Sci.,A1 [5],1299-1306 (2006),43[7]2085-2103(2008)

[

[2] Yoshimura, M., J. Ceram Soc. Japan, 114 [11] pp. 888-895(2006)

[3] Teranishi,R.,Yoshimura,M. et al.,Solid State Ionics,151,97-103(2002)

[4] Yoshimura, M. and Gallage R., Solid State Electrochem., 12[7/8]775-782(2008)

[5] Watanabe, T., Yoshimura, M., et al., Thin Solid Film, 515, 2696-2699 (2006), Carbon, 44, 799-802 (2006)

[6] Gallage, R., Yoshimura, M., et al.,, J. Electroceram, 16, 533-536 (2006) , Mater. Sci. Eng., 137, 299-303
(2007), J.Am.Ceram.Soc. 91[7]2083-2087(2008), J.Electroceramics, 19(1),33-38(2009), Thin Solid
Films,(2009), in press

[7]1 Yoshimura, M. et al., Mater. Sci. Eng. B,148,2-6(2008)

[8] Sugiyama,N and Yoshimura,M., Mater. Sci. Eng. B,published on line,Dec.6(2008)

[9] Sugiyama,N.,Yoshimura,M. et al.,Acta Biomaterialia,published on line,Nov. 5(2008)

[10] Taniguchi,T.,Yoshimura,M. et al.,Cryst. Growth Des.(2008)8(10),3725-3730

[11] Taniguchi,T.,Yoshimura,M. et al..,J. Phys.Chem. C(2008),112,4884-4891

[12] Taniguchi,T.,Yoshimura,M. et al., J. Phys. Chem. C(2009),113,839-843
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NANOSIZE Tm*": Lu;0; @ SiO; CORE-SHELL PARTICLES:
SYNTHESIS AND CHARACTERIZATION

E. William Barrera®, Concepcién Cascales”, M. Cinta Pujol®, Joan J. Carvajal,
X. Mateos, Magdalena Aguil6®, and Francesc Diaz"

“ Fisica i Cristal-lografia de Materials i Nanomaterials (FICMA-FiCNA), Universitat
Rovira i Virgili (URV), Campus Sescelades, ¢/ Marcel.li Domingo, s/n, E-43007
Tarragona, Spain elixirwilliam.barrera@estudiants.urv.cat
b Instituto de Ciencia de Materiales de Madrid, CSIC, Calle Sor Juana Inés de la Cruz,
Cantoblanco, E-28049 Madrid, Spain

Nanosize Tm*":Lu,O; @ SiO, core-shell powder (5 at. %) have been prepared by the
modified Pechini method. The complex gel was prepared by the evaporation of the water
solvent, from the aqueous solution of the rare earth nitrates and EDTA as chelating agent.
Amorphous spheres of silica with a mean size of 100 nm (Alfa Aesar) were used as core. By
the pyrolysis of the gel at 573 K and sintering process at 973 K we obtain the nanostructured
powder. The morphology was studied by ESEM and TEM showing the formation of the
surrounding layer, and X-ray powder diffraction pattern shows the crystallization of the

Tm’":Lu,0; and the expected cubic structure and /a3 space group. The increased value of
unit cell parameter indicates the substitution of Thulium ion in Lutetium sites. Discussion of

optical parameters will be presented from optical absorption spectra and infrared spectroscopy
results.

200 nm

(@) (b)

Figure 1 TEM graphs of silica nanospheres as obtained from the supplier (a), final
core-shell structured nanoparticles (b).

M. Yu, J. Lin and J. Fang, Chem. Mater. 17, (2005), p.1783.

P. Schuetzand, F. Caruso, Chem. Mater. 14, (2000), p. 4509.

S. R. Hall, S. A. Davis, S. Mann, Langmuir. 16, (2000), p. 1454.

W. Stéber, A. Fink, E. Bohn, J. Colloid Interface Sci. 26, (1968) p. 62.
M. P. Pechini, US Patent Specification 3330697 (1967).
M.

[1]
(2]
(3]
(4]
[5]
[6] Galceran, M.C. Pujol, M. Aguilo, F. Diaz, Mat. Science Eng. B 146 (2008) p. 7.
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EPITAXTAL LAYERS OF KY,Gd:Luy(WO4); DOPED WITH
Er’* AND Tm** FOR PLANAR WAVEGUIDE LASERS

Western Bolafios *, Joan J. Carvajal®, Xavier Mateos®, Maria Cinta Pujol’,
Nicky Thilmann®, Valdas Pasiskevicius®, Magdalena Aguil6®, Francesc Diaz®

“ Fisica i Cristal-lografia de Materials i Nanomaterials (FiCMA-FiCNA)Universitat
Rovira i Virgili (URV),c/ Marcel-li Domingo s/n, 43007 Tarragona, Spain,
Dept. of Applied Physics, Royal Institute of Technology, Roslagstullsbacken 21,
10691Stockholm, Sweden
* corresponding author westernlike.bolanos@urv.cat

Since their demonstration in 1969, many materials have been studied to develop dielectric
planar waveguide lasers (PWLs), such as oxides, fluorides, glasses [1], and more recently
monoclinic double tungstates, KRE(WOy,),, [2,3]. The main advantages of using PWLs are i)
the reduction of the cavity mode-volume due to the optical confinement in the active layer, i)
high optical gain, iii) low laser thresholds and iv) easy on-chip integration of these PWLs with
other optical components.

Our first step towards the generation of PWLs based on KRE(WO,), was the careful
optimization of a suitable chemical composition in the system KY .. GdLu,(WO,), to
be grown on KY(WO,), substrates presenting high enough refractive index contrast
and low lattice mismatch with the substrate. We showed that a passive guiding layer
KY.50Gdg 19Lugn(WO,), epitaxially grown on b oriented KY(WOQO,), substrates
behaves as a planar waveguide at A = 632.8 nm and estimated upper limit for scattering
losses amounting to 1 dB/cm [4].

Here we show the results we obtained up to now in the fabrication of planar waveguide
lasers based on monoclinic double tungstates doped with Er'” and Tm’*. We have
successfully introduced these ions in lattice matched KY50Gdg19Lug2(WO4),
epilayers grown on KY(WQ,), substrates without loss of optical quality and keeping a
high refractive index contrast. We have characterized the waveguiding properties of
these epitaxial layers at A = 632.8 nm by dark modes spectroscopy, and we show that
these waveguides can support up to three TE and TM modes. Spectroscopic
characterization of the active lanthanide ions and waveguide laser experiments will also
be presented.

[1] J.I. Mackenzie, IEEE J. Selected Topics Quant. Electron. 37 (2007) 626.

[2] Y. E. Romanyuk, C. N. Borca, M. Pollnau, S. Rivier, V. Petrov, U. Griebner, Opt.
Lett. 31 (2006) 53

[3] S. Rivier, X. Mateos, V. Petrov, U. Griebner, Y. E. Romanyuk, C. N. Borca, F.
Gardillou, M. Pollnau. Opt. Exp. 15 (2007) 5885.

[4] W. Bolafios, J. J. Carvajal, X. Mateos, M. C. Pujol, G. Lifante, M. Aguild, F. Diaz,
Crystal Growth and Design (Submitted).
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OPTICAL TRANSITION PROBABILITIES IN Er’*- AND
Tm**-DOPED LiLao(Si04)s0; CRYSTALS

Eugenio Cantelar®, Marta Quintanilla®, Fernando Cussé®, Enrico Cavalli®,
Marco Bettinelli®

“Dept. Fisica de Materiales, C-1V, Universidad Autonoma de Madrid, 28049 — Madrid,
SPAIN, eugenio.cantelar@uam.es
"Dip. Chimica Generale ed Inorganica, Chimica Analitica e Chimica Fisica, Univ.
Parma, 43100 — Parma, ITALY, enrico.cavalli@unipr.it
‘Lab. Chimica dello Stato Solido, DB, Univ. Verona and INSTM, UdR Verona, 37134 —
Verona, ITALY, marco.bettinelli@univr.it

Silicate crystals doped with trivalent lanthanide ions are promising candidates for the
development of photonic devices due to their excellent thermal, optical and mechanical
properties [1,2]. LiLag(SiOy4)¢O, (LLS) is a partially disordered silicate crystal, with apatite
structure, that can be activated with optically active rare-earth ions to yield materials with
attractive luminescent properties [3].

In this work LLS:Er’" and LLS:Tm*" crystals have been grown from a Li;MoO, flux in the
1360940 °C temperature range [3].

Optical absorption spectra have been measured to calculate the experimental oscillator
strength from the ground state to the excited levels. Judd-Ofelt calculations were performed to
estimate the Q,, Q, and Q parameters, and therefore, the radiative lifetimes of the Er'" and
Tm’" manifolds were calculated.

The different experimental luminescence lifetimes have been measured and, after comparing
with the Judd-Ofelt predictions, the non-radiative probabilities, /7,,, have been obtained. They
follow the classical dependence on the energy gap, AE, expressed by the “energy gap law”
formulated by M. Weber [4]:

I/Vnr :,b’exp (—OKAE)

Following the corresponding least squares fit of the experimental data, the & and £ parameters
have been obtained.

[1] K. B. Steinbruegge, T. Henningsen, R. H. Hopkins, R. Mazelsky, N. T. Melamed,
E. P. Riedel, G. W. Roland, Appl. Opt. 11 (1972) 999.

[2] X.Gong, Y. Lin, Y. Chen, Z. Huang, Z. Luo, Chem. Mater. 17 (2005) 1135.

[3] M. Bettinelli, A. Speghini, D. Falcomer, E. Cavalli, G. Calestani, M. Quintanilla,
E. Cantelar, F. Cusso, J. Lumin. 128 (2008) 738.

[4] M. J. Weber, Phys. Rev. 171 (2) (1968) 283.
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MAGNETORESISTIVE BEHAVIOUR OF NANO-PARTICLE
Fel-anxFe204

B.L. Choudhary, A. Krishnamurthy and B.K. Srivastava

Department of Physics, University of Rajasthan, Jaipur — 302 004
Email: blcphysics@gmail.com

FexMn,Fe,04 (Where x=0,1) have been prepared using a wet chemical method. Single
crystalline phase nature of the prepared samples has been confirmed using x-ray
diffraction measurements. The average particle sizes in the samples, estimated using x-
ray diffraction line broadening and Debye Scherrer equation are x=0,1 are respectively
260 A ,160A . Electrical resistance has been measured, on sintered pellets of this
sample, in the temperature range 20K — 300K and in fields upto 7.5 kOe, as the field is
cycled from zero to +7.5 kOe, then to — 7.5 kOe. Hopping mechanism responsible for
conduction in Fe, Mn,Fe,O, and the inter-granular tunneling in this nano-particle
samples combine to impart an insulating/semi-conducting nature to Fe; MnFe,O4
samples at all temperatures till RT. Hysteresis in MR — H would owe to spin dependent
charge accumulation.
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While the properties of individual Si nanocrystals are well explained in terms of
quantum confinement [1] and influence of defect states [2], the properties of ordered or
assembled Si nanocrystals in a solid matrix are not well understood.

The results of the first study of luminescent properties of nc-Si superlattices (SL)
consisting of alternating layers of Si nanocrystals and silicon dioxide (nc-Si/Si02) in
the excitation energy range up to 20 eV were reported at ICL2008. The approach for
the fabrication of SL was based on nc-Si self-organization and, as a result, an excellent
control over nc-Si size, shape and defect states in SiO, was achieved [3]. Investigation
of optical and luminescence properties of nc-Si/SiO, SL in extended energy range
including VUV can address both the effect of light scattering in dielectrically
inhomogeneous medium and influence of the electronic states in the SiO, matrix on the
excitation/de-excitation processes in nc-Si.

Samples were prepared by thermal crystallization of superlattices consisting of 40 pairs
of layers SiO/SiO, on silicon substrate, for more details see [3]. Thickness of SiO,
layers was set at 4 nm, that of SiO varied from 2 to 6 nm for different samples.
Annealing at 1100 C in N, atmosphere for 1 h resulted in Si nanocrystals formation
within SiO layers.

Luminescence spectra originating both from nc-Si and defects in SiO, at the excitation
energies higher than 10 eV were measured. In the excitation spectra of nc-Si
luminescence a steep rise of the quantum yield is observed in the region from 3 to 6 eV
both at RT and LHeT. To clarify its origin absorption spectra were measured for SL on
Si0, substrates. Comparison of the two types of spectra indicates that the increase in
the quantum yield is due to the increase of the absorption. Possible reasons for the
increase of the absorption in such an extended energy range are analysed, absorption of
superlattices is compared to that of porous Si and SiO, films with Si-clusters.

Financial support of DFG grant 436 RUS 113/437 is gratefully acknowledged.
[1] W. L. Wilson, P. F. Szajovsli, and L. E. Brus, Nature 262, 1242 (1993).

[2] M. V. Wolkin et al., Phys. Rev. Lett. 82, 197 (1999).
[3] M. Zacharias et al., Appl. Phys. Lett. 80, 661 (2002)
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Rubidium Titanyl Phosphate, RbTiOPO,, (RTP), crystallize in the orthorhombic system, with
space group of symmetry Pra2,. This material has important applications in nonlinear optics
due to its high nonlinear optical an electrooptical coefficients. It has been demonstrated that
RTP can be doped with Yb*" with low distribution coefficient, and the Yb>* concentration in
RTP is not enough for laser operation. The distribution coefficient of Yb*" can be increased by
codoping with Nb** and laser operation of Nb:Yb:RTP has been demonstrated in 2007, With
the aim to guide the light with a doped RTP nonlinear optical material, we have grown
epitaxial films of Nb:Yb:RTP on RTP substrates by liquid phase epitaxy. All epitaxies were
grown on the (001) crystallographic plane to try to obtain in a future periodic inversion
domains. To choose the basical solution composition in the Rb,O-P,0s-TiO, system and the
mol % of TiO, substituted by Nb,Os and Yb,0s, we used previous results related with the
study of the critical concentration of Nb,Os and Yb,0s which allows to obtain the Nb:Yb:RTP
phase™” We have also studied the rate of growth as a function of the time and the effect of the
angular velocity of rotation. The Yb** concentration in the crystal was measured by Electron
Probe Microanalysis (EPMA) and its concentration is 0.1876.10% atm/cm’. The unit cell
parameters were refined, and then the lattice mismatch between the epitaxy and substrate were
calculated. To study the guiding light, we have applied the prism coupler method™* with a He-
Ne laser emiting at 632.8 nm. We calculate theoretically the thickness required by the sample
to obtain five propagation modes, with TM polarization, and oscillating along the ¢
crystallographic direction. Then, the epitaxial film was polished up to the thickness required.
The propagation modes obtained are shown in Figure 1.a), and an optical microscope
photograph is shown in Figure 1.b).
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Figure 1: a) Reflected intensity of light versus the effective refractive index, b) Optical
microscope photograph of Yb:Nb:RbTiOPO, / RbTiOPO, epitaxy.

[1] X. Mateos; V. Petrov ; A. Peiia ; J.J. Carvajal; M. Aguilo; F. Diaz; P. Segonds; B.
Boulanger; Optics Letters, , 32 (2007) 1929.

[2] J.J. Carvajal; V. Nikolov; R. Solé; Jna. Gavalda; J. Massons; M. Aguil6;F. Diaz;
Chem Mat., 14, (2002) 3136.

[3] P. K. Tien; R. Ulrich; Journal of the Optical Society of America, , 60, (1970) 1325.
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BASED ON THAILAND QUARTZ SANDS DOPED WITH IRON
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Soda glass samples were fabricated in the laboratory scale using local quartz sand from Tak
province, northern Thailand, and 25 wt% of Na,CO; as the main compositions. Fe,O; was
doped with various concentrations (0.1-10.0 wt%). Well-mixed and dried powders mixtures
were melted in a ceramic crucible, in an electric furnace, at the maximum temperature of 1250
°C for 4 hr. Transparent and bubbles-free glass samples were yielded after cooling down.
Physical and optical properties of the glass samples were studied. It was found that the glass
color was changed from colorless to dark brown. The density, refractive index and dielectric
constant were increased as the increase of Fe,O; contents. UV-Visible-Near Infrared spectra
were detected. X-ray absorption spectroscopy (XAS) was also discussed.
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Optoelectronic devices based upon hybrid materials made of semiconducting polymers doped
with inorganic nanoparticles are increasing the interest of studies on optical properties of these
materials [1,2]. In particular, those hybrid materials processed from solution that can be cast
by simple techniques, such as different printing technologies, drop-casting or spin-coating
among others.

We have synthesized PbS nanocrystals directly in poly[2-methoxy-5-(3’,7’-
dimethyloctyloxy)-1,4-phenylenevinylene] (MDMO-PPV) semiconducting polymer. This
hybrid material is prepared in solution of 80% toluene and 20% di-methylsulfoxide (DMSO).
A series of hybrid solutions with different concentrations of PbS with respect to the polymer
has been prepared and characterized first in solution and then as thin film deposited on quartz
sustrates by spin-coating,

The formation of PbS nanocrystals has been verified by transmission electron microscopy.
The mean particle diameter has been estimated to be 4nm.

An optical spectroscopic study of this series of hybrid materials has been performed.
Absorption spectra of the pure MDMO-PPV reference sample and the series containing
different PbS nanocrystals concentration has been measured. Also, the evolution of
photoluminescence of the series is presented and analyzed.

The study shows that the optical behaviour of this hybrid material can be tailored
changing the ratio between the polymer and the nanoparticles synthesized inside it. An
enhancement of the absorption at wavelengths below 400nm is observed with
increasing PbS nanoparticles concentration. This result suggests that this MDMO-
PPV:PbS hybrid material can be a worthy candidate as active layer in organic
photodetectors and photovoltaic devices.

[1T Andrey L. Rogach, Nikolai Gaponik, John M. Lupton, Cristina Bertoni, Diego E.
Gallardo, Steve Dunn, Nello Li Pira, Marzia Paderi, Piermario Repetto, Sergei G.
Romanov, Colm O'Dwyer, Clivia M. Sotomayor Torres, Alexander Eychmiiller.
Angew. Chem. Int. Ed. 47 (2008), p. 6538.

[2] B.R. Saunders, M.L. Turner. Adv. Coll. Interf. Sci. 138 (2008), p. 1.

27



SYNTHESIS AND CHARACTERIZATION OF Hoy:Lu;,O3
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The synthesis of lanthanide-doped nanocrystals has created a great interest as a first
step for ceramic lasers preparation, being an alternative to classic bulk single crystals
due to their improved thermal and mechanical properties. The rare earth sesquioxide
materials are known as an excellent laser host materials due to its good physical
properties such as low thermal expansion[1], and higher conductivity and larger ground
state splitting than YAG, when are doped with rare earths[2].

In the present study, the modified Pechini method has been used to obtain Ho,:Lu, O3
nanocrystals because of its several advantages such as low temperature process, low
cost and simplicity[3,4]. Trivalent holmium is used as an active ion, which emission
near 2um is interesting because it belongs to eye-safe spectral region, the water
absorption at this wavelength and medical applications involving coagulative cutting
and tissue welding. The structural characterization of Ho,:Lu, O; nanocrystals was
carried out by X-ray diffraction powder, TEM studies and electron diffraction.

Synthesized Ho,:Lu, ,O; nanocrystals belong to the cubic system with space group la3
and the particle size was estimated by Scherrer’s equation around 15nm.

Figure la shows a characteristic TEM image, where it can be observed the interplanar
lattice indicating the high crystallinity degree. To study the possible orientation of the
observed nanocrystals, it was performed their FFT pattern (fig.1b) and the nanobeam
electron diffraction (fig. 1¢). The reflections were indexed as {200}, {211} and {400}.
Moreover, the spectroscopic properties of Ho®* have been studied at room- and low-
temperature. The ceramics experiments will be performed in the future.

d(Z 11)

2nm
S

Fig.1 (a) TEM image of Ho,:Lu, O5 nanocrystals, (b) FFT pattern of (a),
(¢) Nanobeam electron diffraction pattern.

[1] J. Lu, K. Takaichi, T. Uematsu, A. Shirakawa, M. Musha, K.Ueda, H. Yagi, T.
Yanagitani, A.A. Kaminskii, Appl. Phys. Lett. 81 (2002) 43244326
[2] C.A. Morrison, R.P. Leavitt, Handbook on the Physics and Chemistry of Rare
Earths, New York:1982
[3] M. Galceran, M.C. Pujol, M. Aguil, F. Diaz, J. Sol-Gel Tech. 42 (2007) 79
[4] M. Galceran, M.C. Pujol, M. Aguild, F. Diaz, Mater. Sci. Engineer. B 146 (2008) 7
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In this study, we have analyzed magneto-optical Kerr effect (MOKE) in amorphous
TbFeCo as a defect layer in magneto-photonic crystal (MPC) structures. The target
application of this rare earth-transition metal alloy is magneto-optical data storage. By
formation of an optical microcavity which partially traps the incident light at the
position of TbFeCo, the MOKE enhancement in the amorphous film has been
demonstrated. We have shown that despite of a large extinction coefficient at short
visible wavelengths, TbFeCo can be utilized effectively as a recording medium. This
has been done through efficient design of MPC in order to simultaneously obtain
desired values for light reflectivity and Kerr rotation. To determine the most favorable
structure, we have studied theoretically the effects of the magnetic layer in various
MPC structures using a 4x4 matrix method [1]. We have also computed the distribution
of light intensity in the interior of the structure [2]. This computation has confirmed
that light localization would occur for some specially designed structures. Figure 1
illustrates the light distribution and refractive index modulation in such a structure
which is found to exhibit suitable magneto-optic behavior. This figure clearly shows
partial localization of light at the position of the thin TbFeCo defect layer. The
reflectivity spectrum of this device with the designed resonance wavelength of 405 nm,
has been depicted in the inset of figure 1, too.

We have also studied the effect of light incident angle on the resonance conditions and
photonic band gap of MPCs. The results of this later study would be useful for
applications which require oblique incidence of light on magnetic structures.
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Fig. 1: Light intensity distribution and refractive index modulation of the MPC structure
including a thin TbFeCo defect layer. The inset shows the corresponding reflectivity spectrum.

[1]J. Zak, E.R. Moog, C. Liu, S.D. Bader, J. Magn. Magn. Mater. 89 (1990) 107.
[2] M. Muriel, A. Carballar, IEEE Photon. Technol. Lett. 9 (1997) 955.
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As a m conjugated polymers, polyfluorene (PF) and its derivatives have emerged as the
dominant class of polymers for LED and photovoltaic cells applications due to their
easy processability, high luminescence efficiency and excellent electronic-
semiconducting properties. The way of producing organic thin film has a strong
influence on the morphology and molecular structures. The synthesis of PF thin films
by superposing simultaneously a continuous and pulsed discharge and the
characterizations of these samples are presented. The double discharge plasma system
is constructed by superposing two discharges namely low pressure dc glow one and a
high current pulsed one. The PF thin films are synthesized for the first time by such
technique. The flourene monomers have been used as plasma precursors, at 0.5 mbar
operating pressure. The substrates were silicon wafer and quartz glass plates and placed
at two different locations at the reactor.

The molecular structure of the films was investigated by XPS, UV-visible, FTIR and
the morphological studies carried out by XRD and SEM. The XPS, UV-visible and
FTIR results reveal that the molecular structures of the synthesized thin films are
different from that of the conventional techniques due to the fragmentation of the
monomer during the film formation at plasma processes. Upon the iodine doping, the
optical energy band gab (E,) drops down from 3.4 eV to 2.3 eV. The morphology of
the synthesized PF thin films has some fractional crystallinity and having granular
structures with different size depending on the location of the substrate.
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Development of eye safe solid state lasers around 2 pm based on holmium (Ho®") ion
has received considerable interest in recent years due to their potential applications in
the field of medicine, since it is absorbed by water of human tissues due to the strong
absorption bands of water in this spectral range, lidar for military application, radar for
remote sensing application and in optical parametric oscillator (OPO) systems for
frequency conversion. Moreover Ho>" doped crystals offer high gain cross section and
long life time [1] in the *I,—’I transition that generates the 2 pm emission.

On the other hand, potassium rare earth double tungstates KRE(WO,), (RE =Y, Gd,
Lu) as host for active ions induce high values of absorption and emission cross
sections and relative broad absorption and emission bands [2]. This enables the use of
diode lasers as pump sources. Another advantage of KRE(WOy,), crystals is that they
can be highly doped reducing the thickness necessary to reach a good absorption of the
laser crystal. This minimizes the problem of reabsorption in quasi three level lasers as
the 2 pm laser emission of Ho™".

Taking into account the above mentioned advantages and potentialities of Ho®" and
KRE(WO,), crystals, our work is focussed on doping KRE(WO,), with Ho’* as laser
crystals for diode pumped solid state laser (DPSSL). Here we present the results
obtained from crystal growth of different doping ratios, structure and spectroscopic
properties of Ho®" among three hosts. This comparative study serves to correlate with
the laser efficiency. All the experiments were done under similar conditions. The
crystal growth experiments ware carried out by Top Seeded Solution Growth Slow
cooling method (TSSG-SC). The structure was characterized by X-ray powder
diffraction. The spectroscopic characterisation of these materials were performed in
terms of polarized optical absorption at room and low temperature (6K) and photo
luminescence around 2 pm which is of our interest. In order to optimize the best host
with Ho>" among these three hosts the laser generation experiments are planned.

[1] M. Eichhorn, Appl Phys B 2008, 93, 269-316.

[2] Valentin Petrov, Maria Cinta Pujol , Xavier Mateos, Oscar Silvestre ,Simon Rivier,
Magdalena guild, Rosa Maria Solé, Junhai Liu,Uwe Griebner and Francesc Diaz, ,
Laser & Photon. Rev.1 2007, 2, 179-212.
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Yttrium aluminum garnet Y3Al;01, (YAG) being an extremely well-studied material
from the standpoint of its luminescent properties related to its applications as a laser
material (when doped by Yb*") and as a scintillator (when doped by Ce*"), provides an
excellent basis for the study of the role of intrinsic excitations, including excitonic type
excitations, inherent defects and typical inadvertent impurities, in the energy transfer to
the dopant ions and in the energy relaxation. Such processes affect the performance
both of the laser material and of the scintillator. Here we compare luminescent
properties of single crystalline YAGs grown by different techniques, those of films and
those of ceramics fabricated by vacuum sintering and nanocrystalline (VSN)
technology. Study of intrinsic luminescence of complex oxide crystals has a long-
lasting history. Widely accepted interpretation of its properties, attributing two intrinsic
luminescence bands of oxide materials to the coexisting self-trapped holes and self-
trapped excitons ([1] and references therein), was developed for single crystals;
extending the study to film materials resulted in another model emphasizing the role of
anti-site type defects [2] (chronologically not the first paper on the subject but contains
a lot of references) to account for two pairs of excitation-luminescence bands. Here we
add to the discussion recent data including that for ceramics intending to complete the
picture and to provide further insight into excitation relaxation in complex oxides.

[1] A.L Kuznetsov, V.N. Abramov, V.V. Miirk, and B.R. Namozov, Sov. Phys. Solid

State 33 (1991) 1126.
[2] Y. Zorenko et al., 42 (2007) 528.
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The widest band gap insulators - rare gas solids (RGS) - are excellent model objects for
studying the processes of energy and charge transfer in solids irradiated with some kind of
ionizing radiation. Exposure of RGS to ionizing radiation results in generation of electron-hole
pairs, followed by a sequence of relaxation processes involving a variety of radiation induced
defects — defects of structure, self-trapped/trapped holes, electrons trapped at some lattice
imperfections or by impurities with positive electron affinity. These centers are capable to
store a part of the energy absorbed during excitation for quite a long time at low temperatures.
To understand the radiation effects one has to study different channels of relaxation processes.
Up to very recently there were not so many publications on the activation spectroscopy study
of RGS. Method of thermally stimulated luminescence (TSL) is in most common use. In the
case of doped RGS or RGS containing some impurity centers TSL may originate both from
recombination of charged particles and from recombination of neutral atoms. New radiative
mechanism of energy transfer from atomic to electronic subsystem in pre-irradiated rare gas
solids (RGS) was revealed in [1]. To study the whole set of relaxation channels and their
interconnection there is a clear need to combine optical and current spectroscopy methods e.g.
TSL and thermally stimulated exoelectron emission (TSEE). Such a combination of activation
spectroscopy methods is a highly efficient tool for studying channels of energy relaxation in
pre-irradiated solids and for probing defect energy levels. We developed a low temperature
modification of correlation spectroscopy — synchronous measurements of TSL, TSEE and
desorption of neutral atoms [2] from pre-irradiated RGS. Thermally stimulated techniques
were complemented by photon-stimulated luminescence (PSL) and photon-stimulated
exoelectron emission (PSEE) methods. Activation spectroscopy methods were used to probe
relaxation processes in RGS pre-irradiated with an electron beam. We have found that a
presence of dopants in RGS significantly changes the energy transfer processes and affects
TSL and TSEE yields. Three relaxation channels were revealed: 1) recombination of charged
particles and ii) recombination of neutral ones both followed by photon emission in VUV and
visible range correspondingly and (iii) emission of exoelectrons. A correlation in the positions
of TSL and TSEE peaks observed in our experiments pointed to the common primary process
— electron detrapping from the same kind of traps. A competition between branching
relaxation channels (i) and (iii) was demonstrated. Recombination of neutral atoms (ii) is
considered to play the role of stimulating factor triggering (i) and (iii) channels.

[1] Savchenko E.V., Bondybey V.E., Phys. Stat. Sol. A; 202 (2005) 221

[2] Savchenko E.V., Khyzhniy 1.V., Gumenchuk G.B., Ponomaryov A.N., Beyer M.K.,
Frankowski M., and Bondybey VE. Rad. Phys. Chem. 76 (2007) 577
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In this work we present results of our calculations of CdTe/ZnTe core/shell quantum
dots (QDs) of very small size capable for targeted bioimaging. The transition energy of
the electron and hole system confined in a CdTe/ZnTe core/shell sphere is obtained by
the effective-mass approximation. Optical properties are analyzed as function of QD
size and spatial composition and compared to already known experimental results.
CdTe/ZnTe core/shell-structured QDs are perspective to their use in biomedical
applications because: they exhibit strong luminescence and low toxicity (compared to
the CdTe QD); shell of wide-gap semiconductor protects core from degradation; they
have long-term colloidal and optical stability; their surface can be passivated with
biocompatible functional molecules; they can be produced in small size, less than 5 nm.

These properties enables their use for targeted bioimiging.

[1 Wing-Cheung Law, Ken-Tye Yong, Indrajit Roy, Hong Ding, Rui Hu, Weiwei
Zhao and Paras N. Prasad, Small x (2009), p.1-9.

[2] Jiong Ma, Ji-Yao Chen, Yu Zhang, Pei-Nan Wang, Jia Guo, Wu-Li Yang and
Chang-Chung Wang, J. Phys. Chem. B 111 (2007), p. 12012
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Zinc tungstate (ZnWOQ,) is a perspective scintillating material for X-ray tomography,
detection of ionizing radiation and for double beta processes searching though its light
yield is slightly lower comparing to that of the well-known scintillating material
cadmium tungstate. Recently it was shown that co-doping with univalent metals and
fluorine ions improves transparency and scintillation yield of ZnWOQO, (Nagornaya,
2008).

The pure and doped with lithium and fluorine ZnWO, single crystals of high quality
were studied. All crystals were grown using Czochralski method in the Institute for
Single Crystals, Kharkov and Institute of Chemistry and Mechanics, Moscow.
Measurements were performed at the Superlumi station (DESY, Germany) and at the
laboratory set-up.

In this work we discuss the origin of the absorption and luminescence bands in the
undoped zinc tungstate as well as in the crystals doped with lithium and fluorine ions.
Intrinsic luminescence of ZnWOQ, is generally acknowledged to be that of the self-
trapped exciton on the WOg complex. In the fundamental absorption region the yield of
this type of luminescence is controlled by the competition with the alternative
relaxation channels. Since, the dependence of the probability for the separated electrons
and holes to be bound into the exciton on its kinetic energy and temperature is also
discussed for the investigated crystals of ZnWO,.

[1] Nagornaya, L., Dubovik, A., Vostretsov, Yu., et al., 2008. IEEE Transactions on
Nuclear Science 55, 3, 1469
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In recent years, diffraction gratings of nonlinear optical materials are attracting an
increasing interest in photonic science and technology due to the interesting
peculiarities that they provide in nonlinear optical phenomena. However, only few
studies have been devoted up to now on diffraction gratings of nonlinear optical
materials, despite the efficiency of the enhanced frequency conversion processes
proved in these structures when compared to bulk crystals [1].

We report here that we fabricated one dimensional diffraction gratings on the (010)
surface of RbTiOPO, nonlinear optical crystals by the ultra fast laser ablation
technique. This material crystallizes in the orthorhombic system, Pna2; space group.
We followed the fabrication of these 1D diffraction gratings by an analysis of the linear
and nonlinear diffraction properties and characterization of their morphology. The
linear optical diffraction by FT-IR results in a very good agreement between the lattice
parameter obtained by optical microscopy observation with the simulation of
diffraction performed with the FT-IR data. The one dimensional grating structures
generate enhanced second harmonics when illuminated with a pulsed Nd: YAG laser,
when compared to non-structural surfaces of the same material. We observed that the
ratio between the lattice parameter of the diffraction grating and the depth of the
grooves play a major role on the intensity of the second harmonic generated by
nonlinear optical material [2].

These diffraction gratings with a 1D photonic structure might have potential
applications in the field of photonic crystals. These devices can be opened the way to
control light like modulators, narrow bandwidth filters, and for telecommunication
such as demultiplexing.

[1]J.Torres, D.Coquillat, R.Legros, J.P.Lascaray et al., Phy.Rev.B, 69, (2004), 085105.
[2] R Reinisch, M. Neviere, Phy.Rev.Lett., 28, (1983),1870.
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The Yb/Er combination is of great importance for fiber amplifiers in dense wavelength
division multiplexing (DWDM) technology. The Yb’" ions have a 10 times higher
absorption cross section at 980 nm acting as Er’" sensitizers enhancing the near-infrared
(NIR) at 1.5 pm “I;3, — *I;5, transition. Moreover, the possibility of achieving visible
emission arising from upconversion luminescence Er’* ions is also of great interest for
application in efficient visible lasers, colour displays, and undersea optical
transmission !4

In this work, luminescent Er* and Yb*" (Yb/Er) co-doped gadolinium oxide (Gd,O5)
nanophosphors were prepared through optimized hydrothermal route using nitrates. The
nanocrystals are NIR emitters and display upconversion visible emission. Under
excitation at 980 nm several upconversion emission bands at 408, 523—-548 and 667 nm
ascribed to the 4G11/2 — 41]5/2, 2H11/2—> 4115/2, 483/2 - 4115/2 and 4F9/2 - 4I|5/2 transitions
from Er’* ions respectively, are observed in the temperature interval 11-300 K. Still
under 980 nm, the nanocrystals displays the NIR infrared emission at Er’" 1.55 mm.
The emission spectrum reveals the presence of two distinct Er’*-local environments
attributed to different crystallographic sites with C, or S¢ local symmetry groups. Input
excitation power dependence has been studied for different transitions, at low input
pump energies the relation lupc o (lexc)" seems to hold well with n equal to 2,
indicating that two incident NIR photons are needed for each emitted photon. The
influence on the emission features of the Yb/Er concentration ratio and the calcination
temperature will be further investigated.

[1] L.Q.Liu, E. Ma, R. F. Li, G.K. Liu, X.Y. Chen, Nanotech. 18 (2007) 15403.

[2] S.K. Singh, K. Kumar, S.B. Rai, Sensors Actuators A Phys. 149 (2009) 16.

[3] C. Strohhofer, A. Polman, J. Appl. Phys. 90 (2001) 90 4314.

[4] G.A. Hebbink, J.W. Stouwdam, D.N. Reinhoudt, F.C.J.M. Van, Adv. Mater. 14
(2002) 1147.
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There is a considerable interest in studying organic/inorganic hybrid structures for various
applications in optoelectronic devices. We have recently demonstrated fabrication of 3,4,9,10-
perylenetetracarboxylicdiimide (PTCDI) nanostructures and hybrid PTCDI/ZnO nanorod
structures and studied their optical properties [1]. We have found that PTCDI nanostructures
exhibited significantly different emission compared to PTCDI films and powder, and we also
demonstrated efficient energy transfer between ZnO nanorods fabricated by a hydrothermal
method and PTCDI nanostructures.

ZnO nanorods can be fabricated by a variety of methods resulting in different optical
properties [2]. Therefore, we have studied the influence of ZnO nanorod growth method and
post-growth annealing in oxygen atmosphere at different temperatures on the energy transfer
to PTCDI nanostructures by photoluminescence measurements. In addition, we have also
deposited PTCDI nanostructures on ZnO bulk samples (single crystal and/or thin films) and
studied their optical properties. Fabricated structures have been investigated using scanning
electron microscopy, transmission electron microscopy and photoluminescence
measurements, and the obtained results are discussed.

Figure 1 SEM image of PTCDI clusters on ZnO nanorods
[1] A.M. C. Ng, A. B. Djurisi¢, K. H. Tam, W. M. Kwok, W. K. Chan, D. L. Phillips,

K. W. Cheah, Adv. Funct. Mater. 18 (2008) 566.
[2] A.B. Djurisi¢, Y. H. Leung, Small 2 (2006) 944.
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Utilizing a mathematical algorithm developed for photoacoustic tomography it is possible to
deduce the laser beam spatial profile within the pulsed photoacoustic measurements. This
method is based on the temporal shape of the photoacoustic signal analysis. The exact solution
for the laser beam spatial profile obtained with this method involves summation of a series and
may take much time to compute. Sometimes the simplification of this solution can be done if
the detection radius is much larger than the photoacoustic signal wavelength. This
simplification is, so called, detection radius/signal wavelength approximation. Our results
obtained with this approximation are presented here. The experimental photoacoustic signals
used in our numerical analysis are obtained after the multiphoton absorption in SFs-Ar
mixtures. Together with the laser beam spatial profile molecular vibrational to relaxational
time of the excited molecules are calculated simultaneously.
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Vanadium oxides showed broad-band photoluminescence due to the charge transfer transition
in the VO, tetrahedra'”. Recently, we have revealed that the AVO; (A: Rb and Cs) has very
large internal quantum efficiency’. In addition, the broad-band emission (400-800 nm) of
these materials realized white light luminescence by themselves The vanadium oxides with
the V°" have various crystal structures in terms of coordination of VO, tetrahedra. In the
AVQO;, the VO, tetrahedra link one-dimensionally at two corner oxygen atoms each other, and
the one-dimensional VO, chains are two-dimensionally arrayed. The VO, sheets and the A-
cation layers are alternately stacked. On the other hand, the M;V,04 (M: divalent cations) has
a three-dimensional orthorombic structure, and the VO, tetrahedra are isolated with each
other. In the M,V,0; (M: divalent cations), the VO, tetrahedra show dimerization. These
structural features would affect their luminescent efficiency.

The AVO; showed the broad band emission from 380 to 800 nm, and the [J for the KVO;,
RbVO; and CsVO; were 4, 79 and 87%, respectively. The CIE colour coordinates are located
at white region on the chromaticity diagram. The M;V,0g (A: Mg, and Zn) also exhibited a
quite broad band emission between 410 and 900nm, indicating yellow luminescent colour.
The Zn;V,0g showed high [ value, 52%, compared to that of the Mg;V,0g (L = 6%). This
enhancement of [ in the Zn;V,04 could be due to the increasing exciton diffusion assisted by
the hybridizations of Zn 3d and O 2p orbitals for the valence band, and Zn 4s and Ti 3d
orbitals for the conduction band. In the presentation, we will report the quantum efficiency of
photoluminescence in the vanadium oxides by focusing on their crystal structures.

[1] H. Gobrecht, G. Heinsohn, Z. Phys. 147 (1957) 350.

[2] H. Ronde, G. Blasse, J. Inorg. Nucl. Chem. 40 (1978) 215.

[3] T. Nakajima, M. Isobe, T. Tsuchiya, Y. Ueda, T. Kumagai, Nat. Mater. 7 (2008)
735.
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It is known that the radiative lifetimes of the excited states of rare earth ions contained in
nanocrystalline dielectric are different compared to their values in crystallographically
equivalent bulk crystals. Their lifetimes depend on the effective index of refraction of the
media consisting of nanoparticles (7. ), and the substance filling the space between them [1].
Here we present results of the theoretical study of the optical characteristics for the small-
radius optical centers in the subwavelength ellipsoidal nanocrystals embedded in a dielectric
medium. Some results for simplest case of the spherical nanoparticles are listed below.

The ratio of the probability of the electric-dipole transition in the nanoparticle (Aed ) to that

nano

in the bulk sample ( A4:", ) was found to be [2]
ed ed 2
Ananu /Abulk = (nejf /ncr )77 : (1)

where 77 = 3/ [2 +e—cle— 1] ; ¢ is the volume fraction of nanocrystals in the medium

2

(filling-factor); & =&, / Epod = nfr / N, .. Ne-and n,,, are refractive indices of crystal and

medium, respectively.
The similar ratio for electric-quadrupole transition is found to be

e e 3 2
AnZno/ b;llk = (ne/f /ncr ) n - (2)
It is clear also that the ratio for magnetic- dipole transition is equal to

md md 3
Anano /Abulk = (n‘f.‘f/z»/ncr ) . (3)

As it follows from expressions (1)-(3) the radiative rates are decreasing (are increasing) if
e=¢,l€,,>1 (e=¢,/¢€,,
contributions to the radiative lifetime are changing in nanoparticles as compared to the bulk

sample.
The ratio of the IR absorption coefficient in the nanocomposite due to IR absorption in

od <1) for all type transitions. However, the relative

nanoparticles ( k R ) to IR absorption coefficient in the bulk sample ( & ,ff,k ) is found to be

nano

IR IR 2
kmmo /kbulk = C(neﬂ" /ncr )77 . (4)
The other optical characteristics of nanoparticles (the two-photon absorption, the Raman

scattering intensity, the Raman gain coefficient etc.) are discussed.

