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FOREWORD 

 
The Europhysical Conference on Defects in Insulating Materials, organized in 
the period 12-16th July, 2010 in Pécs, Hungary by the Research Institute for 
Solid State Physics and Optics, Budapest, and the Institute of Physics of the 
University of Pécs, is the 11th European conference in the alternate series of 
EURODIM and ICDIM. The first meeting in Argonne, USA in 1956 was 
dedicated to the field of color centers in alkali halides. Since then the topic has 
been extended to the research and technology of defect-related phenomena in 
crystalline and amorphous wide band-gap bulk, layered and nano-materials.  

Some 300 colleagues from 39 countries in Europe, Asia, Africa and the 
Americas have registered to participate in the conference. The program 
contains in addition to 7 invited and 3 keynote talks 69 further oral presentations 
as well as 253 poster contributions. Apart from formatting, the abstracts are 
published in their as-received form.  

The city of Pécs, a pearl of the Southern Danubia region, is proud of hosting the 
conference as one of the 2010 European Capitals of Culture, this status 
crowning a long urban history dating back to paleochristian times in the Roman 
province Pannonia.  

Wishing you a successful conference with lots of new information and 
interesting encounters, we hope you will also enjoy the calm Mediterranean-like 
atmosphere of the region and some of the colorful open-air and other cultural 
events as well.  

 

On behalf of the Organizing Committee 

 

 

   László Kovács 
        Conference Chair 
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HYDROGEN IN OXIDES AND NITRIDES:  
UNEXPECTED PHYSICS AND IMPACT ON DEVICES 

 
 

Chris G. Van de Walle 
 

Materials Department, University of California, Santa Barbara, USA 
 

 
Transparent conducting oxides (TCOs) provide metallic conductivity while absorb-

ing little or no visible light; they are essential for devices such as solar cells, light-
emitting diodes, and flat-panel displays.  Recent efforts to enhance the performance of 
these oxides have highlighted the fact that the causes and mechanisms of conduction are 
poorly understood.  Controlling this conductivity is also critical for achieving stable and 
reproducible ambipolar doping.  Oxygen vacancies are widely discussed as the source of 
n-type conductivity, but we have recently shown that this cannot be true in ZnO [1].  We 
have suggested that hydrogen is a plausible cause of unintentional doping [2], and nu-
merous experimental studies have confirmed that hydrogen acts as a shallow donor and 
can be present in significant concentrations.  However, interstitial hydrogen alone cannot 
explain all experimental observations. 
 

Using first-principles calculations based on density functional theory we have per-
formed comprehensive studies of substitutional hydrogen in oxides.  Surprisingly, a 
complex consisting of hydrogen and an oxygen vacancy acts as a shallow donor in ZnO, 
with a behavior that is markedly different from the familiar picture of passivation of dan-
gling bonds.  Instead of attaching to a single Zn neighbor, hydrogen equally bonds to all 
four Zn atoms surrounding the vacancy, forming a true multicenter bond [3] with hydro-
gen situated at the substitutional oxygen site.   

 
This behavior of hydrogen first observed in ZnO has now also been found in a 

number of other oxides, including MgO [3], SnO2 [4], Al2O3 [5], In2O3 [6], and TiO2.  In 
addition, substitutional hydrogen in a multicenter-bond configuration also appears in 
nitride semiconductors, in particular in InN [7].  Consequences of the presence of hydro-
gen for experimental observations and for the performance of devices will be discussed. 
 
Work performed in collaboration with Anderson Janotti, Sukit Limpijumnong, Pakpoom 
Reunchan, Matthias Scheffler, Abhishek Singh, Joel Varley, and Justin Weber. 

 
 
 
[1]  A. Janotti and C. G. Van de Walle, Appl. Phys. Lett. 87, 122102 (2005). 
[2]  C. G. Van de Walle, Phys. Rev. Lett. 85, 1012 (2000). 
[3]  A. Janotti and C. G. Van de Walle, Nature Materials. 6, 44 (2007). 
[4]  A. K. Singh, A. Janotti, M. Scheffler, and C. G. Van de Walle, Phys. Rev. Lett. 101, 055502 (2008). 
[5]  J. R. Weber, A. Janotti and C. G. Van de Walle, Microel. Eng. 86, 1756 (2009). 
[6]  S. Limpijumnong, P. Reunchan, A. Janotti, and C. G. Van de Walle, Phys. Rev. B 80, 193202 

(2009). 
[7] A. Janotti and C. G. Van de Walle, Appl. Phys. Lett. 92, 032104 (2008). 
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Effect of ionic and covalent defects on the properties of
transparent carbon nanotube films

K. Kamarás

Research Institute for Solid State Physics and Optics, Hungarian Academy of Sciences,
P. O. Box 49, H-1525 Budapest, Hungary

Carbon nanotubes can be insulating or conducting, depending on their diameter and
electronic structure, and certainly contain many defects. Defect types vary on a wide
scale. Structural defects can be geometric deviations from the perfect hexagonal structure
including pentagons and/or heptagons (Stone-Wales defects) or heteroatoms built into
the carbon framework (mostly boron or nitrogen). Electronic defects can stem from
free radical-like sites resulting from broken bonds, charged or neutral, and atoms other
than carbon (hydrogen or organic functional groups) covalently attached to these sites.
Finally, double C-C bonds can be attacked by mostly organic reagents, resulting in sidewall
functionalization. Unfortunately, the literature does not distinguish clearly between these
processes. Often, all or most of them are simply summarized as ”doping”, creating a
significant controversy as to what the exact features and consequences are.

In my talk, I will introduce various defect-forming mechanisms but will concentrate on
three types: electronic charge transfer, and covalent functionalization involving defects
and sidewalls, respectively. I will bring examples of all three and compare the change
in physical properties caused by these treatments. The most important of these proper-
ties are the electrical conductivity and the visible transmission, because of the potential
application of these structures as transparent conducting layers. We measured the sheet
resistance and wide-range optical spectra (from the far infrared through the ultraviolet) of
several series of single-walled nanotubes where the individual samples differed in the type
and degree of modification. We found that defect functionalization has little effect on both
optical and transport properties, because it involves only a few per cent of carbon atoms.
Intensive sidewall functionalization converts sp2 carbon atoms into sp3 ones, thereby re-
ducing both the conductivity and the optical absorption. Doping by electrons or holes,
analogous to intercalated graphite, causes an increase in conductivity and at the same
time an increase in transparency, the ideal combination for applications as transparent
conductors.

Our spectroscopic data unambigously prove that the changes in conductivity of nan-
otube networks are intrinsic, and not just a result of improving the contact between
nanotubes. For self-supporting films, the dc conductivity of the networks is close to that
extrapolated from the low-frequency optical conductivity.
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PRINCIPLES AND RECENT DEVELOPMENTS IN THE USE OF 
THERMALLY AND OPTICALLY STIMULATED LUMINESCENCE 

IN RADIATION DOSIMETRY 

Stephen W. S. McKeever

Oklahoma State University: Department of Physics, Stillwater, OK, 74078, USA 

Thermally stimulated luminescence from insulating materials (more commonly 
known as thermoluminescence, TL) has been used in radiation dosimetry since the early 
1950s, although the genesis of the techniques goes back to the beginning of the scientific 
study  and  understanding  of  radiation  and  radioactivity.  More  recently,  optically 
stimulated luminescence (OSL) has emerged as a powerful dosimetry method with some 
advantages over traditional TL methods. 

Both TL and OSL rely on the perturbation of the material from thermodynamic 
equilibrium via the absorption of energy from a radiation field and the creation of points 
defects via ionization processes. A thorough understanding of TL and OSL in any given 
material would require a detailed knowledge of the nature and spatial distribution of the 
radiation-induced  defects,  and  their  subsequent  interaction  during  thermal  or  optical 
stimulation. However, significant – and, in many cases, sufficient – understanding can be 
obtained  via  phenomenological  description  of  electronic  transitions  between  defect-
related energy levels during the irradiation and stimulation processes. 

This talk will describe the fundamentals of TL and OSL and discuss some of the 
radiation-  induced  defects  that  give  rise  to  the  phenomena  in  popular  TL and  OSL 
dosimetry materials. The talk will then show how this background understanding can 
assist  in  the  application  of  these  methods  in  traditional  and  emerging  dosimetry 
applications, including personnel dosimetry, neutron dosimetry, and space dosimetry. 
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EPR probing of semiconductor/insulator heterostructures: point defects at 

interfaces and in thin oxide layers 
 

A. Stesmans 

 

Department of Physics and Astronomy, University of Leuven, 3001 Leuven, Belgium 

 
The semiconductor/insulator entity constitutes the basic building block of semiconductor 

device technology. As it appears, in such structures, the inevitable occurring point defects 

have been demonstrated to be at the origin of virtually all electrically exposed 

imperfections, and thus, mastering their occurrence, i.e., suppressing their presence, has 

been the main issue in device progress.  

 For many decades, the “classical” thermal (100)Si/SiO2 unit has constituted the all-

dominant basic building block of custom metal-oxide-silicon (MOS) based integrated 

circuits (ICs). However, the relentless scaling in IC technology (Moore’s law) has dictated, 

among others, the replacement of the conventional (work horse) SiO2 gate by an alternative 

dielectric of higher dielectric constant κ. In parallel, among the numerous routes explored to 

meet the relentless strive to scaling down devices within the Si-based metal-oxide-

semiconductor (MOS) technology, enhancement of charge carrier mobility µ takes a 

fundamental position. Although its enhancement has been pursued fundamentally (i.e., 

through application of physical stress), Si faces ultimate limits, from where the attention to 

the introduction of intrinsically higher µ semiconductors, such as Ge or III-V materials.  

 The presentation will deal with a comparative analysis of the properties and nature of 

the interfaces of Ge-based heterostructures, in particular, GexSi1-x/SiO2, Ge/GeOx, and 

Ge/Si/SiO2, as probed by occurring paramagnetic point defects using multi-frequency ESR 

spectroscopy. We will report on the observation in (100)Si1-xGex/SiO2 entities of an 

unknown non-trigonal Ge paramagnetic interface defect, denoted GPb1, of unique properties 

such as less common C2v symmetry. Aspects of thermal passivation by hydrogen are 

addressed. The properties of the center are discussed within the context of the thus far 

elusive role of interfacial Ge DB defects in Ge/insulator heterostructures, encompassing 

theoretical inferences and putative electrical impact. The results of theoretical modeling, 

using a first-principles approach, of the advanced defect model will be addresses as well.  

 In a next part, we will present results of a first ESR study applied to self-limiting 

epitaxially grown Ge3N4/(111)Ge entities, with focal point on the attained quality of the 

interface in terms of possible occurring defects. Compared to the routinely applied 

amorphous gate insulators, epitaxial oxides, in principle, bear the potential of establishing 

truly atomically abrupt interlayer free interfaces, with maximum κ value, and at the same 

offer the opportunity of eliminating interface defects.
 
We report on the first observation of 

an inherent interface defect of C3v symmetry, pointing to a less than ideal interface. The 

occurrence of the defect, suggested to concern the Ge K-type center, appears inherent to the 

heteroepitaxial interface matching, yet the overall interface is found to be of good quality 

 A final part will deal with addressing the nature of the E’δ defect in a-SiO2, 

assumedly being a defect member of the familiar O-vacancy associated E’ point defect 

family in SiO2. Yet, its atomic defect structure is still elusive. ESR data will be presented of 

a multifrequency study on various types of SiO2 subjected to different kinds of photonic 

irradiation. This is carried out over a broad temperature range with focus on the quantitative 

analysis of the revealed 
29

Si hyperfine structure. As a major conclusion of this work, it 

appears that the whole of the assembled experimental data are at odds with theoretical 

insight on all of the so far advanced atomic models, leaving a hiat in understanding. 
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DEFECTS AND DOMAIN WALLS IN LiNbO3: INSIGHTS FROM 

MICROSCOPIC SIMULATION 

 

 
Simon R. Phillpot 

 

Department of Materials Science and Engineering, University of Florida, Gainesville FL 32611 

sphil@mse.ufl.edu 

 

 

 

We use electronic-structure calculations at the level of density functional theory, 

integrated with thermodynamic calculations to determine the structure and stability of 

point defects and point defect clusters in LiNbO3.  In particular, we identify the dominant 

intrinsic defects at different temperatures, oxygen partial pressure, and compositions. We 

determine the incorporation energies of extrinsic defects (Mg
2+

, Fe
2+

, Fe
3+

, Er
3+

, and Nd
3
), 

the charge compensation mechanisms and charge transfer levels for congruent and 

stoichiometric compositions. In addition, we use classical molecular-dynamics simulation 

approaches to characterize the structure and energetic of domain walls in LiNbO3 and the 

energetics of domain-wall defect interactions. This work is supported by the National 

Science Foundation under awards DMR-0602986 and DMR-0303279. 
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Point Defects in 3D and 1D Nanomaterials: The Model Case of Titanium Dioxide 

 
Philippe Knauth 

 

Université de Provence-CNRS, Laboratoire Chimie Provence, Marseille, France 

 

 

Titanium dioxide is one of the most important oxides for applications in energy and 

environment, such as solar cells, photocatalysis, lithium-ion batteries. In recent years, new 

forms of titanium dioxide with unusual structure and/or morphology have been developed, 

including nanocrystals, nanotubes or nanowires.  

We have studied in detail the point defect chemistry in nanocrystalline TiO2 powders and 

ceramics. There can be a change from predominant Frenkel to Schottky disorder, depending 

on the experimental conditions, e.g. temperature and oxygen partial pressure. [1] An unusual 

domain of ionic conductivity, maybe due to protons, can be observed under certain conditions. 

[2] 

We have also studied the local environment of various dopants with similar ion radius, but 

different ion charge (Zn
2+

, Y
3+

, Sn
4+

, Zr
4+

, Nb
5+

) in TiO2 nanopowders and nanoceramics by 

Extended X-Ray Absorption Fine Structure (EXAFS) Spectroscopy. Interfacial segregation of 

acceptors was demonstrated, but donors and isovalent ions do not segregate. An electrostatic 

“space charge” segregation model is applied, which explains well the observed phenomena. 

[3] 

Furthermore, we have in recent years developed elegant electrochemical techniques for 

preparation of TiO2 nanotubes, which can be used for nanotechnology. [4] Given their high 

aspect ratio, these nanostructures can easily insert Li ions in near surface regions, which is 

obviously of interest for the development of high performance negative electrodes for Li-ion 

microbatteries. We have investigated the storage capacity and cyclability of TiO2 nanotubes 

and of more complex materials based on them. [5,6] 

 

 

1. A. Weibel, R. Bouchet, P. Knauth, Solid State Ionics, 177, 229 (2006)  

2. P. Knauth, H. L. Tuller, J. Appl. Phys., 85, 897 (1999) 

3. P. Knauth, A. V. Chadwick, P. Lippens, G. Auer, ChemPhysChem, 10, 1238 (2009)  

4. T. Djenizian et al., Nanotechnology, 19, 205601 (2008) 

5. G. Ortiz et al., Chem. Mater., 21, 63 (2009) 

6. G. F. Ortiz et al., Chem. Mater., 22, 1926 (2010) 
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Constraining the evolution of the fundamental constants with a solid-state 

optical frequency reference based on the 
229

Th nucleus 
 

 

Eric R. Hudson, UCLA 

 

 

The technological impact of atomic clocks has been profound, ranging from the 

successful implementation of global positioning systems and cellular telephones to the 

synchronization of modern-day electrical power grids. Improved clocks, based on optical 

frequency standards, are likely to have real-world utility at an even greater level. Furthermore, 

high- precision clocks have provided a means to probe fundamental issues in physics. For 

example, atomic clock experiments have provided some of the most stringent tests of General 

Relativity [1] and the variability of the fundamental constants [2]. Because of these 

motivations, there is presently enormous effort towards building next-generation atomic 

clocks. It appears universally recognized that the most promising route to improved clocks 

uses reference oscillators based on optical transitions. Indeed, several optical atomic clock 

experiments have already reported better stability than the primary U.S. Cesium standard 

[2,3].  

 

We have recently described a novel optical frequency standard based on a high-Q 

transition in the 
229

Th nucleus [4]. This “nuclear” clock architecture promises up to six orders 

of magnitude improvement in both the clock precision and the constraints on the variability of 

several fundamental constants, while simultaneously reducing experimental complexity. This 

paradigm shift in optical frequency standards is possible because, as indicated by recent data 

[5], the 
229

Th transition has the lowest energy of any known nuclear excitation, making it 

amenable to study by laser spectroscopy. Furthermore, because nuclear energy levels are 

relatively insensitive to their environment, the complicated vacuum apparatus of current 

optical frequency standards can be replaced by a single crystal doped with 
229

Th atoms.  

