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FOREWORD

The 4" Conference of Physics and Optical Material (ICOM 22015) will be held in Budva,
Montenegro, from 31% of August to 4" of September 2015 and is organized by the Vinca
Institute of Nuclear Sciences, University of Belgrade (Serbia) and the Institut de Chimie de
Clermont-Ferrand, Université Blaise Pascal (France) and IRCP Chimie Paristech.

The 4" Edition of ICOM Conference will celebrate 2015 - International Year of Light and
Light-based Technologies. Light plays a vital role in our daily lives and is an imperative
crosscutting discipline of science in the 21st century. The special conference session will
highlight the importance of light and light-based technologies in everyday lives, for the
futures, and for the development of society.

The ICOM 2015 Conference brings together scientists and technology users who investigate
or develop materials for optical applications. The conference presents the state of the art in
preparation methods, optical characterization and usage of optical materials and devices in
various photonic fields.

We are grateful for sponsorships which have assisted us by providing some financial support.

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 organizing
committee in Montenegro for their effort and time during preparation of the conference.

The 4™ ICOM 2015 Conference is bigger every time and we are very happy to welcome you
all in beautiful Budva. We wish you to meet other people at our conference and start new
friendship and collaboration right here.
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NANOMATERIAL-BASED FLUORESCENT BIOSENSING AND
IMAGING

Otto S. Wolfbeis
Institute of Analytical Chemistry, Chemo- and Biosensors, University of Regensburg,
93040 Regensburg (Germany)

Nanoparticles (NPs) often posses luminescence properties that are entirely different from
those of bulk materials and from respective molecular species. Hence, they are highly
attractive in terms of luminescent labels, markers, probes or imaging agents. Examples for
nanomaterials commonly used in luminescence imaging include (a) the so-called quantum
dots, most often of the CdSe and CdTe type; (b) carbon nanodots, (c) lanthanide-based
upconversion NPs that can convert near-IR light into visible light), (d) gold nanoclusters, and
— less often — carbon nanotubes, other noble metal clusters, or dyed silica particles. The
surface of most NPs has to be modified in order to make them biocompatible or functional,
and this is often more complicated than just making the NPs. The presentation first will cover
nanomaterials for use in plain imaging and targeted imaging of cells and tissue. Such NPs also
are quite useful in terms of sensing on a nanoscale because their use enables to view processes
and properties of living cells that cannot be visualized by other methods (such as NMR
spectroscopy). Examples include sensing of temperature, pH values or oxygen , and even
monitoring of fundamental enzymatic reactions. More recently, NPs have been designed that
have bimodal functionality. Examples include NPs for simultaneous optical and magnetic
resonance imaging (with improved contrast) or CT of cancerous tissue, NPs for optical
imaging and thermally induced lysis of cancer cells, and imaging along with drug delivery or
photodynamic/photothermal therapy. Current challenges in the field include inadequate light
penetration depths when working with (colored) biomatter, the complexity of methods for
surface modification of NPs, and the lack of (affordable) methods for characterizing modified
NPs. Also, issues of toxicity have to be addressed in each single case, and nanotechnology
therefore is often said to be a boon to science and medicine.

[1] An Overview of Nanoparticles Commonly Used in Fluorescent Bioimaging. O. S. Wolfbeis, Chem. Soc.
Rev. (2015), on the web. DOI: 10.1039/c4cs00392f.

[1] Upconversion Nanoparticles: From Hydrophobic to Hydrophilic Surfaces. V. Muhr, S. Wilhelm, Th. Hirsch,
0. S. Wolfbeis; Acc. Chem. Res. 47 (2014) 3481-3493.

[1] Photon Upconverting Nanoparticles for Luminescent Sensing of Temperature. A. Sedlmeier, D. E. Achatz,
L. H. Fischer, H. H. Gorris, O. S. Wolfbeis; Nanoscale 4 (2012) 7090-7096.

[1] Fluorophore-Doped Polymer Nanomaterial for Referenced Imaging of pH and Temperature with Sub-
Micrometer Resolution. X. Wang, R. J. Meier, O. S. Wolfbeis; Adv. Funct. Mat. 22 (2012) 4202-4207.

[1] Targetable Phosphorescent Oxygen Nanosensors for the Assessment of Tumor Mitochondrial Dysfunction
by Monitoring Respiratory Activity. X. Wang, H. Peng, L. Yang, F. You, F. Teng, L. Hou, O. S. Wolfbeis;
Angew. Chem. Int. Ed. 53 (2014) 12471-12475.

[1] Spectrally Matched Upconverting Luminescent Nanoparticles for Monitoring Enzymatic Reactions. S.
Wilhelm, M. del Barrio, J. Heiland, S. F. Himmelstoss, J. Galban, O. S. Wolfbeis, T. Hirsch; ACS Appl. Mat.
Interf. 6 (2014) 15427—-15433.

! Multifunctional nanoprobes for fluorescence, magnetic resonance and computed tomography trimodal imaging.
H. Xing, W. Bu, S. Zhang, J. Shi, Biomaterials 4 (2012) 1079-1089.

! Chemical modifications and bioconjugate reactions of nanomaterials for sensing, imaging, drug delivery and
therapy. V. Biju, Chem. Soc. Rev. 43 (2014) 744-7
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ADVANCED OPTICAL MANIPULATION EXPLOITING MATERIALS
SCIENCE

Kishan Dholakia,
8SUPA, School of Physics and Astronomy, University of St Andrews, St Andrews, North
Haugh UK KY16 9SS, kd1@st-andrews.ac.uk

In the domain of science fiction, one is quite familiar with the idea of moving objects using
laser beams (a “tractor beam”). In the laboratory science fiction turns into science fact: a
powerful technique known as “optical tweezers” (OT) is analogous to this where micrometre-
sized particles (and even biological material and atoms) can be grabbed, moved and generally
manipulated without any physical contact. This is a stark demonstration of the optical dipole
or gradient force in action. Such “optical tweezers”, based primarily on Newton’s laws and
fundamental optics have enabled unprecedented insight about biological molecules such as
DNA and molecular motors. In the microscopic world of optical tweezers, researchers are
now harnessing these systems to study a host of science: this includes advanced colloidal
interactions, dynamics of particles in various potentials (with strong analogues to atomic
systems), insights into superconductivity, optically bound matter, studies of the optical
angular momentum of light, magnetic flux line pinning, thermodynamics, microfluidics and
motor protein transport. The list is ever growing.

This talk will give a new perspective on this field using materials science. This includes the
use of new particles with specific properties for new studies. This can include the rotation of
particles in liquid and vacuum [1] and the use of anti-reflection coated particles for enhanced
optical forces [2].

[1] Y. Arita, M. Mazilu, and K. Dholakia, Nat Commun 4, (2013) 2374
[2] Anita Jannasch, Ahmet F. Demir6rs, Peter D. J. van Oostrum, Alfons van Blaaderen & Erik Schiffer, Nature
Photonics 6, (2012) 469-473
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ORGANOMETALLIC MOLECULAR MATERIALS FOR NLO, OLED
AND OPV

Wai-Yeung Wong
Institute of Molecular Functional Materials and Department of Chemistry, Hong Kong
Baptist University, Waterloo Road, Hong Kong, rwywong@hkbu.edu.hk

Inclusion of transition metal elements into organic scaffolds allows the hybridization of the
interesting physical characteristics of metal complexes such as electronic, optical and
magnetic properties with the solubility and processability inherent to the organic-based
molecules. This lecture highlights the recent development of some multifunctional
metallopolyynes and metallophosphors which can exhibit easily tunable luminescent and
electronic properties (Figure 1). Considerable focus is placed on the evaluation of their
suitability as emitters in OLEDs for display and lighting applications, optical power limiters
for sensor protection as well as semiconductors in organic photovoltaic cells for solar power
generation. The approaches based on structural modification of the organic chromophore to
achieve multiple-color phosphorescence emission and to tune the optical (both linear and non-
linear) and photovoltaic properties of these organometallic materials will be presented.
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and device optimization
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Figure 1. Multifunctional metallopolyynes and metallophosphors.

[1] W.-Y. Wong, X.-Z. Wang, Z. He, A.B. Djurisi¢, C.-T. Yip, K.-Y. Cheung, H. Wang, C.S.K. Mak, W.-K.
Chan, Nat. Mater. 6 (2007) 521.

[2] W.-Y. Wong, C.-L. Ho, Acc. Chem. Res. 43 (2010) 1246.

[3] J. Zou, H. Wu, C.-S. Lam, C. Wang, J. Zhu, S. Hu, C. Zhong, C.-L. Ho, G.-J. Zhou, H. Wu, W.C.H. Choy, J.
Peng, Y. Cao, W.-Y. Wong, Adv. Mater. 23 (2011) 2976.

[4] B. Zhang, G. Tan, C.-S. Lam, B. Yao, C.-L. Ho, L. Liu, Z. Xie, W.-Y. Wong, J. Ding, L. Wang, Adv. Mater.
24 (2012) 1873.

[5] W.-Y. Wong, C.-L. Ho, C.-L. J. Mater. Chem. 19 (2009) 4457.

[6] G. Zhou, W.-Y. Wong, Chem. Soc. Rev. 40 (2011) 2541.
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NOVEL RED PERSISTENT PHOSPHORS DEVELOPED BY BAND GAP
ENGINEERING

Setsuhisa Tanabe, Jian Xu, Jumpei Ueda
Graduate School of Human and Environmental Studies, Kyoto University, Kyoto 606-8501m

Japan

Long red persistent phosphors are expected for in vivo bio-imaging. The key point to design
persistent phosphors is the possibility of tuning the “trap depth” between the bottom of
conduction band, CB and the electron trap. If the binding energy of an electron trap is
predicted, this strategy to control the trap depth by changing the CB energy level is regarded
as “CB engineering”. Recently, we have applied the CB engineering to develop new persistent
phosphors in some aluminate/ gallate based garnets (i.e. Ce**- doped YAGG (green) [1] and
GAGG (yellow) [2] phosphors), in which the probability of photoionization from the excited
Ce*": 5d, level to CB with blue illumination can be increased by increasing Ga*" substitution
for AI**. We have also developed red persistent phosphor (~690 nm) of Cr** doped YAGG,
where Cr’* ions act both as emission centers and trap centers [3]. The persistent behavior and
TL glow peak temperature of these materials can systematically be tuned by changing Ga®"
content. The persistent radiance (mW/Sr/m?) of the optimized composition was higher than
that of the ZnGa>O4:Cr** phosphor, which is used widely for in vivo bio-imaging applications
[4]. We report a bright deep-red persistent phosphors of Cr**-Eu*" codoped GdsAlsxGaxO12
garnet (GAGG: Cr**-Eu*"), in which only Cr*" ion shows emission bands centered at 730 nm
and Eu’" ion acts as an excellent electron trap. The design concept is based on a theoretical
assumption and zigzag curves in the Dorenbos theory for garnet compounds [5]. The zigzag
curve representing the ground state of divalent lanthanide ions show a minimum bottom at 4f’
configuration (Eu®"). Because of its deep level, GGG (x=5) with the lowest CB level showed
the best persistent behavior and longest emission wavelength due to the weakest crystal field
strength. The persistent radiance of the GGG:Cr**-Eu*" (x = 5) sample at 1 h after ceasing
UV light was approximately 25 times higher than that of the Cr** singly doped GGG sample,
and is over 6 times higher than the ZnGa>O4: Cr’* red persistent phosphor.

[1]17J. Ueda, K. Kuroishi, and S. Tanabe, Appl. Phys. Lett. 104, 101904 (2014).

[2]J. Ueda, K. Kuroishi, and S. Tanabe, Appl. Phys. Express 7, 062201 (2014).

[3]17J. Xu, J. Ueda, Y. Zhuang, B. Viana, and S. Tanabe, Appl. Phys. Express 8, 042602 (2015).
[4]A. Bessiére, S. Jacquart, et al., Opt. Express 19, 10131 (2011).

[5] P. Dorenbos, J. Lumin. 134, 310 (2013).



OPTICAL CHALCOGENIDE GLASSES, FIBERS, AND DEVICES

Jean-Luc Adam

Glasses & Ceramics Research Group, Institut des Sciences Chimiques de Rennes, UMR
CNRS 6226, Université Rennes 1, Campus de Beaulieu, 35042 Rennes Cedex, France

Compared to oxide based glasses, vitreous materials composed of chalcogen elements (S, Se,
Te) show large transparency windows in the infrared. Indeed, chalcogenide glasses can be
transparent from the visible up to 12-15 um, depending on their compositions. This is due to
the lower phonon energies of chalcogenides, which are also responsible for enhanced
luminescence of rare-earth ions embedded in such matrices. Thus, sulfide glasses, for
instance, allow light emission at wavelengths not accessible with silica. In addition,
chalcogenide glasses contain large polarisable atoms and external lone electron pairs which
induce exceptional non-linear properties. Consequently, the non-linear properties can be 100
or 1000 times as high as the non-linearity of silica.

Applications are directly related to these unique optical properties. Thus, chalcogenide glasses
possess a high potential for applications as mid-infrared sources above 3 pm, where rare-
earth-doped silica glass cannot operate. Also, chalcogenide photonic crystal fibers (PCF)
might lead to new devices with unique optical properties in the mid-infrared domain like
multimode or endlessly single-mode transmission of light, small or large mode area fibers,
non-linear properties for wavelength conversion or generation of supercontinuum sources.
Optical fiber sensors for the mid-IR region between 2 and 14 um are another promising area
of applications. The IR signatures of most molecules, including biomolecules, are located in
this spectral domain, which allows in situ, non-invasive and real-time detection of molecules
by means of Fiber Evanescent Wave Spectroscopy (FEWS).

Future trends concern the development of composite materials like chalcogenide glass
ceramics for energy or environment-oriented applications. This includes glass ceramics with
enhanced properties for the conversion of solar light in photovoltaic cells, the generation of
large photocurrent, thermoelectricity, and photocatalysis.



SPECTROSCOPIC PROPERTIES OF Sr.CeO4s NANOCRYSTALS
CO-DOPED WITH RARE-EARTH IONS

Dariusz Hreniak, f.ukasz Marciniak, Robert Tomala, Mariusz Stefanski, Wiestaw Strek
Institute of Low Temperature and Structure Research, Polish Academy of Sciences, 50-950
Wroclaw, Poland, d.hreniak@int.pan.wroc.pl

Spectroscopic properties of the SroCeO4 nanocrystals under UV excitation were investigated.
Blue emission associated with charge transfer (CT) Ce*-O? transition was observed. The
absorption, excitation and emission spectra of obtained Sr.CeO4 nanocrystals were analysed
in details. In particular, the influence of the average grain size of Sro,CeOs nanocrystals on
their optical properties was studied. It was observed that with increasing the average grain
size of Sr.CeO4 nanocrystals the emission decay times decreased significantly. From the other
hand broad band emission under a high power NIR excitation was observed. The impact of
the excitation density on the luminescent properties was analysed in details. The power and
pressure dependence of emission intensity were discussed.
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OPTICAL SPECTROSCOPY OF FLUORIDE AND OXIDE HOST
LATTICES ACTIVATED WITH Dy?*

Enrico Cavalli
Chemistry Department, University of Parma, viale delle Scienze 17/a, 1-43124 Parma, Italy,
enrico.cavalli@unipr.it

The spectroscopic properties of Dy**- doped oxide and fluoride lattices are reviewed in the
light of their perspectives of applications. Their main emission transitions are in the 485 nm
and 575 nm regions and make them attractive for the realization of solid state laser operating
in the yellow region [1] and of single phase white emitting phosphors [2, 3], then motivating
the continuously increasing interest in these compounds. In this connection, it has to be
pointed out that most studies are carried out in order to develop new materials or to improve
the synthesis conditions and/or the luminescence performance of materials with device
potentialities, whereas less attention is dedicated to fundamental investigations. This implies
two kinds of consequences: first, it is not uncommon to encounter misconceptions or
questionable interpretations of the experimental data and, second, there are aspects concerning
the emission dynamics of the Dy*" ion, which are still to be fully understood. In this
connection it has to be pointed out that the application of known theoretical models, mainly
based on the Judd-Ofelt Theory [4, 5] allows to obtain information useful for the evaluation of
the host effect on the luminescence characteristics, for the estimate of the efficiencies of the
various emission channels and also for the design of new experiments. These aspects will be
dealt with by considering the experimental work carried out in the last fifteen years on Dy3*-
doped materials, in the frame of an unitary approach in which some open questions will be
pointed out together with their impact on the understanding of the luminescence mechanisms.

[1] S. R. Bowman, S. O’Connor, N. J. Condon Opt. Express 20 (2012) 12906-12911.

[2] F. Angiuli, F. Mezzadri, E. Cavalli, J. Sol. State Chem. 184 (2011) 1843-1849.

[3] K. Pavani, J. Suresh Kumar, T. Sasikala, B.C. Jamalaiah, Hyo Jin Seo, L. Rama Moorthy, Mat. Chem. Phys.
129 (2011) 292-295.
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ASSIGNMENT OF Nd*/Yb* ENERGY LEVELS IN THE C2 AND Cs;
CENTERS OF Lu203 SESQUIOXIDE CERAMICS/CRYSTAL

Georges Boulon?, Guillaume Alombert-Goget?, Yannick Guyot?, Malgorzata Guzik®,
Jan Pejchal®, Akira Yoshikawa®, Akihiko Ito®, Takashi Goto®
4 nstitute Light Matter (ILM), UMR5306 CNRS-UCB Lyonl, University of Lyon,
69622 Villeurbanne, France
bFaculty of Chemistry, University of Wroclaw, ul. F. Joliot-Curie 14,
50-383 Wroctaw, Poland
“Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

Lu20Os refractory sesquioxide has been suggested to be a potential laser host when doped
either by Nd* or by Yb®' rare earth ions, taking into account of the highest thermal
conductivity (12.5 W/m/K) and the lowest phonon energy (614 cm™) in comparison with
YAG (10.8 W/m/K and 700 cm™, respectively). As a result, spectroscopic data of Nd** and
Yb?* laser ions are needed in LuOs host, either as single crystal or as ceramics. It is extremely
difficult to grow Lu20s single crystal using conventional crystal growth methods because of
its high melting point (2490 °C) but it is much easier to fabricate Lu2Oz into a ceramic
structure since the sintering temperature is about 700 °C lower than its melting point and no
expensive crucible is required. In our program, Nd**-doped LuO3 single crystals are grown
by the p-Pulling Down method and Nd**-doped Lu,Os ceramics are fabricated by the non-
conventional method Spark Plasma Sintering (SPS).

The main goal of this presentation is, first, to show the structure of cubic un-doped Lu>O3z as
single crystal and polycrystalline transparent ceramics [1] and, secondly, to assign absorption
spectra, emission spectra and decays of Nd®" and Yb®' energy levels in the two
crystallographic non-centrosymmetric C, and symmetrical Cs; sites of the Lu.Oz structure of
both ceramics and crystal with the particularity that the population of C; sites is three times
higher than those of the Csi ones [2-5]. Whereas spectroscopic studies of rare earth-doped
sesquioxides involve mainly C: sites, associated with electric dipole induced type transitions
of high probability, site selective laser spectroscopy is especially useful to point out also the
transitions of Ca; sites associated with magnetic-dipole type transitions of much weaker
probability. An important result is Csi levels are located at higher energy than that of C. sites
as already observed with other Eu®* and Sm®* rare earths-doped Lu,Os sesquioxides. The
spectral positions of the two types of Lu>Os materials are the same.

[1] M. Guzik, M. Siczek, T. Lis, J. Pejchal, A. Yoshikawa, A. Ito, T. Goto, G. Boulon, Crystal Growth and
Design, 14 (2014) 3327-34.

[2] G. Alombert-Goget,Y. Guyot, M. Guzik, G. Boulon, A. Ito, T. Goto, A. Yoshikawa, M. Kikuchi, Opt. Mat.,
41 (2015) 3-11.

[3] G. Toci,, M. Vannini, M. Ciofini, A. Lapucci, A. Pirri, A. Ito, T. Goto, A. Yoshikawa, A. Ikesue, G.
Alombert-Goget, Y. Guyot, G. Boulon, Opt. Mat., 41 (2015) 12-16.

[4] M. Guzik, G. Alombert-Goget, Y. Guyot, J. Pejchal, A. Yoshikawa, A. Ito, T. Goto, G. Boulon, J. of
Luminescence.doi. 10.1016/j.jlumin.2014.12.063.

[5] Y. Guyot, M. Guzik, G. Alombert-Goget, J. Pejchal, A. Yoshikawa, A. Ito, T. Goto, G. Boulon, J. of
Luminescence, accepted on April 19, 2015.
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FASCINATING OPTICAL PROPERTIES OF THE COPPER
METABORATE

Marina N. Popova
Institute of Spectroscopy, Russian Academy of Sciences, 5 Fizicheskaya Str., Troitsk, Moscow,
Russia, popova@isan.troitsk.ru

Beautiful bright blue crystals of the copper metaborate CuB.O4 were first mentioned in
“Foundations of Chemistry” by D. Mendeleev (St. Petersbourg, 1906). Quite recently, in
2008, CuB,04 was found as a natural mineral from the Santa Rosa mine (Atacama desert,
Chile) and was named Santarosaite. In spite of a simple chemical formula, CuB,04 has a
complex crystal structure (SG 142d) with 12 formula units in the tetragonal crystal unit cell,
which has been characterized only in 1960. Magnetic Cu?* ions (S=1/2) in the unit cell
occupy two different crystallographic positions, 4b and 8d. The compound exhibits a unique
combination of magnetic, magnetoelectric, linear and nonlinear optical properties. To mention
some of them, Cu(4b) and Cu(8d) magnetic sublattices order at different temperatures, 21 K
and ~ 8 K, respectively. Multiple frustrated and nonfrustrated antisymmetric exchange
interactions within and between the 4b and 8d magnetic sublattices result in a rich complex
magnetic phase diagram. As for optical properties, CuB20s is the only transition-metal oxide
that demonstrates narrow zero-phonon (ZP) exciton lines for all transitions between the
crystal-field-split 3d-states [1]. ZP lines are accompanied by an extremely rich vibronic
structure [1,2]. Three types of optical magnetic-field-induced second harmonic generation
were detected in CuB204 [3]. In (Cu, Ni)B20a, nonreciprocal linear dichroism was observed
and used to visualize a rotation of magnetization caused by an electric field [4,5].

In the Institute of Spectroscopy, we carry out high-resolution optical studies of CuB,0, single
crystals. We have found a large sublattice-sensitive optical linear dichroism (LD) on ZP exciton
lines which arises below the temperature of the antiferromagnetic ordering in the
crystallographically isotropic (xy)-plane of CuB204 [6]. We elucidate the nature of this LD
attributing it to the magnetic Davydov splitting. Using the LD data we have discovered a
splitting of the phase transition at ~ 8 K into two transitions and have found three additional
magnetic phase transitions at the temperatures 2.05 K, 2.00 K, and 1.85 K. Moreover, we
were able to specify arrangement of spins in different incommensurate phases of the copper
metaborate.

As a result, we show that the discovered optical LD can be used as a new efficient method for
revealing hidden features of magnetic structures and phase transitions in complex multi-
sublattice insulating multiferroics and magnetics.

This work was supported by the Russian Academy of Sciences under the Program for Basic
Research “Electron correlations in systems with strong interactions”.

[1]R.V. Pisarev, A.M. Kalashnikova, O. Schéps, L.N. Bezmaternykh, Phys. Rev. B 84 (2011) 075160 (11 pp).
[2] R.V. Pisarev, K.N. Boldyrev, M.N. Popova, A.N. Smirnov, V.Yu. Davydov, L.N. Bezmaternykh, M.B.
Smirnov, V.Yu. Kazimirov, Phys. Rev. B 88 (2013) 024301 (15 pp).
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Transition metal ions find numerous applications in optical devices and materials such as
solid state lasers, phosphors for lighting, phosphorescent sensors, solar energy conversion
materials etc. The energy levels of these ions arise from the unfilled 3d electron shell, which
strongly interacts with the crystal lattice vibrations and actively participates in chemical bonds
formation. As a result, the absorption/emission spectra of these ions in solids differ
considerably from host to host due to variation in strength of the electron-vibrational
interaction and nephelauxetic effect. In the present work an overview of spectroscopic
properties of the transition metal ions in a free state and in crystals will be given. Several
trends between the main parameters describing the energy levels of the ions with unfilled d
electron shell will be highlighted [1-2].

Applications of several different approaches (e.g. crystal field theory, DFT-based
computational techniques, configurational coordinate model etc) to various optical materials
with 3d ions as impurities will be discussed in details, with special emphasis on how to
identify location of the impurity ions energy levels in the host band gap. It will be shown that
by combining the crystal field theory and ab initio methods of electronic structure calculations
it is possible to build up the complete energy level scheme of a doped crystal, which includes
the host’s electronic band structure and impurity ion energy levels superimposed onto it [3-5].
Recently developed model for the description of the spin-forbidden transitions of the d®
(Mn**, Cr®") and d® (Ni?*) ions [6,7] will be also presented.

All calculated results will be compared with corresponding experimental data; agreement (or
the reasons for disagreement) between the theory and experiment will be discussed.

[1] M.G. Brik, A.M. Srivastava, Opt. Mater. 35 (2013) 1776-1782.

[2] C.-G. Ma, M.G. Brik, J. Lumin. 145 (2014) 402-4009.

[3] M.G. Brik, G.A. Kumar, D.K. Sardar, Mater. Chem. Phys. 136 (2012) 90-102.

[4] M.G. Brik, M. Nazarov, M.N. Ahmad-Fauzi, L. Kulyuk, S. Anghel, K. Sushkevich, G. Boulon, J. Lumin.
132 (2012) 2489-2494.

[5] M.G. Brik, M. Nazarov, M.N. Ahmad-Fauzi, L. Kulyuk, S. Anghel, K. Sushkevich, G. Boulon, J. Alloys
Compds. 330 (2013) 103-108.

[6] M.G. Brik, A.M. Srivastava, N.M. Avram, A. Suchocki, J. Lumin. 148 (2014) 338-341.

[7] M.G. Brik, S.J. Camardello, A.M. Srivastava, ECS J. Sol. State Sci. Technol. 4 (2015) R39-R43.
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Ln3* 4f ENERGY LEVELS AND LUMINESCENCE IN YTTRIUM
ALUMINATE PEROVSKITE

Kazushige Ueda? Yuhei Shimizu?
4Department of Materials Science, Faculty of Engineering, Kyushu Institute of Technology,
1-1 Sensui, Tobata, Kitakyushu 804-8550, Japan, kueda@che.kyutech.ac.jp

Information about lanthanide (Ln) 4f energy levels relative to energy bands of host materials
is important to understand the Ln luminescence properties. The Ln®* 4f energy levels in many
various compounds have been reported on the basis of empirical data by Dorenbos [1, 2].
Thiel et al experimentally determined the Ln®" 4f energies relative to the valence band
maximum (VBM) in yttrium aluminum garnet (YAG) by using resonant ultraviolet
photoemission spectroscopy (UPS) [3]. Using the same resonant UPS technique, Sun et al
simply examined the Ln* 4f energies in perovskite-type yttrium aluminate, YAIOs, In this
study, the Ln3* 4f ground energy levels in YAIO3 were investigated by using conventional X-
ray photoelectron spectroscopy (XPS). The energy diagram of the Ln®" 4f levels was drawn
from the observed data and empirical data [2] as shown in Figure 1.

The wide band gap of YAIO; enables not only visible luminescence from various Ln®*" but
also uv luminescence from Gd®* [5]. The Gd** sharp uv luminescence is usually observed at
approximately 310 nm, which is anticipated for medical application such as skin disease
phototherapy. Thin films of Gd** doped YAIO3 were prepared by a RF sputtering method
aiming future development of thin film devices. The high quality films of Gd** doped YAIO3
were grown on LaAlOs single crystal substrates and photo- and cathodo-luminescence was
observed from the thin films.
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Fig. 1 Ln 4f and 5d energy diagram for YAIOs.

[1] P. Dorenbos, J. Lumin. 136 (2013) 122-129

[2] P. Dorenbos, J. Lumin. 135 (2013) 93-104

[3] C.W. Thiel, H. Cruguel, Y. Sun, G.J. Lapeyre, R. M. Macfarlane, R.W. Equall, R.L. Cone, J. Lumin. 94-95
(2001) 1-6

[4] Y. Sun, C.W. Thiel, R.L. Cone, R.W. Equall, R.L. Hutcheson, J. Lumin. 98 (2002) 281-287

[5] Y. Shimizu, Y. Takano, K. Ueda, J. Lumin. 141 (2013) 44-47

11



19

INTERVALENCE CHARGE TRANSFER LUMINESCENCE: AB INITIO
CALCULATIONS AND CONFIGURATION COORDINATE DIAGRAMS

Zoila Barandiaran®® and Luis Seijo®¢,
8Departamento de Quimica and Instituto Universitario de Ciencia de Materiales Nicolas
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We report the existence of intervalence charge transfer (IVCT) luminescence, which we
identified in doped phosphor materials.

Although IVCT absorption is a well-known phenomenon in mixed-valence compounds [1],
IVCT luminescence has never been reported, to the best of our knowledge. By means of ab
initio calculations based on the use of multiconfigurational wave functions, we have shown
that the so-called anomalous emissions of Ce®*" in elpasolites and Yb?* in fluorites are, in fact,
IVCT emissions [2,3]. In CszLiLuCls:Ce*", it is a Ce**5deq—Ce**4f electron transfer. In
CaF2:Yb?* and SrF.:Yb?', it is an Yb?*5deq— Yb3*4f7, electron transfer accompanied by a
4f7,—4f5, de-excitation within the Yb?*4f: subshell. We also found that the broad orange
emission of CaF2:Bi?*, which was attributed to a Bi2*(6s26p) 2Ps;»—2Py2 transition [4], is an
electron transfer from an impurity-trapped-exciton of Bi?* to the 6p shell of Bi®**. We find
reasonable to assume that, besides Ce**, Yb?*, and Bi?*-doped materials, IVCT emissions
must be present in many other materials where different oxidation states are likely to coexist,
e.g. in Pr¥* and Eu?* containing materials.

IVCT emissions are very much red-shifted with respect to their excitations; and they are very
broad. The reason lies in the very different equilibrium structures of the oxidized and reduced
centers involved in the IVCT transition: after the electron transfer, which takes place at fixed
structures, very large reorganization energy is released which is subtracted from the excitation
energy; and the horizontal offset between the minima of two IVVCT states is very large.

We also discuss simplified IVCT and metal-to-metal charge transfer (MMCT) configuration
coordinate energy diagrams [5]. We discuss their main features and procedures to obtain them
from empirical data. Application to Yb-doped YAG suggests that IVCT states of Yb?*/Yb%*
pairs may play an important role in the quenching of the Yb3* 4f-4f emission and it provides
the details of the quenching mechanism. Application to Ce,Yb-codoped YAG supports and
provides details to the interpretation recently given for the energy transfer from Ce** to Yb®*
via a MMCT Ce**-YDb?* state [6].

[1] G. C. Allen and N. S. Hush, Prog. Inorg. Chem. 8 (1967) 357.

[2] L. Seijo and Z. Barandiaran, J. Chem. Phys. 141 (2014) 214706.

[3] Z. Barandiaran and L. Seijo, J. Chem. Phys. 141 (2014) 234704.

[4] R. Cao, F. Zhang, C. Liao, and J. Qiu, Opt. Express 21 (2013) 15728.

[5] Z. Barandiaran, A. Meijerink, and L. Seijo, submitted.