Supported in part by CRDF grant RUP2-1517-MO-06 and RFBR grants (projects no. 08-02-
01058-a, 09-03-12191-o0fi-m)

[1] R.S. Meltzer, W. M. Yen, Hairong Zheng, S. P. Feofilov, M. J. Dejneka, B. Tissue and

H. B. Yuan J. Lumin. 94-95 (2001), p. 217.
[2] K.K.Pukhov, T. T. Basiev and Yu. V. Orlovskii JETP Lett. 88 (2008), p.14
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The aim of this study is the development of a laser diode-based low-cost photoacoustic
device which is able to measure the heat-transmission and thermoelastic effects in
various solid samples. Our low-cost device has an advantage to the conventional one
using a sound card as a dual-phase lock-in amplifier in the modulation frequency range
from 10Hz to 10kHz. Such advantage allows us to satisfy some of desirable apparatus
properties like the simplicity of design and use, reasonable weight and portability. The
presented results show that our device satisfies the main criteria for solid sample
photoacoustic investigations: the reliability and reproducibility of the amplitude and
phase measurements. We have tested our device and showed that it provides the results
very similar to those obtained by conventional one. All of the results presented here are

obtained with Al, Si and Sigradur K samples.
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IN VIVO MICROVASCULAR BLOOD PERFUSION MAPPING
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Vertical-Cavity Surface-Emitting Lasers (VCSELSs) are mass-produced for high-speed optical
communication applications. They provide a circular, anastigmatic beam that can be formed
by simple optics. In this work, we demonstrate how an off-the-shelf proton-implanted VCSEL
can be used to sense fluid flow through a highly scattering tissue phantom. The VCSEL is
used as a self-mixing sensor whereby some of the light exiting the VCSEL is reflected from
particles moving in the fluid and re-enters the laser cavity. The motion of the particles impart a
Doppler shift on the light [1] and when this light re-enters the laser cavity it causes changes in
the carrier density that in turn causes small perturbations in the laser junction voltage.
Processing this voltage signal allows the extraction of the fluid flow parameters. This allows a
compact, low-power system to be implemented to create a flow map of a tissue phantom. The
tissue phantom consists of a glass capillary tube supplied with a constant flow rate and is
surrounded by a highly scattering medium to simulate the effects of the highly scattering
biological tissue (Fig. 1). This allows the experimental characterisation and verification of the
system before it is used to measure blood flow of real tissue. The effect of the highly scattering
medium is to randomise the direction the Doppler shifted light [2] producing a broad signal
spectrum (Fig. 2) with certain statistical properties. It is possible to extract the average flow
velocity and flow density from the spectrum [3]. This system is suitable for medical imaging
and investigation into skin disorders such as burns and malignancies. This research was
supported under Australian Research Council’s Discovery Projects funding scheme
(DP0988072), and The Commonwealth of Australia International Science Linkages
programme (FR090026).
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Fig. 1. Diagram of experimental setup. Fig. 2. Typical VCSEL junction voltage spectra

for different perfusion levels.
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[1] S.Sudo, Y Miyasaka, K.Nemoto, K. Kamikariya, K.Otsuka, Opt. Express. 15 (2007) 8135.
[2] P. Starukhin, S. Ulyanov, E. Galanzha, V. Tuchin, Applied Optics. 39 (2000) 2823.
[3] R. Bonner, R. Nossal, Applied Optics. 20 (1981) 2097.
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In recent years, the thin-disk laser design has taken special interest in developing high power
diode pumped solid state lasers (DPSSL). The thin-disk configuration ensures both a high
efficiency and better beam quality compared with the bulk configurations. Due to the the
thickness of the active medium (100 — 200 pum) thermal effects are reduced and the heat
management is very efficient [1].

Concerning the laser material, the most common laser crystal is Yb:YAG for thin-disk
configuration. More recently, the monoclinic potassium lutetium double tungstates
KLu(WO,), or KLuW doped with lanthanides, have became interesting for solid state lasers
[2]. Among the advantages of these crystals are: i) the use of KLuW as host induces
interesting spectroscopic properties to Ln®* so that the laser efficiency is very high, i) it allows
the radiation to be polarized, and iii) the use of diodes as pump sources is of great value
because of the reduction of both economical cost and the physical size of the equipment.
Previous works, demonstrated the first Yb:KLuW thin disk laser with very high efficiency [3].
In addition, CW laser operation of Tm-doped KLuW (bulk [4] and epitaxial layers [5]) were
achieved around 2 um spectral range showing the suitability of these material for thin-disk
lasers.

In this work we present the extended epitaxial growth of layers of KLu; (Tm(WOy,),
on KLu(WQ,), subtrates oriented perpendicular to the b direction, were grown by the
Liquid Phase Epitaxy (LPE) method, with 5, 7.5, 10 and 15 mol % of Tm, and
thicknesses between 20 — 400 um. The samples are of high quality, homogeneous Tm**
distribution, no diffusivity of Tm’" in the composite, and film/substrate interface free
from macroscopic defects. The realization of a thin disk laser is planned.

[1] A. Giesen, J. Speiser, R. Peters, C. Krinkel, and K. Petermann. Photonics Spectra,
52 (May 2007).

[2] V. Petrov, M. C. Pujol, X. Mateos, O. Silvestre, S. Rivier, M. Aguilo, R. M. Solé¢, J.
Liu, U. Griebner, and F. Diaz. Laser & Photon. Rev. 1, pp 179-212 (2007)

[3] S. Rivier, X. Mateos, O. Silvestre, V. Petrov, U. Griebner, M. C. Pujol, M. Aguild,
F. Diaz, S. Vernay, and D. Rytz. Opt. Lett. 33 pp 735-737 (2008)

[4] X. Mateos, V. Petrov, J. Liu, M. C. Pujol, U. Griebner, M. Aguil6, F. Diaz, M.
Galan, and G. Viera. IEEE J. Quantum Electron. 42 pp 1008-1015 (2006)

[5] O. Silvestre, M. C. Pujol, M. Aguild, F. Diaz, X. Mateos, V. Petrov, and U.
Griebner. IEEE J. Quantum Electron. 43 pp 257-260 (2007)
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We report the control of spontaneous pattern formation on the surface of an azo
polymer film under a single uniform laser polarized light beam illumination. The
translational wormlike diffusion caused by the photoisomerization of the azobenzene
chromophores upon the light irradiation plays a key role in this all optical process. The
diffusion direction is parallel to the polarization of writing beam. Periodic structures
with a variety of topography are inscribed through different experimental conditions.
Diffraction efficiency of the recorded gratings has been measured. Atomic force
microscope measurements confirm the presence of complex structures. For linearly
polarized light with normal incidence stripes oriented perpendicular to the polarization
direction are observed. The topology, pitch and amplitude of this self-organized surface
relief grating (SRG) are depended to the polarizations state, wavelength and intensity
of the recording beam and the thickness of the azo-polymer film. The self-organized
SRG formation rate is increased by writing beam intensity. For p polarized light only
the pitch and amplitude of grating change with incidence angle. Off-normal incidence
for s polarized light inscribed complex pattern configurations (square and hexagonal).
Circular polarized light produced relief spots and some nanometric holes on the surface
of azo polymer films. The experimental results are in good agreement with a simple
theoretical model based on the stimulated Wood anomalies. The surface patterns
obtained through this all-optical process can be erased by thermal or optical methods
and the writing—erasing process is completely reversible. In most cases, the writing and
erasing cycle can be repeated for many times without causing damage to surfaces.

[1] P. Lefin, C. Fiorini and J. =M. Nunzi Pure Appl.Opt. 7 (1998), p. 71.

[2] R. Barille, S. Ahmadi-Kandjani, E. Ortyl, S. Kucharski and J. -M. Nunzi Phys.
Rev. Lett. 97 (2006), p. 048701.

[3] R. W. Wood Proc. Phys. Soc. (London) 18 (1902), p. 269.

[4] S. Ahmadi-Kandjani, R. Barille, S. Dabos-Seignon, J. -M. Nunzi, E. Ortyl and S.
Kucharski Opt. Lett. 30 (2005), p. 1986.
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Under a vacuum of ~107 torr, the neat and high purity lanthanide sesquioxide powders
Nd,03, Yb,03, Er,0; and Tm,O; have been excited by an unfocussed 975 nm diode laser at
powers up to 1 W. The excitation leads to the production of charge carriers which can then
undergo reaction or trapping. Broad band emission is observed over the visible spectral
region which is characterized by multiphoton excitation quanta of between 3 and 4. The
broad emission band is assigned to emission from a self-trapped exciton state below the
conduction band. Emission is also detected from the divalent lanthanide ion species Tm>",
showing that electron trapping occurs, as well as from intraconfigurational 4f" -4f"
transitions. The emissions are characterized by rise times of several seconds, depending
upon the laser power. The emission intensity is several orders of magnitude greater than that
for the doped lanthanide species Y,05:Yb*", Er’" in air. Moreover, the colour purity of
emission from neat Yb,0O; is close to that of white light, with CIE coordinates (0.329,
0.335).

Fig. 1(a) shows the upconversion spectrum for Yb,O; under various excitation powers, as
well as the log-log plot of emission intensity and excitation power. Note the saturation at
higher powers. Fig. 1(b) shows the corresponding plot for Nd,O;.
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Figure 1. 975 nm upconversion of lanthanide sesquioxide powders between 380-720 nm
with powers as marked, under 107 torr: (a) Yb,0s; (b) Nd,O;. The figure insets are log-log
plots of upconversion emission intensity versus laser power, with the slopes marked.
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Thin films of SnS with thickness of 1.5 um were obtained by electrochemical
deposition, from aqueous solution of SnCl, and Na,S,0;. The SnS thin films were
prepared on the glass substrate, with layer of conductive tin oxide. Cyclic voltammetry
was performed to determine the optimum potential for electrodeposition and structure
analysis. Obtained thin films of SnS are nanoctrystals, whose composition,
morphology and structure were characterized by x-ray diffraction (XRD), scanning
electron microscopy (SEM) and energy dispersive x-ray spectroscopy (EDX). The
direct band gap of 1.18 eV was estimated from the optical transmission spectra. Also,
the thin films of SnS were electrodeposited on the SnO,-CdS layers, where they
showed good adherence, without pin holes. The /-V characteristics of the obtained
Sn0,-CdS-SnS- graphite photoelectrochemical solar cells were studied, so that the
open-circuit voltage V,,=600 mV and 1;:=200 uA/cmz, were determined.

[1] B.Subramanian, C. Sanjeeviraja, M. Jayachandran, Solar Energy Mater. Solar Cells.
2003, 79,57-65.

[2] M. Ichimura, K. Takeuchi, Y. Ono, E. Arai, Thin Solid Films. 2000, 361-362, 98-
101.

[3] A. Chazali, Z. Zainal Z, M. Z. Hussein and A. Kassim, Solar Energy Mater. Solar
Cells, 1998, 55, 237-49.

[4] Z. Zainal, M. Z. Hussein and A. Chazali, Solar Energy Mater. Solar Cells. 1996, 40,
347-357.

[5] K. Mishra, K. Rajeshwar, A. Weiss, M. Murley, R. D. Engelken, M. Slayton and H.
E. McCloud, J. Electrochem. Soc. 1989, 1915-1923.

[6] D. Wei and G. Amaratunga, /nt. J. Electrochem. Sci. 2007,2, 897 —912.
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The influence of thermal, elastic and electronic transport parameters for an Au — Si
system was investigated by a photoacoustic frequency transmission technique. The
amplitude and phase photoacoustic spectra were measured in dependence on the
modulation frequency of the excitation optical beam. The influence of the ion-
modification process to the experimental photoacoustic signal was analyzed. Such
influence can be an indicator of the degree of modification. The analysis was based on a
theoretical model adopted for a metal-semiconductor system. This model includes the
space-charge region on the semiconductor surface, and thermodiffusion, thermoelastic,
and electronic deformation effects. All mentioned parameters presented in this paper

are obtained comparing the experimental and theoretical photoacoustic signals.
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e-mail: yermolayeva@isc.kharkov.ua

It is known that lutetium oxide is the effective host for rare-earth dopants. Nowadays nano-
sized Lu,O5 doped with Eu’* ions is considered as one of the most perspective materials for X-
ray detection and imaging and also new X-ray phosphors creation due to its high density
(p=9.42 g/cm’) and high effective atomic number Z4=T1. However, preparation of Lu,O3
spherical particles with narrow size distribution by conventional soft chemistry methods meets
some difficulties, which is limited of the nanostructured scintillation materials creation on the
lutetium oxide basis. Development of the method of the spherical Lu,O5:Eu’” particles
preparation with the given sizes and heterostructures on their basis opens up the possibilities of
the creation of the effective X-ray screens, high-resolution displays with improved
characteristics and also photonic matrixes preparation with the diffraction enhancement of the
luminescence light. Monosized Lu,O5:Eu’®” spherical particles (diameter range from 60 to 300
nm) and core-shell heterostructures on their basis (Lu203:Eu3+/Si02, SiOz/Lu203:Eu3+/Lu203)
were prepared for a first time. The structure, morphology and X-ray luminescent properties
were studied in this work. Lu,O5:Eu’" spherical particles were prepared by the co-precipitation
technique from water solutions with subsequent heat treatment. Europium content in the
samples was ranged from 1 to 10 at. %. Lu,05:Eu’*/SiO; core-shell heterostructures were
synthesized according to Stober method. Lu,O5:Eu’* coverings of the controlled thickness (10-
50 nm) were formed on the surface of the SiO, spheres by the sol-gel technique from water
solutions. The shape, sizes, phase composition of the heterostructures prepared were studied
by means of electron microscopy methods, X-ray diffraction, X-ray photoelectron and FT-IR
spectroscopy. The temperature conditions of the crystallization and morphology properties of
the Lu,05:Eu’" solid-state solutions in the form of spherical particles and nanolayers onto SiO,
spheres were investigated. Lu,Oy:Eu’’— Lu,SiOsEuw’” — Lu,ShbO,Eu’’ structural
transformations in the heterostrucrures prepared in the 900 — 1200 °C temperature range were
observed. The features of Eu’" entering in the low dimensional systems were also discussed.
The X-ray luminescent properties of the Lu,O5:Eu’" spherical particles and Lu,O5:Eu’/SiO,,
SiOy/Lu,05:Eu’/Lu,0; heterostructures were studied. Under X-ray excitation europium-
doped nanophosphors obtained are characterized by effective luminescence in the A=575-725
nm range corresponding to Dy—>F; transitions (J=0<4) of Eu’" ions in the crystalline host. It
has been shown that radioluminescence intensity of the heterostructures strongly depends on
the phase composition, shells thickness and Eu’* dopant concentration.
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In our days is already recognize the huge potential of using polymer semiconducting materials
in optoelectronic devices such as solar cells, light emitting diodes or photodetectors.
Nevertheless, the advance of the research to understand the physics that is behind the
functioning of these devices reveal that the morphology of the organic semiconductor plays a
major roll on the device optical properties. For the case of semiconducting polymer-based
devices, the morphology of the semiconductor at nanoscale can influence the optical
phenomena present in these devices, since the packing of the long conjugated polymer chains
leads to the disruption of the conjugation forming rigid segments with different lengths and
orientations that work like chromophores, which strongly influence exciton dynamics in such
systems. By using a multiscale modelling we performed a study to understand the influence of
the polymer morphology at nanoscale on exciton dynamics, namely singlet excitons since they
are the main excited species produced in polymer-based solar cells and photodetectors and
those which are responsible for the fluorescence in polymer light-emitting diodes. In this
communication we will present an overview of our latest results were we use quantum
molecular dynamic calculations to understand the effect of polymer molecular properties on
singlet exciton formation in polymeric devices and dynamic Monte Carlo simulations to
understand the influence of the polymer morphology on exciton dynamics within the device.
Our results clearly show that the chromophore molecular structure influences the
intramolecular singlet exciton energy and, as a consequence, it will influence not only the
exciton diffusion process in the polymer network that depends on the polymer morphology,
but also exciton quenching near the electrodes.
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FORSTER-LIKE NONEXPONENTIAL ENERGY TRANSFER
DECAY IN DOPED NANOPARTICLES

T.T. Basiev, N.A. Glushkov

Prokhorov General Physics Institute, RAS, Moscow, Russia, basiev@]lst.gpi.ru

Computer simulation of static donor-acceptor energy transfer in a sample of equal-size
impurity-doped nanoparticles and in a corresponding bulk crystal was performed,
analyzed, and compared. For the nanoparticles, a new double nonexponential decay
was observed and explained by the two-stage bulk and surface-bulk quenching law.
For the fitting computer simulated decay curves, simple analytical expression was
proposed in the form Np(t)=n;(0)exp(-W t)*5+n,(0)exp(-W,t)*S, where the first term is
the same as in bulk materials with dimensions d = 1, 2, 3 and multipolarity S=6, 8,
10.... The decay rate of the second term W,=(1/2)*W, is at least four times smaller
than the bulk Forster average decay rate W,. This results in a higher total fluorescence

quantum yield in nanopaticles compared to bulk crystals.
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Nowadays, much attention is given to nonlinear laser crystals, in particular yttrium aluminum
borate doped with ytterbium ions. A drawback of these crystals is that they can be grown only
by the flux method, giving rise to a variety of defects, such as twinning, uncontrollable
impurity substitution, etc. Such defects have a significant effect on laser properties of crystals
and are, therefore, worthy of serious investigation.

Up to now, only a few investigations have been carried out in this direction. The existence of
the second Yb®" center, Yb2 in Yb,Y Al(BO;), was reported and the dependence of the
concentration of Yb2 on x was investigated [1]. Also, multiple Yb*" centers in the
stoichiometric optical single crystal YbAly(BOs), were found and investigated using high-
resolution optical Fourier-transform spectroscopy [2].

In the present work, we investigate a series of RAI;(BO3), (R=Y, Tm, Lu, YD) crystals
doped with various amounts of ytterbium ions, grown in two different laboratories
using different fluxes. High-resolution polarized absorption spectra of the single
crystals were measured at low temperature (down to 3.5 K). The crystals were analyzed
to determine the presence of possible impurities. The absorption spectra of crystals
grown using K,Mo;0,o or Bi;M0;0,, based fluxes were compared. The positions and
intensities of the satellite spectral lines corresponding to additional Yb centers are
different for the samples prepared by different techniques. We propose that the satellite
spectral lines come from Yb’" ions in regular crystallographic positions situated in the
vicinity of some defects that deform their nearest surrounding. These defects are,
mainly, atomic impurities coming from the flux. We try to relate spectral satellites to
particular defects.

This work was supported by the Russian Foundation for Basic Research (Grants No 07-
02-01185), and by the Russian Academy of Sciences under the Programs for Basic
Research.

[1] M. Ramirez, L. Bausa, D. Jaque, E. Cavalli, A. Speghini and M. Bettinelli, J.
Phys.: Condens. Matter 15 (2003), 7789

[2] M. N. Popova, K. N. Boldyrev, P. O. Petit, B. Viana and L. N. Bezmaternykh, J.
Phys.: Condens. Matter 20 (2008), 455210
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AB-INITIO CALCULATIONS OF THE OPTICAL PROPERTIES
OF PURE AND Sm**-DOPED ANATASE AND RUTILE TiO,

M.G. Brik, I. Sildos, V. Kiisk

Institute of Physics, University of Tartu, Riia 142, Tartu 51014 Estonia,
brik@fi.tartu.ee

Titanium dioxide (TiO,) is a wide-gap (3.0-3.2 eV) semiconductor that has been found
suitable for doping with several rare earth ions. Sm-doped (nanocrystalline) titania is one of
the most promising combination with intense host-sensitized emission of possible interest in a
LED phosphor [1, 2], low-temperature luminescence-based gas sensors [3], enhanced
photocatalytic processes [4]. In the present work we report on detailed ab initio studies of the
band structure, density of states (DOS) and optical properties of pure and Sm’*-doped rutile
and anatase. All calculations were performed using the CASTEP module of Materials Studio
4.0. The calculated properties were as follows: optimised geometry of the unit cell; total and
partial DOS; real and imaginary parts of the dielectric function for different polarizations;
absorption, reflection and transmission spectra from IR to UV; dependence of the refractive
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Fig. 1 visualizes a part of the obtained results for pure anatase.
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Fig. 1. Calculated band structure (left) and dependence of the refractive index on the
wavelength (right) for pure anatase TiO,. The calculated refractive index values are shown by
a solid line, and Sellmeier approximation by a dashed line with the following values of the
coefficients: 4 =1.72238 + 0.00892; B=10.32868 + 0.00775; C =288.23543 + 1.19044 nm,;
D=4.1107 x 10"+ 1.3680 x 10"’ nm™.

The obtained resutls are compared with the experimental data and other calculations; influence
of impurity ions on the optical properties is discussed.

Acknowledgment: We thank Prof. U. Lille for Materials Studio package. Estonian Science
Foundation is acknowledged for funding (projects 7456, JD69, 6999, 6660).

[1] S. Lange et al., Mat. Sci. Eng. B 112 (2004) 87-90.

[2] V.Kiisk et al., Opt. Mater. (in press. DOI: 10.1016/j.optmat.2008.10.016)
[3] V. Reedo et al., Proc. SPIE 5946 (2005) 59460F.
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Lanthanum oxide is a semiconductor material with the largest band gap among rare earth
sesquioxides with a value of 4.3eV. This compound has numerous applications in various
fields of industry: as a component of catalyst supports and ceramics. Its synthesis in a form of
fine dispersion represents now an exciting area of research [1].

When doping La,O; with luminescent active Ln ions, such as Eu®’, will allow combining the
semiconductor properties of La,O; with the red emission of Eu*". Such red phosphors have
been previously investigated under the form of bulk and nanoparticle materials [2,3]. Due to
quantum confinement effect and surface effect, nanosized materials with particle sizes of 100
nm or less may show electrical, optical and luminescent properties more efficient than the
corresponding bulk materials. Up to now, nanoparticles of Eu-doped La,O; have been
synthesized by means of solution combustion synthesis [2], and nitrate decomposition
procedures [3]. Such nanoparticles showed emissions centered in the red region of the
electromagnetic spectrum, at around 626 nm.

In the present work we developed the synthesis of Eu doped La,O; nanoparticles by several
synthesis methods such as: the modified Pechini method, which is an alternative to the
conventional sol-gel method, the precipitation method and a hydrothermal process.

The nanoparticles obtained have been characterized by X-ray diffraction (XRD) to determine
their crystalline structure and average grain sizes. Their morphology, homogeneity,
distribution and particle size, ranging between 10 and 300 nm depending on the synthesis
method, have been investigated by electronic microscopy. Finally, the photoluminescence
(PL) and cathodoluminescence (CL) properties of the Eu doped La,O; nanoparticles obtained
have been analyzed, obtaining emission at ~626 nm, indicating that Eu’" ions have been
successfully incorporated in the structure of La,Os.

Acknowledgements. This project has been supported by the Spanish Government under
projects MAT2008-06729-C02-02/NAN, TEC2006-06531, HOPE CSD2007-00007
(Consolider-Ingenio 2010), and AECID-A/016246/08, by the Catalan Authority under
project 2005SGR658, and by the Research Center on Engineering of Materials and Systems
(EMaS) of the URV.
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Multiferroic features of the trigonal huntite-type borates GdFe;(BO;), and NdFe;(BO;), have
been shown in the studies of their magnetoelectric properties [1, 2]. It was found that
NdFe;(BOs), compound demonstrates appreciably greater than GdFe;(BO;)s magnetic-field-
dependent electric polarization and a giant quadratic magnetoelectric effect. To understand a
mechanism of the magnetoelectric effect in these compounds it is important to know the
peculiarities of the crystal structure and to have information on the crystal field for the rare-
earth ion. GdFe;(BO;), is known to undergo the structural phase transition at 156 K from the
D5’ structure into the Ds* one, accompanied by the antiferroelectric ordering; at 7y =37 K it
orders antiferromagnetically into the easy-plane structure; finally, at 7z =9 K a spin-
reorientation phase transition occurs. As for NdFey(BOs)s, this compound preserves the D’
crystal structure, at least down to 3K, and orders antiferromagnetically into the easy-plane
structure at 7y=33 K. In our earlier work [3], we have performed the optical absorption study
of NdFe;(BO;),. From the crystal-field (CF) calculations a set of six real crystal-field
parameters, the wave functions, magnetic g-factors and the values of the local effective
magnetic field at the Nd”* site were obtained. Crystal field calculations for the P3,21 structure
are more complicated (15 crystal-field parameters). The mixed Gd-Nd system
NdGd, <Fe;(BO;), is interesting for studying a gradual change of structural and magnetic
properties and the crystal field for the Nd** ion.

In this work, we present broad-band (1500-25000 cm™) high-resolution (down to 0.1
cm’), temperature-dependent (3.5-300 K) spectral measurements of Nd,Gd; _
Fe3(BO3)ys (x=0, 0.01, 0.04, 0.25, 0.5, 0.75, 1.0) single crystals grown in a bismuth
trimolibdate Bi;Mo030, based flux. High-temperature structural phase transitions were
registered for the compounds with x=0.01, 0.04, and 0.25. When the concentration x
increases the temperature 7 decreases. The analysis of the temperature-dependent
spectra revealed the energy of the Nd** Kramers doublets. The crystal-field parameters,
wave functions and magnetic g-factors were obtained as a result of CF calculations.
This work was supported by the RFBR (grant Ne07-02-01185) and by the RAS under
the Programs for Fundamental Research.
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Polymeric films present an amorphous structure, compared to the inorganic counterparts,
which is mainly due to the very weak coupling of adjacent polymer chains compared with the
strong interatomic coupling of conventional semiconductors. During the polymerization
process or even after the polymer film formation, the polymer semiconductor can present
several defects, with different origin and concentration that can strongly influence the optical
behavior of the devices where they are used. These defects can create not only deep energetic
sites that work like traps for excitons where they can relax during their migration inside the
polymeric system, reducing exciton diffusion and even decreasing the fluorescence effect, but
they can also function like quenching sites by allowing easy exciton dissociation into a pair of
charges of opposite signs which reduces also the fluorescence process. It is well known from
the literature the existence of these defects, which are related to the decrease of the
optoelectronic efficiency of the device due to their presence on the polymer network.
However, it is necessary to understand how these defects work at molecular level on exciton
formation and their effect on the exciton energy in polymer chromophores if we want to
improve organic devices efficiency. By performing a theoretical study of the influence of these
defects on exciton formation by using a self-consistent quantum molecular dynamics method,
we will present in this communication our latest results in the understanding of the effect of
such defects on energetic disorder in polymeric systems and assess the consequences for
exciton dynamics on those systems. Our results show that depending on the type of defect,
exciton formation in polymer chromophores with defects leads to changes on intramolecular
exciton localization as well as exciton energy.
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We analyze the possibilities of constructing a novel metamaterial with the arrangement of
structural layers as in quantum cascade lasers. The starting point is the Lorentz model of
atomic electrical susceptibility. Within this model the total permittivity has two parts: the first
part is the averaged permittivity of the background material, while the second one is
proportional to the difference of electron occupation densities of corresponding energy levels.
In case of a passive configuration (where upper levels are less occupied than the lower ones)
the second part of permittivity is positive (both the real and the imaginary part). However, if
the occupation of levels is inverse (active configuration), the total permittivity could be made
negative, hence this configuration would possess the property of negative-refraction materials,
i.e. left-handedness.

A favorable candidate for illustration of these effects is the quantum cascade laser in strong
magnetic field. Considerable values of the second part of the permittivity may be achieved by
large charge sheet densities (of the order of 10" cm™), owing to narrow absorption linewidths
and large matrix elements. Numerical results obtained for AlGaAs quantum cascade lasers
illustrate strong tuning capabilities, of the sign and magnitude of the real and the imaginary
part of the total permittivity, with magnetic field.
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Light has influence on brain activity with very complex pathway (Fig.1). Since, light is
composed of electrical and magnetic spectra it is very important to know how light
interact with contact lenses. The orbital velocity of valence electron in atoms of
polymers is about 10° m/s what gives ratio between magnetic force (FM) and electrical
force (FE) in contact lenses of about FM/FE ~10™. Since force related directly to
quantum action (Planck action, h=Fx dx t = 6.626 x 10>* Js) it means that magnetic
force is four of order closer to quantum phenomena than electrical.
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Fig.1. Nerve pathways from the eyes to the brain goes not only to the visual cortex, but also to
deeper brain areas, concerned with neurotransmiters, neurohormones, emotions, etc.

Polymers of contact lenses surface are changing their conformation states during contact
lenses production. Since, conformation change of polymer molecules generates quantum
effects it may have influence on magnetic component of light. We investigated contact lenses
samples from optomagnetic approach to see is there significant difference between them after
production.

[1] Dj. Koruga, A.Tomi¢, Z.Ratkaj, L. Matija, Classical and Quantum Information Channels
in Protein Chain, Materials Science Forum, 518: 491-496, 2006.
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Visual perception is the ability to interpret information from visible light reaching the
eye. The act of seeing starts when the lens of the eye focuses an image of its
surroundings onto a light-sensitive membrane in the back of the eye, called the retina.
Since, visible light is composed of electrical and magnetic spectra, which have different
influence on brain activity (EEG and MEG signals, Fig.1), we investigated magnetic
property of contact lenses, as optical material, which have influence on electrical and

magnetic light signals properties.
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Fig.1. Brain activity (EEG and MEG) under light influence when eyes are open and close

To characterize magnetic properties of contact lenses we use JR-5 spinner magnetometer and
MFM (magnetic force microscopy) to measure remanent magnetism and magnetic gradient,
respectively, before and after light influence.

[1] Haugstad,G., Gladfelter, W.L., Probing biopolimers with scanning force methods-
adsorption, structure, properties, and transformation of gelatin on mica, Langmuir, 10:4295-
4306,1994.

[2] Radlein,E., Frischat, G.H., Atomic force microscopy as a tool to correlate
nanostructure to properties of glasses, J. Non-Crystalline Solids 222, 69-82, 1997.
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In this work we present the fabrication and optical characterization of micro- and nano-
particles of Er/Yb co-doped lithium niobate (LiNbO;). The nano-particles have been prepared
by attrition milling of precursor monocrystals and the distribution of particle sizes is studied as
function the milling parameters.

The optical properties of the particles, with special emphasis on the IR to visible up-
conversion have been studied. After IR excitation of Yb*" ions with an AlGaAs laser (A = 980
nm) the characteristic green & red emissions from Er'’ jons is observed, indicating the
occurrence of energy-transfer-up-conversion.

The luminescence characteristics of the nanocrystalline particles, both in solid phase or in
suspension, are studied and compared to the bulk emissions.

Up-conversion luminescence of LiNbO; nano-particles in water suspension

[1] JR. Schwesyg, H.A. Eggert, K. Buse, E. Sliwinska, S. Khalil, M. Kaiser, K
Meerholz, Appl. Phys. B 89 (2007), p. 15 .
[2] E. Cantelar and F. Cussd, J. Lumin. 102 (2003), p. 525.
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NEW SYNTHESIS AND STRUCTURES OF Na;Mo,07 AND
Na,W,07; USING THERMODINAMICALLY STABLE
MOLYBDENUM AND TUNGSTEN (VI) OXIDE CLUSTERS AS
PRECURSORS

Dragana J. Jovanovi¢, Ivana Lj.Validzi¢, Miodrag Mitri¢ and Jovan M. Nedeljkovi¢

Vinca Institute of Nuclear Sciences, P.O. Box 522, 11001 Belgrade, Serbia,
draganaj@yvinca.rs, validzic@yvinca.rs, mmitric@vinca.rs, jovned@vinca.rs;

A new method for the synthesis of disodium dimolybdate (Na,Mo,0;) and disodium
ditungstate (Na,W,0,) in the process of ultrasonic spray pyrolysis using acidified
aqueous solutions of thermodynamically stable molybdenum and tungsten (VI) oxide
clusters as precursor is described. Na,Mo,0; and Na,W,0; particles were collected in
isobutyl alcohol and ultra-centrifugation was employed to isolate solid materials from
solution. The scanning electron microscopy revealed formation of uniform spherical
Na,Mo,0; particles with average diameter of about 0.25 um, and plate/shelf like
Na,W,0; particles with average thickness of about 1.2 um. The X-ray diffraction
analysis undoubtedly confirmed formation of orthorhombic Na,Mo,0; as for Na,W,0;,
and the refinement of the diffraction data showed that those powders belongs to the
base-centered orthorhombic type of structure with 64 space group Cmca. It was found
that the basic units of the octahedral WOg precursor complexes in the both cases remain
preserved in the powder structures. The tetrahedral WO, building units that coexist
together with octahedral units joined in infinite chains in the powder structures are the
most likely developed by termination of the weak octahedral bonds and by placement

of the molybdenum or tungsten atom in the center of tetrahedra.

61


mailto:draganaj@vinca.rs
mailto:validzic@vinca.rs
mailto:mmitric@vinca.rs
mailto:jovned@vinca.rs

EPR AND VIBRATIONAL STUDIES OF SOME TUGSTATES
AND MOLYBDATES SINGLE CRYSTALS

S.M. Kaczmarek'", H. Fuks', L. Macalik®, B. Macalik?, J. Hanuza®

! Institute of Physics, Szczecin University of Technology, 17 Al. Piastow,
70-310 Szczecin, Poland
? Institute of Low Temperature and Structure Research, PAS, 2 Okolna, 50-950 Wroctaw,
Poland

CSDY(MOO4)2, KY(MOO4)2, KCC(WO4)2, KDYOV 04)2, KGd(WO4)2 KLaQAzsPr0A75(MOO4)2,
KLay5Pry75(WO,), molybdates and tungstates single crystals, have been investigated using
the Raman and EPR techniques.

The EPR spectra were recorded using Bruker E 500 X-band spectrometer (~ 9.4 GHz) at
temperatures between 3-300 K. Paramagnetic ions, present in the above potential laser
matrices, show mainly antiferromagnetic kind of interactions below ~70 K, with some
anomalies at higher temperature range. g-factor shows, sometimes, anomalous increase in low
temperature range suggesting the existence of some internal magnetic fields. Total magnetic
moment shows complex behavior giving evidence on the simultaneous presence of different
kinds of spin systems in the compounds.

The temperature dependence of Raman spectra show no anomalies in the 10 — 300K range
indicating that no structural phase transition is observed in this range.
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EPR spectra for several temperatures and temperature dependence of the integral intensity,
reciprocal of the intensity and the product of the intensity and temperature for KGd(WO,),
single crystal.

" Corresponding author: Phone: +48 091 449 48 87, Fax: +48 091 434 21 13; email address:
skaczmarek@ps.pl
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EFFECTS RELATED WITH PHOTOCONDUCTIVITY AND
MOBILITY IN TIBr

Vaidotas Kazukauskas, Andzej Ziminskij

Semiconductor Physics Department and Institute of Materials Science and Applied
Research, Vilnius University, Lithuania

Thallium Bromide (TIBr), due to its wide bandgap, high density and high atomic
numbers, is a promising material for X- and y-ray detection. Though, presence of the
ionic conductivity is still preventing it from the practical application.

We had investigated photoelectrical and current transient properties of TIBr from 100
K up to 300 K, where the effect of the ionic conductivity changes notably. TIBr crystals
were grown by the Bridgman—Stockbarger method.

Current peculiarities were revealed that could stand for both electronic and ionic
conductivities. Non-monotonous conductivity variation with temperature was
identified, demonstrating mobility-related maximum that was superimposed on an
intrinsic conductivity growth. This maximum could be caused by the recharge of the
scattering centre at about 1.65 eV.

From the spectral dependencies several defect-related transitions at 0.55; 0.83, 1.1;
1.32 and 1.65 eV were identified, being dependent on sample prehistory, i.e., its
excitation by light and/or voltage. The defect-related shoulders at about 0.83 and 1.1
eV used to intensify if the spectra were scanned from the higher quantum energies.
Meanwhile influence of the levels at 1.32 and 1.65 eV used to decrease if the sample
was kept biased for several hours.

The photocurrent kinetics had demonstrated a complex structure in which its decrease
was changed by the growth. The thermal activation energy of the time constants of both
processes was found to be 0.24 — 0.27 eV. Such complex behaviour could be explained
either by the combined trapping and/or recombination of light-generated carriers to the
defect centres, followed by the growing ionic conduction or by the variation in time of
the ion diffusion-related scattering.

Our results demonstrate that ionic conductivity in TIBr is pronounced down to about
250 K. Moreover, even low intensity intrinsic light excitation might be effective in
capacitating ionic conductivity.

The results obtained before degradation are compared with that in degraded devices.

Acknowledgements. This work was supported by the Lithuanian and Ukrainian
Ministries of Education and Science and Lithuanian State Studies and Science
Foundation (project No V-18/2009). The samples were kindly provided by Brucker
Baltic (dr. V. Gostilo and dr. M. Shorohov).
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CHARGE CARRIER MOBILITY AND AGEING OF ZnPc/C60
SOLAR CELLS

Vaidotas Kazukauskas®, Andrius Arlauskas®, Mindaugas Pranaitis®,
Rudolf Lessmann®, Moritz Riede®, Karl Leo®
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Cu and Zn Phtalocyanines (CuPc and ZnPc), and C60 are materials frequently used for
organic Solar cell engineering. Their energy levels are suitably located to form a donor-
acceptor junction. Such systems have high absorption coefficients and a
complementary absorption for the Sun spectrum.

We have investigated ageing properties of ZnPc/C60 Solar cells as they are influenced
by the charge carrier mobility. The test Solar cell structures were formed on the glass
plates covered with ozone treated Indium Tin Oxide (ITO). The sample structure is
ITO/ZnPc (18 nm)/C60 (52 nm)/AOB doped C60 (5 nm)/Al (100 nm). A ZnPc buffer
is used instead of the usual phenanthroline derivatives due to its higher thermal
stability, while the overall device behavior should be the same. The devices were
encapsulated. The simple device structure provides a reasonable conversion efficiency
of #~1.5%.

The samples were aged for 1300 hours upon illumination with blue LED, with peak
emission at 475 nm, incident light power density of 10 mW/cm” The devices aged
under light showed a strong and fast degradation of the short circuit current and of the
fill factor after several hours followed by an almost constant behavior of these values.
The reference samples kept in the dark at the room temperature did show only very
small changes in their I-V curves.

Carrier mobility dependencies on electric field strength at different temperatures were
measured by the Charge Extraction by Linearly Increasing Voltage (CELIV) method. It
was demonstrated that mobility values decrease during degradation as compared to the
reference samples. Nevertheless only mobility changes cannot explain the observed
drop of device current. Probably this is due to the enhanced recombination in devices
caused by their morphology changes leading to the decrease of the effective carrier
density.

Acknowledgements. R. Lessmann acknowledges CAPES/Brazil and DAAD for the
scholarship. Part of this work was performed within the EC FP6 project OrgaPVNet.
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SEMICONDUCTOR MICRORESONATORS USING CARRIER
BEHAVIOR
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Research Institute for Applied Physics and Astronomy, University of Tabriz, Tabriz-
Iran. Aryan.hamidreza@gmail.com & r_kheradmand@tabrizu.ac.ir

An important component of high-speed optical communication networks is an all-optical
switch, where an incoming switching beam redirects other beams through light-by-light
scattering in a nonlinear optical material [1]. An other favourable property of all-optical
switches is that the output beams are controlled by a weaker switching beam [2].

Recently, a switching technique that is based on sensitivity of transverse optical patterns have
been developed in both atomic and semiconductor systems [2, 3]. A transverse optical pattern
is the spatial structure of the electromagnetic field in the plane perpendicular to the
propagation direction [2]. Optical patterns emerge from the coupling of the nonlinear medium
response, diffraction, and the feedback action of mirrors [4]. For switching they present a non-
feedback technique, which allows to select the orientation of spatial patterns in system, also
this method is based on injecting a weak perturbation into the system [3].

Kheradmand et al. presented an all-optical switch in semiconductor microresonators [3] that
had a rise time of sub-nanosecond scale but in that work they focused on behavior of filed
while we know the importance of carriers in semiconductor microresonators. Here carriers
have substantial role in behavior of switching thus we studied behavior of carriers for optimize
switching. First of all, we considered the steady state by using a model characterized by two
dynamical equations for field and carriers and studied the homogeneous stationary state of
carriers. We found some parametric regions where behavior of carriers is bistable (see Fig. 1).
As it has shown in Fig. 1, by choosing proper physical parameters Ns-EI curve will be
bistable. The homogeneous stationary state of carriers leads us to study and simulate
dynamical properties of carriers in optical switch and optimizing the parameters to get high
speed optical switches.

forl=2

> |
Figure 1: steady-state curve of the homogeneous solution for carriers and field

[1] R. Ramaswami et al, in Optical Networks: A Practical Perspective (Morgan
Kaufmann, San Francisco, CA, ed. 2, 2002) 12.

[2] A.M.C.Dawes et al, SCIENCE, 308 (2007) 672.

[4] R. Kheradmand et al, Eur. Phys. J. D 47 (2008) 107-112.

[5] S.Barland et al, Europhysics News , 34 (2003) 136-139.
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DISORDERING EFFECT OF PERIODICALLY
POLEDNONLINEAR CRYSTALSON PARAMETRIC DOWN
CONVERSION
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Recently it has been shown [1,2] that periodically poled nonlinear crystals are leading to quasi
phase- Matching in photonic conversion processes and particularly are also highly promising
for generation of nonclassical states of light and open interesting view for applied Quantum
information.

A particularly effective structure in (PPNC) is one in which the sign of the nonlinear
susceptibility X? is periodically invert through the medium.

We investigate spectral properties and multimode structure of joint states of photon pair
produced by pulsed parametric down conversion in (PPNC) with adding random length to
each domain.

The initial manner to this approach is the idea manipulating overall group delay mismatches
between various fields in structured materials for syntheses of twin photon state [3]

Most of experimental arrangements consist of the periodic assembly of NX@ crystals of
length 1 with positive and negative susceptibility. In this work we assume that the mismatch
functions and lengths are not the same in each domain and vary randomly. While /=/(l+¢),
where ¢ is random number and is less than one.

We investigate that, in this system the two-photon spectral Amplitude will be

—iLAk n+l NS
O=ELXe > > Sl [l—e""m”w{e""zf1’“”’)}
0 =S
1

Where Eg=pump envelope function L=N/ X=susceptibility &=random number

As it has shown in Figure (1), |¢]* has extremum values for e=0 and it thrown down by
increasing . It means that, perturbation in periodic structure — length vanishes the amplitude
of output.

1912

i
5

Figl: Two photon spectral as a number of layers in periodically poled nonlinear crystal with
different values of perturbation coefficient €.