 

This work, which draws heavily on both atomic and solid-state physics, has the 

possibility to open a new field of research, solid-state optical clocks, while simultaneously 

addressing the needs to establish both better physical standards and test the basic laws of 

physics. In this talk, we will discuss the effect of the solid-state environment on the nuclear 

transition, detail our plan to make the first precision measurement of the 
229

Th nuclear 

transition, and comment on the applicability of this technique for constructing a solid-state 

optical frequency reference as well as constraining the variability of several important 

fundamental constants. 

 

 

1. N. Ashby et al., Phys. Rev. Lett, 98, 070802 (2007). 

2. T. Rosenband et al., Science, 319 1808 (2008). 

3. A.D. Ludlow et al., Science 319, 1805 (2008). 

4. W.G. Rellergert et al., Phys. Rev. Lett. (in press) (2010); arXiv:0905.2230 

5. B.R. Beck et al., Phys. Rev. Lett. 98, 142501 (2007). 
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OPTICAL AND MAGNETO-OPTICAL PROPERTIES OF RARE 
EARTH DOPED (INDIUM-) GALLIUM NITRIDE DOPED 

EPILAYERS 
V. Dierolf1, N. Woodward1, H. X. Jiang2, J. Y. Lin2,  J.M. Zavada3, A. Nishikawa4, Y. Fujiwara4, 

E. Readinger5 

1 Physics. Dept, Lehigh University, 16 Memorial Dr East, Bethlehem, PA 18015 
2 Department of Electrical and Computer Engineering, , Texas Tech University 

3 Department of Electrical and Computer Engineering, North Carolina State University 
4 Graduate School of Engineering, Osaka University 

5 U.S. Army Research Laboratory, Sensors and Electron Devices Directorate, 
 

Following the commercial availability of high power III-nitride light emitting 
diodes in the 370-540 nm range, a strong desire for efficient rare earth-doped (In)GaN 
epilayers has developed to produce light source and electrically pumped optical 
amplifiers in the visible and IR spectral region. To this end, Er and Eu-doped GaN 
epilayers have been grown by MOCVD with excellent crystal quality [1, 2]. Similar 
success has been achieved with in-situ doped Nd:GaN samples grown by plasma-assisted 
MBE [3]. For all three dopants, we have studied incorporation site-specific excitation 
pathways using combined excitation-emission spectroscopy (CEES) along with emission 
spectroscopy under excitation with above bandgap laser light or an electron beam. We 
find that defect-trap related rare earth centers exhibit strongly enhanced energy transfer 
efficiency from electron-hole pairs to the rare earth ion. Aside from application in novel 
light sources, there has been an increasing interest in the magnetic properties of the dilute 
RE-dopants which introduce ferromagnetism to the GaN host [4]. To contribute to the 
clarification of the underlying coupling mechanism, we have investigated the effects of 
applied magnetic fields on rare earth spectra and were able (using CEES) to determine 
Zeeman splittings and the associate effective g-values of the ions’ excited and ground 
state (see figure).  

Utilizing the observed 
Zeeman splitting as a measure 
for the applied and remnant 
magnetic fields we studied the 
ferromagnetic hysteresis 
behavior for all dopants under 
variation of dopant 
concentration, initial conditions, 
and temperature. 
 
Supported by NSF-grant DMR-
705217 and ECCS-0854619. 
 
References 
 
[1] A. Sedhain et al. Appl. Phys. 

Letters 95 (2009) 041113. 
[2] A. Nishikawa, et al. Appl. Phys. Express 2 (2009) 071004. 
[3] G. D. Metcalfe, J. Appl.Phys. 105, 053101 !2009. 
[4] e.g.: N. Nepal et al. Appl. Phys. Letters 95 (2009) 022510. 

 
Figure 1: Excerpt of CEES data of Nd-doped GaN obtained 
without (left) and with magnetic field (6T, right).  The image plot 
shows one excitation and two emission transitions (T1, T2). No 
Zeeman splitting is observed for emission transition T2, the 
splittings ∆1 and ∆2 for transition T1 and the excitation transition 
are indicated 
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EVIDENCE FOR RESONANT ENERGY TRANSFER IN TERBIUM-
DOPED (AL,IN)N FILMS 

 
 

Pascal Gehring, Zhenyu Wu, Horst P. Strunk 
 

Institute  of  Material  Science, Chair of  Material  Physics, University of  Stuttgart, Heisenbergstr. 3, 
70569 Stuttgart, Germany 

 
 

 
We report on the photo-luminescence from Tb-ions in AlxIn1-xN layers with 0≤x≤1. 

The investigation utilizes the advantage of mutual miscibility of the three metals in the 
Al-, In- and Ga-nitride system (although there might be a tendency under certain growth 
parameter conditions to kinetically driven crystallization-induced ordering, e.g. [1]). The 
layers (thickness 400-500 nm) with varied composition, x, have been deposited at room 
temperature on sapphire substrates by reactive magnetron sputtering under simultaneous 
Tb-doping. Subsequent annealing for 20 min at 660 °C and 8 bar atmosphere nitrogen 
ensured comparable microstructures. X-ray diffraction proved the presence of the 
wurtzite lattice. The band gaps have been determined from optical transmission spectra 
and related to the chemical composition as derived from X-ray-determined lattice 
parameters and Vegard's law. 
 

This paper treats the intensity variation of the internal luminescent transition line 
group 5D4  4FJ of Tb3+ in the green region (around 550 nm or 2 eV) as a function of the 
band gap of the (Al,In)N matrix. The measured integrated intensity under all lines of this 
transition family is zero at band gaps up to 3.6 eV and reaches a maximum at the band 
gap energy, Eg, of 4.1 eV. The intensity decays to higher band gaps and reaches 3% of 
the maximum intensity at around Eg = 4.7 eV. This behavior indicates a resonant process 
of energy transfer into the luminescent Tb3+ center and exhibits obviously general 
physical significance as it has been observed also in other systems, such as (Al,Ga)N [2].  
We present a model based on the description of the Tb3+ center as an isolated isovalent 
impurity causing a level in the band gap to which an exciton is bound [3]. Resonant 
energy transfer then means that the energy liberated by the decay of the bound exciton 
should conform to that needed to excite the respective atomic Tb level. We present an 
assessment that this condition can be fulfilled by properly choosing the host's band gap.                           
 
References 
 
[1] M. Albrecht, L. Lymparakis, J. Neugebauer, J.E. Northrup, L. Kirste, M. Leroux, I. Grzegory, S. 

Porowski, H.P. Strunk, Phys. Rev. B71 (2005) 035314. 
[2] I. Roqan, K. Lorenz, K. O'Donnell, C. Trager-Cowan, R. Martin, I. Watson, E. Alves, Superlattices 

and Microstructures 40 (2006) 445. 
[3] H.J. Lozykowski, W.M. Jadwisienczak, phys. stat. sol (b) 244 (2007) 2109 
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LUMINESCENCE OF HEXAGONAL BORON NITRIDE 
POWDER AND NANOTUBES AT DIFFERENT TEMPERATURES 

AND PRETREATMENTS 
 
 

B.Berzina, L.Trinklere, V.Korsaks 
 

Institute of Solid State Physics, University of Latvia, 8 Kengaraga Str., LV-1063 Riga  
e-mail of presenting author: valdis.korsaks@inbox.lv 

 
Wide band gap semiconductors such as hexagonal boron nitride (h-BN) and 

appropriate nanostructured materials (BNNTs) are widely investigated in both 
theoretically and experimentally. A special interest is paid to the excitonic processes and 
exciton luminescence observed in the spectral region around 215 nm. Our attention is 
concentrated to the spectral region from 300 up to 600 nm. 

The photoluminescence spectra (PL) and its excitation spectra (PLE) of the 
macrosize h-BN powder and nanomaterial consisting of the multiwalled h-BN nanotubes 
(BNNT) observed within the broad temperature range from 8 K up to 300 K are studied 
and reported. The material was excited with the 266 nm light from a pulse laser or under 
continuous irradiation with light of a deuterium lamp. We obtained the following 
luminescence bands within the region from 300 – 600 nm.  The broad 400 nm band with 
its well-resolved phonon structure is predominant in both materials the h-BN powder and 
BNNT. At the present, its origin could be related to the excitonic processes influenced by 
the nitrogen vacancies. It was found that the ratio of the phonon related sub-bands 
intensities is sensitive to the temperature within the studied range. In the same time, the 
intensity of the whole 400 nm band is sensitive to the material pretreatment (preheating, 
irradiation with UV light). In the case of the broad 450 nm luminescence band it was 
observed that its characteristic parameters (maximum position, band’s half-width, 
intensity) are strongly dependent on the pretreatment of the material (preheating, 
irradiation with UV light) and external conditions (the sample is located in vacuum or in 
air). Especially it is observable in the case of irradiation with laser light. It allows 
conclusion that this complex luminescence band could be related to different surface 
defects caused by oxidation processes. 
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THERMALLY ACTIVATED ELECTRONIC TRANSPORT AND 
DONOR-ACCEPTOR RECOMBINATION IN ALXGA1-XN ALLOYS  

 
 

M. Chubarov,  L. Dimitrocenko, G. Marcins,  I. Tale 
 

Institute of Solid State Physics University of Latvia, Kengaraga  Str 8,  LV-1063, Riga, Latvia           
 

         Donor and acceptor states due to the vacancies, their associations with impurities 
e.g. Si, Mg, C, O, threading dislocations act as recombination channels and affect the 
electrical and optical properties of nitride devices.  

Undoped wide band gap AlGaInN alloys are isolating materials. Thus, direct 
electrical methods applied for investigation localized electronic states are ineffective. 
Following the photoluminescence decay spectroscopy this study investigated the 
thermostimulated luminescence (TSL) and the fractional glow technique (FGT) [1].  

Undoped  and Si- doped GaN and AlGaN 1-3μm layers were grown on a sapphire 
c-plane substrates using an AIXTRON AIX 200RF MOCVD system.  

All investigated AlGaN materials at low temperatures show non exponential decay 
close to the hyperbolic law and are attributed to recombination in assemble of spatially 
distributed DA pairs [2]. We discuss the main features of recombination processes. 

 
Figure 1: Typical results of FGT – doping and features of solid solution   Al0.18Ga 0.82N. 

Excitation: GaN: 340 nm, AlGaN: 310 nm. Heating rate: 0.12 K.s-1 

Peak T 
K 

20 – 60 (GaN) 
20-75 (AlGaN) 

80- 90 (GaN) 
85-120 (AlGaN) 

150- 160 (GaN) 
150-200 (AlGaN) 

240-270 

 E, meV s, s-1 E, meV s, s-1 E, meV s, s-1 E, meV s, s-1 
GaN 0 - 60 10-2-102 106 5x103 165 1x103 490 1.8x106 

GaN:Si 20 -70 7x10-2-5x102 120 3x104 290 4x104 450 1.3x105 

AlGaN 30-70 10-3 – 10-1 100 10-1 240 102 420 8x105 

In the temperature region of the TSL peak  the activation energy continuously increases 
up to 60- 70 K, having extremely low frequency factor, s. Two TSL peaks at ~80 K and 
~160 K in GaN have close s ~103-104 s-1

, TSL peak at ~270 K -106
 s-1. The TSL emission 

band at 2.5 eV band in all peaks in GaN and Al0.18Ga0.82N are caused by DA pairs [3].  
Main results. Three mechanisms of thermally stimulated recombination occur:         

1.) Thermally stimulated tunneling random walk and recombination of electrons at 
ionized DA pairs. 2.) Thermally stimulated release of electrons in the conduction band 
above 100K followed by multiple retraping. 3.) Thermally stimulated hole release at 
~270 K from deep acceptor centres (VGa Donor)-1complex, the model discussed in [3]. 
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THE STRUCTURE OF DEFECTS AND ITS LINK WITH 
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LiNbO3 is a widely studied material useful for a great variety of optical applications 
such as photorefractive (PR) devices [1] integrated optics and solid state lasers. The intrinsic 
defects related to the non-stoichiometry as well as extrinsic defects (i.e. doping with 
impurities) change the optical properties of LiNbO3 [1-5]. But the mechanism and the relation 
between the nature and the concentration of these defects and the PR properties is still the 
object of investigations and controversies.  

Here we study the substitution mechanism of doping from the use of Raman scattering 
measurements. By analysing the frequency and damping of specific Raman lines of the host 
lattice we probed the A (Li), B (Nb) and O sublattices. LiNbO3 crystals doped with different 
ions (Zn, Hf, Mg, Fe…) [6, 7] and varying concentrations were studied and the results were 
compared with those obtained for the nominally pure congruent and stoichiometric ones in the 
same experimental conditions. 
 Furthermore Raman spectrometry is used to evaluate the photorefraction efficiency in 
a same scale. Within this original tool, we detect the scattered intensity of PR-induced Raman 
lines. In fact the defocusing of the laser beam in the PR material is accompanied by its 
depolarization, so that Raman lines which are in principle forbidden by selection rules and 
group theory are activated and observed in the spectra [8]. 
 The process of incorporation of dopant ions in the lattice and their consequences on 
the PR properties are proposed and discussed. In particular are determined the threshold in the 
concentration value of the dopant ions above which the PR effect decreases and the possible 
second threshold value above which the PR effect increases again.  
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Extrinsic defect centers like Fe or Cu have been studied comprehensively in 

LiNbO3 by means of various spectroscopic and analytical methods in the past decades. 

Their decisive role as deep donor/acceptor centers for the photorefractive effect was 

demonstrated, thus enabling LiNbO3 as optical material for e.g. holographic data storage, 

tunable optical filters and phase conjugating mirrors. The most important feature is the 

relation of extrinsic defects, particularly of FeLi, to the strength of the photovoltaic 

current density. Consequently, in the absence of the extrinsic FeLi-centers the 

photovoltaic currents should vanish, being the reason for only few publications related to 

holographic grating recording in nominally pure LiNbO3. However, due to the presence 

of NbLi-antisites a photovoltaic current density related to the intrinsic defect structure has 

to be considered, as well, as proposed by Schirmer et al. for the first time [1].  

In this contribution we present the results of our comprehensive experimental study 

on the photochromic and photorefractive properties of nominally pure, thermally reduced 

LiNbO3 by means of transient grating spectroscopy. Photochromic properties allowing 

for the recording of short-living absorption gratings can be expected in this material due 

to the optical population of small bound NbLi
4+

-, O
-
-and free NbNb

4+
- polarons showing 

lifetimes in the range of s - ms at room temperature and pronounced absorption 

features. Remarkably, as shown in Fig. 1, the determined diffraction efficiency exceeds 

the maximum values possible for pure absorption gratings (3.7%), which can be 

explained solely by the simultaneous presence of a phase grating, i.e. by a 

photorefractive response. Besides, the relaxation dynamics of the gratings were detected 

showing-up a stretched exponential decay analogously to the relaxation dynamics of 

small polarons [2,3]. The related activation energies determined from temperature 

dependent studies further stress the polaronic nature of the recorded gratings. We hence 

discuss our results in the frame of a microscopic model for polaron absorption and the 

presence of a photovoltaic current density related to the intrinsic defect structure.*  
 

 

Figure 1: Time-dependent diffraction efficiency 

η(t) = Id(t)/I0 of an elementary holographc 

grating recorded in nominally pure, thermally 

reduced LiNbO3. The experimental data (grey 

line) is best described by the sum of two 

stretched exponential functions (solid line). 

Inset: Scheme of the experimental setup. 

Recording was performed using a pump-probe-

technique with intense ns-laser pulses for 

pumping (λ = 532 nm, τ = 8 ns) and single-

frequency cw-light for probing (λ = 785 nm, 

488 nm). 
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Lithium niobate (LiNbO3) is a promising photorefractive material for applications in 

holographic data storage and optical communications [1]. It is known that by doping the 

material with transition metals, such as iron [2], an enhancement of the light-induced 

refractive index modulation is promoted. In order to meet the demand for compact 

integrated optical devices, in which optical elements with different functions are 

embedded on the same substrate, the photorefractive sensitivity should be increased only 

on selected regions of the substrate. A valid method to locally dope pure LiNbO3 

substrates is the thermal diffusion of iron thin films. When combined with suitable post-

thermal treatments in reducing atmosphere, it permits to tailor the amount of the two 

possible valence states, Fe
2+

 and Fe
3+

. 