[6] D. C. Yu, F. T. Rabouw, W. Q. Boon, T. Kieboom, S. Ye, Q. Y. Zhang, , and A. Meijerink, Phys. Rev. B 90
(2014) 165126.
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FLUORESCENCE SPECTROMICROSCOPY OF MYRIAD SINGLE
DYE MOLECULES IN SOLID MATRICES: TOOL FOR
HYPERSPECTRAL MATERIAL NANODIAGNOSTICS

Andrei V. Naumov?®®
4Institute for Spectroscopy of the Russian Academy of Sciences, Molecular Spectroscopy
Department, Troitsk Moscow, 142190 Russia
PMoscow State Pedagogical University, Theoretical Physics Chair, Moscow, Russia
E-mail: a_v_naumov@mail.ru, Web-page: www.single-molecule.ru

Laser fluorescence spectromicroscopy of single probe molecules (SMSM) in transparent
solids is a widely recognized field of science. The SMSM methods are especially informative
at cryogenic temperatures, when zero-phonon lines (ZPL) of emitting centres are reachable
for observation with the use of a narrowband laser light source [1,2]. The extreme sensitivity
of the ZPL parameters to the single-molecule (SM) local environment allows us to apply
SMSM for the study of doped solids on the nanometer scale. Actually, the high ratio of
inhomogeneous absorption bandwidth to the very narrow ZPL homogeneous spectral width
gives the opportunity to measure fluorescence excitation spectra and coordinates for all
efficiently fluorescing SMs in doped bulk solid samples (crystals, glasses, polymers) at low-
temperatures. For this purposes some specially developed algorithms and software should be
applied for quick SM spectra and images recognition, data processing and specific statistical
analyses. Note that the nanometre accuracy is achievable for all three spatial coordinates of
each SM by adaptive optics based modification and analysis of its point-spread function [3].
In the present talk we overview the advances of SMSM for the materials characterisation on
the nanometer scale. We show, that measurements, experimental data postprocessing and
numerical analysis give the following opportunities:

(a) to study comprehensively the photophysical properties of fluorescent media (from single
emitter up to bulk sample), in particular to investigate the intermolecular processes, and the
phenomena of single quantum objects emission enhancement, bleaching and blinking;

(b) to probe processes local local fields in doped solids on the microscopic/nanoscale level
(single low-energy elementary excitations, energy/charge transfer, aging);

(c) to study anomalies and artifacts (sub-ppm chemical contamination);

(d) to construct synthetic distributions of SM parameters, which have physical meaning,
compare them with ensemble averaged data obtained by classic experiments;

(e) to map the SM parameters in relation to sample nanoscale structure, thus to search and
analyze physical nature of various correlations between local parameters of a sample, i.e.
realise far-field hyperspectral material nanodiagnostics.

[1] A.V. Naumov, Phys.-Usp. 56 (2013) 605.

[2] A.V. Naumov, I.Yu. Eremchev, A.A. Gorshelev, Eur. Phys. J. D 68 (2014) 348.

[3] S.R.P. Pavani, M.A. Thompson, J.S. Biteen, S.J. Lord, N. Liu, R.J. Twieg, R. Piestun, W.E. Moerner, PNAS
106 (2009) 29951 111[1|

[4] A.V. Naumov, A.A. Gorshelev, Y.G. Vainer, L. Kador, J. Kohler, Phys.Chem.Chem.Phys. 13 (2011) 1734
1742,

(*) The support is acknowledged from Russian Foundation for Basic Researches (14-02-00822: experiments
with the technique for cryogenic DHPSF SMSM) and Russian Science Foundation (14-12-01415: development
of the methods for statistical analysis of SMSM-data). The study is included into the RAS Research Program of
(“Basic Optical Spectroscopy and its Applications™). The results were obtained in our department, and in
collaboration with the Univeristy of Bayreuth, Germany (Prof. L.Kador, Prof. J. Kohler). [1,2,4]
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NANOMECHANICS OF PHOTOTHERMAL AND PHOTOACOUSTIC
SPECTROSCOPY

Thomas Thundat
Dept. of Chemical and Materials Engineering, University of Alberta, Edmonton, AB, Canada

Photothermal and photoacoustic effects accompanying pulsed resonant excitation of
molecules are routinely used for material characterization. Photothermal and photoacoustic
effects can also results in mechanical motion that can be observed using microfabricated
devices. Recent advances in microfabricating structures that can detect extremely small
forces open up possibilities for photothermal and photoacoustic spectroscopy of femto and
pico gram quantities of molecules. This technique can be extended into pico liters of confined
liquids in micro and nanoscale structures. Recent advances in the nanomechanical
spectroscopy and its integration into multi-modal signal generation to achieve selectivity,
sensitivity, and rapid regeneration will be discussed.
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Nd**, Eu®* AND Yb3** IONS AS STRUCTURAL PROBES
IN THE SCHEELITE-TYPE CADMIUM MOLYBDATE WITH
VACANCIES

Malgorzata Guzik?, Elzbieta Tomaszewicz®, Yannick Guyot®, Janina Legendziewicz?,
Georges Boulon®
8Faculty of Chemistry, University of Wroctaw, Joliot-Curie 14, 50-383 Wroctaw, Poland
Department of Inorganic and Analytical Chemistry, West Pomeranian University of
Technology, Al Piastow 42, 71-065 Szczecin, Poland
“Institute Light Matter (ILM), UMR5306 CNRS-UCB Lyon1, University of Lyon,
69622 Villeurbanne, France

A series of micro-crystalline scheelite-type cadmium molybdate with vacancies ([J) of
chemical formula Cd1-3xRE2«[1xM00s (RE3*=Nd*", Eu®*, Yb®") were synthesized by mean of
high-temperature solid state reaction. X-ray diffraction patterns indicate that the samples
show only one phase and crystallize in the tetragonal scheelite-type structure (the space group
1441/a., with point symmetry Sa), when the concentration of RE®* ions with respect to Cd?* ions
is in the range from 0.05 mol% to 66.67 mol% for Eu®* and Nd** ions and from 0.05 mol% to
33.36 mol% for Yb®* ions. Substitution of divalent Cd®* by trivalent RE®* cations leads to the
formation of cationic vacancies in the framework due to the charge compensation:
3Cd**[2RE®* + [ vacancy. Vacancy concentration dependence brings some originality to
this research program in optical materials. Our objective is to take advantage of the RE3®*
spectroscopic probes to analyze in details the structural properties of the cationic environment
in the lattice as complementarity data to XRD diffraction techniques.

Multisite character of RE3* sites has been pointed out from the important role played by laser
techniques, like site selective spectroscopy and time-resolved spectroscopy using tuneable
laser pumping at cryogenic temperature (4K, 77K). Only specific lines of the unique Eu®*
Do <> "Fo, Nd®* “#lo; — 2P12 and Yb3* 0-phonon line 2Fs;; < 2F7 transitions respectively,
and the double Nd®* #lo;2 — *Fs/2 absorption transitions, have been analysed.

RE®**-doped samples exhibit very intense luminescence, so that could be applied for WLEDs
with Eu®* ions and for laser materials with Nd**/Yb®* ions.

[1] M. Guzik, E. Tomaszewicz, Y. Guyot, J. Legendziewicz, G. Boulon, J. Mat. Chem. C, 3 (2015) 4057- 4069.
[2] M. Guzik, E. Tomaszewicz, Y. Guyot, J. Legendziewicz, G. Boulon, J. Lumin. 2015, accepted on February
19. doi.org/10.1016/j.jlumin.2015.02.043.

[3] M. Guzik, E. Tomaszewicz, Y. Guyot, J. Legendziewicz, G. Boulon, J. Mat. Chem. C, submitted on April 18,
2015.
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RARE-EARTH DOPED FLUORIDE LASER CRYSTALS: RECENTLY
EXPLORED “EXOTIC” PROPERTIES

Biao Qu®°, Simone Normani?, Zhiping Cai®, Patrice Camy?, Jean-Luis. Doualan?, Alain
Braud?, Richard Moncorgé?
8Centre de recherché sur les Ions, les Matériaux et la Photonique (CIMAP)
UMR 6252 CEA-CNRS-ENSICAEN, Universitée de Caen, 6 Blvd Marechal Juin
bDepartment of Electronic Engineering, Xiamen University, Xiamen 361005, China
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Two kinds of recently explored properties will be presented: Pr3* broadband laser emission
properties of various Pr-doped fluoride crystals and glasses around 900nm and Nd**
broadband laser emission and thermo-mechanical properties of Nd-doped CaF, and SrF»
single crystals.

Rather unexpectedly and almost completely ignored in the past literature, it was recently
proved that rather efficient and broadband laser emission could be obtained around 900nm in
Pr:LiYFs4 as well as in other well-known Pr-doped materials due to a combination of spin-
forbidden and spin-allowed thermalized optical transitions. It will be shown that pumping
Pr:LiYFs with a blue InGaAn laser diode at about 444nm or with an optically pumped
semiconductor laser (OPSL) at 479 nm, it was possible to lase around 915nm with laser
efficiencies of more than 30% and that continuous laser wavelength tunability could be
achieved in the continuous-wave laser regime between about 865 and 935nm, thus over
70nm.

Rather unexpectedly again, it was also recently demonstrated that broadband and ultrashort-
pulse laser operation was possible with Nd-doped CaF, and SrF, single crystals around
1.055um. Such laser emission, known as completely quenched because of cross-relaxation
energy transfers in the singly doped materials, indeed increases spectacularly by co-doping
the crystals with non-optically active “buffer” ions like Y®" or Lu®*. As a matter of fact,
broadband laser emission and sub-100fs laser operation could be already demonstrated and
large scale high peak power diode-pumped amplifiers, also thanks to favorable thermo-
mechanical properties, can be already anticipated.

More details about the spectroscopy, the laser performance and the thermo-mechanical
properties of the various systems will be given at the conference.
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THE LUMINESCENCE OF Bi** IN SOLIDS

Alok M. Srivastava
GE global research, One research circle, Niskayuna, New York 12309

The interest in the luminescence of ions with ns? electronic configuration is driven by the
many potential applications in lighting and scintillator technologies [1]. Fundamental
explorations pertaining to the luminescence of ns? ions in solids can assist technologists in
designing new materials where the optical properties can be tuned to satisfy the device
requirements.

The evolution of the optical properties of the Bi®* ion as a function of host lattice composition
is reviewed in terms of new results and data which are available in the archival literature [2].
In particular the Bi* luminescence in materials is discussed. Particular emphasis is placed on
identifying emission from isolated Bi** ions, emission from pairs (or clusters) of Bi* ions
and photoionized emission. The specific cases which will be considered are the materials
with the pyrochlore, perovskite and zircon crystal structures [3-6].

[1] G. Blasse, B. C. Grabmaier, Luminescent Materials, Springer-Verlag, Berlin Heidelberg, 1994.
[2] Philippe Boutinaud, Inor. Chem. 52 (2013) 6028.

[3] A. M. Srivastava, W. W. Beers, J. Lumin. 71 (1990) 285.

[4] A. M. Srivastava, Mat. Res. Bull. 37 (2002) 745.

[5] A. M. Srivastava, A. Szarowski, J. Solid St. Chem. 146 (1999) 494.

[6] A. M. Srivastava, S. J. Camardello, Opt. Mat., 39 (2015) 130.
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CATHODOLUMINESCENCE IN ELECTRON MICROSCOPY:
FROM PHOSPHOR EVALUATION TO SINGLE PARTICLE
ANALYSIS

Philippe F. Smet*?, Lisa I.D.J. Martin®® Jeroen Wattez®"¢, Filip Strubbe®c, Dirk Poelman?®
d%Lumilab, Department of Solid State Sciences, Ghent University, Belgium
bCenter for Nano- and Biophotonics (NB-Photonics), Ghent University, Belgium
‘Liquid Crystals and Photonics Group, Ghent University, Belgium

Impurity doped phosphors often show a close relationship between their luminescent and
structural properties. When a phosphor is characterized by a distribution of structural
properties (such as local compositional variations, dopant clustering, impurity phases or
particle size inhomogeneity), the luminescence can show similar variations. If synthesized
phosphors are only evaluated at the macroscopic scale, all contributions are averaged out,
which can lead to a broadened emission spectrum, a luminescence decay profile featuring
multiple exponential contributions or a peculiar thermal behavior [1,2].

In this presentation we discuss cathodoluminescence (CL) spectroscopy in a scanning electron
microscope (SEM) as a tool to study emission characteristics in phosphors at the microscopic
scale [1,3]. In SEM-CL simultaneous identification of the morphology, the chemical
composition and the spectral distribution can be performed in imaging mode. When using a
fast beam blanker, local decay time analysis and spectrally resolved decay time mapping can
be performed [1]. A temperature stage allows to evaluate thermal quenching at the sub-micron
scale [4].

Correlation of simultaneously obtained structural, compositional and luminescence properties
leads to a profound understanding of a phosphor's behavior. It can be used to identify minority
phases in phosphors, e.g. the formation of EuGa2S4 when preparing ZnGazS4:Eu [3]. The light
outcoupling of single phosphor particles can be studied, as well as the occurrence of
whispering gallery modes in highly symmetric particles [5].

[1] D. Poelman, P.F. Smet, Physica B 439 (2014), 35-40.

[2] K. Takahashi, B. Dierre, YJ Cho, T. Sekiguchi, R.J. Xie, N. Hirosaki, J. Am. Cer. Soc. 98 (2015) 1253-1258.
[3] D. den Engelsen, P. Harris, T. Ireland, J. Silver, ECS J. Sol. Stat. Sci. Tech. 4 (2015) R1-R9.

[3] J.J. Joos, K. Korthout, S. Nikitenko, D. Poelman, P.F. Smet, Opt. Mater. Exp. 3 (2013), 1338-1350.

[4] P.F. Smet, J. Botterman, A.B. Parmentier, D. Poelman, Opt. Mater. 35 (2013) 1970-1975.

[5] K. Korthout, P.F. Smet, D. Poelman, Appl. Phys. Lett. 94 (2009) 051104.
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NEAR INFRARED LIGHT MEDIATED DRUG RELEASE,
PHOTODYNAMIC THERAPY USING UPCONVERSION
NANOPARTICLES

John A. Capobianco
Department of Chemistry and Biochemistry, Centre for NanoScience Research Concordia
University, 7141 Sherbrooke Street West, Montreal, Quebec, Canad
John.Capobianco@concordia.ca

Lanthanide doped nanoparticles have the ability to undergo upconversion. Upconversion is a
non-linear anti-Stokes process that efficiently converts two or more low-energy excitation
photons, which are generally near infrared (NIR) light, into a higher energy photon (e.g., NIR,
visible, ultraviolet) through the use of long lifetime and real ladder-like energy levels of
trivalent lanthanide ions embedded in an appropriate inorganic host lattice. Thus, these
materials are quickly emerging as candidates in novel biological applications. This stems
from their unique optical and chemical properties, such as non-blinking, non-photobleaching,
absence of autofluorescence, low-toxicity, low photodamage to live cells, and their
remarkable ability to penetrate light in tissues. Here, we present the characterization and
optical properties of lanthanide-doped fluoride nanoparticles and subsequent strategies to
impart biological functionality. We show relevant biological applications of these
upconverting nanoparticles as a platform for photodynamic therapy and drug delivery.
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NUCLEATION, AGGREGATION AND GROWTH OF QUANTUM
DOTS PREPARED BY SOL-GEL CHEMISTRY

Sandra H. Pulcinelli
Institute of Chemistry, UNESP, PO Box 355, Araraquara, SP, Brazil, sandrap@ig.unesp.br

Nanocrystal semiconductor technology has emerged in the early 1980°s when Efros and Brus
independently observed striking differences of colour for solutions made from the same
colloidal species. The origin of this unusual optoelectronic property is the quantum size effect
observed when the Bohr exciton size is bigger than the semiconductor nanocrystal size, this is
the so-called “quantum dots” (Qdot). In the Qdot the optical band gap and the energy of the
emitted light can be tuned by changing the nanocrystal size. A typical semi-conductor
presenting this striking property is the zinc oxide, a wide band-gap semiconductor (3.7 eV)
with high exciton binding energy (60 meV) which ensures efficient excitonic UV emission at
room temperature. In addition, ZnO Qdot is currently attracting great interest as potential
labels for biological applications, such as theranostic devices, due to their luminescent
properties and low toxicity in vivo. In this talk we aim to give experimental evidence of the
mechanism involved in the process of ZnO nanoparticles formation and growth. To reach this
goal, the structural evolution of zinc species in solution and in condensed phase were
examined in deep by in situ and simultaneous time resolved monitoring of UV-Vis absorption
spectra combined with small angle X-rays scattering (SAXS) and with X-ray absorption fine
structure (EXAFS). The formation and growth of ZnO nanoparticle from zinc acetate as well
as the effect of doping was followed at 40°C and hydrolysis ratio [OH]/[Zn] = 0.5. The results
of this in situ and combined techniques investigation show that the kinetic of formation of
colloidal ZnO nanocrystal is a stepped process composed of four main stages: (i) ZnO Qdot
nucleation and growth; (ii) growth of compact ZnO Qdot aggregates; (iii) growth of fractal
aggregates; (iv) secondary nucleation and fractal aggregate growth. Nucleation and growth of
ZnO Qdot occur at the expense of the zinc oxy-acetate leading to a conversion of about 13%
of zinc precursors in ZnO, at the early stage of the kinetics. Then, at longer period of time, the
reaction of ZnO colloid formation is characterized by an equilibrium state between two
species, and an aggregation growth described by the oriented attachment induced by grain-
rotation model that favors the subsequent coalescence of ZnO Qdot. At the advanced stage the
coarsening of ZnO Qdot presents a kinetic behavior characteristic of the Ostwald ripening
process. In fact, complementary experiments done at very well controlled kinetics have shown
that during the very first instants of the reaction, the growth is governed by oriented
aggregation, a model specifically proposed for crystal growth. This observation leads us to
propose this conventional model is more general than previously proposed. In addition, as
Mg?* ions were incorporated into the ZnO wurtzite lattice owing to the very close values of
the Mg?* and Zn?* ion radii, the growth and final size of ZnO nanocrystals were strongly
influenced. The presence of Mg prevented the aggregation of primary nanoparticles, widened
the band gap of ZnO Qdot and enhanced their visible luminescence. With increasing
proportion of Mg?* ions, both the absorption and emission spectra experienced a blue shift and
the quantum yield increased about 6 times as compared to the pristine ZnO suspension.

This work is supported by CNPg and FAPESP.
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ENERGY TRANSFER IN RARE-EARTH DOPED SYSTEMS

A. Meijerink, T. Senden, D. Yu, F.T. Rabouw
Debye Institute, Utrecht University, P.O. Box 80000, 3508 TA Utrecht, The Netherlands
a.meijerink@uu.nl

Lanthanides have transformed the world of lighting in the past 40 years. Presently, almost all
artificial light sources rely on emission of light by lanthanide ions. In many luminescent
materials energy transfer is involved and plays a crucial role in obtaining the desired
luminescence characteristics: for example, in the lamp phosphor LaPO4:Ce, Tb absorption of
UV radiation by Ce** is followed by energy transfer to the green emitting Tb>" ion. In the
well-known upconversion phosphor NaYF4:Yb,Er energy transfer from two Yb*" ions to Er**
is involved. The opposite process of downconversion relying on the lanthanide couples (Er**,
Yb*H), (Tb*, Yb*") and (Pr**, Yb*") involves either two-step energy transfer or cooperative
energy transfer. Modelling energy transfer is not trivial but is needed to understand the
mechanism and efficiency of spectral conversion processes involving energy transfer.

In this presentation a short historical introduction to modelling energy transfer will be
followed by an overview of recent developments, demonstrating the need for modelling using
microscopic models based on actual distributions of lanthanide ions taking into account
distributions of donor-acceptor distances imposed by the crystal structure of the host material.
As an illustrative example, energy transfer from Ce*" to Yb*" will be discussed. In the
literature cooperative energy transfer from Ce** to two Yb*" ions has been reported but based
on modelling we show that in fact the energy transfer is dominated by single step energy
transfer via a metal-to-metal charge transfer state. The second illustration involves energy
transfer in nanocrystals. Research on lanthanide doped nanocrystals is booming. Modelling
energy transfer in nanocrystals is complicated by the confined geometry but accurate
modelling can be realized. Experimental luminescence decay curves of the Ce** emission in
Ce**, Tb** co-doped LaPOs NCs are reproduced by our model for a wide range of Tb**
acceptor concentrations, using only one donor-acceptor interaction parameter (Figure 1).
Experiments for energy transfer in nanocrystals surrounded by solvents of different refractive
index demonstrate that the absolute energy transfer rate is not affected by the refractive index
of the medium surrounding the NC which makes it possible to tune the energy transfer
efficiency by embedding the NC in different photonic environments. Finally, an outlook into
the future of modelling energy transfer will be given.
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Figure 1 — Modelling of donor emission decay curves for ET in confined geometries A Schematic of a
doped LaPO4 nanocrystal with a Ce** donor (purple) and Tb*" acceptors (green). B The distribution of
distances to nearby sites from a central donor ion, in a 4 nm LaPO4 NC with the central ion at
different depths. C Luminescence decay curves of the Ce** emission for Tb** concentrations ranging
from 0% (red) to 40% (purple). Broken lines represent the best fits for a bulk model while the drawn
black lines represent the fits for the position dependent distributions in B.
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LUMINESCENT NANOTHERMOMETRY. NANOTHERMOMETERS
AND NANOHEATERS GET CLOSER

Luis D. Carlos
Physics Department and CICECO, Universidade de Aveiro, 3810-193 Aveiro, Portugal

Nanothermometry has indeed experienced an unprecedented growth over the past five years
following, in most examples, the technological trends of sub-micron miniaturization, namely
in the temperature mapping of microcircuits and microfluidic devices.1 There is also a high
demand of nanothermometry for biomedical uses, like the development of intracellular
thermometers capable of accurate temperature determination in living cells.2

Despite promising progresses on the temperature mapping of microfluidic devices and living
cells, precision control of fluid temperature by accounting for local temperature gradients,
heat propagation and accurate temperature distributions have not yet been satisfactorily
addressed. The major obstacle for this has been the unavailability of a thermometer with the
following requirements: i) high temperature resolution (ca. 0.1 degree); ii) ratiometric
temperature output; iii) high spatial resolution (< 1x10-6 m); iv) functional independency of
changes in pH, ionic strength and surrounding biomacromolecules; and v) concentration—
independent output.

Moreover, magnetic-, plasmonic- and phonon-induced nanoparticles thermal heating are
noninvasive techniques for drug release, remote control of single cell functions, plasmonic
devices and hyperthermia therapy. To be effective, local heating requires measuring the
nanoheater’s local temperature. Single nanoparticles integrating heaters and thermometers are
then crucial for this purpose and numerous attempts were reported, namely within the last
year.3-5

The lecture presents a general revision of the work done at the GFHybrids in Aveiro in the
last couple of years on luminescent nanothermometers and in heater/thermometer
nanoplatforms, with particular emphasis on examples comprising lanthanide-based
nanoparticles with potential application in cellular thermometry and hyperthermia therapy.

[1] C. D. S. Brites, P. P. Lima, N. J. O. Silva, A. Millan, V. S. Amaral, F. Palacio, L. D. Carlos, Nanoscale 4
(2012) 4799-829.

[2] D. Jaque, B. del Rosal, E. M. Rodriguez, L. M. Maestro, P. Haro-Gonzalez, J. G. Solé, Nanomedicine-UK 9
(2014) 1047-1062.

[3] M. L. Debasu, D. Ananias, |. Pastoriza-Santos, L. M. Liz-Marzan, J. Rocha, L. D. Carlos, Adv. Mater. 25
(2013) 4868-4874.

[4]J. Dong, J. I. Zink, ACS Nano 8 (2014) 5199-5207.

[5] Pinol, R.; Brites, C. D.; Bustamante, R.; Martinez, A.; Silva, N. J.; Murillo, J. L.; Cases, R.; Carrey, J.;
Estepa, C.; Sosa, C., et al. ACS Nano 2015, 9, 3134-42.
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NOVEL RED PERSISTENT PHOSPHORS DEVELOPED BY BAND
GAP ENGINEERING

Setsuhisa Tanabe, Jian Xu, Jumpei Ueda

Graduate School of Human and Environmental Studies,Kyoto University, Kyoto 606-
8501m Japan

Long red persistent phosphors are expected for in vivo bio-imaging. The key point to
design persistent phosphors is the possibility of tuning the “trap depth” between the
bottom of conduction band, CB and the electron trap. If the binding energy of an
electron trap is predicted, this strategy to control the trap depth by changing the CB
energy level is regarded as “CB engineering”. Recently, we have applied the CB
engineering to develop new persistent phosphors in some aluminate/ gallate based
garnets (i.e. Ce*- doped YAGG (green) [1] and GAGG (yellow) [2] phosphors), in
which the probability of photoionization from the excited Ce®*: 5d; level to CB with
blue illumination can be increased by increasing Ga®* substitution for AI**. We have
also developed red persistent phosphor (~690 nm) of Cr®* doped YAGG, where Cr*
ions act both as emission centers and trap centers [3]. The persistent behavior and TL
glow peak temperature of these materials can systematically be tuned by changing Ga3*
content. The persistent radiance (mMW/Sr/m?) of the optimized composition was higher
than that of the ZnGa,04:Cr®* phosphor, which is used widely for in vivo bio-imaging
applications [4]. We report a bright deep-red persistent phosphors of Cr¥*-Eu®* codoped
GdsAlsxGaxO12 garnet (GAGG: Cr3*-Eu®"), in which only Cr®* ion shows emission
bands centered at 730 nm and Eu®" ion acts as an excellent electron trap. The design
concept is based on a theoretical assumption and zigzag curves in the Dorenbos theory
for garnet compounds [5]. The zigzag curve representing the ground state of divalent
lanthanide ions show a minimum bottom at 4f” configuration (Eu?*). Because of its deep
level, GGG (x=5) with the lowest CB level showed the best persistent behavior and
longest emission wavelength due to the weakest crystal field strength. The persistent
radiance of the GGG:Cr¥*-Eu®* (x = 5) sample at 1 h after ceasing UV light was
approximately 25 times higher than that of the Cr®* singly doped GGG sample, and is
over 6 times higher than the ZnGa>O.: Cr®* red persistent phosphor.

[1] J. Ueda, K. Kuroishi, and S. Tanabe, Appl. Phys. Lett. 104, 101904 (2014).

[2] J. Ueda, K. Kuroishi, and S. Tanabe, Appl. Phys. Express 7, 062201 (2014).

[3] J. Xu, J. Ueda, Y. Zhuang, B. Viana, and S. Tanabe, Appl. Phys. Express 8, 042602 (2015).
[4]A. Bessicre, S. Jacquart, et al., Opt. Express 19, 10131 (2011).

[5] P. Dorenbos, J. Lumin. 134, 310 (2013).
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DEFECT STATES OF 3d, 4d, AND 5d ELECTRONS OF TRANSITION
METALS AND LANTHANIDES IN INORGANIC COMPOUNDS

Pieter Dorenbos?, Edith G. Rogers ?
& Delft University of Technology, Faculty of Applied Science, Department of Radiation
Science and Technology(FAME-LMR), 2629 JB Delft, The Netherlands,
p.dorenbos@tudelft.nl

Methods and models to establish the location of the 4f levels of divalent and trivalent
lanthanides within the band gap of inorganic compounds are nowadays frequently used. The
top of the valence band is then chosen as the level of reference. In 2012 the chemical shift
model was developed [1]. The positively charged lanthanide is always screened by an equal
amount of negative charge at a distance dictated by the size of the lanthanide and how
strongly electrons are bonded on the surrounding anions. Chemical shift, which is caused by
that screening charge, is then the shift in binding energy of an electron from the free ion value
to the value that applies for the lanthanide in a compound. With the model one may establish
the vacuum referred binding energy (VRBE) of electrons in lanthanide states.

4f-electron orbitals are well screened from the crystalline environment. This does not apply to
d-electrons that have a strong interaction with the surrounding anion ligands. Different d-
orbitals have different orientation in space and depending on the shape of the coordinating
anion polyhedron strong crystal field splitting of d-states occurs. d-orbitals also overlap with
ligand orbitals leading to covalence and correlated ligand electron and d-electron motion
which lead to the so called centroid shift. Crystal field splitting and centroid shift canb e
treated as chemical shift differences.

We started with determining the VRBE of the single 5d-electron in divalent and trivalent
lanthanides. Next we collected data on the 3d?, 4d*, and 5d* transition metal elements like
Ti**, Nb*, and W>* and determined the VRBE for different compounds. The VRBE of nd*
electrons shows about + 1 eV compound to compound whereas that of 4f electrons only +0.2
eV. The much larger variation is attributed to the much larger variation in crystal field
splitting of nd-levels. The average nd! VRBE shows clear trends with changing charge of the
TM or Ln (2+, 3+, 4+, or 5+) and with changing type of d-orbital (3d, 4d, or 5d). Trends that
follow the same trends as of the free TM and Ln ions [2].

With knowledge on 4f" and nd® VRBEs in compounds and knowledge on the VRBE of
conduction band and valence band electrons one may understand and better predict
luminescence, carrier storage and preferred valence of Ln and TM defects in compounds.
Various examples from experiment will be presented. First ideas and data on level locations
of TM with more than one d-electron like in Cr3* will be presented.

[1] P. Dorenbos, P. Dorenbos, Phys. Rev. B 85 (2012) 165107.
[2] E.G. Rogers, P. Dorenbos, ECS Journal of Sol. State Sci. and Techn. 3 (2014) R173.
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LuPO4:Eu SINTERED CERAMICS - AN OLD PHOSPHOR
WITH NEW LUMINESCENT FUNCTIONALITIES

Justyna Zeler?, Joanna Cybinska®®, Eugeniusz Zych?
8Faculty of Chemistry, University of Wroctaw
14 F. Joliot-Curie Street, Wroctaw, Poland; Justyna.zeler@chem.uni.wroc.pl;
Joanna.cybinska@chem.uni.wroc.pl; Eugeniusz.zych@chem.uni.wroc.pl
YWroctaw Research Centre EIT+, 147/149 Stablowicka Street, Wroctaw, Poland

LuPQ, activated with lanthanide ions have been reported as efficient phosphors, also upon ionizing
radiation [1]. Since this composition melts incongruently, large single crystals cannot be obtained by
the classic Czochralski method [2]. Therefore, we decided to experiment with sintering of LuPO4:Eu
to produce its high-density compact bodies.

We soon noted that the LuPO.:Eu sintered ceramics showed significant red-color afterglow after
exposure to X-rays. Its efficiency was found to depend on the Eu concentration, but was observed for
Eu content spanning at least the range of 0.1-15 mol%. The courses of thermoluminescence glow
curves were also Eu concentration dependent to some extent, though they all peaked around 200 °C
(Fig. 1). In general, with increasing Eu concentration the glow curves were broader with more TL
components reflecting more types of traps.

These results, which we shall discuss in detail at the presentation, are surprising as recent publications
of the Dorenbos group on YPO., a structural analogue of LuPQO,4, seemed to conclude that energy
storage in these phosphates can occur when two specific lanthanides are doped into the host [3]. While
in [3] a TL peak around 190 °C (close to our 200 °C) was also seen for Ce-activated YPOy, it had much
different characteristics compared to what is seen in our LuPO4:Eu. We shall show that singly
activated LuPO4:Eu processed in specific conditions turns into an efficient storage/persistent
phosphor, without a need of co-doping.
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Figure 1. The glow curves of LuPO4:Eu sintered ceramics with two different contents of the activator.

[1] L. Boatner, L. Keefer, J. M. Farmer,. D. Wisniewski,. A. J. Wojtowicz,. SPIE - The International Society of
Optical Engineering 5540 (2004) 73-87.

[2]J. S. Neal, L. Boatner, M. Spurrier, P.Szupryczynski, C. L. Melcher, Proc. of SPIE 6319 (2006) 631907-1.
[3] A. Dobrowolska, A. J. J. Bos and P. Dorenbos, J. Phys. D: Appl. Phys. 47 (2014) 335301. doi:10.1088/0022-
3727/47/33/335301.
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UPCONVERSION LUMINESCENCE PROPERTIES OF SINGLE
PCONVERSION LiY/LuF;:Yb*/Er** MICROCRYSTAL

Hairong Zheng, Wei Gao, Qingyan Han
School of Physics and Information Technology, Shaanxi Normal University,No. 620, West
Chang'an Avenue, Chang'an District, Xi‘an, China, hrzheng@snnu.edu.cn

Yb**/Er**codoped tetragonal LiY/LuF4 octahedral microcrystals are synthesized by a facile
hydrothermal method. The crystal structure and morphology of the samples are characterized
by XRD and SEM. The strong upconversion emission of single LiY/LuF4:
Yb*/Er¥* microcrystal is observed under 980 nm laser excitation[1]. It is found that
upconverison emission intensity of single LiLuF4: Yb3/Er¥* microcrystal is stronger than
LiYFs: Yb**/Er®* microcrystals when replacing Y3* with Lu®* in the LiYFs host lattice.
Meanwhile, the upconversion emission of different parts of the single particle is also
investigated in detail. The current study suggests that the luminescence observation with
single micropaticle can effectively avoid the influence of environment and neighbor particles,
which is important for investigating the luminescence properties of micro-or nano-crystals
and for extending their application.
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Figure 1. UC emission spectra emissions of single LiY/LuF, : Yb*/Er** microparticle under 980 nm
excitation.