[1] R.C. Pooser, O. Pfister Opt. Lett. 30, (2005) 2635.
[2] S. Suzuki et al. Appl.Phys. Lett. 89, (2006) 061116.
[3] D.N. Klyshko, JETF 77, (1993) 222
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PICOSECOND Nd:YAG LASER PULSES
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The WTi alloy as a refractory material possesses very good physicochemical
characteristics such as thermochemical stability and high melting temperature.
Conventional processing of this material is extremely difficult because of its hardness
and brittleness, and the use of a laser is a possible solution. In this work interaction of
Nd:YAG laser with tungsten-titanium (WTi) alloy deposited on single Si (100)
substrate is considered. During WTi system irradiation with picosecond laser pulses
the main part of the absorbed energy was rapidly transformed into heat thus the
intensive modifications on the target surface was occurred. The WTi thin film
(thickness of 190 nm) was deposited by sputtering process. Various analytical
techniques were used for characterization of the samples. The phase composition and
crystallite structure of WTi/Si sample were determined by X-ray diffraction method.
Surface morphology was monitored, by optical microscopy (OM), by scanning electron
microscopy (SEM) and by profilometer. In the experiment typical laser output
parameters were: wavelength 1064 nm, pulse duration 40 ps and laser pulse energy
density (fluence) 5.7 J/ecm’. Multi-pulse laser irradiation was conducted in air
atmosphere. Modification of WTi can be summarized as: (i) partial ablation/exfoliation
of the WTi thin film, (ii) partial modification of the silicon substrate with formation of
mosaic structure, (iii) appearance of hydrodynamic features including nano globules.
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CAVITY SOLITONS IN VCSEL’S BEYOND THE RATE
EQUATION APPROXIMATION
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fatemeh.ghasemil @gmail.com, amin.abbasi2000@gmail.com
r_kheradmand@tabrizu.ac.ir & asgari@tabrizu.ac.ir

Cavity solitons have been theoretically predicted and recently experimentally
demonstrated in broad area, vertical cavity, driven semiconductor lasers (VCSEL)
slightly below the lasing threshold[1,2]. Above threshold, the simple adiabatic
elimination of the polarization variable is not correct, leading to oscillatory instabilities
with a spuriously high critical wave-number, to achieve real insight on the complete
dynamical problem; we considered also the steady state, material polarization
dynamics, by using a model introduced by Agrawal, characterized by five dynamical
equations. We studied the homogeneous stationary state and their instabilities, both
stationary (Turing) and dynamical (Hopf). We found some parametric regions where
the homogeneous state is bistable, with the lower branch unstable for a Hopf instability,
and the upper branch unstable for Turing instability.

The model which we used in this paper differs from the two level Maxwell-Bloch
equation for the macroscopic polarization P where, as in[3,4] ,the right hand side of the
equation is multiplied by a complex term where two real parameters I' and A appear
and determine the shape of the effective susceptibility . The two parameters are
assumed to depend on the population variable D, and the dependence can be
phenomenologically derived by a quadratic fitting of the gain curves calculated with a
microscopic model.

In this work, we just point out that a standard adiabatic elimination of P allows to
recover straightforwardly the rate equation model [1], which makes the physical
comparison with the amplifier configuration more straightforward. The numerical
results obtained by integration of the dynamical equations using Split-Step method
show that stable CSs are possible in this regime, even if they sit on an unstable
background (see Fig. 1). Despite the instability affecting the background, it turns out to
be perfectly possible to write and erase CSs in the usual manner. A writing beam (WB)
is injected into the cavity, with the same phase as the holding field, for a certain time
(ranging from half to several nanoseconds), then it is removed. The CS grows up and
remains fixed at the location where the WB was injected.

[1] S. Barland et al, Nature, 419 (2002) 699-702.

[2] X. Hachair et al, Phys. Rev. A. 69 (2004) 043817-1-13.

[3] J. Yao et al, Opt. Commun., 119 (1995) 246-255.

[4] R. Kheradmand et al, IEEE Journal of selected topics in quantum electronics, 12
(2006) 339-351
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EXPERIMENTAL INVESTIGATION OF DYNAMIC BEHAVIOR
OF HOLOGRAPHIC GRATING IN AZO-DYE DOPED
NEMATIC LIQUID CRYSTAL

H. Khoshsima® and R. Asgari Sabet”

* Research Institute for Applied Physics and Astronomy, The University of Tabriz,
Tabriz, Iran. khoshsima@tabrizu.ac.ir

In this experimental work the dynamic of laser induced holographic grating formation
and relaxation is studied when one or both of the writing beams are switched on/off in
different thickness of cells filled with Dispersed Red 1 azo-dye doped E7 nematic
liquid crystal. The results are used to extract the diffusion parameters of dye molecules
in the nematic LC host for two different geometries (when diffusion direction was
parallel or perpendicular to the LC director). According to the results, two different
mechanisms are suggested for the grating formation in this guest-host system.
Comparing the grating relaxation times for the cells when light intensity modulation
direction is perpendicular or parallel to the director, indicates that diffusion of excited
dye molecules from the regions that have been illuminated is dominant mechanism for
relaxation of grating. The relaxation time investigation for various grating periods
yields diffusion constants. Also, the observed difference in dynamic behaviors of
grating formation, as an overshoot, when one or both of the writing beams are switched

on for the thinner sample is explained using the diffusion of guest molecules.
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CHARACTERIZATION OF OPTICAL NONLINEARITY IN AZO
DYE DOPED NOVEL NEMATIC LIQUID CRYSTAL
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We report the formation of photo-induced refractive index grating in a planar aligned
50 micron cell contains a novel nematic liquid crystal mixture (1294-1b) doped with
well known Azo dye DR1 at concentration 0.5% wt. Two pump beams (Ar+ laser at
514 nm) were set to be s-polarized and intersect in the sample at a small angle. Then
the diffraction efficiency of the refractive index grating was measured using a probe
beam (He-Ne laser at 633nm, far enough from sample absorption) in various
intersecting angles of writing beams at room temperature. Using another pump-probe
setup, the absorption coefficients of trans and cis isomers of dye molecules investigated
experimentally too. The results used to explain the mechanisms of photo-induced
refractive index grating formation in the sample. According to the results higher
absorption coefficient observed for trans isomers than cis isomers. Also the quantum
efficiency for trans-cis transition obtained which was higher than cis-trans transition.
The highest diffraction efficiency is achieved for the optimum intersect angle 0.5
degree and its related nonlinear refractive index, n2, is obtained about 2.8 x 10E-3
Cm2/W.
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Group III nitride-based optoelectronic devices are used in a wide range of applications due to
their large band gap energies. I1I nitride-based heterostructures form the active layer in blue—
green LED’s and laser diodes commercially available today [1]. Quantum dot (QD) structures
could still improve their performance enormously [2]. In particular, III nitride-based QD lasers
are expected to have low threshold current densities and better temperature stability compared
with conventional blue lasers with III nitride-based quantum wells (QW) [3].

In this work, a detailed theoretical analysis of the temperature dependence of threshold current
density of a GaN based semiconductor quantum dot laser (QDL) is given. Temperature
dependences of the threshold current density components associated with the radiative
recombination in QD’s and in the optical confinement layer (OCL) is calculated. Temperature
dependences of the optimum surface density of QD’s and the optimum thickness of the OCL,
minimizing the threshold current density, are obtained.

[1] S.Nakamura, G. Fasol, The Blue Laser Diode, Springer, Berlin, 1997.

[2] D. Bimberg, M. Grundmann, N.N. Ledentsov, Quantum Dot Heterostructures,
Wiley, New York, 1999.

[3] Y. Arakawa, IEEE J. Sel. Top. Quantum Electron. 8 (2002) 823.
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The wide band gap II-Nitride semiconductor materials have been the subject of intensive
investigation, both theoretical and experimental, in view of their applications in electronic and
optoelectronic devices. In this article, a transport model of gate solution AlGaN/GaN high
electron mobility transistor has been developed that is capable of accurately predicting the
sensitivity of the drain current as well as small-signal parameters such as drain conductance,
device transconductance and cutoff frequency to pH values of the electrolyte and to charged
adsorbates at the semiconductor—electrolyte interface. This model built up with incorporation
of fully and partially occupied sub-bands in the interface quantum well, combined with a
numerically self-consistent solution of the Schrédinger and Poisson equations. In addition, the
polarization effects, and self-heating are also taken into account. In comparison with exist
experiment data, our results shows good agreement.

[1] M. Bayer, C. Uhl, and P. Vogl, J. Appl.Phys. 97, (2005) 033703.
[2] Asgari, M. Kalafi, and L. Faraone, Physica E 25 (2005) 491.
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The present work is devoted to a consideration of the spectral properties of haloid and oxygen-
containing solid solutions, activated with silver complexes.

The absorption, photoluminescence, and photoexcitation spectra of those solutions with a
silver ion impurity have been investigated in the temperature range of 4.2 — 290K.

The observed spectra are conditioned by electron transitions between the energy levels of Ag"
ion which are deformed due to the interaction with environment.

The study of silver impurity in examined solid solutions allowed to elucidate the energy
structure of absorption end emission centers in those solutions.

The analysis of spectral characteristics of silver ions in solutions of inorganic compounds
allows to develop the high-sensitivity luminescent techniques of testing of microimpurity of
silver in those solutions.

The mechanism of luminescence of Ag" impurity in investigated solutions and phosphors with
the same composition will be discussed.
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The wide band gap III-N semiconductor materials have been the subject of intensive
investigation, both theoretical and experimental, in view of their applications in
electronic and optoelectronic devices. A detailed study of the energy and momentum
relaxation together with the determination of the dominant scattering mechanisms in
these materials are crucial for obtaining a comprehensive understanding of the carrier
dynamics, especially at high operating electric fields [1-4].

In this work we study an undoped AlGaN/GaN quantum wells. The energy loss rate of
the quantum well are calculated as a function of the external controllable parameters
such as ns (electrons density), L (well width), Ty (lattice temperature), Te (electron
temperature), x (percent Al alloy) and numbers of wells for the interaction of the
charge carriers with acoustic (deformation potential and piezoelectric) and optical
phonons.

Our results indicate in AlGaN/GaN QW, for T. lower than 75K, the dominant
scattering mechanism is acoustic phonon scattering and for the higher temperature than
120K the optical phonon is overcome. For the low temperatures (Te < 20) unlike GaAs
based QW, the predominant mechanism is piezoelectric scattering which emphasize
strong piezoelectric effects in GaN [5]. Also, our results show that the increasing of
well width decrease the energy relaxation rate whereas it increases by increasing the
alloy percent.

[1] Ridley, B. K., Rep. Prog. Phys., Vol. 54, (1991) 169.

[2] Seeger, K., Semiconductor Physics, Ch. 6, Springer, New York, 1984.

[3] Celik, H., M. Cankurtana, N. Balkan, and A. Bayrakli, Semicond. Sci. Technol.,
Vol. 17, (2002) 18.

[4] Vickers, A. J., Phys. Rev. B, Vol. 46, (1992) 313.

[5] Shah, J., A. Pinczuk, A. C. Gossard, and W. Wiegmann, Phys. Rev. Lett., Vol. 54,
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Mechanoluminescence (ML) is the phenomenon of light emission from a solid as a response to
mechanical stimulus given to it. The light emissions induced by elastic deformation, plastic
deformation, and fracture of solids are called elastico ML, plastico ML, and fracto ML,
respectively. The light emission induced by rubbing a solid or separation of two solids in contact
is known as tribo ML or triboluminescence. Whereas, nearly 50% of all inorganic salts and
organic molecular solids show ML during their fracture, only a few solids show ML during their
elastic and plastic deformation. In recent past, several materials have been investigated whose
ML intensity is so intense that it can be seen in day light with naked eye. Depending on the
prevailing conditions, ML spectra that resemble the spectra of another type of luminescence of a
solid or light emission that comes from a gas discharge or that combine characteristics of both
may be obtained. The important requirement for exploring applications of ML is the
development of materials with strong non-destructive ML intensity. In recent years, systematic
materials research has resulted in producing a variety of materials that emit an intensive and
reproducible ML during elastic deformation without destruction. So far ZnS:Mn nanocrystals
and SrALOs: Eu, Dy microcrystals have been found to be the most promising
mechanoluminescent smart materials for various mechano-optical devices. The elastico and
plastico ML in ZnS: Mn nanocrystals arises due to the piezoelectrically-induced
electroluminescence, and the elastico and plastico ML in StALO,: Eu, Dy crystals arises because
of the piezoelectrically-induced detrapping of charge carriers. The fracto ML appears because of
the intense electric field created near the charged surfaces produced during fracture of solids. The
mechanoluminescence of ZnS: Mn films and SrAL,O,: Eu, Dy mixed in epoxy resin have been
found to be suitable to fabricate artificial skin for sensing stress. The visualization of stress
distribution in solids can be made using the ML from SrALO,: Eu, Dy as their ML intensity is
higher for higher stress. Such ML materials are either mixed in the target sample or coated on to
the surface to sense stress distribution by emitting light. The mechanoluminescent paint of
SrALO4: Eu can also be used to visualize the invisible defects in structures. By mixing
SrALO4:Eu,Dy in the composite or by coating the paint of this phosphor mixed in resin or by
coating thin film to the surface of solids, the quasidynamic crack propagation in solids can be
visualized. Using the ML technique, the crack—growth resistance curve (R—curve), crack
velocity, bridging stress distribution, crack—tip stress field, wake width, etc. can be determined.
An intense fracto-mechanoluminescent material embedded in or attached in to a composite
structure acts as a real-time damage sensor. In this technique, each location of the structure either
comprises different ML materials or all locations use the same ML material in which different
fluorescent dyes are mixed for different wavelengths-shifting at different locations. When an
impact fractures the ML material, it sends a flash of light through optical fibres to the detector,
whereby the intensity of light gives directly the magnitude of the damage and the wavelength of
the light emitted indicates the location of damage caused by the dynamic events. The intense
fracto mechanoluminescent materials such as Eu, Tb or Mn complexes have been found suitable
for the mechanoluminescent damage sensor. Further studies related to the preparation of new
intense mechanoluminescence materials and new applications of ML are needed. Furthermore, it
would be interesting if the mechanoluminescent sensors could find application in giving prior
information to the occurrence of earthquakes.
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The synthesis of organic precursors and the development of flame spray pyrolysis
equipment for laboratory scale production of nanocrystalline aluminate materials is
described in this article. Synthesized materials are pure and doped Al,0; and MgAL,O,
nanopowders. The powders are characterized by X-ray diffraction analysis, surface area
analysis and scanning electron microscopy. The purpose of the research is to find the
applications of nanomaterials in fluorescent sensor research and in the production of

transparent polycrystalline ceramic materials for laser and optical industry.
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The present paper report the theory of mechanoluminescence (ML) produced during
cleavage of polymers, when the polymers like polyethylene (PE),
polyvinylidenefluoride = (PVDF),  polypropylene  (PP),  polystyrene  (PS),
polymethylmethacrylate (PMMA), and polyethylmethacrylate (PEMA) are cleaved,
initially the ML intensity increases with time, attains a peak value then it decreases
with time. The peak of ML intensity versus time curve shifts towards shorter time value
with increasing thickness of the polymers. No significant change in ML intensity was
observed with impact velocity. It is found that there is good correlation between ML
intensity and area of newly created surfaces. The total ML intensity (Ir) is found to be
increased directly with area of newly created surfaces. The ML emission may be due to
the piezoelectrification of newly created surfaces, dielectric breakdown of intervening
gases and dielectric breakdown of the material caused by intense electric field

produced between the newly created surfaces.
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When Polymers like polyvinylidene fluoride (PVF,), Polyethylene (PE),
Ploymethylmethacrylate (PMMA), Polyethylmethacrylate (PEMA), Polypropylene(PP)
and polysterene are deformed by dropping a load from different heights, then initially
the mechanoluminescence (ML) intensity increases with time, attains a maximum value
at a particular time and then decreases with time. The peak of ML intensity versus time
curve increases in intensity and shifts towards shorter time values with increasing
impact velocities. However, the total ML intensity Ir, initially increases with time and
then it attains a saturation value. It is shown that the charging of the newly created
surface is responsible for the light emission produced during fracture of the polymers.
In piezoelectric polymers, the surface charging may take place due to the
piezoelectrification. However, in non piezoelectric polymers surface charging may take

place due to barro-diffusion of charged defects near the tips of the moving cracks.
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The BisGe;01, (BGO) has been the subject of numerous studies due to its excellent
scintillation properties suitable for technological applications. In a pure form it is utilized as
scintillator in scientific research, non-linear optical devices and nuclear medicine [1]. When
doped with Cr, the BGO exhibits enhanced photorefractive response [2] and shows
potential to be used as a near infrared (NIR) solid state laser host [3]. Several experimental
studies have been performed on this system so far, investigating its optical properties and
the possible Cr accommodation within the lattice. It was not unambiguously determined
which position the Cr impurity occupies in the BGO: the octahedral Bi*" or tetrahedral Ge*
site. The EPR study of Bravo et al [3] indicates the Cr presence in both sites. The Cherney
et al [4] however concluded that Cr substitutes just the Ge site, and the same conclusion was
drawn from the optical absorption analysis of Mello et al [5]. In this work we used the
density-functional theory based, linear augmented plane wave method to calculate
structural, electronic and optical properties of doped BGO crystal with substitutional Cr
impurity situated either at the Ge*" or the Bi*" site. The crystal structure of doped systems
was computationally optimized: all atoms around the impurity were allowed to relax, while
the unit cell parameter was taken from the theoretical study of the pure BGO [6]. The
results of energetic balance do not strongly indicate which site, Bi or Ge, should be
preferable for substitution. The defect formation energy in the case when Cr substitutes the
Bi is just 0,039 eV lower in comparison with the case when Cr substitutes the Ge. When
situated at the Ge site, the Cr maintains the bond lengths with the neighboring O’s
practically unchanged. When substitutes the Bi, however, it strongly deforms its octahedral
environment, additionally suffering large off-site departure along the C; axis. The electronic
structure calculations show that the Cr modifies the band offset of the pure BGO
introducing its states within the band gap: two deep and one shallow band if it resides at the
Ge position and two shallow bands if it resides at the Bi position. In the first case the Cr
magnetic moment is calculated to be +1.58up, while in the second -2.44ug. The optical
absorption spectra were calculated as functions of the incident radiation energy up to 40 eV.
The absorption peaks caused by the Cr presence were identified and interpreted in terms of
calculated electronic structure, for both possible positions of the Cr impurity. Our results
compared with the existing experimental data indicate that the Cr doped BGO should
contain the Cr atoms at both Ge and Bi substitution sites, confirming thus the conclusions of
the work of Bravo et al [3].

[1]7J. M. Classe et al, J. Nuclear Medicine 46 (2005) 395.

[2] E. Moya, L. Contreras, J. Zaldo, Opt. Soc. Am. B 5 (1988) 1737.
[3] D. Bravo, F. J. Lopez, Optical Materials 13 (1999) 141.

[4] N. V. Chernei et al, Journal of Structural Chemistry 46 (2005) 431.
[5] A. C. S. de Mello et al, Phys. Stat. Sol. C No. 3 (2007) 980.

[6] M. V. Lalic, S. O. Souza, Optical Materials 30 (2008) 1048.
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Zinc oxide is a promising wide band gap semiconductor (3.37 eV) for ultraviolet
optoelectronic applications which attracts the attention of researchers in various fields
of knowledge. This work presents the results of the investigation on synthesis,
morphology and spectroscopic characteristics of nano- and microcrystalline ZnO
deposited on various crystalline substrates.

Nanocomposites ZnO@Si, ZnO@SiO, were prepared by soft low-temperature
hydrothermal synthesis. Single-crystalline Si and SiO, plates with various
crystallographic orientations (for Si (100) and (111), for SiO, (0001), {10 11} and
{01 11}) were used as substrates. During hydrothermal treatment, ZnO polycrystalline
coatings were formed onto substrates. Such coatings had high optical quality and
specific growth morphology depending on growth parameters. The ZnO@Si,
ZnO@Si0, nanocomposites demonstrated intensive exciton luminescence and lasing
(excitation by 3th harmonics of YAG:Nd*', 355 nm).

Earlier [1] we have shown that the laser action in disordered media may be divided into
two types (random laser and microlaser) in accordance with the formation of random
cavities or regular cavities in excited active media. Morphology of crystallites is
responsible for the appearance of the lasing type mentioned above. Analysis of lasing
spectra of synthesized ZnO-based nanocomposites had shown that lasing parameters
were better for ZnO@Si(111) composite then for ZnO@Si(100). For SiO, substrates,
the best results were obtained for substrates oriented parallel to small rhombohedron
r{10 11} and large rhombohedron z{01 11} in comparison with ¢(0001) orientation.
Observed features of zinc oxide lasing parameters confirm the connection between the
lasing action and morphological types of ZnO crystallites which in turn are supervised
by the basic physical and chemical characteristics and structure-forming elements of
growth systems. Lasing parameters of hydrothermally grown nanocomposited are
discussed taking into account the type of substrate, crystallographic orientation and
growth morphology.

The study was partially supported by Program DFS RAS IILS.

[1]L. E. Li, L. N. Demyanets, Crystallogr. Rep. 53(2008) 671.
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This project involved the preparation of sol-gel derived silica nanocomposites prepared
with LDPE and LDPE-g-MA as matrices in the absence and presence of an oxidized
Fischer-Tropsch paraffin wax as possible compatibilizer. The silica was prepared using
a previously published sol-gel based method [1-3] and mixed with LDPE and LDPE-g-
MA, as well as LDPE/oxidized wax and LDPE-g-MA/oxidized wax blends. The
morphology and interactions were investigated using FTIR, SEM and TEM, while the
thermal and mechanical properties were investigated using DSC, TGA, DMA and
tensile testing.

The FTIR results clearly indicate interactions between the functional groups of the
LDPE-g-MA and the wax, and the —OH groups on the silica. It is, however, difficult to
establish the exact nature of these interactions. The SEM photos of the surfaces of the
nanocomposite samples more clearly show the nanoparticle distribution than either the
SEM photos of the fractured surfaces or the TEM photos. The DSC results show a very
definite influence of the presence of nanoparticles and wax on the crystallization
behaviour of the polymers, and the TGA results show a fairly small influence of the
nanoparticles on the composite degradation in the absence and presence of wax. The
mechanical and dynamic mechanical properties of the composites were significantly
influenced by the presence of wax and nano-silica.

[1] Raman V, Bhatia G, Mishra AK, Bhardwaj S, Sood KN. Mater Lett 2006;60:3906.

[2] Jeon HT, Jang MK, Kim BK, Kim KH. Colloids Surf A Physicochem Eng Aspects
2007; 302:559.

[3] Bandyopadhyay A, Sakar MD, Bhowmick AK. J Mater Sci 2006;41:5981.
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The nanostructured phosphor particles of Y,05:Eu’** and (Yl_dex)ZO3:Eu3+ (x=0.25,
0.50, 0.75) systems were synthesized through aerosol method. The corresponding
nitrate solutions were ultrasonically atomized (1.3MHz) and the obtained aerosol was
decomposed at 900°C. The as-prepared powders were thermally treated at 1000-
1200°C/12h. The employed synthesis method assured formation of spherical, full, non-
agglomerated and polycrystalline materials with crystallite size around 20nm. Powders
structural and morphological features were investigated by means of XRD, SEM,
TEM/SAED and HRTEM/FFT methods. Functional properties were examined through
photoluminescent analysis. A detail study of the emission spectra after excitation with
393nm wavelength and of the decay lifetimes for Eu’* ion *D, and °D; levels gave an
insight into improved luminescent properties of the obtained powders. The emission
spectra showed typical Eu’* °*Dy—’F; (i=1, 2, 3, 4) transitions with dominant red
emission at 61 1nm, while the lifetime measurements gave an insight into the effect of
dopant concentration (5 and 10 at%) and its distribution into host lattice according to
the applied thermal treatment. Additionally, luminescent properties were correlated

with the obtained structural and morphological features of the synthesized powders.
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Iron-disilicide is an interesting optoelectronic material, being a narrow band gap direct
semiconductor (£,=0.85-0.95 eV) both in its crystalline B-phase and in amorphous
phase, as well as in the form of very fine (3—5 nm) B-FeSi, nano-crystals. Furthermore,
it has a high photo-absorption coefficient, good thermal stability, corrosion resistance,
and consists of non-toxic materials, which make it a promising material for potential
applications in large area electronics and for fabrication of solar cells. In these
experiments FeSi, films were deposited on Si (100) wafers by ion sputtering, at
substrate temperatures ranging from room temperature (RT) to 700°C, to a thickness
from 300-400 nm. Samples deposited at RT were additionally heat-treated, for 30 min
at 200-700°C. The structures were characterized by Rutherford backscattering
spectrometry (RBS), transmission electron microscopy (TEM), energy dispersive x-ray
spectroscopy (EDX), and we also performed photo-absorption (PA) measurements on
the samples. Compositional analyses verified the FeSi, stoichiometry in all
as-deposited and heat-treated films. For deposition temperatures from RT to 300°C the
grown films had an amorphous structure, while those deposited at 400-700°C had a
crystalline B-FeSi, structure. In the later case the mean grain size increased with the
deposition temperature. On the other hand, the heat-treated films remained amorphous
up to 400°C, and at 500°C and higher temperatures they transformed to crystalline
B-FeSi,. There is also a marked difference in the structure of as-deposited crystalline
films, which is controlled by surface diffusion, compared to the structure of crystallized
amorphous films, which is controlled by bulk diffusion. The PA measurements showed
a semiconductor nature for both amorphous and crystalline FeSi, films. However, these
measurements indicate a different behavior with respect to the short to medium range
order in amorphous structures, and different concentration of defects in crystalline
structures.
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Gelatin sensitized with betanin dye produces a film which can be deposited on
microscope glass plates by simple technique. Optical properties of betanin sensitized
gelatin film were analyzed. This mixture shows good photosensitivity in the green part
of spectrum.

Betanin is reddish-purple natural, water soluble pigment, from red beet roots, with
maximum absorption at 535 nm. It is a commercially available food dye (E 162) which
is used without further purification. Commercial quality gelatin (edible gelatin) was
used. The material is cheap, nonpoisonous and used for microstructure fabrication by
Nd:YAG laser operating at 532 nm. The long term stability of betanin sensitized

gelatin film was obtained without additional chemical processing.
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In search of new materials for optical applications due to wide variety of crystals
available, one should focus on some positive characteristics of crystals. The
spodumene, which is a natural silicate relatively abundant in nature, in its purple
variety shows thermoluminescent peaks in temperatures at wavelengths suitable for use
in dosimetry. Besides, there are evidences that it produces intense visible
radioluminescence which could be used in radiation detectors or other optical
application. Thus, the radioluminescence and thermoluminescence samples of alpha-
purple natural spodumene excited with X, gamma and beta rays were examined. The
material showed very intense orange light emission in all forms of excitement and for
both types of luminescent phenomena studied. The results led to the conclusion that the
mechanism of charge capture by traps during irradiation is the same for both types of
radiation, electromagnetic or beta-rays. Preliminary results of radioluminescence

confirm that lilac spodumene may have application as a radiation detector.
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Among wide-bandgap semiconductors for optoelectronic applications, ZnO has come to the
forefront in the present decade primarily because of the large value of its exciton binding
energy (60meV). In order to obtain high efficiency UV nano-source, many techniques like
MBE, CVD, chemical synthesis or PLD have been used to synthesize ZnO nanoparticles. But
the nanoparticles synthesized are often affected by an oxygen lack which is responsible for a
green visible luminescence leading to a poor UV efficiency [1].

In this work, we report a simple and effective technique of synthesizing uncapped ZnO
nanoclusters which are well crystallized, faceted, controlled in stoichiometry and crystallinity,
deposited, and analyzed in ultra high vacuum (UHV). Different from the conventional
chemical vapor deposition or other chemical routes, the low energy clusters beam deposition
technique (LECBD) involves neither catalytic processes nor specific substrates and is carried
out in non steady state [2].
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Figure 1: Photoluminescence (a.) and stoichiometry (b.) of variously treated ZnO NPs.

The introduction of controlled quantity of oxygen in UHV after clusters deposition or

during the nucleation has been studied to further improve the quality of ZnO NPs. The

analysis of X-ray photoelectrons, nanometric EDX probe, Auger lines and

luminescence spectra of the cluster assembled films reveals a clear difference between

these two ways on the crystallinity and stoichiometry of the clusters (Fig 1). Depending

on the process of incorporation of oxygen in the clusters network, particles with

identical stoichiometry exhibit quite dissimilar luminescence properties. This proves

that the green luminescence does not originate directly from a lack of oxygen but by

the crystalline defects caused by this lack. [3]

1. U Ozgiir, et al, J. Appl. Phys. 2005, 98, 041301;

2. A. B. Djurisi¢, et al. Small, 2006, 8-9, 944 2. Mélinon et al, Int. J. of Mod. Phys. B
1995, 9, 339-397.

3. D. Tainoff et al, J. Phys. Chem. C, 2008, 112, 12623-12627.
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The main barrier to overcome in order to industrialize ZnO optoelectronic compounds is the
control of p-doping [1]. One proposed way to confirm p doping is the observation of a low
temperature emission at 3.31 eV (called A band) resulting from the trapping of excitons at
acceptor defects. However, this band is often present in undoped nanostructures and its energy
is closed to the 1LO replica of the free exciton (FX). Therefore, the assignment of this band is
controversial [2].

In order to study the origin of the A band we have made a systematic study of the temperature
dependence of the excitonic luminescence of three kinds of ZnO structures under near band
gap and VUV excitation. The three samples used are a monocrystal (MC), microcrystals (uC)
and an assembly of nanoparticles (NP) which are uncapped, controlled in stoichiometry and
cristallinity and deposited in Ultra High Vacuum [3]. The VUV excitation allows us to favour
the exciton trapping by defects to the detriment of the FX related emissions [2].
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Figure 1: Emission spectra of three samples recorded at 10K and 80K for different excitations

Our study, relying on comparisons of spectra obtained with a VUV excitation or a near band
gap one for all three samples, reveals that two mechanisms evoked in the literature are
alternatively involved. Below 80K, the contribution of the defects is prominent (fig 1). The
temperature dependence of this band for pC follows a kT/2 variation, characteristic of a free to
bound transition probably localized on extended crystal defects [4].

At temperatures higher then 80 K, a second contribution is added, stemming from 1LO
phonon replica of the FX. This is confirmed both by the modelling of the spectra by a
Maxwellian distribution and the appearance of the A band for the NP and MC samples (fig 1).

[1] L.G. Wang, Phys Rev Lett. 90 (2008) 256401

[2] D. Tainoff et al., to be published in J. of luminescence.

[3] D. Tainoffet al., J. Phys. Chem. C, 112 (2008), 12623-12627
[4] M Schirra et al. Phys. Rev. B 77 (2008) 125215
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CaGa,S, and SrGa,S, have been extensively studied as the candidates for host materials of
phosphors. In these compounds, we have found that the Mn”" ion exhibits a red emission. This
emission could be enhanced by co-doping with a Rare Earth Element. Especially, in La co-
doping case, the Mn”" red emission was enhanced by approximately 14 times [1]. To make
clear the mechanism of this effect, a theoretical calculation has been done using a cluster
model [2]. However, to get the concrete evidence, the substitutional site of a Mn" ion should
be clarified; which site of the two, i.e, the Ca or Ga site does it occupy? The purpose of this
study is to determine the Min”" site through ESR measurement.

Single crystal of CaGa,S4:Mn(0.1mol%) was prepared by the horizontal Bridgman method. A
sample cut out from one of the crystals was oriented by the reflection Laue method and
mounted at one end of a quartz rod. ESR spectra were measured at room temperature using an
X-band microwave by applying the magnetic field perpendicular to the b crystal-axis and
rotating the sample around the same axis every two degrees.

If a Mn®" ion (S=5/2) occupies a single identical site in a crystal, it generally gives 30
ESR lines including the hyper fine structure due to its nuclear spin (I=5/2). In our
measurement, more than 60 (30x2) lines were observed. Therefore, it is considered that
there should be at least two substitutional sites in a crystal of the above compounds for
Mn*" ions to occupy. From the angular dependence of the ESR signals, they can be
classified into 3 groups. One is well explained using ESR parameters, g=2.018
(isotropic), D=dZZ=0.016cm'1, E=dx-dyy= -0.012cm™, assuming the axis of D tensor to
the c-axis (z-axis). For the other two sets of the signals, however, the angular
dependences seem to obey the effective spin Hamiltonian assuming the axes of D
tensor along the a- and b-axes of the crystal, respectively. Based on the results
obtained up to now, the Mn®" ion is expected to occupy the Ga site. To obtain the
further evidence of the Mn”' site occupation, we are now trying to do ESR
measurements by rotating a sample along the other crystal directions.

[1] T. Obonai, C, Hidaka, and T Takizawa, Phys. Status Solidi A, 1-4 (2009)/DOI
10.1002/pssa.200881190

[2] S.Nomura, T. Takizawa, M. Kai, and S. Ando, Phys. Status Solidi C 6(5), DOI
10.1002/pssc.200881188
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Sn,P,S¢ CRYSTALS — NEW HIGH EFFICIENT ACOUSTO-AND
MAGNETOOPTIC MATERIALS
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Yulian Vysochanskii ® and Rostyslav Vlokh®
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In the present work we have studied the acoustic, acoustooptic, magnetooptic and
thermomechanic properties of Sn,P,S¢ crystals.

For the first time all the acoustic wave velocities for the promising acoustooptic
material, Sn,P,S¢ crystals was determined, and on this basis the acoustic slowness
surfaces in both the crystallographic system and the eigen coordinate system of their
elastic stiffness tensor have been constructed. The complete matrices of the elastic
stiffness and compliance coefficients have been determined. Following from the
quantitative analysis of the acoustic and elastic properties of these crystals, we have
determined the directions of propagation and polarization of the slowest eigen acoustic
waves, with accounting consistently the acoustic obliquity and the deviation of acoustic
polarization direction from the states corresponding to purely transverse and
longitudinal ones. In the directions of propagation of the latter waves there is no
acoustic obliquity, while the deviation of their polarizations from the purely transverse
and purely longitudinal types is negligibly small. The acoustooptic interaction with
these acoustic waves should be most efficient, when compare with that typical for any
other waves, owing to essentially increased acoustooptic figure of merit. It has been
found that the acoustooptic figure of merit for these crystals achieves a large value,

M, =(1.7+£0.4)x10™ s’/kg . To our knowledge, this is one of the highest

acoustooptic figure of merit known for the acoustooptic materials operating in the
visible spectral range. The consequence is that the acoustic powers as low as

P =(1.5£0.3)x 10° W would be enough for gaining high diffraction efficiencies
(e.g., n=(16.01£3.2)%).

We have revealed large Faraday rotation in Sn,P,S¢ crystals, which makes this material
promising for magnetooptics. The effective Faraday tensor component and the Verdet
constant for the direction of optic axis have been determined at the normal conditions

and the wavelength of 632.8 nm. The effective Verdet constant is found to be equal to
115 rad/Txm.

We have determined all the components of thermal expansion tensor in the temperature
range of ferroelectric phase transition in both the crystallographic system and the
coordinate system linked to the eigen vectors of this tensor. The temperature evolution
of the indicative surface of the expansion tensor has been studied, too. It has been
found that all the components of thermal expansion tensor tend to zero in the vicinity of
the room temperature. This feature is promising when considering possible applications
of these crystals.
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THERMO-OPTICAL INVESTIGATIONS OF MULTILAYER
BST/PZT THIN FILMS BY SPECTROSCOPIC ELLIPSOMETRY
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¢ Institute of Solid State Physics, University of Latvia, Kengaraga 8, LV — 1063, Riga,
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Republic

Significant development in the micro and nano-electronics caused a new rise of interest
to the structure, state and properties of the surfaces of solids. A great increase of
interest in the last few years has been developed in the multilayer thin films having thin
layers of different compositions thin films [1]; bilayer structure, due to their enhanced
dielectric, ferroelectric and pyroelectric properties [2-5], is a promising material
combination for applications. The study of phase transitions (PT) in the systems with
low-dimensions such as surfaces, thin films and multilayers is not only fascinating
from a fundamental point of view, but also has technological significance for
nanostructures, where interfaces and surfaces play an increasingly important and
sometimes prevalent role. There are just few methods giving opportunity to investigate
PT in ultra thin film, and some of them demand very specific sample preparation and
even destruction of the sample, and complex data analyzes. One of the possibilities to
detect or invest PT in non-destructive way in films, it is using of the optical methods.

In this work the nanocomposite materials consisted of alternating layers of
BaSry,TiO; (BST) and PbZrTiO; (PZT) deposited by pulsed ablation technetium on
to obtain complex heterostructure Si/SiO,/Ti/Pt/StRuOs/BST/PZT/.../BST. The optical
studies were made by J.A. WOOLLAM spectral ellipsometer. Main ellipsometric
angles v and A were measured in the wavelength range of 280 - 1700 nm, at the
incident angles of 60° - 75° (step 5°) and in the temperature range of 293 - 673 K.
Dynamic measurements of v and A at the high temperatures was provided by self-maid
PC controlled heating stage. Analysis of the room temperature and dynamic
experimental data were accomplished by the licensed VWASE32 program.

High values of refractive index and optical band gap energy was found for the
multilayer structure. Increase of refractive index till 65°C and then decrease was
evaluated for BST/PZT multilayer, what corresponds to ferroelectric - paraclectric PT
of BST. The complexity of the fitting, interpretation of the room temperature and
dynamic optical data in terms of possible conductivity, interface and free Pb existence
[7] in the film will be discussed.

[1] E. Bousquet, et al, Nature 452 (2008) 732

[2] S. Ge, Z. Ning, Z. Dong, M.J. Shen, Phys. D: Appl. Phys. 35 (2002) 906

[3] W. Liu, B. Jiang, W. Zhu, Appl. Phys. Lett. 77 (7) (2000) 1047

[4] R.Poyato, M. Calzada, L. Pardo, Appl. Phys. Lett. 86 (2005) 042905

[5] N. Ortega, P. Bhattacharya, R.S. Katiyar, Mat. Sc. and Eng. B 130 (2006) 36

[6] L. Aulika, J. Petzelt, J. Pokorny, A. Deyneka, et al, Rev. Adv. Mater. Sc. V 15
(2007) 158

[7]1 A. Deineka, M. D. Glinchuk, et al, Ferroel., V 264 (2001) 151
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Optical spectra of transition metal ions in crystals can be modified by applying external
pressure [1]. From the computational point of view, pressure effects can be modeled by
changing interionic distances around impurities. Microscopic studies of crystal field effects are
a useful tool for the analysis of optical properties of 3d ions in crystals [2,3]. In the present
work we analyze the energy level schemes of two isoelectronic ions (V>" and Cr’") in the 4-
fold (ZnS) and 6-fold (MgO) coordination, respectively. The exchange charge model of
crystal field [4] was used to diagonalize the crystal field Hamiltonians of both ions for
different “impurity ion — ligand” distances. Fig. 1 shows how the 10Dq parameter depends on

distance in both systems.
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Fig. 1. Dependence of 10Dg on distance for MgO:Cr’" (circles) and ZnS:V*" (triangles).
Approximating lines and their equations (power laws) are shown in the figure. Note that
10Dg ~ 1/x", n=6.4009 for MgO:Cr’" and 4.4208 for ZnS:V*".
The obtained 10Dg dependencies were used to estimate the parameters of the electron-
vibrational interaction for Cr’* and V*" ions in these crystals.

[1] M. Grinberg, A. Suchocki, J. Lumin. 125 (2007) 97.

[2] M. Moreno et al, J. Phys.: Condens. Matter 18 (2006) R315.

[3] M.G. Brik, N.M. Avram, J. Phys.: Condens. Matter 21 (2009) 155502.

[4] B.Z. Malkin, in: Spectroscopy of Solids Containing Rare-Earth lons, ed A. A.
Kaplyanskii and B. M. Macfarlane (Amsterdam: North-Holland, 1987) pp 33-50.
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PHOTOLUMINESCENT PROPERTIES OF Zn-Mn-O
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Photoluminescent spectra of polycrystalline Zn-Mn-O samples with nominal
manganese concentration x = 0.01, 0.04 and 0.10 thermally treated in air at 400, 500
and 900 °C were investigated. Two emission bands are observed, an emission band in
the UV region, and a broad visible emission band. It has been found that the UV
emission band consists of free exciton luminescence and two acceptor-related
emissions. The energy level of the first acceptor state is located at 140 meV, whereas
the position of the second acceptor state is estimated to be 200 — 300 meV above the
valence band maximum of the zinc oxide crystal lattice. It appears that the intensities of
both the acceptor related- emissions in the samples thermally treated in air at higher
temperature (900 °C) are much smaller than those originated from the acceptor
transitions in the samples with the same manganese concentration, but thermally
treated in air at low temperatures (400, 500 °C). It is known from earlier studies that
the Zn-Mn-O samples with x = 0.01 and 0.04 thermally treated in air at low
temperatures (400, 500 °C) exhibit room temperature ferromagnetism, and lose their

high-temperature ferromagnetic properties when they are thermally treated at 900 °C.
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Single crystals of Cr-doped Zn,SiO,4 (willemite), Mg,SiO,4 (forsterite) and LiScSiO4
(forsterite) have been grown by the flux growth method. Their optical spectra have
been measured at different temperatures, evidencing that the chromium dopant is
present as Cr*" in the willemite and as both Cr’" and Cr*" in the forsterite crystals,
consistently with the structural properties of the host matrices. The electronic structure
of Cr*" replacing Si*" in these lattices has been discussed in the framework of the
exchange charge model. The crystal field parameters have been evaluated using the
structural data as the only input information, and the correspondence between the
calculated and the experimental energy levels deduced from the 10 K absorption
spectra has been verified. These results have then been applied to the analysis of the
luminescence properties of the investigated compounds. As an example of our analysis,
we show in Fig. 1 the polarized experimental absorption spectrum of Cr-doped
forsterite. The calculated energy levels of Cr*" are shown by the vertical lines at the
top. The Cr’" absorption bands at about 650 and 450 nm also contribute to the total
absorption.
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Fig. 1. Absorption spectrum of Mg,SiO,:Cr.
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SPECTROSCOPIC STUDIES OF 38Pb0-62Si0,:Nd*" GLASS
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Glasses activated with trivalent lanthanide ions emitting in the near infrared have been
of interest for a long time due to their potentialities as materials for high power lasers
and optical amplifiers for telecommunications. The application of these glasses requires
the evaluation of spectroscopic properties, such as the Judd-Ofelt intensity parameters,
luminescence branching ratios and radiative lifetimes of the excited states. Among the
oxide hosts, lead silicate glasses have received great attention in the past due to their
good chemical and physical properties. The optical spectroscopy and excited state
dynamics of trivalent lanthanide ions in these materials, in particular with the molar
composition 38Pb0-62Si0,, has been reported for several doping ions, such as Eu’",
Tb*', Tm*", Ho’* and Er’" [1-4]. We have found it interesting to extend these
investigations to the Nd** ion, which is considered as the most important dopant for
laser applications.