In order to understand and tune the photorefractive properties of Fe:LiNbO3 crystals, it is 

important to know the iron lattice locations in the different valence states affects. In bulk 

iron doped LiNbO3 grown by Czochralski technique [3,4] it is well known that iron 

occupy the Lithium site, whereas in literature, at the best of our knowledge, there are no 

studies concerning the iron position in Fe:LiNbO3 samples doped by thermal diffusion. 

In fact, due to the intrinsic non equilibrium nature of this process, it is not obvious 

whether Fe ion occupies the same lattice site as in bulk doped samples. Therefore in this 

work we present for the first time a systematic study on the incorporation of Fe
2+

 and 

Fe
3+

 in diffused iron doped LiNbO3 crystals. 

The investigation of iron lattice location was carried out combining Rutherford 

Backscattering Spectroscopy (RBS), Proton Induced X-ray Emission (PIXE)/channeling 

and Nuclear Reaction Analysis (NRA)/channeling techniques on Fe:LiNbO3 crystals 

with the same semigaussian iron concentration profile, but different Fe
2+

/Fe
3+

 ratio. RBS 

and PIXE/channeling experiments were performed simultaneously using an H
+
 beam at 2 

MeV and recording the K yield for Fe and the RBS signal for Nb. On the other hand,  

NRA/channeling measurements were carried out with an 1.6MeV H
+
 beam exploiting the 

7
Li(p, )

4
He reaction in order to obtain information on Li sublattice. We demonstrate that 

a proper choice of beam alignment respect to crystallographic axes and planes allows to 

locate the iron atoms position in diffused samples and, in case of substitutional 

occupation, to discriminate between lithium and niobium sites. 
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Intrinsic and extrinsic defects in ferroelectric Lithium Niobate (LiNbO3) have been 
extensively  studied  for  their  influence  on  the  optical  and  electric  properties  of  this 
synthetic  crystal,  widely  employed  in  commercial  acousto-optic,  electro-optic  and 
nonlinear  optical  devices.  The  search  for  optimized  photonic  materials  has  drawn 
attention  to  Magnesium  doped  LiNbO3 (LiNbO3:Mg)  for  its  high  resistance  to 
photorefractive  damage.  Although  the  early  studies  mainly  concerned  congruent 
LiNbO3:Mg, it was later observed that stoichiometric LiNbO3:Mg held superior properties 
for suppressing the photorefractive response [1]. 

Both stoichiometry and doping with metal ions, such as Cr and Zn, were proved to 
affect the electro-optic (EO) properties of LiNbO3  [2,3]. We explored the influence of 
the stoichiometry ratio,  [Li]/[Nb],  on the EO response of LiNbO3:Mg crystals  doped 
above threshold. The composition of LiNbO3:Mg specimens was evaluated after growth 
through elemental  analysis  and cross checked via microRaman spectroscopy.  Specific 
signatures of the lattice disorder related to Mg doping and [Li]/[Nb] composition were 
present in the Raman mode frequencies and linewidths [4]. The constant stress effective 
EO coefficient rc

T was measured through a polarimetric technique at several wavelengths 
from 532 nm to 1550 nm with an uncertainty of 5%. Unexpectedly, the rc coefficient of 
LiNbO3:Mg  with  pronounced  Li  deficiency  was  15% larger  than  in  congruent  pure 
crystals. This feature was related to the peculiar structure of lattice defects, as proved by 
a  vibrational  mode  analysis;  however,  its  origin  deserves  further  investigation.  At 
telecom wavelengths the EO response of stoichiometric LiNbO3:Mg resulted to be 20.5 
pm/V, a value that compares well with 21 pm/V measured in the pure congruent crystals 
at  the  same  wavelength.  It  demonstrates  that  the  highly  optical  damage  resistant 
stoichiometric  LiNbO3:Mg holds  the  parameters  to  be  a  choice  material  for  electro-
optical switching and modulation devices.
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Photorefraction, also called light-induced optical damage, was discovered in 

LiNbO3 and LiTaO3 crystals, later in various electro-optical materials. This effect can be 
utilized in holographic storage and information processing, on the other hand, hinders the 
usage of LiNbO3 as frequency doubler, optical parametric oscillator, Q-switch and 
optical waveguide. Therefore the control of photorefraction is one of the most important 
objectives for optical devices based on LiNbO3. Though some multi-valence ions were 
reported to improve the photorefractive effect and mono-valence ions resist it, but rare 
crystals are satisfied for practical applications.  

Here we present our recent progress in controlling the photorefractive effect of 
LiNbO3 by tetravalent dopants. These dopants can greatly suppress the photorefraction 
not only in visible but also in near ultraviolet spectrum[1-3], which extends the nonlinear 
optical applications of LiNbO3 at high light intensity to ultraviolet region. The co-doping 
of tetravalent ions can enhance not only the photorefractive characteristics of LiNbO:Fe 
but also the nonvolatile holographic storage of LiNbO:Fe,Mn[4-6], as shown in Fig. 1, the 
response time can shorten to only 2.3 s. And the photorefractive controlling micro-
mechanism was discussed.  
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Figure 1: Holographic recording and fixing characteristics of 
LN:Zr,Fe,Mn. Recording time is 30 seconds, readout time is about 80 
minutes. The inset shows the recording process (0 s to 30 s). 
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Henry VIII’s flagship, the Mary Rose, sank off the coast of Portsmouth in 1545. The 

lower structure, which was preserved under a layer of anaerobic silt, was raised from the 

seafloor in 1982 and is currently the focus of one of the world’s largest conservation 

projects. Unfortunately, the Mary Rose suffers from the ‘sulfur problem’ whereby the 

presence of sulfur within the timbers can lead to 

the production of acid and ultimately the 

breakdown of the structure. An example is 

shown in the figure. The need for a remediation 

strategy is critical as the ship is due to be 

housed in a museum for viewing in 2011, 

giving the public a unique historical insight into 

Tudor times. 

A proposed treatment for the timbers is de-

acidification, via the incorporation of 

nanoparticles into the wood. This method was 

originally pioneered for the restoration of art 

work
1
. The clear advantages of this method are 

the ability to leave all present elements within 

the wood and merely add a reagent which will 

act as a long term neutraliser whilst not compromising the mechanical integrity of the 

structure. However, some criticism has surmounted regarding the long term stability. 

We are using a complimentary suite of techniques such as scanning electron microscopy 

with energy dispersive x-ray spectroscopy teamed with x-ray absorption  to determine the 

exact reaction of this process, the speciation of the resultant products and its long-term 

stability. Not only will this benefit the Mary Rose project but it will also determine the 

feasibility of this process when applied to any water-logged marine archaeological wood. 
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A gun shield from the wreck of the Mary 

Rose. Sulfur salts can be seen on the surface 

as a yellow precipitate (with permission of 

the Mary Rose Museum, Portsmouth). 
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We present a general approach to the computational design of nanostructured 

chemical sensors. The scheme is based on identification and calculation of microscopic 
descriptors (design parameters) which are used as input to a thermodynamic model to 
obtain the relevant macroscopic properties. As a specific example we consider the 
functionalization of a (6,6) carbon nanotube (CNT) by nine different transition metal 
(TM) atoms occupying three types of vacancies. For six gas molecules (CO, H2O, N2, O2, 
NH3, H2S) we calculate the binding energy and change in conductance due to adsorption 
on each of the 27 TM sites. For a given type of TM functionalization, this allows us to 
obtain the equilibrium coverage and change in conductance as function of partial 
pressure of the "target" molecule in a background of atmospheric air. 
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Functionalized multi-walled carbon nanotubes (MWCNTs) were deposited from 
solution phase onto the nanostructured surfaces of wide band-gap (WBG) CeO2 
semiconductor [1,2]. The CNTs and the morphology were characterized by Raman 
spectroscopy and Scanning Electron Microscopy (SEM). Results show high coverage of 
the CeO2 surface with carbon nanotubes, and determinant role of the adsorption entropy 
has been obtained in agreement with the theoretical results [3]. The nanotube structure 
follows exactly the nanostructure of the CeO2 (Fig. 1). Therefore, the morphology and 
the electro-optical characteristics of the formed nanotube net can be tuned by changing 
the fully controllable nanostructure of the CeO2 semiconductor [1]. 

 

Figure 1: High-resolution SEM image about the CeO2 
nanostructure grown on sapphire and deposited with 

multiwalled carbon nanotubes 
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         Inflammatory cardiovascular and cerebral lesions represent one of the main sources 

of mortality in developed countries. To study these pathologies Magnetic Resonance 

Imaging (MRI) is the leading  non invasive technique. Improvement in the MRI contrast 

of imaged  tissues or organs as well as their various lesions can be gained by means of 

magnetic nanoparticles injected to the patients and so called contrast agents. 

Nanoparticular systems having an  iron oxide core / maghemite or magnetite/ with  an 

organic coverage are among the most efficient agents. With a size core less than 15 nm 

such  agents exhibit a superparamagnetic behaviour. This magnetism can be combined 

with fluorescent properties of the agents by chemical grafting of the adequate entities.  

        Clearly the initial structure and then the structural biotransformations undergone by 

the agents when metabolised [1] as well as their location in cells and tissues with respect 

to the lesions  must be followed to understand their properties and hence to improve MRI 

contrast. Here are reported studies devoted to the aortic atherotic plaque in an animal 

murine model.  It will be shown that two photons microscopy can be used to locate 

fluorescent contrast agents in organ slices and to determine their aggregation state. From 

there the structure of such nanoagents can be assessed by transmission electron 

microscopy at high spatial resolution in the different stages of their biotransformations. 
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Recent thermally stimulated luminescence experiments have shown that Ga3+-

doped Lu3Al5O12 (LuAG) scintillators exhibited a reduced concentration of cation 
antisite defects compared to undoped LuAP. That Ga3+-doping led to a reduction in 
antisite defect concentration was further supported by faster scintillation response in the 
Ga3+-doped samples compared to those that were undoped (since antisite defects are 
shallow electron traps that delay radiative recombination).  Despite these convincing 
experimental results, an explanation for the improvement in scintillation performance, 
including a mechanism describing how Ga3+-doping leads to a decrease in the cation 
antisite concentration, has remained elusive.  In this paper, we employ a variety of 
atomic scale simulation techniques (including lattice statics and density functional 
theory) to investigate the effect of Ga3+-doping on cation antisite defects in Lu3GaxAl5-

xO12 and Y3GaxAl5-xO12 garnets (where x = 0, 2, 3 and 5).  In particular, we have 
considered: (1) antisite disorder reaction energies to determine the effect of Ga3+ on the 
overall defect concentration, (2) Ga3+ site preference between octahedral (24d) and 
tetrahedral (16a) sites, and (3) the influence of Ga3+ on both the band gap of the 
compound and the electronic structure of the antisite defects.  From the results of these 
simulations, we predict that Ga3+-doping will lead to more antisite defects than pure 
aluminate garnets, that there is a slight site preference for Ga3+ and finally, that Ga-
doping alters the electronic structure of aluminate garnets and thus the trapping 
characteristics of the antisite defects present.  We use these theoretical predictions to 
interpret experiments.  This general approach can be applied to other material systems to 
complement experimental activities and optimize scintillator materials. 
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An overview is provided of the important contribution made by the application of 
computational chemistry simulation techniques to materials science research within 
AWE. The range of computational methods employed in furthering the understanding of 
fundamental mechanisms of materials ageing and calculating parameters for higher level 
kinetic models is summarized. 

 
In addition, recent results from a study employing atomistic computer simulation 

techniques using the GULP code are discussed. Here, interest lies in improving reported 
pair-potentials to describe the UO2 bulk lattice under conditions experienced during 
radiation damage and the creation of Frenkel pair defects. 

 
Currently, the form of cation-anion Buckingham potentials reported in the literature 

effects an unphysical attraction at short range (providing a greater contribution than the 
repulsive Coulombic component). Novel methodology has been employed to derive 
potentials, through empirical fitting, which remain applicable over the entire region of 
interest.  

 
Following the derivation of a robust set of inter-atomic potentials, modelling 

techniques are validated against comparison to crystallographic data and other physical 
parameters subsequent to calculating the intrinsic defect chemistry of UO2. 

 
This study is an important precursor to further research considering non-

stoichiometry, substitutional defects, anion transport and diffusion mechanisms and 
simulation of both bulk terminated and reconstructed surfaces. 

 

 

Figure 1: Observed crystal structure of UO2. 
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Nb-doped SrTiO3 is a promising material for several high tech applications 
including anodes of solid fuell cells [1] and non-volatile switching resistance memories 
[2]. We present the results of the large scale calculations of Nb impurities substituting for 
Ti ions using ab initio computer code CRYSTAL and several supercells containing up to 
135 atoms. The local structure optimisation, the electronic charge redistribution, 
chemical bond covalence and the band-structure changes induced by the defect are 
analysed. Total charge density map for Nb-doped SrTiO3 calculated by means of the 
hybrid B3PW method are depicted in Fig. 1. We demonstrate that Nb is a shallow donor 
and discuss also its segregation towards the surfaces/interfaces. 
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Figure 1: Total charge density map for Nb doped SrTiO3 calculated by 

means of hybrid B3PW method. 
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Titaium dioxide is one of the most studied metal oxide both due to the variety of its 
technological applications and fundamental importance of processes it  hosts. By far the 
most active area of research on TiO2 is photcatalysis.

An oxidative power for photocatalytic processes is delivered through trapped hole 
states generated upon photoexcitation. Although a lot of experimental research has been 
done to unravel the exact nature of the hole trapping sites their atomic and electronic 
structure   remains  unclear[1].  This  knowledge   is   important   for   the   elucidation  of   the 
reaction   mechanisms.   Moreover   the   relative   stabilities   the   different   traps   and   their 
distribution are crucial for the understanding of the charge separation processes which 
determine lifetime in which photogenerated carriers can react.

By means of the Linear Expansion  ΔSelf Consistent Field Density Functional 
Theory[2] we predict a small polaron type hole trapping on a lattice oxygen in TiO2 rutile 
and anatase. Our work shows that the stability of the delocalized and the localized hole 
states is comparable in rutile whereas in anatase trapped hole state is favored. In both 
cases a small barrier separates the two states. We also analyze the trapped hole transfer 
from rutile and anatase bulk to (110)  and (101) surfaces respectively.
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Improved properties of new generation transparent ceramics make them excellent 
laser materials [1] and promising scintillators [2]. With Y3Al5O12 being extensively 
studied both in terms of its intrinsic and defect luminescence the pair ‘ceramic YAG – 
single-crystalline YAG’ is well-suited for the investigation of specific features of the 
luminescence of ceramics. Optical and luminescence properties of pure and Yb-doped 
YAG ceramics fabricated by vacuum sintering and nanocrystalline technology, also 
known as VSN method, are compared to those of single crystals grown by different 
producers. Experimental results are preceded by the analysis of the effect of scattering on 
the luminescence spectra. It was shown in [3] that as a materials for thin disc lasers 
ceramic YAG-Yb might be superior to single crystalline material in terms of maximum 
Yb concentration, at which lasing can be achieved. To elucidate the origin of such 
performance absorption, time-resolved luminescence and excitation spectra, 
luminescence kinetics and thermostimulated luminescence were studied for concentration 
series of ceramic and single-crystalline samples. 
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Nano-sources of light are currently extensively used in various applications such as 
biological imaging, anti-counterfacting, bio-sensors [1,2]. When using a single emitting 
object, several properties have to be considered: absorption coefficient, emission 
quantum yield, radiative lifetime, propensity for blinking and bleaching. 

Among the known emitting systems, single molecules and direct band gap semi-
conductor nano-particles (Q-dots) are widely used and commercially available. While 
organic molecules such as perylene-imides [3] are very efficient emitters, they are not 
really stable under irradiation. Q-dots like CdSe are likewise very efficient in terms of 
absorption and fluorescence [2]. They are considered more stable than organic molecules 
providing the surface is properly protected by analog materials (namely CdS for CdSe as 
example). Both systems are known to blink (at least small Q-dots). 