[1] X. P. Chen, W. J. Zhang, Q.Y. Zhang. Physica B. 406 (2011) 1248-1252.
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In the last decade, the uniqueness of the upconversion phenomenon, together with the
progressive nanotechnology advent, has led to a relevant interest from the scientific
community for the development of new nanoparticles for upconversion (UCNPs) with
promising potentialities for applications in different scientific and technological fields [1].
Bismuth oxide (Bi2Oz3) is a semiconductor with band gap energy in the blue-green spectral
region (Eq~2.4 eV). By incorporating suitable dopants, gap engineering was achieved
resulting in a controlled blue-shift of the Bi.Oz absorption edge. Moreover, the existence of a
wide range of Bi2Os crystalline polymorphs [2] can be a further parameter for controlling the
optical response of the system. Therefore, these features make Bi>Os appealing as host for
luminescent rare-earth ions, since it is possible to modulate the chromaticity of the generated
radiation directly acting on both crystalline and electronic structure of the matrix.

Aiming at this, different types of trivalent ions (Y**, firstly) were incorporated in sol-gel
Pechini synthesized Bi»O3 nanoparticles, together with Er®* as an optical probe to account for
the matrix influence on the activation of both fluorescence and non-linear optical processes,
such as upconversion (UC). Indeed, Er ions have different absorption lines in the near-IR that
may give rise to excited state absorption (ESA) mechanisms, with conversion of IR photons
into visible luminescence radiation.

Next step consisted in realizing BiOs based UCNPs embedding pairs of lanthanide ions Yb3*-
Ln3* (Ln®* = Er¥*, Ho*, Tm?®"), in order to study the UC mechanisms and to identify the
appropriate strategies for the realization of materials with high luminescence yield. Particular
care was dedicated to the research of the optimized procedure for the realization of selective
emitting UCNPs, extremely appealing for multicolor upconversion imaging [3].

[1] J.Zhou, Q. Liu, W. Feng, Y. Sun, F. Li, Chem. Rev. 115 (2015) 395-465.
[2] N. M. Sammes, G. A. Tompsett, N. Nafe, F. Aldinger, J. Eur. Ceram. Soc. 19 (1999) 1801-1826.
[3] G. Chen, H. Qiu, P. N. Prasad, X. Chen, Chem. Rev. 114 (2014) 5161-5214.
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Wroctaw Research Centre EIT+, Stablowicka 147, 54-066 Wroctaw, Poland

Rapid development of wet chemistry synthetic routes in the last decade gave the possibility to
obtain colloidal, lanthanide-doped nanocrystals (NCs) with precisely designed optical and
magnetic properties [1]. The versatility of the synthesized and characterized nanomaterials
opened new perspectives for real life applications, with great attention paid to the use of up-
converting NaYF4 NCs as optical agents for bioimaging and nanomedicine [2]. However, as
the wet chemistry synthesis techniques usually yield hydrophobic NaYFs NCs, the efficient
and straightforward surface functionalization remains the main challenge [3]. Well known
NCs surface hydrophilization techniques are often time consuming, complicated and require
further steps for conjugation of NCs with different functional components such as therapeutic
agents, e.g. porphyrins or cytostatic drugs. The use of up-converting NaYF4 NCs as markers
for fluorescence imaging is additionally well established, and only “smart” theranostic
agents, which combine both functions of nano-engineered therapeutic and diagnostic tools,
can further broaden the application of those NCs in biophotonics and nanomedicine.

With this in mind, we have designed three types of nanocontainers for efficient encapsulation
of up-converting NaYFs NCs. Polymeric nanocapsules were obtained by layer-by-layer
coating of silicone core with polyelectrolyte shells, which allowed for nanocontainers
engineering on the nano-level: the structure and surface of nanocarriers was intentionally
designed for specific applications, including functionalization with sugar-based
polyelectrolytes or polyethylene glycol. As the polymeric nanocapsules acted as the targeting
factor, the active cargo composed of either the Tm3" and Yb®*" co-doped NaYFs up-
converting NCs, or mixed NaYFsTm®" Yb®* NCs and Verteporphyrin® molecules was
designed for biodetection and therapeutic applications, including photodynamic cancer
treatments. Upon 980 nm laser diode excitation, the encapsulated, water soluble
NaYFs:Tm®*,Yb** NCs showed bright emission in the blue and near-infrared (NIR) region of
light, due to the 'Gs—3Hs and *Hs—3Hs transitions in Tm** ions, respectively. The latter
transition (800 nm) was used for NIR to NIR cancer and healthy cells fluorescence
bioimaging, while the light emitted at 480 nm could be absorbed by the co-encapsulated
molecules of Verteporphyrin®, and led to reactive oxygen species generation. The obtained
nanostructures exhibited long term colloidal stability, high loading capacity, enhanced
biocompatibility and better internalization by tumor cells. The proposed solution allowed for
omitting the cumbersome functionalization of individual NCs surfaces, and allowed for
theranostic application of up-converting NaYF4 NCs.

Acknowledgements: This work was financed by the National Science Center (Poland) under Grant No.
2012/05/B/ST4/00095.
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Currently tunable solid-state optical quantum generators of UV range are most easily
implemented on interconfigurational 4f"!5d - 4f" transitions of rare-earth ions in wide-
bandgap dielectric crystals. In this case the pumping of the laser is usually carried out by UV
harmonics of visible and infrared radiation generated by of commercially available lasers, or
powerful UV radiation of excimer lasers. However, UV pumping radiation induces in solid-
state active elements various photodynamic processes (PDP), which cause degradation of the
optical properties of active media. One of the ways to avoid or significantly reduce harmful
manifestations of PDP is to use up-conversion pumping [1]. Finding ways to realize such up-
conversion pumping is a topic problem in the view of future implementation of effective
solid-state UV-active media with the use of semiconductor lasers as a pumping source and
compact solid-state quantum electronics devices of UV range in general.

Here we investigate an opportunity of effective population of states of 5d-configuration of
Ce®" ions in LiYosLuo7Fs (LYLF) crystals by stepwise *Has-4f5d up-conversion excitation of
states of 4f5d-configuration of Pr3* ions, followed by the transfer of excitation energy from
Pré* to Ce® ions.

We determine the real concentrations of Pr¥* and Ce3* ions in LYLF crystals. Such parameters
as excited 4f5d state photoionization cross-section of Pr3* ions, ground state cross-section of
Ce" ions at 266 nm wavelengths and energy transfer coefficients of energy transfer from Pr*
to Ce3* ions were estimated. The results of pump-probe experiments on 5d-4f transitions of
Ce® ions in LYLF crystals are presented. Due to non-optimal pumping conditions just small-
signal gain was observed. The optimal parameters for getting maximal gain (about 1,5) on 5d-
4f transitions of Ce3* ions were determined by mathematical modeling.

Obtained results of pump-probe experiments and results of mathematical modeling
demonstrate good prospects of using crystal LiYoslLuo7Fs:Ce®", Pr¥* as an active medium of
solid-state laser with up-conversion pumping.

This work was funded by the subsidy of the Russian Government (agreement #
02.A03.21.0002) to support the Program of Competitive Growth of Kazan Federal University
among World’s Leading Academic Centers, the subsidy allocated to Kazan Federal
University for the state assignment in the sphere of scientific activities and Russian
Foundation for Basic Research grand 15-02-05309.
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One of the most important challenge for physics and chemists of materials is to reach in a
single phase interesting physical properties like as ferromagnetic ordering or luminescent
properties. In this sense, special interest has been focused in compounds exhibiting
perovskite-like structure with general formula ABOs (A=Ba, B=Ti) [1,2]. The incorporation
of rare-earth cations (Er®*, Yb®") in this type of materials is an interesting field of research, in
order to obtain up-conversion phosphors for potential application in photovoltaic solar cells
[3.,4].

In this work, we report on the synthesis, Raman spectroscopy and up-conversion properties of
BaTiOs doped with Er®*, and thermal stability at high temperature. To verify the purity of the
phases, PXRD were collected, the experimental powder pattern were in perfect agreement
with those registered in ICSD database [5]. The Raman spectra show the four characteristic
bands of BaTiOs, the bands at 260 and 520 cm™ can be assigned to the cubic phase of the
BaTiO? whereas the bands at 305 and 720 cm™ corresponding to the tetragonal phase of the
titanate. The effect of the Er®* dopant concentration on the Raman spectra is show in the
variation of the band at 305 cm™.

The emission spectrum of BaTiOs:Er®* at a wavelength of 1480 nm shows three different
emission peaks , corresponding to the transitions *Sz;; — “lis2 (548 nm, green emission);
4F%2 5 4115, (660 nm, red emission), and the IR emission at 980 nm, corresponding to the
transition *lia;2 — *l1s/7.

Finally, the simultaneous thermal analysis (TG/DSC) of the most efficient phosphor
BaTiOs:Er®* 5% at., performed up to 873K, shows that during the all process the mass
changed by only 5 micrograms demonstrating the excellent long-term stability of the as
prepared phase.

[1] S.K.Jo, J.S. Park, Y.H. Han, J. Alloys and Comp. 501 (2010) 259

[2] X. Cheng, Y. Li, F. Kong, L. Li, Q. Sun, F. Wang, J. Alloys and Comp. 541 (2012) 505

[3] H.X. Zhang, C.H. Kam, Y. Zhou, X.Q. Han, S. Buddhudu, Y. L. Lam, Opt. Mater. 15 (2000) 47
[4] S. Fuentes, N. Barraza, E. Veloso, R. Villarroel, J. Llanos, J. Alloys and Compd. 569 (2013) 52
[5] ICSD: The inorganic crystal structure database, FIZ, Karlsruhe, Release 2014/1
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Study of mechanisms responsible for upconversion luminescence of rare-earth ions is useful
for developing IR visualizer, up conversion lasers and IR Quantum Counter [1-2]. Early we
have shown that CaF,:Ho crystals and ceramics are possible candidates for visualizer of two-
micron laser radiation [3]. The purpose of the present paper is to study the mechanisms of
near-infrared to visible upconversion luminescence in CaF2:Ho and BaF2:Ho crystals under
excitation of °I7 and °Is levels by the two-micron laser radiation.

Fig. 1 shows luminescence spectra of Ho®*" ions in the visible region upon excitation of °I7
level by two-micron laser. To identify mechanisms of upconversion luminescence we
recorded luminescence rise and decay from °l7, °lg, °Fs, °S2(°F4) and °Fs levels of Ho** ions
upon excitation of °I; level. Also dependences of the intensity of upconversion luminescence
on the excitation intensity of LiYF4:Tm laser were investigated. The energy efficiency of the
conversion of two-micron laser radiation to radiation in the red spectral range by the CaF2:Ho
and BaF2:Ho crystals were estimated. Using experiment results, channels of populating of °Fs,
°Fs, °S,(°Fa), °la, °Is, °ls and °I7 levels under excitation of °1; level were suggested.

5 % HoF,
1 % HoF, .
———0.5 % HoF,
0.2 % HoF,

Spectral power (x10° W/nm)
w

*F%l, s 5 .5
ol SEL N
450 500 550 600 650 700
Wavelenght (nm)
a
Fig. 1. The spectral power of the upconversion luminescence of Ho®* ions doped CaF; in the range
from 450 nm to 730 nm.

Also mechanisms responsible for upconversion luminescence of Ho®* ions in CaF2:Ho and
BaF2:Ho crystals under excitation of °Is level were studied.

This work were supported by the The Ministry of Education and Science of the Russian
Federation State Order for Research (Project No. 3.384.2014/K and Project No.
07080210059611).
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The luminescent properties of germanate glasses doped with ytterbium and erbium ions have
been studied. The luminescence spectra of glasses in the visible and near-IR ranges under
their pumping at a wavelength of 975 nm have been measured. Changes in the luminescence
spectra of glasses depending on the different additives into the glass composition have been
examined.

Germanate glasses are promising materials for photonic applications, due to their high-
frequency threshold of vibration spectrum is sufficiently lower than those of silicate or
phosphate glasses [1, 2]. Also germinate glasses have high refractive index (~2), which leads
to increasing of rate of radiative transitions [3]. Both of these facts result in increasing of
quantum vyield of luminescence for transitions, which are usually quenched in silicate and
phosphate glasses [4]. Erbium, in turn, is one of the most commonly used ions for conversion
from IR to visible range.

In the work, we investigated samples of the following composition:
Na20-GeO-Yb,03-La,03. The concentration of erbium was constant, being 0.25 mol%. The
glass compositions have been variated by introducing on the following additives:

SiOo, TiO2, Al203, Nb2Os, PbO, MgO, BaO, B203 (5 %mol), or P.Os (6 %omol).

Thereby the object of the present work is investigation of effect of different additives in glass
composition on the spectral and luminescent properties and especially on up-convertional
luminescence of erbium ions in the germanate glasses.

[1]1 R. Xu, Y. Tian, M. Wang, L. Hu, J. Zhang, Opt. Mater. 33 (2011) 299-302.

[2] W.A. Pisarski, J. Pisarska, D. Dorosz, J. Dorosz, Mater. Chem. Phys. 148 (2014) 485-489.

[3] S. Tanabe, Proc. Int. Soc. Opt. Eng. 4282 (2001) 85-92.

[4] M. Naftaly, S. Shen, A. Jha Tm3+- doped tellurite glass for a broadband amplifier at 1.47 mkm. Appl. Opt.
39 (2000) 4979-4984.
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In this work effects of pressure and temperature on the luminescence of the KzSiFs:Mn**
system have been presented. It was found that at ambient pressure luminescence spectrum of
Mn** consists of several lines attributed to phonon repetitions of the 2Eq —*Azq transition,
and does not contained the zero phonon line (ZPL). At pressure above 0.9 GPa additional line
at about 624 nm occurs, which can be attributed to the ZPL of the 2Eq — *Ayg transition in the
Mn** ions. This change in the emission spectrum was accompanied by shortening of the
luminescence decay time. Further increasing pressure up to 220 kbar does not cause a
significant change in the spectrum only the red shift of all lines. Upon releasing pressure all
observed lines are going back to their previous positions. However, ZPL remains visible
below 9 kbar and was observed even at ambient pressure. This means that the changing of the
structure persists to ambient conditions. Taking into account XRD and Raman spectra at
ambient pressure before and after compression-decompression (no significant change was
observed in the spectra) we have attributed these changes to pressure-induced local structure
changing of KSiFs:Mn**,
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Nowadays, it has become an essential task to characterize the nonlinear optical response of
new materials, in order to identify suitable candidates for ultrafast processing in all-optical
devices. One of the most widely used techniques for this purpose is the Z-scan, which consists
on measuring the nonlinear refractive and absorptive responses of a material by scanning the
sample along the optical path of a convergent Gaussian beam. We will analyze the nonlinear
response of new glasses. The two-photon absorption (TPA) coefficient £ and nonlinear
refractive index n, are obtained, while the maximum pulse intensity was 30 (GW/cm2). The
concentration of Si nanoparticles was 0.05%, 0.50%, 1.00% and 2.00%. The highest TPA
coefficient was obtained for 1.00% Si concentration, the smallest ones for 0.50% Si
concentration.
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Multifferoic materials are known to demonstrate strong interactions between different degrees
of freedom, e.g., magnetic, charge, or lattice. Such a behavior is interesting both for
fundamental investigations to understand mechanisms of interactions, and for practice taking
into account new possibilities for sensing one parameter via another, e.g., magnetization via
electricity. The family of rare-earth (RE) iron borates RFe3(BO3)4 (R = RE) is recognized to
be a model system with multiferroic features [1,2]. Studying of phonon subsystem is a good
tool to demonstrate the interplay between the crystal lattice and other subsystems, e.g.,
magnetic sublattice. For instance, a previous study of Raman-active phonons [3] allowed us to
get information about spin-lattice interaction, as well as about phase transitions, namely,
structural and magnetic ones (Ts=156 K, Tn=38 K for GdFe3(BO3)s [3,4] and Ts=199 K,
Tn=40 K for ThFe3(BOs)s). Information about a behavior of infrared (IR) phonons is scarce
(see, e.g., [5]). In this work, we present a comprehensive study of infrared phonons in
GdFe3(BO3)s and ThFes3(BOs)s, discuss phase transitions, and demonstrate a strong spin-
lattice interaction in both compounds and appearance of electron-phonon coupled mode in
TbFe3(BOs)4 (Fig. 1).
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Fig. 1. Eq phonon at 195 cm™ in GdFe;3(BO3)s and ThFes(BOs)4, and formation of electron-phonon
coupled mode in ThFe3(BOs)a.
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Terahertz (THz) radiation consists of the electromagnetic waves with frequency between 0.1
and 10 THz. This band was referred as terahertz gap because of the lack of suitable sources
and detectors. Nowadays with development of new THz sources new materials active in this
region and also new methods that will be able to reliably characterize properties of these
materials in THz band are required.

Terahertz time domain spectroscopy (THz-TDS) has been proved in the last years as reliable
method for THz material characterization. THz-TDS measures actual waveform of the
electric field in time, from which we are able to obtain not only the intensity but also the
phase information.

Hexaferrites are partially transparent to the THz radiation and have magneto-optical
properties in this spectral range, which can be useful for design of nonreciprocal THz devices
for THz waveguiding and isolating applications.

In this paper we present results from measurement of the optical properties by THz-TDS of
hexaferrite samples in the spectral range 0.06 — 3 THz (2 — 100 cm™). Used samples were
single crystals of SrFe12019 and BaFe12019. Results show high absorptions in the lowest part
of the measured spectra around 0.06 THz (2 cm™) caused by resonance in magnetic
permeability [1], very high absorptions at 0.6 THz (20 cm™) for BaFe12019 and at 1.2 THz
(40 cm™) for SrFe12019, Which leaves partially transparent band between this frequencies for
both samples.

[1] K. Korolev, L. Subramanian, M. Afsar, J. Appl. Phys. 99 (2006)
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One of the main challenges in a characterization of mixtures of rare earth based phosphors is
decomposition of luminescence spectra into contribution from individual components present
in the mixture. Parallel factor analysis (PARAFAC) [1] is the method frequently used for
decomposition of multi-way data. Mixtures of europium(lll) doped Gd20s3, Gd.Ti.O7 and
GdVO4 powders were measured using time-resolved luminescence spectroscopy with the
emission range from 570 to 650 nm and the time delays varying between 0 and 10 ms.
PARAFAC was used to detect the presence and the relative concentrations of each single
component in the powder mixture samples. By modeling measured time-resolved spectra it
was also possible to extract emission spectra and emission decay profiles of individual
phosphors. Calibration of the obtained model was carried out using known concentrations of
single phosphors present in the samples which were used for the building of the model. The
model was cross-validated with unknown samples and showed 0.1% accuracy and the
prediction error < 0.034%. Based on given results we can conclude that PARAFAC method
combined with time-resolved spectroscopy could be promising tool for characterization of
multi-component phosphor materials.

[1] R. Bro, Chemometr. Intell. Lab. 38 (1997) 149-171.
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In the last years there was an intense research devoted with the synthesis of the
orthophosphates doped by the trivalent rare earth ions. Among them, YPO4 matrix doped by
Pr3* ions because which presents a good physical and chemical properties and that is why it
considered as good candidate for the manufacture of the scintillators and phosphors. In this
work, Pr¥*- doped YPO4 nanophosphors have been prepared by the sol gel method under
different synthesis conditions, such as Pr®* content, pH values and annealing temperatures.
The room temperature interconfigurational (4f" <> f"15d) and intraconfigurational (4f" < 4f")
emission-excitation transitions spectra are measured and investigated. It is found that under
UV excitation (230 nm), all the samples present two bands fluorescence emission spectra
attributed to the (f"15d—3He, f15d—2F4) and (f"'5d— 3P; , ls). Under the same excitation
wavelength, they present an intense phosphoresce emission spectra located at 590 nm
attributed to the D, — 3Hq transition. Also, exciting at 449 nm wavelength they present
emission at 590 nm attributed also to the D, — 3Ha. In addition, under UV excitation
(230nm), the photon cascade emission phenomena (PCE), attributed to the (f"15d—D2—3Ha)
is observed. The time-resolved photoluminescence has been studied and discussed and it has
been found that it depend on the excitation wavelength.
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One of the first and most effective materials for electroluminescent light emitters is ZnS
doped by different elements (Cu, Mn, Th, Cl, ets.). For example, there unique light emitting
properties of ZnS doped by Cu are caused by the fact that each phosphorus grain can be
represented as heterojunctions of n(ZnS:Cu)-p(Cu2SZn)-n(ZnS:Cu) with effective emission of
luminescence. Electroluminescent emitters with powder and thin film phosphors are widely
used in different applications, such as electroluminescent panels, displays and others.
However, there have mediocre characteristics of light intensity in comparison to light emitting
diodes. The best way to increasing of light emission is formation of large number of
nanosized individual light sources. The coherent addition of light from single emitters should
lead to increasing of total photoemission of device.

In this work we have proposed to use ZnS:Cu nanostructures embedded into porous anodic
alumina (AAO) matrix as the phosphorus layer of electroluminescent light-emitting panels
(LEP). In this case a single nanostructure synthesized in the pore is the dot-type light emitter.
Filling the pores has performed by the method of thermal deposition of ZnS and Cu.S
powders mixture. A modeling of deposition process by thermodynamical calculations was
also performed that was allows to establish the conditions for the maximal filling of pores. A
depth profile of chemical composition has been studied by XPS. It is necessary to show the
stoichiometry of phosphor in the depth of matrix pores and to obtain the maximum depth of
phosphor penetration into pores. EXAFS and XANES studies were allowed to determine
chemical bonds parameters and to describe principles of light emission.

Electroluminescence spectra were recorded under the AC signal with the amplitude 220 Volt
and frequency 50 Hz. In the spectrum a maximum with wavelength of 550 nm is observed.
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In vivo optical imaging allows structural and functional imaging (early diagnosis of tumours,
following of the cells’ biodistribution in vivo for instance). However two main limitations
exist: the light is strongly absorbed by the tissues outside the therapeutic window (between
600 and 1200nm) and the tissue autofluorescence hides the probe’s signal. Recently, to
overcome these limitations a new class of persistent luminescence nanoparticles (PLNPs) has
been developed.!! These nanoparticles present a bright near-infrared persistent luminescence
after UV excitation.

Herein, small size zinc gallate nanoparticles doped with chromium (ZnGa,04:Cr®*) are
synthesized by soft chemistry using microwave heating in aqueous medium. Microwave
heating offers a reduction of the reaction time (30min) in comparison to traditional
hydrothermal synthesis. These very small size nanophosphors (around 9nm) present
interesting long lasting persistent luminescence after annealing at 1000°C and they can be
excited both under UV and under LED excitation. The nanoparticles keep their small size as
they are coated with a silica layer which can then be removed by a chemical leaching
treatment with NHsF>.

Bismuth can also be added, as a co-dopant, to the zinc gallate oxide nanoparticles doped with
chromium.”? The incorporation of bismuth allows the improvement of the persistent
luminescence properties of the nanomaterials without any size change (Figure 1).

Figure 1: a. TEM picture of ZnGa,04:Cr**, Bi** nanoparticles after annealing and after removal of the
silica layer. b. Persistent luminescence decay after 2 min ultraviolet excitation

[1] Le Masne de Chermont Q., Chanéac C., Seguin J., Pellé F., Maitrejean S., Jolivet J.-P., Scherman D. PNAS,
104 (22) (2007), 9266-9271
[2] Zhuang,Y ., Ueda J., Tanabe S. Applied Physics Express, 6(5) (2013), 052602
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SPECTRAL FEATURES OF HIGH-FIELD ELECTROLUMINESCENCE
IN AIN FILAMENTARY NANOCRYSTALS

llya A.Weinstein, Alexander S. Vokhmintsev, Dmitry V. Chaikin, Yuri .D. Afonin
Ural Federal University, NANOTECH Centre,
Ekaterinburg, Mira str.,19, Russia, 620002, i.a.weinstein@urfu.ru

Currently significant attention is given to filamentary nanocrystals or nanowhiskers based on
various Il1-V semiconductors because of possible use for fabrication of short wavelength
light-emitting nanodiodes, high efficiency nanodetectors, chemical and biological
nanosensors, etc. In particular AIN nanowhiskers can be applied for new emission sources in
the ultraviolet and visible ranges due to wide bandgap (6.2 eV) of the material [1]. So analysis
and optimization of luminescent characteristics of one-dimensional AIN nanostructures are
extremely important task. Recently we have investigated the photoluminescence (PL)
processes in AIN nanowhiskers by comparison with analogous properties of bulk single
crystals [2]. The objective of this work is to study spectral characteristics of high-field
electroluminescence (EL) in AIN nanowhiskers, synthesized by the original technology.

The AIN filamentary nanocrystals under investigation have been grown by simultaneous
treatment of liquid aluminum in an aluminum chloride and nitrogen vapor environment, when
condensed on a polycrystalline aluminum nitride substrate. Morphological characteristics of
the samples have been analyzed by a Carl Zeiss Sigma VP scanning electron microscope. The
chemical analysis of AIN whiskers has been carried out using an energy dispersive detector,
X-max Oxford Instruments. X-ray diffraction measurements and evaluation of structural
parameters have been performed with use of XPert Pro MPD PANalytical diffractometer by
Rietveld full-profile analysis technique. Spectral features of EL processes in the filamentous
samples have been studied at room temperature with a Perkin Elmer LS 55 spectrometer
equipped by recently developed EL cell [1]. Design of the cell has provided the luminescent
layer of thickness of 20 pym and 10 mm in diameter.

The spectral dependencies for high-field electroluminescence in Al-rich AIN nanowhiskers
with average diameter of 70 nm were measured under variation of applied voltage (U = 75 —
200 V) and frequency (f = 0.05 — 10.0 kHz) of the exciting harmonic signal. EL spectra were
registered in the range of A =310 — 700 nm. It was demonstrated that EL emission was mainly
observed in the blue region of the spectrum (band with Emax = 2.7 eV and halfwidth of ® = 0.4
eV) and the shape of experimental curves was independent on U values. Semiquantitative
empirical description of the voltage effects on EL intensity in synthesized nanowhiskers was
fulfilled. It was suggested using chemical analysis of the samples and review of published
data on luminescence in various AIN structures that release of trapped charge carriers took
place from levels of On- and Vn-centers under varying the electric field parameters. It was
concluded that investigated AIN nanowhiskers were very promising solid state luminophore
for fabrication of modern emitters in blue spectral region.

[1] A.S. Vokhmintsev, I.A. Weinstein, D.V. Chaikin, M.D. Fedorov, Yu.D. Afonin, Technical Physics Letters.
41 (2015) 332-335.

[2] A.S. Vokhmintsev, I.A. Weinstein, D.V. Chaikin, D.M. Spiridonov, Yu.D. Afonin, Functional Materials. 21
(2014) 21-25.
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SYNTHESES AND MORPHOLOGIES OF GdVO; POWDERS:FROM
BULK TO NANO

Dragana J. Jovanovié?, Tamara V. Gavrilovié?, Sanja Culubrk?, Goran Drazi¢®, Miroslav
Dramicanin®
&Vinca Institute of Nuclear Sciences, University of Belgrade, P.O. Box 522, 11001 Serbia,
draganaj@vinca.rs
®Department of Nanostructured Materials, Jozef Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia

Over recent years, synthesis and characterization of luminescent materials based on vanadates
(or orthovanadates) of the general formula RVOs4 (R = Sc, Y, La, Gd, or Lu) have attracted
much attention due to their superior properties: high luminescence quantum efficiencies and
stability of matrices. Herein, we show design and synthesis of doped-GdVOs with various
types Re** (Eu®*, Dy**, Sm**, Ho**/Yb**, Er¥*/Yb®, Tm®*/Yb?") ions. Four different methods
have been used for synthesis of Re**-doped GdVOys particles (from micro- to nano-sized) and
influence of particle size on their structural and optical properties have been systematically
studied. A standard high-temperature solid-state reaction method [1-5] have been used for
preparing large irregular spherical particles with an average diameter in the range of 1-3 um.
For preparing nano-rods (diameter ~ 5 nm, length to 20 nm) a chemical co-precipitation [6]
have been utilized. The nano-rods are self-organized in bundles, and with increasing of as
annealing temperature T,, the particles grow respectively into single ellipsoidal particles
(about 30 nm in size) (at Ta = 600°C) and long rods (diameter about 1-2 um, several pm in
length) (at Ta = 1000°C). An inverse micelle technique [7] have been used for preparing
nanoparticles with diameter about 4 nm. Finally, it is very important to note that in our work
the GdVO4 nanoparticles have been synthesized for the first time in colloidal form with well-
dispersed nanoparticles of 2 nm. All recorded XRD patterns clearly show the presence of a
tetragonal zircon-type GdVOs crystal structure corresponding to the reference card. No other
phases are detected, indicating that Re®* ions have been effectively incorporated into all size
GdVO;4 host lattice. We have recorded luminescent emissions of all prepared particles with
various Re3* ions for both down-conversion and up-conversion.

[1] T. Gavrilovi¢, M.G. Nikoli¢, D.J. Jovanovi¢, M.D. Dramicanin, Phys. Scripta T157 (2013) 014055 (4pp).
[2] M.G. Nikoli¢, D.J. Jovanovié¢, V. Djordevié¢, Z. Anti¢, R. Krsmanovi¢, M.D. Drami¢anin, Phys. Scripta T149
(2012) 014063 (4pp).

[3] M.G. Nikoli¢, D.J. Jovanovi¢, M.D. Dramic¢anin, Appl. Opt. 52 (2013) 1716-1724.

[4] T.V. Gavrilovi¢, D.J. Jovanovi¢, V.M. Lojpur, V. Pordevi¢, J. Solid State Chem. 217 (2014) 92-98.

[5] T.V. Gavrilovi¢, D.J. Jovanovi¢, L.V. Trandafilovi¢, M.D. Drami¢anin, Opt. Mater. 45 (2015) 76-81.

[6] D.J. Jovanovi¢, Z. Anti¢, R.M. Krsmanovié, M. Mitri¢, V. Pordevi¢, B. Bartova, M.D. Dramic¢anin, Opt.
Mater. 35 (2013) 1797- 1804.

[7] T.V. Gavrilovi¢, D.J. Jovanovi¢, V. Lojpur, M.D. Dramicanin, Sci. Rep. 4 (2014) 4209.
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@NITIOM Vavilov State Optical Institute, 36/1, Babushkina ul., St. Petersburg, Russia,
vodym1959@gmail.com
bCenter for Optical Materials and Technologies, Belarusian National Technical University,
65/17 Nezavisimosti Ave, Minsk, Belarus, kinetic@tut.by
dNational Research University of Information Technologies, Mechanics and Optics,
Kronverkskiy pr., 49, St. Petersburg, Russia, kirw.bog@gmail.com

Rare-earth orthoniobates are promising luminescent materials. Recently, we prepared
transparent glass-ceramics containing RE niobate nanocrystals, (Er,Yb)NbO4 and YbNbOs,
by the secondary heat-treatment of lithium aluminosilicate glasses doped with niobium and
rare-earth oxides [1].

In the present work, we synthesized transparent glass-ceramics with Eu,Yb:YNbO4
nanocrystals. Glasses (300 g in weight) were melted in crucibles made of quartz ceramics in a
laboratory electric furnace at 1580 °C for 4 hours with stirring and cast onto a steal plate.
Annealed glasses were heat-treated in the temperature range from 700 to 1000 °C for 6 - 24 h.
The structure of the parent glasses and glass-ceramics was studied with the aid of Raman and
optical absorption spectroscopy and X-ray diffraction analysis. Visible luminescence was
recorded under direct excitation of Eu* ions by blue GaN diodes, as well as near-IR
excitation by InGaAs diodes via the 2Yb**—Eu®* cooperative energy-transfer process.

Heat treatments result in volume crystallization of (Eu,Yb,Y)NbO4 with sizes of 7 — 15 nm.
Crystals with tetragonal structure appear at 740 °C, and at 1000 °C the transformation to a
monoclinic form begins. The sizes and crystallinity fraction of orthoniobates grow with
temperature and time of heat treatment. Rare-earth niobates act as nucleating agent for bulk
crystallization of pg-quartz solid solutions, the main crystalline phase of glass-ceramics
prepared in the temperature range of 800-1000 °C.