In this work we report on the optical spectroscopy of a 38PbO-62Si0, glass doped with
Nd**. From the analysis of the RT absorption spectrum, the Judd-Ofelt intensity
parameters have been evaluated and used to calculate the radiative lifetime of the *Fs
excited level. These quantities are used in the analysis of the luminescence spectrum
and decay curves. The values of the intensity parameters are compared to the ones
relative to other oxide hosts doped with Nd**, in particular containing lead as a major
component of the glass.

[1] F.Fermi, L.Tellini, G.Ingletto, A.Vinattieri, M.Bettinelli, Inorg. Chim. Acta 150
(1988) 141.

[2] M. Bettinelli, G. Ingletto, J. Lumin. 43 (1989) 115.

[3] F.Fermi, G.Ingletto, C.Aschieri, M.Bettinelli, Inorg. Chim. Acta 163 (1989) 123.

[4] J.A.Capobianco, G.Prevost, P.P.Proulx, P.Kabro, M.Bettinelli, Opt. Mater. 6 (1996)

175.
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Sorin Jinga', Cornelia Jinga'

'Department of Science and Engineering of Oxide Materials, Faculty of Chemical
Engineering, Politehnica University,I 14-17, Polizu Str., Bucharest, Romania,
sorinionjinga@yahoo.com

The LiF single crystals with small diameters are interesting because of their optical
properties. In our previous works our target was to obtain crystal with length at least
50 mm and 8 mm diameter with good optical transmission in vis-nir domain.

For Q- switch applications [1], LiF crystals must have a structure without any kind of
defects as other authors report [2]. We can not obtain controlled color centers with
gamma or electron irradiation inside the crystal when starting crystal has imperfect
structure due to improper growth conditions [3].

All experiments were performed using the growth installation which has an original
design. The component parts of installation represent practically, individual systems
for: automatically temperature control, vacuum control and speed of crucible control.
Optical grade polycrystalline LiF used as raw material for single crystal growth was
obtained by chemical synthesis, followed by vacuum distillation.

Using experimental data we can establish optimal working conditions for obtaining LiF
single crystal taking into account simple or multiple regression analysis function of
number and type of variables.

The paper deals with the analysis of LiF single crystals growth conditions in order to
establish the main parameters which are involved in the crystal quality (Fig.1).Taking
into account experimental data, correlations between growing conditions and the single
crystals quality used as active media or Q-switches were made. The dependence of
crystals length, fixed as driving property function of growth process independent
variables was achieved.

WD19 .5mm 25.0kV x1.0k SOum

Figure 1 LiF single crystal

[1] L. Tarasov, Laser physics and applications, Mir Publishers, 1986

[2] N.Baltateanu, [.Spanulescu, M.Jurba, D.Stefanescu EPAC-Sixth European Particle
Accelerator Conference, Stockholm, 22-26 June 1998, 2436-2438

[3] M. Jurba, N. Baltateanu, I. Spanulescu S.I. Spanulescu, A. Gheorghiu, Eur. Phys.
J. AP 2, 1998, 253-256
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Tin oxide (SnO,) compounds with metal-like conductivity, excellent optical
transparency and high chemical stability, have been recognized as very promising
materials with large technological applicabilities [1]. In this work we have investigated
the structural, optical and electrical aspects of Fe- and Co-doped SnO, thin films
deposited onto glass substrates using the electron beam evaporation technique. The
produced samples were transparent, amorphous and highly resistive. The investigation
of structural properties was carried out by X-ray diffraction pattern. After annealing,
the films tend to become polycrystalline and conductive. In addition to structural
transformation, the presence of oxygen vacancies effectively decreases the resistance
[2]. Furthermore, as can be seen from figure 1, the optical transparency and band gap of
the samples increases after annealing and formation of crystallites.
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Fig. 1: (a) Optical transparency of various Fe-doped SnO2 films annealed at 550° C for

4 hours. (b) Plots of (ahv)2 versus hv (photon energy) for undoped and Fe-doped SnO,

films. The cross-points of the lines with photon energy (hv) axis show the value of the
optical band gap.

[1] H.L. Hartnagel, Semiconducting Transparent Thin Films, 1a ed., Institute of
Physics Publishing, Philadelphia, 1995.

[2] B. Ogale, R.J. Choudhary, J.P. Buban, S.E. Lofland, S.R. Shinde, S.N. Kale, V.N.
Kulkarni, J.Higgins, C.Lanci, J.R. Simpson, N.D. Browning, S. DasSarma, H.D.
Drew, R.L.Greene, M. Venkatesan, Phys. Rev. Lett. 91 (2003) 77205.

96


mailto:me.moradi@mail.sbu.ac.ir
mailto:mgh472003@yahoo.com

CHANGES OF PROPERTIES OF CURED AND UNCURED
DISILOXANE BISBENZOCYCLOBUTENE THIN FILMS
UNDER IRRADIATION

"Nenad Ivanovié, *Nenad Marjanovic, 171atko Rakogevié, 'Velibor Andri¢, *Branka
Hadzi¢, 'Tvana Vukanac, “Ivana Purdevi¢, “Milesa Sre¢kovié

!Institute of Nuclear Sciences “VINCA”, POB 522, 11001 Belgrade, Serbia
*Institute for Print and Media Technology, Chemnitz University of Technology,
Reichenhainer Strafle 70, D-09126 Chemnitz, Germany
3Institute of Physics, POB 68, 11080 Belgrade, Serbia.

‘Faculty of Electrical Engineering, Bulevar kralja Aleksandra 73, 11720 Belgrade,
Serbia
Due to the unique combination of properties induced by stable aromatic, and reactive,
strained cyclobutene rings, the low dielectric constant BCB based dielectric polymers
have found numerous applications in micro and optoelectronics, as interlayer dielectric
materials, wafer-level adhesive bonding materials, gate materials for organic field
effect transistors, and as the materials for biosensors components. Low optical losses,
high transparency, up to 1.7 pm, and refractive index (n=1.549 at A=838 nm) qualify
them as suitable dielectric materials for optical applications in integrated circuits. The
main challenge for the large-scale commercial applications of BCB polymers is to
perform their curing rapidly and efficiently at low temperatures, and in the same time,
to obtain large area, high quality, pinhole free dielectric thin films. For that purpose we
investigated numerous uncured and cured BCB films, approximately 2 um thick, spin-
coated on glass/ITO surface, using optical and AFM microscopy, infrared (IR) and
Raman spectroscopy and changes of their properties under a-particles and photons
irradiation. We relate the microscopic molecular changes induced by irradiation to
modifications of macroscopic properties of the cured and uncured BCB polymer films,

which could be important, both for the process of curing, and some of their practical

applications.
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Recently a new technique for formation nanostructures from separate atoms with the
use of a needle—probe made from a bronze oxide single crystal has been offered. The
structural peculiarities of oxide vanadium bronze allow to emit interstitial atoms from
channels of V-O skeleton on a substrate or, on the contrary, to remove atoms from a
substrate and introduce them into the structural channels of the needle- probe. On the
other hand tunnel microscopy allows to control such adsorption-desorption processes.
Different configurations of nanosize surface layers can be created by variations of such
conditions as probe chemical composition, scanning parameters, temperature and type
of substrate. Here we present the growth of B-Na,V,0s single crystals by Czochralski
method. The peculiarities of growth processes are considered. Single crystals were
grown in the air from platinum crucible using r.f. heating. Charge of Nag»3V,05 was
prepared from vanadium pentaoxide and sodium carbonate in molar ratio (1.0:0.14).
The melting process is characterized by strong oxygen absorption from chamber
atmosphere. The melting point depends on oxidation velocity. In our growth conditions
melting temperature of Naj,3V,0s was measured as 674+5°C on melt surface and
under melt surface of 1.0 cm being 728+5°C. A seed was grown by spontaneous
crystallization method and oriented along the “b” monoclinic axis. For Czochralski
method pulling rate was 1-2 mm/h and rotation rate - 7.0 rpm, vertical thermal gradient
- 120°C/em. In typical growth process polycrystalline boule was formed as a result of
the presence of numerous cleavage planes containing “b” axis. It was estimated that
melt crystallization initiates quick oxygen evaporation and, consequently, strong
increasing of volume of crystalline bronze in crucible. The supercooling degree
depends on content of interstitial metal. At temperature decreasing rate of 2.5°C/min
the supercooling value was measured as 90°C for Nay,3V,0s The special growth
conditions to obtain monocrystalline needles of sodium vanadium oxide bronze are
developed. Some examples of nanostructures formation using Nag3;3V,0s probe in
scanning tunnel microscope will be presented.
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AlyOs-dopped ZnO films (AZO) have been widely studied for a substitution of ITO
films in thin film solar cell system. AZO films sputtered at elevated temperature have
better properties than the films sputtered at lower temperature. This means sufficient
energy should be supplied during growth of the films. Therefore AZO films would be
affected by the kinetic energy of incident particles. In this study the kinetic energy of
the particle was controlled by varying sputtering pressure. Mean free path of the
sputtered particles increases with decreasing sputtering pressure so that the sputtered
particle with sufficient kinetic energy can arrive at the growing surface of the films
when a sputtering pressure is lower than 1 mtorr. However, most studies on AZO films
were perfomed at relatively high pressure [1,2]. 150 nm AZO films were fabricated
from a 2 inch diameter target on glass substrate at room temperature with an rf
magnetron source. Resistivity and transmittance of the films were measured with four
point probe and spectrophotometer, respectively.

With decreasing sputter pressure, film growth rate increased. However, at very low
sputter pressure the rate decreased because of very low concentration of Ar ions
(Fig.1). Fig. 2 shows variation of XRD patterns of AZO films with different sputter
pressure. Intensity of (002) peak were high in films sputtered at low sputter pressure.
The resistivity of the films sputtered at lower pressure was lower than that of the films
sputtered at higher pressure. More detailed properties and discussion will be presented.
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[1] Jae-Hyeong Lee, J. Electroceram, DOI 10.1007/s10832-008-9523-1
[2] D. Song, A. G. Aberle, and J. Xia, Appl. Surf. Sic., 195(2002), p.291
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X-chromic materials are compounds which color changes under an external stimulus.
Namely, thermo-chromism, tribo-chromism and photo-chromism refer to the ability of
a material to undergo a color change with respect to the temperature, the application of
a pressure, and the light illumination, respectively. Nowadays, this kind of materials
receives much attention due to their potential applications as user friendly temperature,
pressure and UV indicators. In this framework, we will report first on the
unprecedented "one finger push" induced phase transition of CuMoyoWy 04 which
goes along with a drastic color change of the material, the pristine color being
recovered by heating at about 100°C. ! Second, we will discuss the exceptional
photo-chromic properties of some organic-polyoxomolybdate hybrid materials and
examine the involved mechanism at the light of diffuse reflectance measurements and
ab-initio calculations.

[1] M. Gaudon, S. Jobic, A. Demourgues, P. Deniard, A-E. Thiry, C. Carbonera,
A. Le Nestour, A. Largeteau, J-F Létard, Adv. Mater., 19, 3517-3519, 2007

[2] M. Gaudon, C. Carbonera, A.E. Thiry, A. Demourgues, P. Deniard, C. Payen,
J-F. Létard, S. Jobic, Inorg. Chem., 46, 10200-10207, 2007

[3] A.-E. Thiry, M. Gaudon, C. Payen, P. Deniard, X. Rocquefelte, A. Demourgues,
M.-H. Whangbo, S. Jobic, Chem. Mater., 20, 2075-2077, 2008

[4] V. Coug, R. Dessapt M. Bujoli-Doeuft, M. Evain, S. Jobic,
J. Solid State Chem., 179, 3615-3627, 2006

[5] V. Coué, R. Dessapt, M. Bujoli-Doeuff, M. Evain, S. Jobic,
Inorg. Chim., 46,2824-2835, 2007 6.

[6] R. Dessapt, M. Collet, V. Coué, M. Bujoli-Doeuff, S. Jobic, C. Lee, M-H
Whangbo, Inorg. Chem., 48, 574-580, 2009
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SYNTHESYS AND CHARACTERIZATION OF BISMUTH
SULPHIDE NANOSTRUCTURES IN W/O MICROEMULSIONS

Dragana J. Jovanovi¢, Ivana Lj.Validzi¢ and Jovan M. Nedeljkovié

Vincéa Institute of Nuclear Sciences, P.O. Box 522, 11001 Belgrade, Serbia,
draganaj@yvinca.rs, validzic@vinca.rs, jovned@vinca.rs;

Two different morphologies of bismuth sulphide (Bi,S;) nanocrystals including faceted
nanoparticles and nanorods were prepared in W/O microemulsions by using
cyclohexane /Triton X—100/n-pentanol/water as a reaction system. The difference in
morphology was achieved by adjusting reactant concentrations. The faceted
nanoparticles of Bi,S; with an average edge dimension of about 25 nm were
synthesized for the first time, while a nanorods had diameter in between 5 and 20 nm
and length from 150 to 400 nm. X-ray diffraction analysis revealed that obtained
samples have pure orthorhombic phase of bismuth sulphide with Pnma space group
(a=11.2983 A, b=3.9854 A and ¢ =11.1447 A). Base on optical measurements of
both samples, band gap value was estimated to be 1.5 eV indicating quantum

confinements due to reduced dimensionality.
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DYNAMICAL ANDERSON LOCALIZATION OF
COUNTERPROPAGATING BEAMS IN OPTICALY INDUCED
PHOTONIC LATTICES

D. Jovi¢'?, M. Beli¢?

!Institute of Physics, P.O. Box 57, 11001 Belgrade, Serbia, jovic@phy.bg.ac.yu
? Texas A&M University at Qatar, P.O. Box 23874, Doha, Qatar

In a numerical study, we report the first observation of transverse Anderson
localization of mutually incoherent counterpropagating beams in optically induced
disordered two-dimensional photonic lattices, recorded in a photorefractive crystal. We
consider a system of two counterpropagating broad probe beams propagating through
the fixed photonic lattice. We demonstrate Anderson localization of the probe beams,
by adding random disorder to the lattice. Changing the disorder we observe the

localization effect on the probe beams.
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STRUCTURAL CHARACTERIZATION OF ULTRA-THIN
P(VDF-TrFE) FILMS

Chi-Sup Jung

Division of Information Technology, Cheongju University, 36 Naedok-dong,
Cheongju, Korea, csjung@cju.ac.kr

For many decades, intensive studies have been made on the fabrication of nonlinear optical
(NLO) polymer materials which exhibit large E/O coefficient and long term stability.
Currently, the most widely used fabrication technique for E/O materials is solvent casting and
spin coating method. However, because of the spontaneous relaxation behavior of aligned
dipoles, the performance using this technique is not high enough to satisfy the industrial
requirement.

Recently, the Langmuir-Blodgett (LB) method was successfully applied for the fabrication of
highly ordered non-centrosymmetric films for the optical applications. Our previous study [1]
also demonstrated that the LB films based on P(VDF-TrFE) copolymer exhibit gigantic E/O
coefficient and excellent long term stability.

In order to understand the origin of NLO performance, in this work, we focused our attention
on the characterization of non-centrosymmetric crystal structure of the P(VDF-TrFE) films.
The meta-stable nature (Fig.1) of the Langmuir film was discussed in terms of the remanent
ratio of the molecules on the water surface. The rigidity of the Langmuir film was also studied
with the surface morphology observed by Brewster angle microscope.

LB films were made by subsequently transferring the Langmuir layers onto a solid substrate.
With the help of excellent nanometer scale resolution of AFM, the structures and structure
changes of LB films were successfully investigated.
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Figl. Time dependence of the remanent polymer molecules on the water surface

[1] C.S.Jung, J. Korean Phys. Soc., 53(2008), p. 2646.
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NONLINEAR OPTICAL PROPERTIES OF P(VDF-TrFE)
COPOLYMER FILMS.

C.S.Jung*, P.W.Jang®, K.Seomoon®, K.H.Kim®

“ Division of Information Technology, "Division of Applied Science, “Dept.of
Semiconductor Engineering, 36 Naedok-dong, Cheongju, Korea, csjung@cju.ac.kr

Second order nonlinear optic properties(NLO) of copolymer of vinylidene fluoride with
trifluoroethylene P(VDF-TFE) in the forms of spun-cast and Langmuir-Blodgett (LB) films
were studied by optical second harmonic generation(SHG). Since the SHG intensity is
proportional to the square of nonlinear quadratic polarization, SHG method can be used as a
specific tool for probing the crystal structure of the films.

For both films, second order NLO coefficients were measured by using Maker fringe method.
Typical patterns of both samples are shown in Fig.1.and Fig.2. Theoretical fit in Fig.1. could
be obtained from dy;=5.263x107esu and d;;=1.766x10”esu for the spun film, and best it in
Fig.2 could be obtained from ds;=4.283x10esu and d3,=1.448x10” esu for the LB film.

The NLO properties are analyzed in terms of polymer composition and applied poling
voltage. Formation of [3 phase for both samples were clearly confirmed from XRD

peak of 26=19.7°.
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Fig.1 Typical Maker fringe patterns of the Fig.2 Typical Maker fringe patterns of LB
spun-poled film poled at 10 kV/cm films
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NEW CADMIUM AND RARE-EARTH METAL MOLYBDATES
WITH SCHEELITE TYPE STRUCTURE

E.Tomaszewicz', S.M.Kaczmarek®, H.Fuks®

West Pomeranian University of Technology
UDepartment of Inorganic and Analytical Chemistry, Al Piastow 42, 71-065 Szczecin,
Poland
? Institute of Physics, Al Piastow 17, 70-310 Szczecin, Poland

The development of new solid-state lasers requires crystals with very high stability of
emission, high efficiency, long lifetime and low excitation threshold. Double
molybdates and tungstates containing rare-earth ions are known as promising host
materials for laser applications. The diode pumped solid-state lasers based on these
compounds demonstrate the emission of nanosecond and sub-nanosecond pulses with
high peak power. These lasers are used for optical and undersea communications,
medical and eye-safe detecting, scientific researches and military.

It was reported that cadmium tungstate (CdWOy, the wolframite type structure) reacted
with rare-earth metal tungstates (RE,(WO,); where RE=Pr-Ho) to give two families of
double tungstates with the following formulas: Cd,RE,(WQy)s and CARE,(WOy)4 [1-3].
The compounds of the first group crystallize in the scheelite type structure, while the
second group in the monoclinic system, in a structure very similar to the scheelite type
structure [1-3].

In the present work, new cadmium and rare-earth metal molybdates with the formula
CdRE>(M00O,), where RE=Pr-Ho have been prepared by the high-temperature solid-
state reaction according to the following equation:

CdMOO4(S) + REz(MOO4)3(S) = CdREz(MOO4)4(S)

The obtained compounds crystallize in the scheelite type structure. It was ascertained
that at the concentration range above 50.00 mol % of CdMoO, in initial
CdMoO4/RE>(M00,); mixtures new cadmium and rare-earth molybdates with CdMoO,
form substitutional solid solutions with the scheelite type structure. The CdRE>(M0O,),
melt at the temperature range of 900°-1100°C. The melting point of these compounds
increases from Pr to Ho. IR spectra of cadmium and rare-earth metal molybdates
confirm presence of isolated MoQ, tetrahedra in their structure.

EPR method has been used to identify paramagnetic centers in CARE;(MoQOy),
(RE=Nd, Sm, Gd and Dy), their local crystal environment and magnetic interactions.
The resonance EPR line observed for all the samples could be ascribed to Re** complex
magnetic centers, i.e. clusters or low dimensional chains with antiferromagnetic type of
interactions. E.g., for CdGdy(Mo0QO,), compound we have identified more than one type
of gadolinium centers, including the isolated Gd** ions.

[1] T.A.Tunik, N.F.Fedorov, Zh. Neorgan. Khim., 26(1981)1884 (in Russian)

[2] N.F.Fedorov, T.A.Tunik, L.A.Burba, Zh. Neorgan. Khim., 21(1976)779 (in
Russian)

[3] A.A.Evdokimov, V.A.Ephremov, V.K.Trunov, I.A.Klejnman and B.F.Dzhyrinskij,
Soedineniya Redokozemelnykh Elementov. Molibdaty, volframaty. Nauka,
Moscow 1991 (in Russian)
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ELECTRICAL AND OPTICAL PROPERTIES OF THIN FILMS
OF DNA: PEDOT

Vaidotas Kazukauskas®, Andrius Arlauskas®, Mindaugas Pranaitis®,
Oksana Krupka®, Francois Kajzar®, Zacaria Essaidi®, Bouchta Sahraoui®

*Semiconductor Physics Department and Institute of Materials Science and Applied
Research of Vilnius University, Saulétekio al. 9, bldg. 3, LT-10222 Vilnius, Lithuania
®Laboratory POMA CNRS FRE 2988, Angers University, Angers, France

Nucleic acids and their derivatives are known because of their important biological
role. At the same time DNA, which exhibits a charge migration, is a subject of interest
for its physical properties, and particularly for a great potential of application in
photonics and in molecular electronics. However, pure DNA is electrically passive
material. In order to render it active one has to functionalize it with PEDOT molecules.

We report investigations of DNA-PEDOT thin films. After sonication of DNA in
deionized water, DNA solution was added to PEDOT (PEDT/PSS) aqueous solution
with different ratios 1:0.2 and 1:0.5 of DNA:PEDOT. The solutions of polymers were
spin-coated on the ITO glass substrates. The thickness of the obtained films was 0.3-
1.5 pm. The semi-transparent aluminum contacts were evaporated on the top. The films
were characterized by the UV and visible spectroscopy. Their conductivity temperature
dependencies were measured from 77 K up to 300 K depending on the light excitation.

Sample conductivity at room temperature was in average about (1-5)x10™"° Q'em™,
though it could deviate by up to two orders of magnitude even in the samples produced
on the same glass substrate indicating sensitivity of their properties to the technological
conditions. IV curves were linear and symmetrical down to LN temperature. The
thermal activation energy of the dark conduction near the room temperature was about
0.033 eV, and it did not depend on the applied bias.

We did not identify any carrier trapping by the Thermally Stimulated Current method,
what proves the fast recombination of light-generated carriers. Though, by constant
light excitation a “bistable” photoconduction below the room temperature was
evidenced. L.e., upon excitation by light from the spectral region ~ 500-800 nm a
notable increase of the photocurrent could be observed below 140-160 K by cooling the
samples. Meanwhile by heating the photosensitivity remained increased up to 230-240
K. Most probably such phenomenon could be attributed to the light-induced
morphology changes of the samples.

Acknowledgements. This work was supported by the Lithuanian Ministry of

Education and Science and EGIDE Agency (France) within Gilibert program and by
the Lithuanian State Studies and Science Foundation (project No V-35/2009).
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STUDYING THE DIFFRACTION EFFICIENCY VARIATIONS
OF HOLOGRAPHIC GRATINGS DUE TO SUCCESSIVE
WRITE-ERASE PROCESSES IN AZO-DYE-DOPED POLYMER
FILMS.

H. Khoshsima® and A. Mohammadpour®

* Research Institute for Applied Physics and Astronomy, The University of Tabriz,
Tabriz, Iran. khoshsima@tabrizu.ac.ir

Interference pattern of two pump beams on the surface of a sample of azo-dye-doped
polymer film led to formation of a transient grating. An incident probe beam was
diffracted and the intensity of the first order diffracted beam was measured for the sake
of obtaining the diffraction efficiency of the grating. By turning one the pump beams
off the grating was disappeared. Diffraction efficiency variations of the inscribed
grating due to successive write-erase processes are studied. It is shown that time
intervals for writing and erasing the grating were varying during the successive write-

€rasc processes.
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FABRICATION OF LOW-TEMPERATURE PASSIVATION OF
Si WITH AL Os; FILMS AND ITS APPLICATION TO MIS SOLAR
CELLS

Kwang-Ho Kim™, Pyungwoo Jang®, Chisup Jung® and Kyu Seomoon®

“Dept. of Semiconductor Eng., "Div. of Information Technology, “Div. of Applied
Science, Cheongju Univ., 36 Naedeok-dong, Sangdang-gu, Cheongju, Chungbuk 360-
764, Korea
khkim@cju.ac.kr

Low-temperature deposited aluminium oxide thin films were investigated at the silicon
surface for MIS-IL solar cell applications. Aluminium oxides were deposited on Si
substrate by remote plasma atomic layer deposition (RPALD) technique using
alternative trimethylaluminum (TMA) precursor and oxygen plasmas in a temperature

below 300 °C.

In order to investigate the chemical state and structure of the deposited films, X-ray
photoelectron spectroscopy (XPS) and high-resolution TEM (HR-TEM) were used.

Si MIS capacitors with ultra-thin Al,O5 (film thickness ranges from 1 nm to 12 nm)
gate dielectric were fabricated in the ALD window temperature ranges and
characterized the electrical properties such as capacitance-voltage (C-V), current-
voltage (I-V). Interface trap density (D) was estimated using high frequency C-V and
conductance method. The interface state density at around midgap was less than 5x10'°
Jem®-eV.

In order to determine the bulk lifetime of silicon wafers, the microwave-detected
photoconductance decay (MW-PCD) measurement system was used. The lifetime of
the passivated Si increased twofold or more compared to the unpassivated sample.

The discussion about the other properties with aluminium oxide films on Si and the
properties of the fabricated MIS-IL solar cells with passivated film thickness of 1 ~ 1.5
nm will be presented at the conference.
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OPTICAL STUDY OF NANOCOMPOSITES BASED ON
CHALCOGENIDE IMPREGNATED WITH ORGANIC DYE

Georgii K. Kirilov*?, Vjacheslav Gerbreder®, Elena M. Kirilova®
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In recent years, organic-nonorganic nanocomposites have attracted considerable
attention due to their enormous potential applications. There is a growing interest in
incorporation of organic dyes within inorganic matrices, mainly for applications as
nonlinear optical materials, in memory and recording devices, organic light-emitting
devices, etc. Amorphous chalcogenide semiconductors are known as very useful
materials for optical recording and switching, holography, because of the changes in
physical and chemical properties, which take place in samples after illumination.

The aim of the present work was to investigate the changes in the structure and optical
properties of thin films obtained from amorphous arsenic sulphide impregnated with
highly luminescent organic dye (benzanthrone derivative). The composite films were
prepared from solution of arsenic sulphide, organic luminophore and polymer
Disperbyk-161 in diethyltriamine.

In order to evaluate the effect of the presence of the dye and to characterize the optical
properties of the films, reflectance, photoluminescence and transmission spectra were
measured using different concentration of the dye. The emission spectra of all samples
consist of one broad peak centered at 610 nm and cannot vary with changing excitation
wavelength. The absorption and emission spectra of the dye in solution, in polymer,
and in presence of As,S; are similar. It was found that films with dye concentration of
0.0009% display 5-fold increase of luminescence intensity after the film irradiation
with laser.

Fig.1. Reflection (left) and emission (right) of exposed (ring) and unexposed area of the
films inside and outside of irradiated area of the film (with dye concentration of
0.0009%).

A dramatic decrease in the luminescence intensity has been observed from the
composites with 10 times higher concentration of dye due to luminescence quenching
during possible formation of nonemissive dimer, trimers, and aggregates.

The obtained luminescent nanocomposites can be promising for the development of
multifunctional  optoelectronics  devices, waveguides, and applications in
nanophotonics.
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LOCALIZED VIBRATIONS OF SILICON DEFECTS IN
QUARTZ

Alexey N. Kislov

Ural State Technical University, Mira Street, 19, Ekaterinburg, Russia, 620002,
ank@dpt.ustu.ru

Silicon vacancies and interstitials are native defects in a-quartz. We have studied local
configurations and vibration states of these defects. The vibration states determine
many applied properties of silicon dioxide, including optical and luminescence
responses.

The shell model was used for simulation of the local atomic structure and the lattice
dynamics of the crystalline quartz with silicon vacancies and interstitials. The
calculations are performed by using two first-principles short-ranged pairwise
potentials of the Buckingham type (Tsuneyuki, Tsukada, Aoki, Matui and van Beest,
Kramer, van Santen) and empirical short-ranged pairwise potentials with a three-body
harmonic-angle potential (Sanders, Leslie, Catlow). At the present time, interatomic-
potential approaches are the efficient choice for probing the atomic structure and the
dynamics for large numbers of atoms. The parameters of the potentials of the ion-ion
interactions in o-quartz were adopted from the available literature.

A lattice relaxation around silicon vacancies and interstitials was calculated in the
harmonic limit on the basis of a molecular static method by minimization of the total
energy. The vacancy induces very strong and anisotropic lattice distortion.

The effect of defects on the vibration spectrum of a-SiO, crystals was studied by
calculating the local densities of vibrational states in perfect and defective crystals
taking a cluster of 2000 atoms. The local density of vibrations in independent
directions of atoms in the 1% and 2™ coordination spheres was calculated by the
recursive technique. The resonance vibration states in ideal and defective crystals were
compared. The total density of states in all the directions was calculated separately for
the atoms in the cation and anion sublattices.

For the calculation of the diagonal elements of the force constant matrixes of the long-
range Coulomb interactions by the Ewald’s method a region containing about 4000
atoms was considered.

Predictions for the structure and localized vibrations are discussed. The calculation
results performed by using different potentials were compared with each other.

This study was supported by the Russian Foundation for Basic Research, project nos.
08-02-01072-a.
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SPECTROSCOPIC INVESTIGATION OF Er-Yb CODOPED
MATERIALS FOR 1.6 MICRONS LASER APPLICATIONS

Sergei A. Klimin**, Pascal Loiseaub, Daniel Caurantb, Gérard Akab, Akio Ikesue®,
Kirill. N. Boldyrev®, Marina N. Popova®

“Institute of Spectroscopy, Russian Academy of Sciences, 142190 Troitsk, Moscow
region, Russia, klimin@isan.troitsk.ru
bLCMCP-UMR CNRS 75 74, ENSCP, 11 rue Pierre et Marie Curie, 75005 Paris,
France
“World Labo Co. Ltd., CSJ308, 1-2-19 Mutsuno Atsuta-ku, Nagoya, 456-0023, Japan

Solid-state lasers emitting around 1.5 pum are of great interest for optical telecommunications
(wavelength corresponding to a minimum of absorption for silica fibres) and telemetry
(wavelength around 1.5 pum are said to be eye-safe). The best device until now is based on
Er,Yb-codoped phosphate glasses. But their performances are limited due to the poor
thermomechanical properties of glasses. An Er,Yb-codoped crystalline host with enhanced
properties is the way to improve these 1.5 pm solid-state lasers. Phonon cut-off frequency
hoy 1s one the keys to get interesting optical properties when it is between 900 and 1400 cm®
!. Our investigations led us to consider two Er,Yb-codoped laser hosts of high thermal
conductivity: GAVOy single crystals, and Er,Yb-codoped Y,O; transparent ceramics. Lifetime
of the *I;;, and *I;35 levels of Er** ions were measured to optimize the Er'" and Yb*" ions
concentrations, with the attempt to decrease the #1115, lifetime and to increase the *I;3, lifetime.
Moreover, detailed optical absorption spectroscopy was carried out to determine the energy
level diagrams of Er*" ions and to identify the different environments they experience.

In Er-Yb: GdVO, single crystals, rare earth ions are expected to occupy only one
crystallographic site of D,y symmetry. The high quality of the obtained absorption spectra
allowed determining the energy level diagrams of Er. Moreover, for some particular lines, a
multisite character for Er environment is clearly detected. Different compositions in Yb (10%
and 37.5%) were investigated (keeping 0.75% Er) to confront these observations with the
statistical environments which can be drawn from the structure of GdVO,.

Transparent Y,0; ceramics of different compositions in Er and Yb were prepared for further
optical fluorescence and laser tests. The energy levels diagrams were determined for Er and
Yb and compared to the data published in the literature for equivalent single-crystals or
powders. Er ions occupy two different crystallographic sites in the structure (point symmetry
C, and Cj). The centric Cs; site can only be detected for the allowed magnetic dipolar
transition from 4115/2 to 4113/2, and this transition was used to estimate if the partitioning of Er*
ions between C, and Cj sites remained the same whatever the composition. This
characterization will help to understand the differences observed in fluorescence (notably
about up-conversion) among all the samples.
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OPTICAL PROPERTIES OF LANGASITE FAMILY CRYSTALS
AND THEIR CONNECTION WITH GROWTH CONDITIONS
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Langasite (La;GasSiOy4, LGS) and its isomorphs — langasite family crystals — are piezoelectric
crystals with unique combination of physical properties, particularly for high-temperature
application. They possess high piezoelectric coefficient, high electrical resistance and absence
of phase transitions up to the melting point (~1500 °C), pyroelectric effect and twinning.

The structure of langasite family crystals is represented by chemical formula A3;BC;D,O,,
point group of symmetry 32, space group P321. Complex structure of langasite crystals allows
large substitution of cations in 4 positions. In case of LGS dodecahedral A-sites are occupied
by La’", octahedral B-sites, large tetrahedral C-sites and half of small tetrahedral D-sites are
occupied by Ga®*, another half of D-sites is occupied by Si*". This complex structure makes it
possible to obtain crystals with special composition and demanded properties for specific
applications. However, their structures may be disordered and may have destructive influence
on important physical properties. The presence of structural defects and inhomogeneity of the
crystal composition significantly affect the optical properties and may be investigated by
optical methods.

Langasite family crystals were grown at Fomos-Materials by the Czochralski method on
Crystal-3M systems. Crystal growth atmosphere — Ar, Ar with oxygen or air. We obtained
crystals with compositions: La;GasSiOy4, La;GassTagsOy4 (langatate, LGT), and LGT
crystals doped with Ga and Al

The optical homogeneity was investigated by Fizeau interferometer on the wave-length 630
nm. This method alloys to observe the heterogeneity of refractive indices and calculate it. We
used the method of optical polarization to define the coefficient of gyration and its
homogeneity in the different areas of the samples.

Transmission spectra of these crystals were measured between 250 and 3300 nm using UV-
VIS-NIR spectrophotometer Cary 5000. We observed absorption bands: in the visible region 3
absorption bands in the wave-rages ~290, ~360, ~480 nm and the near infra-red region
~1845 and ~2915 nm. The presence and intensity of these bands depend on the composition of
the crystals and growth atmosphere.
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TEMPERATURE DEPENDENCE OF SPECTRAL POSITIONS
AND WIDTHS OF °D; »’F; FLUORESCENCE LINES
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SrFCI crystals doped with Sm*" ions showing bright and sharp emission lines are
interesting objects for studying various aspects of the electron-phonon interaction and
also a promising material for use as an optical pressure sensor, especially in diamond
anvil cells [1].

In this work we have measured the temperature dependence of the spectral positions
and widths of the emission lines corresponding to the *Dy—F,, °Dy— 'F; and
°D, — 'F, transitions in Sm*'-doped SrFCl crystal at 7= 87 — 625 K and P = 1 bar.

The increase in the homogeneous width of all three lines studied (for the SDy— F, line
see the left figure) can be described in the whole temperature interval by two-phonon
Raman interaction with acoustic phonons in the Debye approximation with practically
the same Debye temperature 7p ~ 230 K for all the lines.

The temperature-induced shifts of these lines (see the right figure for the *Dy— 'F,
line) can also be qualitatively described in the framework of the same model by Raman
phonon scattering, bearing in mind that a part of the line shift is caused by the thermal
expansion of a crystal [2].

Moreover, the effect of pressure-induced line narrowing, observed for the above
electronic transitions in SrFCL:Sm*" crystal at 300 K [3], has been analysed, using the
same theoretical model and in addition taking account of the pressure dependence of
T, D-
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Temperature dependence of the spectral line width and position for the *Dy— 'F,
transition in StFC1:Sm*" crystal (points show experimental data and lines represent
theoretical curves).

[1] B. Lorenz, Y. R. Shen, W. B. Holzapfel, High Pressure Res. 12 (1994) 91.

[2] A. Laisaar, A. Kuznetsov, V. Palm, M. Pérs, J. Kikas, ibid. 26 (2006) 361.
[3] A. Kuznetsov, A. Laisaar, J. Kikas, Proc. ICL’08, Lyon, 2008, J. Lumin. (in press).
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FIRST-PRINCIPLES STUDY OF THE ELECTRONIC
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BaYst

J. M. Dantas, M. V. Lalic?

“Universidade Federal de Sergipe, Av. Marechal Rondom S/N, Sdo Cristévao, Brasil,
mlalic@fisica.ufs.br

The fluorides compounds constitute an important class of materials that show peculiar
chemical and physical characteristics: low refraction index, low phonon energy and
wide-in-wavelength transmission region. These features, together with the
spectroscopic characteristics of rare earth and transition metal doping ions when
implemented into their matrix, make these crystals particularly appealing for laser and
frequency conversion applications [1]. Barium yttrium fluoride, BaY,Fy (BYF),

crystallizes in a monoclinic crystalline structure with C _‘b.': (C2/m) symmetry group [2].

It is a very attractive material thanks to its low phonon energy (/i ~ 350 — 380 cm™)
[3], being widely investigated as an active material for solid-state laser host. Recently,
the BaY,Fg doped with rare earth ions provoked much of interest due to its promising
scintillation properties [ ]. This work has the objective to study theoretically the
electronic structure and optical properties of the pure BYF crystal. The self-consistent
band-structure calculations were performed by density-functional theory based, full
potential linear augmented plane wave (FP-LAPW) method as embodied in WIEN2k
computer code. The crystal structure was computationally optimized, i.e. the
equilibrium has been achieved in which the forces between the atoms are negligible.
The band gap was calculated to be 7.5 eV. The electronic structure calculations
revealed that the top of the valence band is dominated by the fluoride p-states, while
the very bottom of the conduction band has predominantly yttrium d-character. The
optical response is determined by calculating the complex dielectric tensor. The optical
properties of the BYF pure (absorption spectrum, refractive index, extinction
coefficient, reflectivity and electron energy loss spectrum) were analyzed in the
ultraviolet region (up to incident radiation energy of 40 eV). These properties were
interpreted in terms of the calculated electronic structure and results discussed and
compared with available experimental data.

[1] P.Maroni, L.Palattela, A.Toncelli, M.Tonelli, J. of Crystal Growth. 229 (2001) 497.
[2] O.E. Izotova, V.B. Aleksandrov, Sov. Phys. Dokl. 16 (1970) 525.

[3] E.B. Svesnikova, A.A. Stroganov, N.T. Timofeev, Opt. Spectrosk. 64 (1993) 43.
[4] M.E.G. Valerio et al., Opt. Mater. (2007), doi:10.1016/j.0ptmat.2006.11.037
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Dodecabismuth titanium oxide, Bij;TiOy (BTO), has cubic symmetry and belongs to a
family of sillenites crystals described by the general formula Bi;;MO,, (M = Ge, Si, or
Ti) [1]. The BTO is one of the most frequently investigated sillenites due to its
remarkable optical properties such as high electro-optical coefficients, low optical
activity and high photosensitivity in the visible red region [2]. More recently, this
material has been considered as a potential photocatalytic for the degradation of
organic pollutants [3]. A large number of experimental studies have been carried on
about optical properties of the BTO crystal, investigating its optical absorption,
reflectivity spectrum, optical activity, etc. There are, however, just a few reported
theoretical studies focused on its electronic structure that determines the optical
properties in the visible and ultraviolet range. This work has the objective to investigate
the structural, electronic and optical properties of the pure BTO crystal. As a
computational tool we utilized the full-potential linear augmented plane wave (FP-
LAPW) method, one of the most elaborated first-principal methods for electronic
structure calculations, based on density functional theory (DFT) and implemented in
the WIEN2k computer code. The crystal structure was computationally optimized by
total energy minimization. The relaxation of the lattice parameter resulted in a = 10.332
A, corresponding to the 4% larger volume of the unit cell in comparison with the
experimental volume determined at ambient temperature [1]. All atomic positions
inside this unit cell were also optimized. The band gap was calculated to be 2.5 eV,
near to the values of 2.4 eV by Yao et al. [3] and 2.8 eV by Marquet et al. [4], both
estimated from the measured absorption spectra. The electronic structure calculations
revealed that the top of the valence band is dominated by the O p- and the Bi s-states
while the bottom of the conduction band has predominantly Bi p- and Ti d-character.
The previous band structure calculations of Zhou et a/ [5] identified only the Ti d-states
at the conduction band bottom. The optical properties of the BTO (absorption
spectrum, refractive index, extinction coefficient, reflectivity and electron energy loss
spectrum) were determined by calculating the complex dielectric tensor in the
ultraviolet region (up to 40 eV). These properties were interpreted in terms of the
calculated electronic structure and results discussed and compared with available
experimental data.

[1] Sh. M. Efendiev, V. E. Bagiev, A. Ch. Zeinally ef al. Phys. Stat. Sol. A: Appl.
Res. 74 (1981) 17.
J. P. Wilde, L. Hesselink, S. W. McCahon et al. J. Appl. Phys. 67 (1990) 2245.
W.F. Yao, H. Wang, X. H. Xu et al. Appl. Catal. A : General 243 (2003) 185.
H. Marquet, M. Tapiero , J.C. Merle et al. Optical Materials 11 (1998) 53.

J. Zhou, Z. Zou, A. K. Ray, X. S. Zhao, Ind. Eng. Chem. Res. 46 (2007) 745.
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RAMAN AND INFRARED SPECTROSCOPY INVESTIGATE
OF La AND Sb DOPED BaTiO;
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In this paper, BaTiOs, doped with 0.5 mol% of La and Sb and sintered at different
sintering times was investigated. Doped barium titanate nanopowder was prepared by
doping pure barium titanate starting from citrate solutions of all components: barium,
titanium, lanthanum and antimony. Obtained powders were pressed in to pellets and
sintered at 1300 °C for 2 and 16 h in air atmosphere. The formation of phase and
crystal structure of BaTiO; was carried out by XRD analysis and Raman and IR
spectroscopy. Microstructural properties such as grain size distribution and
morphology of sintered samples were determined using scanning electron microscope.
Therefore it was analyzed relation between grain size, structure and properties of
obtained ceramics. Influence of La and Sb doping on barium titanate properties was

discussed.
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EFFECT OF TEMPERATURE ON OPTICAL SPECTRA AND
EXCITED STATE RELAXATION DYNAMICS OF Er*" IN YVO,

R. Lisiecki, P. Solarz, W. Ryba-Romanowski

Institute of Low Temperature and Sstructure Research Polish Academy of Sciences,
Okédlna 2 50-422 Wroctaw, Poland

Laser operation of a diode-pumped Er:YVO, crystal has been reported for the first time
in the recent paper [1]. For this preliminary study a microchip laser system consisting
of YVOy, crystal containing 0.5at% of Er’* with dielectric mirrors deposited directly on
the crystal faces was prepared. It has been observed that at low power of pumping
radiation at 975 nm the output of the microchip laser consisted of a single line at
1593.7 nm. With increasing pump power a second line at 1604.1 nm appeared ant its
intensity increased with the expense of the shorter wavelength line. Optical pumping
generates appreciable quantity of heat in a laser active medium resulting in temperature
rise in the pumped region and mechanical stress induced by thermal gradients. It has
been shown recently [2] that the temperature at the pumped facet of Nd:YVO,
increased to 585.8K at pump power of 25W. Thermal effects in Er:YVO, are expected
to be even stronger since the quantum defect of 0.39 for Er:YVO, is remarkably higher
than 0.24 for Nd:YVO,.