We propose in this contribution to compare doped insulators with these well-
known systems. As bulk materials they are well-established as efficient emitters and are 
used in many lighting or display applications. Based on oxide compounds, their chemical 
stability and radiation hardness are favorable. We will focus our attention of cerium- 
doped garnet systems such as Y3Al5O12, grown either by Pulsed Laser Ablation in Liquid 
[4] or Low Energy Cluster Beam Deposition [5]. Using a home-built achromatic confocal 
microscope, a comparison of these three different systems will be presented under the 
same conditions of excitation and light collection in order to estimate their respective 
advantages and drawbacks.  
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We have developed fast thin film scintillators based on the single crystalline films 
(SCF) of Ce3+-doped Lu2SiO5 (LSO:Ce) orthosilicate which are emitting in the blue 
spectral range and can be used for 2D X-ray micro-imaging. The SCF of undoped LSO 
and LSO:Ce orthosilicates with a thickness of 2.5-15 µm were crystallized by liquid 
phase epitaxy method onto undoped LSO substrates from melt-solution (MS) based on 
PbO-B2O3 flux. We found that the luminescence properties of undoped LSO SCF are 
mainly determined by the emission of Pb2+ flux impurity in the band peaked at 348 nm 
caused by its radiative 3P1,0-1S0 transitions. Furthermore, visible 560 nm luminescence 
band is observed and ascribed to localised exciton around the Pb2+ based centers.  

The luminescent properties of LSO:Ce SCF grown from MS with CeO2 content in 
5-20 mol % range were compared with LSO:Ce reference single crystal. We found that 
the luminescence of LSO:Ce SCF caused by the 5d1-4f (2F5/2,7/2) radiative transition of 
Ce3+ ions is red-shifted in comparison with reference LSO:Ce crystal. We propose that 
such a red-shift of the LSO:Ce emission spectra SCF can be caused by: (i) different 
relative occupancy of Lu1 and Lu2 sites of LSO host by Ce3+ ions in the case of SCF and 
SC crystallisation. Such situation can arise due to very different conditions of SC and 
SCF growth, namely different temperatures for SC (2100oC) and SCF (~1000oC) 
crystallization; (ii) Pb2+-Ce3+ energy transfer, namely excitation of the luminescence of 
Ce3+ ions mainly in the Lu2 sites of LSO host by the UV luminescence of Pb2+ ions. 

The light yield (LY) of LSO:Ce SCF reaches 60-78 % of that of a reference 
LSO:Ce crystal under excitation by α–particles of Pu239 sources (5.15 MeV). Lower LY 
of LSO:Ce SCF with respect to SC analogue is due to the quenching influence of Pb2+ 
impurity in SCF on the luminescence of Ce3+ ions. Nevertheless, it seems plausible that 
the LSO:Ce SCF, after the optimization of the Ce3+ content and growth conditions, can 
be applied for visualisation of X-ray image with spatial resolution even in the sub-µm 
range [1]. 

 
1. T. Martin, P.-A. Douissard, M. Couchaud, A. Cecilia, T. Baumbach, K. Dupré, A. Rack 
IEEE Transaction on Nuclear Science, V.56, No 3, 2009, 1412-1418. 
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The pure and doped SrAlF5 (SAF) crystals have a high potential for applications as 
non-linear UV/VUV optical material. Previously we have investigated properties of 
undoped SAF crystals [1] and SrAlF5:Ce3+ [2]. The main goal of the present study is to 
extend this research on Gd3+ doping and reveal the luminescence properties and energy 
level structure of rare-earth ions in SAF crystals as well as to identify energy transfer 
processes under UV-VUV-XUV excitation at various temperatures.  

The present study was carried out by the means of the low-temperature time-
resolved luminescence spectroscopy under UV-VUV-XUV photoexcitation. VUV 
spectroscopy was performed at the SUPERLUMI station (Beamline I, HASYLAB, 
DESY). XUV spectroscopy was carried out at the BW3 beamline (HASYLAB, DESY). 
UV studies were carried out with laboratory setups in Yekatrinburg and Tartu. All the 
examined single crystals were grown by Bridgman technique in the Institute of Geology 
& Mineralogy SB RAS (Novosibirsk, Russia). The band gap value was estimated from 
reflection spectrum as Eg = 12.7 eV. 

The data obtained for the d-f luminescence of Ce3+ ions allow to estimate (using 
methodology [3]) the positions of the ground levels of 4f and 5d configurations for all 
RE3+ ions may have doped into this compound. The excitation spectra for SAF:Gd3+ 
show 4f-5d transitions in Gd3+ ion at 10.7 eV, which are in good agreement with the 
estimates. In contradiction to Ce3+, the Gd ions do not exhibit strong luminescence in this 
host. Moreover, the direct excitation invoking 4f-4f intraconfigurational transitions does 
not result in well-known 312 nm line emission. The energy transfer processes under 
XUV excitation in SAF are very complicated and strongly temperature dependent. We 
propose the following model: at low (10-100 K) temperatures the excitons created result 
in intrinsic STE emission, whereas at higher temperatures states bound at dopants, as 
well as at the host-related emission center (Eem=5.2 eV, <0.5 ns), were revealed. These 
two processes are competing up to T=200-250 K, after that excitons are thermally 
dissociated and host-related emission is quenched. Emission of rare earth centers, 
however, is still excited through recombination of free charge carriers. The peculiarities 
of relaxation processes in SAF crystals doped with various rare-earths will be discussed. 

The work was partly supported by RFBR (grant 07-02-00442), Archimedes 
Foundation (Estonia, DoRa5 program), European Commission (FP7/2007-2013, 
226716). 
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Epitaxial (Lu,Y) aluminum garnet layers can be used in X-ray imaging applications  
or as cathodoluminescence screens with high 2D resolution [1]. UV emitting aluminum 
garnets or perovskites doped by Pr3+ ions are promising candidates for various 
scintillation applications where fast response is required [2]. We have grown Sc:LuAG, 
Sc,Pr:LuAG and Sc,Pr,Ce:LuAG (LuAG stands for Lu3Al5O12) layers by liquid phase 
epitaxy (LPE) . Recently, we have developed the flux based on BaO [3], which is 
especially suitable for the growth of UV (down to 200 nm) emitting scintillation layers. 
Compared with the standard PbO flux, these layers do not contain any aliovalent ions, 
such as e.g. Pb2+, which would deteriorate the UV emission. The garnet layers grown 
from this flux exhibit photo-, radio-luminescence and scintillation properties comparable 
with Czochralski-grown single crystal counterparts.  

The scintillation properties of Sc,Pr,Ce:LuAG epitaxial layers were studied under 
α-particle excitation (mainly using 239Pu, 5.1566 MeV). Experimental set-up was 
described in ref. [4]. The largest photoelectron yield, Nphels, was observed in Sc,Pr:LuAG 
layers, where the values of Nphels were comparable to those of Cz-grown Pr:LuAG single 
crystals and in some samples (depending on the composition) were even higher. All LPE 
layers show substantially smaller percentage of slower components with respect to the 
Pr:LuAG single crystals likely due to lower content of antisite defects in the former. The 
energy resolution of LPE layers evaluated from the peak FWHM in energy spectra was 
comparable or a bit lower than in crystals. The radioluminescence intensity of layers is 
an order of magnitude higher than in the reference BGO crystal. The co-doping of Ce 
ions decreases both the RL intensity and scintillation. Detailed discussion and summary 
of scintillation properties and responses of Sc:LuAG, Sc,Pr:LuAG, and Sc,Pr,Ce:LuAG 
epitaxial layers and Cz-grown Pr:LuAG crystals will be presented. 

The support of the GA AV project KAN 300100802 is gratefully acknowledged.   
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The processes of relaxation on electronic excitations and exciton formation are of 
particular importance for materials used in scintillator applications. One of the most 
powerful methods used to study the evolution of electronic excitations in oxide and 
alkali-halide crystals has proved to be time-resolved interferometry [1,2]. Recently the 
application of the method was extended to complicated oxides, such as tungstates 
CdWO4 and CaWO4 [3]. The general features of exciton creation have been clarified, 
however, the role of excitation density effects in the processes studied is not yet known. 
Namely, it has been shown that under the intense femtosecond laser excitation excitons 
can be created at densities sufficient for their interaction and mutual ionisation [4]. The 
estimate of pulse energies used in the interferometry experiment suggests that the density 
effects could have a non-negligible impact also on the results obtained in Ref. [3]. The 
goal of the present research was to study the relaxation of electronic excitations in 
CdWO4 by using simultaneously the time-resolved interferometry and the decay kinetics 
methods in order to distinguish relaxation features connected with relaxation and 
interaction of electronic excitations. 

 
The experiments were conducted out at the CEA-Saclay laser centre, France. The 

method of time-resolved interferometry has been described elsewhere [2,3]. It consists 
essentially in measuring the time dependence of the phase shift induced by a pump pulse 
in the interference pattern produced at the exit slit of a spectrophotometer by two 
identical probe pulses. The fundamental 790 nm of a Ti:Sapphire laser as well as its 2nd, 
3rd and 4th harmonics were used for excitation of the electronic system of the sample in 
one-photon and multi-photon regime. Pulse energy and the focusing conditions were 
varied and the time dependence of the phase shift and luminescence intensity was 
simultaneously recorded. The relaxation of free electrons is shown to be much faster 
(near 5 ps) when the crystal is pumped in one-photon regime in the excitonic region of 
high absorption coefficients. Both high excitation density and surface losses play a role 
in the relaxation process. The relaxation time for excitations created in bulk in multi-
photon region is of the order of 20 ps. A very fast relaxation stage (200 fs) is observed in 
one-photon regime or under sharp focusing conditions in multi-photon regime, which is 
probably connected with creation of surface plasmons at very high excitation densities. 
The detailed mechanism of exciton formation in tungstate crystals is discussed. 
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It is common for d7 and d9 ions in cubic ionic lattices to present a static Jahn-Teller 
effect involving a tetragonal deformation [1]. However, this behavior is not general as in 
a few cases the experimental data of d9 or d1 impurities in cubic lattices reveal that the 
local symmetry is Oh instead of tetragonal, a situation associated with the existence of 
coherent  tunneling  in  the  dynamic  Jahn-Teller  effect  [1].  Despite  this  situation  was 
experimentally first demonstrated in MgO:Cu2+ in 1966 [2] so far there has been, up to 
the present moment, no clear explanation of the reason why Cu2+- and Ag2+-doped MgO 
exhibit a cubic symmetry while all centres containing d9 and d7 ions in cubic halides are 
tetragonal. 

Seeking to clarify this key issue we have calculated the tunneling splitting, 3Γ, that 
controls  the  dynamics  of  Jahn-Teller  complexes  for  a  number  of  E⊗e  Jahn-Teller 
impurities in oxides and halides using state-of-the-art ab initio methods for the first time. 
In order to achieve this goal we have firstly explored the adiabatic energy surfaces of 
these systems obtaining the Jahn-Teller deformations, stabilization energies and barriers 
among the equivalent energy minima. In a second step we carried out calculations for the 
nuclear dynamics on these surfaces, taking into account all quantum effects including 
delocalization and the Berry phase associated with the Jahn-Teller effect to obtain the 
tunneling splitting. While 3Γ has usually been  assumed to be of the order of a few cm-1 

[1, 3], we have found [4] that it spans six orders of magnitude on passing from KCl:Ag2+ 

to MgO:Cu2+. In particular, values associated to Cu2+- and Ag2+-doped MgO are found to 
be  two  orders  of  magnitude  larger  than  those  previously  assumed  and  thus  fully 
consistent  with  the  existence  of  a  dynamic  Jahn-Teller  effect  where  the  tunneling 
splitting is much larger than the effects due to random strains present in any real crystal. 
Our  calculations  also  show  that  the  tunneling  splitting  can  be  enhanced  applying 
hydrostatic pressure. 

The  data  and  analysis  displayed  in  the  present  work  clarify  the  mechanisms 
favouring the existence of coherent tunnelling [4] a subject which is currently of interest 
in different domains.  That is the case, for example,  of copper  oxoperovskites highTc 

superconductivity,  colossal  magnetoresistance in Mn3+ oxides  or quantum information 
processing.
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ZnO intense emission in near UV and a large exciton binding energy make this 

crystal as attractive and widely studied material for the design of nanometric light 
sources. However, the size reduction results in luminescence quenching effects. The 
nature of some of them is still not exactly determined.  

 In our investigation we compare excitonic luminescence of well crystallized and 
stoichiometric ZnO nanoparticles produced in ultra high vacuum by LECBD (Low 
Energy Cluster Beam Deposition: an adiabatic hyper quenching of a plasma) with that of 
microcrystals and monocrystals. For excitation we use femtosecond pulses of Ti-
Sapphire laser and their VUV high harmonics (CELIA, Bordeaux) and the synchrotron 
radiation with photon energies 3 to 30 eV (beamline I, DORIS III, DESY, Hamburg). 
Luminescence decay kinetics with 30 ps time resolution we measure using МСР 
photomultiplier. For higher time resolution (better than 1 ps) we use the method of 
frequency summation in non-linear crystal.  

In the present contribution we pay attention on the investigation of the dependence 
of luminescence characteristics (quantum yield, kinetics and emission spectrum) of 
nanoparticles on their sizes under the excitation by VUV photons, which energies are 
several times greater than the forbidden gap. We are going to concentrate on two main 
directions of our investigations. The first one is connected with the modification of the 
energy relaxation and transfer characteristics with the nanoparticle size. We consider 
different mechanisms of non-radiative quenching of excitons due to energy transfer to 
volume and surface defects, as well as due to interaction of excitons created by VUV  
photons. These types of quenching can be the reason of low efficiency of exciton 
luminescence in nanoparticles under VUV excitation in comparison with monocrystalline 
sample. 

The second direction in our study of size effects on ZnO exciton luminescence 
characteristics is connected with a phenomenon of the acceleration of radiative decay 
time in the picosecond region, usually connected with the enhancing of the oscillator 
strength of exciton-polariton (“giant oscillator strength”). In order to investigate this 
effect should be separated from the decay acceleration due to quenching processes. In 
order to eliminate surface quenching and excitation density effects we use multiphoton 
excitation by IR laser. We observe practically monoexponential decay kinetics of DX 
exciton emission at T=10K with characteristic time of about 240 ps in monocrystalline 
samples and 60 ps in nanoparticles with 18 nm size. The decay time of free ZnO exciton 
under the same excitation is about 2 ns. We discuss our results in frames of mentioned 
above models. 
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In many alkali halide crystals (e.g., KCl), stable neutral Frenkel defects (F-H pairs) 
could be created even at 6 K via the decay of selectively formed anion excitons ( ) or 
the recombination of relaxed (cold) electrons (e) and holes (h). However, a cooling of a 
NaCl crystal down to 6 K causes the considerable decrease of the creation efficiency of 
F-H pairs (η

0
ae

FH) because the formation energy of an F-H at low temperatures exceeds the 
energy gap, EFH > Eg. The creation spectrum of F-H pairs has been measured for the first 
time at 12 K in a NaCl crystal with high level purity and perfection using an equal 
quantum dose of irradiation by photons at each of several energies of hνexc = 7-38 eV. 
The intensity or lightsum of the 2.7 eV photostimulated luminescence connected with the 
tunnel recombination of an e from the excited state of an F center with an H center was 
taken as a measure of close F-H pairs created by synchrotron radiation. The analysis of 
ηFH(hνexc) dependence allowed to conclude that ηFH(~8 eV) = 0 in the region of 
−absorption, while η0

ae FH increases at hνexc > Eg = 8.75 eV. The value of ηFH is 
considerably high at 12-16 eV, when photons form hot e and h. The energy released at 
the recombination of such hot carriers exceeds EFH. The decrease of ηFH at higher hνexc is 
caused by the multiplication process − a hot conduction e formed by an exciting photon 
is able to create a secondary  or an e-h pair. The second sharp increase of η0

ae FH occurs 
from 30 to 33 eV, when one exciting photon forms already two hot e-h pairs. It is worth 
noting that ηFH(33.4 eV) = ηFH(~25 eV). A 25-eV photon forms one cold and one hot e-h 
pair. It was shown that a cation exciton in NaCl:Ag ( , hν0

ce exc = 33.4 eV) decays into a 
mobile  and two e-h [1]. Similar to the case of hν0

ae exc = 25 eV, only one of two e-h pairs 
(a hot one) formed in addition to  at the decay of  is able to create an F-H pair. The 
effects in the region of a cation resonance in NaCl can be connected either with the decay 
of  into  and two e-h pairs or with the Agranovich-Ginzburg analogue of the 
combination scattering, when  act as phonons [2]. Recently the first manifestations of 
the creation of Frenkel defects via hot e-h recombination have been observed in MgO 
crystals [3]. The contribution of  (hν

0
ae 0

ce

0
ce 0

ae
0
ae

0
ce exc = 53-54 eV, see, e.g., [4]) into the radiation 

creation of F-H pairs in MgO and especially in MgO:Be, where small-size 1s22s2 Be2+ 
ions facilitate the localization of oxygen interstitials, is discussed. 
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Several halide perovskites like CsCdBr3 are important for investigation of physical 
processes such as ion-ion interactions, doping-ion and host crystal interaction resulting in 
up-conversion and energy transfer. The electronic energy levels of host crystals play a 
significant role in such mechanism [1]. Therefore the knowledge of the lattice energy 
levels of crystals being interested will provide information for understanding of the 
mentioned processes.  
 