The optical properties of glass-ceramics are directly linked to crystallization and the structure
of rare-earth niobates; appearance of the monoclinic phase has a pronounced effect on their
spectral-luminescent properties. The analysis of the luminescence parameters of glass-
ceramics led to conclusion that at heat-treatment at 1000 °C almost all Eu®* ions enter the
niobate crystals.
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The interest to the synthesis and studies of quantum dots (QDs) in semiconductors is
generated by their energy spectra and practical applications. Of particular interest are
luminescent QDs embedded into various transparent matrices. Varying methods of synthesis
and sizes of active luminescent QDs, it is possible to obtain matrices with given spectral
characteristics. The main role in optical properties of the QDs is played by quantum size
effects, therefore it is easy to control spectral characteristics varying sizes of the quantum
dots. There is a series of papers describing the use of quantum dots as radiation sources or
converters of ultraviolet and visible radiation in the desired spectral range. One of the
methods used to increase the efficiency of solar cells is the use of QDs directly in
constructions of photoelectric converters (PEC), which can give a significant extension of the
total bandgap of solar cells and, thus, extension of the spectral range of the effective electric
conversion. These effects are achieved by the down-conversion of the solar radiation spectra
in the most efficient area of the photoelectric converter.

We synthesized and studied pure and activated CdSe-Cu nanocrystals. Quantum dots were
formed in CdSe nanocrystals by pulsed nucleation at a temperature of 230 K in a highly
boiling solvent. We observed the kinetics of the QD appearance in CdSe by fluorescent
methods. In the CdSe-Cu we experimentally observed the emission bands with maxima at 570
nm (750 - 780) nm created by emission of an exciton and some surface defects after
irradiation by 400-510nm photons. We studied the influence of the concentration of
impurities, temperature, and methods of synthesis on the intensity and spectral location of
individual emission bands. It was shown experimentally that the maximum intensity of the
luminescence of the exciton emission band (570 nm) is observed in the CdSe-Cu quantum dot
with impurity concentration of 1%. As the copper concentration increases from 3 to 15%, the
intensity of exciton luminescence band decreases several times, and the intensity of the
impurity-defect wavelength band at 750-780 nm increases. It is assumed that the long-wave
emission bands with maxima at 750-780 nm (in CdSe-Cu) are formed by the radiative decay
of excitons near surface defects located near Cu admixture.

We studied the relationship with the influence of copper and introduced rare-earth ions. We
also studied the influence of copper and rare earth ion impurities introduced into nanocrystals
on the intensity of the long-wavelength bands, which can create additional electron-hole pairs
increasing the efficiency of solar cells.
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The use of non-linear optical (NLO) crystals in several devices usually requires the
knowledge of the wavelength dependence of the electro-optic (EO) or NLO coefficients over
a wide range. But generally only some values at a few discrete wavelengths are
experimentally available. This is due to the fact that the measurement of these coefficients
needs relatively large crystals with good optical quality, different geometrical configurations
for phase matching, and therefore is time consuming.

We propose a model able to predict the frequency dependence of NLO coefficients using a
simple model based on pioneering studies of non linear polarization [1, 2]. This model
provides the dependence of second-harmonic generation (SHG) and EO coefficients [3].

It is shown that within our model the wavelength dependence of the EO or SHG coefficients
can be calculated from the dispersion of the linear refractive indices only, without any
adjustable parameter. Solely a value of NLO coefficient measured at one wavelength is
needed [3].

The validity of our approach is proved on several EO and NLO crystals as KTP, KNbOs,
SBN, DAST and BBO by the comparison of our results with the experimental data [3].

[1] J. Bloembergen, Non Linear Optics, Bejamin, New York, 1965.

[2] S.K. Kurtz and F.N.H. Robinson, Appl. Phys. Letters, 10 (1967) 62

C.G.B. Garrett and F.N.H. Robinson, Journal of Quantum Electronics, QE 2, (1966). 328
[3] M.D Fontana, M. Abarkan and J.P. Salvestrini, Optical Materials 36 (2014) 764
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Schematic of the laser system is shown in Fig. 1. As a seed Yb:YVO4 femtosecond laser was
used with pulse duration about 120 fs, pulse repetition frequency (PRF) 70 MHz and pulse
energy about 4 nJ. The pulses were stretched to the duration of about 150 ps. The BBO-
electro optic based pulse-picker unit deliver pulse train with adjustable PRF from 1 to 200
kHz. Amplifier cavity was formed by two concave folding mirrors (M1, M2) and flat back
mirror (FM). 4mm-long a-cut Yb(2at.%):YVO4 crystal was used as a gain medium. A novel
“off-axes” pump layout was developed for longitudinal pumping of the active element (Fig.
2). As a pump source a multiple single emitter InGaAs fiber coupled laser diode (@105 um,
NA=0.15) with maximum output power of about 28 W was used. The crystal was kept at
15°C by means of thermoelectrical cooling. BBO-based electro-optic Pockels cell together
with the thin-film polarizer were used. The last unit of the amplifier system is compressor
based on reflective diffraction grating with 1800 grooves per millimeter which is the same as
grating in the stretcher. The dependencies of average output power and pulse energy on pulse
repetition frequency for Yb:YVO4 regenerative amplifier system (before compression) are
presented in Fig.3. The maximum average output power of 5.5 W was obtained at a PRF
higher than 100 kHz. The corresponding incident pump power was 26.6 W. Maximum pulse
energy was obtained at a PRF up to 15 kHz witch amounted 140 uJ. The amplified spectrum
width at half maximum was about 8.5 nm with compressed pulse duration of about 200 fs and
central wavelength 1018 nm. The compressor unit has transmission of about 76 %. The output
beam profile was Gaussian up to maximum pump powers with M2 factor lower than 1.2 thus
indicating negligible thermo-optical aberrations.

In conclusion, Yb:YVO4 based regenerative amplifier with 4.2 W output power and 200 fs
pulse duration is demonstrated.

Diode-pumped femtosecond laser sources with pulse repetition rate of tens kHz and pulse
energies of tens microjoules are of practical importance for diverse applications. Room-
temperature quasi-three-level Yb-doped YVO4 laser crystal has attractive spectroscopic
properties which makes it promising material for femtosecond laser systems. They have a
reasonable large emission cross section (~1.0x10-20 cm2), long upper-level lifetime (247 us),
small quantum defect (<4%), and broadband absorption and emission spectra. Here we
present the results of experimental study of Yb3+:YVO4 based regenerative amplifier.
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Fig. 1 Schematic of the system Fig. 2. Pump layout. Fig. 3. Average output power
and pulse energy versus PRF.
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Ti-sapphire presented a broad luminescence emission bandwidth from 660 to 1180 nm
making it one of the principal laser materials to produce ultra-short pulse. In order to generate
high-energy pulse and obtain petawatt peak power laser, larges diameters Ti-sapphire are
request [1]. Therefore, the improvement of crystal growth methods to produce large diameter
and high quality Ti-doped sapphire crystals is a huge challenge for the future development of
this technology. Grow large boules was attempted by the HEM [1], Czochralski [2,3], and
Kyropoulos processes [4,5] but it is difficult to produce them with the required high optical
quality and homogeneous Ti concentration. As the titanium (effective) segregation coefficient
differs from unity (K = Cs/Cl < 1), both a high proportion of (Ti*") active ions and a good
homogeneity in their spatial distribution are key factors to obtain good quality Ti:Al.Os laser
crystals.

In this study, we have succeeded to grow large Ti-doped sapphire crystals by Kyroupolos
technique (figure 1a). We presented luminescence (figure 1b), transmittance and wave front
measurement characterizations. The obtained results were promising to control the
distribution of titanium concentrations to improve the factor of merit (FOM) of the grown
crystals.

a)

Figure 1: Picture of 10 cm diameter Ti-doped sapphire crystal:
a) on white light, b) on 256 nm light

[1] D.B. Joyce, F. Schmid, J. Cryst. Growth 312 (2010) 1138.

[2] T. Fukuda, Y. Okano, N. Kodama, F. Yamada, S. Hara, D.H. Yoon, Cryst. Res. Technol. 30 (1995) 185.

[3] H. Li, E. a Ghezal, A. Nehari, G. Alombert-Goget, A. Brenier, K. Lebbou, Opt. Mater. 35 (2013) 1071.

[4] A. Nehari, A. Brenier, G. Panzer, K. Lebbou, J. Godfroy, S. Labor, H. Legal, G. Cheriaux, J.P .Chambaret,
T. Duffar, R. Moncorgé, Crystal growth & design 11 (2011) 445-448 .

[5] G. Alombert-Goget, K. Lebbou, N. Barthalay, H. Legal, G. Chériaux, Opt. Mater. 36 (2014) 2004—2006.
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In this paper, we present the results of experiments on creation graphitized cylindrical
microstructures (filaments) by focusing the single femtosecond (FS) laser pulses in a bulk of
transparent polymer - polycarbonate (PC). At the same time, the graphite-like microstructure
is covered by shell with a refractive index change that has waveguide properties. The
electrical conductivity of the obtained structures is 1 S/m.

There were two types of structural modifications formed in a bulk by single FS pulse. The
first type is the destruction in the form of a filament, the length of which depends on the
focusing depth and does not exceed 150 um, that is formed by using a aberration corrected
focusing objective. In this case, the interface spherical aberration (interface SA) that occurs at
the air-sample interface is the cause of the filament. The second type is a sequence of
destruction of graphitized filaments disposed on the optical axis, an overall length greater
than 1 mm. Filaments separated by a region with modified refractive index. The reason for
the formation of this sequence is diffraction. This type of modification is fabricated by a
ordinary spherical lens. The lengths of the filaments do not depend on the focusing depth.

By varying the pulse energy and focusing depth, we have found the optimal parameters to
achieve a graphitized filaments with the length more than 2 mm and constant diameter of 2
mkm by single femtosecond pulse. Arrays of these cavities can be used to produce diffractive
elements.

[1] Q. Sun, H. Jiang, Y. Liu, Y. Zhou, H. Yang, Gong, J. Opt. A: Pure Appl. Opt. 7 (2005) 655-659.

[2] A. Couairon, L. Sudrie, M. Franco, B. Prade, A. Mysyrowicz, Phys. Rev. B 71 125435 (2005).

[3] N. Morita, Y. Shimotsuma, M.Nishi, M. Sakakura, K. Miura, K. Hirao, Appl. Phys. Lett 105 201104 (2014).
[4] Vartapetov S.K., Khudyakov D.V., Lapshin K.E., Obidin A.Z., Shcherbakov I.A., Quantum

Electronics, 42 (3), 262-268, (2012).

[5] White Y. V. et al., Optics Express 16, 14411 (2008).

[6] S. Vartapetov, D. Ganin, K. Lapshin, A. Z. Obidin, Proceedings of IV International Conference on Photonics
and Information Optics, Russia, Moscow, 276-277, (2015).

48



S6-026-300

EFFICIENT IN-BAND PUMPED Er:KY(WOQO;). LASER

Konstantin Gorbachenya?, Viktor Kisel?, Anatol Yasukevich?, Anatoly Pavlyuk®, Nikolai
Kuleshov?
Center for Optical Materials and Technologies, Belarusian National Technical University,
65/17 Nezavisimosti Ave., 220013 Minsk, Belarus, gorby@bntu.by
PNikolaev Institute for Inorganic Chemistry, Siberian Branch of Russian Academy of
Sciences, 630090 Novosibirsk, Russia

Erbium lasers emitting near 1.6 pm are attractive for applications in eye-safe laser range
finding, ophthalmology, fiber-optic communication systems and optical location. In-band
pumping of the *l1sp—*l13/2 transition of Er®* reduces the quantum defect and thermal load of
the crystal and enables to increase strongly laser efficiency in comparison with pumping of
Yb,Er-codoped crystals near 1 um.

Recently we demonstrated laser performance of in-band pumped Er:KY(WO.). (KYW)
crystal for the first time to the best of our knowledge [1]. However, maximum slope
efficiency of 27% in that case was limited by strong up-conversion losses in the crystal due to
high erbium concentration. In this report we demonstrate that reducing of the erbium
concentration resulted in an increase of the slope efficiency as well as maximum output power
of in-band pumped Er:KYW laser.

The laser experiments were performed with a 3-mirror cavity (Fig. 1). The plane-plane Np-cut
Er(1at.%):KYW crystal with a length of 20 mm antireflection coated for both pump and
lasing wavelengths was mounted on the copper heatsink without active cooling. As a pump
source a compact diode-pumped Er,Yb:YAB laser at 1522 nm with M?<1.2 was used. The

pump beam was focused inside the active element into a spot with the diameter of 60 pum.
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Fig. 1 Setup for laser experiments Fig. 2 Input-output characteristics
Input-output characteristics of continuous-wave in-band pumped Er:KYW laser are shown in
Fig. 2. The slope efficiency of 25% and output power of 75 mW were realized at 1609 nm for
output coupler with transmission of 1%. For 2.2% output coupler slope efficiency increased
up to 40 % resulting in maximum output power of 110 mW. For the output coupler of 2.7%
an output power of 70 mW with slope efficiency of 28% was demonstrated. The spatial
profile of the output beam was close to TEMoo mode with M?<1.2 during all laser
experiments. The intensity of green fluorescence measured during lasing was much lower in
comparison with that for 2at.% Er-doped crystal at the same pump powers, that confirmed
reduction of up-conversion losses in Er(1at.%):KYW.

In conclusion, efficient in-band pumped continuous-wave Er:KYW laser operation with
maximal slope efficiency of 40% and output power of 110 mW at 1609 nm was demonstrated
for 1lat.% Er-doped crystal.

[1] K.N. Gorbachenya, V.E. Kisel, A.S. Yasukevich, A.A. Pavlyuk, and N.V. Kuleshov, Laser Phys. 23 (2013)
125005.
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Despite the well-known capability of metallic nanostructures to act as optical nanoantennas to
confine and enhance electric fields, little work has been devoted to the interaction of localized
surface plasmons (LSP) and the y? response of dielectric materials as a way to improve SHG
processes. Recently, the authors have demonstrated, by means of a simple and low cost
photochemical method, the deposition of nearly monodispersive Ag nanocubes on the polar
surface of RbTiOPO4 (RTP), a nonlinear ferroelectric crystal. The quadratic SHG response of
the RTP substrate at the blue region was intensified in a factor of 3 due to the presence of LSP
provided by the Ag nanocubes [1].

Here we go a step further to show that the SHG of the hybrid metal-RTP system can be
enhanced in a factor higher than 50 by means of complex silver nanostructures. Moreover,
depending on the type of Ag metallic nanostructure, the plasmonic response can be tuned
from the visible to the NIR region, matching either the blue SHG or the NIR fundamental
radiation. In this latter case the output SHG intensity can be quadratically boosted, in
agreement with the nonlinear character of the frequency conversion process, which needs the
participation of two fundamental photons to generate a single blue one.

The results are of technological interest since they open the pathway to new efficient
frequency doubling nano-devices in a scalable and low-cost way.

[1] L. Sanchez-Garcia, M.O. Ramirez, P. Molina, F. Gallego-Gémez, L. Mateos, E. Yraola, J.J. Carvajal, M.
Aguilo, F. Diaz, C. de las Heras and L.E. Bausa, Adv. Mat. 26 (2014), 6447.
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Nowadays zinc oxide is regarded as a very promising material deemed to compete in the near
future with GaN for optoelectronic applications. Unfortunately, the durability of p-type ZnO
is yet a blockage that singularly slows down the launching of ZnO based devices. In that
context, we embarked recently on the synthesis as powdered samples of a p-type zinc oxide
material with the wurtzite structure by ammonolysis at low temperature (e.g. 250 °C) of zinc
peroxide [1]. The nature of the charge carriers was identified without ambiguity by photo-
electrochemistry, complex impedance spectroscopy and transient spectroscopy. P-typeness in
ZnO would result from an extraordinary huge amount of Zn vacancies (up to 20%) coupled
with the insertion of nitrogen within nanoscale spherical particles. Remarkably, the p-type
conductivity remains stable for periods longer than two years and a half in ambient
conditions. Here the chemical route to produce p-type ZnO, as well the optical and electrical
properties of the synthesized material, will be described. In addition, the origin of the strong

Zn deficit, which probably plays a major role in the establishment of p-typeness, will also be
addressed [2].

[1] B. Chavillon, L. Cario, A. Renaud, F. Tessier, F. Cheviré¢, M. Boujtita, Y. Pellegrin, E. Blart, A. Smeigh,
L. Hammarstrom, F. Odobel, S. Jobic, J. Am. Chem. Soc. 134 (2012) 464-470.
[2] A. Renaud et al., submitted (2015).
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The laser induced white (LIW) emission from graphene ceramics was investigated. The
intense white broadband emission centred at 650 nm was measured. It was observed that LIW
emission from graphene ceramics was characterized by the threshold process that decreased
with incident photon energy of laser beam.
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Fig. 1. Power dependence of laser induced white emission from graphene ceramics.

The LIW emission from the graphene ceramic shown in the Fig.l1 was excited with
Aexc=975 nm of CW LD as a function of laser power. An inset shows the power dependence of
LIW emission. The value of N represents the order of the multiphoton absorption.

An origin of LIW emission in graphene ceramic was discussed within the concept of
photoinduced gap opening associated with the transient domain-like phase sp?> — sp°
transition [1].

[1] W. Strek, B. Cichy, L. Radosinski, P. Gluchowski, L. Marciniak, M. Lukasiewicz, D. Hreniak, Light:
Science & Applications (2015) 4, €237; doi:10.1038/Isa.2015.10
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Herein we present the latest results of our group on down-conversion, up-conversion and X-
ray excited optical luminescence of Ln (Ln: Nd, Sm, Eu, Dy, Ho, Er, Tm, Yb) doped CeO
nanoparticles.

The aliovalent substitution of tetravalent Ce with trivalent Ln generates oxygen vacancies
(Vo) which interact with Ln either in the nearest-neighbour (NN) or next nearest neighbour
(NNN) modes [1, 2]. We show that, by use of low temperature (10 and 80 K) time-gated site
selective emission spectroscopy (spectral resolution of up to 0.05 nm) in the range of 210 to
1600 nm, the fingerprint emission, excitation and decay of Ln - Vo(NNN) and Ln — Vo(NN)
can be discriminated. Further, we discuss the roles of ceria properties (such as cation local
symmetry, low lying O% - Ce** charge-transition, well known ability to dissolve lanthanide
oxides followed by charge-compensation induced oxygen vacancies) as well as the ionic
radius and concentration of Ln in shaping the emission properties and mechanisms.

Finally, we present some possible applications of Ln doped CeO: in optical and X-ray
imaging as well as photovoltaics.

Vo

O

OCe

Figure 1. lllustration of the two main Ln centers in Ln doped CeO,. Both centers substitute for the Ce
lattice sites but have distinct oxygen environments with cubic symmetry for Ln — Vo(NNN) and low
symmetry for Ln - Vo(NN).
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Charged lanthanoid-antenna complexes are technologically relevant light convertors and
emitters. The present work focuses on the interplay between stoichiometry, symmetry, and
overall charge state in affecting luminescence properties. To this aim use is made of mass
spectrometric methods allowing the isolation and mass-selection of charged species.[1-2] Two
techniques, in particular, are combined: gas-phase-ion laser-induced luminescence and ion
mobility spectroscopy. The gas-phase energy level splittings, in particular related to the Stark
levels, and the excited state lifetimes of mono- and multinuclear lanthanoid (e.g. europium)
complexes are investigated in relation to their environment. The observed shifts and splittings
are rationalized in terms of structural changes, which are in turn determined with the support
of ion mobility measurements. The role of the ligand shell and the induced ligand field on the
lanthanoid’s energy levels and the corresponding optical transitions are interpreted with the
support of density functional theory in combination with ligand field theory.[1]

[1] J. F. Greisch, M. Harding, B. Schaefer, M. Rotter, M. Ruben, W. M. Klopper, M. M. Kappes, D. Schooss. J.
Phys. Chem. A, 118 (2014) 94-112.

[2] J. F. Greisch, M. Harding, B. Schaefer, M. Ruben, W. Klopper, M. M. Kappes, D. Schooss. J. Phys. Chem.
Lett. 5 (2014) 1727-1731.
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YZnPO phosphide oxide possesses trigonal crystal structure with a space group R-3m [1].
The YZnPO compound has the interesting properties, also because of its specific crystal
structure, where the phosphate ions (P%) are ligands, together with the oxygen ions. The
ytterbium atoms in the trigonal structure have four oxygen and three phosphorus neighbours
[2].

Polycrystals of YZnPO doped with neodymium ions were synthesized using the solid state
reaction method. The crystal structure was confirmed using X-ray powder diffraction. The
absorption and emission spectra, as well as the luminescence decay curves measurement were
performed. The crystal field energy levels of Nd** ions were obtained from the absorption and
emission spectra.

The Nd®" emission occurs from the “Fs/2 energy levels. The strongest luminescence band was
assigned to the *Fsp—*l112 transition, which is in the range of 1070-1115 nm, with the
maximum at 1084 nm (see Fig. 1). Also significant is the *Fs—*l112 emission, which is
present from 890 to 935 nm. The energy transfer from the host lattice (HL) to the doped
neodymium(lll) ions has been also observed.

The investigated compound may find applications as a material, to improve solar cell
efficiency working as a downshifter phosphor. The YZnPO absorption band is very broad and
absorbed energy is transferred to the Nd®*" ions which mission matches well the maximum
sensitivity of silicon solar cells.
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Fig.1. The emission spectrum of YZnPO doped with 1% of Nd** ions, measured at different
temperatures.

Normalized intensity [a.u.]

[1] H. Lincke, R. Glaum, V. Dittrich, M. Tegel, D. Johrendt, W. Hermes, M. H. Méller, T. Nilges, R. Pottgen, Z.
Anorg. Allg. Chem. 2008, 1339.
[2] A.T. Nientiedt, W. Jeitschko, Inorg. Chem. 37 (1998) 386.
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Luminescent properties of zinc tungstate are well studied since it is widely used as a
scintillator crystal [1, 2]. As self-activated phosphor zinc tungstate possesses good properties
such as chemical stability, high absorption coefficient of X-ray, high light yield, short decay
time and low afterglow. ZnWOg crystal exhibits intensive intrinsic luminescence in the blue-
green region. Doping with rare-earth ions emitting in the red region makes it promising as a
white-light phosphor [3, 4] to produce "white LEDs." Therefore, the study of the processes
occurring in ZnWO4:Eu®* crystals and affecting their luminescent properties is considered to
be of relevant importance.

Zinc tungstate crystals grown by Czochralski method have been studied. Europium was added
to the mix as Eu.Oz oxide, its concentration being of 3, 6 and 9 mol% before growing.

The spectra of the optical transmittance were studied with Lomo-Photonics UVI-256
spectrophotometer. The AvaSpec-2048 spectrometer with the integration time of 100 ms was
used to measure the integrated luminescence spectra under photo- and electron excitation. The
time-resolved pulsed cathodoluminescence (PCL) spectra and decay Kinetics were
investigated with the pulsed optical spectrometer based on a high-current electron accelerator
GIN- 600.

It is shown that the ratio of the intensity of intrinsic luminescence and activator luminescence
(bands at 485 nm and 614 nm, respectively) depends on the excitation mode and
concentration of Eu®* in the crystal. The luminescence efficiency of the europium ions is
higher in electronic excitation. Increasing the concentration of Eu3* causes an increase in the
emission intensity in the bands at 614 nm and 628 nm. In case the concentration of Eu is 9
mol%, the luminescence intensity of the crystal matrix decreases.

The excitation spectrum of intrinsic luminescence for ZnNWOQOs (Aem = 485 nm) is shown to be
the band Aex = 320 nm. A number of bands at 360, 385, 394, 417, 465 and 539 nm are
observed in the excitation spectrum of the europium ions (Aem =614 nm). The most intense
peak of excitation Eu3* Amax = 465 nm corresponds to the transition ‘Fo—5Ls, and it overlaps
the emission spectrum of the ZnWQO4 matrix. This proves the possibility of energy transfer
from the lattice ZnWO. to Eu®* ions in ZnWO4:Eu occurs through the re-absorption intrinsic
emission of ZnWOa.

If the concentration of europium changes, the kinetics of the PCL decay in the band at 614 nm
does not significantly change, tsiow Of the slow component is about 500 ps, and trst of the fast
component can vary within 0.8-0.1 ps. The kinetic of the luminescence decay in the band at
485 nm (intrinsic luminescence) is similar to the kinetic in nonactivated crystal. The decay
time of the initial stage varies within 1 ps, and the final stage decays after t~14-16 ps.
However, if the amount of europium ions increases, the luminescence decay time of zinc
tungstate tends to decrease.

[1] V. Nagirnyi, E. Feldbach, L. J. Onsson Nucl. Instr. and Meth. in Phys. Res. A. 486 (2002) 395-398.
[2] L. L. Nagornaya, B. V. Grinyov, A. M. Dubovik et al. IEEE Trans. Nucl. Sci. 56 ( 2009) 994-997.
[3] V. Lisitsyn, D. Valiev, I. Tupitsyna, E. Polisadova et al. Advanced Mater. Res. 872 (2014) 128-133
[4] T. Dong, Z. Li, Z. Ding, L. Wu Mater.Res. Bull. 43 (2008) 1694-1701.
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SrS:Ce is an old phosphor well-known for its efficient bluish-green emission, which can be
slightly broadened and red-shifted to some extent when Ce®" concentration increases [1-3].
Contrary to these literature data, our experiments with both low- and high-concentration
SrS:Ce sintered ceramics showed the possibility to create a new Ce3* luminescent center
producing intense luminescence in the red and infrared range of spectrum (Fig.1.).
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Fig. 1. Normalized X-ray excited luminescence of SrS:Ce sintered at different temperatures.

In this presentation we shall show an evolution of the luminescent properties of SrS:Ce upon
sintering at elevated temperatures, from 1000 °C to 1700 °C. We shall show, that a never
reported red-IR emission of Ce®" evolves and becomes continuously stronger as the sintering
temperature increases. This spectroscopic effect occurs parallel to proceeding densification of
the SrS:Ce body. The changes in the morphology of the material mirrored with variations in
excitation and emission spectra and in decay traces of the both emissions in wide range of
temperatures will be presented and discussed.

The excitation spectrum of the long-wavelength luminescence differs entirely from the
spectrum of the regular luminescence proving a greatly different local symmetry of the new
luminescent center. The spectroscopic data allowed to suggest that the new center is
composed of [Ce3*-S*-Ce®'] aggregates formed as a result of high temperature of the
sintering.
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Recently, some of us reported the blue light chargeable persistent luminescence related to
Ce3+ in Y3AI2 Ga3012 (YAGG) doped with Ce3+ and Cr3+ [1]. On the other hand,
Y3Ga5012 (YGG):Ce3+, Cr3+ does not show persistent luminescence as well as
photoluminescence at ambient pressure. In this contribution we present the pressure and
temperature dependence of the luminescence of both materials. Photoluminescence and
photoluminescence kinetics have been measured for pressure range up to 325 kbar for
temperature range from 10 K to ambient.

In YAGG:Ce3+, Cr3+ it has been found that Ce3+ luminescence spectrum consists of two
overlapping bands at 19100 cm-1 and 16900 cm-1, related to transitions from the 5d state to
the 2F5/2 and 2F7/2 states of 4f electronic configuration of Ce3+. Energies of the bands
diminish with increasing pressure with the rates; 7cm-1/kbar and 7.9 cm-1/kbar, respectively.
In the case of YGG:Ce3+, Cr3+ the Ce3+ luminescence appeared at pressure 50 kbar as two
overlapping bands which energetically coincide with YAGG:Ce3+ luminescence.

Above 50 kbar the Ce3+ luminescence bands in YGG and YAGG hosts have the same
energies and the same pressure shifts. It means that the intrinsic crystal field splitting strength
for Ce3+ in YGG and YAGG is the same and only difference is in the location of the
conduction band (CB). In YAGG the CB is located above the excited state of Ce3+, whereas
in the YGG the 5d excited state is degenerated with conduction band at ambient pressure due
to the CB lowering.

Analysis of dependence of YGG:Ce3+ luminescence lifetime on pressure above 50 kbar and
temperature allowed to obtain value of the energy of the 5d state with respect to the
conduction band. It was found that this energy diminish with respect the energy of the
conduction band edge by value 6 cm-1/ kbar with increasing g pressure. As the result we
obtained that value of the energy of the ground state of Ce3+ increases with respect to
conduction band edge in YGG by approximately 1.9 cm-1. Obtained results were discussed
in the framework of the models describing the location of the ground state and excited 4fn-
15d state of lanthanides in the bandgap and the model of impurity trapped exciton.

[1] J. Ueda, K. Kuroishi, S. Tanabe, Appl. Phys. let. 104 , 101904 (2014)
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Poly(GMA-co-EGDMA) macroporous copolymer decorated with TiO2 nanoparticles was
prepared by a modification of poly(GMA-co-EGDMA) in the reaction with dopamine, and
consequent hydrolysis of titanium(IV) isopropoxide. In addition, this synthetic approach lead
to the formation of charge transfer complex between dopamine and surface Ti atoms from
TiO2 nanoparticles followed with the significant red shift of the onset of optical absorption.
Obtained nanocomposite was characterized using elemental analysis, transmission electron
microscopy and X-ray diffraction analysis. UV-Vis reflection spectroscopy was used for
optical characterization of surface-modified TiO2 nanoparticles, while the coordination of
TiO2 nanoparticles to the poly(GMA-co-EGDMA) copolymer was studied using infrared
spectroscopy. The photocatalytic ability of red-shifted TiO2 nanoparticles on polymer support
was tested under visible light illumination by following the degradation of organic dye crystal
violet. The low energy band-pass 450 nm cut-off filter was used to eliminate photons with
energy higher than 2.75 eV. The preliminary results clearly indicate that surface-modified
TiO2 nanoparticles are able to photocatalytically perform under visible light illumination.
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Colloidal quantum dots (QDs) are an emerging class of new materials due to their unique
physical properties. In particular, colloidal QD based light emitting diodes (QDLEDs) have
been extensively studied and developed for the next generation displays and solid-state
lighting. Among a number of approaches to improve performance of the QDLEDs, the most
practical one is optimization of charge transport and charge balance in the recombination
region. Here, we suggest a polyethylenimine ethoxylated (PEIE) modified ZnO nanoparticles
(NPs) as electron injection and transport layer for inverted structure red CdSe-ZnS based
quantum dot light emitting diode (QDLED). The PEIE surface modifier, incorporated on the
top of the ZnO NPs film, facilitates the enhancement of both electron injection into the CdSe-
ZnS QD emissive layer by lowering the workfunction of ZnO from 3.58 eV to 2.87 eV and
charge balance on the QD emitter. As a result, this device exhibit a low turn-on voltage of
2.0-2.5 V and have maximum luminance and current efficiency values

of 8600 cd/m? and current efficiency of 1.53 cd/A, respectively.[1] The same scheme with
ZnO NPs/PEIE layer has also been used to successfully fabricate green, blue, and white
QDLED:s style

[1] H.H. Kim, S. Park, Y. Yi, C.Park, D.I. Son, D.K. Hwang, and W.K. Choi, Sci. Rep. 5 (2015) 8968-8972
(2015)
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There is continuous interest in looking for a new bio-probes for fluorescent bio-detection and
imaging. Different studies have already indicated that quantum confined nanocrystalline
semiconductors are able to match the requirements expected from fluorescent probes. This
interest is caused mainly due to their unique properties e.g. tunable absorption and emission
bands, resulting from quantum confinement of the fundamental excitations as well as finite
crystal nature.

Recently, lot of scientific attention was devoted to cadmium-free compounds e.g. carbon
nanotubes (CNTSs), AgzS, PbS, and also to the group of A'B"IXV!, ternary chalcopyrites
where A = Cu, Ag; B = Al, In, Ga and the X = S, Se, Te. Beneath multitude of the group’s
compounds, the AgInS. (AIS) quantum dots (QDs) seems to be of particular interest as their
composition is free of Se, Te and Ga, their emission band may be tuned from VIS to NIR
spectral range and their quantum yield (QY) is higher than for the CulnS, (CIS). Moreover,
particular interest is also devoted to the time-domain properties of AIS QDs, as their
luminescence lifetime is in the range of hundreds of nanoseconds being well suited for
fluorescence lifetime imaging (FLIM) experiments.

Although, the first impression of AIS quantum dots (QDs) is very positive, there is a major
drawback concerning complicated kinetics of the excited states affecting both the emission
band as well as the time-resolved spectra. Understanding of the excited states relaxation
kinetics in such compounds is crucial for proper interpretation of the experimental results and
getting deeper insight into many physicochemical properties occurring at the interface of QDs
and living matter.

In this work we report on the recombination pathways in confined AIS and AIS/ZnS
nanostructures, leading to deviations from the first order rate law on the basis of single
particle spectroscopy. The nonradiative processes in A'B'""XV!, nanoparticles are still fare
from well understanding especially in the highly confined compounds where high correlation
of electrons, pendulum uncertainty, high electron-hole Coulomb interaction and diminished
translational momentum conservation are dominating. Formation of structural defects is
discussed with regard to their impact on the decay Kinetics.