To examine the effect of temperature on spectroscopic features of Er:YVO, the optical
absorption spectra related to the transitions from the ground 1,55 level to the *1, 3. 1n
and *Io, levels were recorded at temperatures ranging from 300K to 500K. Emission
spectra and decay curves of luminescence related to transitions originating in the *I;s,
“1,1» and *S;;, levels were recorded at temperatures between 300K and 650K It has
been observed that the evolution of optical spectra are consistent with combined effect
of temperature dependent occupation of the crystal field levels of multiplets involved
and temperature broadening of transitions. Influence of temperature on absorption
coefficient at 975 nm is found to be negligible. The structure of the T - Tysn
emission band tends to disappear with increasing temperature especially at long
wavelength wing. Spectral features of the laser emission reported are discussed based
on energy level structure for Er:YVO, reported in [3]. Analysis of luminescence decay
curves indicates that with the growing temperature the contribution of nonradiative
decay to the relaxation of excited levels increases thereby enhancing the heat
generation. This is especially significant for the *I;;, pump level whose lifetime
reduces by a factor of two roughly when the sample temperature rises from 300K to
650K.

[1] J. Sulc, H. Jelinkova, W. Ryba-Romanowski, T. Lukasiewicz; Laser Phys. Lett. 6
(2009) 207

[2] Tao Li, Shengzhi Zhao, Zhuang zhuo, Yonggang Wang; Opt. Commun. 282
(2009) 940

[3] J.A. Capobianco, P. Kabro, F.S. Ermeneux, R. Moncorge, M.Bettinelli, E. Cavalli;
Chemical Physics 214 (1997) 329

Acknowledgement: The work was supported from funds for scientific research in years
2008-2010 as research project.
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Dislocation engineered silicon light emitting diodes, operating over the 1.2-1.35 um
range, have been fabricated. This was achieved by thulium implantation, incorporated
in the trivalent Tm®" state, into standard dislocation engineered silicon light emitting
devices. Seven sharp lines were observed at 1211.5, 1231.0, 1250.8, 1269.3, 1288.8,
1311.3 and 1326.0 nm, corresponding to known internal Tm’" transitions in the
manifold from the *Hs to the *Hg ground states. The devices operated under forward
bias, with a turn-on voltage of less than 1 V. Photoluminescence and
electroluminescence measurements were used to characterize the materials and devices.
The results showed that the luminescence is strong dependent on the sample fabrication
processes. In this paper we will discuss the influence of Tm implantation and post-
implant annealing conditions on the luminescence of Tm doped dislocation engineered

silicon light emitting devices.
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Figure 1: Electroluminescence response, measured at 80 K, for devices implanted at
different Tm doses and annealed at 850 °C for 15 minutes.
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Nadezhda N. Novikova®, Vladimir A. Yakovlev®, Evgeny A. Vinogradov®,
Aleksei A. Teplov®, Dmitry S. Shaitura®, Evgeny D. Ol’shanskii’

“Institute for Spectroscopy of Russian Academy of Sciences, Fizicheskaya street 5,
Troitsk, Moscow reg. , 142190, Russia, novik@isan.troitsk.ru
®Russian Research Centre Kurchatov Institute, pl. Akademika Kurchatova 1, Moscow,
123182, Russia, teplov@isssph.kiae.ru

Quasicrystalline films is the new interesting materials for their practical application,
specifically there was an attempt to use a quasicrystal as one of the layers of a
multilayer coating for selective absorbers of solar radiation. Optical properties of
quasicrystalline Al-Pd-Re films have just been studied in the infrared region using
external reflection spectroscopy [1]. Now we have combined this technique with more
sensitive one - surface polariton spectroscopy [2, 3].

Surface polariton (SP) is the non-radiative interface electromagnetic mode, propagating
along the interface between 2 media, if one of them is absorbing (metal, semiconductor
or dielectric with the strong absorption bands) and exponentially decaying out of the
interface. The introduction of a transition layer at this interface results in the shift and
broadening of SP. This effect can be used to obtain film parameters (thickness and
optical constants) in the region of SP existence.

Quasicrystalline Al-Pd-Re films have been deposited on sapphire substrates using
layer-by-layer ion-plasma sputtering with subsequent vacuum annealing. The
attenuated total reflection (ATR) measurements in Otto configuration [2] and the
measurements of external reflectivity have been done using IFS66v (BRUKER)
infrared Fourier-transform spectrometer. The main attention was paid on the high
frequency “reststrahlen region” of sapphire (600-900cm™). In this region the sapphire
SP in the presence of the film is shifting down (due to the real part of the film dielectric
function) and broadening (due to the film conductivity). The broadening is stronger if
some metallic phase (increasing conductivity) is present in the film. These effects allow
estimate film complex dielectric function in the region under consideration.

[1] V.A. Yakovlev, N.N. Novikova, G. Mattei, A.A. Teplov, D.S. Shaitura, D.I. Dolgii
and E.D. Ol’shanskii Crystallography Reports 52 (2007) p.1036.

[2] V.M. Agranovich and D.L. Mills (Eds.), Surface polaritons. Electromagnetic
waves at surfaces and interfaces, North-Holl. Publ. Co, Amsterdam, 1982.

[3] G.N. Zhizhin, M.A. Moskaleva, E.A. Vinogradov and V.A. Yakovlev Appl
Spectr. Rev. 18 (1982-1983) p. 171.
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LiYF, or LiLuF, scheelite type single crystals doped with rare-earth (RE) ions are well-
known optical materials for laser applications and fundamental research. At present, a
revived interest to these materials is connected with quantum information processing
and storage [1]. As a rule, such applications involve optical transitions between
hyperfine sublevels of the crystal-field (CF) energy levels of RE ion. Therefore, an
accurate scheme of the CF levels and information on the hyperfine structure are of
great interest. It is also useful to make a detailed investigation of interactions the RE
ion is subjected to in a crystal.

In this paper, we present the results of high-resolution study of LiLuF,:Pr’* crystals.
Weakly doped LiLuF4Pr’" single crystals were investigated. The praseodymium
concentration was 0.1 or 1%. High-resolution (up to 0.005 cm™) polarized absorption
spectra were registered in the wide temperature range (4.3-300 K) for the *H,—"Hs.,
3F2,3,4, 'G,, 'D,, 3PO,1,2 and "I optical transitions of the Pr*" jon.

As a result of our investigation, crystal field levels of Pr’" in LiLuF, were obtained.
Experimental data on isotopic effects, hyperfine and interionic interactions in the
crystals are discussed. A comparison of these results with our previous data [2-3] on
Ho’" and Tm*" in LiYF, and LiLuF, is given.

This study was supported by the Russian Academy of Sciences (project 8.1 of the
Program “Quantum macrophysics”) and by the RFBR (grant Ne 09-02-01067).

[1] Ph. Goldner and O. Guillot-Noel Molecular Physics 102 (2004), p. 1185.

[2] D.S. Pytalev, S.A. Klimin, and M.N. Popova Phys. Lett. A 372 (2008) p. 2332.
[3] D.S. Pytalev, S.A. Klimin, and M.N. Popova Phys. Lett. A 372 (2008) p. 3506.
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Nowadays, there is a great interest in the design of locally modified materials to create
channel waveguides to be used in integrated optical devices, such as lasers or
amplifiers. For that purpose, LiNbOj; is a widely studied material, especially attractive
due to its electro-optic, acousto-optic and non-linear properties [1]. There are several
techniques developed to fabricate low-loss waveguides in the material. Unfortunately,
the complete characterization of the obtained waveguides can not be easily achieved.
Particularly, how the properties of LiNbO; are altered by the introduction of the
refractive index modifier element is still a subject of great efforts.

In that sense, confocal microscopy has emerged as an adequate tool to perform the
characterization of channel waveguides since it allows obtaining direct measurements
of the luminescence and Raman modes produced in small regions of the material [2].

In this work, micro-Raman measurements have been carried out in LINbO;:Tm®" with
channel waveguides fabricated by Zn*" in-diffusion. By means of that technique, maps
of the properties (half-width and relative position) of several Raman modes on the edge
of the waveguide have been performed. In Fig. 1 it can be seen, as an example, the
maps obtained for A;(TO,) mode. The position described as x = 0 is the middle of the
waveguide on the surface of the sample, and the arrow (y-axis) points to the inner
region of the sample. Through the analysis of the changes in energy peak position and
half-width of the Raman modes, it is possible to extract precise information of the
modifications created in the material by the introduction of Zn*" ions.

x=0
3 \ T
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Figure 1. Half.width and mode relative position measured on the edge of the sample.
[1] E. Cantelar, J. A. Sanz-Garcia, G. Lifante, F. Cusso, P. L. Pernas, Appl. Phys. Lett.

86 (2005) 161119.
[2] V. Dierolf, C. Sandmann, , J. Lumin. 102-103 (2003) 201.
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Transparent oxyfluoride glasses and glass ceramics containing LaF; nanocrystals are a
subject of insensitive research for last few years because of their promising advantages
— combining the attractive optical properties: highly efficient fluorescence of fluoride
crystals with high durability and easiness of fabrication of oxide glasses. These
properties address a wide area of applications like optical fibers, amplifiers and solid-
state lasers [1].

In this work we present the results of research on the changes in luminescence
properties of pr*t (3PJ and 'D, states), Er** (4S3/2 state) and Eu* (5D3 -°D, states) ions
due to thermal treatment oxyfluoride borosilicate Si0,-B,0;-Na,O-LaF; glass at 600 —
640 °C and production glass ceramics. The annealing process of based glass leading to
the LaF; crystalline phase formation [2], influenced on the spectroscopy properties of
the rare earth ions mentioned above. The detailed analysis of luminescence spectra and
the result of measurements with application of time resolved spectroscopy allowed as
to combine the observed changes in intensity of luminescence and also the live time of
the regarding state with appearing low-phonon crystalline phase of LaF; as a result of
heat-treatments. The comparison of the calculated fraction of the studied ions in the
LaF; crystallites points dramatically to strong vary ability of the incorporation with rare
earth ion used [3]. We have considered the possibility of influence on this issue by
changing the composition of the base glass.

[11 M. Sroda, C. Paluszkiewicz, M. Reben, B. Handke, Journal of Molecular
Structure, 744-747 (2005) 647 )

[2] M. Rozanski, K. Wisniewski, Cz. Koepke, M. Sroda,. Optical Materials 31 (2009)
548.

[3] F. Goutaland, P. Jander, W.S. Brocklesby, Guojun Dai, Optical Materials 22
(2003) 383.
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Remarkable efforts are assisting the development of new bio-functional materials aiming at
the fabrication of immunosensor and biosensor devices for applications in biology, electronics
and electro-chemistry [1]. Metal nanoparticles such gold, silver or iron nanoparticles can be
used as functional materials but do not have biological properties. The combination of the
metal with a bioactive and biocompatible material may be a useful strategy for enabling bio-
applications. Hydroxyapatite (Hap- Cas(PO,);(OH)) can be the selected biomaterial because
of its chemical similarity to the bone mineral component. Moreover it can be synthesized by
different methods depending of the final application.

In the present work an hydrothermal synthesis method was used to precipitate Hap and gold.
Solutions containing adequate amounts of calcium and phosphate RS R
ions at pH=8.12 were added with different concentrations of gold g
ion and autoclaved at 180°C for 24 hours. After that period the
obtained red colored precipitated particles were fully characterized.
The particles X-ray diffraction patterns revealed the presence of
metallic gold and Hap as crystalline phases. Transmission and
scanning electron microscopy were used to access the particle
morphology: plate-shaped or assembled nanorods Hap particles
were observed, depending on the used gold concentration; gold
rounded shaped particles were also detected, with average sizes
ranging from 0.3 um down to 50nm (see the dark spots on the
bottom figure of the right). The UV-vis spectra of the particles
display differently shaped absorption bands depending on the gold
concentration. Nevertheless an absorption band at ~520 nm, which
is normally attributed to the plasmon resonance effect of
nanometric gold particles, is always observed. It is also remarked
that the shapes of Hap precipitated particles are different from those
obtained from equivalent calcium phosphate precursor solutions

free of the gold ion (Au™). It is thereby concluded that the presence Figurel-Electron microscopy
of gold ion and/or its corresponding reduction reaction to metallic pictures  of  precipitated
gold plays an effective role on the growth mechanism of Hap particles: [Au] in b) is 5 x
particles. The obtained results are thus comparatively discussed [Aulin ;‘)f 4 detail showi
with literature data attempting to clarify the effects of gold le(?mga;;am;t:; snovﬁgﬁ
precipitation on the characteristics of the coprecipitated Hap particles

particles.

As a conclusion the present work demonstrates the possibility of precipitating gold and Hap
particles with nanometric size from the same precursor solution. The presence of gold ion
seems to play an effective role on the Hap growth mechanisms which is here tentatively
discussed.

[1] R.Bahadur K.C, S.Aryal, N.Bhattarai, H.Y.Kim, Scrip. Materialia, 2006, 54,2029-2034.
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The ability to predict the necessary experimental conditions for synthesizing a particle having
a desired schedule of properties is being pursued from a long time ago. Recently many efforts
have been particularly directed towards the geometrical characteristics (size and shape) of
synthesized particles as it is known that they may dramatically change the material properties.
Hydroxyapatite [Hap-Cas(PO,);OH] has been the focus of intensive research due to its
bioactive and biocompatible properties which make it a potential material for several
biomedical applications. In addition to chemical and crystal phase composition issues,
geometrical factors are also important requirements to be met when searching synthetic Hap
particles to a specific biological role. For instance biological Hap is non-stoichiometric, but
nanometric-sized in bone and dentin while micrometric-sized in enamel [1].

In the present work Hap particles are synthesized by two different methods starting from the
same precursor solution prepared as follows: adequate amounts of citric acid, calcium nitrate,
ammonium hydrogen phosphate and ammonia for adjusting pH to the desired value were
mixed. The selected synthesis methods were chemical precipitation (CP) at 37°C and
hydrothermal synthesis (HS) at 180°C. The manipulation of the pH value (pH=8.12 and 8.53)
and of the (citrate/calcium) ratio (Cit/Ca=3:1 and 5:1, respectively) allowed to control the
crystallite size, the morphology and the 2 - 3 7
shape of the precipitated particle. The
obtained results showed that all the
precipitated particles are hydroxyapatite,
though with higher crystallinity when
prepared by HS as compared to CP. The
particle sizes and shapes revealed to be
highly conditioned by the selected
combination of pH value and Cit/Ca
ratio. As shown in fig.l individual
nanosized particles, needles and
nanorods, were produced at pH= 8.12 Flgure 2-nano Hap with Clt/Ca ratio 3:1 obtained by

d Cit/Ca =3:1 by both thods. CP (A), HS (B). Micro Hap with Cit/Ca ratio 5:1
an 1t/Ca y both metho obtained by CP(C) and HS(D).

However, increasing Cit/Ca to 5:1 and
pH to 8.53 the precipitated particles exhibit a micrometric sized spherical shape (balls and
hedgehogs) which seem built up by assembled smaller elementary units (fig.1). The specific
surface area of the particles reflect the observed differences on particle sizes, ranging from170
m®/g for Hap obtained by CP under Cit/Ca=3:1, to 26 m*g for Hap obtained by CP under
Cit/Ca=5:1. The particle properties evaluated by X-ray diffraction, X-ray photoelectron
spectroscopy, high-resolution transmission and scanning electron microscopy , Fourier
transform infrared spectroscopy, N,-gas adsorption (BET) and Zeta potential measurements
will be used to discuss the interplay of pH and (Cit/Ca) conditions during the particle growth
attempting to clarify their role as shape tailoring variables.

[1] J.Gémez-Morales et al, Cryst. Res. Technol., 2001, 36, 1, 15-26.
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In our laboratory the fabrication of one-dimensional photonic crystals by holographic
method is investigated. The interference pattern is recorded as a volume hologram. The
hologram was obtained by interference of two oppositely directed beams inside the
emulsion [1,2]. The interference pattern consists of planes parallel to the substrate
surface with spacing d = A/2n, where 4 is the wavelength of the laser source and # is the
refractive index of the recording material. Pullulan, linear polysaccharide, sensitized
with ammonium dichromate, is used as a recording medium. A single-frequency, diode
pumped Nd-YAG laser, at 532 nm, is used for exposure. The exposed part is hardened
and becomes relatively insoluble in water. During the exposure hexavalent chromium
jon Cr'® is reduced to trivalent Cr”, which then forms a covalent cross-link with
pullulan molecules, and reduces the solubility of the exposed regions. The unexposed
portion of the DCP is dissolved in the water wash. After exposure the holographic plate
is developed in the mixture of water and isopropyl alcohol. The optical properties of
photonic structures fabricated by holography are studied by means of both transmission
and reflection experiments. Wide band gaps more then 100 nm in the visible range are

observed.

[1]R. Ma, J. Xu, W. Y. Tam, Applied Physics Letters 89, (2008) 081116.
[2] J.Hung, M. H. Kok, W. Y. Tam Applied Physics Letters 94, (2009) 014102.
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Since the first demonstration of the brightness blue light emitting diodes and
subsequently the white LED, the interest in using solid-state light sources for general
illumination has been rapidly growing. But only one LED it isn’t enough to
manufacture a light sources comparable with classical light sources. In this paper we
present the manufacturing steps of solid-state matrix with white light emission for
application in illuminate systems. Development of matrix, chips on substrate and
packaging in the same material, leads to uniformity of the emission parameters, but
technology generates new problems. Using blue-emitting GaN chips as primary light
sources and YAG:Ce nanopowder, we have fabricated white emitting matrix. The
optimizations of technology for sintering of YAG:Ce phosphor is the first step in
obtaining the white lighting matrix with high performances. A sol-gel method, simple
reproducible and with superior potential, has been developed for the preparation of
nanoparticles of phosphor luminescent powders having potential for application in
luminescent lighting devices. The main advantage of this process is the sintering
temperature. We design the layout for the matrix and then it is printed on cooper
substrate and finalized the engrave circuit by chemical etching. The blue GaN chips
were mounted on engrave circuit and gold wires were solder. Finally the garnet is
mixed with epoxy resin and deposition like a film on the blue chips. The chemical
structure and morphology of YAG: Ce was studied. The matrix was tested from optical
and electrically point of view.
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Solid-state matrix with white light emission
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YAG:Ce nanophosphor Emission spectra of white matrix

[1] E.Garskaite, D. Jasaitis and A. Kareiva, J.Serb.Chem.Soc. 68(8-9), (2003), p.677.
[2] B.J. Chung, J. Y. Park and S.M. Sim, J Ceram Process Res. 4(3), (2003) p.145.
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Transparent conducting oxide (TCO) thin films are important for the electrode materials in
solar cell applications. Among TCOs, Al-doped Zinc oxide (AZO) is promising candidate for
a substitution of indium tin oxide (ITO) because of its low cost and wide availability. In this
study, undoped ZnO and AZO thin films were deposited by plasma enhanced-metal organic
chemical vapor deposition (PE-MOCVD) using diethylzinc (DEZn) and N-methyl pyrrolidine
alane (MPA) precursors and oxygen on Si(100) and glass substrates. Effects of substrate
temperature, reaction pressure, feed ratio of Zn/O and Zn/Al on the growth rate, preferred
orientation, resistivity and transparency were investigated. Especially, effect of plasma
enhancement on the properties of film such as optimum substrate temperature, film quality
were investigated. The use of PE-MOCVD method allows for a deposition of good quality
even at low substrate temperature below 300°C, and gives quite a high deposition rate of up to
5 nm/s. The structure and morphology of deposited film were characterized by X-ray
diffraction (XRD), scanning electron microscope (SEM) and atomic force microscope (AFM).
XRD analyses showed a great preferred orientation of ZnO(0002) plane below 500°C. In
order to analyze the composition and chemical state of the film and interfacial layer, X-ray
photoelectron spectroscope (XPS) depth profile technique was used. Resistivity and optical
transparency of films which is important for its application as a TCO material were measured
with 4-point probe and UV-Vis spectrophotometer respectively. More detailed results and
discussion will be presented at the conference.
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APPLICATION OF FOURIER-PADE APPROXIMATION IN
ANALYSIS OF MATERIALS FOR OPTICAL APPLICATIONS

Dragutin Sevié, Svetlana Savié¢ Sevi¢, Dejan Panteli¢, Bratislav Marinkovi¢

Institute of Physics, Pregrevica 118, 11080 Zemun, Belgrade, Serbia,
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Fast Fourier transform (FFT) is the most popular tool in spectral analysis, primarily because of
its computational efficiency and a steady convergence as a function of increasing the sequence
length. In this paper a method based on Fourier transform and Pade approximants is
investigated for analysis of materials used in holography. Pade approximants are numerical
tool that can be used to accelerate the convergence of a slowly converging sequence. Namely,
for a power series

N
F,(2)=)Y ¢z (1)
n=0

of order N in the variable z (real or complex) with coefficients ¢, Pade approximant is a
rational fraction P(z)/Q.(z), which approximates the fully converged values of the function
F, (z). If we let z=¢™, then equation (1) corresponds to DFT, so Pade method is used to
improve spectral resolution of FFT. This method is usually called Fourier-Pade (FP)
approximation.

We applied Fourier-Pade approximation on data acquired by AFM scans of diffraction grating
investigated in [1,2], proving advantages of using FP for spectral analysis instead of FFT.

[1]S. Savié—?evié, D. Panteli¢, Optical Materials 30 (2008) 1205.
[2] S. Savi¢-Sevi¢, D. Panteli¢, Opt. Exp. 13 (2005) 2747.
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MEASUREMENT OF LASER-INDUCED FLUORESCENCE OF
OPTICAL MATERIALS USING A TIME-RESOLVED
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Depending on the specific application, fluorescence measuring systems strongly differ in
instrumental design, i.e. use of optical components, detection systems as well as in
measurement geometries including the sample cell. Therefore, it is necessary to calibrate
almost every system individually in order to ensure accurate signal interpretation.

We report here various approaches for the calibration of the time-resolved laser-
induced fluorescence (TR-LIF) detection system. This system is based on the tunable
Nd:YAG laser (320-475 nm) to excite samples and on the detection part with high
spatial and temporal resolution [1]. In this paper we shall describe different methods
for calibration [2-4] and the possibility of their application to our TR-LIF system,
having in mind the most important experimental parameters of calibration procedures.
Feasibility of some methods will be tested with standard fluorescent dyes, such as
fluorescein which is intended for use in establishing a reference scale for fluorescence
intensity [5]. The data will be compared with values reported in literature for these
dyes. The sources of errors due to an inadequate calibration system will be also
discused.

[1] M. Terzi¢, B.P.Marinkovi¢, D.Sevi¢, J.Jureta and A.R.Milosavljevié, Facta

Universitatis, Series Phys. Chem. Technol. 6 (2008) p.105.

[2] A. Dinklage, T. Lokajczyk, and H. J. Kunze, J. Phys. B 29 (1996), p.1655.

[3] D. Pfeifer, K. Hoffmann, A. Hoffmann, C. Monte and U. Resch-Genger, J.

Fluorescience 16 (2000) p. 581.

[4] S.B.Keller, J. A. Dudley, K. Binzel, J. Jasensky, H. M. de Pedro, E. W. Frey and
P. Urayama, Anal. Chem 80 (2008) p 9876.

[5] P.C.DeRose and G.W. Kramer, J. of Luminescence 113 (2005) p.314.
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Recent progresses in fiber optics communications are strictly indebted to utilization of electro-optic crystal of

LiNbO; which has shown fair electro-optic characteristics while utilizing in fiber optics devices [1]. In spite

of this, they have been observed some undesired propetties of it[2-4]; one of these properties is known as

insertion loss due to Fresnel reflection at the lithium niobate—air interfaces which is a result of light

beam reflection at LiNbOs-air interfaces; this effect causes undesired changes in the output intensity of

LiNbO; electro-optic modulator; designers try to minimize the effect of this property[2,5,6]. In recent

experiment, the electro-optic behavior of LiNbO; is investigated experimentally via applying a DC bias

voltage on it and the effect of insertion loss due to Fresnel reflection at the lithium niobate—air interfaces is

observed. Afterward the effect is justified via obtaining Output Characteristic Curve[7] of electro-optic

modulation and related equations [2,6-9]. Theoretical model is also provided to describe the effect; The

experimental setup contains a 17 mW He-Ne laser as a light source, two polarizers as the analyzer and

polarizer, a LiNbO; Z-cut crystal uncoated with any antireflection layer, a DC voltage generator in order to

applying DC bias voltage on LiNbO3 crystal -in the form of transverse modulation- and a photodetector in

order to detecting, monitoring and recording the Output Characteristic Curve of the electro-optic modulation.

In order to remove this effect, antireflection coatings or index matching can be helpful [5, 6, 8, 10-13].

Description in details is given in complete version of the paper containing the experimental data, diagrams,

equations and more references.

[11 Lifante, Gines, Integrated photonics : fundamentals, John Wiley & Sons Ltd, The Atrium, Southern
Gate, Chichester, 2003

[2] Michael Bass, Eric W. Van Stryland, “Fiber optics handbook”, Fiber, Devices, and Systems for
Optical Communications, McGraw-Hill, 2002, pp 4.50-4.56

[3] Krupych O., Smaga 1. and Vlokh R., "Studies of Optical Damage in Photorefractive Single
LiNbO3Crystals using Imaging Polarimetry", Patent of Ukrine, 2005

[4] Bertrand Onillon, Patrick Dane’ s, Benoi't Be’” nazet, and Olivier Llopis, "An optical link for
microwave clock distribution using optical carrier suppression and DC drifi compensation”,
Microwave and optical technology letters / Vol. 49, No. 7, July 2007

[S] Michael Bass, Eric W . Van Stryl, David R . Williams, William L . Wolfe , “Handbook of optics”,
Volume II Devices , Measurements , and Properties, McGraw-Hill, INC, 1995, p-p 6.30-13.32

[6] Achyut K. Dutta, Niloy K. Dutta, Masahiko Fujiwara, WDM technologies active optical components,
Academic Press, 2002, pp 213-217

[71 H.L Saadon, N. Theofanous, M. Aillerie, M.D. Fontana, "Thermo-optic effects in electro-optic crystals
used in intensity modulation system-application in LiTaO;", J. Applied Physics ,2006 B83, 609-617.

[8] Bahaaa E.Saleh, Malvin Carl Teich, Fundamental of Photonics, John Wiley, 1991, p.209
[9] H.Kolimbris, Fiber Optics communications, Pearson Education, 2004, p346
[10] M. Jazbinsek, M. Zgonik, "Material tensor parameters of LiNbO; relevant for electro and elasto-

optics", J. Applied physics B, Lasers & Optics, 2002 B74, 407-414

[11] R. Damle, "Elastic constants of lithium niobate", J. Phys.D. App.Phys , 25(T992), 1091-1095

[12] S.N. Tandon , M. Soljac’ic’, G.S. Petrich, J.D. Joannopoulos, L.A. Kolodziejski, "The superprism effect
using large area 2D-periodic photonic crystal slabs", Photonics and Nanostructures — Fundamentals
and Applications 3 (2005) 10-18

[13] De-Gui Sun, Zhifu Liu, Yingyan Huang, Seng-Tiong Ho , David J. Towner, Bruce W. Wessels,
"Performance simulation for ferroelectric thin-film based waveguide electro-optic modulators”, Optics
Communications 255 (2005) 319-330
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INTRINSIC LUMINESCENCE OF ZrO; NANOPOWDER AND
ITS POSSIBLE APPLICATIONS

Ilmo Sildos, Pavel Kanarjov, Sven Lange, Mikhail G. Brik and Valter Kiisk

Institute of Physics, University of Tartu, Riia street 142, 51014 Tartu Estonia,
ilmo@fi.tartu.ee

Zirconia (ZrO;) as high-k material is a promising material primarily for the future
semiconductor industry. One of the most important properties relevant to electrical and optical
properties of zirconia is the purity of the material as well as its intrinsic defect structure within
the band-gap. In addition, the defects and nanocrystalline phase structure may have
pronounced impact on gas sensing response.

For investigating the defect structure a set of ZrO, nanopowders were prepared by using a sol-
gel route. Subsequent thermal treatment at 500, 750 and 1000°C in air allowed to obtain
powders with a variable amount of tetragonal phase within monoclinic zirconia. Luminescent
properties of the powders were carefully investigated in the temperature interval of 10-300 K
by using for excitation a pulsed OPO light source with tunable wavelength in the UV spectral
range. Band-to-band transitions as well as deep levels within the forbidden gap of zirconia
were probed. Three broad emission bands at 2.5, 3.0 and 4.3 eV were recorded under 5.3 eV
excitation (Fig. 1). Under 4.3 eV excitation only the 2.5 eV luminescence band was observed
and interpreted as a transition of an electron from the valence band to an F-center. An unusual
blue shift of the 2.5 eV emission band with a jump of the whole emission band at about 140 K
was noticed (Fig. 2) and attributed to a rearrangement of the emitting F-center surrounding.
Such a behavior seems to be a common feature to ZrO, and HfO,. Decay kinetics of 2.5 eV
emission in dependence on temperature indicates afterglow up to 50 ms determined by a
thermally induced migration of the mobile charge carrier. Ab initio modeling of the optical
properties of pure ZrO, and ZrO, with defects is being performed to understand better the
above-described properties.

At RT the influence of the ambient gas to the luminescent properties of differently treated
powders were investigated. It indicates the possibility to use specially treated zirconia powders
for opltical oxygen gas serllsing. .
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We have formulated a microscopic theory of optical properties of ultrathin molecular
films (nano-films), i.e. quasi 2D systems bounded by two surfaces parallel to XY
planes (number of these planes is maximum ~10). Exposing nano-films to the external
electromagnetic fields has result in creation of excitons — quasi particle composed of
electron and hole bounded with Coulomb’s interaction, but different to bulk ones.
Harmonic exciton states were calculated using the method of two-time, retarded,
temperature dependent Green's functions. It has been shown that two types of optical
excitations can occur: bulk and surface exciton states. Exciton energies, i.e. energy
dispersion laws show very discrete behavior with non-zero values. Analysis of the
optical properties (i.e. dielectrical permittivity) of these crystalline systems for low
exciton concentration shows that the permittivity strongly depends on boundary
parameters and the thickness of the film. Also, permittivity shows very narrow and
discrete dependence of external electromagnetic field frequency, which is a
consequence of very thin thickness of the film, i.e. of the quantum effects. Influences of
boundary conditions on optical characteristics (absorption coefficient) of these

nanostructures have been especially analyzed.

*corresponding author:
Tel.:+387-65-836-872  Fax:+387-51-216-528
E-mail: blanka.skipina@gmail.com

132
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This paper presents a study regarding the synthesis of some hybrid matrices tetraethyl
orthosilicate (TEOS) / polyvinyl alcohol (PVA) / 1,3 propane diol (1,3PG) with
appropriate characteristics for embedding magnetic y-Fe,O; nanoparticles.

PVA/TEOS hybrid gels have been intensively studied for the obtaining of hybrid
organic-inorganic matrices [1]. Our previous studies on the influences of small
molecule diols on the formation of TEOS and PVA gels, have evidenced that these
diols can act as cross-linking agents [2]. The properties of these hybrid gels
recommend them for the obtaining of thin films.

The formation of the hybrid gels TEOS/PVA/1,3PG with different compositions was
studied by FT-IR spectrometry and thermal analysis, in order to correlate their
properties with the interaction between the organic and the inorganic polymers. The
gels with optimal composition have been further used for embedding y-Fe,Os
nanoparticles by ultrasonation. The obtained gels were deposed as thin films and
further studied from magneto-optical point of view. We have investigated the effects of
magnetic induced polarization and the photo-elastic properties measured in
monochromatic polarized light.

[1] H.S. Mansour and A.A.P Mansour Solid State Phenomena, 121-123 (2007), p. 855.
[2] M. Stefanescu, M. Stoia and O. Stefanescu J. Sol-Gel Sci.Techn., 41 (2007), p. 71.
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Dynamical behavior of beams propagating in nematic liquid crystals (NLC) is investigated. A
well-known model for the beam propagation and the director reorientation angle in a NLC is
treated numerically in space and time. The formation of soliton breathers in a threshold region
of beam intensities is displayed. Below the threshold region the beams diffract, above the
region spatio-temporal instabilities develop, as the input intensity and the optical and static
permittivity anisotropies of NLC are increased. We analysed breathing soliton transverse
profiles of the optical field intensity and optical induced molecular reorientation. Using
transverse profiles along the propagation axis, we calculated the period of breathing solitons.
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Several phosphor compositions based on rare earth orthoborates, LnBO;, with Ln=[Yos.
yGd,Eugos] or [Yos,GdyThggs], have been synthesized by spray-pyrolysis and additional
thermal treatments. Samples with the unique hexagonal YBO; type phase have been obtained.
The cubic oxide (YogEug04),03; has also been obtained by same synthesis method and
analysed for comparison. The response of these phosphors to VUV excitation has been
investigated by two complementary experiments: i) the luminescence excitation spectra have
been recorded in the 130 — 300 nm wavelength range, and ii) the relative intensities in the
emission spectra of these phosphors excited by rare gas discharges have been measured in a
specially developed experimental set-up. This specific set-up consists of a stainless steel
chamber filled with a mixture of Ne-Xe at variable composition and pressure (50-200 torr).
The objective is to mimic the working conditions of the phosphors in plasma display panels or
in Hg-free lighting.

The excitation spectra of Eu’" in the VUV-UV range are interpreted considering the
absorption into the ligand to metal charge transfer state, and the host absorption, besides the
intra-4f” absorption of Gd*" for the mixed yttrium-gadolinium borates. Compared to the
excitation spectra of Eu’" in the oxide (Y,05), borates may be much more efficiently excited at
wavelengths shorter than 175 nm (down to 140 nm). This effect is well reproduced by
comparing the luminescence efficiencies of europium-doped borates and oxides in the plasma
chamber. In pure Xe at low pressure, the VUV photons are emitted by the resonance states of
xenon (147 nm), and the borates are more efficient than the oxide. With increasing pressure of
the Ne-Xe mixture, the first continuum (150 nm) and second continuum (173 nm) become
more prominent, and it is observed that emission from Eu’" in the oxide is more intense than
in borates. Also it is observed that the borates with higher Gd/Y ratio are more efficient,
specifically at high pressure.

Terbium excitation spectra in the VUV-UV range are interpreted considering the 4f*5d° to
4f'5d" transitions of Th*" and the host absorption, besides weak intra-4f" absorptions of Tb*",
or of Gd**. Under plasma excitation, it is observed that the phosphor with higher Gd/Y ratio is
more efficient, specifically at high pressure.

These results will be discussed with consideration of experimental specific conditions in each
set of experiments (i.e. synchrotron or plasma).

Acknowledgements: Financial support for this work is acknowledged under the CityU
Strategic Research Grant 7002292. Travel expenses under the HK-France Research Grant
9050206 are also acknowledged.
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The manganese rare-earth tetrametagermanates Ln2M2+Ge4012, Ln=Eu-Lu, Y, were
synthesized from oxides by annealing at 1050°C with conventional heating and
microwave heating. The application of a microwave field allowed reducing the time of
synthesis by a factor of twenty. An analysis of XRD and ED patterns indicates the
space group P4/nbm (No. 125, Z=2) for all compounds. The crystal structure of the
manganese rare-earth tetrametagermanates consists of two alternating layers: one
formed by Ln and Mn atoms and another by cyclic anions [Ge;O,]% in boat-type
conformation. Between these layers octahedral and square antiprismatic cavities are
formed. The Ln and Mn atoms are positioned inside elongated oxygen octahedrons
with ratio 0.5/0.5. The rare earth cations have oxygen square antiprism configuration.
The decreasing atomic radius of the rare earth elements leads to a change of the island
structure motive to the 2D layered type. The factor of atomic radius also makes
impossible the obtaining of Pr- and Nd-members of the series. However, the partial
substitution of Pr in the Y,MnGe,;O,, matrix leads to the formation of the solid solution
Perz_anGe4012, 0<x<0.5.

The NIR absorption spectra at T = 95 K of the Ln;MnGe4O,,, Ln=Dy, Ho, Er, Tm, Yb
and the solid solution Pr,Y,,MnGe;O;, (0 < x < 0.5) have been measured. The data
show the entire set of lines due to ff transitions from the Ln*" ground state to a series
of excited states. The optical absorption spectra were measured in the range AL = 190 —
1050 nm. According to the value of the fundamental absorption edge for each of the
compounds the optical band value has been estimated to be ~ 4.96 eV for all
tetrametagermanates.

Under the excitation of a 1064 nm Nd:YAG laser significant emission was revealed for
LnyMnGe,Oy,, Ln= Dy, Er, Tm, in the range around 1480 — 1750 nm, due to
corresponding transitions in the rare-earth ions:6H11/2 — °H, 52, 4113/2 e 52, Fy >
3He, respectively.

The optical properties and structural features of the manganese rare-earth
tetrametagermanates make them promising materials for optical elements, such as
converters of laser emission in the IR range.

This work was supported by the Russian Foundation for Basic Research under Grant
No. 07-03-00143, the Program of the Presidium RAS for Basis Research No.18.
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Theoretical models describing the mechanism of droplet formation and structure of Agl
particles prepared by the process of ultrasonic spray pyrolysis (USP) were investigated.
Theoretical approaches describe very well the properties of silver iodide particles,
collected and aged in 2-propanol after the USP process. The morphology of hollow
silver iodide particles aged in 2-propanol was found to be connected with mechanism
of surface precipitation caused by low precursor density. Beyond that, the structures of
small complexes used are directly connected with structural changes of Agl particles.
The proposed model and experimental results imply that the structure of the starting
thermodynamically stable Agl complexes used as a precursor solution influences a

final particle structure.
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The potential applications of the so-called organic-inorganic hybrids (OIH) in integrated
optics (IO) have been extensively explored [1]. The simplicity and low cost of the sol-gel
process make this method very suitable for the development of OIH materials for the
production of functional IO devices at low cost. Among the various OIH, those containing
amine functionalities, classed as di-ureasils, present acceptable transparency, mechanical
flexibility and thermal stability to be processed as thin films and tailored monoliths [2-3]. The
refractive index control is recursively made through the addition of metal oxide precursors,
specifically methacrylic acid modified zirconium tetrapropoxide (ZrMcOH). In particular,
monomode planar waveguides based on the di-ureasils with low losses both in the visible and
infrared (0.4-1.5 dB/cm) regions and channel monomode waveguides, diffraction gratings,
and Fabry-Perot cavities were obtained by UV writing [3]. Moreover, di-ureasils are good
Ln*" cages leading to enhanced quantum yield and improved UV photostability of Ln**
complexes enabling high luminescence efficiency (desirable for optical amplifiers and
lasers)[4]. In this work, a series of di-ureasils hybrids containing different amounts of
ZrMcOH nanoclusters (20-80% w/w) and incorporating EuCl; and [Eu(tta);(H,O,),]
(tta=thenoyltrifluoroacetonate) complex will be prepared. The influence of the ZrMcOH
nanoparticles in the photoluminescent features of the OIH will be studied in steady-state and
time resolved modes. Preliminary results point out that the ZrMcOH incorporation deviate the
maximum excitation wavelength of the OIH intrinsic emission from the UV (365 nm) to the
blue (420 nm) and enhances the emission quantum yield from 0.06 to 0.10. The Eu’*-doped
hybrids show an enlargement of the excitation spectra and the Dy decay curves displays a
non-exponential behaviour with average lifetime values higher than those estimated for the
isolated complex, suggesting changes in the ligands-to-Eu’" energy transfer processed due to
the presence of the ZrOMc nanoclusters.

[1] C. Sanchez, B. Lebeau, F. Chaput, J.-P. Boilot Adv. Mater., 15 (2003) 19609.

[2] L.D.Carlos, R.A.S.Ferreira, V.Z.Bermudez, S.J.L.Ribeiro, Adv. Funct. Mater. 11
(2000) 111.

[3] D.C.Oliveira, A.G.Macedo, N.J.O.Silva, C.Molina, R.A.S.Ferreira, P.S.Andre,
K.Dahmouche, V.D.Bermudez, Y.Messaddeq, S.J.L.Ribeiro, L.D.Carlos, Chem.
Mater. 20 (2008) 3696 (and references there in).

[4] L.D.Carlos, R.A.S.Ferreira, V.D.Bermudez, S.J.L.Ribeiro, Adv. Mater. 21(2009) 509.
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The present report is devoted to experimental studies and analysis of acoustooptic (AO)
diffraction in «o-BaB,0,4, SrB,0;, PbB,O; and Li,B4O; crystals. Ultrasonic wave
velocity, elastic compliance and stiffness coefficients, piezooptic and photoelastic
coefficients of a-BaB,0, and Li,B40 crystals are determined. The AO figure of merit
has been estimated for different possible geometries of AO interaction. It is shown that
the AO figures of merit for «-BaB,Os crystals reach the wvalue
M, =(230+50)x107" s’/kg for the case of interaction with the slowest ultrasonic

wave. The directions of propagation and polarization of those acoustic waves are
obtained on the basis of construction of acoustic slowness surfaces. The AO diffraction
is experimentally studied for a-BaB,0, and Li,B,0- crystals.