The low temperature (10K) excitation and emission spectra of RbCdBr3 crystal were 
measured in order to determine its electronic energy levels. An analysis of the excitation 
and emission spectra of RbCdBr3 crystal will be presented.  
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In this contribution, we review our electron paramagnetic resonance (EPR) and 

electron nuclear double resonance (ENDOR) research on CsBr:Eu needle image plates 

(NIPs) for computed radiography, developed by Agfa-Healthcare [1]. In these plates the 

CsBr:Eu X-ray storage phosphor is grown via physical vapour deposition on an 

aluminum substrate, resulting in <100> out of plane oriented needle growth (see Fig. 1). 

The needles act as waveguides for the photostimulated luminescence light, leading to an 

enhanced spatial resolution with respect to the traditional BaFBr:Eu powder image 

plates, while maintaining (or improving) other storage phosphor characteristics. 

Recently, it was demonstrated that the plate degradation after repeated use remains 

limited [2], which for some time appeared an issue of concern for this phosphor.  

 

 

Figure 1: CsBr:Eu NIP : side (left) and top (right) view SEM image. 

Our EPR and ENDOR research has so far been directed towards structurally 

characterising the Eu-incorporation in NIPs. The experiments have mainly been 

conducted at Q-band (34 GHz) microwave frequencies and explicitly take advantage of 

the partial ordering of the needles in the plates. In contrast with melt-grown CsBr:Eu 

single crystals, as-prepared NIPs exhibit a strong Eu
2+

-related EPR spectrum, detectable 

and stable at room temperature [3]. Its intensity correlates very well with the PSL 

sensitivity of the plates [4]. Analysis of the temperature dependence of the EPR spectra 

[5] and the observation of 
1
H interactions with ENDOR [6] allowed us to construct a 

model, in which the Eu
2+

 ion is associated with a H2O molecule and nearby lattice defect, 

most probably a cation vacancy.  
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Hydrogenated microcrystalline silicon carbide (µc-SiC:H) have become an attractive new 

class of advanced microstructured materials for heterojunction photovoltaic devices and 

light emitting diodes due to their wide band gap and lower absorption in the visible region 

while retaining their higher conductivity. Several reports have been published [1,2] on the 

preparation of µc-SiC:H by electron cyclotron resonance, plasma enhanced chemical vapor 

deposition and hot wire chemical vapor deposition below 300°C. However, these techni-

ques are associated with a number of problems concerning homogeneity and arbitrary do-

ping. As an alternative, we propose a sol-gel process for growing microcrystalline 3C-SiC 

and 3C-SiC films allowing arbitrary doping with donors and acceptors [3]. The initial ma-

terial is insulating, indicating that the resulting sol-gel SiC is almost free from usually una-

voidable nitrogen donors. Since doping of sol-gel SiC with shallow level donors (P, N) 

and acceptors (B, Al) is essential, we investigated various doping procedures suitable for 

that material. The obtained microcrystalline samples are intended to be hydrogen-free in 

this study. In the present study we used samples with 1µm diameter, which was control-

led by electron microscopy. 

As an analytic tool for the control of doping success we used electron paramagnetic re-

sonance (EPR). Doping with N, Al, and P leads to different new EPR spectra, which are 

clearly different from those known for usual shallow donors and acceptors in bulk mate-

rial. Obviously, in the small microcrystals at least some of the defects seen by EPR are no 

longer in the volume, but are surface-related. Our assumption is supported by comparative 

EPR measurements in nominally undoped µc-3C-SiC. Here, we found a characteristic 

EPR spectrum, which cannot be related to EPR spectra already known from bulk materi-

al. Instead it shows some similarities to an EPR center recently discovered in porous 3C-

SiC, the so-called PbC defect, assigned to a carbon dangling bond at the 3C-SiC/SiO2 in-

terface [5]. The g-factor is slightly different, but the line half width is almost the same. At 

first view, this similarity is very surprising since the microcrystallines are not oxidised. 

This fact was also checked by nuclear magnetic resonance, not showing the typical SiO2 

lines in such samples and infrared reflection spectroscopy. Based on these finding, the 

microscopic structure of the responsible defect structure at the clean surface of the micro-

crystallites is discussed with the help of total energy calculations in the framework of den-

sity functional theory. For some possible dangling-bond related structures the elements of 

the electronic g-tensor are calculated and compared with the experimental values.  
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At the present moment, there is great interest in the development of new molecular 
magnets that present a very high magnetic anisotropy and also in multiferroic systems 
where ferroelectric properties coexist and interact with magnetic ones. Apart from their 
intrinsic fundamental appeal, both kinds of phenomena can be applied to produce a wide 
range of devices. Impurity centers in insulators have not attracted much attention in this 
field since the zero-field splitting, D, for common 3d Kramers ions with a spin S >1/2 in 
inorganic materials in their ground state is usually around 0.1-1 cm-1, which is far too 
small for application. However, Electron-Paramagnetic-Resonance spectra of Fe+ centres 
with S=3/2 in SrCl2 and KTaO3 lattices [1, 2] made the interesting discovery that only 
transitions within the Sz=1/2 doublet could be measured, thus opening the possibility of a 
high D-value. We have carried out state-of-the-art ab initio calculations and obtained the 
equilibrium geometries, g-tensors and zero-field-splitting values for the centres SrCl2:Fe+ 

and KTaO3:Fe+  [3,  4].  Our calculations  reveal  that  in both cases  the unusual Fe+ ion 
follows  a  very  large  off-center  motion  (around  1  Å  in  both  cases)  leading  to  a 
spontaneous net polarization of the centre. Very importantly, we found that the D value 
for SrCl2:Fe+ (53 cm-1) and KTaO3:Fe+ (9 cm-1) are, respectively, two and one orders of 
magnitude  larger  than  the  typical  values  in  other  inorganic  systems  containing  3d 
transition metals. We have shown that a low-lying 4E excited state placed, respectively, at 
only  560cm-1 and  3000cm-1 above  the  ground  state  in  SrCl2:Fe+ and  KTaO3:Fe+ is 
responsible for this huge magnetic anisotropy. In the case of SrCl2:Fe+ this small gap 
between the 4A2 ground state with electronic configuration (3z2-r2)2(x2-y2)2(xz)1(yz)1(xy)1 

and the first excited state reflects the near degeneracy of x2-y2,xz, yz and 3z2-r2 orbitals as 
a result of the strong off-centre distortion. Implications of present findings in the search 
of new molecular magnets with high values of the magnetic anisotropy are discussed in 
some detail. 
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PbWO4 (PWO) is a high density scintillator with fast intrinsic luminescence which 

found applications in high-energy physics detectors. However, its low light yield remains 

a serious drawback which disables its use in other applications. Some progress in 

increase of the light yield was achieved recently by double-doping of PbWO4 (e.g. with 

Mo and Y or La) [1]. In PWO the intrinsic luminescence is of excitonic nature: the 

charge transfer transition at the (WO4)
2-

 oxyanion complex gives rise to the emission in 

the blue spectral region. Self-trapped excitons (STE) in PWO thermally disintegrate 

already around 150 K and the blue emission component at higher temperatures is actually 

based on various localized exciton emissions. Due to STE thermal disintegration, any 

shallow trap states in the PWO lattice, taking part in the carrier capture processes, 

become very important. They modify the migration characteristics of free charge carriers 

through re-trapping and can seriously degrade the scintillation performance. Specifically, 

electron type traps are well investigated in these crystals [1]. However, the question 

about the origin of the counterpart hole traps has been unresolved so far as no hole traps 

were evidenced from ESR studies.  

The fundamental interest in this topic is related to the mechanism of hole capture 

and its recombination with thermally released trapped electrons. In the Mo-doped PWO 

the correlation between thermal release of electrons from (MoO4)
3-

 and the occurrence of 

a composite TSL glow peak at 210–240 K [2] also requires further investigation as the 

previous studies did not convincingly explain the nature of these TSL peaks.   

In this report we provide direct evidence about the existence of intrinsic hole 

centers in PWO doped with Mo and La by observation of their ESR spectra. It was found 

that holes created by UV irradiation are trapped at regular oxygen ions nearby the La 

impurity or lead ion vacancy (VPb) forming a variety of O
-
 centers with thermal stability 

from about 170 K up to 240 K. The O
-
 centers are characterized by g factors typical for 

hole centers ranging from 1.99 to 2.04. The electron deficiency is created at p oxygen 

orbitals like that in CaWO4. Two centers show pronounced hyperfine (HF) structure 

originated from both 
183

W (I=1/2, 14.4%) and 
207

Pb (I=1/2, 22.6%) nuclei. Both 
183

W and 
207

Pb HF interactions are nearly isotropic: A
W
5.6 mT, A

Pb1
=1.2-1.9 mT, A

Pb2
0.5 mT. 

In O
-
 - La center the HF structure is dominated by the contribution from 

139
La isotope.  

Thermal release of the trapped holes and their subsequent recombination with the 

electrons stored at (MoO4)
3-

 complexes is responsible for the TSL peaks at 170-240 K.  

Consequently, the (MoO4)
3-

 complex is stable to the temperature higher than 240 K.  
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The results of a comprehensive modelling study of rare earth doping in the KYF 

family of fluoride materials (KYF4, K2YF5, KY3F10 and K3YF6) are presented. All four 

materials have potential applications in optical devices when doped with rare-earth ions, 

so it is of interest to determine the dopant site in the material and the energy involved in 

the doping process. 

The calculations start with modelling the perfect crystal lattice structure and 

properties of each material [1], using a consistent set of potentials partly transferred from 

previous studies, and partly fitted specially to these materials. Then, using a surface 

simulation method [2], the morphology of each material was calculated based on a 

survey of the surface energies. It is noted that morphology prediction can be useful when 

possible implementation of the materials in device applications is considered. 

 

Rare earth doping is then modelled at the bulk and surface of each material, using a 

previously determined potential set [3] to represent the interactions of the rare earth ions 

with the host lattice. The resulting solution energies enable the dopant site to be 

predicted, and by comparison of the bulk and surface solution energies, possible surface 

segregation of the dopants can be investigated. 

 

The paper will take each material in turn, and present and compare the results for 

crystal morphology and dopant incorporation at the surface and in the bulk, and will 

conclude with a comparison and overview of all four materials. Comparison with 

available experimental studies will also be made and discussed. 
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LiNbO3 is one of the most famous non-linear optical materials. Proton is a common
impurity in LiNbO3 forming OH− ions in the lattice. The characteristic O-H vibrational
spectrum at about 3450–3500 cm−1 wavenumber is very sensitive to the crystal compo-
sition (e.g. Li/Nb ratio, dopant concentration etc). Though the proton incorporation was
investigated by several experimental and theoretical methods its position in the crystal lat-
tice has not been clarified yet. Up to now only semi-empiricaltheoretical methods were
used to model the location and vibrational properties of protons in LiNbO3 this being a
first attempt for first principles calculation.

The structural and electronic calculations have been carried out towards the use of
Density Functional Theory along with the supercell method implemented in the SIESTA
computational code. Use has been made of norm-conserving Troullier-Martins pseudopo-
tentials and a localized basis set composed of numerical atomic orbitals of finite range.
The generalized gradient approximation was employed for the exchange correlation po-
tential. As convergence criteria of self-consistency the largest difference between the
output and the input of each element of the density matrix is required to be less than 10−4.

First the total energy of an ideal LiNbO3 crystal structure with a Li vacancy and
a proton sitting between neighbouring O2− ions was determined. The energetically
favourable site was found to be between oxygen ions with the longest (3.36 Å) bond dis-
tance (see Fig.1.). Structural optimization and calculation of the potential surface of the
proton to determine the vibrational frequencies and thermal properties are under progress.
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Figure 1: The total energy (with arbitrary zero point) as thefunction of O-H distance.



8.3 EURODIM 2010

Atomistic initiation mechanisms in molecular crystals 
 

1
A.V. Kimmel, 

1
A. L. Shluger, and 

 2
M. M. Kuklja,  

 
1
Department of Physics and Astronomy, University College London 

Gower Street, London, UK, WC1E 6BT 
2 
Department of Materials Science and Engineering,

 
University of Maryland, College Park, MD, 20742 

 

Studying chemical processes, excited states, charge localization and transport in 

molecular organic materials is a topic of extensive current interest [1, 2]. Various 

structural and electronic defects presented in a crystalline structure lead to 

modifications of the electronic structure. More importantly, the presence of defects 

perturbs a potential energy surface profile of the material, leading to modifications of 

the mechanisms of chemical reactions [3]. 

Atomistic modelling of these phenomena in molecular materials is challenging 

due to often complex structures and large number of configurations available to 

reaction products. In molecular crystals, the constituting molecules largely preserve 

their identity in the solid, therefore quantum chemical calculations of individual 

molecules or small molecular aggregates [3] are often considered to be a reliable first 

step in modelling their properties. Although this approach provides useful preliminary 

information on the materials’ properties, it clearly neglects the inter-molecular 

interactions and crystalline field effects, which are essentially important when 

molecules are polar, or possess non-zero dipole moment creating long-rage 

electrostatic field in the system.  

We applied an Embedded Cluster Method combined with the density functional 

theory and B3LYP functional to study the influence of electronic excitation on 

initiation of chemical reactions in 1,1-diamino-2,2-dinitroethylene (DADNE, 

C2H4N4O4) [3, 4]. This molecular crystal belongs to a wide class of energetic 

materials, which are capable of rapid chemical decomposition with large energy 

release. More generally, this material is a representative of polar layered wide band 

gap molecular crystals, and studying the electronic structure and electronic excitations 

of this material is of fundamental interest. 

In this work, we have studied the interplay of two low energy initiation reactions 

such as the C-NO2 bond fission and nitro-to-nitrite isomerization with the subsequent 

NO elimination in the condensed phase of DADNE. Our results offer a consistent 

interpretation to existing experiments and imply that the CONO pathway is favored 

under moderate thermal heating while the C-NO2 bond scission is favored under 

shock or impact initiation conditions.  

More importantly, our results clearly demonstrate that the chemical reactions in 

solid phase molecular crystals are essentially a collective phenomenon. We showed 

the importance of the proper account of the inter-molecular interactions in modeling 

chemical reactions in the solid phase of molecular crystals. The calculated reaction 

balances and barrier energies elucidate that the chemistry mechanisms in solid state 

are defined by the interplay of the crystalline field and inter-molecular interactions 

much more than by the structure of individual molecules.  
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Barium aluminates have been studied because of their interesting structural and 

optical properties, including their long lasting phosphorescence when doped with 

trivalent and divalent rare-earth ions 
[1]

. In the present work we employed computer 

modelling methods that are based on well established approaches using interatomic 

potentials to represent the interactions between ions, coupled with energy minimization 

and Mott-Littleton methods to calculate the properties of ‘pure’ and the defective 

materials, via the GULP 
[2]

 code. In the first step, the potentials were fitted to the 

structures of barium aluminates; the potential parameters were able to reproduce all the 

crystal structures to within 0-2%. In the second step, the solution energy for trivalent and 

divalent dopants was obtained using a new method based on the solid state reactions 

involved in the formation of the doped materials. The new set of solid state reactions for 

trivalent dopants is shown in table 1. With this new method, we obtained the same 

information as obtained previously about the most probable site for rare earth 

incorporation and the most probable charge compensation mechanism. The results for the 

trivalent rare earths indicate that some ions preferentially occupy the Ba
2+

 site and some 

the Al
3+

 site. In the third step, the reduction process Ln
3+
→Ln

2+
 was investigated. We 

considered seven schemes for the reduction from Ln
3+

 to Ln
2+

 for different temperatures 

(0 and 300 K). From the solution energies it can be seen that the incorporation of the 

divalent rare earth dopant is preferred to occur under CO room temperature reduction, 

with H2 is the second preferred scheme. The new method is also able to predict the 

solubility limit for dopant incorporation. The results show that, for trivalent rare earths, 

the solubility limit is around 1.43mol% Ln2O3 and around 1.43mol% Ln2O3 for divalent 

rare earth ions. 