B. Cichy acknowledges support from the National Science Center Poland (NCN) under the
SONATA program (DEC-2013/11/D/ST5/02989).
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Nowadays, the use of fluorescence imaging is at the forefront of biomedical investigations.
That powerful tool is thoroughly applied for in vitro and in vivo sensing, detection, targeting
therapy and as assistance for surgery process, as well. Among the phosphors and fluorophores
that could play a significant role for bioimaging and sensing, fluorescent nanoparticles (NPS)
present a number of features that make them interesting for in vivo imaging, such as tunable
pharmacokinetics, large surface areas so that multiple targeting groups and therapeutic agents
can be conjugated to them, and resistance to photo-bleaching.

This work proposes using a different pumping route from the usual one in fluorescent RE3+-
doped NaGdFs nanoparticles. In our case, Tm®* ions are pumped at 793 nm, i.e. in the 1%
Biological Window (700-950nm), then supplying a rich near-infrared (NIR) emission
spectrum from Yb®* and Tm** emissions. The usual roles of the Yb%* ions as sensitizers and
Tm®" jons as “pure emitters” are here reversed. Upon energy transfer of the Thulium—
absorbed optical pumping to Yb3+ ions, a multi-band NIR emission arises both from Yb3+
and Tm*" ions, its spectral range entirely matching the Second Biological Window (1000-
1350nm), what makes it a perfectly suitable fluorescent nanoprobe by improving the expected
penetration depth for eventual in vivo applications.

In Vitro
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(eventual) Wavelength (nm)
functionality 9
Figure 1: scheme of the two routes of excitation (980 and 793 nm) and the two sets of fluorescence
emissions,suitable for both ways of bio-applications, VIS range (in vitro) and NIR for (future) in vivo.

Moreover, this NaGdF4:Yb**/Ho®* /Tm®*" nanoparticle is gifted with multifunctional optical
properties: upon the “usual” optical excitation of Ytterbium ions at 980nm, and after that
optical energy is transferred to both Thulium and Holmium ions, a blue-green-red palette of
visible emissions is obtained. That supplies a multicolor platform for in vitro imaging,
together with a three-photon fluorescent nanothermometer at cellular level, with a great deal
of potential high-spatial resolution to offer. A proof-of-concept of the latter is here presented,
subsequently applied to HelLa cells.
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Nitrogen containing quantum well (QW) structures are promising materials for solar cell and
lasers. Because of the band anticrossing interaction between the N-impurity and the GaAs
conduction band a huge redshift occurs, pushing the bandgap towards 1.55 pm. On the other
hand nitrogen introduces a huge disorder. The N-related disorder in the bulk material and in
QWs has been studied extensively, while knowledge about the influence of N on the QW-
interfaces (IF) is very scarce. However, interfaces are an important part of any device
considering charge carrier confinement and transport properties. To address the interfaces in
particular, we use type-1l excitons as an IF-sensitive probe. Since the recombination of type-II
excitons takes place across the interface they are an excellent probe for the interface
properties. Here we present a systematic and comprehensive analysis of the influence of the
interface on spatially indirect (type-I1) excitons in (Ga,In)As/Ga(N,As)-QWSs on GaAs.

The QW-structures under investigation were grown epitaxially using metal-organic vapor-
phase epitaxy. On the GaAs substrates a 10 nm thick (Gao.76,Ino.24)As-layer was grown. This
layer is followed by a GaAs-interlayer and a QW of Ga(N,As). The final capping consists of
45 nm GaAs. Samples with two different nitrogen contents in the Ga(N,As)-QW have been
manufactured. A low nitrogen concentration of xn=0.5% vyields type-l behavior with the
energetically lowest electron and heavy hole states confined in the (Ga,In)As-QW, while a
higher nitrogen concentration of xn=5% results in a type-11 structure with the energetically
lowest electron state in the Ga(N,As)-QW.

To analyze the interface in a systematic manner the thickness of the GaAs-interlayer between
heavy-hole confining (Ga,In)As-QW und electron confining Ga(N,As)-QW has been
modified. Furthermore, the roughness of either QW-interface has been modified by
introducing a growth interruption during sample growth.

Using photoluminescence (PL) spectroscopy we can clearly identify the type-1l transition
between Ga(N,As)-QW and (Ga,In)As-QW. Combining the PL results with photo-modulated
reflectance spectroscopy we are able to determine the ground and excited states of the
respective QWs. Finally, the conjunction of experiment and theory enables us to precisely
determine the hetero-offset between Ga(N,As)-QW and GaAs barrier and therefore to produce
an exact picture of the bandstructure. Moreover, we will present time-resolved PL
measurements revealing the recombination dynamic of the type-Il excitons. These will not
only be compared to the behavior of the corresponding type-1 structure but also analyzed
regarding the influence of the GaAs-interlayer. This yields a direct correlation between
interface roughness and optical properties of the type-II excitons.

To sum up, we present a comprehensive analysis of the interconnection of the real interface
and the optical and electronic properties of (Ga,In)As/Ga(N,As)-QWs.
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The interaction of radiation with glasses often modifies the materials properties (e.g. the
refractive index), or, most noticeable might cause a loss in transmission. Such processes can
be exploited for photo-sensitive materials such as radiation sensors or photochromic glasses.
On the other hand, such modifications are to be avoided in many other applications in the
field of high performance optics.

In order to improve the understanding of defect generation processes, a systematic
comparison of defect formation in (fluoride-)phosphate glasses doped with low concentrations
of 3d ions was attempted. Samples doped with 10 to 5000 ppm of Ti, V, Cr, Mn, Fe, Co, or Ni
were irradiated in the UV-range using excimer lasers. Defects, which generally form in levels
of several ppm, were characterized by optical and Electron Spin Resonance (ESR)
spectroscopy [1].

Extrinsic defects replaced intrinsic defects or like charge and their formations often enhanced
also the formation of intrinsic defects of the opposite charge.

V# was photo-oxidized to the empty valence shell d° ion while Co?*, Mn?* and Fe?* were all
photo-oxidized to the trivalent state. On the other hand, divalent Ni®* was photo-reduced to
the monovalent ion, acting as electron center (EC) [2-4]. The fully oxidized Ti** was also
photo-reduced. Cr®* showed photo-disproportionation into (Cr®*)" EC (or Cr?* ion) and
(Cr¥")™* HC (or Cr®" ion). Qualitative and quantitative changes in defect formation rates
depend not only on the ion, but also on the radiation parameters, e.g. the wavelength of the
excimer lasers used (193, 248, 351 nm) or the initial transmission of the glass samples at the
chosen laser wavelength [5].

Defect recovery was followed over time up to ten years after ending the irradiation
experiments, while the samples were stored in the dark at room-temperature, Often extrinsic
hole center (HC) of photo-oxidized ions were more stable than intrinsic HC and a
transformation of phosphate related oxygen hole center (POHC) into (Fe?*)* HC or (Co*"*
HC was observed. Similarly, the (Ni?*)" EC and the oxygen hole center form a very stable
defect pair, the induced absorption of these two defects increasing over the decade following
the irradiation experiment, enhancing the transmission loss in the visible wavelength region.

[1] D. Méncke, D. Ehrt, Irradiation induced defects in glasses resulting in the photoionization of polyvalent
dopants, Opt. Mater., 25 (2004) 425-437.

[2] D. Moncke, D. Ehrt, Irradiation-induced defects in different glasses demonstrated on a metaphosphate glass,
Glass Sci. Technol. - Glas Techn. Ber., 74 (2001) 199-209.

[3] D. Moncke, D. Ehrt, Radiation-induced defects in CoO- and NiO-doped fluoride-phosphate glasses, Glass
Sci. Technol. - Glas Techn. Ber., 74 (2001) 65-73.

[4] D. Moncke, D. Ehrt, Radiation-induced defects in CoO- and NiO-doped fluoride, phosphate, silicate and
borosilicate glasses, Glass Sci. Technol., 75 (2002) 243-253.

[5] D. Moncke, D. Ehrt, Photoionization of polyvalent ions, in: H.P. Glick (Ed.) Materials Science Research
Horizons, Nova Science Publishers Inc., 2007, pp. 1-56.

64



S11-042-62

LOCAL, ELECTRONIC AND GLOBAL STRUCTURE OF
MOLYBDENUM-LEAD-GERMANATE GLASSES AND GLASS
CERAMICS

Marius Rada?, Nicolae Aldea?, Simona Rada®, Ramona - Crina Suciu?, Sergiu
Macavei?, Adrian Bot? Eugen Culea® and Radu Balan®
& National Institute for Research and Development for Isotopic and Molecular
Technologies, 400293 Cluj-Napoca, Romania
b Department of Physics & Chemistry, Technical University of Cluj-Napoca, 400020
Cluj-Napoca, Romania
¢ The Department of Mechanisms, Fine Mechanics and Mechatronics, Technical
University of Cluj-Napoca, 400020 Cluj-Napoca, Romania

Glasses and glass ceramics of the xMoOz (100-x)[7GeO23PbO] system where x=0-30
mol% MoOs were synthesized and characterized in order to obtain information about the
structural correlations and the relationship between structure and physical properties in these
materials. Changes of the FTIR, UV-vis, XRD, XAS and EPR data are discussed in view of
the glass network structural changes determined by the evolution of molybdenum ions state,
glass composition and MoOs concentration[1,2,3]. The spectroscopic studies indicate that
with increasing of MoOs content a fraction of the Mo®* ions convert Mo®* and Mo®* ions.
Accordingly, these modifications cause the depolymerization of the host network, the
increase of the structural disorder and formation of GeO. and PbMo0Os crystalline phases[4].
The shape of EPR spectra is modified by the increase of the MoO3s concentration indicating
that molybdenum ions exists in glass and glass ceramics in more than one valence state. The
EPR spectra contain a broad line located at g = 5.2 and, for the samples with a MoO3s content
up to x>15 mol%, the presence of the hyperfine structure characteristic for the Mo>* ions can
be observed, too. The electrochemical performances of the glass and glass ceramics samples
with x=10 and 30 mol% MoOz were demonstrated by cyclic voltammetry.

[1] L. Abbas, L. Bih, A. Nadiri, Y. El Amraoui, D. Mezzane,B. Elouadi, Properties of mixed Li,O and Na,O
molybdenum phosphate glasses, Journal of Molecular Structure 876 (1-3) (2008)194-198.

[2]S.M. Abo-Naf, FTIR and UV-vis optical absorption spectra of gamma-irradiated MoO3; -doped lead borate
glasses, Journal of Non-Crystalline Solids 358 (2012) 406—413.

[3] S. Hazra, A. Ghosh, Structural properties of unconventional lead cuprate glass, Journal of Materials
Research 10 (1995) 2374-2378.

[4] A. Ghosh, Electrical-properties of lead vanadate glasses, Physical Review B 49 (1994) 3131-3135.
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The confinement of high-level nuclear waste (HLW) into borosilicate glass is an
internationally accepted technology for the immobilization of this radioactive material [1].
For use in the immobilization of nuclear waste, borosilicate glasses must be durable over the
thousands of years that the waste will remain hazardous. Therefore, prediction of the long-
term behaviour and stability of these glasses is of great importance. It is known that structural
evolution of the nuclear glass due to self-irradiation during such long-term storage can modify
its confinement properties [2]. To study of the consequences of fB-decay, the effect of -
irradiation on the structure of simplified borosilicate glasses has been investigated. Rare earth
elements should be immobilized in the glass matrix as fission products of self-irradiation
decay. Lanthanides are not radioactive, and can therefore be easily handled and used as
surrogates for actinides (because of their similar physical and chemical properties) [3]. For
instance, neodymium may be used as a surrogate for the trivalent minor actinides: americium
and curium. Cerium - which exhibits both “+3” and “+4” oxidation states - iS used as a
surrogate for uranium and plutonium when both oxidation states need to be considered [3].
The aim of this work is to explore the behaviour of the RE elements a namely theirs reduction
ability in the pristine and b-irradiated aluminoborosilicate glasses, since depending on the
charge state these elements can occupy different position in glass matrix.

It was found that among polyvalent RE ions only europium and cerium reveal changes in
charge state under melting process in air. These results are explained in the frame of the
optical basicity theory. In fact for example for Eu-doped glass value of calculated optical
basicity is lower than critical magnitude known from literature. Sm ions in as-prepared glass
samples remain stable in “3+” charge state. At the same time irradiation leads to the strong
reduction both Eu, Ce and Sm ions. Gd and Nd ions are known to be stable in only one charge
state. In fact neither luminescence not transmission measurements show other valence of
elements studied except “3+”. However features observed in luminescence spectra of these
RE ions in dependence on RE concentration or irradiation dose let us to assume some re-
arrangement in the RE local environment.

Thus it’s concluded that RE ions can change both valence and local environment in
aluminoborosilicate glass under. The mechanisms influenced this phenomena are presented.

[1] M.J. Plodinec, J. Non-Cryst. Solids, 84, (1986), p.206.
[2] W. Weber, J. Nucl.Instr. and Meth. B, 32, (1988), p.471.
[3] H.Li, J.D. Vienna, D.E.Smith, P.Hrma, M.l.Gong, Ceram. Trans., 72, (1997), p.399.
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In this work we have studied the declustering influence on the emission characteristics of Th®*
by AI** ions in barium borophosphate glasses. The content of Al,O3 is varied from 1 to 5
mol% with a step of 1 %. The glasses were prepared by the conventional melt- quenching
technique. The optical absorption, luminescence spectra and fluorescence decay curves of
these glasses were recorded at room temperature.

The emission spectra of all these glasses excited at 375 nm have exhibited prominent bands in
the blue and green regions, which were due to the °Ds— Fs,13 and °Ds— "Fg5,43 transitions
of the Tb®" ions, respectively. From these spectra, various radiative parameters including
spontaneous emission probability A, the total emission probability, the radiative lifetime T,
the fluorescent branching ratio p of different transitions of Th* ions have been evaluated. A
clear increase in the quantum efficiency and luminescence emission of the prominent bands of
Th®*" ions in the green region is observed with increase in the concentration of Al2Os. This
increase has been attributed to the declusterization of Th®" ions by AIP* ions in the glass
network and also to the possible admixing of wave functions of opposite parities.
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The Er-doped glasses with Li>B4O7:Er, LiCaBOs:Er, and CaBsO7:Er compositions were
investigated by electron paramagnetic resonance (EPR) and optical spectroscopy techniques.
The investigated borate glasses of high optical quality were obtained from corresponding
polycrystalline compounds by standard glass synthesis. The Er impurity was added to the raw
materials as Er.Os compound in amounts 0.5 and 1.0 mol. %.

The EPR spectroscopy in the 4.2 + 300 K temperature range and optical spectroscopy at room
temperature show that the Er impurity is incorporated into the network of borate glasses as
Er** ions (4f, “11s12), exclusively. All observed EPR signals and optical absorption and
luminescence bands corresponding to the Er** centres in the Li,B4O7:Er, LiCaBOs:Er, and
CaB4O7:Er glasses were identified. The Er®* EPR signal with effective g-factor gerr = 9.78 are
clearly observed in the 4 + 20 K temperature range and disappear at higher temperatures due
to homogeneous broadening, caused by shortening of the Er* paramagnetic relaxation time.
The EPR and optical spectroscopy clearly shows that the Er impurity is incorporated into the
borate glass network as isolated Er®* centres in samples with low (0.5 mol. %) and high (1.0
mol. %) amount of the Er20:s.

The ground state optical absorption, luminescence excitation, and emission spectra as well as
luminescence kinetics for main f — f transitions of the Er** centres in the Li.B4O7:Er,
LiCaBOz3:Er, and CaB4O7:Er glasses were detailed investigated and analysed. On the basis of
standard Judd-Ofelt theory the oscillator strength (Pwmeor) for all observed absorption
transitions and phenomenological intensity parameters (Qz, Qa4, and Qg) for Er** centres in the
investigated were determined. Spectroscopic parameters of relevance for laser applications,
including radiative decay rates (emission probabilities of transitions), W, branching ratios, f,
and radiative lifetime, zad, have been calculated for all main electric dipole transitions of the
Er®* centres in the Li.B4O7:Er, LiCaBOs:Er, and CaBsO7:Er glasses.

The luminescence kinetics for infrared emission band (*l1z2 — *l1s2 transition, Amax = 1530
nm) of the Er** centres in the investigated borate glasses were satisfactory described by single
exponential decay, whereas the luminescence kinetics for green emission band (*Ssz — *lis2
transition, Amax = 560 nm) of the Er** centres were described by non-exponential decay with
average lifetime values. The obtained experimental lifetimes were compared with those
calculated and quantum efficiency (y) for green and infrared emission transitions were
estimated and compared with corresponding quantum efficiencies of the Er®* laser glasses and
crystals. The calculated quantum efficiencies show that the LiB4O7:Er¥* glasses are
promising materials for LED-pumped lasers, operating in the green (*Sziz — *lis;2 channel)
and LiCaBOs:Er®* glass — for LED-pumped lasers, operating in the IR (*l132 — *l1s2 channel)
ranges.

Incorporation peculiarities and local structure of the Er®* luminescence centres in the network
of Li2B4sO7, LiCaBOs, and CaB4O7 glasses are considered and discussed based on the
obtained spectroscopic results and referenced structural data for investigated glasses and their
crystalline analogies.
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Nanoclay dispersions have recently been used as convenient shuttles for hydrophobic guest
molecules for their promotion into aqueous systems.[1] Such dispersions have numerous
advantages, like low cost of starting materials, ease of dye-loading, small sizes and hence
minimum scattering of visible light, ease of surface modification, low toxicity and excellent
long-term stability.

Laponite constitute the inorganic core of our investigations on optically functionalized nano-
clays. They possess a chemical composition of Nao.7(H20)n{(Li0.3Mgs5)[SisO20(0OH)4]}, and
morphologically form platelets of 25 nm in diameter and a thickness of 1 nm, which are
commercially available for numerous fields of industrial applications. Beside the
modification with fluorophores and complexes via an adsorption route, [2] it is also possible
to modify the particles via covalent conjugation to the rim of the particle.[3] Both hybrid
materials, with adsorbed and covalently attached dyes, have been compared with regard to
secondary interactions with bio-macromolecular interfaces.
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Figure 1: BSA unfolding with increasing laponite concentration monitored via circular dichroism
(left), emission enhancement of laponite-dansyl hybrid with increasing protein concentration (center)
and laponite-dansyl interactions with gram negative bacteria Pseudomonas fluorescens (right).

Several effects can be observed on interaction of proteins with the nano-clay hybrids. Due to
intercalation, the sheet silicate layer-layer distances are increased, at the same time, the
folding of the proteins can be altered (Figure 1, left), furthermore, solvatochromic
fluorophores can be used to monitor the formation of the protein corona (Figure 1, center).
Additionally, those hybrids can be used for the labeling of bacteria (Figure 1, right), which
proves nanoclays to be an interesting tool in the design of bio-nanomaterials for sensing,
analysis and imaging.

[1] M.M. Lezhnina, T. Grewe, H. Stoehr, U. Kynast, Angew. Chem. Int. Ed. 51 (2012) 10652-10655.
[2] T. Felbeck, S. Mundinger, M.M. Lezhnina, M. Staniford, U. Resch-Genger, U.H. Kynast, Chem. Eur. J. 21
(2015) 7582—7587.

[3] T. Felbeck, K. Hoffmann, U. Resch-Genger, M. Lezhnina, U. H. Kynast, J. Phys. Chem. C 119 (2015)
12978-12987.
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Development of advanced hybrid structures assembled by combination of organic and
inorganic materials attract essential scientific and technological interest in order to meet the
requirements of 3D display technologies, optical processing and light manipulation. The
outstanding properties as large anisotropy and strong birefringence typical for organics [1]
and high photosensitivity and charge carrier motilities of inorganics [2] open possibilities to
optimize their properties independently and combine them into a single device with enhanced
functionality.

We report a hybrid device, based on excellent photoconductivity of doped sillenite
photorefractive crystals [3] and strong birefringence of polymer dispersed liquid crystal
(PDLC) layer (fig.1). The photoexcited charge carriers generated in photorefractive substrate
create an optically induced space charge field, sufficient to penetrate into the PDLC layer and
to re-orient the LC molecules inside the droplets. Beam-coupling measurements at Bragg
regime are performed showing prospective amplification values and high spatial resolution.
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Fig.1 All optically controlled organic-inorganic hybrid structure

The proposed novel organic-inorganic hybrid structure is simple and easy to fabricate,
without requirements for conductive layer deposition (ITO contacts), alignment layers and
use of polarizers. Such device allows all the processes to be controlled by light, thus opens
further potential for real-time image processing at the near infrared spectral range [4].

[1] P.Yeh, C. Gu, Optics of liquid crystal display, second ed.,Wiley Interscience, New York, 2010.

[2] J. Frejlich, Photorefractive materials, Wiley Interscience, 2007.

[3] V. Marinova, I. Ahmad, E. Goovaerts, J. Appl. Phys 107 (2010) 113106.

[4] R.C. Liu, V. Marinova, S.H Lin, M.S. Chen, Y.H. Lin, K.Y. Hsu, Opt. Lett. 39 (2014) 3320-3323.
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Many radicals spectroscopic signatures associated to gases of interest are in the 2.5 — 15 um
spectral range (4000-350 cm™). This spectral range can be addressed by emissions from rare-
earth ions embedded into chalcogenide glasses which are well-known for having low phonon
energies. We will show results concerning the development of an all-optical sensor at 4.4um
based on rare-earth doped chalcogenide glasses. The sensor schematic is presented in figure 1:
a diode pumped Dy** doped chalcogenide fiber first produces the infrared signal, which is
then sent to the gas cell to probe the gas absorption at 4.4 um. The probe IR signal is then
converted to 800nm by excited state absorption within an Er®* doped chalcogenide fiber
making possible to transport the probe signal through a silica optical fiber over large distances
considerably increasing the scope of possible applications.

The optimization of the Dy** doped 252G fiber as the IR source, which will be presented, is
based on a comparison between experimental data and the modeling of the luminescent fiber.
The energy conversion mechanism from 4.4 pm to 800 nm presented in figure 2 has been
recently successfully implemented in Er®* doped GeGaSh(Se) chalcogenide fibers [1]. The IR
probe signal is modulated while the pump is kept continuous. As a consequence, the 800 nm
converted signal from the *lo> level is itself modulated at the IR signal frequency which
allows the discrimination between the 800nm “gas” signal and parasitic 800nm luminescence
due to upconversion mechanisms (T2 in Figure 2) by energy transfer among Er®* ions. Like
for the Dy®* doped 252G fiber, the Er®* doped 2S2G fiber was optimized to obtain the best
signal to noise ratio and the maximum fluorescence at 800nm. Different energy conversion
schemes and the corresponding dependence of the converted signal with the pump and probe
wavelengths and with photon fluxes will be presented. We will also discuss, using
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experimental results and simulations, critical parameters for the energy conversion and the
sensor itself such as the dopant concentrations, the fibers geometry or the impact of the pump
upconversion parasitic signal on the converted signal to noise ratio.

[1] AL. Pelé, A. Braud, JL. Doualan, R.Chahal, V. Nazabal, B.Bureau, R. Moncorgé, and P. Camy, Optics
Express, Vol. 23, Issue 4, pp. 4163-4172 (2015).
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Noble metal nanoparticles has attracted much attention because of its unique physical and
chemical properties that is different with those of bulk state. One of the unique optical
properties of metal nanoparticles is the enhanced absorption and scattering of light around
metal nanoparticles commonly called localized surface plasmon resonance (LSPR). Their
resonance property has tremendous potential to be applied in the optical sensor devices that
has advantages over conventional sensors such as ultra high refractive index sensitivity, fast
response, label-free and real-time. In this work, we developed a new formaldehyde biosensor
utilizing the LSPR properties of gold nanoparticles. Gold nanoparticles was grown directly on
indium tin oxide coated glass using seed-mediated growth method, and further coated by
mixture of butyl acrylate, 1.6 hexanediodiacrylate and acrylic acid N-hydroxysuccinimide
ester for immobilization of enzyme alcohol oxidase. By monitoring the LSPR peak
wavelength shift in UV-VIS spectrophotometer, the limit of the sensor will be discovered.
The mechanism of gold nanoparticles response to the presence of formaldehyde will be
discussed.
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In the field of ionizing radiation dosimetry, the optical fiber architecture is particularly
suitable for applications requiring real time monitoring over a long distance both for dose
measurements and spatial cartography.. To this purpose, scintillating fibers exist, generally
made of tissue-equivalent organic materials, which are particularly interesting to measure X-
ray dose in radiotherapy applications. However, these plastic optical fibers exhibit rather poor
guiding properties. Moreover, increased attenuation losses and degradation of the scintillating
dopant may occur in those devices when exposed to high dose rates, which is a problem in
nuclear applications in which radiation hardening is crucial. Inorganic radio-sensitive optical
elements, such as doped silicate glasses and optical fibers, can overcome these difficulties.

Up to now, inorganic fibered dosimeters have been invented in the form of a radiosensitive
element, for instance a piece of doped glass, coupled to one or several standard optical fibers
that bring the light signal to the detector. In this configuration, the Radio-Luminescence (RL)
and Optically Stimulated Luminescence (OSL) of copper-doped silica glasses have been
previously investigated and exploited for 6 MeV photons and for doses of up to 50 Gy [1, 2].
In this paper, we show that such a radio-sensitive glass compound may be obtained with a
high doping concentration using the sol-gel process. These sol-gel silica copper-doped rods
have been successfully used as starting materials to achieve microstructured fibers [3]. All the
obtained materials were optically characterized by using several spectroscopic tools
(absorption, photoluminescence under UV excitation, decay times)., A high visible emission
guantum efficiency was evidenced and highlighted when the Cu-doped material was heat-
treated under neutral atmosphere, which is due to the promotion of Cu™ ions [4].

We also present RL and OSL measurements of a copper-doped sol-gel vitreous rod exposed
to high dose rates of X-rays. The sample exhibited a reversible linear RL intensity versus the
dose rate (up to 40 Gy/s), confirming the potentialities of this material for in vivo or remote
dosimetry measurements. The OSL signal was also strong enough and did not saturate for
doses up to 2500 Gy. However, a few limitations were identified, like a spontaneous thermal
recombination phenomenon (fading) or a permanent darkening effect after the highest dose
exposition (15 kGy) and some solutions are under study.

[1] B.L. Justus, P.L. Falkenstein, A.L. Huston, M.C. Plazas, H. Ning, R.W. Miller, Appl. Opt. 43 (2004) 1663-
1668.

[2] A.L. Huston, B.L. Justus, P.L. Falkenstein, R.W. Miller, H. Ning, R. Altemus, Nucl. Instr.Meth. Phys. Res. B
184 (2001) 55-67.

[3] H. ElI Hamzaoui, Y. Ouerdane, L. Bigot, G. Bouwmans, B. Capoen, A. Boukenter, S. Girard, M. Bouazaoui,
Opt. Express 20 (2012) 29751-29760.

[4] H. El Hamzaoui, G. Bouwmans, B. Capoen, Y. Ouerdane, G. Chadeyron, R. Mahiou, S. Girard, A.
Boukenter, M. Bouazaoui, Mater. Res. Express 1 (2014) 026203.
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Laser-based measurement techniques are essential for fundamental studies of fluid-
mechanical turbulence, convective heat transfer and reacting flows. In recent work, we
developed a novel technique for simultaneous temperature and velocity imaging based on
thermographic phosphor particles, which are seeded in the flow as a tracer [1,2]. The particles
are excited using a pulsed (ns) UV laser, and the ensuing temperature-dependent
luminescence emission is imaged to measure the particle temperature using a two-colour,
ratio-based method. Simultaneously, laser light scattered by the particles is imaged to
determine the flow velocity using conventional particle image velocimetry (PIV).
Micrometre-size particles follow the turbulent flow motion, and the particle temperature
matches that of the surrounding gas [1]. This approach permits simultaneous temperature-
velocity imaging, using simple instrumentation and a single chemically inert, robust tracer.
Suitable phosphors should have a large absorption cross-section, high quantum efficiency and
short (~us) luminescence lifetime. Additionally, to measure at temperatures >1000 K or with
a high precision, delayed onset of thermal quenching and a pronounced temperature-
dependence of the emission spectrum are essential. We have identified two suitable
phosphors, BAM:Eu?* and ZnO. We seek to determine the benefits and limitations of these
tracer particles, and gain a deeper understanding of the interaction of the excitation laser with
particles dispersed in a fluid.

Toward this aim, we present characterisation measurements of both BAM:Eu and ZnO
particles. A particle counting tool [3] is used to measure the emission intensity per particle
and compare the temperature precision attained with each phosphor. ZnO is shown to be more
than three times more sensitive in the range 300-500 K. The thermal quenching of BAM:Eu is
characterised, with the conclusion that this phosphor can be used up to 920 K with a precision
of 45 K (5%). The emission of BAM:Eu is shown to be insensitive to oxygen partial pressures
in the range 0-200 mbar.

Saturation of the luminescence signal at laser fluences >5 mJ/cm2 is identified for both
phosphors. Excitation at 355 and 266 nm (spectral bandwidth <1 cm-1) and 376 nm (200 cm-
1) does not alter the saturation behavior of BAM:Eu. Potential laser-induced heating of the
particles is investigated, and for ZnO an additional effect of excitation irradiance on the
luminescence emission is confirmed.

These phosphors are shown to be suitable tracers for measurements in fluid flows, affording
new capabilities for simultaneous vector-scalar imaging. Most importantly, there is an infinite
variety of thermographic phosphors, the vast majority of which are unexplored for
thermometry. Thus there are broad perspectives for further development of this promising
technique, which will involve novel particle characterisation methods and new or optimised
phosphors with enhanced luminescence properties.

[1] B. Fond, C. Abram, A.L. Heyes, A.M. Kempf, F. Beyrau, Opt. Express 20 (2012) 22118-22133.
[2] C. Abram, B. Fond, A.L. Heyes, F. Beyrau, Appl. Phys. B-Lasers O. 111 (2013) 155-160.
[3] B. Fond, C. Abram, F. Beyrau, Appl. Phys. B-Lasers O. 118 (2015) 393-399
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Study of the atmospheric aerosol optics and behavior of ultra trace amounts of organic or
inorganic compounds plays a key role in Earth physics. To determine physico-chemical
properties of divers species, their concentrations and associated human health risk, as well as
impact on climate changes, different sensors, both ground-based and satellite optical
instruments are currently extensively used. Moreover, satellite spectral instruments which
provide continuous, long-term data sets, indispensable for environmental forecasting and
global climate studies have, in particular, a great potential for atmospheric pollutants
detection, as well as for estimation of water amount, brightness temperatures, etc. Thus,
satellite remote sensing provides global coverage (latitude and longitude), but it also can
encounter difficulties in analyzing a specific altitude range: time (magnitude of seconds)-
space (magnitude of few km) resolution of measurements is insufficient for measuring and
understanding fast chemical and optical processes induced by various physical atmospheric
factors. In order to better understand the fundamentals of some critical physico-chemical
transformations of the atmospheric compounds and for practical purpose, our study relies on a
new optical power instrument. It is able to capture a fast plume airborne image (2 ns gate
time) and can be used to real-time investigate the behavior of several chemical compounds at
a given point of the free atmosphere, with a spatial resolution of up to 1 cm. This new remote
sensing optical instrument is based on the fast imaging and space-time resolved Raman
Spectroscopy of both airborne and spaceborne plumes. Formation and dynamics of the
airborne plume were studied by means of an optical telescope and a high-resolution
monochromator (Acton SP2750i) coupled to a Princeton Instruments ICCD camera (Roper
Scientific PIMAX3- UNIGEN?2, 1024 x 1024 pixels, 2 ns minimum gate time). To investigate
the scattered radiation of the chemical species we used a laser beam with a continuously
variable wavelength (205-700 nm), generated by a High Resolution-UV/Visible-Optical
Parametric Oscillator (HR-UV/V-OPO), pumped by the 3" harmonic of a Q-switched
Nd:YAG Laser (Quantel Brilliant EaZy). Preliminary optical measurements of airborne plume
found over lasi County (Romania) reveal interesting dynamics of several chemical
compounds in altitude, including dust, nitrogen, carbonate molecules or ice in special
structural forms etc.
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BaMgAl10017 (BAM) is a technologically very important host for luminescent impurities:
when doped with Eu it is one of the best blue phosphors on the market, when doped with Mn
it is a green emitting phosphor, albeit with poor efficiency. Doping with both Mn and Eu
greatly improves the green emission from Mn and opens the way to the use of BAM:Eu,Mn as
an alternative to more expensive rare-earth based green phosphors.