The acoustic, elastic, piezooptic, photoelastic and AO properties of SrB4O; and PbB,O,
crystals have been studied. The complete matrices describing the corresponding
properties have been obtained. The AO diffraction in PbB4O; crystals has been
observed. It is shown that the highest value of AO figure of merit
(M, =(10.4+6.6)x107"" s’/kg ) for SrB,O; crystals can be reached for AO interaction

with the slowest acoustic wave (V; =5470£80m/s). Since the SrB,O; crystals are

transparent down to 130 nm and all their optical parameters should increase there due
to dispersion, one can expect that these crystals could be efficient materials for AO
devices operating in a deep ultraviolet spectral range. We have found out that the
velocities of acoustic waves reveal small anisotropy for the both crystals and the latter
manifest high velocities for the longitudinal waves and lower ones for the transverse
waves. Then just the values of photoelastic coefficients and their anisotropy could have
a principal influence on the magnitude of AO figure of merit. Those coefficients are
high enough for providing a notable AO efficiency (in particular, in SrB,O- crystals) as
well as observable diffraction in PbB,4O; crystals. On the other hand, small anisotropy
of the acoustic velocities in SrB,0O; and PbB,O; crystals can be useful when elaborating
acousto-electronic devices, since it would not be necessary to associate the velocity
components with certain crystallographic directions. Moreover, since the rise time of
AO modulators is proportional to the time taken by the acoustic wave for travelling
through the laser beam, AO devices based on SrB4O; and PbB,O; crystals should be
quite fast. Besides, these crystals can be used in Q-switching AO devices, owing to a
high optical damage threshold and transparency in the ultraviolet range.
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The physical properties of the amorphous alloys depend on the production technique
and their state can be changed by annealing or by irradiation. If the annealing
temperature is below the crystallization temperature, stuctural relaxation processes are
initiated inside the amorphous alloy. If the annealing temperature is near the
crystallization temperature then crystallization processes are initiated.

In this paper we examine some aspects of the crystallization kinetics of Fe;CroByg
amorphous alloys. The analysis is based on isothermal annealing, non-isothermal
annealing, Mossbauer spectroscopy (MS) and X-ray diffraction (XRD).

In the isothermal annealing some samples (80 mm x 30um x 2.5 mm) have been
introduced in thin vacuumed glass tubes and subjected to isothermal flash at annealing
temperatures T, = 701K, 708K, 715K. The isothermal crystallization kinetics has been
examined by measuring the changes in the coercitive force, H.

Using the Johnson-Mehl-Avrami (JMA) equation to describe the kinetic reaction under
isothermal conditions, two processes have been identified : one characterized by an

activation energy of crystallization &,;, =2.3120.04 eV and by an order of
reaction 7, =2.41+0.07 and another one characterized by an activation energy of
crystallization  &,, =3.00£0.02 eV and by an order of reaction

n, =1.13£0.02 . These results suggest that the dominant mechanism is the grain

growth at a constant or increasing nucleation rate for the first process and a diffusion
controlled growth of grains for the second one.

Non-isothermal crystallization kinetics were performed on a C-Derivatograph at
constant heating rates 9 K/min, 12 K/min, respectively 15 K/min. By DTA analysis
only one exothermal process has been identified, characterized by an activation energy
g, =2.60+0.20 eV. This value of energy in non-isothermal annealing is similar
with the averaged activation energy, 2.66 eV, corresponding to the isothermal
annealing.

For the sample annealed at 701K/14400s the Mossbauer spectrum have been recorded

by using a constant acceleration spectrometer in transmission geometry which uses a
*’Co source in Rh matrix. For the sample annealed at 715K/144000s a XRD pattern has

been recorded on a DRON using Mo — Ka line (A=0.71 A).
Using both methods the following crystalline phases have been identified: Fe—a ,

(Fe,Cr)B, (Fe,Cr),B, (Fe,Cr),B.
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The solar radiation represents an important alternative source for generating electrical
energy but because of the high price of photovoltaic cells, the cost of converting solar
energy in electrical energy can be prohibitive. In order to make thr solar radiation an
efficient source of energy, a solution is to concentrate it by using static concentrators
which are easy to be constructed based on rather cheap materials. In this way one can
achieve an increase of the efficiency from 12-14% to 28-30%. In order to design such
concentrators it is useful to simulate the trajectory of the solar rays. The simulation can
be achieved by using the Ray-Tracing technique.

Based on this technique we implemented a software application, Ray-Tracer [1], [2],
which allows us to compute several physical quantities which characterize the solar
energy. More specifically, these quantities are: the solar irradiance; the incidence angle
of the radiation on the input aperture; the irradiance in the point which contains the
input aperture; the density of the radiant flow in the plane which contains the receiver;
the optical concentration factor; the quantity of energy which passes through the input
aperture during the measurements; the quantity of energy received by the cell; the
average optical efficiency of the concentrator. These quantities are computed starting
from several input values provided by the user: the input aperture radius; the output
aperture radius; the receiving cell position; the incrementation step of the distance
between the cell and the parable; the final position of the cell; the initial moment of the
measurements; the final moment of the measurements; the incrementation of time; the
roof’s inclination angle; the azimuthal angle of the roof; the month; the day.

In this paper we present a comparative study for a paraboloidal concentrator placed on
roofs oriented toward south, south-east and south-west and corresponding to the
equinoxes and solstices. For each case we identified the time intervals for which the
concentrators corresponding to different orientations generate the highest values of the
efficiency.

[1] LLuminosu, I.Zaharie, D. Ignea — The study of a paraboloidal optical
concentrator by ray-tracing method : foundations, Moldavian Journal of the
Physical Sciences, Vol.7, nr. 2, 224-228, 2008,

[2] 1. Zaharie, 1. Luminosu, D. Ignea — The study of a paraboloidal optical
concentrator by ray-tracing method: results, Moldavian Journal of the Physical
Sciences, Vol.7, nr. 2, 229-233, 2008,
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The paper presents a study on the formation and thermal stability of y-Fe,O; nanoparticles
within the silica matrix depending on the Fe(Ill) carboxylate type precursor and their
annealing temperature. The obtaining of the precursors, within the gels pores, bases on the
redox reaction between Fe(NO;); and the diols: ethylene glycol (EG) and 1,4 buthane diol (1,4
BG), respectively.Thus, we have prepared gels for different Fe,O5/SiO, ratios (20, 30, 50, 70
wt% Fe,O3) which were annealed in the temperature range 300+-1000°C. The presented figure
shows the XRD patterns of the nancomposite with 50 wt% Fe,05/SiO, obtained in the
synthesis with 1,4 buthane diol. All patterns evidence the formation of the sole phase y-Fe,O;
as nanoparticles with diameter in nanometer scale calculated with the Scherrer formula.

v-Fe,O3 nanocrystallites diameters
annealed at different temperatures

XRD patterns of the samples with 1,4 BG
annealed at different temperatures

~ Temperature (°C) Mean diameter (nm)
2 300 6.1
g 500 5.8
..E 00— 500 °C 700 6.8
. 005
w a0 s a0 50

The nanocomposites resulted in the synthesis with ethylene glycol, thermally treated in the
same conditions, also lead to the formation of y-Fe, 03, but less crystallized.

The composites synthesized with different ratios Fe,O3/SiO, and different diols, form at
1000°C a mixture of crystalline phases: y-Fe;0;, 0-Fe,O; and Fe,SiO, evidenced by XRD.

[1] M. Stefanescu, O. Stefanescu, M. Stoia,C. Lazau, J. Therm.Anal.Cal. 2007, 88, 27-32.
[2] M. Stefanescu, M. Stoia, O. Stefanescu, J. Sol-Gel Sci.Techn. 2007, 41, 71-78.
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The interaction of proteins with solid surface is a fundamental phenomenon with
implication for biomaterials, biotechnological processes and nanotechnology.
Quantification of adsorption and microstructural parameters of thin organic layers on
planar surfaces is of high interest, especially in areas like biomaterials and surface-
based biointeractions.

The kinetics of adsorption of horse spleen ferritin on gold (Au) surface was studied.
The thickness resolution and in situ advantage of atomic force microscopy (AFM)
make this technique particularly suitable for studies of thin layers of biological interest.
Received was also the relation between parameters of adsorbed layer and pH, and
protein concentration. The results suggest that the ferritin adsorption can be described
as a multistage process.

The data enable modeling of the protein adsorption on blood vessels and tissues in

pathological processes.
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OPTICAL PROPERTIES AND PHOTOCATALYTIC ACTIVITY
OF RUTILE NANOPOWDERS DOPED WITH Fe IONS
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TiO, nanopowders doped with different concentration of Fe ions were synthesized by
coprecipitation method. Applied synthetic procedure induced formation of pure rutile
crystalline structure. TEM measurements revealed formation o flower like
agglomerates with diameters in the size range from 100-150 nm. XPS measurements
showed that Fe ions are mainly in Fe’" oxidation state and that concentrations of
incorporated iron ions are much lower than stoichiometric. Doping with Fe ions has
great influence on optical characteristics of the host material. Reflection measurements
showed that doping of TiO, with Fe’" causes shift of the absorption threshold towards
visible spectral region. No increase of TiO, photocatalytic activity after doping was
observed (Figure). The induced photoluminescence as well as the decrease of
photocatalytic activity is probably the consequence of the introduction of oxygen
vacancies through doping procedure. For higher dopant concentrations (> 5%,
stoichometric concentration) also recombination of photogenerated charge carriers
occurs with higher probability.

1,0

1—m— Degussa P25
2—m—TiO, 1
0'2_ 3—m—TiO, +2.5% Fe -
4—m—TiO, + 5% Fe

5—m—TiO, + 10% Fe

0.048 TiOi +20% Fe
"o 2 4 6
Time (h)
Kinetics of mecoprop degradation (2.7 mmol dm ) under UV irradiation monitored by
spectrophotometry, in the presence of Fe-TiO, with various amounts of Fe ions, pure

TiO, and Degussa P25 Catalyst amounts: 2 mg cm .
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NANOCRYSTALS IN NON-COORDINATING SOLVENT
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[-III-VI, compounds, like CulnS, and CulnSe, are effective light-absorbing materials
which can be used in thin-film solar cells, in printed and flexible photovoltaic
devices.We synthesized Culn-chalchogenide nanoparticles by solvothermal method.
Myristic acid complexes of Cu and In (1:1 stoichiometry) were allowed to react with S
or Se ions at 300°C. Colloidal dispersions were cooled after nanoparticles were formed
and obtained materials were washed and redispersed in appropriate solvents for
characterization. XRD showed that chalchopyrite crystalline structure was dominant in
both materials, with a traces of metallic copper and indication of In-rich ternary
compounds. Stoichiometry was confirmed by ICP-OES technique, Cu/In = 0.546 in
CulnS; and Cu/In = 0.627 in CulnSe,. According to Cu/In ratio we can expect n-type
conductivity. Typical TEM images of obtained materials are presented which reveal
that both materials have at least two main sizes of particles, CulnS, has diameters about
8 and 20 nm and CulnSe, has diameters about 5 and 15 nm.

50 nm
I

TEM images of CulnS, (a) and CulnSe, (b) nanoparticles.
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EFFECTIVE CHARGE APPROXIMATION FOR TWO-
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Using an adiabatic approximation based on action-angle variables, we develop a consistent
approach which enables us to include effect of quantum dot thickness upon its electronic
spectrum. We show that a difference in time scales of vertical and lateral dynamics in the dot
permits one to analyze three-dimensional problem of interacting electrons by means of the
effective Hamiltonian with a screened two-dimensional Coulomb interaction. Analytical
expressions for effective charge of the Coulomb interaction (screening) are obtained for a
vertical confinement potential simulated by parabolic, square and triangular wells. A
remarkable agreement between experimental data and calculations for the additional energy
exhibits important role of the dynamical screening for analysis of ground state transitions of
the dot in a perpendicular magnetic field.
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Surface modification of nanocrystalline TiO, particles (45 A) with bidentate benzene
derivatives, i.e., 2-hydroxybenzoic acid, 2,5-dihydroxybenzoic acid, 2,3-
dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid and catechol was found to alter
optical properties of nanoparticles. The formation of the inner-sphere charge transfer
(CT) complexes results in a significant change in the onset of absorption and the
effective band gap compared to unmodified nanocrystallites. From the Benesi-
Hildebrand plot, the stability constants at pH 2 of the order of 10° M have been
determined. The binding structures were investigated by using FTIR spectroscopy. For
chosen endiol modifiers binding was found to be through bidentate binuclear (bridging)
complexes leading to restoration of six-coordinated octahedral geometry of surface Ti
atoms. Salicylate type (OH, COOH) of binding is characteristic for 2-HBA and 2,5-
DHBA, catecholate type (OH, OH) is obvious in CAT and 3,4-DHBA, while both
salicylate and/or catecholate type may participate in the binding of 2,3-DHBA. It is
evident that choosing the proper ligand can result in fine-tuning of the electronic
properties of TiO,. Stabilized charge separation, being important feature of these
systems, opens-up possibility for using modifier molecules as conductive leads that
allow electronic linking of the nanoparticle into molecular circuits providing further
extension of photoinduced electron transfer
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Figure 1 Absorption spectra of surface modified TiO, nanoparticles (0.09 M, pH 2)
with different ligands (2.5 mM): A) bare TiO,; B) 2-hydroxybenzoic acid; C) 2,5-
dihydroxybenzoic acid; D) 2,3-dihydroxybenzoic acid; E) 3,4-dihydroxybenzoic acid;
F) catechol.
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This paper presents a study of Cr-N thin films deposited by reactive ion sputtering on
(100) Si substrates. The layers with various compositions and structures were deposited
under different values of nitrogen partial pressures and different substrate temperatures.
After deposition the samples were irradiated with 120 keV argon ions, to the fluences
of 1x10'° ions/cm” and 1x10'® ions/cm”. Rutherford backscattering spectroscopy, x-ray
diffraction and transmission electron microscopy were used to characterize chemical
composition, phases and microstructure of the samples. It has been found that the
nitrogen partial pressure determines the phase composition and the morphology of the
layers, while the substrate temperature have effect on grain size and the texture of the
films. Thin films with lower nitrogen contents exhibit mixture of Cr and Cr,N phases,
whereas the pure CrN phase is observed in films with ~48 at.% of nitrogen. After ion
irradiation the crystalline grains decrease in size, while both micro-strain and

dislocation density increase with argon ion fluence.
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Thin films of titanium nitride (TiN) were deposited by d.c. reactive sputtering on
(100)Si. The layers were deposited to a total thickness of ~240 nm at room
temperature (RT) and 150°C. After deposition the samples were irradiated with 120
keV argon ions to the fluences of 1x10'° and 1x10' ions/cm®. The TiN phase has been
identified with low angle X-ray diffraction analysis. The characteristic lines in the
diffraction spectra correspond to the (111), (200), (220) and (311) planes of TiN. From
a broadening of the characteristic peaks it was found that ion irradiation induced
changes in grain size, lattice constant and micro-strain. Rutherford backscattering
spectrometry (RBS) shows that the TiN layers stoichiometry is Ti:N=1:1,
corresponding to a pure TiN phase. Cross-sectional TEM analysis indicated the
presence of dense columnar and polycrystalline structure. The results showed that ion
irradiation induced microstructural changes due to the formation of the high density

damage region in the TiN film structure.
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The TiO, nanoparticles of different shapes (spheres, tubes and rods) were used
separately as precursors for the synthesis of TiO,/PVA nanocomposites. The
concentration of TiO, nanoparticles for each sample was kept constant, 0.25 mass % in
respect with pure PVA. Thermal properties of pure PVA and TiO,/PVA
nanocomposites were investigated by non-isothermal thermogravimetry analysis
(TGA) in argon and air atmosphere and differential scanning calorimetry (DSC), while
the shapes of TiO, nanoparticles were confirmed by transmission electron microscopy
(TEM). Thermal stability has been compared at 50% of their weight loss in each
sample. The presence of different shapes of TiO, nanoparticles within polymer matrix
does not change the mechanism of degradation in both atmospheres, but has
considerable influence on its thermal stability. The thermal stability of TiO,/PVA
nanocomposites in the presence of spherical TiO, nanoparticles was increased. On the
other hand, the presence of titania nanotubes or nanorods in TiO,/PVA nanocomposites
induced decrease of its thermal stability. The melting temperatures and crystallization
temperatures of TiO,/PVA nanocomposites were followed by a DSC curves analysis.
The melting temperature of PVA polymer matrix decreases by adding spherical TiO,
nanoparticles and increases by adding TiO, nanotubes and TiO, nanorods, while

crystallization temperature has the completely opposite behavior.
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Novel semiconducting polyaniline/titanium dioxide (PANI/TiO,) nanocomposite was
synthesized in water via oxidative polymerization of aniline with ammonium
peroxydisulfate in the presence of colloidal TiO, nanoparticles of an average diameter
~4.5 nm, without added acid. The initial aniline/TiO, mole ratio was 80:1. The
presence of colloidal TiO, causes the shorter athermal period between two exothermic
phases during the synthesis of PANI/TiO, nanocomposite, in comparison with
corresponding synthesis of pure PANI. The electrical conductivity of synthesized
nanocomposite was 1.9 x 10° S cm ™', slightly higher than that obtained for pure PANI
prepared under the same conditions, without TiO,. The network of nanorods (an
average outer diameter 60—90 nm) predominates in the morphology of PANI/TiO,
nanocomposite, as revealed by scanning electron microscopy. The molecular structure

of nanocomposite was studied by FTIR spectroscopy.
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The kinetics of ferritin adsorption on gold (Au) surface is studied with atomic force
microscopy (AFM) and ellipsometry.
The thickness and the refraction index of the adsorbed layer were determined using a
four-layer theoretical model of the “prism-gold surface-adsorbed layer-solution”
system. The relations between parameters of adsorbed layer and pH and protein
concentration are obtained. It seems that the ferritin adsorption is a relatively slow
multi-stage process.
The obtained results enable modelling of the protein adsorption on blood vessels and
tissues in pathological processes. The kinetics of protein adsorption could be

implemented in medical applications and in development of new biosensor systems.
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Manipulation of the size and shape of metal nanoparticles has attracted a great deal of
attention recently and opened-up possibility for their usage in various fields such as
microelectronics and optics. Prismatic and plate-like silver nanoparticles synthesized in water
by colloidal chemistry methods, were used as a precursor for preparation of transparent and
colored Ag/PVA nanocomposite films. Due to structural anisotropy of prismatic and plate-like
silver nanoparticles, confirmed by TEM measurements, in absorption spectrum were observed
three surface plasmon resonance bands. In absorption spectrum of Ag/PVA nanocomposite
film appears only one absorption band. Interaction between Ag nanoparticles and PVA matrix
was followed using FTIR spectroscopy. The thermal properties of Ag/PVA nanocomposite
film has been examined using TGA and DSC techniques. The thermal decomposition of the
PVA matrix in the presence of shaped Ag nanoparticles is shifted towards higher temperatures
for about 14°C in argon atmosphere. Slightly higher thermal stability was obtained during
thermo-oxidative degradation process. DSC measurements revealed that shaped Ag
nanoparticles incorporated in PVA matrix do not have significant influence on the
crystallization temperature changes.
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Polymer based nanocomposites have emerged as a new class of materials and attracted
considerable interest due to their new or much improved optical, electrical and thermal
properties. Au nanorods are synthesized in water using seed-mediated growth method in the
present of surfactant CTAB and silver ions. The size and shape of Au nanorods (length-width
aspect ratio 4) were examined by TEM technique. Colloidal solution of Au nanorods was used
as a precursor for synthesis of Au/PVA nanocomposite films. The optical properties of
transparent and colored nanocomposite films were evaluated by UV/ViS absorption
spectroscopy. The appearance of two surface plasmon resonance bands in absorption
spectrum of Au nanorods colloidal solution is consequence of structural anisotropy. Different
dielectric properties of PVA polymer compared to water environment induced position
changing of the longitudinal and transversal plasmon resonance bands in absorption spectrum
of Au nanorods/PV A nanocomposite films.
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In this paper nanometric powders of solid solution of the host compound ceria (CeO,)
with Pr dopant in the lattice were synthesized by self-propagating room temperature
synthesis (SPRT) with very precise stoichiometry according to tailored composition.
Powder properties such as specific surface area crystallite and particle size, dopant
content and lattice parameters have been studied. BET, TEM, X-ray diffraction analysis
(XRD) and Raman scattering measurements were used to characterize the samples at
room temperature. All obtained solid solutions exhibit a fluorite-type crystal structure
with composition dependent lattice parameters. The average crystallite size is about 5
nm. Williamson-Hall plots were used to separate the effect of the size and strain in the
nanocrystals. Defect model introducing anion vacancy's radius can be applied to
calculate lattice parameters of doped ceria nanosized solid solutions and their
theoretical densities. The Rietveld refinement was employed for some samples to get
the structural information of the synthesized powder. Different factors like phonon
confinement; strain, size distribution, defects and variations in phonon relaxation with
particle size can contribute to the changes in the Raman peak position and linewidth.
To explain properly the changes in the Raman spectra of doped ceria nanosamples
(large shift and assymetrical broadening of the Raman line), the phonon confinement
model (PCM) is used to compare experimental data with theoretical predictions in
nanomaterials. It is noticed the redshift and asymmetric broadening of the Raman F,,
mode which is explained with combined confinement and strain effects due to
nanocrystalline powders nature. The appearance of the additional peaks at ~ 560 cm’
and at ~ 600 cm™ is attributed to extrinsic and intrinsic oxygen (O*) vacancies in the
ceria lattice. Colour characters of solid solutions and their position in the chromaticity
diagram were studied by UV-Visible spectrophotometry (diffuse reflectance).
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CRYSTALLIZATION OF TRIPHENYLDIAMINE (TPD) THIN
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Saga Trifunovi¢®, Edin Suljovruji¢®
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TPD (N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'biphenyl 4,4'diamine) is a well
known hole transport material, widely used in organic optoelectronic devices due to its
higher carrier mobility and the ability to form amorphous thin films. On the other hand,
different surface morphologies and morphological modifications induced by the
crystallization in the amorphous layers have a significant effect on the performance and
stability of these devices. In this paper, TPD thin films with different nominal
thicknesses, obtained using physical vapor deposition, were stored up to one year and
their crystallization ability was investigated. Differential scanning calorimetric (DSC)
measurements confirmed the high crystallization potential of TPD molecules, while the
structural differences between the amorphous and semicrystalline thin films were
successfully determined using wide angle X-ray diffraction (WAXD). A comparison
between the virgin (amorphous) and aged thin film morphologies was made by atomic
force (AFM) and optical microscopy (OM). The crystallization-induced changes in the
optical properties of thin films were also investigated by absorbance and
photoluminescent (PL) measurements; the obtained spectra are strongly dependent on

the changes in the microstructure of thin films.
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CONFINED GROWTH OF METAL AND SEMICONDUCTOR
NANOPARTICLES WITHIN BIOPOLYMER MATRICES
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As a result of the insatiable demand for new materials in emerging fields like
nanotechnology, the preparation of metal- and semiconductor-polymer nanocomposites
is a rapidly evolving area of research. It is well known that inorganic nanoparticles
often show characteristic electronic, optical and other properties, different from those
of the bulk phase. These properties can be successfully utilized by incorporation of the
nanoparticles into polymer matrices, since a polymer can be easily designed into almost
any shape required by a particular application. Recently, because of their possible
applications in medical diagnostics, targeted therapeutics and molecular biology, there
is an increasing number of studies on nanocomposites that employ biopolymers
(particularly polysaccharides) as host materials. The macromolecular chains of these
biopolymers possess a large number of hydroxyl groups and they can complex well
with metal ions, which in turn enables a good control of size, shape and dispersion of
the nanoparticles formed. Here we will present the results on the structure and the
optical properties of metal- (Ag, Au), semiconductor (CdS, CdSe, PbS, Ag,S) and core-
shell (Ag@Ag2S) nanoparticles synthesized in various biopolymers (chitosan, alginate
and starch).

[1] D.K. Bozani¢, V. Djokovi¢, J. Blanusa, P. Sreekumari Nair, M.K. Georges, T.
Radhakrishnan, Europ. Phys. J. E 2007, 22, 51-59

[2] T. Radhakrishnan, M.K. Georges, P. Sreekumari Nair, A.S. Luyt, V. Djokovié, J.
Nanosci. Nanotechnol. 2007, 7, 986-993

[3] V. Djokovi¢, R. Krsmanovi¢, D. K. Bozani¢, M. McPherson, G. Van Tendeloo, P.
S. Nair, M. K. Georges, T. Radhakrishnan, Coll. Surf. B, Biointerf. in press
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The influence of applied magnetic field (up to 7T) on photoluminescence of Cd; Mn,S
(x = 0.01, 0.05, 0.30) was investigated. The shape of these spectra does not change
significantly with a change of magnetic field intensity. However, it is clear that the
emission band intensities at ~ 1.7 and ~ 2.1 eV are changing in different ways. Because
the emission energies of 2 and 2.13 eV change in the same way, we conclude that they
have the same origin and that they correspond to two different emissions from Mn*"
jons. This can be explained by the fact that Mn”" ions are present in different local
environments. The higher energy level of 2.13 eV is related to the Mn®" in a tetrahedral
site while the lower level of 2 eV is caused by a lattice disturbance and Mn*" in an
octahedral symmetry in MnS that is formed on some parts of the nanocrystal surfaces,
when material is heavily doped. We propose the scheme of energy levels that explain

the obtained experimental results.
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Technology aspects, and optical study of ZnO:Mn nanocrystalline thin films deposited
on fused quartz substrates by atmospheric barrier torch discharge technique are
presented here. This technique is based on the plasma stream, which is established by
the stream of gas flowing through a hollow metallic needle-like electrode. Such
technique is suitable for the fast and cheap deposition of transparent conductive oxides
on the variety of the substrate materials. Structural XRD and AFM analysis of the
ZnO:Mn films deposited in air confirmed well-formed, [001] preferably oriented,
hexagonal structures. The optical measurements of the samples were realised by
variable angle spectroscopic ellipsometry (VASE) and by spectroscopic reflectometry
at near — normal incidence (NNR) within the spectral range of 1 — 5 eV. Both sets of
experimental data were fitted simultaneously using the dielectric function model based
on an excitonic structure. The model was developed by Tanguy [Phys. Rev. B 60
(1999) 10660] to provide an analytical expression for Wannier excitons, including
bound and unbound states. The function depends on five parameters including band
gap energy (E, ).The experimental data around the absorption edge were then fitted by
“point- by- point” method and the result was compared with the parameter E, obtained
from dielectric function model. The surface roughness was modelled by the effective
Bruggeman medium approximation (EMA) assuming 50% voids and 50% of the film
material.

The optical study of the deposited layers was mainly focused to the grain size and Mn
doping effect on its optical properties. It was shown that the absorption edge of the Mn
doped ZnO is strongly dependent on both Mn concentration and grain size (mainly for
the grains smaller than 40 nm). Such pronounced sensitivity of the near band edge and
optical band edge absorption parameters to the grain size and Mn doping gives a
possibility to produce films with controlled properties for band gap engineering.
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Silver nanoparticles were synthesized in a chitosan biopolymer using D-glucose as a reducing
agent. The reduction procedure was carried out under microwave irradiation. The resulting
nanocomposites were investigated using structural, optical and thermal methods. TEM
micrographs showed that the nanoparticles are mostly spherical in shape with an average
diameter of approximately 10 nm. The results of the optical properties of the silver-chitosan

nanocomposites were analyzed using classical theories for absorption of light by small
metallic particles.
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TRYPTOPHAN-FUNCTIONALIZED GLOWING SILVER
NANOPARTICLES EMBEDDED IN BIOPOLYMER MATRIX
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Silver nanoparticles were prepared by non-toxic synthesis procedure using luminescent amino
acid tryprophan as a capping agent. Trypthophan-functionalized silver nanoparticles showed
bright luminescence at 360 nm and surface plasmon resonance band around 400 nm owning it
to tryptophan and silver nanoparticles, respectively. The obtained nanoparticles were
embedded in water soluble biopolymer chitosan. The ensuing polymer nanocomposites were
investigated using structural and spectroscopic methods. The differences between the emission
spectra of pure tryptophan, functionalized silver nanoparticles, and nanocomposites are
thoroughly discussed.
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SEMICONDUCTOR NANOPARTICLES IN POLY(2-
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The lead sulfide (PbS) and cadmium selenid (CdSe) nanoparticles in poly((2-
(dimethylamino)ethyl methacrylate-co-acrylic acid) copolymer were prepared and
investigated. Co-polymers were synthesized by radical polymerization of the co-
monomers in different molar ratios. Nanocomposites were characterized using optical
and structural methods. TEM analysis showed spherical, well dispersed particles, with
size distribution in nano range. X-ray diffraction analysis revealed that PbS and CdSe
nanoparticles have a cubic crystal structure. Interaction between semiconductor

nanoparticles and copolymer was studied by FTIR spectroscopy.
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The affinity of the alginate for divalent metals was employed for templating semiconductor
ZnO nanoparticles. The nanoparticlese were obtained by the crosslinking of poly(e -L-
guluronic) residues in alginate using Zn®>" ions and later oxidation of zinc at elevated
temperatures. The obtained materials were investigated using structural and spectroscopic
investigations. Photoluminescence spectra showed strong emission of the material in the
visible part of the EM spectrum.
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MULTICOLOUR EMISSION PATTERNS BASED ON THE
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We show the possibility of preparing heterogeneous micro-structures out of rare earth
based optically active materials. Two-dimensional multicolour emission arrangements
have been obtained by embedding high refractive-index Er'* doped CaTiOs
nanoparticles into Nd** doped LiNbO; substrates pre-patterned with two dimensional
arrays of micro-voids. The void structure on LiNbO; was obtained after selective
chemical etching on the ¢ face of a pattern of polarization inverted domains created by
electron beam writing. The two dimensional pattern consist in circular shaped voids of
5 um in diameter distributed in an hexagonal lattice with a total spatial extension of
2x2 mm’.

To optically activate those micro-voids, Er** doped CaTiOs nanoparticles were mechanically
incorporated inside them. The Er'’" doped CaTiO; nanocrystals were consolidated into the
voids by means of a thermal treatment at 900 °C for 1 hour. After that, the appearance of ~ 1
pm-thick crown around the walls of the filled voids (surrounding the optically active
CaTiO5:Er’" nanocrystals) was observed. X-ray diffraction at glazing incidence and spatially
resolved confocal micro-Raman spectroscopy, allowed us to identify the compound forming
this shell as CaNb,Og.

Figure 1 shows three scanning confocal micro-fluorescence maps obtained by selecting the
different spectral emission regions associated with the different structures forming the pattern.
The results reveal the possibility of a simultaneous spatial and spectral control of the RE*
emission in a two dimensional array at the micrometer scale and can be useful for the
development of new micro-composite rare earth based photonic devices, such as multicolour
emission displays or pixelated colour structures.

b)

a) c)

6um

6um 6um A

Figure 1. Fluorescence maps selecting a) the Er’” emission from CaTiOs nanoparticles
at the voids (846.8 nm); b) Nd** emission from the CaNb,O4 crown (878.8 nm); c)
Nd** emission from the substrate (924.1 nm).
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The formation of noble metal nanoparticles inside glass has been extensively
investigated in the past decades because of their excellent properties such as an
ultrafast optical response and large third-order non-linear susceptibility [1]. Recently,
the precipitation of silver nanoparticles in glass by means of femtosecond-laser
irradiation and following thermal annealing at high temperature in silicate glasses was
reported [2]. However, the systematic study to understand the mechanism was not
reported. In this presentation, we report the spectroscopic investigation on formation of
silver clusters and nanoparticles in Ag-doped glasses, Ag,Ce-codoped glasses, and
Ag,Mn-codoped glasses with various concentrations. We studied characteristics of
absorption, photoluminescence, and excitation spectra as well as the temporal behavior
of the emissions for the materials annealed at different temperatures up to 500C.
Different kinds of defects were found and disappeared as temperature changed. The
more Ce ions produced the less surface plasmon resonance bands of silver
nanoparticles. In contrast, the more Mn ions enhanced the surface plasmon bands at
high temperatures. Figure 1 shows the temoral profile of the emission from the
irradiated Ag,Ce-codoped glass. In addition, we found the energy tranfer from Ce ions
to Ag ions in the irradiated glass.
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Fig. 1 Decay curve of the emission at 500 nm from Ag-clusters in the irradiated Ag,Ce-
codoped borate glass.

[1] S. Link, M.A. El-Sayed, J. Phys. Chem. B 104 (1999) 4212.
[2] J. Qiu, X. Jiang, C. Zhu, H. Inouye, J. Si, K. Hirao, Opt. Lett. 29 (2004) 370.
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The idea to enhance efficiency of a photovoltaic cell (PV) by applying solar
concentrator has been proposed already many years ago. While solar concentration by
means of mirrors and lenses require mechanical system which tracks the Sun during the
day, emission solar concentrator based on dyes will work efficiently even with
dispersed light during cloudy day.

The letter system consists of transparent plate doped with a phosphor. On the edges of
the plate PV cells are attached. A part of the emission excited by the Sun is guided
within the plate toward the edges. Emission’s wavelength matches the maximum
sensitivity of the attached PV cell.

An ideal phosphor for such application should absorb whole Sun spectrum and than
generate narrow emission line with energy below the absorption bands to avoid re-
absorption. The phosphor should be resistant to UV and atmospheric conditions.
Inorganic phosphors doped with transition metal ions could be attractive candidates for
such purposes.

We decided to investigate ZnAl,O4 nanocrystallites doped with chromium ions. Small
diameter of obtained crystallites (around 10 nm) permits to immerse them into glasses
or polymers or deposit them on the PV surface. Nano size of the crystalline ensures low
dispersion losses. Trivalent chromium ions located at high crystal field in ZnAL,O,
have broad intense spin allowed absorption bands and narrow emission at 686 nm.
Therefore this phosphor seems to be an ideal candidate for manufacture a solar
concentrator coupled to GalnP photovoltaic cell which have the band-gap of around 1.8
eV (688 nm).

ZnAlO,: Cr’* were synthesized by modified solvothermal method. The nanocrystallite
size depends on annealing temperature and varies from 3 to 15 nm. Together with
crystalline size specific surface area changes from 220 to 45 m*/g, respectively. Since
chromium is situated in strong ligand field the emission is narrow and assigned to the
2Eg > 4Azg transition. The main emission line is associated with vibronic and N; lines.
Intensity of the emission increases strongly with increasing of the annealing
temperature. In this work we will present spectroscopic properties of the nano powder
samples, compare them with those of bulk and discuss how they depend on growing
conditions.
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AN APPROACH TO THE DEFECT STRUCTURE ANALYSIS OF
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TEMPERATURE

Noureddine MASAIF, Adib JENNANE, Abdelghani KHALIL, Kamal MAAIDER

Uninersité Hassan 1°" Faculté des Sciences et Techniques
Laboratoire Matiere & Rayonnement ERPMM BP 577 Settat Morocco

New approach of the ferroelectric phase transition is proposed to study the Curie
temperature in Nickel doped lithium tantalate ceramics. The optic modes of lattice
vibration were used to derive the Ni incorporation mechanism in the LiTaOj; lattice. To
understand the mechanism responsible in this phenomenon, we have proposed a
theoretical description of the defect structure in doped LiTaO; on the basis of the
generalized vacancy models combined with a ferroelectric phase transition theory. A
comparison between the calculated values from this approach and the experimental

data of the Curie temperature is detailed.
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The behaviour of the polymer solar cells based on the diode model is analyzed. A dependence
between the carriers generation rate, respectively the parallel resistance of the cell versus the
power density of the incident flow is obtained using the statistical analysis of the experimental
data. Based on these equations, the J-V characteristics curves are simulated and the influence
of different parameters on the behaviour of polymer solar cells is analyzed. At the same time,
the different quantities specific for solar cells are calculated.

In Fig. 1 we can see the variation of the total current with the cell voltage for different values
of the active layer thickness. In Fig. 2, the dependence of J; on the cell voltage for different
densities of the incident illumination flux is presented.
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Fig. 1. J current density variation with cell voltage for different active layer thicknesses
Fig. 2 J current density variation with cell voltage for different incident illumination
flux values.

[1] Scharber M., Miihlbacher D., Koppe M., Denk P., Waldauf C., Heeger A. J.,
Brabec C., Adv. Mater., 18, 789, 2006.

[2] E. A.Katz, D. Faiman, S. M. Tuladhar, J. of Appl. Phys., 90, nr. 10, p. 5343, 2001.

[3] T. Aernouts, Organic Bulk Heterojunction Solar Cells From Single Cell Towards
Fully Flexible Photovoltaic Module, Katholicke Universiteit Leuven,
Celestijnenlaan 200 D, B 3001 Leuven, Belgi€, 2006.

[4] J.Marlein, M.Burgelman, Empirical J-V modelling of CIGS solar cells,
Proceedings of NUMOS Gent, 28-30 March 2007

[5] M. Burgelman, J. Verschraegen, S. Degrave, and P. Nollet, Prog. Photovolt. Res.
Appl. 12, 143, 2004.

[6] J. Marlein, K. Decock and M. Burgelman, Thin Solid Films 517, 2353, 2009.

[7] H.L.Kwok, Rev. Adv. Mater. Sci. 5, 62, 2009.
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Starting with the nanocrystalline dye sensitized solar cell invented by Graetzel,
research in photovoltaics experienced an increased interest by many research teams.
[1,2].

This paper deals with the synthesis and characterization of new phthalocyanine based
chromophores for the fabrication of dye sensitized solar cells and hybrid dye sensitized
solar cells.

We have synthesized cromophores based on phthalocyanine with different number of
pending carboxy groups and utilized them to fabricate solar cells, investigating their
photovoltaic properties. Based on this, our team developed a hybrid design using
polymers obtained by chemical means in the laboratory. As conductive polymers,
polyaniline doped with different doping agents and polythiophenes were used. For the
cell fabrication we have performed the deposition of TiO, followed by the dye
absorption and the polymer film formation in the case of hybrid cells.

Using the solar cells based on the materials previously analyzed, a specific
experimental circuit was developed and the I-V curves were plotted. The experimental
I-V curves were statistically analyzed and using the model developed by Mitroi M. R.
et. al [3], specific material parameters as the product between the mobility and carrier
lifetime, as well as parameters characteristic for a solar cell (fill factor and conversion
efficiency) were determined. The obtained results showed relative low efficiency
similarly to those presented in the literature [4,5].

[1] O’Reagan, B.; Graetzel, M., Nature, 1991, 353, 737.

[2] O’Regan B., Ismael Lopez-Duarte, M. Victoria Martinez-Diaz, Amparo Forneli,
Josep Albero, Ana Morandeira, Emilio Palomares,Tomas Torres, James R. Durran,
J. Am. Chem. Soc., 2008, 130 (10), 2906

[3] M. R. Mitroi, V. lancu, L. Fara, and M. L. Ciurea, Numerical analysis of ] - V
characteristics of a polymer solar cell, to be published.

[4] M. Burgelman, J. Verschraegen, S. Degrave, and P. Nollet, Prog. Photovolt. Res.
Appl. 12 (2004) 143.

[5] M. Scharber, D. Miihlbacher, M. Koppe, P. Denk, C. Waldauf, A. J. Heeger, and
C. Brabec, Adv. Mater., 18, (2006) 789.
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LIGHT EMISSION FROM Er-DOPED Ta-OXIDE FILMS
FABRICATED BY RF-SPUTTERING
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Er’*-doped Ta-oxide films were fabricated by RF-sputtering. Visible light emission observed from films
after annealing around 550 and 670 nm. Effects of Er’" concentration, annealing temperature and time on
light emission have been discussed.
Optical properties of rare-earth ions in solids have been investigated widely and are well understood [1].
Er**-doped materials are attracting much attention in recent years because of search for solid-state-laser
devices operating in the green region, optical devices for 3D displays and for waveguides which can work
in telecommunication window. Recently green light emitting materials are in demand because they are
useful in applications such as skypointer, unmanned aerial system and mini projection system. Erdle et al
have reported that 670 nm wavelength is useful in medical sciences in light therapy. It has been reported
that it accelerates wound healing and increase cell growth in tissue cultures [2]. Beyond that 670 nm
wavelength is useful in laser pumping, marking and printing applications.
In this paper we report visible light emission having two peaks around 550 and 670 nm from Er-doped
Ta-oxide films prepared by radio-frequency (RF) magnetron sputtering for the first time to the best of our
ken.
Er doped Ta-oxide films were fabricated by RF magnetron sputtering system, Ta,Os disc was used as
sputtering target. We placed Er,Oj; tablets on the Ta,Os disc. Ta,Os and Er,O; co-sputtered films were
deposited by supplying RF power to the target.
PL of samples were measured with monochromator CCD camera setup. He-Cd laser 325-nm wavelength
with 200 mW power was used for excitation of the samples.
Concentration of Er in the films after annealing were measured by using electron probe micro analyzer
(EPMA).
Figurel shows the PL spectra of Er doped Ta-oxide films. As-deposited samples did not show any PL
peaks. We annealed samples from 600 - 1100°C. Two clear peeks can be seen at 550 and 670 nm in post-
annealed samples. Rigneault et al [3] reported fluorescence spectra centered at 532 and 1530 nm from
Er’*doped Ta,Os samples, however no peck was seen at 670 nm in their work. Kojima et al [4] also
observed only green fluorescence peak around 550 nm.

PL at the wavelength of 550 nm and 670 nm has

1400 - been observed from the Er** doped Ta-oxide films

. T iapeposited) annealed at 600 to 1100°C. We optimized the

12004 700°C annealing temperature, annealing time and Er

- ‘ IR oS concentration, to obtain strongest intensity of PL
2 ool ﬁ ——1000°C peaks.

£ “ 1ovec These results demonstrate that Er’’-doped Ta-

g " ‘ \‘ oxide films fabricated by RF sputtering are high

quality luminescent layers. Microdevices useful
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{
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600 AM%\“‘&« i from Er’'-doped Ta-oxide films.
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Figure 1. PL spectra of Er-doped Ta-oxide

[1] L. Pavesi et al, “Silicon Photonics,” Springer vol.94
[2] B. J.Erdle et al, Dermatologic surgery 34(2007), p.320
[3] H.Rigneault et al, Applied Optics, 35,25(1995), p5005
[4] K. Kozima et al, Appl.Phys.Lett.,67(1995), p3423
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EFFECT OF TEMPERATURE ON THE KINETICS OF
MECHANOLUMINESCENCE OF POLYMERS

Shashi R. Kuraria* , R.K.Kuraria** and B.P. Chandra***

* Department of Physics , Govt. Model Science College(Auto) , Jabalpur - 482001,
India
** Department of Physics , Govt. S.S. A.College Sihora , Jabalpur - 483225, India
*4%* Department of Post Graduate Studies and Research in Physics & Electronics
,Rani Durgawati University Jabalpur — 482001, India

The effect of temperature on the mechanoluminescence (ML) of non-irradiated
polyvinylidene frouride (PVF,) , polyethylene (PE) , polypropylene (PP), polystyrene
(PS) , polymethylmethacrylate (PMMA) and polyethylmethacrylate(PEMA) have been
studied from room temperature to 100°C. It has been found that ML of polymers
decreases with in increase in temperature and slightly shifts towards shorted time
values. The ML intensity of polymers ceases completely near the melting point. At
higher temperature the rate of discharge of newly created surfaces may be responsible

for the decrease of ML in polymers.
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SILICATE BASED LUMINESCENT MATERIALS FOR
OPTICAL IMAGING

A. Lecointre, A. Bessiére, B. Viana, D. Gourier

Laboratoire de Chimie de la Matiére Condensée de Paris, UMR 7574-CNRS, Paris,
Franc, E-mail: aurelie-lecointre@enscp.fr

We  have  recently  developed  inorganic  luminescent  nanoparticles
(CagZnyoMg( Si,0¢: Eu*', Mn*", Dy3 "), which are suitable for in vivo imaging and
can avoid most of inherent problems encountered in classical optical systems (see
figure 1 from [1]). The key parameter of this technology is based on a generation of
persistent luminescence nanoparticles emitting in the red, which can be optically
excited before in vivo injection. The persistent luminescence lasts for several hours and
permits the removal of the background noise originating from in situ excitation.
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Figure 4. TL curves of Dy**-doped,
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doped and Eu*, Dy*" , Mn**-doped
CZMSO NPs

In the Cag,ZngoMggoSi,O06 (CZMSO):EuH,MnH,Dy3+ composition, Mn*" ion is the
luminescent center, whereas Eu”" and Dy’" cations presumably act as UV sensitizer and
trap center respectively.