 
Table 1: Solid state reactions for formation of doped materials 

(i)
425.0)5.01(3232 )()5.01(5.0 OMAlBaOAlXBaOOXM

XX−
→−++  

][][)1(])([ 42425.0)5.01( AlXX
MXEOBaAlEXOMAlBaE +−=

−
 

(ii)
422/)5.11(3232 )][()5.11(5.0 OAlVMBaOAlBaOXOXM

XBaXX
′′→+−+

−
 

(iii)
422/)5.01()1(3232 ))(()5.01(5.0 OBaAlMBaOAlXBaOOXM

XXXX −−
→−++  

(iv)
)2/4(2)1(3232 )()1(5.0

XXX
OAlMBaOAlBaOXOXM

+−
→+−+  

(v)
423/3/)3()1(3232 )][)((3/)5.03()1(5.0 OVAlMBaOAlXBaOXOXM

XAlXXX
′′′→−+−+

−−
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 The effect of concentration quenching (CQ) of luminescence has been reported in 

the literature. The luminescence efficiency dependence on the concentration of a specific 
impurity was found to reach a maximum intensity for a certain concentration, and decline 
at higher concentrations [1]. These authors developed a formula for the dependence of 
the efficiency on the concentration, assuming that only activators not adjacent to other 
activators can emit luminescence. Curve fitting of the CQ experimental curves to the 
theoretical function resulted in very large values of the parameter z, the number of 
nearest neighbors, of up to 4000, which is not feasible. A similar effect was found in TL 
of some materials, and the same formula for explaining the effect was used. Medlin [2, 3] 
described the TL properties of calcite and dolomite. For a 300K peak in Pb++ doped 
calcite, he used the same equation and found z=700, and for a 410K peak, he got z=150. 

In the present work, we propose a possible, alternative model to explain the QC of 
TL. The model includes 3 trapping states and one recombination center (3T1C model). 
We assume that the 3 traps have a constant concentration, and the variable concentration 
is that of the recombination center M. An important assumption made is that the initial 
occupancy of M was not zero, and we assumed that m(0)=0.1M.  
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Figure 1: Energy-level diagram and simulated results of concentration dependence of the TL area under the 
two peaks with: N1=3×108cm-3; N2=107cm-3; N3=109cm-3; A1=10-8cm3s-1; A2=10-8cm3s-1; A3=10-9; Am=10-10; 
B=10-9cm3s-1; E1=0.97eV; E2=1.55eV; E3=1.8eV;  D=5×106cm-3; s1=5×1012s-1; s2=5×1014s-1; s3=5×1013s-1. 

 
The results show the concentration dependence of the area under peak 1, at ~910C and 
peak 2 at ~2200C. The dots show the numerically simulated results, reached by solving 
the relevant set of coupled differential equations whereas the contiguous lines were 
reached using simplifying assumptions. The maximum intensities of the two peaks occur 
at different concentrations, similarly to experimental results in Pb++ doped calcite. 
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Yttrium orthophosphate YPO4 is a widely investigated compound due to 
applications in the field of optical materials and devices. The present work deals with 
high resolution (as fine as 0.01 cm-1) absorption spectroscopy, applied to an 1 mol% Ho3+ 
doped YPO4 single crystal in the 500-25000 cm-1 and 9-300 K ranges: the aim was to 
extensively investigate the recently suggested [1] hyperfine structure (hfs) of Ho3+ (a 4f10 
non-Kramers ion). YPO4: Ho3+ is an ideal system to study the hyperfine (hf) interaction, 
due to 1) the 100% natural abundance of the 165Ho isotope, endowed with high nuclear 
spin (I=7/2) and large total angular momentum of the 4f electrons (up to J=8 for the 
ground state) and 2) the crystal field symmetry (D2d), probed by Ho3+ in tetragonal YPO4, 
which is not low enough to remove completely the manifold sublevel degeneracy [2]. 

A large number of transitions was investigated, i.e. from the ground 5I8 to the 
excited 5I7, 5I6, 5I5, 5I4, 5F5, 5S2, 5F4, 5F3, 5F2, 3K8, 5G6+5F1, and 5G5 manifolds, 
respectively. Many absorption lines, monitored at temperatures lower than 60 K and 
belonging to different transitions, appeared ‘decorated’ by beautiful and clearly resolved 
hfs patterns. For example, at 9 K the 5152.6 cm-1 line is split into eight (i.e. 2I+1) 
components, separated by ≈0.19 cm-1 and characterized by line-width as narrow as ≈0.08 
cm-1. The hfs analysis was organized as follows. The first step was to attribute the large 
number of lines arising from the transitions connecting the sublevels of the ground 
manifold to those of the excited ones. By measuring the spectra at closely spaced 
temperature steps (9, 20, 40, 60, 80, 100, 120, 140, 180, 220, 260, and 300 K), even the 
sublevel positions within the ground 5I8 manifold were determined. The experimental 
data were successfully fitted by a single-ion Hamiltonian, to extract the crystal-field 
parameters and identify the symmetry of the wave function associated with each 
sublevel. The lowest sublevel of the ground manifold 5I8 was found to be a doublet: its hf 
splitting into eight components accounts for the large number of lines characterized by 
the hfs. On this basis the variety of hfs patterns could be analyzed and interpreted in 
terms of electric dipole and/or magnetic dipole allowed transitions. By exploiting the 
data coming from the large number of lines affected by hfs, the hf interaction induced 
splitting of the lowest doublet within the ground 5I8 manifold could be evaluated as 
(1.29±0.04) cm-1. 
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Lithium tetraborate, Li2BB4O7 or LTB, doped with multiple impurities Cu, Ag, P, 
has been recognized as a tissue-equivalent thermoluminescent dosimeter with 
outstanding sensitivity, suitable in particular for neutron detection [1]. The processes of 
energy transfer to the luminescence centre are poorly studied in this material. Even the 
role of different impurities in dosimetric properties and the origin of the main dosimetric 
peak situated at 185–190°C are not fully understood. The main goal of the present work 
is to clarify the role of single impurities in the energy transfer processes relevant for the 
dosimetric applications.  

 
Here the results of an extended study of LTB:Cu, LTB:Ag and LTB:Cu,Ag using a 

wide range of spectroscopic methods at 4-300 K are reported. Excitation and emission 
spectra of oriented samples under excitation by polarized synchrotron radiation were 
measured at the SUPERLUMI station of HASYLAB at DESY, Germany. In addition, X-
ray excited luminescence and cathodoluminescence spectra as well as thermostimulated 
luminescence (TSL) curves and spectra were studied at 5-450 K after irradiation of the 
samples at 5 K by X-rays or 10 keV electrons. The decay kinetics of Cu+- and Ag+-
related emissions is also presented. 

 
The emission bands at 3.35 and 4.6 eV dominate the emission spectra of LTB:Cu 

and LTB:Ag, respectively, under optical excitation. For the first time a full excitation 
spectrum of the Ag+-emission was measured in the region of 6-8 eV below the 
fundamental absorption edge. The absorption in this region is due to the parity-forbidden 
electronic 4d10-4d95s transitions partly allowed due to the low symmetry of the host. The 
decay kinetics of both Cu+ and Ag+ emissions lies in the microsecond time range 
supporting this assignment. None of these emission bands can be explicitly distinguished 
in the X-ray excited and cathodoluminescence spectra represented by a non-elementary 
broad-band emission covering the region of 2-5 eV, presumably related to self-trapped 
excitons, impurities and impurity-perturbed excitons. The contribution of the impurity 
emission increases for higher temperatures. On the contrary, the 3.35 and 4.6 eV 
emission bands are clearly observable in recombination luminescence, such as TSL or 
phosphorescence (afterglow). The main TSL peaks are observed near 80 K and in the 
region of 330-450 K. The former is probably connected with thermal release of self-
trapped holes. Electron-hole processes with impurity participation and the origin of high-
temperature TSL peaks important for dosimetric applications will be discussed. 
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YAl3(BO3)4 (YAB) single crystals doped with 1 and 4 mol% of Pr3+ were analyzed 
in wide wave number (500-25000cm-1) and temperature (9-300K) ranges by means of 
high resolution Fourier transform spectroscopy. Linear dichroism measurements were 
also performed. The spectra showed rather broad absorption lines (with respect to those 
induced by other rare earths in the same host [1]) and a few lines split into doublets 
(Figure 1, inset). In spite of these features, the energy level scheme was obtained for the 
Pr3+ 3H4 → 3H5, 

3H6, 3F2, 3F3, 3F4, 1G4, 1D2, 3P0, 3P1, and 1I6 transitions. From the dichroic 
spectra the orientation of the dielectric ellipsoid and of the dipole moment associated to a 
few transitions was determined. The single phonon coupling model was successfully 
applied to fit the line shift as a function of the temperature. The energies of the phonon 
involved were derived; they coincide with those of a few Raman or IR active modes. The 
141Pr3+ ion (n.a. 100%) displays a nuclear spin I=5/2 and a rather high electronic total 
angular momentum, thus it may give rise to the hyperfine (hf) interaction [2]. The line 
broadening might hide the hf splitting, by merging some of the six predicted components. 
The doublet structure could be induced by the hf interaction and additional contributions, 
e.g. a pseudoquadrupolar coupling and/or a slight distortion of the D3 site symmetry [3].  

The experimental data were fitted in the framework of the crystal-field theory but, 
at variance with the cases of other rare earths embedded in YAB [1], the agreement was 
not satisfactory. Other discrepancies came from the dichroic spectra analysis and the hf 
splittings. Several possible factors causing the difficulties in the theoretical modelling of 
the Pr3+ ion, already encountered in other matrices, were considered.  
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Figure 1: Optical absorption spectra measured at 9 and 80K on a YAB:Pr3+ 

1 mol% sample. Inset: YAB: Pr3+ 4 mol% sample (9K). 
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Based on a study of the lithium borate crystals by the use of the luminescence and 
optical spectroscopy with a nanosecond time resolution, the X-rays induced lumines-
cence, the cathodoluminescence, and the thermoluminescence in combination with mod-
eling of actual processes, the overall picture of thermally stimulated recombination proc-
esses with participation of the shallow traps was established for these crystals.  

The common feature of the lithium borate crystals is a presence of the weakly 
bonded lithium cations. A comparatively weak radiation action at room temperature can 
create the radiation-induced pairs of the ’vacancy-interstitial atom’ defects in the lithium 
cation sublattice of these crystals. This gives rise to a creation of metastable electronic 
(interstitial atom Li0) and hole (O− small-radius polaron near the cation vacancy) centers. 
Optical hole-transitions from the local level of the trapped hole centers to the valence 
band states are responsible for the transient optical absorption (TOA) of the lithium bo-
rates crystals in the visible and ultraviolet spectral ranges. Mainly, the density of the va-
lence band states determines the TOA spectral profile in all the crystals studied. The 
TOA decay-kinetics is rate-limited by interdefect tunneling recombination, which in-
volves the O− hole centers and the electronic Li0-centers. At RT, the Li0-centers undergo 
thermally stimulated migration, resulting in diffusion-controlled annihilation of intersti-
tial lithium atoms and lithium vacancies and determining the slow components of the 
TOA decay-kinetics in the decay time-range from milliseconds to tens of seconds. 

These defects manifest themselves also in thermoluminescence (TL): the complex 
TL peak at 100 -130 К results from delocalization of holes from two competing traps 
originated initially from O− center. The similar origin has the hole trapped center being 
responsible for TL peak at 240 K. All three TL peaks in lithium borates are caused by 
delocalization of holes trapped on the O− centers. In all cases, these trapped hole centers 
represent a hole localized on 2p π-oxygen orbital in the vicinity of the cation vacancy. 
Distinctions between these centers are determined by variations in their nearest surround-
ing. These three kinds of O− centers are typical for lithium borate crystals, and observ-
able experimentally differences in various recombination processes can be explained by 
only small distinctions in the parameters of these centers. The TL peak at 180-200 K in 
lithium borates was associated with the paramagnetic electron trapped center B2+. 

Doping of the lithium borate crystals with either cerium or europium results usually 
in a creation of the deep impurity centers manifested themselves in thermoluminescence 
at temperatures above 400 K. In the temperature range from 90 to 300 K, these defects 
act only as the deep centers for either recombination, or trapping. However, because of a 
charge compensation condition, the introduced heterovalent impurities stimulate also a 
creation of the lithium vacancies. These additional vacancies play role of precursors for a 
creation of the shallow traps at a later stage. In doing so, a presence of the impurity-based 
defects change the kinetics of recombination processes, shifts slightly the temperature 
positions of the TL peaks in the temperature range 90 – 300 K, and redistributes the TL 
intensity between these peaks in the lithium borate crystals.  
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This work presents an investigation of the luminescence and scintillation properties 
of crystal fibers of orthoborates Li6Gd(BO3)3 (LGBO) and Li6Y(BO3)3 (LYBO) doped 
with various concentrations of Ce3+ ions (from 0.1% to 1%) and synthesized by the 
micro-pulling-down technique. These materials are of interest for detection of slow 
neutrons by scintillation method [1]. 
 

Spectroscopic measurements have been performed using laboratory equipment and 
synchrotron radiation facilities (DESY, Hamburg). Absorption, emission and excitation 
spectra, and luminescence decays of crystal fibers measured in the UV-visible domain 
are typical of trivalent cerium ions and similar to what it was observed in powders and 
bulk crystals [2-4]. The relative Ce concentration has been controlled along the fibers 
through absorption measurement. The Ce concentration dependence of the luminescence 
and of the Gd→Ce energy transfer in LGBO has been studied. Fast diffusion of energy is 
expected at room temperature between close Gd ions through intrachain interactions in 
this crystal with quasi one-dimensional structure. 
 

The analysis of the structures of X-ray luminescence excitation spectra observed in 
the energy range (130-250 eV) of the shell-edge of absorption of atoms present in the 
crystal provides very useful information on the energy transfer of electronic excitations 
created by high energy photons, to the Ce3+ luminescent centers, and the mechanisms 
will be discussed. The scintillation efficiencies of Li-based crystal and glass fibers (that 
are currently used in neutron detectors) have been compared. For crystal fibers, relative 
scintillation efficiency appeared to be more than 5 times higher, and absolute 
scintillation efficiency were calculated around 4% compared with 1% for glass 
fibers. This work is partially supported by NATO (grant # CBP.EAP.CLG 983489) and 
ISTC (grant # KR-1587). 
 
References 
 
[1] J.B. Czirr, G.M. MacGillivray, R.R. MacGillivray et al. Nucl. Instrum. Meth. in Phys. Res.  

A 424, 15 (1999). 
[2] M.J. Knitel, P. Dorenbos, C.W.E. van Eijk, B. Plasteig, B. Viana, A. Kahn-Harari, D. Vivien Nucl. 

Instrum. Meth. in Phys. Res. A 443, 364 (2000). 
[3] J.P. Chaminade, O. Viraphong, F. Guillen, C. Fouassier, B. Czirr IEEE T. Nucl. Sci. 48, 1158 

(2001). 
[4]  I.N.Ogorodnikov, V.A.Pustovarov, S.I.Omelkov et al. Optics and spectroscopy 102, 60 (2007). 



10.1 EURODIM 2010

THE PASSIVATION AND PITTING OF IRON STUDIED IN SITU BY  
RAMAN MICRO-SPECTROSCOPY AND POTENTIOMETRIC 

POLARIZATION 
 

M.K. Nieuwoudt1,  J.D. Comins1,  I. Cukrowski2 

 

1 DST/NRF Centre of Excellence in Strong  Materials and Materials Physics Research Institute,           
Physics Building, University of the Witwatersrand , Johannesburg, Wits 2050, South Africa 

2 Department of Chemistry, University of Pretoria, Pretoria 0002, South Africa   
 

 
 The composition of the passive layer formed on pure iron in an alkaline environment 
by potentiometric polarization has been studied with different techniques in the context of 
corrosion inhibition. Various iron compounds (Fe3O4, γ-Fe2O3, α-Fe2O3, α-FeOOH, β-
FeOOH, δ-FeOOH and γ-FeOOH have been identified but their sequence of formation and 
relative concentrations during active and passive regions have remained controversial.  
 