Optimization of BAM based phosphors is of great importance for modern lighting
applications. The interplay of structural and electronic properties at the atomic level on the
luminescent efficiency is still not well understood.

High resolution x-ray absorption spectroscopy (XAS) is a chemically selective technique
probing the local coordination and electronic structure of a selected atomic species and can be
used to investigate both Eu and Mn in singly doped and co-doped BAM phosphors. When
applied to inorganic phosphors, x-rays do not only act as a probe but also as a source of
excitation and potential irreversible damage. By collecting the radioluminescence from the
sample in parallel to x-ray spectra a complete view on sample efficiency and evolution of
impurities local structure is obtained.

We systematically investigated Eu and Mn singly and co-doped BAM phosphors with high
resolution XAS at Eu Lj- and Mn K- edges in two sets of BAM samples. Mn is always found
in 2+ oxidation state and preferentially in tetrahedral sites. Eu impurities on the contrary are
found in both 2+ and 3+ oxidation states, with Eu?*/Eu" ratio varying from sample to sample.
X-ray irradiation at high flux induces relevant variations to this scenario: Eu undergoes fast
oxidation to Eu®" while the local structure of Mn is unaffected. In parallel, the luminescence
of both Mn and Eu degrades at a rate following Eu oxidation.

Our investigation confirms that the stability of the conduction layer, where Eu is incorporated,
plays a central role in determining luminescence properties of BAM [1,2]. The rate of Eu
oxidation was found sample dependent, indicating that growing conditions and/or co-doping
may affect the stability of the conduction layer.

[1] P. Boolchand, K. C. Mishra, M. Raukas, A. Ellens, P. C. Shmidt, Phys. Rev. B 66 (2002) 134429.
[2] G. Bizarri, B. Moine, J. of Luminesc. 113 (2005) 199-213.
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The development of optically confined structure is a major topic in both basic and applied
physics including information engineering, biological and medical sciences, sensing. One-
dimensional photonic crystals have been widely investigated and still remain an outstanding
tool for new photonics, being the simplest system to exhibit a so-called photonic bandgap and
therefore one of the easiest to handle in order to obtain tailored optical devices. RF sputtering
techniques has demonstrated to be a viable technique for fabrication of 1D-photonic crystals
allowing management and manipulation of the optical and spectroscopic properties [1,2].
Here we will present recent results obtained by our consortium regarding: (i) 1D photonic
crystals allowing Er®* luminescence enhancement concerning the *lisz-*lisptransition; (ii)
disordered 1D photonic structures that are very interesting for the modelization and
realization of broad band filters and light harvesting devices; (iii) 1D microcavities, activated
by a layer based on poly-laurylmethacrylate matrix containing CdSe@CdosZnosS quantum
dots, leading to coherent emission.

[1] A. Chiasera, J. Jasieniak, S. Normani, S. Valligatla, A. Lukowiak, S.Taccheo, D.N. Rao, G.C. Righini, M.
Marciniak, A. Martucci, M. Ferrari, Ceramics Internationa 141(2015)7429-7433.

[2] F. Scotognella, A. Chiasera, L. Criante, S. Varas, I. Kriegel, M. Bellingeri, G.C. Righini, R. Ramponi, M.
Ferrari, Proc. of SPIE 9364 (2015) 93640Y-1/8.
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The concepts of chemical bond overlap polarizability (OP) and ionic specific valence (ISV)
have been introduced, about a decade ago (2002), in the context of the ligand field theory
applied to lanthanide compounds. These concepts led to relevant conclusions on the
interpretation of the non-spherical ligand field interaction in terms of covalency. They have
also been explored in a more general context outside the scope of ligand field theory. Thus,
they have proven to be useful in the case of diatomic molecules, allowing to establish a new
covalency scale in excellent agreement with Pauling’s scale and analytically quantifiable in
terms of the OP.

An analysis on this subject in 2005, in which the overlap region is regarded as a localized
plasmon-like mode of oscillation (chemical bond overlap plasmon - CBOP), characterized by
the OP, has raised the possibility of absorption and inelastic scattering of radiation,
specifically by the overlap region, in an oscillation mode distinguishable from the collective
plasmon of the system. Predicted oscillator strengths and scattering cross sections for
diatomic molecules are considerably high and can be measured in the UV up to the near soft-
X-rays spectral regions. The possibility of detecting the CBOP in diatomic molecules by
electron energy-loss measurements has also been analyzed. Different treatments by using the
Valence Bond Theory and a Localized Molecular Orbital approach have been evoked to
describe de OP concept and the CBOP proposal, in polyatomic molecules and hydrogen bond.
The CBOP has been shown as a promising tool for quantifying covalency also in solid-state
materials, opening a way to classifying materials in terms of average covalent fractions.
Interesting questions could be raised on possible relationships between macroscopic
properties of materials and the OP concept. For instance, a good correlation has been found
between the non-linear index of refraction (n2) and the OP, though the comparison has been
made between the precursor diatomic molecule and the solid-state material.

Some unassigned bands in the electron energy-loss and absorption spectra of crystalline
alkaline-earth chalcogenides and some alkali and alkali-earth metals in solid-state systems
have been discussed in terms of the CBOP, raising the possibility of new assignments
alternative to exciton or band-to-band transitions [1].

Acknowledgements This work was supported by CNPg, FACEPE, PRONEX, INCT-INAMI

[1] Moura Jr.,RT, Malta OL, Longo RL, Int. J. Quant. Chem. 2005, 111, 1626 — 1638, and Refs therein.
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Epstein-Barr virus (EBV) is etiologically implicated in several lymphoid and epithelial
malignancies, substantially contributing to the development of a diversity of lymphomas and
carcinomas. Such presence of EBV in the tumor cells of EBV-associated cancers can,
therefore, provide overarching basis for specific therapy.

Although current treatments for EBV-associated carcinoma, such as radiotherapy and
chemotherapy have long been adopted, the former is inadequate either to kill advanced,
metastatic tumor or to prevent their recurrence, while the latter is still under development. The
dimeric viral on coprotein, Epstein-Barr nuclear antigen (EBNAT1), is known to be responsible
for the development of EBV-related malignancies and the maintenance of EBV episome.
Given that carcinogenesis of EPV-associated carcinoma is symbiotically connected with EBV
infection and EBNA1 can function (e.g. replication, DNA binding and transactivation) only
upon dimerization (formation of the active form), we hypothesize that a fluorescent probe
consisting of a chromophore and an EBNA1-specific molecule which hampers the dimer
formation can be used for the imaging and inhibition of latent EBV-infected cells.

In the poster, we are going to show some of our progress in the development of responsive
bioprobes for inhibition of EBNA1 dimerization. Our study are provided a novel strategy to
interfere the growth of EBV-associated tumor cells. All our europium complexes are all
water-soluble and cell-permeable for EBNA1 in vitro imaging and inhibition. We hope our
work here can bring to society a more powerful tool (especially able to combine multi-photon
and time-resolved technology) to unveil the mystery and understand the very role of EBNA1
in EPV-associated carcinoma for further cancer therapy and research.

[1] L. Jiang, L.L. Lau, H. Li, C.F. Chan, R.F. Lan, W.L. Chan, T.C.K. Lau, G.S.W. Tsao, N.K. Mak, K.L. Wong,
Chem. Commun., 50 (2014) 6517-6519
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Photothermal therapy, which relies on light-induced heating to irreversibly damage cancer
cells is nowadays attracting a great deal of attention as an effective and low cost technique for
treating malignant tumors.[1] Different types of nanoparticles have been successfully used to
achieve localized heating in cancer tumors in animal models.

Most recently, the attention is focused on obtaining multifunctional platforms which, besides
releasing a significant amount of heat upon laser irradiation, allow for simultaneous imaging
and temperature sensing. For this purpose, neodymium-doped nanoparticles arise as excellent
candidates thanks to their infrared luminescence properties, including the temperature
sensitivity of some of its emission bands.

Using these nanoparticles, fluorescence imaging can be used to evaluate their incorporation in
the tumor to be treated. Moreover, intratumoral temperature can be measured through spectral
analysis of the fluorescence signal, thus allowing for a temperature-controlled photothermal
treatment that cannot be achieved traditional thermometry techniques.

In this work, Nd**:LaFs and NdVO4 nanoparticles have been explored as photothermal agents
during in vivo experiments in animal models. Moreover, Nd**:LaFs nanocrystals have been
used for continuous intratumoral temperature monitoring during photothermal therapy. These
infrared-emitting nanoparticles double as efficient in vivo heating agents and temperature
sensors. The use of this kind of nanoparticles for temperature-controlled therapy opens the
way for highly efficient and minimally invasive photothermal treatments of cancer tumors.

[1] D. Jaque L. Martinez Maestro, B. del Rosal, P. Haro-Gonzalez, A. Benayas, J. L. Plaza, E. Martin Rodriguez
and J. Garcia Solé. Nanoscale, 6 (2014) 9494-9530
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Near infrared (NIR) nanoprobes, such as NIR-emitting quantum dots (QDs), or NIR-emitting
rare earth (RE®*) doped nanoparticles, are deservedly attracting a great deal of attention for
imaging and sensing purposes[1]. Here we report, first, on the imaging and nanothermometry
remarkable features achieved by building up biocompatible PbS/CdS/ZnS core/shell/shell
QDs. They emit slightly above 1250nm, in the so-called Second Biological Window (2" BW,
that is 1000-1350nm)[2], thus reaching higher sub-tissue penetration depths in the biological
context. Our outstanding in vivo imaging results, regarding both injected nanoprobes” low-
dose and all-optical biodistribution tracking, are discussed within the current state-of-the-art
with respect to competitors such as Ag»S nanoprobes.

On the other hand we are also here reporting the development of efficient Nd:YAG
fluorescent nanothermometers, that have demonstrated remarkable thermal sensitivity
performance on NIR-1% BW (700-950nm) temperature-monitoring applications (electrical
circuits, sub-tissue measurements and optical trapping context)[3]. Continuing with the
comparative aim along this work, we illustrate the major insights of the YAG host that may
eventually make it an advantageous player among other widely used fluoride hosts.
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Figure 1. Schematic representation of the experimental set up (left) and thermal image (right) of the T-
gradient created upon 1480 nm laser pumping of a microchannel filled with Nd:YAG NPs.

Finally, we discuss the encapsulated hybrid 2" BW nanothermometers: the QDs discussed
above together with RE®*-doped NaGdF, nanoparticles (NPs). In a single polymeric
nanocapsule, we benefit from the very different temperature-dependent fluorescence emission
behaviour by playing together the T-independent emission intensity from RE**doped NPs
with the T-quenched emission form the NIR-QDs. Thus, we got a high-sensitivity, real-time
fluorescence nanothermometry platform, that arguably paves the way for temperature-based
diagnosis and therapeutic techniques. Prospects in that field are also thoroughly discussed.

[1] N.G.Horton, et al.. Nat. Photonics 7 (2013) 205-209 [2] T. Lim et al Mol. Imaging 2 (2003) 50-64 [3] A.
Benayas et al. Ad. Opt. Mat 3 (2015) 687-694
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CO-ENCAPSULATION OF CdSe-ZnS QUANTUM DOTS AND
PHTHALOCYANINE IN NANOCARRIERS FOR PHOTODYNAMIC
THERAPY

Janusz Szeremeta, Slawomir Drozdek, Marcin Nyk, Kazimiera A. Wilk, Marek Samoc
Faculty of Chemistry, Wroclaw University of Technology Wybrzeze Wyspianskiego 27,
50-370 Wroclaw, Poland

In the photodynamic therapy (PDT) the photoexcited sensitizer molecules generate reactive
oxygen species (ROS) in order to destroy cancer tissues. There are two important issues that
have to be considered in the design of the efficient therapeutic systems. Firstly, the highly
cytotoxic sensitizer has to be delivered straight into diseased tissue without harming healthy
cells. This is possible by delivering the drug enclosed into capsules that will penetrate
selectively into tumour cells, where the drug will then be released. Secondly, to extend the
depth of the penetration into the tissue it is convenient to use near-infrared (NIR)
photosensitization, because it utilizes the biological window of optical transparency.
However, this requires a process of the energy upconversion so that the electronic energy
level of the photosensitizer is higher than the singlet oxygen energy level and this can be
achieved e.g. by two-photon absorption (2PA). Because photosensitizers usually possess
rather low 2PA cross sections, it is necessary to couple them with other strongly multi-photon
absorbing species. [1]

To meet these requirements we designed a new theranostic system, in which core-shell
CdSexS1x/ZnS quantum dots (QDs) together with zinc phthalocyanine (ZnPc) were
encapsulated in biocompatible polymer nanocapsules. The idea is to excite the QDs by two-
photon absorption process, which will be followed by transfer of the energy to the
photosensitizer (ZnPc), able to produce reactive oxygen species (ROS).

We report a new approach to fabricate nanocapsules prepared via solvent/evaporation method,
where Poloxamer 403 was applied as the polymer component; Cremophor EL® as the
nonionic surfactant and silicone oil with hydrogenated caprylyl olive oil esters as the oil
phase. Dynamic light scattering (DLS), transmission electron microscopy (TEM) and atomic
force microscopy (AFM) examinations confirmed the particle diameter below 150 nm and
polydispersity of ca. 0.2-0.3. UV-Vis absorption and fluorescence studies confirmed
successful encapsulation of the optically active QDs/ZnPc system. For use as the reference in
the optical studies we also obtained nanocapsules with only QDs or ZnPc. The size of the
QDs was chosen so that their fluorescence spectrum efficiently overlapped the absorption
spectrum of ZnPc in order to enable the Forster resonance energy transfer (FRET). Proof of
the existence of this interaction in a homogeneous solution was reported previously [2]. QDs
are known as strong two-photon absorbers [3], therefore under irradiation with NIR fs pulse
laser significant fluorescence of both QDs and ZnPc is observed. The shortening of the QDs
fluorescence lifetimes confirmed FRET between both species. Finally, we confirmed the
generation of the ROS by quenching of the bovine serum albumin, under irradiation in the
presence of the nanocapsules filled with both QDs and ZnPc.

Acknowledgements: This work was financed by the National Science Center (Poland) under Grant
No. 2012/05/B/ST4/00095.

[1] A. V. Kachynski, A. Pliss, A. N. Kuzmin, T. Y. Ohulchanskyy, A. Baev, J. Qu, P. N. Prasad, Nat Photonics 8
(2014) 455-461.

[2] M. Nyk, K. Palewska, L. Kepinski, K. Wilk, W. Strek, M. Samo¢, J. Luminescence 130 (2010) 2487-2490.
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CARBON DOTS (C-DOTS) FROM COW MANURE WITH
IMPRESSIVE SUBCELLULAR SELECTIVITY TUNED BY SIMPLE
CHEMICAL MODIFICATION
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G. Magalhdes, Aline L. de Oliveira, John Spencer, Brenno A. D. Neto, Marcelo O. Rodrigues
Instituto de Quimica, Campus Universitario Darcy Ribeiro, Brasilia-DF, Brazil,
marcelozohio@gmail.com
Department of Chemistry, School of Life Sciences, University of Sussex, Falmer, Brighton,
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Carbon quantum dots, also known as C-dots, are a class of nanomaterials which present
optical properties similar to conventional quantum dots, but with advantage of good
biocompatibility coupled to a low toxicity.®  Based in our interest in the development of
more selective bioprobes we report that C-dots synthesized from cow manure (or from
glucose) by chemical oxidation, are capable of selectively staining the cell nuclei of breast
cancer cells lineage (MCF-7) after a simple chemical modification with ethylenediamine.
Four other cellular models were equally tested and showed excellent results using the
modified C-dots.

- — »__].l’___ ura 2: (A) and (B)ow the modified C-
Figura 1: (A) and (B) Emission spectra of the dots stain pattern (green) for the fixed cells
C-dots and modified C-dots (respectively) (C) whereas (C) and (D) show the staining for live
and (D) C-dots under white light and UV-light cells (MCF-7 cells). .The cytoplasmic
irradiation (lex = 365 nm). (E) HRTEM associations (pattern and distribution) are with
images for the modified C-dots ribosomal components. Bar scale of 10 mm.
Figure 1 shows the emission spectra of the C-dots and of the modified C-dots (treated with
ethylenediamine), the luminescence images of the samples under UV-light irradiation and the
HRTEM, respectively. Emission spectra of the samples show a gradual decrease of the
fluorescence as a function of the excitation wavelength. The high bright fluorescence
emission, especially for that exhibited by the modified C-dot, may be justified by the
presence of surface energy trapping sites, which were stabilized by the passivating agent. The
modified C-dots present a very precise subcellular localization with a real and impressive
nucleoli selection (Figure 2). The predominance of acidic regions found in the nucleoli
machinery is most probably responsible for the subcellular direction of the modified C-dots.*

[1]- C. D’Angelis do E. S. Barbosa, J. R. Corréa, G. A. Medeiros, G. Barreto, K. G. Magalhdes, A. L. de
Oliveira, J. Spencer, M. O. Rodrigues and B. A. D. Neto, Chem. - A Eur. J., 2015, 21, 5055-5060.
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TUNABLE LUMINESCENT PROPERTIES AND CONCENTRATION-
DEPENDENT, SITE-PREFERABLE DISTRIBUTION OF Eu?" IONS IN
SILICATE GLASS FOR WHITE LEDS APPLICATIONS
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ceswj@mail.sysu.edu.cn

The design of luminescent materials with widely and continuously tunable excitation and
emission is still a challenge in thefield of advanced optical applications. In this paper, we
reported a Eu?-doped SiOz-LiO-SrO-Al,03-K20-P.0s (abbreviated as SLSAKP:Eu*)
silicate luminescent glass. Interestingly, it can give an intense tunable emission from cyan
(474 nm) to yellowish-green (538 nm) simply by changing excitation wavelength and
adjusting the concentration of Eu?* ions. The absorption spectra, photoluminescence
excitation (PLE) and emission (PL) spectra, and decay curves reveal that there are rich and
distinguishable local cation sites in SLSAKP glasses and that Eu?* ions show preferable site
distribution at different concentrations, which offer the possibility to engineer the local site
environment available for Eu?* ions. Luminescent glasses based color and white LED devices
were successfully fabricated by combining the as-synthesized glass and a 385 nm n-UV LED
or 450 nm blue LED chip, which demonstrates the potential application of the site
engineering of luminescent glasses in advanced solid-state lighting in the future.

Figure 1. Photographs of SLSAKP:1.0% Eu?* glass (a, b), glass without (e) and with (f) red phosphor
CaAlSiN3:Eu?*, the fabricated luminescent glasses based green (c,d) and white LEDs without (g,h) and
with (i,j) red phosphor CaAlSiNs:Eu?*driven by 100 mA current;

[1] X.J. Zhang, J. Wang, L. Huang, F.J. Pan, Y. Chen, B.F. Lei, M.Y. Peng, M.M. Wu, ACS Appl. Mater.
Interfaces. 7 (2015), 10044-10054.

[2] XJ. Zhang, L. Huang, F.J. Pan, M.M. Wu, J. Wang,Y. Chen, Q. Su, ACS Appl. Mater. Interfaces. 2014, 6
(2014), 2709-2717.

[3] S. Zhou, Q. Guo, H. Inoue, Q. Ye, A. Masuno, B. Zheng, Y. Yu, J. Qiu, Adv. Mater. 26(2014), 7966-7972.
[4] M. Eichelbaum, K. Rademann, Adv. Funct. Mater., 19(2009), 2045-5252.
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CONTROLLING THE MORPHOLOGY OF YPO4:Eu®** BY CHEMICAL
PROCESSING PARAMETERS
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Phosphor materials based on orthophosphates have been widely investigated in the past. They
combine high energy fundamental with excellent chemical and mechanical stability. These
non-hydroscopic crystal matrices are able to accommodate high concentrations of lanthanide
ions without suffering from concentration quenching of the luminescence [1]. YPO4 as
nanopowder material can be obtained by a variety of synthesis processes, for examples solid
state, sol-gel, Pechini’s, hydrothermal, combustion methods. However, to get full benefit of
all the advantages of the nanocrystalline phosphors potentials it is necessary to find a
synthesis route giving a control over the products morphology. This, in turn, allows to
manage their spectroscopic properties.

In this work the studies of the influence of synthesis route on the optical properties and the
morphology of the nano- and microscale YPO4 doped with Eu®* ions (5%) are presented. The
investigated samples were prepared by classic hydrothermal method and its ionic-liquids-
assisted modification. By changing the conditions of the reaction (pH, T or time) it is possible
to control the shape and size of the particles. Based on the results obtained from electron
microscope studies (TEM and SEM) it was possible to correlate the morphology of the
nanophosphates with their optical properties such as decay times or emission quantum vyield.
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Fig. Absolute quantum efficiency of the YPO4:Eu obtained by hydrothermal method as a function of
the synthesis temperature (A). TEM and SEM micrographs of YPO,:Eu synthetized using IL assisted
hydrothermal method 600°C (B) and hydrothermal method at 230°C (C).
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EFFICIENCY DROOP IN AlGaN EPTAXIAL LAYERS AND
MULTIPLE QUANTUM WELLS
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The development of high power AlGaN-based light emitters requires deeper understanding of
the processes governing the luminescence efficiency in this material and its structures. We
report on the origin of the luminescence efficiency droop in AlGaN epitaxial layers and
multiple quantum wells (MQWSs) with different carrier localization conditions and in a wide
range of temperatures.

The epilayers and MQWs under study were grown on sapphire substrates by either MOCVD
or migration-enhanced MOCVD techniques. The aluminum content ranged from 17% to 78%
and from 8% to 35% in the epilayers and MQWs, respectively. PL spectroscopy was
performed under quasi steady state conditions in the temperature range from 8 K to 300 K.
The fourth harmonic (266 nm) of a Q-switched YAG:Nd laser radiation and the radiation of a
tunable optical parametric oscillator at 213 nm were used for the photoexcitation.

The analysis of the PL measurement results show that samples with weak carrier localization
exhibit a higher droop onset and a more rapid increase of the droop onset with increasing
temperature. The investigation of the links between the carrier thermalization and efficiency
droop shows that the ratio of thermal energy and localization parameter ks7/s. (where T is
temperature and o is the characteristic energy fluctuation scale) and thermalization
temperature are the key parameters determining the carrier dynamics.

We could distinguish three regions in the PL efficiency droop onset dependence on kg7/o with
each of the regions representing the different mechanisms of PL efficiency droop. For
nonthermalized carriers at low values of ks7/s, the droop onset occurs at low excitation
intensities and does not depend on ks7/o. These features might be explained by filling-in of
the states at the local potential minima. In this case, the nonradiative recombination is
enhanced due to the carrier mobility increase. In the intermediate region of the droop onset
versus ks7/o dependence, the PL efficiency droop onset is increasing rapidly. This is the
result of a more efficient carrier thermal redistribution and faster radiative recombination of
the free carriers. The saturation of the increase of the droop onset is observed in the third
region (thermalized carriers, keT > o). This feature is discussed in view of a possible
influence of the stimulated emission in AlGaN MQWs and of the fast nonradiative
recombination at extended defects.
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BRIGHTENING GaN:Eu RED LED BY BACK-AND-FORCE MOTION
OF INJECTION CHARGES AND ITS APPLIED TO SITE-SELECTIVE
ANALYSES OF EMISSION CENTRES
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As for GaN-based LEDs, blue and green light can be obtained using the well-established band
gap control of InGaN, while red light is difficult to obtain. Eu-doped GaN (GaN:Eu) has been
extensively studied as a candidate of red LED in which the intra-4f transition of the Eu
dopants emits the red light. Despite the attractive luminescent color of GaN:Eu, since the
emission centers originate from low-density Eu dopants, many injection charges penetrate
through the GaN:Eu active layer built into LED and cannot contribute to the red light
emission. In this study, we propose pulse drive to suppress the penetration loss, and applied
the practically advantageous operation to diagnosis of the emission centers.

The GaN:Eu red LED (Eu concentration of 4.5 x 10 c¢m™) was fabricated on a sapphire
wafer using OMVPE.[1] For the LED, the built-in potential sweeps the electrons in the
GaN:Eu active layer into the n layer under no forward bias, Vr = 0, whereas electrons are
injected into the active layer from the n layer for Ve sufficiently above the diode threshold.
Therefore, the ON/OFF pulse drive results in the back-and-forth motion of the injected
charges in the GaN:Eu active layer and suppresses the penetration loss.

Figure 1 shows the suppression of penetration loss by the back-and-force motion. The total
emission intensity with respect to pulse frequency f indicates that optimal back-and-forth
transport for the suppression occurs at f = f;, resulting in the maximum emission intensity.

The GaN:Eu LED has two bright sites.[2] We found that the emission intensity versus f
depends on emission sites: Monochromatic detection tuned at slightly different colors of the
bright sites (1.996 eV and 2.007 eV) can characterize these bright sites selectively. This new
characterization technique (site-selective pulse driven-emission spectroscopy, PDES) [3]
quantified size of the emission centers. The result indicated that the spatially larger site is
more favorable for capture of injection charges, resulting in the bright emission.

This work was partly supported by KAKENHI with a Grand-in-Aid for Scientific Research
(26420287).
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Fig. 1 Total intensity of GaN:Eu red LED with respect to pulse frequency
[1] A. Nishikawa, T. Kawasaki, N. Furukawa, Y. Terai, and Y. Fujiwara, Appl. Phys. Express 2, 071004 (2009).
[2] M. Ishii, A. Koizumi, and Y. Fujiwara, J. Appl. Phys. 117, 155307 (2015).
[3] M. Ishii, A. Koizumi, and Y. Fujiwara, Appl. Phys. Lett., 105, 171903 (2014).
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YAG BASED PHOSPHORS FOR WHITE LED — A REVIEW
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For over the last decade, the world has witnessed rapid shift from conventional Hg based
lighting to LED based solid state lighting (SSL). Commercial YAG: Ce®*" phosphor plays
important role in LED industry in converting blue light from (In,Ga)N LED chip to yellow.
The combination of blue and yellow gives a bright white light source with an overall energy
efficiency exceeding that of a compact fluorescent lamp.

However, the color impression of YAG:Ce on the basis of a blue diode is too “cold”, a red
component is missing [3]. Co-dopants [4] are known to be able to act as co activators [5] and
as wavelength shifters [6-8]. In case of YAG:Ce 3*, Gd * and La®" are known to shift the
5d = 4f yellow luminescence of the Ce®* defects to longer wavelengths (red shift) whereas
co-doping with Ga** and In®" shifts the luminescence to shorter wavelengths (blue shift).

We have carried out extensive work on combustion synthesis of doped YAG, with relevant
co-dopings and fabrication of LEDs with developed phosphors. For example fig 1 shows the
red shift in excitation and emission both, whereas fig.2 shows the phosphor converted yellow
emission of blue LED with much improved CRI up to 85 from 65-70. A review of this work
is presented here.
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STRUCTURE AND LATTICE DYNAMICS OF CRYSTALS WITH
RARE EARTH SUBLATTICE: AB INITIO CALCULATIONS
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The approach developed for the electronic structure and phonon spectra of crystals with rare-
earth ions sublattice. The possibility of replacing the inner orbitals of rare earth ions by
pseudopotential allows us to done the calculation for an acceptable computing time.
Calculations for the crystal types of elpasolites, pyrochlores, non-stoichiometric
cyclogermanates have been done. The rare earth impurity centers in fluorites have been
investigated too. The calculations have been performed in the framework of the density
functional theory using the MO LCAO method with hybrid DFT functionals in the
CRYSTALO9 [1] program developed for the simulation of periodic structures. The lattice
dynamics and band structure have been calculated for elpasolites CsoNaRFs (R = Y, Yb),
pyrochlores R.TiO7 (R = Gd, Th, Dy, Ho, Er, Tm, Yb, Lu) and non-stoichiometric
cyclogermanate Y>CaGesO12 [2]. Rare earth impurity centers (Tm, Eu) have been investigated
in MeF, (Me = Ca, Sr, Ba) and SrCl> matrices. The results of the calculations are in a good
agreement with available IR and Raman data, ENDOR data.

[1] R. Dovesi, V. R. Saunders, C. Roetti, R. Orlando, C. M. Zicovich-Wilson, F. Pascale, B. Civalleri, K. Doll,
N. M. Harrison, I. J. Bush, P. D’Arco, and M. Llunell,

CRYSTALO09 User's Manual (University of Torino, Torino, 2009).

[2] I.I. Leonidov, V.P. Petrov, V.A. Chernyshev, A.E. Nikiforov, E.G. Vovkotrub, A.P. Tyutyunnik, V.G.
Zubkov, J. of Phys. Chem. C 118 (2014), 8090-8101
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Recently, nitrides and oxynitrides have been intensively studied as phosphor materials for
white light-emitting diodes. We previously reported that Eu?* doped Sr-containing sialon
Sr2SizAlsON13:Eu?* is a red-emitting phosphor with high luminous efficiency[1]. We showed
that the white LEDs using Sr2SizAlsON13:Eu?* combined with a green-emitting phosphor
Sr3Si1sAlsO2N21:Eu?* and a blue LED have excellent color rendering[2].

On the other hand, a yellow-emitting phosphor that can be excited by a blue LED is a key
material for realizing white LEDs with high luminance. Based on the prediction that the
change of activator of Sr,SizAlzON13:Eu?* from Eu?* to Ce** would provide the yellow
emission, we succeeded in synthesizing SrSizAlsON13:Ce3* that emits light with a wavelength
of around 550 nm. The host crystal is of the same structural type as SrAISisN7:Ce®*" [3-6].

In this work, we studied the detail of the crystal structures of a series of yellow-emitting
Sr,SizAlsON13:Ce®" phosphors by Rietveld analysis of powder X-ray diffraction pattern. The
lattice parameters of the host crystal were correlated with the crystal composition and the
luminescence properties of these phosphors. Moreover, we also found that the efficiency
strongly depended on a certain Ce®*-N bond distance, which can be explained by the ligand
field theory and the configuration coordinate model.
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Figure 1 The crystal structure of Sr,SizAlsON13:Ce**[7].
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In the last decades, the discovery and the optimization of lanthanide activated luminescent
materials for lighting and display applications have been implemented mainly by using the
smart combination of various experimental techniques, such as XRD structural refinement,
Infrared and Raman spectra, and excitation and emission spectra [1]. Nowadays, the quick
development of quantum chemistry theory for strongly-correlated lanthanides [2], together
with an increase of the computational resources, has made it possible to propose a
systematical calculation strategy to understand the physics picture behind those measurements
and build up the link between the structural and optical properties of lanthanide-doped
materials.

In this talk, we will demonstrate how the theoretical calculations support the experimental
studies of the structural, vibrational, electronic and optical properties of lanthanide-doped
materials. Ce** and Eu?* ions will be paid more attention to due to their applications for white
LED phosphors. Three questions will be answered as follows: 1) What can we get from first-
principles calculations? 2) What is the real reason resulting in the red or blue shift of the
lowest 5d-4f emissions of Eu?* and Ce®" ions [3]? 3) Is there a general relationship between
the lowest 4f-5d excitation energies of Eu?* and Ce®' ions as Dorenbos’s model [4]
successfully works for the lanthanide series? The combined theoretical scheme of modern
first-principles and conventional crystal-field models will be introduced and emphasized [5].
The successful applications including the recent unpublished work on the solid solution
phosphors will be shown in order to highlight what we can serve for experimental studies. In
addition, the misunderstanding about the position of the lowest 4f°5d energy level in the 4f-5d
excitation spectra of Eu?* ions will be clarified, and thus the Stokes shift can be properly
reproduced and further fed into understanding the electron-phonon coupling effect of Eu?*
ions with host lattices [6].

[1] C. Liu, Z. Qi, C.-G. Ma, P. Dorenbos, D. Hou, S. Zhang, X. Kuang, J. Zhang, H. Liang, Chem. Mater. 26
(2014) 3709-3715.

[2] C.-G. Ma, D.-X. Liu, B. Feng, Y. Tian, L. Li, M.G. Brik, J. Lumin. (2015) avaliable online at
http://dx.doi.org/10.1016/j.jlumin.2015.01.012

[3] G. Li, C.C. Lin, W.-T. Chen, M.S. Molokeev, V.V. Atuchin, C.-Y. Chiang, W. Zhou, C.-W. Wang, W.-H. Li,
H.-S. Sheu, T.-S. Chan, C.-G. Ma, R.-S. Liu, Chem. Mater. 26 (2014) 2991-3001.

[4] P. Dorenbos, J. Lumin. 91 (2000) 91.

[5] C.-G. Ma, M.G. Brik, Phys. Status Solidi B 250 (2013) 858-863.