Our purpose is to improve the persistent luminescence and to better understand the
related mechanism. The persistent luminescence of these materials has been evaluated
and thermoluminescence has been used. For instance TL glow curves of CZMSO are
presented in figure 2. At the conference the effect of the matrices structure
(Cag2ZnyoMg(¢Si,06 (CZMSO) in comparison with CaMgSi,O¢ (CMSO0)), and several
dopants capability will be discussed.

[1] Le Masne, Q, Scherman, D., Bessodes, M., Pellé, F., Maitrejean, S., Jolivet, J. P.,
Chanéac, C., Gourier, D., Proc. Nat.l Acad. Sci. USA, 104, 9266-9271, 2007

172



BIOCOMPATIBLE CALCIUM PHOSPHATES WITH RED
LONG LASTING PHOSPHORESCENCE FOR IN VIVO
IMAGING

A. Bessiére, A. Lecointre, B. Viana

LCMCP-ENSCP— UMR7574
ENSCP, 11 rue Pierre & Marie Curie — 75235 Paris France
aurelie-bessiere(@enscp.fr

Calcium HydroxyApatite (HA) and TriCalcium Phosphate (TCP) are the two most
well-known human biocompatible materials [1]. These compounds are the natural
constituents of bones and teeth and as such, are widely used for the synthesis of human
bones protheses. On the other hand, in these structures, calcium can easily be
substituted by luminescent ions such as transition metal ions (Mn”") or rare earth ions
(Eu®") for lighting applications.

These two properties of HA and TCP made them the candidates of choice for the
application of Long-Lasting Phosphorescent (LLP) markers used in a new technique of
in vivo imaging [2]. In this technique the luminescent marker is excited by a UV lamp
only once (for several minutes) before being injected to the animal. The marker is a
long-lasting phosphor emitting in the red region (A>600 nm) so that its
phosphorescence lasts for several minutes and can be detected through the animal
living tissues.

Using a co-precipitation method and some annealing steps, HA and TCP powders of
different structure were synthetised by playing with the ratio of Ca/P and the annealing
temperature. Then manganese doping was introduced in order to obtain a broad band of
luminescence from the “T; -> °A; transition of Mn*". In HA Mn*" substitutes Ca’" in a
weak crystal field positions (Ca(1) and Ca(2)) leading to orange luminescence. In TCP,
we found that Mn®" subsitutes only Ca(5) which is the tightest site of the structure to
produce a stronger crystal field around Mn*" and emits red luminescence. Emission
and excitation spectra were studied.

As HA:Mn*" and TCP:Mn*" do not present any intense absorption band matching with
the emission spectrum of the UV lamp, Ce’* co-doping was introduced to sensitize
Mn*" luminescence.

Long-lasting phosphorescence was studied. It was found that TCP compounds are
much better candidates than HA for LLP in vivo imaging and Ce®" co-doping improved
LLP. The results will be discussed in relation with the structure of the materials.

[1] J. C. Elliott, Structure and Chemistry of the Apatites and other Calcium
Orthophosphates, Elsevier, Amsterdam (1994)

[2] Le Masne de Chermont et al. Nanoprobes with near-infrared persistent
luminescence for in vivo imaging” Proc Natl Acad Sci USA (2007) 104, 9266-
9271
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TRIPLET STATE LIFETIME AND ACTIVATION ENERGIES
OF EPOXY RESIN MODIFIED BY CARBAZOLE

Ewa Mandowska*, Arkadiusz Mandowski

Jan Dlugosz University, ul. Armii Krajowej 13/15, 42-200 Czestochowa, Poland,
e.mandowska@ajd.czest.pl; a.mandowski@ajd.czest.pl

The next generation of flat panel displays seem to be polymer electroluminescent
devices. They have been extensively investigated in last years. High luminescence
intensity, low drive voltage and broad emission spectrum are the most interesting
properties of these materials. They are prepared from solution by spin coating method.
It is cheap technique because it does not require expensive high vacuum equipment
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Fig. 1 Phosphorescence decay of RsEPK thin film excited by 286 nm light at T = 82 K.

This paper presents results of phosphorescence (PH) temperature dependence studies
performed with 9-(2,3-epoxypropyl) carbazole (EPK) added to epoxy resin(R) (RsEPK
- 5% weight content of the carbazole group in polymer). Spectrally resolved
phosphorescence decay of RsEPK in temperature 82 K is shown in Fig. 1. Lifetime of
the triplet state (tp) of RsEPK was calculated in the temperature range 80K — 200K on
the basis of first order kinetic approach. The phenomenon of nonradiative deactivation
of the excited aromatic molecule in the lowest excited triplet state to the ground state
were studied. Lifetime measurements enabled us to determine activation energy
distribution. An interpretation of the results in terms of interaction between solid-state
matrix and carbazole group will be given.
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INDENTATION HARDNESS OF GLASSES OF Cu-As-Se-1
SYSTEM

Svetlana R. Lukic¢*, Ljubica Pacanin, Aleksandar Anti¢, Radenko Kisi¢, Fedor Skuban

Department of Physics, Faculty of Sciences, Trg Dositeja Obradovica 4, Novi Sad,
Serbia
*e-mail: svetlana@df.uns.ac.rs

As a part of general physical characterization of chalcogenide glasses, mechanical properties
of Cuy[(AszSes)oo(Aslz)oi]ioox glasses with x = 5, 10, 20, 25 at. % were examined. The
measurements were performed on bulk glass samples using indentation technique with
Vickers diamond indentor. Martens hardness, indentation hardness, hardness value according
to Vickers and Young’s modulus were calculated from the indentation load-displacement
curves. It was shown that all these parameters increase linearly with the increase of copper
content. Since chalcogenide glasses are generally very brittle, copper addition is justified
because of the mechanical properties improvement.
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MECHANICAL AND THERMAL PROPERTIES OF
ELASTOMERIC COMPOSITES FILLED WITH NANO-SILICA
PARTICLES

1 . RPN ., 2 v, 3

Gordana Markovié¢', Jaroslava Budinski-Simendié¢, “ M.D. Dramicanin’,
. . ., . - ,3
Milena Marinovi¢-Cincovié

'r igar, Pirot,
Faculty of Technology, Novi Sad, Serbia
JInstitute of Nuclear Science VINCA, Belgrade

milena@vinca.rs

In this applicative contribution the reinforcing effect of nanosized silica filler (15 nm
average size of primary particles) was studied. Four types of rubbers were used as
network precursors: styrene butadiene rubber (SBR), natural rubber (NR), butadiene
acrylonitrile rubber (NBR) and polychloroprene (CR). The effect of nano silica on the
elastomeric composite properies was compared with the influence of micro-silica (28
pm average size). The cure characteristics, mechanical properties and thermal stability
were estimated by oscillating disc rheometer, stress-strain measurements and
thermogravimetric analysis, respectively. It was determined that natural rubber greatly
improve the crosslinking process by shortening the time to optimum cure (to) and
prolonging the setting-up time (t;o), which improves production efficiency and
operational security. It was assessed that the tensile strengths of nano-silica samples
were close to micro-silica composites, but the tear strength and modulus of nano-
composites were better. The good interfacial interactions between the nano particles
and rubber macromolecules influenced excellent mechanical properties, and enhanced

thermal stability.
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RADIOLYTIC SYNTHESIS AND CHARACTERIZATION OF
THERMORESPONSIVE Ag/PNIPA HYDROGEL
NANOCOMPOSITES

A. Krklje§’, Z. Kagarevi¢-Popovié, J. Nedeljkovié

Vinca Institute of Nuclear Sciences, P.O. Box 522, 11001 Belgrade, Serbia
“krkljes@vinca.rs

The radiolytic synthesis of nanocomposites of silver nanoparticles (AgNPs) within
thermoresponsive poly(N-isopropylacrylamide) (PNIPA) hydrogel was studied. PNIPA
hydrogel was previously obtained by gamma irradiation induced polymerization and
crosslinking. The in situ reduction of Ag" ions was performed using strongly reducing species,
such as hydrated electrons and 2-propanol radicals, formed under the irradiation. PNIPA
demonstrates a lower critical solution temperature (LCST) or transition temperature (7,) at
about 32 °C in aqueous solution. Below this temperature, PNIPA is hydrophilic and dissolved
in water. However, it becomes hydrophobic, and the polymer chains exist in a collapsed state
and precipitate out from the aqueous solution as the temperature is increased above the LCST.
Correspondingly, the crosslinked, three-dimensional PNIPA hydrogel exhibits phase
separation and changes volume abruptly in response to the variations of the external
temperature changes. Below the LCST, PNIPA hydrogel absorbs a lot of water and exists in a
swollen state. As the temperature is increased above LCST, PNIPA gel shrinks dramatically
and collapses in volume thermoreversibly. LCST of hydrogels, neat PNIPA and Ag/PNIPA
nanocomposites, were determined gravimetricaly by swelling procedure at different
temperatures and by DSC measurement. The swelling behavior of synthesized hydrogels in
the water, at a room temperature, also was determined. Absorption spectra of Ag/PNIPA
nanocomposites indicated the presence of typical surface plasmon absorption band of AgNPs,
with peak maxima around 400 nm (particles with diameter less than 10 nm). XRD
measurement showed the Bragg’s reflections from crystal planes which corresponds to the fcc
structure of AgNPs. Interaction between nanoparticles and polymer matrix was investigated
by IR spectroscopy. By ICP measurement release of silver from hydrogel nanocomposites
was investigated. Due to its unique swelling properties, materials based on PNIPA hydrogel
has been utilized in many different areas such as catalysis, optics, electronics, pharmaceutics
and biomedicine.
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SYNTHESIS OF SILICA CORE / FERRITE SHELL PARTICLES
FOR ENCAPSULATION OF ENZYMES

Vladimir V. Srdi¢, Bojana Moji¢, Milan Nikoli¢, Mirjana Antov

Faculty of Technology, University of Novi Sad, Serbia

Recently, a variety of nanomaterials have been defined as promising candidates for
bioengineering applications because of the unique characteristics inherent to the
nanoscale. For these purposes, assembling of distinct nanoparticles on the surface of
silica spheres (i.e. formation of a core/shell structure) using different chemistries and
techniques seems very promising. Monodispersed silica particles were synthesized via
the hydrolysis and condensation of silicon alkoxide in alcoholic solutions in the
presence of water and with ammonia as catalyst. These submicrometer spheres were
utilized as templates for the assembly of different type of zinc-ferrite nanoparticles to
obtain desirable shell structures. Structural characterization confirmed that the
formation of desired core/shell structure requires the careful control of key processing

parameters.
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PLASMONIC OPTICAL ENHANCEMENT IN HYBRID
DEVICES FOR BIO SENSORS

Christin David*®, Marten Richter®, Andreas Knorr®, Inez Weidinger®, Peter
Hildebrandt®

“Institut fiir Theoretische Physik, Technische Universitdt Berlin, Germany
bInstitut fiir Chemie, Technische Universitdt Berlin, Germany
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We present two conceptionally different models to calculate electromagnetic field
distributions in multilayer metal-organic structures used for bio sensoring [1].

The excitation of plasmonic oscillations at the surface of nanostructured devices can create
strong local field enhancement as exploited in near-field optical microscopy [2]
(NSOM/SNOM) and surface enhanced (resonant) Raman spectroscopy (SE(R)RS) [3].

In this contribution, we particularly investigate hybrid, metal-organic devices used for the
detection of small amounts of proteins. Hybrid devices are promising in particular to combine
advantageous electrical, optical and chemical properties of different metallic layers.

Our calculations are performed in a quasistatic limit to describe near-field effects at roughened
metallic surfaces with multiple coatings.

The first model provides a good understanding of the transport of optical energy in such
devices. It is based on a concentric multilayer structure system in full spherical symmetry,
only allowing dipole solutions.

The second model, taking more realistic geometries via higher multipoles into account, gives
an even more accurate picture of the enhancement effects. This is achieved by applying an
image dipole method [4].

We compare the spatial and spectral distribution of common SE(R)RS electrodes with the
novel Ag-Au hybrid device pointing out its advantages [1]. We briefly show the dependence
of enhancement effects on the layer thicknesses to demonstrate the interplay of metallic and
organic layers.

[1] Jiu-Ju Feng, U. Gernert, M. Sezer, U. Kuhlmann, D. H. Murgida, C. David, M.
Richter, A. Knorr, P. Hildebrandt and I. M. Weidinger. Novel Au-Ag Hybrid Device for
Electrochemical SE(R)R Spectroscopy in a Wide Potential and Spectral Range. Nano Letters,
9 (1) (2009) p. 298.

[2] M . Ohtsu, editor. Progress in Nano-Electro-Optics II. Springer-Verlag, 2004.

[3] M. Moskovits. Rev. 0. Mod. Phys., 57 No. 3 (1985), p. 783.

[4] M.M. Wind, J. Vlieger, and D. Bedeaux. Physica, 141 A (1987), p. 33.
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LUMINESCENCE INDUCED BY ELASTIC AND PLASTIC
DEFORMATION OF y-IRRADIATED KCI CRYSTALS

R.N. Baghel1 and B. P. Chandra®
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’Shri Sankaracharya College of Engineering and Technology, Junwani,
Bhilai (C.G.) 490020, India
Email: rnbaghel20@gmail.com

A large number of organic and inorganic solids emit light during their deformation and
fracture. This physical process of light emission induced by any mechanical action on
solids is known as mechanoluminescence (ML). The light emissions induced by elastic
deformation, plastic deformation and fracture of solids are called elastico-ML,
plasticoML and fractoML respectively. For a long time it was thought that
mechanoluminescence appears only during fracture of solids. In 1960°s it was reported
for the first time that ML also appears during elastic and plastic deformation of
coloured alkali halide crystals. When a y-irradiated KCI crystal is compressed slowly at
a fixed strain rate, then initially the ML intensity increases linearly with deformation
time, and later on it attains a saturation value. When the compression is stopped, then
initially the ML intensity decreases at a fast rate and later on it decreases slowly with
time. Considering the occurrence of ML owing to the mechanical interaction between
dislocations and F-centres, expressions are derived for the dependence of ML intensity
on different parameters such as strain, strain-rate, density of F-centres, temperature,
size of crystals, etc. The expressions derived are able to explain successfully the
different characteristics of ML. It is shown that several parameters of crystals can be

determined from the ML measurements.
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STRUCTURAL AND MAGNETIC PROPERTIES OF
NANOPARTICLE Lay7;Cag3MnO3; MANGANITES OBTAINED
BY MECHANOCHEMICAL PROCEDURE

A Mrakovic, M.Perovic, D.Markovic, M.Tadic, J.Blanusa, V.Kusigerski and
V.Spasojevic

Institute of Nuclear Sciences’Vinca”, P.O.Box. 522, 11001 Beograd, Serbia

Mechanochemical procedure was used to produce mixed valence manganite
Lay;Cag3sMnO; (LCMO) from corresponding metal oxides. The samples were
characterized by using X-ray diffraction, scanning electron microscopy and magnetic
measurements. The results showed that it is possible to produce single phase LCMO
perovskite powders after 3 h of ball milling. Prolonging milling time, up to 15 h, results
in decreasing of crystallite size, strain as well as stabilization of crystal structure. DC
magnetic measurements, performed in different magnetic fields showed phase
transition at temperature Ty which is assigned to blocking temperature of the single
domain nanoparticles. M(H) measurements at constant temperature T<Tp, exhibit
hysteretic curves, showing ferromagnetic character of the sample. The dynamic
properties of 10 h ball-milled sample were investigated by AC susceptibility using the
Neel-Brown and Vogel-Fulcher model for superparamagnetism. Structural and
magnetic properties depending of milling time are discussed, and compared with the

similar samples, obtained by different chemical routes.
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APPLICATION OF Ti: SAPPHIRE LASER FOR EXCITATION
OF LOCALIZED WAVE PACKETS

V.L. Derbov*, N.I. Teper®

“Saratov State University, 83 Astrakhanskaya St., Saratov, Russia
bSaratov State Socio-Economic University, 89, Radischeva St., Saratov, Russia,
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Wave packets of Rydberg states are one of the examples of designing controllable
quantum states of electrons. They are a good approximation for coherent states and
demonstrate the properties of both quantum and classical motion. The problem of
creating a localized packet is to populate the Rydberg states with high values of
quantum numbers in all degrees of freedom. Laser pulse excitation is considered to be
one of the possible ways of solving this problem [1]. We performed a numerical
simulation study of population dynamics in a hydrogen atom driven by a laser pulse in
order to estimate the possibility of Rydberg wave packet formation.

The model Schrédinger equations for population amplitudes were solved numerically
in the finite, but large enough basis of hydrogen atom eigenstates of discrete and
continuous spectrum. The continuum was represented by a sequence of states with
equidistant values of the wave number & [1]. We consider the action of a circularly
polarized field, hence, the transitions satisfying the selection rules A/ = 1, Am = 1 are
allowed only. The pulse duration of 48 fs and the central wavelength of 780 nm used in
the calculations were taken to correspond to the parameters of the multiterawatt
Ti:sapphire laser system [2]. The approximation of continuum by a sequence of
closely-spaced discrete levels requires special measures to account for irreversible
nature of atomic ionization (the ionization losses). This is done by introducing artificial
level width providing dissipation in the system.

The suggested model, including discrete and continuum states with different values of
orbital and magnetic quantum numbers and accounting for “horizontal” transitions
within n-manifold of states, differing in / [1] and m, exhibits a sophisticated population
dynamics under the action of a laser pulse, in which one can distinguish both
transitions between discrete states, and cascade transitions between discrete and
continuum states, sequentially increasing the values of orbital and magnetic quantum
numbers. Thus a laser pulse with the amplitude of 4.59-10° V/ecm provides almost total
depopulation of the ground state and forming of the wave packet comprising the states
with high values of n, / and m. However, in this case 72 % of the total population is lost
due to ionization. The low-laying states are populated more significantly. It is
explained by relatively low frequency of field. A train of pulses is expected to populate
the Rydberg states with high values of n, / and m as sequent pulses with lower
amplitude increase the quantum numbers in all degrees of freedom.

[1] Nilsen H.M. and Hansen J. P, Phys. Rev. A. 63, (2000), p. 011405.
[2] Wang H. et al, J. Opt. Soc. Am. B. 16, (1999), p. 1790.
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SPECTROSCOPIC AND OSCILLATION PROPERTIES OF Nd**

OPTICAL CENTERS IN SrF, CRYSTAL
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Nakladov, V.V. Osiko.
1. A.M. Prokhorov General Physics Institute RAS, Vavilov Str. 38, Moscow, Russia.
e-mail: olim@Ist.gpi.ru

Spectroscopic properties of Nd** ions in SrF, crystal were investigated. The absorption
and fluorescence spectra of different individual and clustered optical centers were
observed depending on Nd** ions concentration (see Fig. 1). Two types of optical
centers were found to predominate for neodymium concentrations below 0.5 at.%. The
lifetimes of the high symmetry (Nd°" - F") L-centers were measured and found to be
two orders of magnitude longer than that for clustered (Nd** - F), M-centers (see
Fig.2) at room temperature. The lifetimes of M-centers at different temperatures were
measured and microparmeter of ion-ion interaction in Nd-pairs was determined (see
Table 1). The laser properties of StF,:Nd*" crystal with neodymium ions concentration
of 0.5 at.% containing high symmetry tetragonal optical centers L together with low
rombic symmetry clustered M-centers were investigated under diode laser pumping.
Using temperature tuning of laser diode pumping wavelength two different lines
centered at about 1037 nm and 1044 nm attributed to oscillation of different optical
centers were obtained (see Fig. 3). The slope efficiency of 17% was obtained for short
wavelength oscillations at 1037 nm without optimization.
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Photonic crystals are artificially created periodic structures of dielectric materials,
which are expected to play a significant role for future all-optical circuits. Among the
different fabrication methods the self-assembly of colloidal microspheres provides a
simple and inexpensive approach to the fabrication of 3D photonic crystals and we
obtained some significant results. In this work we report on direct and inverse opal
structures as well as on nanospheres activated by Er’* ions. High quality synthetic opal
photonic crystals were formed by controlled self-organisation of colloidal silica
spheres. A sol-gel fabrication protocol was elaborated obtaining silica microspheres of
270 nm diameter with a polydispersivity less than 5%. We have demonstrated that
large well-ordered crystals of synthetic opal can be produced starting from these
spheres by vertical deposition or evaporation-assisted sedimentation. Transmission
measurements permitted to estimate the peak broadening effect AM/Ac= 0.07 and the
value of stop band depth of 40%. Er’*-activated inverted opals were fabricated by the
sol-gel process. The template was prepared using a vertical deposition technique and
the void spaces of the opal template were then infiltrated by silica sol activated by
erbium ions. The average dimension of the air-hollows was ~210 nm. The inverse opal
exhibited violet regions, and the reflected light was easily observed by the naked eye,
because the bright colour resulted from optical Bragg diffraction from the crystal
planes. Stop band was between 260-300 nm, as a function of the incident angle used in
the reflectance spectra. The inverse opal exhibits a main emission peak at 1540 nm and
a quantum efficiency of 90% was estimated. Nanospheres were prepared by acid
catalysis and seeded growth core-shell technique and quantum efficiency higher than
70% was demonstrated, making these systems perspective candidates for efficient
luminescent markers and nanosensors. The core-shell fabrication process, moreover,
allowed us to obtain a large quantity of monosize Er’*-doped spheres, perfectly suitable
as building blocks of ordered structures such as active photonic crystals.
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THE USE OF ARTIFICAL NEURAL NETWORK (ANN) FOR
MODELING OPTICL PROPERTIES OF HYDROTHERMALLY
SYNTHESIZED ZnO NANOPARTICLES DESIGNED BASED ON
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“Materials and Energy Research Center (MERC), Karaj, Iran
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In the present work, the influences of synthetic parameters on the optical properties of
hydrothermally synthesized ZnO nanoparticles were investigated. Multivariate experimental
design was applied to study the growth behavior and optical properties of obtained
nanoparticles. Doehlert experimental design allowed determining the influence of three
parameters (Synthesis temperature; synthesis period; and, initial concentration of precursors)
on the different properties of the obtained nanoparticles; including: crystallite size obtained
from Debby-Scherer calculation, exciton energy and band-gap energy obtained from optical
absorption spectra of synthesized nanoparticles. Experimental data were fitted using artificial
neural networks (ANNSs). The reproduced experimental data from mathematical model show a
confidence within 86% and allows the simulation of the process for any value of parameters in
the experimental range studied. Also, the saliency of the input variables was measured using
the connection weights of the neural networks in which the relative relevance of each variable
with respect to the others was estimated. Results showed that the crystallite growth of obtained
nanoparticles intensifies by increasing in hydrothermal time and temperature. Increase in
crystallite size influences the optical properties of the obtained nanoparticles. All obtained
particles showed blue shift respect to bulk zinc oxide which could be related to small
crystallite size of the obtained nanoparticles. The ANN results indicated that the exciton band
edge which was observed in UV-Vis spectra of the obtained nanoparticles due to confinement
effects, increase by increasing the crystallite size while the band gap shows shrinkage as
shown in Fig. 1.
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Fig. 1 Counter maps for ANNs simulation for modelled a) Crystallite size[nm]; b) Exciton
energies[eV]; and, ¢) Band-Gap[eV] for initial 0.75mol Of Zn(Ac), and 1.5mol NaOH
concentrations.
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MAGNETO-OPTICAL KERR EFFECT IN
GLASS/Cu/Sn0,/Co/SnO; THIN FILMS
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We report the Kerr signal enhancement of a Co thin film incorporated into Cu/SnO,/Co/SnO,
quadrilayer structure deposited onto a glass substrate. We have investigated the effect of
semiconductor cap and spacer layers on the magnitude of the polar and longitudinal Kerr
signals. In order to design an optimized structure we have used the theoretical calculations,
based on a 4x4 matrix method [1]. The polar and longitudinal Kerr signals were calculated as
a function of the cap and spacer layers thicknesses. The results are shown in Fig. 1 for red light
and an incident angle of 20". In this figure, Cu and Co thicknesses were fixed at 40 nm and 20
nm, respectively.
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Figure 1: Dependence of the longitudinal (left) and polar (right) Kerr signals of
glass/Cu/SnO,/Co/SnO, films on the cap and spacer layers thicknesses.

Regarding the theoretical results, we have prepared samples using electron beam and
conventional evaporation techniques. The magnetic behaviour of the samples has been
investigated using the Kerr technique in polar and longitudinal configurations. The soft in-
plane magnetic behaviour of samples indicated that they all have in-plane magnetization. The
experimental results also confirmed the enhancement of Kerr signals predicted theoretically.

[1]]. Zak, E.R. Moog, C. Liu and S.D. Bader, J. Magn. Magn. Mater. 89 (1990) 107.
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Photovoltaic designs based on non-silicon nanostructured materials, which allows low
cost production offer inexpensive and reliable, solar-based renewable power.

All solid state dye solar cells consist of a nanoporous interpenetrating network of a n-
type material (TiO;) a dye layer, like Ru organo-metallic compounds, that collect the
light and transfer an electron to the n-type semiconductor and a p-type semiconductor
that collect the holes (e.g.,Spiro-OMeTAD) [1]; in some cases dye and p-type
semiconductor can be constituted by the same material (e.g. CulnS,). The all inorganic
3D nanocomposite TiO2/CInS, solar cells have achieved energy conversion efficiency
grater then 5% and because of the kind of technology implied it shows a promisingly
possible integration with the building industries.

Performance of the solar cells could be sensibly influenced by the quality of the
compact TiO, layer [2].

The aim of this paper is to investigate the influence of deposition conditions on the quality of
compact TiO, thin films to be used in 3D nanocomposite TiO2/CulnS; solar cells.

An Ultrasonic Spray Pyrolysis (USPD) system using a piezoelectric-atomizing nozzle
and nitrogen carrier gas was employed. TiO, thin films were deposited on glass or
glass/FTO substrate using TAA-Di-isopropoxy titanium bis(acetylacetonate), as a
precursor plus ethanol with different concentration.

The films are prepared at substrate temperatures 350 and 420 °C. After deposition
samples are subjected on two steps annealing treatment: 1h in air at the deposition tem-
perature and 1 h on 500 °C.

Investigations of the films were made by Raman, UV-VIS Spectroscopy, SEM, AFM
and Contact-step Profiler.

Preparative parameters like solution concentration, quantity of spraying solution,
noozle-to-substrate distance, applied power to the piezoelectric atomizer, solution and
nitrogen flow rate are optimized to obtain uniform, pin-hole free and adherent films.
Films were deposited with identical conditions and characterized in order to check their
reproducibility. In order to improve further the structural quality of TiO, compact films
the multi-layer structure were perform by adding spin coated TiO, compact films,
before and after sprayed one.

[1] G. Ruani, C. Ancora, F. Corticelli, C. Dionigi, C. Rossi, Solar Energy Materials &
Solar Cells 92 (2008) 537

[2] H.P. Deshmukha, P.S. Shinde, P.S. Patil, Materials Science and Engineering B 130
(2006) 220
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Mesoporous materials have been intensively studied during the last decade due to their
excellent properties, such as high surface area and narrow range of porosity, which
enabled them to be applied in a very wide range of applications. Alumina as
mesoporous material has very broad possibilities of application in ceramic industry, in
catalysis, as an adsorbent, biomaterial, reinforcement of metal-matrix composites etc.
It is well known that beside a-alumina, as the most stable phase, alumina appears in a
large variety of metastable crystallographic forms with very diverse and intrigant
properties. The main subject of this work was to elucidate the conditions of obtaining
mesoporous active alumina phase, y and 1 alumina. Glucose, which has shown special
abilities in creating amorphous mesoporous silica materials, was used as a template for
creating mesoporous structure of alumina. Two groups of samples were prepared for
the investigation of the effect of glucose on formation of alumina mesoporous
structure. In the first group of samples, this organic additive was used as water
suspension with aluminum hydroxide, AH, or aluminium oxohydroxide, AOH,
nanopowders which were dried at 100°C in air to remove water and all other volatiles.
The resulted solids were then heat treated up to 600°C, for a different time to remove
the template. The molar ratio of AI**: glucose: H,O in the suspensions was 1:0.1:35.
The other group of mesoporous alumina was prepared in a similar way, but glucose
was added in the Bayer liquor during synthesis of AH and AOH nanopowders
(boehmite, pseudoboehmite, bayerite or gibbsite). These powders were synthesized via
neutralization of the sodium aluminate solution using sulfuric acid. The powders were
characterized using: FT-IR spectroscopy, BET, DTA/TG, XRD, and SEM. The
obtained results showed that the use of glucose as a template had an effect on the
increase of the surface area of mesoporous alumina (which was up to 500 m*/g) and on
narrowing the pore size distribution, where the mean size was approximately 5 nm. The
effect of glucose on the increase of the surface area of mesoporous alumina is more
pronounced for samples prepared by the second method. The phase compositon of
mesoporous alumina depends on the composition of the starting powder and results
have confirmed that bayerite as starting powder is favorable for obtaining n-phase with
high surface area (374 m%/g) even without glucose, but with wide pore distribution.
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This study reports research related to processing and characterization of polymer optical
nanocomposites, which are very promising materials for optical fibers used as hybrid light
guides cables. In the host matrix of PMMA the Eu-ion doped Gd,O; nanophosphor powder
was dispersed and nanocomposites were produced by mixing molder device. Composite
samples were fabricated with various content of particles, which were dispersed using solution
casting method. For comparison purposes, composites with pristine Eu-ion doped Gd,O;
nanophosphor powder were fabricated and tested.

The influence of processing parameters and particle content on their de-agglomeration
and distribution degree in composites and, consequently, on the optical and dynamic-
mechanical properties of nanocomposites were investigated. The structure and the
particle size distribution were investigated by X-ray diffraction (XRD) microstructure
of composite by scanning electron microscopy (SEM); the optical properties of pristine
particles and obtained nanocomposites were investigated by laser-excited luminescence
spectroscopy. Dynamic-mechanical analysis was performed in determination of
mechanical properties of nanocomposites (storage modulus, loss modulus, damping
ratio).

[1] M.D. Dramiéanin, V. Jokanovi¢, B. Viana, E. Antic-Fidancev, M. Mitri¢ and Z.
Andri¢, Journal of Alloys and Compounds, Vol. 424, Issues 1-2, (2006), p. 213-
217.

[2] K. Manzoor, S.R. Vadera and N. Kumar, Proc. of ASID ’06, 8-12 Oct, New Delhi,
(2006), p 286.

[3] C.C. Lin, K. M. Lin and Y.Y. Li, 2006 NSTI Nanotechnology Conference and Trade

Show - Nanotech 2006 - 9th Annual
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DOPED 1D TITANATE
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It is well known that one-dimensional (1D) nanostructured materials have a very
diverse possibilities of application in respect to their bulk counterparts due to specific
structural characteristics, such as high aspect ratio and large surface area. Titania based
1D materials (nanotubes, nanorods, nanowires, nanobelts) are one of the most
promising semiconducting ceramic materials because of their wide range of potential
applications in nanoelectronics, in optical and sensor devices, in solar cells etc. One of
the most important challenges in obtaining 1D based titanate materials is to achieve
precise control of the size, dimensionality, composition and crystal structure at
nanoscale. Appropriate solution of this problem could be a powerful tool for the
tailoring of the properties suitable for desired applications. A significant improvement
in properties of 1D titanate could be attained by introducing different types of dopants
into their structure. In this work Nb-doped one dimensional titanate structures were
synthesized via simple hydrothermal procedure at 150°C for a different time and
starting from two different solutions. The first starting mixture was highly alkaline
solution of the commercial TiO, powder (Degussa P25) and NbCls powder and the
other was alkaline solution of previously synthesized anatase powder doped with
proper amount of Nb ion. Finally obtained powders were characterized by BET, XRD,
FT-IR spectroscopy and SEM with energy-dispersive X-ray spectroscopy, EDS. The
obtained results confirmed successfully synthesized Nb-doped one dimensional titanate
structures only after 1h of hydrothermal reaction. There was an obvious change in the
FT-IR spectra of the shape and position of the band characteristic for octahedral
building blocks which could probably indicate that Nb was introduced into the titanate
structure. Doped 1D titanates obtained from P25 showed high increase in a value of
specific surface area (even higher than 300 m*/g) in respect to starting powder.

Fig.1. SEM micrograph of 1D titanate obtained from different starting solutions
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We present numerical stability analysis of exact spatiotemporal periodic traveling wave
solutions to the generalized (3+1)-dimensional nonlinear Schrodinger equation with
distributed coefficients, using adaptive higher order split step Fourier method. Stable,
oscillating and chaotic dynamics is observed.
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The mathematical model is derived relating arbitrary variation in the depth-dependent
optical absorption coefficient to observed temperature variations at the surface of a
sample. The direct and inverse relations between the heat source profile and frequency
spectra are investigated. Based on these results a reconstruction theory of optical depth
profile from photothermal responses is presented. The performance of suggested
approach is illustrated by numerical simulations using well-defined artificial samples

with varying optical properties across the layers.
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This paper describes applications of photothermal techniques for measurement of the thermal
properties of ultrathin films deposited on substrates. The one-dimensional problem of heat
waves propagation for a two layer system is solved assuming the surface absorption model of
the optical excitation. The analytical solution is shown to be suitable for the implementation of
normalized depth-profilometric methodologies for thermal properties measurement that
eliminates some thermophysically nonrelevant proportionality factors in theoretical equations.
The application of potential interpretation method based on derived model with respect to the
on-line control of coating deposition processes is discussed.
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Thermoluminescence (TL) optically stimulated luminescence (OSL) are widely known
techniques, frequently used for characterization of traps and recombination centers
(RCs) in insulating materials. Commercial applications include dosimetry of ionizing
radiation and dating of archeological and geological objects. Prior to the measurement
a sample is excited at appropriately low temperature to fill traps and RCs with charge
carriers. Then, the sample is heated, usually with a constant rate (in TL) or stimulated
by a strong light (in OSL). Then, the emitted luminescence is recorded. The
luminescence is related to recombination of charge carriers, which were thermally or
optically released from traps and then moved to RCs.

Theoretical description of these processes is usually based on two models: the model of
localized transitions (LT) and the simple trap model (STM). The first one (the LT
model) allows trapped charge carriers to recombine solely to adjacent RC. The second
one (STM) assumes transition of charge carriers via conduction band. These transitions
are delocalized. Recently [1] a more general model was proposed combining both
localized and delocalized transitions. This is the model of semi-localized transitions
(SLT). Analytic equations for SLT are constructed using enumeration technique which
transforms concentrations of carriers to concentrations of states of localized trap -
recombination centre (T-RC) pairs. The model allows explaining some unusual
properties observed in TL measurements (e.g. the occurrence of very high frequency
factors [2]).

This paper presents formulation and exemplary application of the SLT model to the
analysis of excitation processes, which are very important to future analysis of TL and
OSL output. It shows how various factors determine initial conditions for these
measurements. Possible consequences for the analysis of TL and OSL in terms of
standard kinetic models — LT and STM — are discussed also.

[1] A.Mandowski J. Phys. D: Appl. Phys. 38 (2005), p. 17
[2] A.Mandowski Radiat. Meas. 43 (2008), p. 199
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We investigated the optical properties of the acai oil extracted from a Brazilian
Amazon plant embedded in polystyrene (PS) matrix. By doing this, we expect to
introduce new properties in the polymeric matrix and check their availability for the
construction of light-emitting devices. Energy transfer experiments were realized using
a confocal microscope adapted for scanning the luminescence on the sample surface
with micrometer spatial resolution. Luminescence from the sample has been provided
by huge amount of chlorophyll molecules found in the acai oil. Two main emission
peaks were observed, one peaking at 621 nm and the second peaking at 654 nm. The
higher energy peak corresponds to the fluorescence of the monomeric form of the
chlorophyll molecules; otherwise the lower energy peak is due to chlorophyll
fluorescence in aggregated form [1]. The energy spatial transfer coefficient equivalent
to the photon migration length was measured using the confocal technique [2]. The
photon migration length increases by increasing the oil concentration. The diffusion
lengths were measured for specific wavelengths. The migration length is also larger at
654 nm compared to 621 nm, showing the energy transfer from higher energy states to
lower energy states. For this reason, re-absorption by ground and excited states has
played a crucial role in the energy propagation. The technique was very useful for
investigation of energy transfer processes in chlorophyll molecules doped systems. The
spatial distribution of the luminescence was measured, and the transfer among
chlorophyll molecules was discussed. All these processes verified so far allows classify
the system 0il/PS as a good candidate to be employed in optical electronic devices.

Acknowledgements: The authors are grateful to CNPq and FAPEMIG for financial
support and Prof. S. G. C. Moreira for the acai oil.

[1] G. Agati, Pure Appl. Opt. 7 (1998), p. 797.

[2] A.F.G. Monte, J. M. R. Cruz, and P. C. Morais, Rev. Sci. Instrum. 68 (1997), p.
3890.
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Many studies regarding InAs/GaAs self-assembled quantum dots (SAQD) reported that
photoexcited or electrically injected carriers are generated in the barriers or in the
wetting layer (WL) before their capture into the quantum dots (QDs) [1]. Evidently,
during this capturing process, carriers experience migration in the barriers and WL.
This fact demonstrates a great importance of the carrier transport processes besides
capture into the semiconductor structures for the improvement of the optoelectronic
and electronic QD-based devices [2,3]. Recently, new features on the enhancement of
carrier capture rate due to an external applied field have been explained [4]. The
InAs/GaAs SAQD samples were grown by the Stranski-Krastanov mode using
molecular beam epitaxy (MBE) to achieve a p-i-n structure. The final arrangement of
the sample was consisted of five layers of InAs dots separated by 20 nm of undoped
GaAs. The dots had a density of 5x10'°cm™. Metallic contacts with optical access were
employed in the QD mesas with diameter of 400 um in order to apply the electric field
across the intrinsic region. A microluminescence surface scan technique has been
developed in order to investigate the influence of external electric fields in the
dynamics of carriers in InAs QDs [5]. The measurements were performed at 77 K with
excitation at 632 nm from HeNe laser. The laser beam was tightly focused in a micro-
sized spot on the sample surface by a microscope objective. Backscattered light
collected from the sample is directed to an optical fiber attached to the spectrometer.
The results reveal that the carrier diffusion increases with the direct external electric
field. Eventually the diffusion decreases with the field after maximum value. The
maximum value of the carrier diffusion and its energy dependence is highly important
to understand the whole dynamics in QD devices.

Acknowledgements: The authors are grateful to CNPq and FAPEMIG for financial
support.

[171J. P. M. Chaib et al., J. Phys. D 41 (2008), p. 105104.

[2] L. Harris et al., Appl. Phys. Lett. 73 (1998), p. 969.

[3] S. Maimon et al., Appl. Phys. Lett. 73 (1998), p. 2003.

[4] E. S. Moskalenko, et al., Nano Letters 7 (2007), p. 188.

[5] A. F. G. Monte et al., Rev. Sci. Instrum. 68 (1997), p. 3890.
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RE doped inorganic materials have demonstrated a huge application area (display, lasers and
amplifiers for telecom...) and more recently in biological applications. Ignored from this area
until few years ago, a lot of works are now devoted to synthesis and optical spectroscopic
studies of RE inorganic nanoparticles for biological applications. On the contrary to other
commonly used optical probes (dyes, Quantum dots, fluorescent proteins), RE doped
materials even in nanometer scale are extremely stable under high powerful excitation (most
of them are used as laser sources for industrial or military applications). Quantum confinement
due to the size reduction is inefficient for sizes higher than 5-8 nm and their luminescence
efficiency can be maintained; it is also insensitive to pH variation (unaffected in a pH ranging
from 2 to 7.4) which is very important for biological applications and finally can be
synthesized in a dispersible form in water or physiological buffer. Moreover, whatever the
composition (oxide, fluoride....), nanoparticles (Nps) surfaces are easily modified (core shell
structure or functionalized ) which make them as potential very sensitive biosensors or
biolabels. Concerning their biocompatibility, several works have already demonstrated the
biocompatible character of the RE doped nanoparticles [1, 2]. One of the first studies on use of
RE doped NPs in biological media has demonstrated the ability of RE doped NPs to control
the cell internalization of Eu*" doped phosphate NPs under Laser Confocal Microscopy [3].
Rare earth doped LaF; nanoparticles have been synthesized (RE= Eu’', Er'/Yb’,
Tm’/Yb*"). This host belongs, due to its low phonon cut-off frequency, to the most efficient
one for upconversion process. Stable colloidal suspensions in water have been achieved.
From light diffusion scattering and MET analysis, the mean diameter of the synthesized NPs
lies between 20-35 nm. The spectroscopic study of Eu’* doped NPs was conducted on
particles dispersed in water. Emission from 5D, °D; and °D, states allows to demonstrate that
main part of the emitting centers are protected from the environment (especially away from
coupling with OH vibrations) keeping their high luminescence efficiency comparable with
that of the single crystals. Time resolved spectra were measured as a function of Eu®*
concentration from 1% up to 40%. Energy transfer processes will be presented.

Under infrared excitation @980nm, either green, red or blue emissions are observed in
codoped Yb*" -RE*" NPS depending on the power and the concentration (RE= Er’*, Tm™").
The upconversion as well as the concentration quenching processes will be discussed.