 In the present work near-resonance enhancement of the Raman spectra of the above 
iron compounds has provided new information, being achieved with an optimised 
wavelength of 636.4 nm using a tunable dye laser. The composition of the surface film on 
iron in 0.05M NaOH was analyzed in situ during its growth by cyclic potentiodynamic 
polarization using Raman micro-spectroscopy within an electrochemical cell. The 
composition of the surface film at selected potentials was determined from the Raman 
spectra using Multivariate Curve Resolution. The relative concentrations of the iron 
compounds changed during the anodic and cathodic sweeps within successive cycles 
leading to film growth. For the first 15 cycles, Fe3O4 forms a major component of the film, 
particularly at the more negative potentials at beginning of the cycles but also during the 
passive regions of the anodic sweeps. FeOOH compounds appeared to be most abundant 
over the active region of the anodic cycles. The total amount of iron compounds was 
observed to decrease over the passive region and this corresponded with an increase in the 
amount of water incorporated in the film as determined by the OH stretch mode. With 
further cycles the surface appeared became increasingly amorphous or hydrated. 
 
 The work was extended to study pitting corrosion by initially creating a passive film 
during two polarization cycles in 0.05 M NaOH followed  by the addition of 0.05 M NaCl 
to the electrolyte at the beginning of the passive region. In the presence of chloride ions a 
relatively larger amount of water is incorporated in the passive region; this is associated 
with the formation of a green complex. Initial metastable pit formation gives way to stable 
pits whose composition was studied by the local Raman spectra. The latter occurred soon 
after the decrease in water content at a potential at which transformation of the hydrated 
outer layer occurs to Fe3O4 and /or γ-Fe2O3 and β-FeOOH. From the results it appears that 
the large amount of water incorporated in the film over the passive region plays an 
important role in maintaining the protective properties of the passive film. It is proposed 
that stable pitting occurs when the composition changes simultaneously with a reduction in 
water content resulting in conditions which favour the rate of localized breakdown of the 
film by chloride ions over the rate of re-passivation.  
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Multi-layer oxide films composed of different kinds of materials could provide new 
functions that cannot ne be realized by their mere mixture of bulk materials.  Examples 
are BaTiO3/SrTiO3 [1] and SrZrO3/SrTiO3 [2] super-lattice films. In the former system, 
the ferroelectricity of BaTiO3 is enhanced by paraelectric SrTiO3. In the latter, the 
combination of paraelectric materials induces ferroelectricity. These peculiar effects are 
related to interfaces between thin film layers and/or film and substrate. Therefore it is 
essentially important to elucidate the nature of interfaces. The present paper reports the 
interface effect of relaxor Pb(Sc1/2Nb1/2)O3 (PSN) and ferroelectric PbTiO3 (PT) super-
lattices [3], by using dielectric spectroscopic analyses with the equivalent-circuit model 
[4].  

PSN/xPT super-lattice films with different PT composition ratio x were synthesized 
by the PLD method. The total thickness was kept to be about 100 nm. Complex dielectric 
constant  = ’ – i” was measured in the frequency range from 1 to 106 Hz. Fig.1(a) 
shows ’ and the dielectric loss tan=”/’). The experimental result is analyzed by the 
Maxwell-Wagner model with parallel R-C circuits shown in Fig.1(b). The analysis 
reveals the possibility of two models: one is conductive interface, and another insulation 
interface. Both results fit well experiments as shown by the solid lines in Fig.1(a). 
However the insulation layer model gives quite high ’ of 4400 which is not acceptable 
as an intrinsic dielectric constant, thus we adapt the conductive layer model with ’=1400. 
This conductivity could be related with oxygen vacancies.  

(a) 

Figure 1: Frequency dispersions of real part of dielectric constant and dielectric loss (a). The dotted lines 
show the result of simulations: (b) indicates the equivalent circuit model. 
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Radiation-induced point defects in SiO2 have been extensively investigated for 

more than 50 years and still remain an active field of research. Resistance of materials to 
spatial or nuclear environments has dragged important resources [1], and current studies 
focus on transparency to deep UV excimer lasers [2]. Defect models (NBOHC, E’ 
centers, POR…[3]) and formation mechanisms have been proposed and discussed, 
showing that radiation-induced defect formation highly depends on the type (bulk, 
coatings, fibers…) and quality (natural/synthetic, hydrogen loaded or not, wet…) of the 
silica material, as well as the nature of the radiations (gamma rays, electron beams…). 

 
Our study focuses on amorphous SiO2 thin films deposited by Ion Beam Sputtering 

(IBS). IBS is one of the deposition techniques that produce the best optical coatings 
available. However, these IBS films exhibit high vulnerability to UV radiation, making 
them sensitive to plasma exposition. Plasma induced defects were studied in IBS 
coatings using Electron Spin Resonance, UV absorption and Photoluminescence 
spectroscopy. Evolutions of defect signatures were discussed to describe formation 
mechanisms under plasma excitation. Raman spectroscopy data offers additional clues to 
understand these mechanisms, revealing the microstructure of the sputtered coatings.  

 

 
UV-defect absorption bands of a 4 micron thick IBS film 
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Colour centres are produced in thermally evaporated lithium fluoride, LiF, thin 
films [1] by various kinds of ionising radiations, such as low-energy electrons and ions as 
well as photons, like gamma and X-rays. So far, most attention has been devoted to F2
and F3

+ laser-active electronic defects [1,2], due to their peculiar photoluminescence 
properties, which have found applications in miniaturised optical active devices [1] and 
novel imaging detectors [3]. 

The simultaneous formation of stable primary F-centres and lithium colloids was 
directly obtained in LiF films [4] grown on transparent substrates by means of a versatile 
deposition technique consisting of low-energy ion-assisted thermal evaporation. The 
specific optical properties of the as-grown samples were investigated by means of 
spectrophotometric transmittance and reflectance measurements. The measured spectra 
were analysed by using a theoretical model that takes into account scattering and 
absorption contributions of very small metallic lithium particles in dielectric matrices, 
and that is based on size-corrected Mie theory. The results strongly suggest the presence 
of primary F-centres, absorbing at about 248 nm, and of nanometric lithium colloids, 
which are responsible for a very broad absorption band peaked around 437 nm. 

The appreciable presence of Li metal at the surface of ion-assisted LiF films in 
comparison with bulk crystals was revealed by careful X-ray photoelectron spectroscopy 
measurements performed on the Li 1s core level. 

Optical imaging by means of transmission, fluorescence and reflectance 
microscopy in conventional and confocal configurations could provide further insight 
about the distinctive features of these complex dielectric LiF-based microstructures 
incorporating metallic lithium colloids. 
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SrTiO3 (STO) is a model archetypical example of a perovskite-type oxide. Aside from 
unique properties of STO, they can be finely tuned through various defects and 
impurities.  However a special attention to STO research have been caused by recent 
promises of multy-functional ability of STO surfaces and interfaces use for variety of 
applications ranging from nanoelectronics and high-T semiconductors, to photocatalysis.  
For such reasons surface properties and structure of SrTiO3 appeared to be a subject of a 
high interest today. This work is devoted to spectral ellipsometric study of 
antiferrodistorsive Pm3m (Oh

1) ® 14/mcm (D4h
18) cubic-to-tetragonal phase transition 

(AFD PT) of STO surface. Recent results of second optical harmonic generation (SHG) 
studies [1-3] where treated as evidence that onset of AFD PT in the STO surface that 
occurs already at 150 K, i.e. ~ 45 K higher than that for the bulk crustal. It was found that 
transition temperature strongly depends on the surface perfection and surface preparation 
as well as from the crystal growth. However, SGH response forms within the couple of 
the top atomic layers of the surface, additionally affected by contaminating defects, 
adsorbed atoms etc. In this regard, supplementary optical ellipsometric studies giving 
information about AFD transition developments in the STO surface of the wavelength of 
light depth appeared to be desired. In this work we present ellipsometric study of STO 
crystals surface in the temperature range 5-300K. A special attention was paid to 
refractive index behavior in the region of AFD PT. Strong dependence between STO 
single crystals surface defect structure and surface AFD PT was found. Even small 
surface imperfections turn out to be sufficient for dramatic increase of the surface AFD 
PT temperature and changes of the refractive index temperature behavior. In the case of 
structurally perfect crystal surface, the visible difference between surface transition 
temperature and that in STO bulk is only slight and structural changes are sufficiently 
smaller, that agrees well with predictions of Kaganov - Oml’yanchuk theory [4]. 
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Oxy-orthosilicate crystals, like Lu2SiO5, Gd2SiO5 and Y2SiO5, are suitable hosts for 

luminescent rare earth (RE) ions and they are presently considered as efficient 
scintillators especially when doped with Ce. Moreover, the co-doping of Y2SiO5:Ce 
(YSO:Ce) powders with Sm was proved to give rise to photo-stimulated luminescence 
under IR excitation after irradiation with ionizing radiation, due to the recombination 
between electrons optically freed from Sm2+ and holes trapped at Ce4+ ions. Therefore 
the use of YSO:Ce,Sm as photo-stimulable phosphor was proposed [1]. 

Besides single crystals and powders of micrometric size, a recent interest in 
luminescent nano-powders has grown in relation to several applications, like for example 
the development of nano-composite scintillators. This opens the possibility to investigate 
confinement effects in the optical properties of wide band gap materials. Moreover, due 
to the role of defects in scintillation, the influence of surfaces and interfaces is worth 
investigating. 

In this work we have investigated the radio-luminescence (RL) and thermally 
stimulated luminescence (TSL) 
properties of YSO:Ce and YSO:Ce,Sm 
prepared in powder forms characterized 
by micrometric (>1µm) or nanometric 
size(<10nm); our aim is to reveal the role 
of both the morphology and surface 
defects in the characteristics of traps and 
luminescent centres. The results are also 
compared with those obtained on single 
crystals doped either with Ce or Pr.  
Moreover, by combining TSL and photo-
stimulation measurements, we have 
further studied the role of Sm in the 
photo-stimulation process. We have 
evidenced that both intrinsic traps and 
the trap due to Sm2+ are depleted during 
photo-stimulation with a He-Ne laser. 
Interestingly, we have found that intrinsic 
traps are more efficiently depleted in 

YSO:Ce,Sm than in YSO:Ce and we discuss the possible microscopic mechanisms 
responsible for this feature. 
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Figure 1: Wavelength resolved TSL of 
YSO:Ce,Sm after RT x-ray irradiation 
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The development of new radiation detection systems based on the vacuum ultraviolet 

(VUV) scintillators has been started recently. These scintillators can find their 
applications in various imaging techniques as they can be coupled with position-sensitive 
detectors filled with photosensitive gases such as tetrakis-dimethylamine ethylene 
(TMAE) or triethylamine (TEA) or with the other VUV-sensitive detectors using for 
example CsI photocathodes [1, 2]. Nd-doped fluorides can be promising candidates for 
the VUV scintillators in such applications [1].  

One of the promising candidates for the VUV scintillator can be the Nd-doped 
BaY2F8 (BaYF). The fast VUV emission around 185 nm with a decay time of several 
nanoseconds is due to the allowed 5d-4f transition of the Nd3+ ion. However, the 
concentration quenching reduces the scintillator light yield and therefore the ways of 
improving the material performance should be found. One way can be the Tm co-doping. 
The idea is to enhance the energy transfer to the Nd3+ ions via the Tm3+ 5d levels, as the 
Tm 5d-4f emission spectrum coincides with the Nd 4f-5d absorption band. luminescence 
properties of doubly doped BaY2F8:Tm,Nd material will be shown and the corresponding 
luminescence mechanism involving energy transfer from Tm3+ to Nd3+ will be discussed 
(Fig.1) 

6 0 0

8 0 0

1 0 0 0

1 2 0 0

1 4 0 0

1 6 0 0

1 8 0 0

2 0 0 0

2 2 0 0

1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0

B a Y F :T m 1 %  N d 1 %
B a Y F :T m 1 0 %

In
te

ns
ity

 [a
rb

. u
ni

ts
] 

W a v e le n g th  [n m ]

C ro s s lu m in e s c e n c eT m 3 +  H S

5 d
1
- 3 H

6

N d 3 +

5 d
1
-  4 I

J

N d 3 +

5 d
1
- 4 F

J

N d 3 +

5 d
1
- 4 G

J

T m 3 +

 1 I
6
-> 3 H

6

 
Figure 1: Comparison of the Tm-doped and Nd, Tm doubly doped 

radioluminescence spectra. The disappearance of the Tm peak in the latter sample 
is is a consequence of the energy transfer. 
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The present work is a study of luminescent properties of fibers synthesized from 

material of 
6
Li2O-MgO-SiO2-Ce

3+
 composition (

6
Li-based fibers). This compound has a 

high radiation resistance, light yield and neutron sensitivity and is intended for 

registration of thermal neutrons [1]. 

 

X-ray luminescence spectrum of 
6
Li-based fiber at Еex=130 eV is not elementary 

one (Fig.1). Taking into account that luminescence derived from d-f transitions in 

cerium, we should conclude the existence of at least two non-equivalent cerium Ce
3+

 

positions. The analyzing of luminescence excitation spectra profile (inset in Fig.1) allows 

to discuss the mechanisms of energy transfer in 
6
Li-based fibers. We have observed a 

well-outlined structure at the energy range 100-135 eV.  The observed structure was 

investigated for silicates and is associated with the presence of unfilled molecular orbitals 

of different type (s-, p- and d-type) in silicon-oxygen tetrahedron [2]. So well-outlined 

resonance at L-edge of absorption of silicon ions probably testify to a high efficiency of 

energy transfer channel «silicon-oxygen tetrahedrons→Ce». The decay kinetic (Fig. 2) 

measured for 3.2 eV at 130 eV excitation include several components – extremely short 

(<1 ns and 4.5 ns) and one of 26 ns. The latter decay time is likely to be associated with 

Ce
3+

 emission. The presense of short decay times gives rise to consider 
6
Li-based fibers 

as effective scintillator in terms of temporal resolution. But under pulse excitation with 

electrons of 140 keV the decay times increased up to 83 ns. This work is partially 

supported by NATO (grant # CPB.EAP.CLG 983489) and ISTC (grant # KR-1587). 
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Fig.1. X-ray luminescence spectra at Еex=130 eV 

and luminescence excitation spectra  

for Еem=3.2 eV (inset). T=300 K. 

Fig.2. Luminescence kinetics of 
6
Li-based fibers 

for Еem=3.2 eV after soft-X-Ray (Еex=138 eV) and 

electron beam (Еex=140 keV) excitation. Т=300 К. 
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Ce3+-doped scintillating crystals are used in different imaging applications (PET, 
SPECT, gamma camera, X-ray radiography, etc.) [1]. Recently, an attention was focused 
to the UV emitting scintillators, especially Pr3+-doped ones [2,3]. Detection in the UV 
range could result in better 2D-resolution in imaging applications compared with 
materials emitting in the visible range [2]. A few years ago slow decay optical ceramic 
(OC) materials were developed as e.g. Gd2O2S:Pr, Ce, Eu [4]. However, the latest R&D 
is concerned to prepare fast OC materials, especially cubic garnets are studied, e.g. 
YAG:Ce ceramics [5]. Compared to single crystal (SC) analogues the OC materials show 
(i) higher and homogeneous dopant concentration, (ii) lower preparation cost and (iii) 
large pieces can be prepared. The aim of this paper is to investigate and compare 
scintillating properties of ceramic Pr3+-doped (Lu,Y) aluminum garnet materials with 
their SC analogues (standard Czochralski grown LuAG, YAG and BGO crystals) and 
also with thin epitaxial layers of these materials.  
 

Pr3+-doped (Lu,Y) aluminum garnet OC materials were prepared by a solid state 
reaction method through vacuum sintering [6]. Optically polished plates (~ 14 mm in 
diameter and between 0.5 and 2 mm thick) with different Pr concentration and as-grown 
or annealed samples were used for scintillation studies. Nphels photoelectron yield was 
evaluated from the pulse height spectra using different X- or γ-ray lines in the energy 
range 10 – 1300 keV. Other characteristics as energy resolution (FWHM), time 
dependence of Nphels yield and its nonproportionality were evaluated as well. Detailed 
Nphels yield measurements show that Pr3+-doped (Lu,Y) garnet OC exhibit of about 30-40 
% lower yield than SC. However, Nphels yield increase with time (shaping time range 0.5-
10 μs) is lower in OC than that in SC. This difference and influence of various defects in 
OC, SC and single crystalline epitaxial layers on their scintillation mechanism will be 
discussed and summarized. 
 