[6] D. Hou, C.-G. Ma, H. Liang, M.G. Brik, ECS J. Solid State Sci. Technol. 3 (2014) R39-R42.
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Low temperature, infrared transmission spectra of yttrium orthoaluminate and lutetium
orthoaluminate bulk crystals doped with Ce3 are presented. In the region of intra-
configurational 4f — 4f transitions the spectra of the bulk LUAG crystals exhibit existence of
at least three different Ce®" related centers, a major one associated with Ce in regular
positions substituting yttrium or lutetium and at least two others additional center, most
probably related to so called antisite positions of rare-earth ions in this host, i.e. ions in the Al
positions. Crystal field analysis based on exchange charge model exhibit excellent agreement
with the experimental data for the major Ce®* center. Unusual broadening of some of the 4f-4f
absorption lines is observed, which we associate with the coincidence of phonon energies of
these hosts with the differences between the energies of the particular 4f crystal field levels.

Acknowledgements:

The cooperation program between Estonian and Polish Academies of Sciences for the years
2013-2015 is kindly acknowledged. This work was partially supported by the Project DEC-
2012/07/B/ST5/02080 of the National Science Center of Poland.

92



S19-070-193

INVESTIGATION OF THE QUENCHING MECHANISMS OF Th**
DOPED SCHEELITES
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Scheelites are ABO4 compounds for which a variety of ions can be chosen for A and/or B cations.
Some among these scheelites show intrinsic luminescence and doping with rare earth elements results
in additional 4f-4f emission. Here, the investigated material was PbWO4:Th*". The host emission
consists of two emission bands, in the blue and green region respectively, however strongly
suppressed by the Th® emission, including transitions from the 5D, and °Dj level.
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Fig 1. Emission spectra of PoWO4:Th® (1%, 2% and 5% Th**) upon excitation at 270 nm (left) and
320 nm (right) at 10K.

Both the host emission and the Th®" emission possess a strong temperature dependence. Elucidation
of this behavior is not straightforward as several transfer mechanisms are involved. The thermal
quenching profiles of both the host emission and the Th% emission are recorded for different
excitation wavelengths, making the distinction between host excitation and direct excitation into the
4f-levels of Th®. Divergent quenching profiles of the host emission for the un-doped versus doped
materials reveal a temperature dependent energy transfer process from the host towards the Th®* ions.
Performing these measurements for samples with different Th3" concentrations allowed discriminating
between the different processes involved. In addition, time resolved measurements are carried out to
unravel the energy transfer mechanisms. Based on the available data a detailed energy level scheme of
host and dopant is proposed.
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Fig 2. Thermal quenching of the integrated emission intensities from the °D; (left) and °Ds level
(right) after excitation in the host (Aexc = 270 nm). The solid lines serve as a guide to the eye.
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A theoretical analysis on experimental results previously obtained on the influence of silver
nanoparticles in a polyvinylpirrolidone (PVP) polymer film containing a trivalent europium
complex with EDTA ligand is made. Depending on the excitation source (at 393 nm with a
xenon lamp or at 532 nm with a focused diode laser) the characteristic Eu** luminescence is
observed to be enhanced by factors between 5 and 50 [1].
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Figure 1.

The theoretical analysis presumes a migration process of the EUEDTA complex units towards
the silver nanoparticles and subsequently the treatment of the competition between local high
field gradient effects and Eu®* ion to the silver nanoparticles energy transfer successfully
accounts for the observed luminescence enhancement factors.

Table 1. The enhancement ratio, cr, for a confinement radius Ro = 25 nm and the non-radiative
transition rates associated to the different excitations. The experimental enhancement ratios are in
parenthesis [2].

Excitation (nm) Wos(s?) Cr
393 10° 5.2 (3)
532 10 50.0 (50)

[1] O.L. Malta, M.A. Couto dos Santos, Chem. Phys. Lett 174 (1990) 13-18
[2] R. Reisfeld, T. Saraidarov, G. Panzer, V. Levchenko, M. Gaft, Opt. Mater. 34 (2011) 351-355
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Lanthanide complexes with phthalocyanines (Pc) and porphyrins belong to the group of most
investigated compounds because of their unique luminescence properties and variety of
applications. The special interest is directed to medical applications, mainly in photodynamic
therapy. This paper is devoted to photophysical studies of acetato- and chloro-ytterbium
monophthalocyanine complexes in the solid state, solutions, silica matrices and PMMA
polymer which can design their applicability. The structures, IR, and Raman spectra were
calculated applying Hartree-Fock and Density Functional Theory methods and further
correlated with experimental findings. The theory reproduces reasonably spectroscopic
frequencies of YbPcOAc2DMSO chelate. Two molecules of DMSO with somewhat different
spectroscopic behaviour were found to exist in this complex.

The mechanism of the effect of conformation changes, steric obstacles, extra-coordination of
solvent molecules and molecule immobilization in polymer and inorganic matrices on
lanthanide and phthalocyanine emission spectra was discussed. Attention was paid to the
radiative and non-radiative processes, intramolecular energy transfer and the role of charge-
transfer state in this process, electron-phonon coupling, multiion cooperative interactions,
non-linear proceses and dynamics in excited states. The role of solvent molecule exchange
dynamic in possible interaction of Yb(Ill) complexes with biological systems was also
analysed.
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EMPIRICAL ENERGY LEVEL MODELING OF LANTHANIDE
DEFECTS IN CaGazSs AND SrGazSs: UNCERTAINTY ANALYSIS AND
UNEXPECTED BEHAVIOR
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Lanthanides (Ln) are remarkable elements. As the valence electrons in the 4f shell are
shielded from the environment by filled 5s and 5p shells in the case of lanthanide ions,
unique physical and chemical properties are found. In particular, systematic behavior in the
electronic structure emerges.

This systematic behavior can be used to set up empirical relations to describe the electronic
structure of lanthanide ions [1]. Because these ions usually show luminescence upon
incorporation of in inorganic matrices, a large number of empirical rules are already available
describing the optical and luminescence properties of lanthanide defects. It has even become
standard practice to obtain the electronic structure of a lanthanide doped semiconductor or
insulator, purely from optical spectroscopy [2].

In this work, empirical energy level modeling is applied to the lanthanide doped alkaline
earth thiogallates CaGa>S4 and SrGa,Ss. These sulfides are well-known for their excellent
luminescence properties upon lanthanide doping [3-4]. The crucial parameters, describing the
electronic structure and optical properties of these compounds are calculated from optical
measurements. In addition, a dedicated uncertainty analysis is carried out to pinpoint the
accuracy of the obtained parameters.

By comparing the obtained energy level schemes and the luminescence spectra of these
compounds, it is shown that CaGa,S4:Ln behaves as an ideal case concerning the empirical
rules. In contrast, SrGa>S4:Ln shows a behavior which cannot be explained from the energy
level schemes. It is argued that the local geometry of the Ln®* defect is different in the case of
Ce®*, compared to the other Ln®". The repercussions of this deviating behavior on the energy
level scheme are discussed.

[1] C.W. Thiel, H. Cruguel, H. Wu, Y. Sun, G.J. Lapeyre, R.L. Cone, R. W. Equall, R. M. Macfarlane, Phys.
Rev. B 64 (2001) 085107.

[2] P. Dorenbos, J. Solid State Sci. Technol. 2 (2013) R3001-R3011.

[3] P. Benalloul, P.C. Barthou, C. Fouassier, A.N. Georgobiani, L.S. Lepnev, Y.N. Emirov, A.N. Gruzintsev,
B.G. Tagiev, O.B. Tagiev, R.B. Jabbarov, J. Electrochem. Soc. 150 (2003) G62-G65.

[4] J.J. Joos, K.W. Meert, A.B. Parmentier, D. Poelman, P.F. Smet, Opt. Mater. 34 (2012) 1902-1907.
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THE ORIGIN OF FERROELECTRIC DISTORTION IN HEXAGONAL
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The hexagonal YMnOs and LuMnOs are multiferroic materials in which the ferroelectricity
and antiferromagnetism take simultaneously place at low temperatures [1]. Both compounds,
together with other members of the same RMnOgz (R= Ho, Er, Tm, YD, Lu, Y, Sc, In) family,
are extensively studied due to numerous promising applications in the area of novel opto-
electronic and spintronic devices [2]. One of the most intriguing questions about hexagonal
manganites is about the origin of ferroelectric distortion that causes formation of spontaneous
electric moment when RMnOs undergo the phase transition between paraelectric (PE) and
ferroelectric (FE) crystal structures. There are several proposed theories in the literature, but
still without definite answer.

With a motivation to clarify this issue, we performed thorough theoretical study of Lu-O, Y-O
and Mn-O bonds in YMnOsz and LuMnOs in both of theirs PE and FE phases. The study was
based on analysis of the electronic structure determined by the first-principles DFT
calculations in which the Mn ions were treated either as non-spin-polarized or as spin-
polarized (exhibiting the G-type antiferromagnetic arrangement). By applying a semi-local
mBJ [3] exchange-correlation potential we succeeded to describe the band gap and energies of
the Mn bands better than the previous calculations. The chemical bonds were analyzed in 3
different manners: (1) by comparing densities of electron states in the PE and the FE phase,
(2) by comparing electronic density maps projected onto suitable planes, and (3) by
performing Bader’s topological analysis [4] of electronic densities in both PE and FE phases
of the compounds. The results strongly indicate that the Mn-O bonds do not exhibit
significant changes when the systems undergo the PE to FE phase transition, while the Y-O
apical bonds become more covalent due to enhanced hybridization between empty Y d?
orbital and partially occupied neighboring O p, orbital. This hybridization can be driving
force that causes asymmetric movements of the Y and Lu ions from their centrosymmetric
positions. On the basis of this conclusion, the present study substantiates the Y and Lu d%-ness
model to explain the origin of ferroelectric distortion in the YMnO3z and LuMnO3s compounds.
The details of the study are published recently in refs [5,6].

[1] S. Lee et all, Nature (London) 451(2008) 805.

[2] W. Eerenstein, N. D. Mathur, and J. F. Scott, Nat. Rev. 442 (2006) 759.

[3] F. Tran and P. Blaha, Phys. Rev. Lett. 102 92009) 226401.

[4] R. F. W. Bader, Atoms in Molecules (Oxford University Press: Oxford, 1990).

[5] A. M. Sousa, W. S. Coutinho, A. F. Lima, and M. V. Lalic, J. Chem. Phys. 142 (2015) 074703.
[6] W. S. Coutinho, A. F. Limaand M. V. Lalic, J. Alloys and Compounds (2015) submitted.
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Currently, the study of color centers in diamond attracts a great attention of researchers in
view of potential applications of these bright emission centers in physics, biology, quantum
informatics [1]. Among other impurity-related defects in diamond the silicon-vacancy centers
(Si-V) emitting a narrow zero-phonon-line at 737 nm wavelength, are of a special interest for
development of biological markers [1], single-photon emitters [2,3], and also spintronic
devices and quantum computers [4].

In the previous works [5,6] the photoluminescence and optical absorption spectra of the Si-V
centers with natural isotopic composition (1.07% 2C) were investigated in detail. Here we
studied the Si-V centers in a monoisotopic *C (99.96%) diamond by high-resolution optical
spectroscopy at low temperatures. The single crystal **C diamond samples were grown by a
chemical vapor deposition technique. The fine spectral structure is measured, and a noticeable
isotopic shift of spectral lines compared to those for normal diamond is revealed. The energy
diagram of the Si-V center in *3C diamond is considered, and the cause of the observed
isotope effects is discussed.

This work was supported by the Russian Foundation for Basic Research under Grant No 13-
02-01091.

[1] I. Aharonovich, E. Neu, Adv. Opt. Mater. 2 (2014) 911.

[2] C. Wang et al., J. Phys. B.: At. Mol. Opt. Phys. 39 (2006) 37.
[3] L.J. Rogers, et al., Nature Communications 5 (2014) 4739.
[4] T. Miiller et al., Nature Commun. 5 (2014) 3328.

[5] C. D. Clark et al., Phys. Rev. B., 51 (1995) 16681.

[6] C. Hepp et al., Phys. Rev. Lett. 112 (2014) 036405.
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Conventional photoluminescence yields at most one emitted photon for each absorption event.
Downconversion (or quantum cutting) materials can yield more than one photon, by virtue of
energy transfer processes between luminescent centers. We introduce Gd-0,S:Tm*" as a
multi-photon quantum cutter. It can convert near-infrared, visible, or ultraviolet photons into
respectively two, three, or four infrared photons of ~1800 nm.

The cross-relaxation steps between Tm?3* ijons that lead to quantum cutting are identified from
photoluminescence (PL) emission spectra as a function of Tm3* concentration in the crystal.
From an analysis of the PL decay dynamics as a function of Tm** concentration, we quantify
the rate constants of the cross-relaxation steps [1,2]. A consistent model is presented
reproducing how the Tm®3* concentration affects the relative intensities of the various
emission lines and the excited state dynamics. It provides an analytical formula for the
quantum cutting efficiency as a function of Tm** concentration. Fig. 1 shows an example of
our analysis, for the case of excitation in the D, level where two consecutive quantum cutting
processes 1D, — 2 *Hy followed by *Hs — 2 3F4 can give a quantum yield close to 400%.
Finally, we discuss the potential application of Gd.02.S:Tm®* for spectral conversion to
improve the efficiency of next-generation photovoltaics. Challenges are to increase the
effective absorption of the material, and to suppress concentration quenching of the emitting
3F,4 level.
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Figure 1 - Downconversion from the D level. (a) The decay dynamics of the 'D; level as a function
of Tm®* concentration are fitted to find the critical radius for cross-relaxation of Ry = 7.1 A. (b) Using
this parameter, we can reproduce the experimental intensities of emission lines in the spectrum. (c)
The model yields analytical expressions for the photon yield from the different excited states of Tm?*,
following excitation in the D, level. The total photon yield increases to nearly 4 emitted photons per
absorption event as cross-relaxation becomes more efficient at increasing Tm** concentration.

[1] F.T. Rabouw, S.A. den Hartog, T. Senden, A. Meijerink, Nat. Comm. 5 (2014) 3610.
[2] D.C. Yu, F.T. Rabouw, W.Q. Boon, T. Kieboom, S. Ye, Q.Y. Zhang, A. Meijerink, Phys. Rev. B 90 (2014)
165126.
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Zinc oxide is a non-stoichiometric compound due to the existence of several structural
defects, especially oxygen vacancies, which are determined by thermodynamic equilibrium.
Such equilibrium depends on temperature and partial pressure of oxygen. It is reasonable to
think that lower oxygen pressure causes an increase of oxygen vacancies, but the effect of the
temperature is not that obvious [1]. In this sense, an oxygen-poor, or an oxygen-rich
atmosphere would cause different structural defects during the synthesis of ZnO obtained via
thermal decomposition of zinc hydroxicarbonate (ZHC). Luminescence property depends on
the electronic structure, which in turn depends on crystalline structure, which in turn is
strongly dependent on the identity and quantity of lattice defects. In this work we evaluated
the presence of these defects through crystalline micro-strain and correlated them with the
luminescence of ZnO. The atmosphere effects on samples were also investigated by
thermogravimetric (TG) and differential thermal analysis (DTA), X-ray diffraction (XRD),
Scanning Electron Microscopy (SEM), and Photoluminescence Spectroscopy (PL). ZHC was
obtained via homogeneous precipitation from a solution of urea and zinc chloride at
90 °C/1.5h. The obtained ZHC was then decomposed by thermal treatment at 285 °C, 600 °C
or 900 °C under either argon flow (oxygen-poor), or dynamic air (oxygen-rich) atmosphere.
By SEM we observed that ZHC was obtained as micro-rods bunched as spherulites of about
7 um, after thermal treatment in either atmosphere the formed ZnO kept the micro-rods
format suggesting topotactic decomposition, although as temperature rises spherulites change
into acicular form. For both atmospheres a peak was observed by DTA indicating the
decomposition process occurs at 270 °C. Complete decomposition was observed at 500 °C and
530 °C, respectively for air and argon atmosphere. Further increase in temperature causes a
mass increase corresponding to oxygen reabsorption by the samples, obviously in an oxygen-
rich atmosphere the absorption corresponds to a much higher variation than that observed in
argon atmosphere. We investigated the presence of micro-strain within crystalline structure of
all ZnO samples through Williamson-Hall analysis from X-ray diffractograms. Crystallite size
was also determined by the same method. While micro-strain tends to decrease as the
temperature rises, the crystallite size tends to increase. However, oxygen-rich atmosphere
results in smaller crystalline size, and higher micro-strain value. Micro-strain is dependent on
the temperature and the atmosphere, but not related exclusively to oxygen vacancies. Other
structural defects must be considered in order to explain micro-strain into the ZnO lattice, i.e.,
interstitial zinc, ionized oxygen/zinc vacancy, etc. All these defects contribute to electronic
structure of the material, which regulate the luminescence properties. Samples treated at
285 °C and 600 °C exhibit broad band centred at the red region, while samples treated at
900 °C emit a broad band centred at the green region. All three samples treated under argon
atmosphere exhibit higher intensity of emission compared to those treated under air. From
these we may conclude that although micro-strain is essential to the luminescence of ZnO, a
smaller value is desired when it comes to higher intensity of emission.

[1] S. A. M. Lima, F. A. Sigoli, M. Jafelicci Jr, M. R. Davolos, Int. J. Inorg. Mat. 3 (2001) 749-754.
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Diamond is a very promising material due to its mechanical, thermal and electrical properties.
Optical methods are widely used for defect characterization in diamonds, identifying defect
centres that can be attributed to amorphous carbon phases and non-carbon inclusions in the
lattice. Diamonds can be found in nature in a range of colours, of which brown is the most
abundant. In spite of much research, the underlying cause of brown colouration in diamonds
is yet to be resolved.

Current high-resolution photoluminescence spectroscopy enables the identification of defects
present as an average for a sampled area, however spatial detail and the correlation of defects
to regions of interest is lost. In order to correlate photoluminescence emission with local
structure a new instrument has been designed, fabricated and calibrated to probe a material’s
chemical state via luminescence using a range of excitation sources.

The capabilities and benefits of hyperspectral imaging for remote sensing applications are
well known, however the use of hyperspectral imaging in microscopy is less well established.
Here we present a hyperspectral luminescence microscope, HeLIOS (Hyperspectral
Luminescence Imaging for Optical Spectroscopy) which has received full radiometric
calibration, traceable to National Institute of Standards and Technology (NIST). HeLIOS
builds on previous instrumentation development in Aberystwyth and hyperspectral imaging
development and is currently employed in a diverse range of interdisciplinary research
including Material Physics, Computer Science, Astrobiology and Earth Sciences.

Spatially resolved photoluminescence of a natural type la banded diamond under UV
excitation at low temperatures (14K) has been compared to high-resolution conventional
spectroscopy to reveal a correlation between dislocation related spectral features and the
brown colouration in natural diamonds. Due to the radiometric processing these data can be
expressed in real physical units as opposed to arbitrary luminescence intensity. This enables
direct comparisons and quantifications not previously possible.
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Currently there is a worldwide search for narrow band red emitting phosphors that are
excitable in the blue, as these phosphors are crucial for developing efficient warm white light
LEDs (w-LEDs). Narrow band red emission has recently been reported for Eu?* in Cs,CaP.0y7
[1]. The Eu?* luminescence in this phosphate is characterized by a high luminescence
quenching temperature and a large Stokes shift (see Figure 1a), which is promising for use in
w-LEDs. The combination of a large Stokes shift with a narrow emission band and high
quenching temperature are unusual. This indicates that the Eu?* 4f°5d* excited state undergoes
a relaxation in the excited state, possibly a Jahn-Teller (JT) distortion.

In this work we have investigated the occurrence of a JT effect in the 4f55d* excited state by
studying the d-f luminescence of Eu?* in Csz(Ca,Sr)P,O; at cryogenic temperatures.
Furthermore, we studied the optical properties of Yb?* and Ce3* ions in Csz(Ca,Sr)P20y, as the
d-f luminescence of Eu?*, Yb?* and Ce3* are normally related.

In the low temperature luminescence spectra of Eu?* (Figure 1a) no zero-phonon lines were
observed and no information on the position of the electronic origins of lowest 4f°5d? state in
absorption and emission can be obtained. Hence, this provides no direct evidence for the
presence of a JT effect. For Ce®", two types of d-f luminescence where observed in
Cs2(Ca,Sr)P207 (green and grey line in Figure 1b), which is ascribed to sites with local and
distant charge compensation. Interestingly, we observe a ‘normal’ Stokes shift for the Ce3*
luminescence, which is not comparable to the anomalously large Stokes shift observed for
Eu®*. This implies that the anomalous relaxation for the 4f°5d state of Eu?* does not occur for
the 5d state of Ce®".

f ]

Normalized Intensity (arb. u.)

300 400 500 600 700 250 300 350 400 450 500
Wavelength (nm)

Figure 1 — Spectroscopic properties of Eu?* and Ce** in Cs,CaP,0; at T = 4 K. a) Excitation (blue) and
emission spectra (red) of Cs,CaP,O7:Eu?*. b) Excitation (red and blue) and emission spectra
(green and grey) of Cs,CaP,07:Ce®*.

[1] A.M. Srivastava, H.A. Comanzo, S. Camardello, S.B. Chaney, M. Aycibin, U. Happek, J. Lumin. 129 (2009)
919-925,
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We report on direct growth of submicron-scale single crystal diamond pillars doped with
silicon to form photoemitters based on color centers silicon-vacancy (SiV) demonstrating a
bright photoluminescence (PL) around 738 nm wavelength. The fabrication of the pillared
structures utilizing total internal reflection effect is one of the ways to improve the collection
of single photon emission used in quantum technologies [1]. We applied a bottom-up
approach [2,3] as an alternative to well-known reactive ion etching of diamond substrate [1]
for preparation of pillar structures with aspect ratio A = height/width > 2.

The diamond pillars have been epitaxially grown in microwave plasma CVD reactor through
windows (holes) in amorphous Si mask of 1 um in thickness deposited on HPHT diamond
substrate. Arrays of the holes of 400 nm in diameter were perforated in the mask by focus ion
beam (FIB) milling. The further diamond deposition using methane-hydrogen gas mixtures is
confined by the hole’s walls, thus directing the pillars growth. The Si mask, etched by atomic
hydrogen from the plasma, supplies SiHyx radicals which result in diamond doping with Si,
and forming optically active SiV centers. After the mask removal a strong PL emission of the
SiV centers at 738.6 nm localized within the pillars was detected with a confocal microscope
connected to Hanbury-Brown-Twiss interferometer. High PL contrast between the pillars and
the background (the substrate) was revealed. We observed sevenfold enhancement in PL
intensity for the pillars with A=2.0-2.8 in comparison with the flat surface. In addition, the
SiV PL decay time of 1.1 ns has been measured upon excitation by 60 ps laser pulses at 532
nm.

[1] T.M. Babinec, B.J.M. Hausmann, M. Khan, Y. Zhang, J.R. Maze, P.R. Hemmer, M. Lon¢ar. Nat.
Nanotechnol. 5 (2010) 195-199.

[2] I. Aharonovich, J.C. Lee, A.P. Magyar, D.O. Bracher, E.L. Hu. Laser Photonics Rev. 7 (2013) L61-L65.
[3] D. Sovyk, V. Ralchenko, M. Komlenok, A. Khomich, et al. Appl. Phys. A. 118 (2015) 17-21.
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The general expression is derived for the probability of the spontaneous electric-dipole
transitions in an emitter located near subwavelength nanoparticle (NP). This expression takes
into account arbitrary orientation of the dipole moment of the emitter with respect to NP
surface and has the simple form

2
A=Np fi |d| 2Re7|d| +6Re;/| uj |||d| +3|d”|

Here nmed is the refractive index of the medium that surround NP, f_ is local-field correction,
o and d are the transition frequency and the transition dipole moment, respectively;
y =Rey +ilmy isthe NP polarizability, r = rnis the radius-vector of an emitter with respect
to the center of NP.

The obtained expression coincides with the previously found particular expressions (see e.g.

[1]) for cases when a dipole is perpendicular to the particle surface (|dn|:0) and when a

dipole is parallel to it (|dn|2 = |d|2).

A similar expression is also obtained for an emitter located inside the shell of core-shell NP
with the metallic core. Of course, these expressions are valid for dielectric NPs as well.
Nonradiative contribution to decay rate is also discussed.

[1] G. Colas des Francs, A. Bouhelier, E. Finot, J.C. Weeber, A. Dereux, C. Girard, E. Dujardin, Opt. Express,
16 (2008) 17654-1766.
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Eu doped Srl> (Eu:Srly) single crystal have been energetically investigated and re-discovered
as a next-generation gamma-ray scintillator with high light yield and energy resolution.
Eu:Srl scintillator crystals with strong hygroscopic nature have been grown by the Vertical
Bridgman (VB) method using a quartz ampoule [1]. On the other hand, we developed a
modified micro-pulling-down (u-PD) method with a removable chamber in order to grow
single crystals of halide materials at higher growth rate than the VB method [2]. We reported
the results of crystal growth and scintillation properties of halide scintillator crystals as
represented by CeBrs, Ce:LaBrs and Eu:Srl, using the modified p-PD method.

However, the modified u-PD method couldn’t grow a bulk single crystal with more than 10
mm in diameter. Therefore, we developed a novel VB method using the p-PD furnace with
the removable chamber to grow bulk single crystals of hygroscopic halide materials. There
are some advantages of the novel VB method using p-PD furnace compared to the
conventional VB method. In the result, 1 inch Eu:Srlz bulk crystal could be grown by the VB
method using the u-PD furnace. In this study, we developed bulk Eu:Srl, bulk single crystal
by the VB method using u-PD furnace and investigated the scintillation properties.

In this study, Eu-doped Srlz, crystals were grown from the melt using modified bridgeman
method with vacuum tight removable chamber.

The carbon crucible is designed for the growth of bulk Eu:Srl2 single crystal. Srl, and Eul>
powders (> 4N, APL Japan) were used as a starting material and the mixed powder with
nominal composition of (Sro.9sEUo.02)l2 (EU2%:Srl2) was set into the crucible. Undoped Srlz
single crystal grown by the p-PD method used as a seed crystal and it was set in the bottom of
crucible. All the processes mentioned above were performed in a glove box filled with Ar
gas. The removable chamber was taken out from the glove box after the hotzone set up. The
chamber was connected with a Turbo Molecular pump and was vacuumed up to 10 Pa at
~300°C. After the baking process, high-purity Ar gas (99.9999%) was introduced in the
chamber. The carbon crucible was heated by a high-frequency induction coil up to the melting
point of Eu:Srl>. The mixed powder was melted and then, the crucible was pulled down for
crystal growth. After the crystal growth procedure, the crucible was cooled down to room
temperature. The grown crystal was taken out from the chamber in the glove box.

In the result, the bulk Eu:Srl> bulk crystal without visible crack was obtained. It had high
transparency and there was no visible inclusion in the crystal. The crystal was cut and
polished in the glove box and was sealed into the alminum container with an optical window.
The detail of crystal growth, optical and scintillation properties of bulk Eu:Srl> bulk crystal
will be reported in the presentation.

[1] E. V. van Loef, N. J. Cherepy, et.al., IEEE Trans. on Nucl. Sci., 56(3) (2009) 869-872.
[2] Y. Yokota, A. Yoshikawa, et. al., J. Cryst. Growth 375 (2013) 49-52.
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This report presents our last achievements in the creation of new types of single crystalline
film (SCF) scintillators based on the Az.xAls.,yGayO1.:Ce garnet compounds; A= Gd, Lu, Tb
and their combination at x=0+3.0 and y=1.5+3.0, using the Liquid Phase Epitaxy (LPE)
method from PbO and BaO based fluxes onto Y3AlsO12 (YAG) and GdzAl25Gazs012
(GAGQG) substrates. The bulk crystals of multicomponent garnets are now on the top list of
most efficient oxide scintillators with the light yield (LY’ up to 50000 Ph/MeV [1]. Therefore,
the growth of SCF analogues of such garnets is now very actual task, first of all for the
creation of scintillation screens for X-ray imaging with submicron spatial resolution [2].

In our work, we have applied the following research concepts: (i) “host band gap
engineering” [3]; (ii) “engineering of Ce3* ion energy structure” [1]; (i) “enhancing the
energy transfer from the host to Ce3* ion” [4] to basic scintillation materials — LusAlsO12:Ce
(LUAG:Ce) SCF using the alloying of the Gd** and Tb*" ions in the decahedral positions and
Ga®* ions in the octahedral positions of the garnet host. Namely, we have found that from all
the studied SCF of GdsxLuxAlsy GayO1:Ce compositions at x=0-3 and y=1.5+3.0 the best
scintillation properties are realized in the LuisGdisAl275Gaz25012 SCF whose LY under o—
particles excitation exceeds 1.3-1.4 times the LY of YAG:Ce SCF but is by a factor of 1.4 lower
than the LY of the best reference LUAG:Ce SCF scintillator.

With the aim of enhancing the energy transfer from the host of multicomponent garnet to the
Ce* ions, the SCF of Th3xGdxAls.,GayO1,:Ce garnet at x=0+3 and y=1.5+3.0 were crystallized
by the LPE method onto GAGG substrates and the luminescent and scintillation properties of
these SCFs were studied as well. Due to the composition engineering and efficient and
Gd**—Th**— Ce*" energy transfer in the mentioned garnet matrices, we have observed strong
increasing the LY of SCFs of the these compounds in comparison with LUAG:Ce SCF
counterpart. Namely, the LY of the best samples of Ths.xGdxAlsGa;,012:Ce SCF at x=1.0+1.5,
grown from PbO-based flux, under a—particles is equal to 120-150% with respect to LUAG:Ce
SCF and is comparable with the LY of GdsAlz-25Gas-25012:Ce bulk crystals. To our knowledge,
these are the highest LY of SCF scintillators so far, prepared from PbO based flux.

The role of Ga®* doping in the improvement of the efficiency of energy transfer processes in Az
Als.yGayO12:Ce garnets was discussed in detail. The comparison between the luminescent and
scintillation properties of AzxAlsyGayO12:Ce SCF; A=Gd, Lu, Tb, grown from PbO and BaO
based fluxes was considered as well.

[1] K. Kamada, T. Endo, K. Tsutumi, J. Pejchal, M. Nikl, et all, Cryst. Growth Des., 11 (2011) 4484.

[2] T. Martin, A. Koch, Journal of Synchrotron Radiation, 13 (2006) 180.

[3] Fasoli, M., Vedda, A., Nikl, Phys. Rev., B 84 (2011) 081102(R).

[4] J. Ogieglo, A. Zych, K. Ivanovskikh, et all, J. Phys. Chem. A, 116 (2012) 8464.

This work was realized within the Polish NCN No 2012/07/B/ST5/02376 and Ukrainian SL-20F projects.
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Scintillator materials combined with photo detectors are widely used to detect high energy
photons and particles, e.g. in high energy physics, oil well logginng, security, medical
imaging techniques [1] such as X-ray computed tomography, positron emission tomography
(PET) and other applications. Oxide scintillation materials based on garnet structure like Ce-
doped LusAlsO1. (Ce:LUAG) are promising candidates for scintillator applications because of
well mastered technology developed for laser hosts and other applications, optical
transparency and easy doping by rare-earth elements [2]. LUAG admixed with balanced Gd
and Ga ratio was proved to be an excellent scintillator where the effect of shallow traps was
suppressed; the spectrally corrected light yield value exceeded 40,000 photons/MeV, and the
scintillation decay was dominated by a 53 ns decay

component which is close to that of Ce® muuumm ”ﬁ%%m”( il
photoluminescence decay in this host [3]. Positive role //////////77777// ///‘

50.02%Ce0.5% Tu,Gil,GayALO, [M20.02%6Ce0.5% Lu,GdyGa,ALO, [Ce0.5% Lu.Gd Ga,ALO,,

of Ce*" centers stabilized by divalent ion co-doping has  [/HHEHELL
been proposed to explain the enhancement of light yield / L LULLLEELLLLEL, w/”
in Mg,Ce:LUAG [4] and decay time acceleration in 4/./;/3/“/://////!/*/ ///(//ﬂ////, i

Mg,Ce: GdsGasAl,01, [5]. {;I/«W/
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In this report, Mg co-doping effects on scintillation
properties of Ce:(Lu,Gd)3(Ga,Al)s012 (LGGAG) were
investigated. Mg 200 ppm co-doped Ce:LGGAG single

. X Fi. 1. Photographs of single crystals grown by
crystals were prepared by micro pulling down method ¢ u-pD method.