[1] A.Doat, PhD thesis , Toulouse 23/11/2003

[2] Feng Wang, YongZhang, Xianping Fan and MinquanWang, Nanotechnology ,17, 1527-
1532 (2006)

[3] A.Doat, M. Fanjul, F. Pellé, E. Hollande and A. Lebugle, Biomaterials ,24, 3365- 3372
(2003)
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A new concept for solar cells with an improved efficiency has emerged based on the use of
rare earth doped materials as upconverters. Even in the best state of the art solar cells, sub-
bandgap radiation which represents a large fraction of the solar energy is non absorbed by the
semiconductor. In the research devoted to 3™ generation solar cells, one of the proposed
solutions consists in the use of photon addition to increase significantly the solar cell
efficiency. In a photon addition type system, a large gap PV cell absorbs the high-energy
photons of the solar spectrum whereas the IR photons are converted into higher energy
photons and returned to the cell using a simple mirror.

Optical infrared (IR) to visible conversion is commonly observed in Rare Earth (RE) doped
materials. In Er’* single doped hosts, the IR window @1530nm can be exploited which is of a
great technical interest to improve the efficiency of the most common solar cells based on c-
Si. The absorption transition from the Er'* ground state to the first excited state exhibits quite
important oscillator strength and allows also to observe upconverted emissions from the NIR
to the UV by ETU or ESA (Excited State Absorption). The upconversion process is more
effective when the phonon cut off frequency is low, as it is the case with halides. Among
them, fluorides are the most appropriate for this purpose due to their chemical stability. In this
work, we focused our interest in single doped Er’* fluoride materials demonstrating a very
high IR—NIR conversion efficiency suitable for enhancing the performances of widely used
c-Si based solar cells.

Absolute conversion efficiency has been measured. Efficiencies (i.e., ratio of emitted visible
light energy to absorbed IR energy) up to 12% and 17% have been obtained with the most part
due to the NIR emission @1 pm. The studied materials demonstrate upconversion efficiencies
among the highest published so far up to our knowledge. In spite of the fact that the up-
conversion processes in rare earth doped materials are extensively studied up to now, there
exist a very few publications reporting on the efficiency measurements. Due to the inherent
nonlinearity of up-conversion process, such measurements need rather sophisticated
procedure. The setup and method will be presented in details.

The tests of a complete system (bifacial c-Si cell+upconverter) were performed in order to
prove the feasibility of the proposed concept. A light-generated current is measured in a
bifacial c-Si solar cell by a 1.53um excitation (well below the c-Si absorption edge) while the
IR radiation @ 1.53pum is not able to generate a current in the cell alone. A model has been
developed to describe the complete system and the theoretical values of the short circuit
current are in complete agreement with the experimental ones.

Acknowledgement: Part of this work was supported by the French Research Agency under
the project name "THRI PV"
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ON THE MECHANISM OF GENERATION OF VERY HIGH
FREQUENCY FACTORS IN THE SLT MODEL

Arkadiusz Mandowski®, Jacek Orzechowski®

“Jan Dlugosz University, ul. Armii Krajowej 13/15, 42-200 Czestochowa, Poland,
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Since many decades the occurrence of extremely high frequency factors (of the order of
10% s and higher) in many thermoluminescence (TL) materials was a challenge to the
theory based on standard kinetic models. According to solid state theory
considerations, the value of frequency factor should not exceed 10'* s™'. The explain the
discrepancy several complex and sophisticated kinetic mechanisms were proposed.
Recently, new model was suggested for TL and optically stimulated luminescence
(OSL) phenomena. This is the semi-localized (SLT) transitions model [1] which offers
a simple and natural explanation of the high frequency factors enigma. The model
assumes the existence of occupied trap-recombination centre (T-RC) pairs. The
mechanism was called cascade detrapping (CD) phenomenon.

During TL and OSL
processes trapped charge
carriers may recombine
during localized (within 1 n . n . n,
the pair) as well as c| | oA c| | oA c| |Df|A
delocalized (outside the
pair) recombination. Both
cases may occur
simultaneously. The CD m
mechanism is  taking
place when the activation
energy for detrapping is
higher for
T-RC pair with trapped
electron and hole, than a T-RC pair without a trapped hole.

This paper examines various initial conditions leading to very high frequency factors.
In particular, it is shown that specific excitation conditions may significantly change
the value of estimated frequency factors. A comparison to earlier models and some
experimental results is given also.

Figure 1: Energy band diagram for SLT model.

[1] A. Mandowski J. Phys. D: Appl. Phys. 38 (2005), p. 17
[2] A. Mandowski Radiat. Protec. Dosim. 119 (2006), p. 23
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NARROW GAP I1I-V MATERIALS FOR IR PHOTODIODES
AND TPV CELLS
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“loffe Physical-Technical Institute RAS, 26 Politekhnicheskaya, 194021 St Petersburg,
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Narrow gap III-V semiconductors are of interest from both the fundamental physics
viewpoint and from viewpoint of IR optoelectronics. In recent years this class of
materials has become the subject of extensive investigations because of the progress in
developing infrared photodiodes, solar cells and thermophotovoltaic (TPV) devices for
2-5 pum spectral range. In this paper we present our results, including the growth of
both GaSb-related and InAs-related materials and device investigation aspects. The
chemical composition of GalnAsSb, GaAlAsSb, InAsSb, InAsSbP solid solutions was
determined by X-ray spectral microanalysis. The crystalline quality of the grown
epitaxial layers, the surface morphology and interface abruptness have been studied
with PL, SEM, AFM, TEM, X-ray diffraction methods. The carrier density and
mobility in the materials were determined through the study of the galvanomagnetic
properties. An analysis of the GalnAsSb/GaAlAsSb and InAs/InAsSbP heterostructures
performance through the investigation of optical and electrical characteristics was
carried out. The spectral sensitivity distribution shows that for the
GalnAsSb/GaAlAsSb heterostructure the half maximum wavelength (Asgy,) of
sensitivity determined by energy gap of the GalnAsSb active layer is 2.32 um
(Eg=0.53 eV) at room temperature. The monochromatic current sensitivity at the
maximum of spectrum (A=2.0-2.1 pm) is 0.8-1.0 A/W, which corresponds to a
quantum efficiency of 0.6-0.7 without any antireflection coating. At the same time, for
the InAs/InAsSbP heterostructure the half maximum wavelength (Asq0,) of sensitivity is
3.5 um at room temperature. The monochromatic current sensitivity at the maximum of
spectrum (A=3.1-3.4 um) is 1.4-1.6 A/W, which corresponds to a quantum efficiency of
0.5-0.6 without antireflection coating. We have observed that the sulfide passivation of
the III-V substrates before epitaxial growth could result in the increasing of quantum
efficiency. Broad bandwidth, high-efficiency GalnAsSb/GaAlAsSb and InAs/InAsSbP
photodiodes have been developed and investigated. Today, our research activities focus
on TPV cells for the 1200-2500°C temperature range (Eg=0.4-0.6 eV). Using the
narrow gap III-V materials allows us to extend spectral sensitivity of TPV elements to
longer wavelengths and to utilize efficiently thermal energy from sources with low
temperatures.

The work is supported by the Russian Foundation of Basic Research (RFBR) under
Grants No. 07-02-01359, No. 09-08-91224.
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BIAS FIELD EFFECT ON THE DIELECTRIC AND
PYROELECTRIC PROPERTIES OF (Pb,La)(Zr,Ti)O3
TRANSPARENT FERROELECTRIC CERAMICS

E.L Sitalo®, Yu.N.Zakharov?®, A.G. Lutokhin®, I.P. Raevski®, V.V. Titov?, S.L.
Raevskaya®,

“ Research Institute of Physics, Southern Federal University, 194 Stachki Avenue,
Rostov -on-Don 344090, Russia, , sitalo@w2.rsu.ru  ° Dept. of Physics, Southern
Federal University,5 Zorge Street, Rostov -on-Don 344090, Russia,
sveta.raevskaya@mail.ru

Temperature and bias field dependences of the dielectric permittivity € and pyroelectric
coefficient y for transparent ferroelectric (Pb,La)(Zr,Ti)O; ceramics have been studied.
. Ceramic samples were obtained by hot pressing. Pyroelectric coefficient y was
determined by a dynamic technique in the field-cooling and field-heating modes.

At zero field, the maximum of y(T) dependence is observed in the vicinity of the Fogel-
Vulcher temperature but, at even small but finite bias fields, this maximum shifts to the
position of the supposed critical point ( which is in the vicinity of the permittivity maximum
temperature T,,,) and grows in magnitude. The latter increases up to the field corresponding to
the critical point in the E-T phase diagram (it can be roughly estimated from the minimum in
the T,,(E) dependence [1]) and decreases at higher fields. Thus application of the biasing fields
driving the system towards the critical point crucially enhances the pyroelectric response.
These data support a quasicritical behavior of pyroelectric coefficient in relaxors at the critical
point, revealed earlier for Pb(Mg;;Nb,;)O;— PbTiO; single crystals [2].

This study is supported by the Russian Foundation for Basic Research (RFBR), grants 07-02-
12165 OFI and 07-02-00099 _a.

[1] S. I. Raevskaya, A. S. Emelyanov, F. I. Savenko, M. S. Panchelyuga, 1. P. Raevski,
S. A. Prosandeev, Eugene V. Colla, Haydn Chen, S. G. Lu, R. Blinc, Z. Kutnjak, P.
Gemeiner, B. Dkhil and L. S. Kamzina, Phys.Rev. B76 (2007), 11580R.

[2] S. I. Raevskaya, Yu. N. Zakharov, A. G. Lutokhin, A. S. Emelyanov, I. P. Raevski,
M. S. Panchelyuga, V. V. Titov, and S. A. Prosandeev. Appl. Phys. Lett. 93 (2008)
042903.
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SELECTED NANOMATERIALS FOR FIELD EMISSION
DISPLAY APPLICATIONS
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* Institute of Low Temperature and Structure Research of Polish Academy of
Sciences, ul. Okolna 2, 50 -422 Wroclaw, Poland
P. Psuja@int.pan.wroc.pl

The field emission display (FED) is one of the most promising technology on flat panel
display market. Moreover, the materials and techniques applied in FEDs could be
successfully used during different light emitting devices fabrication. Recently, one of
the most interesting class of materials, because of their unique features are
nanocrystallites. For example some nanocrystalline phosphors are brightness then
conventional micrograin size phosphors. Also addition of indium-tin oxide
nanocrystallites, during the fabrication process improves the properties of the ITO
layers. In this work selected features of nanocrystalline, RE-doped phosphors and
indium-tin oxide (ITO) nanocrystallites synthesized by modified Pechini method, as
well as some aspects of FED fabrication process and application of RE-doped
nanophosphors and ITO thin films in different light sources will be presented and

discussed.
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COMPARISION OF DIELECTRIC RELAXATION RESPONSE
OF MESOGENIC LIQUIDS WITH DIFFERENT POLARITY

Margarita Ginovska®, Jan Jadzyn®
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PInstitute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17,
60-179 Poznan, Poland

Two mesogenic liquids composed of the molecules of similar structure and length, but
of an essentially different polarity have been studied by dielectric relaxation
spectroscopy. This method could be an excellent tool for comparison studies of
dielectric relaxation response of mesogenic liquids giving the information on the
orientational molecular dynamics of the mesogens in the isotropic (I) and nematic (N)
phases. The experimental data on two mesogenic liquids composed of molecules of a
quite similar structure and different polarities: n-heptylcyanobiphenyl, C7TH15PhPhCN,
7CB (molecular dipole moment (u=5D) and 4-(trans-4'-n-
hexylcyclohexyl)isothiocyanatobenzene, C6H13CyHxPhNCS, 6CHBT (4=2.5D) are
presented here. The temperatures of the I-N phase transition for the two compounds are
very close to each other (7NI ) 316.6 ( 0.2 K). It is shown that regardless of the
differences in polarity of 7CB and 6CHBT molecules and their abilities in dipolar
aggregation, the values and temperature dependences of the relaxation time
(corresponding to the rotational diffusion of the molecules around their short axis) are
very close to each other, in both the isotropic and nematic phases of the liquids studied.
Also, in the isotropic phase of both compounds, at the same temperature, the dielectric
absorption maximum was found to be at the same frequency of the probing electric
field. It means that the conclusion concerning the dielectric relaxation was somewhat
unexpected. The results presented in this paper clearly show that from the molecular
dynamics point of view, as observed by the dielectric relaxation spectroscopy in the
isotropic liquids and the nematic liquid crystals, the polarities of the molecules play a
secondary role only. The two compounds studied, composed of molecules of
essentially different polarity, exhibit the same way of returning to the equilibrium state
after perturbation of that equilibrium by the probing electric field. This relaxation
process proceeds mainly with an exponential time dependence, as a normal Brownian
rotational diffusion, and the relaxation time value appears to be not influenced by the
intermolecular interactions.

[1] Scaife B., Principles of Dielectrics; Clarendon Press: Oxford, U.K., (1998).

[2] Jadzyn J., Bauman D., De Jardin, Ginovska M., Czechowski G., Acta Phys. Pol,
A, 108, (2005) p. 479.

[3] Jadzyn J., Czechowski G., J. Phys.: Condens. Matter, 13,2001 p. 261.

[4] Iannacchione G. S., Finotello, D. Phys. ReV. E, 50, (1994), p.4780.

[5] Jadzyn J., Czechowski G., De Jardin J. L., Ginovska M., J. Phys.: Condens.
Matter, 17, (2005) p. 813.
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ANGULAR MOMENTUM CONSERVATION IN PHOTONIC
LATTICES
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We investigated analytically and numerically orbital angular momentum of light propagating
in fully periodic and radially periodic optically induced photonic lattices. We considered both
fixed and interacting lattices, in copropagating and counterpropagating beam geometries. For
fully periodic lattices, interacting with the light, the transfer of angular momentum from the
vortex beams to the photonic lattices is demonstrated, leading to the conservation of angular
momentum. In the fully periodic fixed lattices, angular momentum is never conserved,
however the pseudoangular momentum is conserved. On the other hand, the transfer of orbital
angular momentum in radially periodic (interacting or fixed) photonic lattices is absent, so that
the angular momentum is always conserved.

204



SOME PROBLEMS IN MODELING OF LASER INTERACTION
WITH TRANSPARENT AND ABSORPTIVE MATERIALS
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bLaboratory for the materials, INN “Vinca”, University of Belgrade, Serbia
“Institute of Physics, University of Belgrade, Serbia,
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Optical damages in materials and material resistance to beam radiation has been a topic of
numerous models and experiments. This area borders to several other developed areas
(fracture theory, plasma interaction with materials, thermal models with phase transitions,
fractal theory and similar). In this work, modeling of some areas of laser operation (visible, IR,
various pulse lengths), differing by several orders of magnitude, has been performed.
Considering different approaches to observation of the beam-material interaction and of the
ejected particles monitoring, some unsolved questions arose. Two different standing points of
material observation, from damages and from ejected material, have been showing differences
of fundamental nature. Results have been analyzed from those questions point of view and
compared to experimental results.

In this work, the interaction of laser beams (of well known lasers, like Nd*":YAG, CO,, but
also alexandrite and others) with optical materials (in broader sense of view) and accessories
has been done. As an experimental part, some damages have been analyzed by optical and
electron microscopies, as well as EDX, which confirm material content change or
preservation. The shapes of damages depend on the laser working regime, pulse width, mono-
or multi-pulse expositions. Cumulative effects are the subject of investigation of many
authors. In the terminology of optical damages, there are precise defined protocols for “laser
damage”, but they differ in both investigation types and the “damage” term application.
Obtained results on various materials could enable analyses of several types including the data
on the source itself, of materials resistance to optical beams, and of research by other
developed fatigue tests as well. For some approaches, calculations which represent numerical
implementation for given geometries and chosen pulse shapes, have been performed. Besides
them, interpretations which would be commonly deduced, based on the models of obtained
record processing, has been given [1-3].

[1] M. Sreckovi¢, D. Druzijani¢, Z. Tomi¢ et al. Proc Infoteh (2009) E1b1, 38
[2] B. Kaluderovi¢, M. Srec¢kovi¢, N. Ivanovi¢ et al. Proc Lasers 2001 (2002), p. 233
[3] R. Gospavi¢, M. Sre¢kovi¢, V. Popov Math. Comp. Sim 2342 (2004), p.1
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STRUCTURAL AND MAGNETIC PROPERTIES OF
MECHANOCHEMICALLY SYNTHESIZED
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Nanosized titanium monoxide, TiO powders were prepared by mechanically assisted
synthesis. A mixture of commercial Ti and TiO, (anatase) powders with molar ratios of
1:1 was milled for 0.5 and 1 h under nitrogen atmosphere. The samples were further
characterized by XRD, SQUID measurements and by thermo gravimetric analysis
(TGA). The temperature dependency of the magnetic susceptibility is characterized by
the significant contribution from the Pauli paramagnetism due to conduction electrons.
The low value of the band gap determined from the temperature dependency of the
magnetic susceptibility makes it possible to assign the mechanochemically synthesized

titanium monoxide to narrow-gap semiconductors.

This work was financially supported by Serbian Ministry of Science and
Environmental Protection (Project No. 141027).
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STRUCTURAL AND MAGNETIC PROPERTIES OF
MECHANOCHEMICALLY SYNTHESIZED NANOSIZED YTiO;

Tanja Barudzija**, Vladan Kusigerski®, Milena Marinovic-Cincovic®, Miroslav
Dramicanin®, Ceda Jovalekic®, Miodrag Mitric*
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In this work we investigated magnetic and structural properties of novel nanosized
YTiO;. The sample was prepared using the mechanochemical treatment. A mixture of
comercial Y,0; powder and mechanochemically synthesized TiO in a molar ratio 0.5:1
was milled for 30, 60 and 90 minutes under nitrogen atmosphere. X-ray diffraction
revealed that the crystal structure of YTiO; is a pseudo-cubic perovskite with an
orthorhombic distortion (the GdFeO3-type distortion). Relevant structural and micro-
structural parameters were refined from the XRD data using full profile Rietveld's
method within Pbnm space group. The sample was further characterized by the SQUID
measurements in the temperature range 2-300 K and by the thermo gravimetric analysis
(TGA). The relation between magnetic, structural and micro-structural properties was

discussed.

This work was financially supported by Serbian Ministry of Science and
Environmental Protection (Project No. 141027).
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INFLUENCE OF Mg-DOPING ON SYNTHESIS OF SOL-GEL
DERIVED BST THIN FILMS
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Solid solutions of Ba;Sr,TiO; (BST) type are very attractive for application in information
technology but also in microwaves for electrically controlled devices. In contrast to the bulk
ceramics or fine powders, the structure and properties of ferroelectric thin films are well
known to exhibit a number of deviations. Characterization techniques that provide information
about the structure of thin films are thus useful. Raman spectroscopy is such an important
method.

In the present study thin films of a Ba,Sr,4Ti05 solid solution were prepared by the sol-gel-
type chemical solution deposition method. Apart from other characterization techniques used
like thermal analysis, X-ray diffraction, SEM and EDS, we report results of Raman
spectroscopy investigation of MgO-doped Bay¢Sry4TiO; thin films grown on stainless steel
substrates. The influence of y=1, 3 and 5 mol.% MgO doping on synthesis, microstructure and
crystalline structure of BST thin films was studied.

Acknowledgements: The authors wish to acknowledge Polish Ministry of Education
and Science for financially supporting the present research from the funds for science
in 2006-2009 as a research project N507 098 31/2319
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University of Silesia, Department of Geophysics, Mineralogy and Petrography,60,
Bedzinska St., Sosnowiec, 41-200 Poland, maria.czaja@us.edu.p!
Ferroelectric (BagS194)TiO3; (BST) thin films were subjected to an intensive study in
the last decade due their potential use in monolithic microwave integrated circuit used
for decoupling capacitors, tunable microwave filters, and phased array antennas.
Ferroelectric oxides are of particular interest, that offer the possibility of novel, yet
simple devices that take advantage of their electro-optical and non-linear optical

properties.

In the present study photolumunescence of the nanosized (BagSry4)TiO; (BST) thin
films doped with Co and Mn was studied. The BST thin films were obtained by the
modified sol-gel method that has the advantage of large area deposition, in addition to
its low cost and convenience process control. The thin films were deposited on silicon,
and stainless steel substrates by spin coating and crystallized by the conventional
thermal annealing at temperature T=600 — 700 °C. Formation of the perovskite
structure was confirmed by X-ray diffraction method. Conservation of the chemical
composition was investigated by energy dispersive spectroscopy.

The visible luminescence has been observed in BST:Co and BST:Mn thin films at
room temperature. Results on luminescence excitation and emission in barium

strontium titanate thin films are discussed in the present paper.

Acknowledgements: The authors wish to acknowledge Polish Ministry of Education
and Science for financially supporting the present research from the funds for science
in 2006-2009 as a research project N507 098 31/2319
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LUMINESCENT SPECTRA OF YTTRIUM OXYAPATITE
OBTAINED BY UREA ASSISTED REFLUX METHOD
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The luminescent characteristics of yttrium oxyapatites doped with europium ions
obtained by using reflux method assisted by urea subsequent degradation were
investigated in this paper. The SEM investigations of these powders show their a very
specific rope-like morphology.. The structure of yttrium apatite realized by
incorporation of the Eu®" ions, as luminescent active centers has been shown the most
important reflections of an hexagonal phase of yttrium oxide silicate-yttrium
oxyapatites, obtained as a consequence of the Y*'ion stabilization.. This fact has a
significant influence to the position of the Eu’ luminescent spectra, showing a slight
shifting towards the blue area in comparison to the typical spectra of other yttrium-

silicate phases.
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CHARACTERIZATION OF NORMAL AND INCLINED GaSb
NANOCONES BY MUELLER MATRIX ELLIPSOMETRY
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39 Quai Lucien Lefranc; F-93303 Aubervilliers Cedex, France

Self organized nanostructures open up for efficient and low-cost production of
materials with new and interesting properties, with applications in electronics, optics
and life sciences. A major challenge for controlling and understanding growth
processes of such structures is the characterization of nanometer sized structures. Low
energy ion sputtering of GaSb with normal incidence results in densely packed normal
nanopillars, while oblique ion incidence results in densely packed inclined nanopillars,
pointing in the direction of ion incidence. We demonstrate that ellipsometry can be
used as a non-destructive tool to characterize such structures, with possibilities for in
situ use. The optical properties of the inclined GaSb nanocones are highly anisotropic,

requiring the use of generalized ellipsometry or Mueller matrix ellipsometry.
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THE STRUCTURING OF SEALING COMPOSITE MATERIALS
BASED ON ETHYLENE DIENE TERPOLYMER
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The temperature and frequency insensitive damping and elasticity are of significance to
extend the availability in the industrial uses. There exists considerable demand for
"damping materials" to suppress vibration and noise in industrial fields. The basic
mechanical principles on which sealing and damping materials are based can vary
wildly between different applications and operating environments. Dynamics or
pressure within a system may compel the use of more complex sealing profiles or
composite seal assemblies, consisting of multiple materials that, in combination, can
offer the required properties. Many differing grades of material, with significantly
varying properties, may belong to a single material designation. Synthetic elastomer
materials used in sealing systems generally consist of an organic polymer and inorganic
reinforcing filler systems. Elastomers based on ethylene-propylene-diene terpolymer
rubber have proven to be useful barrier materials in the automotive, electrical and
construction industries. In this contribution the properties of oil-extended ethylene-
propylene terpolymer based materials filled with different filler content (nano sized
furnace carbon black and micro sized chalk) intended for automotive window seal
component production was studied. The paraffin process oil was used as a plasticizer.
The compounds containing blowing agent were expanded in hot air at 205°C.
Microcellular samples were obtained either by curing in salt or in hot air. The
mechanical properties of prepared materials including tensile strength, elongation at
break, hardness, and compression set, before and after ageing, were analyzed. A
dynamic mechanical analyzer was used to perform bending tests with dual cantilever
fixtures over a temperature range from at 6 frequencies. The dependences of storage
modulus (E’) and damping-energy dissipation component (E”) were analysed. The
morphology of samples was characterized by scanning electron microscopy (SEM).
The images were taken on the gold sputtered surfaces of s. It is estimated that with
increasing filler loading the values of sample hardness increased while compression set
and tensile strength decreased. The samples with high filler loading have higher E’
value over the whole range of temperatures in comparison with composites with small
filler content. It was found that the addition of chalk in small concentrations, has a
positive contribution to modulus, and does not change tensile strength and elongation at
break. The scanning electron micrographs of cryo-cracked sample surface observations
indicated the uniform filler dispersion.
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THE CHARACTERIZATION OF GROUNDWATER
PARTICULATES FROM SCANNING ELECTRON
MICROSCOPE AND ELEMENTAL MICRO-ANALYSIS
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The colorant microbiological material was obtained from samples of iron-
oxidizing/depositing bacteria, colonies of bacteria, and examination of the structures
under scanning electron microscope and elemental micro-analyses can be summarized.
Acceptable comparison of particle size analysis was obtained from SEM (JEOL- JSM-
6460 L) and Mastersizer 2000. Groundwater deposits revealed appearance of carbon in
samples with increased relative error of oxygen; the appearance of magnesium is found
in samples with increased relative error of titanium. Deviation of phosphorus decreased
in dark silted material (Figure).

Scatterplot: Relative error of weight % of elements of alluvial deposits of The Danube in Novi Sad
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Figure 1. Categorized graph-Scatterplot of relative error of weight fraction (%) of different
elements of groundwater drainage deposits- ochre occuring in drainage wells of The Novi Sad
city nearby The Danube. Relative weight (sigma weight (%)/weight (%)) was presented by the
categorized scatterplot graph (Statistica 8) in order to provide systematization of EDS analyzed
parameters of spectrum point analyses (Oxford Instrument INCA-X-sight software).

213



METASTABLE PROCESSES IN PROTEINS

S.Jaéimovski', V.Sajfert’, D.Rakovi¢’, Lj.Maskovi¢', B. Togi¢*

! Academy of Criminalistic and Police Studies, Belgrade, Serbia
Jjacimovskis@yahoo.com
’Technical Faculty ,,M.Pupin”, University of Novi Sad, Zrenjanin, Serbia
sajfertv@nadlanu.com
SFaculty of Electrical Engeenering, Belgrade, Serbia
rakovicd@etf.bg.ac.rs
*Vojvodina Academy of Sciences and Arts, Novi Sad, Serbia
tosic@yahoo.com

The Scott’s model of protein Hamiltonian we transformed to metastable form by means
of double coherent unitary transformation. It turned out that in metastable Hamiltonian
number of quasi particles is not conserved due to the forming of pairs of excitations.
The energies of pairs are found and their population is quoted. It is interesting that
elementary excitataions of metastable state behave similarly as exctitations of

molecular vibrations field as well as excitations of electromagnetic field.
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THERMAL LENS SPECTROMETRIC MEASUREMENTS OF
METAL COLLOIDS IN SOLUTIONS

Dorota Korte Kobylinska®, Maria C. Bruzzoniti®, Corrado Sarzanini®, Mladen Franko*®
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Metal colloids dispersed in solutions play an important role in material science as well as in
several technological and environmental processes and applications. They not only display
novel catalytic properties in many chemical reactions but also change the optical parameters of
materials which are a function of the metal nature, morphology of colloid particles and the
state of their aggregation [1]. Due to the ability of influencing the physical and chemical
properties of a wide range of materials, the metal colloids are commonly used in sensors for
volatile organic chemicals, in DNA chips, data storage media, photonic devices, and also for
fabricating magnetic and nanofluids [2-4].

Various methods are used for preparing metal colloids including laser ablation [5],
photochemical [2] and chemical methods [6]. Transmission electron microscopy and atomic
absorption spectrometry [2] are most frequently used for metal colloid detection and
characterization but other techniques such as thermal lens spectrometry (TLS) was also used
to monitor the process of metal colloid preparation [6].

In this work the possibility of exploiting the formation of metal colloids for detection of low
concentrations of heavy metals was investigated. TLS [7] technique was applied for detecting
metal colloids in solutions at 457.9 nm (100 mW excitation power). The colloids were
prepared in a flow-injection (FIA) system by injecting a solution of metal ions into a flowing
carrier stream and mixing it with a solution of a reductant (BH4) in a mixing coil.
Combination of FIA and TLS provides low limits of detection, which are at the levels of a few
ng/mL as demonstrated for example for Ag. The measurement procedure is simple, fast and
performed at a single wavelength. The described technique could therefore serve as a sensitive
and universal detection scheme for metal ion detection in systems such as ion chromatography
and capillary electrophoresis.

[1] V. Vegera and A. D. Zimon Russian J. of Appl. Chem. 79 (2006), p. 1403.

[2] T. A. Taton, C. A. Mirkin and R. L. Letsinger Science 289 (2000), p. 1757.

[3] S. Sun, C. B. Murray, D. Weller, L. Folks and A. Moser Science 287 (2000), p.
1989.

[4] B. Macalik, L. Krajczyk and T. Morawska-Kowal Phys. Status Solidi 4 (2007), p.
761.

[5] J. Neddersen, G. Chumanov and T. M. Cotton Appl. Spectrosc. 17 (1993), p. 1059.

[6] Z. Zhang and G. R. Long Appl. Spectrosc. 47 (1993), p. 2126.

[7] M. Franko Appl. Spectrosc. Rev. 43 (2008), p. 358.
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The rare earths (RE*") activated garnets are well known as efficient lasers or
luminescent systems. In these systems it is well established that RE** concentration
affects the static (spectra) and dynamic (emission kinetics) optical properties due
notably to the discrepancy between the ionic radii of the dopant ion and the replaced
host ion, or to the inhomogeneous distribution of this dopant over the structure.
Nevertheless, such effects can be strongly dependent on the distance between the RE**
ions and the crystal structure. Depending on these distances, direct ion-ion interactions
induce energy transfer between the active ions which results generally in the
accelerating of the luminescence decay of the considered emission. Cross-relaxation
mechanisms based on long range multipolar interactions have been extensively used to
explain the self-quenching of the Tb®" emission arising from *D; in compounds where
the Tb-Tb separation is relatively low [1]. Consequently in such systems, the
luminescence is green originating mainly from °D,. Due to the predominance of
exchange interaction in the D, de-excitation process [2,3], the quenching of °Dy
emission occurs generally at concentrations much higher than that considered for °D;.
For equivalent sites in the material, the "D, fluorescence decays often in exponential
manner in this large concentration range.

We report in this work spectral properties of YAG:Tb’" analyzed either under UV or
blue selective excitation. Despite that sol-gel technique is known as a powerful
technique for the preparation of materials where the active ions are homogeneously
distributed, the kinetics of the D, emission decays are observed to be drastically
different when excitation occurs either at the centre or on the wings of the excitation
lines suggesting inter-site energy transfer; notably, two decay components were
recorded in Tb>": D, —F;s emission.

Besides the evaluation of microscopic rate constants for SD;-’D, cross-relaxation
mechanism, the obtained results are discussed considering the possible occurrence of
Tb’" pairs in YAG.

[1] M. Inokuti, F.Hirayama, J. Chem. Phys. 43 (1965) 1978.

[2] R.L. Cone, R. S. Meltzer, J. Chem. Phys.62 (1975) 3573.

[3] M.E. Joubert, B. Jacquier, C. Linarés, J.P. Chaminade, B.M. Wanklyn, J. Lumines.
37 (1987) 239
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Investigation was carried out on steel and nickel based superalloy samples. After
thermomechanical treatment and adequate preparation, Nd:YAG laser processing was
applied. Laser energy was up to 50 mJ, pulse duration 532 nm and 1064nm, and pulse
repetition and number of pulses varied. The samples were exposed to the laser shock
peening process and laser ablation. Changes in samples microstructure were observed
by optical microscope, scanning electron microscope and energy-dispersive
spectrometry, and analyzed as well. Aim of investigation was to identify the structural
microconstituents and determine their influence on the mechanical properties of
materials. Microhardness was measured and difference in the structure of steel and
nickel based superalloy arisen by processes of laser shock peening and laser ablation

was discussed.
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The investigations were carried out on superalloys different chemical compositions, the
common being that except of dominant content of Ni, Fe, Cr, Co and Mo, they consist
W, Mn, Si C, Al as well. Iron based superalloy is alloyed with Nb. The yield strength,
tensile strength and elongation were determined by tensile strength tests, and the
interaction of pulsed Nd:YAG laser beam with iron and nickel based superalloys
samples were analyzed by a scanning electron microscope (SEM) and an energy-
dispersive x-ray spectrometry (EDS). In this paper, the effect of Nb and Cr on the
microstractural changes arrisen by laser beam action was discused, with the aim to

determine the optimal regime that provides good chemical and mechanical properties

of researched superalloys.
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The prospects of excellent technical and economical results, as experienced in different
sectors of industry worldwide, were stimulating efforts to apply nanotechnologies more
widely in the processing of high-added value textile materials. Engineering of fiber
surface from the standpoint of its functionality, in combination with well known
surface characteristics of nanometer-sized particles can provide long term durability
and stability of desired effects. Recent studies indicated that UV protection as well as
self-cleaning effects can be tailored by depositing the non-toxic and inexpensive TiO,
nanoparticles (NPs) onto textile fibers, without changing the bulk properties of the fiber
and deterioration of textile appearance. However, the application of colloidal TiO, NPs
to polyester (PES) fabrics is problematic due to hydrophobic surface of fibers and poor
binding of TiO, NPs. Therefore, the aim of this study was to highlight the possibility of
using the corona discharge at atmospheric pressure for the surface activation of PES
fabrics in order to improve interaction with colloidal TiO, NPs which were synthesized
by acid hydrolysis method without using stabilizers.

Chemical changes on the surface of PES fibers were followed by SEM-EDS, Raman
spectroscopy and XPS. The UV protection efficiency of modified fabrics was evaluated
by measuring transmission spectra and further calculation of UV protection factor
(UPF). Self-cleaning properties of the PES fabrics were tested by irradiation of
blueberry juice stains for certain time intervals whereas the photoactivity of PES
fabrics was examined by degradation of methylene blue.

The fabrics modified by corona and TiO, NPs showed high self-cleaning and UV
protection efficiencies. They provide very high UPF values, which correspond to UPF
rating of 50+ designating the maximum UV protection. In addition, the total
degradation of methylene blue was achieved already after six hours of UV irradiation
and this ability was preserved and even improved after repeated degradation cycles.

The financial support for this work was provided by the Ministry of Science of
Republic of Serbia (projects 142066 and TR 19007).
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The performance of organic solar cells based on the blends of poly(3-hexylthiophene)
(P3HT) and [6,6]-phenyl C61-butyric acid methyl ester (PCBM) is strongly influenced
by blend composition and thermal annealing conditions. For high-efficiency solar
cells, a nanoscale interpenetrating network with crystalline order of both constituents is
the desirable architecture for the photoactive layer. To that end, recent studies have
focused on how to tailor and control the morphology of the P3HT:PCBM blend, the
material combination that has led to the highest power conversion efficiency values
reported thus far (4-5%) [1].

Three monolayer samples of P3HT, PCBM and P3HT:PCBM were studied by
spectroscopic ellipsometry. Spectroscopic ellipsometry is an optical technique mainly
used for the determination of film thickness and optical constants (n,k) of thin film
structures [2]. We will demonstrate the use of ellipsometry as a powerful and sensitive
metrology means of monitoring blend morphology, phase separation as well as
crystallinity.
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[1] G. Janssen, A. Aguirre, E. Goovaerts, P. Vanlaeke, J. Poortmans, J. Manca, Eur.
Phys. J. Appl. Phys. 37, 287-290 (2007).

[2] R. M. A Azzam, N. M. Bashara, “Ellipsometry and polarized light,” Elseveier,
Amsterdam, 1987.
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Three-dimensional optical memories have generated considerable interest for their
potential application to high-density optical data storage. Fluorescent photosensitive
materials such as fluorescent photosensitive glasses [1] and fluorescent photosensitive
glass-ceramics have interesting properties useful for 3D optical data storage [2-4].

The paper explains the significance of rare-earth host interaction for engineering
optical data storage medium. A fluorescent photosensitive glass-ceramics containing
nanocrystals with rare earths ions was realized and analyzed by SEM, TEM, HRTEM
and photoluminescence spectroscopy. The measurements reveal the presence of
nanocrystals having dimensions in the range of tens of nanometer. Using low power
laser pulses and an adequate aperture of focusing lens, bits as small as 500 nm in
diameter (Fig. 1) were written.

Figure 1. SEM image of a recorded line
A new media based on fluorescent photosensitive glass-ceramics has been developed.
Large operating tolerance on writing laser power makes this material a good candidate
for systems capable of high data storage densities.

[1] Y. Mitsuhashi, Jpn. J. Appl. Phys. 37, 2079 (1998)

[2] E. Pavel, US Patent No.6, 690, 414 “Three-dimensional optical memory with
fluorescent photosensitive material”

[3] E. Andronescu, S. Jinga, E. Rotiu, L. Ionescu, C. Mazilu, E. Pavel D. Patroi, M.
Davidescu, V. Vulpe, Journal Of Optoelectronics And Advanced Materials Vol.
10, No. 2, February 2008, p. 294 — 297

[4] P. A. Tick, N. F. Borrelli, L. K. Cornelius, M. A. Newhouse, J. Appl. Phys. 78,
6367 (1995)
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In the last two decades extensive research has been performed on the development of
inorganic nanophosphors with improved physical properties and strong emission in the
visible spectral range. They gained a special place in material science research due to
numerous applications ranging from the solid state lightening and novel flat displays to
high resolution X-ray detectors and sensors in biomedicine. For these reasons, research
in novel or improved synthesis methods are important.

In our previous work we investigated the luminescence properties of europium doped
mixed Y,0;-Gd,0O; and Lu,03-Gd,O; nanocrystalline phosphors using polymer
complex solution method (PCS) based on polyethylene glycol (PEG) fuel. We
observed that all powders have strong red emission with long decay time that remained
preserved even after high pressure-high temperature treatments [1].

In the present work we expand our investigation on Y,0;-Lu,O; nanopowders (set of 5
samples (YyLu;4),03;, x = 0, 0.25, 0.5, 0.75, 1) doped with europium. Detailed
information on their phase, morphology and crystallinity are obtained using X-ray
powder diffraction, SEM and TEM while detailed optical characterization is done with
photoluminescence spectroscopy techniques.
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Figure 5 Emission spectra of (Y sLugs),0;:3at%Eu nanopowder (A, = 466 nm)

[1] 7. Andri¢, M. D. Drami¢anin, M. Mitri¢, V. Jokanovié, A. Bessiére and B. Viana,
Opt. Mater. 30 (2008) 1023.
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In present work we explored the possibility of obtaining nanocrystalline powders of
europium-doped Gd,O; using polymer complex solution synthesis technique. Two
series of nanocrystalline Gd,O;:Eu’* have been prepared: 1) for different composition
of fuel (PEG with molecular weight MW = 200, 1000, 2000, 4000, 12000, 20000,
100000, 300000, 1 million) and 2) for different activator concentration using PEG 200
as fuel (0.1, 0.5, 1, 3, 5, 7, and 10 at % of Eu’"). The first set of samples served to
determine the influence of the fuel on the luminescent characteristics of obtained
phosphors, as well the impact it has on the structure and morphology of the constituting
nanoparticles. The second set of samples is used to explore the activator concentration
effect on optical properties of the phosphors in correlation with the decay profiles of
the Eu®" emission. Decease in the lifetime of °D, level with increasing Eu concentration
is obvious after doping of 3 at%.

Samples were characterized with XRD, BET, electron microscopy (SEM / EDX, and
HRTEM) and luminescence spectroscopy.

Lifetime values (ms)

Europium concentration (at.%)

Figure 6 A) Lifetime values of Gd,O;:Eu’" are presented as a function of the activator
concentrations. B) HRTEM image taken from one Gd,Os:Eu®" nanoparticle with the
FFT plots indicate the crystal in a [110] zone axis orientation. The simulated image is
added as an outlined input.
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Rare earth luminescent materials have attracted much attention for their applications in
artificial lights, X-ray medical radiography, lamps and display devices, for high-power
solid-state lasers, etc. Among them rare-earth sesquioxides are well recognized host
materials due to good chemical stability, adequate thermal conductivity and high light
output. Recently, lutetium oxide is regarded promising host for detectors of ionizing
radiation of high stopping power and high performance, with application in X-ray
imagery. This is ascribed to its exceptionally high density (~9.42 g/cm’) combined with
the high Z number of Lu (71), which endows Lu,O; with high stopping power for
ionizing radiation [1]. In addition, its cubic crystal structure makes possible the
preparation of transparent ceramics starting from the nanopowder. This is actually of
great importance as the high melting point of this compound, around 2763 K, makes it
difficult for single crystal growth with standard crystal growth methods.

In present work we explored the route for simple and energetically efficient production
of rare earth (Tb*" and Sm®") doped Lu,Os crystalline nanopowders based on polymer
complex solution method. In this type of synthesis, polyethylene glycol (PEG) is used
both as fuel for the combustion reaction and as nucleation agent for the crystallization
process. Samples were characterized with XRD technique, electron microscopy
(SEM/EDX and TEM) and luminescence spectroscopy (steady state and luminescence
lifetime). Obtained results confirmed that applied synthesis technique is able to
produce highly crystalline, pure phase, luminescent nanopowders of Lu,0s.
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Figure 7 Emission spectra of LuyO3:Tb*" (Aeye = 350 nm) and Lu,03:Sm’" (Aey. = 406
nm) with fluorescence decay curves as insets.

[1] Q.Chen, Y.Shi, L.An, J.Chen and J. Shi, ] Am Ceram Soc 89(6), 2038-2042 (2006).
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Luminescence of rare-earth ions has been attractive topic due to the potential
applications in the various fields. We investigated doping of the anatase TiO, phase
with trivalent samarium and terbium ions aiming to obtain biocompatible material
exhibiting phosphorescent emission. To produce these materials in the form of
nanopowders, the sol-gel synthesis route has been adopted, starting from the rare-earth
nitrates and titanium (I'V) isopropoxide.

We investigated the process of crystallization of Sm** and Tb*" activated TiO, gel and
how it influences the luminescence behavior of the material. Fourier transform infrared
spectroscopy is used to monitor decomposition of organic phases while transforming
gel into powder form while anatase TiO, phase is confirmed with X-ray diffraction
measurements. Thermal analysis is done with TGA-DTA techniques. The
microstructure of calcinated samples has been observed using electron microscopy
techniques (SEM and TEM) and the powder average particle size of around 10 nm is
found from transmission electron microscopy. Luminescence measurements are

employed to investigate emission spectra and emission decays of rare earth activators
in the anatase matrix.
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Figure 8 Emission spectra of TiO3:Sm>" (Aexe = 406 nm) and TiOy:Tb*" (Aexe =350 nm)
with corespondent fluorescence decay curves given as insets.
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