(Fig.1). Ce** charge transfer absorption was observed .
below 300nm in Mg,Ce:LGGAG which is in good
agreement with previous reports [2]. Figure 2 shows
scintillation decay curves. The scintillation decay times
were accelerated by Mg co-doping. In our presentation,
details of crystal growth, crystal structure and chemical
composition analysis will be reported. Furthermore,
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relation between chemical composition of LGGAG and Time / s
Mg co-doping effects on scintillation properties Fig. 2 Scintillation decay curves of the Mg co-
considering the band structure will be reported. doped and non co-doped

Ce:(Lu,Gd)3(Ga,Al)s01; crystals (excitation 662

137, ini
References: keV of 137Cs radioisotope).

[1] M. Nikl, Meas. Sci. Techn. 17 (2006) R37.

[2] M. Nikl, A. Yoshikawa et al, Cryst. Growth Des. 14 (2014) 4827-4833
[3] K. Kamada, A. Yoshikawa et al, Cryst. Growth Des. 11(2011) 4484-4490.
[4] K. Kamada, A. Yoshikawa et al, Nucl. Instrum. Meth. A 782 (2015) 9-12.
[5] K. Kamada, A. Yoshikawa et al, Opt. Mater. 41(2015) 63-66.
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The improvement of astronomical instrumentations is fundamental in order to face the open
issues of modern astronomy. A key contribution of this progress comes from the dispersing
element, thanks to the introduction of Volume Phase Holographic Gratings (VPHGS)[1,2],
which especially operate into low and medium resolution spectrographs. A key point for the
manufacturing of such VPHGs is the development of new photosensitive materials that match
the stringent requirements of the astronomical environment. Here we report on the
performances of VPHGs based on Bayfol® HX solid photopolymer films, developed by
Bayer MaterialScience AG, designed for volume gratings[3]. The most important features of
these materials are the self-development and the fine-tuning of the final index modulation by
the adjustment of the writing power. Moreover, the thickness homogeneity, material’s
reliability and the optical properties are very good.

Different Bayfol® HX materials have been characterized especially in terms of film thickness
d and refractive index modulation An, which are the parameters responsible of the
performances of VPHGs in the VIS-NIR region. Based on these results, we have proven the
applicability in the astronomical field, developing VPHGs for spectrographs at the Asiago’s
telescope and at the Nordic Optical Telescope. Great performances have been obtained
performing the observation of different sky objects[4,5].

Figure 1: Example of astronomical dispersing element (VPHG and prisms), based on Bayfol® HX
material used in the Asiago’s spectrograph.

[1]J. A. Arns, W. S. Colburn, S. C. Barden, Proc. of SPIE 3779 (1999) 313-323;

[2] E. Molinari, A. Bianco, P. Conconi et al., Proc. of SPIE 6269 (2006) 6269N-8;

[3] H. Berneth, F.-K. Bruder, T. Fiacke, R. Hagen, D. Honel, T. Rélle, G. Walze, M.-S. Weiser, Proc. SPIE 8776
(2013) 877603-3;

[4] A. Zanutta, M. Landoni, A. Bianco, L. Tomasella, S. Benetti, E. Giro, PASP 126 (2014) 264-269;

[5] A. Zanutta, M. Landoni, A. Bianco et al., Proc. of SPIE 9147 (2014) 91474E-1.
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Polymer solar cells (PSCs) have been developed and demonstrated their potential as
renewable and low cost energy resources because of the high possibility of commercialization
based on the ease of processing [1]. Several approaches have been considered to improve the
photo/power conversion efficiency (PCE) of the polymer bulk heterojunction (BHJ) solar
cells, which include synthesizing new photoactive materials and tuning electrical and optical
properties of the fabricated devices. Buffer layer plays a crucial role in achieving highly
efficient PSCs [2]. Recent developments in BHJ PSCs are addressed to increase the PCE by
the introduction of plasmonic particles into polymer layers for utilizing the plasmonic field
effect and scattering of light [3]. However, the full exploitation of plasmonic aspects has not
been extracted through adequate design of polymer structure in the BHJ PSCs. In recent
years, the distribution of plasmonic nanostructures into conducting polymer (CP) matrix has
infused a new area of research and applications [4][5]. In this work, we design and
demonstrate that the inclusion of a buffer layer composed of the new functionalized CP and
plasmonic nanoparticles (PNP) in the device configuration, enhances the light harvesting
efficiency and electrical-optical properties at the polymer interface, leading to improved
photovoltaic characteristics for the PSCs. As a proof of concept, we synthesized the new
functionalized polyaniline (PANI-F) which can generate ‘in situ’ electric dipole at the
interface and at the same time augments light absorption efficiency via the PNP anchored
onto the PANI-F matrix. The new PANI-F/PNP nanocomposites (PANI-F/PNP-NC) was
characterized by cyclic voltammetry, UV-Visible spectroscopy, X-ray diffraction, X-ray
photoelectron spectroscopy and Atomic force microscopy. The current density-voltage curves
of the devices fabricated with PANI-F/PNP-NC as buffer layer informed that the PCE of
PSCs showed ~ 12 % improvement in the overall PCE, compared with the PSCs having
pristine PANI-F. The superior photovoltaic characteristics observed for PANI-F/PNP-NC
incorporated PSCs, is due to the synergistic tuning of electro-optical properties and the
enhanced molecular ordering in the photoactive layer. The proposed device architecture with
the inclusion of PANI-F/PNP NC as buffer layer is extendable to various other CP-PNP
combinations and possibly opens up a new avenue for fabrication of the range of highly
efficient PSCs.

[1] Y. Huang, E. J. Kramer, A. J. Heeger, G. C. Bazan, Chem. Rev., 114 (2014) 7006-7043.

[2] R. Po, C. Carbonera, A. Bernardi, N. Camaioni, Energ Environ Sci., 4 (2011) 285-310.

[3] J. L. Wu, F. C. Chen, Y. S. Hsiao, F. C. Chien, P. Chen, C. H. Kuo, C. S. Hsu, ACS Nano., 5 (2011), 959-
967.

[4] G. Sai-Anand, A.-I. Gopalan, S.-W. Kang, K.-P. Lee, IEEE Elec. Dev. Lett., 34 (2013) 1065-1067.

[5] G. Sai-Anand, A.-I. Gopalan, S.-W. Kang, S. Komathi, K.-P. Lee, Sci. Adv. Mater., 6 (2014) 1356-1364.
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Using the full-potential linearized augmented plane wave method (FP-LAPW) based on
density functional theory (DFT) and Boltzmann's Transport theory, we study the electronic
structure, Optical and electrical properties of Vanadium -doped wurtzite ZnO with different
concentrations (3.125, 6.25, 12.5, 25%). The FP-LAPW based on the new potential
approximation known as the Tran—Blaha modified Becke—Johnson exchange potential
approximation (TB-mBJ). The calculated band structure and density of states (DOS) exhibit a
band gap of pure ZnO (3.3 eV) closer to the experimental one. As well, our results indicate
the average transmittance in the 400 to 1000 nm wavelength region was 93%. The optimized
composition of the V doped ZnO, which had the highest conductivity (3,2 10° Q-cm) and
transmittance was Znes 875V3.1250. We further identify that the lower concentration of heavily
of V doped ZnO, the conductivity is stronger.
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Despite constant improvements, polymerization shrinkage and stress remain drawbacks of
dental composites contributing to microleakage, secondary caries and pulpal damage. None of
the currently marketed low-shrinkage composites is able to eliminate polymerization
shrinkage.

The aim of this study was to measure strain and displacement of experimental composites
using the 3D digital image correlation method.

An experimental low-shrinkage composite based on monomer FIT-852 (FIT; Esstech) and a
conventional, control composite based on bisphenol A-glycidyl methacrylate (BisGMA;
Sigma-Aldrich) were prepared by mixing resin/photoinitiator matrix with silanated barium-
glass fillers in the amount of 70wt% or 74wt%. Modified Class 2 restorations were prepared
in plastic and extracted human molars (n=5/group). Teeth were restored with composite either
without an adhesive (plastic teeth) or with adhesive Optibond Solo Plus (Kerr) (human teeth).
3D optical measurements were done with a two-camera system (Aramis) with images taken
immediately before and after light-curing. Data were statistically analyzed in Minitab 16
using a general linear model (a=0.05).

In plastic teeth, strain ranged from 2.7+1.4% (FIT 70) to 4.7+£2.1% (BisGMA_70) whilst
displacements varied between 34422 um (BisGMA_70) and 69+19 um (FIT_70). Differences
in strain between FIT_70 and BisGMA _70 in both plastic and human teeth were statistically
significant (p<0.05). Displacements between FIT_70 and BisGMA _70 were significant only
in plastic teeth (p<0.05). FIT_74 showed lower displacements (mean 38-47um) than FIT 70
(60-69um) in plastic and human teeth (p<0.05).

Lower strain i.e. polymerization shrinkage and displacement was confirmed for FIT-based
composite. Higher filler content reduces material flow and displacement thereby increasing
strain in the FIT-based composite.
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To fabricate a LED integrated to a silicon chip we are using nanoporous silicon/aluminum
Schottky structure. High current densities and high concentrations of hydrofluoric acid are
generally needed during the electrochemical etching process to fabricate high porosity
nanostructured silicon films [1]. However, short process time (non-controllability/uniformity
of ultrathin films formation), and toxic (high HF vapor pressure), fluidity and aggressive
reagents (etching Al layers and interconnections in the meanwhile) are serious concerns
associated with it. Therefore, it is highly demanded to seek alternatives to fabricate ultrathin
nanoporous Si films using lower current densities at low F- ion concentrations. We have
developed an ultrathin nanoporous silicon fabrication process by electrochemical etching in
ammonia fluoride water solution. It was shown that highly uniform and ultrathin high
porosity nanoporous silicon films can be fabricated under very low current densities and
fluorine ion concentration in a reproducible manner. Structural and electro optical properties
of nanoporous silicon films will be discussed [2].

N-type <100> oriented phosphorous doped silicon substrates (0.1 Ohm cm and 0.01 Ohm cm)
were used. The samples were anodized in NH4F:H3PO4:C2HsOH:H20 at current densities of
0.01 — 1 mA/cm? and 5 — 25 % H3PO4 concentrations with halogen lamp illumination. At
about 10 mA/cm? the behaviour turns and morphology of nanoporous silicon changes from
regular vertical holes (at higher current densities) to sponge like structure (at lower current
densities).

Pores size and structure of nanoporous silicon films were observed on the scanning electron
microscope LEO 1550 Gemini. Its thickness and porosity was measured by Spectroscopic
Ellipsometer VB-250 and then calculated. Photoluminescence and electroluminescence are
measured by spectrometer, photoluminescence was excited by discrete 330 nm mercury lamp.
For electroluminescent measurements 0.7 micron Al was PVD and anodized through
photoresist mask. 200x200 micron pads leaves on the nanoporous silicon layer. Electrical
measurements of the Schottky diodes are carried out by special equipment [3].

So, in this paper we report the stable and reproducible regimes of nanoporous silicon layers
formation at ultra small current densities and fluorine ion concentratios which allows to
fabricate effective light emitters incorporated into Si chips.

[1] L. T. Canham, A. G. Cullis, C. Pickering, O. D. Dosser, T. I. Cox, and T. P Lunch, Nature 368, 133 (1994)
[2] P. Jaguiro, P. Katsuba, S. Lazarouk, M. Farmer and A. Smirnov, Si-based emissive microdisplays, Physica E
41, 927 (2009)

[3] A.Smirnov, A.Hubarevich, A. Stsiapanau et al., in Mat. 9" Int. Conference Porous Semiconductor-Science
and Technology PSST-2014, P. 170-172
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A recombinational luminescence in the field of transition temperature of KDP is observed
obviously. It is connected to that for this exemplar ligt sum in TSL peak in the field of 110-
130K is much more, than in KDP to a heat processing.

The result received at studying of spectral composition of peak of TSL at 125K is represented
as more important. As well as earlier, it consists of two emission bands with maxima at 2.6
eV and 4.75 eV. It is established that the relation of radiation intensities in these optical strips
does not change from temperature and duration of a heat processing [1]. Partial leaving of
molecules of water leads to the considerable increase of preradiation deficiency of crystals.
Besides, concentration of L-defects increases. Irrespective of it the ratio of intensity in strips
of recombinational radiation does not change. It shows interrelation of two recombinational
processes giving these emission bands.

[1] L.M. Kim, T.A. Kuketayev, B.S. Tagayeva. Book of the abstracts of 7th International Conf. Nuclear and
Radiation Physics (2009) 132.
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Low-lying states of a narrow one-electron nanoring with variable thickness in the presence of
threading magnetic and lateral electric fields are analysed by using the adiabatic
approximation [1-2]. In this technique the problem is reduced to a one-dimensional
Schrodinger equation that describes the rotation of the electron along the ring in an axially
non-homogeneous effective field whose potential depends on both the variation of the
nanoring thickness and the external electric and magnetic fields. We solve this equation by
using the Fourier method and present novel curves for energies of lower levels and the
magnetization as functions of the magnetic and electric fields for structures with different
profiles given by periodical dependencies of the ring thickness on the azimuthal angle. We
show that the electronic properties of narrow nano-rings are very sensitive to both the external
electric field and the structural non-homogeneity. Particularly, the non-homogeneous height
of the ring and the in-plane electric field provide each one the electron localization and a
quenching of the Aharonov Bohm oscillations for lower states, but if they act together the
oscillations reinforcement instead of their quenching can be achieved. This opens a new
possibility to control nanoring properties by external electric field.

[1] F. Rodriguez-Prada, L. F.Garcia, and 1. D. Mikhailov, Physica E 56 (2014) 393.
[2] M. R-Fulla, J. H. Marin, Y. A. Suaza, C. A. Duque, M. E. Mora-Ramos, Phys. Lett. A, 378 (2014) 2297.
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Persistent luminescence materials emit light for several hours after ceasing irradiation. They
consist usually of inorganic hosts with wide bandgap doped with emitters, e.g. rare earth ions
such as Eu?*, Pr¥* and Th*" [1]. Studies on these materials have proliferated in recent years due
to their diverse applications: emergency lighting, luminescent paints, radiation detectors and
biological markers. The disilicate hosts are used due to their stable structure and the bandgap
favorable to persistence luminescence [2]. The current challenges include the search for new
synthesis methods to control of the parameters as particle size and morphology to yield
improved persistent intensity and duration.

In this work, Sr.MgSi,O7:Eu?*,Dy** materials were synthetized with two methods to improve
the efficiency and to obtain small particle size. The materials were synthetized with i) a solid
state method by annealing the intimately ground mixture of SrCOs, MgCQOs, SiO; and R,03, (R:
Eu, Dy) and ii) by a co-precipitation method using the reaction between SrCl,, MgCl;, RCl; and
Na;SiOs. The precursors were heated in static air at 700 °C for 2 h and then at 1150 °C for 5 h in
CO in both methods. The materials were characterized by infrared absorption spectroscopy, X-
ray Powder Diffraction (XPD), Scanning Electronic Microscopy (SEM) and luminescence
spectroscopy. The XPD patterns indicate the formation of the desired Sr.MgSi»O; phase with a
small amount of a MgSiOs impurity in the co-precipitation material. The Scherrer calculations
indicate smaller crystallite size for the co-precipitation method. The excitation spectra (Fig. 1,
left) show two broad bands centered from 250 to 450 nm assigned to the Eu?" 4f’—4{55d*
transitions. Several Eu®* 4f-4f absorption lines are observed in these spectra centered at e.g. 396,
420 and 450 nm. The emission spectra (Fig. 1, right) of the materials are similar with a broad
band centered at 470 nm (blue) arising from the Eu?* parity allowed 4f55d'—4f" transition. This
indicates energy transfer from Eu®" to Eu®*. Both materials can be efficiently excited in the
visible range allowing applications in the storage of sun light energy.
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Fig. 1 — Excitation (left) and emission (right) spectra of Sr,MgSi,O7:Eu?*,Dy*" materials
prepared with the solid state and co-precipitation methods.

[1] H.F. Brito, J. Holsd, T. Laamanen, M. Lastusaari, M. Malkaméki, L.C.V. Rodrigues, Opt. Mater.
Express 2 (2012) 371-381.

[2] M. Lastusaari, H. Jungner, A. Kotlov, T. Laamanen, L.C.V. Rodrigues, H.F. Brito, J. Holsd, Z.
Naturforsch. B 69 (2014) 17-182.
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Low power upconversion via triplet-triplet annihilation (TTA) is considered to be very
promising for enhancing performance of photovoltaic cells, since the power density of
the sun light is sufficient to accomplish the upconversion process. Despite the fact that
upconversion efficiency (@uc) in a solution exceeds 30%, [1] in a solid state it drops
down by more than one order of magnitude. Although all the factors responsible for the
efficiency drop are still unclear, they are believed to be emitter concentration-dependent
and associated with inefficient singlet/triplet exciton diffusion and emitter self-
guenching. Reduced emitter concentration may indeed prevent quenching, however, it
will also impede exciton hopping and hence lower the probability of TTA. Thus, for
maximization of @yc, the influence of each process needs to be evaluated as a function
of emitter concentration. For this, evaluation of diffusion length (Lp) of both singlet and
triplet excitons at different emitter concentration is crucial.

In this work, singlet and triplet exciton diffusion in the poly(methyl methacrylate)
(PMMA) films containing 9,10-diphenylanthracene (DPA) as an emitter and platinum
octaethylporphyrin (PtOEP) as a triplet exciton sensitizer was investigated. The films
were prepared by melt-processing technique [2] for suppressed emitter aggregation at
high concentrations. Exciton diffusion was determined from the emission quenching
efficiency in the DPA:PtOEP:PMMA films with randomly distributed quenchers.
Monte Carlo simulations and Stern-Volmer approach were applied to quantitatively
model excited state relaxation dynamics in DPA:PtOEP:PMMA/quencher blends with
increasing quencher concentration (0 — 2 wt%) for the evaluation of Lp.[3,4]
Optimization of ®uc vs emitter concentration revealed optimal DPA concentration
(25 wt%) necessary to achieve maximal @uyc in the solid DPA:PtOEP:PMMA films. In
the absence of sensitizer, Lp for the singlet excitons was found to increase from 27 nm
up to 41 nm with increasing DPA concentration from 20% to 35%, respectively.
Meanwhile in the presence of small amount of sensitizer (0.05%), Lp remained
independent (~15 nm) of DPA concentration. In contrast, in the case of triplet excitons,
an increase of Lp from 31 nm up to 50 nm with increasing DPA concentration by the
same amount was observed even with the present of sensitizer.

The results imply efficient exciton diffusion for both singlets and triplets. While for the
triplets long Lp ensures enhanced TTA and upconversion, for the singlets it implies
additional losses due to the energy transfer to sensitizer. Insensitivity of Lp to the
amount of DPA in the DPA:PtOEP:PMMA films indicates sensitizer-limited singlet
exciton diffusion.

[1] Y. Y. Cheng, T. Khoury, R. G. C. R. Clady, M. J. Y. Tayebjee, N. J. Ekins-Daukes, M. J. Crossley, T.
W. Schmidt, Phys. Chem. Chem. Phys, 12 (2010) 66-71.

[2] S. H. Lee, J. R. Lott, Y. C. Simon, C. Weder, J. Mater. Chem. C, 1 (2013) 5142-5148.

[3] O. V. Mikhnenko, H. Azimi, M. Scharber, M. Morana, P. W. M. Blomad, M. A. Loi, Energy Environ.
Sci. 5 (2012) 6960-6965.

[4]1H. Y. Hsu, J. H. Vella, J. D. Myers, J. Xue, K. S. Schanze, Phys. Chem. C (2014) 118, 24282-24289.
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GaSe and GaS semiconducting compounds have been attractive materials used in
optoelectronic devices in red and blue regions. The large optical non-linearity properties of
these materials make them very promising materials in the areas of optical switching devices
and photo-detectors. The researches on both compounds showed that GaSe can be especially
used in nonlinear optical application whereas GaS is a promising material for near-blue light
emitting devices. GazSeS is one of the GaSxSe1x mixed crystals formed from GaSe and GasS.
Taking into consideration the role of constituent compounds in the technological applications,
Ga>SeS mixed crystal can be thought as a promising candidate to be used in the fabrication of
long-pass filter, light emitting devices and optical detecting systems.

Thermoluminescence (TL) is a technique used to characterize the trapping centers arising due
to the defects and/or impurities which are one of the principal factors affecting the
performance of optoelectronic devices such as LEDs, lasers.
Low-temperature (10-300 K) TL measurements were performed on the Ga,SeS crystals
grown by Bridgman method. The characterization of trapping centers was accomplished
using various methods for analysis of TL glow curves. The presence of three trapping centers
located at 6, 30 and 72 meV was revealed from the analysis. Heating rate dependence of the
observed TL peaks was studied for the rates between 0.4 and 1.0 K/s (Fig. 1). Distribution of
the traps was also investigated using an experimental technique [Tm(Ea) — Tstop] based on
thermal cleaning (Fig. 2). The distributed levels with activation energies increasing from 6 to
136 meV were revealed by rising the stopping temperature from 10 to 52 K.

TLIntensiy (a.u.)
TL Intensity (au.)

1 1 1 1 1
50 100 150 200 50 100 150

Temperature (K) Temperature (K)
Fig. 1. Experimental TL curves of Ga,SeS Fig. 2. TL glow curves of Ga,SeS crystals at
crystals with various heating rates. different Tswop temperatures.
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Optical and electrical properties of ZnO can be tailored by doping using, for instance,
aluminum or/and aluminum oxide (Al203z). Al-doped ZnO (AZO) films were deposited by
atomic layer deposition (ALD) on silicon, borosilicate glass and sapphire substrates. The Al
composition of the films was varied from 1% to 5% by controlling the ratio of Zn:Al pulses.
Film resistivity was measured as a function of Al content and the substrate temperature used
for ALD deposition in order to obtain the minimum of resistivity. X-ray diffraction (XRD)
was performed on the films, showing a reduction in lattice parameter, as a function of Al
concentration, indicating that AI** ions occupy substitutional sites in the ZnO lattice. The
resistivity of films deposited on different substrates was measured and related to the structure.
The surface morphology of the films on silicon, glass and sapphire was compared using
scanning electron microscopy (SEM), which showed similar grain sizes on each substrate,
suggesting that the difference in conductivity was due to grain orientation rather than
microstructural differences. Optical properties were measured using spectrophotometry and
ellipsometry. It was found that the transparency was >80% for wavelengths of 370—1600 nm.
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Knowledge and understanding of light waves polarization is important in the use of several
optical devices, such as lasers and light-emitting diodes. On the other hand many
optoelectronic light-emitting devices are based on ternary and quaternary semiconductor I11-
V alloys. It is widely known that within 1l1-V ternary or quaternary alloys grown by
Metalorganic Vapor Phase Epitaxy (MOVPE), atomically ordered clusters are spontaneously
formed during the epitaxial growth. [1] The atomic ordering within GalnP alloy corresponds
to the presence of a superlattice structure consisting of alternated In-rich and Ga-rich {111}
diagonal planes, with interleaving planes of P atoms. The resulting symmetry of the crystal
lattice of ordered alloy causes reduction of the band-gap energy (with respect to its value in
the disordered material) and splitting of the valence band. Another factor that changes the
symmetry of the alloy is an internal biaxial strain due to a mismatch between the epitaxial
layer and the substrate. As a consequence, the PL emission of the alloy becomes polarized.
We analyze here the linear polarization of the photoluminescence (PL) emission of GalnP and
GalnAsP epitaxial layers grown by MOVPE technique on Ge and GaAs substrates. We
measured angular polarization dependences of the PL emission intensity from the (001)
surface plane and from (110) and (1-10) edge planes of the epitaxial layer at different
temperatures. The PL measurements were performed using the backscattering geometry for
the PL emission propagating along the [001] crystallographic direction and the right-angle
scattering geometry for that propagating along [110] and [1-10] directions. In order to
estimate the degree of atomic ordering and biaxial strain within the layer, the measured
angular dependencies were compared with that calculated using the model based on
symmetry considerations. [2]

With decreasing temperature, the elastic biaxial strain changes due to different temperature
dependences of dilatation coefficients of the layer and the substrate, while the value of the
ordering parameter of the layer remains. Thus, studying the temperature dependence of the
PL emission polarization, one can separate contributions of atomic ordering and of biaxial
“epitaxial” strain. We measured and calculated the polarization angular dependences of the
PL emission propagating along the [001] crystallographic direction at different temperatures
and analyzed their temperature evolution. We estimated the value of the elastic biaxial strain
within the layer at different temperatures by fitting experimental and calculated polarization
patterns. Our study demonstrate that the increase of the PL emission polarization at low
temperatures can be explained by the change of the biaxial strain due to the difference of the
thermal expansion coefficients of the layer and the substrate. We also discuss the limits of
application of the model developed for ternaries I111-V alloys to quaternaries.

[1] A. Gomyo, T. Suzuki, S.Kawata, I. Hino, T. Yuasa, Appl. Phys. Lett., 50 (1987) 673-675
[2] S.-H. Wei and A. Zunger, Phys. Rev. B 49 (1994) 14337-14351.

119



P1-10-151

AXIAL SELF-TRAPPED EXCITON CONFIGURATIONS IN
BERYLLIUM OXIDE

Michael A. Botov?, Aleksey Yu. Keznetsov®, Aleksandr B. Sobolev?
aDept. of High Mathematics, Ural Federal University, 19 Mira St., Yekaterinburg, Russia,
scibma@gmail.com
bDept. of Experimental Physics, Ural Federal University, 19 Mira St., Yekaterinburg, Russia,

Presented work is devoted to theoretical investigation of two axial self-trapped exciton (STE)
configurations in beryllium oxide crystal. Our study is based on ab-initio calculations
performed in CRYSTALO9 package using Hartree-Fock (HF) approximation and density
functional theory (B3LYP). Atoms were described by their full-electron basis set (5-11G for
Be and 8-411G for O) with optimized valence shells. Supercell (SC) for defect calculation
contains 109 atoms. All calculations were performed using periodic boundary conditions and
full SC geometry relaxation.

We study two STE orientation: co directional to z-axis (STE electron density center is
localized mainly inside beryllium-oxygen tetrahedron) and reversed situation - contra
directional to z-axis.

As far as electronic structure is concerned it is presented in density of states (DOS) chart and
charge density distribution maps (e.g. Fig.1 (a), (b) and (c))
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Fig.1 (a) DOS for axial STE in BeO. (b) Charge density maps of STE. (c) Spin density maps of STE.
Both of maps belong to “co directional” configuration. Slice represents zx-plane. (HF, 109 atoms SC)

DOS (arb.units)

Electron and hole levels are clearly observable. Two defect levels in band structure of
material are shown up in luminescence spectrum also. Our results as to luminescence are

presented in Table 1.

Tablel. Axial STE luminescence bands (SC 109 atoms)

Configuration HF B3LYP30 Exp.[1,2]
co directional 6.0 6.5 49
contra directional 9.2 7.8 6.7

[1] K.N. Giniyatulin, A.F. Malysheva, A.V. Kruzhalov, T.N. Kyarner, Tr.Inst.Fiz.Akad.Nauk Estonii, 53 (1982)

71
[2] V.Y. Ivanov, V.A. Pustovarov, A.V. Kruzhalov, B.V. Shulgin, Nucl.Instr.Meth.Phys.Res.A 282 (1989) 559
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Nanosized bismuth ferrite powder has a potential application in the production of lead free
piezoelectric materials for actuators as well as magnetoelectric sensors. The simple, low-
costing and energy-saving hydrothermal method has advantages over the conventional
methods. Crystalline bismuth ferrite (BiFeOs) powder was synthesized via hydrothermal
method at 200°C using Bi(NO3)3x5H20 and Fe(NO3)z x9H-0, as starting materials and 8 M
KOH as a mineralizer. The X-ray diffraction (XRD), IR and Raman spectroscopy have been
performed on the synthesized bismuth ferrite (BFO) powders in order to confirm the
formation of pure and well-crystallized BFO nanocrystallites. °’Fe Mdssbauer spectroscopy
was performed in order to provide information on Fe cation arrangement in the BiFeO3s phase.
The magnetic and optical properties of properties of BFO samples were characterized by
SQUID magnetometry, and ultraviolet—visible spectroscopy. Temperature dependence of
magnetization shows antiferromagnetic-paramagnetic phase transition at Tn= 220 K, while
below this temperature weak ferromagnetic ordering is detected.
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This research deals with the development of a new class of nanophosphors, consisting in
bismuth silicate crystalline matrices doped with lanthanide ions. The high selectivity of the
emissions generated by the luminescent ions and the consequent control of the spectral
features for the emitted radiation open for the use of the here investigated systems in several
technological areas, ranging from bioimaging to anticounterfeiting, from temperature sensing
to photocatalysis, from LED to solar cell technology.

The interest in BixSiyO; compounds (primarily Bi.SiOs) as host for luminescent systems is
mainly due to the silicate nature, which implies a refined control of the nanoparticle surface
functionalization and the possibility of interfacing with different optical and optoelectronic
devices.

Due to the high reactivity of the bismuth with the silica, the procedure adopted for the
synthesis of the bismuth silicate nanostructures was based on impregnation of mesoporous
silica nanoparticles (MSNs) with Bi and lanthanide salt solutions. Peculiar core-shell self-
assembling mechanism for nanoparticle formation was evidenced by TEM analysis.
Dedicated synchrotron XRD experiment during sample heating at different temperature was
performed to follow the silicate structural evolution by “in situ” WAXS analysis.

Bismuth silicate doping with Yb3®* and other rare earth ions as Er®*, Tm** and Ho®*" was done
in order to realize near IR pumped upconverting nanoparticles (UCNPs). We explored the
chromaticity variation of the synthesized UCNPs by adjusting the molar ratios between the
different doping rare earth ions. It is worth to emphasize the possibility to achieve the
realization of a white light emitting system under near IR pumping. The dynamics of the
energy transfer mechanism involved in the UC process was investigated, together with the
effect of both power variation and photoexciting pulse modulation on the UCNP emission
spectrum.
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In the present study, the luminescent properties of rare earth (cerium and/or terbium) activated
yttrium silicate phosphors (YSO:RE), were investigated in order to elucidate the role of the
activator system for color tuning of the phosphor emission as well as to identify the energy
transfer processes. Synthesis of the mixed rare earth silicates phosphors was carried out using
the gel combustion method.

The synthesis takes place in three stages: (1) preparation of the gels; (2) formation of ashes by
the combustion of gels and (3) preparation of the phosphors by thermal treatment of the ashes
at 1400°C for 4 hrs in air atmosphere.

The phosphor samples were characterized by SEM, FT-IR, XRD, ICP-OES and PL
investigations.

Under different excitation wavelength, YSO:RE phosphors exhibit various emission colors
from blue to green depending on the activator system and amount of rare earth (Figurel). The
photoluminescent characteristics of the phosphor powders are correlated with their morpho-
structural characteristics.

6-Ce0.75%,
5-Ce0.75%,
4-Ce0.75%,
3-Ce0.75%,
2-Ce0.75%,
1-Ce0.75%

Tb6.00%
Tb3.00%
Tb1.50%
Tb0.75%
Tb0.50%

L, =245nm
L, =360nm

Figure 1 Chromatic coordinates of YSO:RE samples
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In rare-gas solids the energy loss rate of photoelectrons with energies above the band gap
energy is mainly determined by electron-electron scattering [1]. The scattering of a hot
photoelectron by a valence electron results in the formation of an additional electron-hole
pair which can be bound or free. Such processes of multiplication of excitations with well-
defined thresholds lead to prominent structures in the photoluminescence excitation spectra
[2]. The influence of inelastic electron-electron scattering processes on quantum efficiency of
intrinsic photoluminescence have been the subject of continuous interest as a powerful tool to
investigate the relaxation mechanisms in rare-gas solids [3].

Solid krypton doped with N> was extensively used to investigate intra- and intermolecular
energy relaxation into the impurity subsystem [4]. Because of the fast electronic relaxation by
the intersystem crossing to the lowest excited A%," state and the pronounced Vegard-Kaplan
bands emission, N> can be used as a sensitive luminescent probe to detect electronic
relaxation at an impurity [5].

This paper reports the observation of the influence of inelastic photoelectron scattering on
luminescence of N2 doped solid Kr.

The photoluminescence experiments were carried out at the SUPERLUMI experimental
station at HASYLAB, DESY, Hamburg [6]. Solid krypton exhibit strong effects of neutral
and charged defect formation induced by electronic transitions[2]. Therefore all
measurements were carried out after saturation of dose effects at steady concentration of
point defects and ionic centers.

Under selective excitation by synchrotron radiation the threshold energies for multiplication
of electronic excitations were measured. The data obtained suggest that in N2 doped solid Kr
three type