References 
 
[1] C.W.E. van Eijk, Physics Medica, vol XII, suppl. 1 (1996), 23.   
[2]     Y. Zorenko, V. Gorbenko, T. Voznyak, M. Thierry, P-A. Duissard, J.A. Mares and M. Nikl,  Proc.  
           of SPIE on CD-ROM, Defense, Security and Sensing 2009: Sensor Technologies, Vol. 7310 – Non- 
           Intrusive Inspection Technologies II, 13-17 April 2009, Orlando, Fla., USA, paper 7310_6. 
[3]    J. Pejchal, M. Nikl, E. Mihokova, J.A. Mares, A. Yoshikawa, H. Ogino,, K.M. Shillemat, A. 

Krasnikov, A. Vedda, K. Nejezchleb and V. Mucka, J.Phys. D: Appl. Phys., vol. 42 (2009), 055117.   
[4]      C. Greskovich and S. Duclos, Ann. Rev. Mater. Sci. vol. 27 (1997), 69. 
[5]      E. Zych, C. Brecher, A.J. Wojtowitz, H. Lingertat, J. Lumin. 75, (1997), 193.  
[6]      Y. Shi et al, Radiation Measurement (2010). DOI: 10.1016/j.radmeas.2010.01.033 
 
The support of the Czech GA AV KAN 300100802 and MSMT, Kontakt ME10084 projects is gratefully 
acknowledged 



EURODIM 2010 11.5

EVOLUTION OF LUMINESCENT PROPERTIES IN FULL RANGE 
OF Lu2XGd2-2XSiO5:Ce MIXED CRYSTALS  

 
O. Sidletskiy1, A. Belsky2, A. Gektin1, N. Shiran1, B. Grinyov1

 
1 Institute for Scintillation Materials NASU, 60, Lenin Ave., 61001, Kharkiv, Ukraine 

2 LPCML, CNRS, Université Lyon 1, Villeurbanne F-69622, Université de Lyon, Lyon, F-69003, France 
 
 

Transition from simple to mixed crystals (i.e. solid solutions) is a one of the 
methods to modify properties of oxides scintillators. There are two main problems 
covering such studies. The first is the crystal lattice formation and stability, including the 
point defects equilibrium state during crystallization and later treatment. The second one 
relates to the activator (basically, Ce3+ ions) state and carrier capture to luminescence 
centers. We discuss the second problem for the mixed oxides (Lu2XGd2-2XSiO5 (LGSO), 
X – from 0 to 1) on the base on the last data of time resolved spectroscopy at VUV range 
(synchrotron excitation), photo and X-ray luminescence, TSL and scintillation studies.   

 
Lu2XGd2-2XSiO5 (LGSO) host forms the series of solid solutions with monoclinic 

C2/c and P21/c space symmetries in dependence on the Lu/Gd ratio [1]. Host structure 
and composition substantially influence the scintillation properties of LGSO:Ce [2, 3]. 
Recently, it has been shown that move from Lu to Gd dominate host lead to the 
permanent loss of scintillation efficiency. At the same time, proper choice of Lu/Gd ratio 
and activator concentration in LGSO:Ce provides the long decay time components 
suppress by 2-3 orders of magnitude (in comparison with LSO:Ce) without substantial 
drop of light yield and worsening of other scintillation characteristics [4]. The nature of 
these phenomena is analyzed in the present work by means of spectroscopy and pulse 
kinetic study from 10 to 293 K. The whole set of crystals from LSO to GSO was grown 
by Czochralski method as it was described in [4].  

  
The evolution of Ce3+ center state in mixed crystals is manifested in appearance of 

prolonged rise times in luminescence kinetics at excitation at Eg and higher energies. 
Luminescent mechanisms in LGSO in comparison with other mixed silicate scintillators 
(Lu2xY2-2xSiO5 (LYSO), Gd2xY2-2xSiO5 (GYSO)) are discussed.  

 
The work is supported by Ukrainian-French scientific project N23997of NAS of 

Ukraine and CNRS “Structure, electronic and scintillation properties of mixed crystals 
based on silicates of lutetium and gadolinium”.  
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Nanometer-sized defects (nanodefects) are ubiquitous in artificially and naturally 
formed substances. In metals, intermetallic compounds, semiconductors, and 
quasicrystals, vacancies [1] on element-specific sublattice often govern atomic diffusion, 
plastic deformation, and structural phase transformation. In polymers and inorganic 
glasses, free volumes [2] with definite affinity play an important role in gas permeation 
and ionic conduction such as Li+ diffusion associated with oxygen atoms in polymer 
electrolytes. A positron, anti-particle of electron, has a great potential for the 
characterization of nanodefects in substances [3-4]. It has been indicated that vacancies 
in metals and intetmetalic compounds can be investigated by positrons [5-11]. Our recent 
studies, however, suggested difficulties in characterization of nanodefects with positrons 
for light-element materials as, e.g., polymers, glasses, minerals, and ceramics, due to the 
formation of positron-electron bound state, positronium (Ps) [12]. Here, new advanced 
technique with the use of Ps is presented focusing on the characterization of nanodefects 
in insulating materials consisting of light-element materials [12-13]. With the technique, 
the capability of Ps-probe for specific orbital electrons of molecules around nanodefects 
is discussed. Furthermore, we explore elemental migration through nanodefects in 
insulating materials.  
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The interaction of impurity ions with the particles environment is one of the main reasons why the 

fluorescence of doped insulating nanoparticles (size 1-100 nm) may be modified compared to that of the 

corresponding bulk material.  At the same time the general features of spectra of impurity ions in 

nanoparticles remain similar to those in the bulk material because the spatial extent of the localized 

electronic states is much smaller than the nanoparticle size.  The sensitivity of the nanoparticles 

fluorescence to the environment make them interesting as potential probes of different properties and 

processes in very different kinds of media ranging from inorganic glasses to biological objects. 

 

Y3Al5O12:Ce
3+

 (YAG:Ce
3+

), Sc2O3:Ce
3+

 and Y2O2S:Ce
3+

 are luminescent materials with a broad 

electron-phonon emission band which is due to fast (<100ns) electric dipole allowed 4f
0
5d

1
 - 4f

1
 radiative 

transition.  In these Ce
3+

 - doped dielectrics the emission occurs in the visible part of the optical spectrum.  

YAG:Ce
3+

 has attracted much attention because it is widely used in white-light emitting LED light sources 

for conversion of blue LED emission into the green-red spectral range.  Ce
3+

 doped nanocrystals also 

received significant attention, mainly, as new phosphor materials. 

 

Optically excited fluorescence of YAG:Ce
3+

, Sc2O3:Ce
3+

 and Y2O2S:Ce
3+

 nanoparticles (size 20-50 

nm) was studied at different temperatures and pressures of the surrounding gaseous media (air, N2, He).  A 

striking new effect was observed: the intensity of 4f
0
5d

1
 → 4f

1
 fluorescence of Ce

3+
 ions in YAG and 

Sc2O3 nanoparticles dramatically depends on the pressure of the gaseous media in which the powder 

samples are placed.  The excitation power dependence of fluorescence is perfectly linear at ambient 

pressure whereas at 20 Pa this dependence saturates.  At low (<100 Pa) gas pressures slow (seconds) 

fluorescent transients follows the modulations of optical excitation. 

 

It is shown that the temperature quenching of Ce
3+

 luminescence caused by laser heating is not big 

enough to explain the observed fluorescence transients and laser power dependencies.  The effects 

observed below 100 Pa may be explained based on a model, involving Ce
3+

 two-photon photoionization 

resulting in conversion to Ce
4+

 followed by Ce
3+

 recovery assisted by surrounding gas molecules.  The 

pressure dependence of the fluorescence at higher pressures (10
3
-10

5
 Pa) is not related to photoionization; 

rather, the responsible processes may include modification of the surface of the particles by adsorption of 

gas molecules that changes the parameters of surface traps or by dehydroxylation of the surface when 

pumping.  The hysteresis observed in the pressure dependence of Sc2O3:Ce
3+

 nanocrystals fluorescence 

confirms the importance of absorption/desorption of molecules at the nanoparticle surface.  No pressure 

effects were observed in Ce
3+

 fluorescence of Sc2O3 of micron crystallite size; this proves that the gas 

pressure effect on the fluorescence of Ce
3+

 doped nanocrystals is an inherently nanoscale effect.  The 

observation of the gas pressure dependent fluorescence in different Ce
3+

-doped nanocrystalline materials 

suggests that the effect may be of a general character. 

 

The observations demonstrate the possibility of probing the pressure at the single molecule level 

with nanoparticles.  The influence of the surrounding media on Ce
3+

 fluorescence is important to 

understand for optimization of small-grain phosphor efficiency. 

 

The authors acknowledge support by Russian Foundation for Basic Research grant 08-02-00907. 
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Rare-earth(RE) doped fluorozirconate-based glasses show enhanced fluorescence 

properties when they are additionally doped with Cl or Br ions, which initiate the growth 

of BaCl2 or BaBr2 nanocrystals, respectively, upon thermal processing. The REs are 

incorporated into the nanocrystals during the annealing procedure enabling a strong 

fluorescence upon excitation. A critical parameter for the fluorescence efficiency is the 

non-radiative decay process from the excited to the ground state. Non-radiative decay 

processes are determined by the phonon energies of the host system. Low phonon energy 

systems such as BaCl2 or BaBr2 with maximum phonon energies of 198 cm
-1

 [1] and 

136 cm
-1

 [2], respectively, are desirable hosts for fluorescent ions. The size and structural 

phase of the nanocrystals depend significantly on the heating conditions; consequently, a 

series of chlorine- or bromine-doped fluorozirconate-based glasses were analyzed to 

determine their phonon energy spectra by micro-Raman spectroscopy. For comparison, 

the phonon spectra of bulk BaCl2 and BaBr2 were investigated.  
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It is well known that Si implantation into SiO2 and subsequent high temperature 

annealing (more than 1000 oC) induce the formation of luminescent Si nanocrystals. The 

photoluminescence peaking in the near infrared or visible spectrum is related to Si 

nanocrystals formed by decomposition of the SiOx phase with high temperature 

annealing. In this work, the potentialities of excimer UV (172nm, 7.2eV) irradiation and 

rapid thermal annealing (RTA) to enhance the photoluminescence intensity and to 

achieve low temperature formation of luminescent Si nanocrystals have been investigated. 

The samples used were prepared by implanting Si into oxidized Si layers. The implanted 

samples were subsequently irradiated with a UV excimer lamp and treated with RTA. 

Finally, the samples were annealed for a few hours using conventional oven. 

Photoluminescence spectra were measured at various stages at the process. We found 

that the luminescence intensity strongly enhanced with an excimer UV-lamp irradiation, 

and subsequent rapid thermal annealing prior to a conventional furnace anneal. Moreover, 

effective visible photoluminescence is found to be obtained even after furnace annealing 

below 1000 oC, only for specimens treated with an excimer UV-lamp irradiation and a 

rapid thermal annealing process, prior to conventional furnace anneal process. 

 
Figure: PL spectra of specimens of SiO2 film on Si wafer implanted to a fluence of 7.5×1016 Si ions/cm2. 
Specimens were treated with various processes, including UV irradiation and RTA. All of specimens were 
finally annealed with conventional furnace at 900 oC or 1050 oC for 4 hours. 
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Because of their versatile application potential nanocrystalline (NCD) and ultra-

nanocrystalline (UNCD) diamonds are subjected to intensive research. The properties of 

NCD thin films and grains are significantly affected by the defects found on the surface 

of nanocrystals and in the interfacial regions of the layers. Dominant sources of these 

defect centers are the sp
2
 hybridized carbon atoms that terminate the sp

3
 diamond lattice 

and interconnect the neighboring crystallites in NCD films. The detailed evaluation of 

these defects is of great importance for practical applications of NCD.  

 

Since sp
2
 hybridized C atoms have high Raman scattering cross-section, Raman 

spectroscopy could be a valuable method for the determination of bonding structure of 

these defects. In this work near-infrared excited Raman spectroscopy and surface-

enhanced Raman spectroscopy were used to investigate defects in different NCD 

materials.  

 

Using this method we were able to identify several different structural units built of 

sp
2
 C atoms. The peaks found in the Raman spectra were assigned to aromatic rings, 

conjugated chains and other sp
2
 C molecular groups. It was found that the structure of the 

interfacial region depends on the grain size. Dominant defects were revealed by statistical 

analysis of the experimental data. 
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Small nanoparticles (quantum dots – QDs) of wide band-gap II-VI semiconductors 

doped with transition ions are intensively investigated due to their outstanding electro-
optical properties. Despite intensive research, both doping mechanisms and localization 
of activating ions in the core of the QDs are still hotly debated [1]. Thus, in the case of 
the cubic II-VI semiconductor QDs such as ZnS, ZnSe or CdS, the accepted 
substitutional localization of the Mn2+ activating ions could not explain the presence of 
intense hyperfine forbidden transitions in the EPR spectra. Moreover, neither the 
diffusion nor the adsorption mechanisms could explain the high doping levels observed 
in such nanomaterials which are usually prepared at relatively low temperatures (T < 
350 oC) [2]. 

We will present here the results of correlated structural (XRD, TEM/HRTEM) and 
multifrequency EPR investigations on cubic ZnS:Mn QDs of 2 nm average size, self-
assembled into a mesoporous structure, which resulted in a tight size distribution and a 
lower degree of crystalline disorder [3].   

The improved quality of the cubic ZnS:Mn QDs resulted in higher resolution EPR 
spectra and did allow us to conclude, based on a correlated multifrequency EPR and 
HRTEM data analysis, that the Mn2+ ions are preferentially localized in the core of the 
cubic ZnS:Mn QDs at cation Zn2+ sites situated next to a planar defect as a stacking fault 
or twin [4]. Consequently, the resulting local axial distortion of the normally tetrahedral 
crystal field at the impurity ion should be also taken into consideration when evaluating 
the local quantum properties. Our results also indicate that the extended planar lattice 
defects play an essential role in doping cubic ZnS and other cubic II-VI semiconductor 
QDs with Mn2+ ions. Indeed, such defects, when emerging the surface of the QDs, create 
steps which are known to attract the impurities [5] by lowering their binding energy. 
Therefore, one expects the doping to be controlled mainly by the trapping of impurities at 
the steps on the surface of the growing QDs containing stacking defects.  

Our results underline for the first time the essential role which can be played by the 
intrinsic lattice defects in the incorporation, localization and modeling the properties of 
activating ions in cubic II-VI semiconductor QDs grown at low temperatures, which are 
of essential importance in developing such nanomaterials for various applications.    
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X-ray microscopy represents a powerful tool to obtain images of samples with very 
high spatial resolution. X-ray microscopes need imaging detectors to measure X-rays that 
pass through the investigated specimen. The main limitation of this technique for high 
resolved imaging is represented by the poor spatial resolution of standard imaging 
detectors. We introduce innovative high-performance X-ray imaging detectors based on 
the visible photoluminescence of colour centres in lithium fluoride (LiF) [1]. Stable point 
defects can be produced in LiF by ionizing radiation such as X-rays. Among them, we 
focus our attention on F2 and F3

+
 aggregated defects, which have almost overlapping 

absorption bands (M band) at 450 nm [2] and exhibit two broad emission bands in the red 
and green spectral ranges, respectively. These properties can be exploited to detect X-
rays and produce optical bi-dimensional images of biological samples, micro and 
nanostructures, materials and devices. The intrinsic spatial resolution of LiF-based 
imaging detectors is related to the colour centre dimensions, that are at the atomic scale 
(∼ 1 nm), but in practice is limited by the optical microscope utilized for the reading 
process. By using advanced fluorescence optical microscopes as readout instruments, 
such as a Confocal Laser Scanning Microscope (CLSM) and a Scanning Near field 
Optical Microscope (SNOM), optical fluorescence images with sub-micrometric and 
nanometric spatial resolutions were respectively obtained [3, 4]. Several features, i.e., 
very high spatial resolution over a large field of view, wide dynamic range, versatility 
and simplicity of use, high sensitivity, make LiF-based detectors very promising and 
attractive as imaging plates for X-ray microscopy in the fields of material science, 
characterization of intense X-ray sources, and biological investigations – even for in vivo 
specimens. 

A CLSM equipped with an argon laser operating at 458 nm in continuous-wave 
mode was used to measure F2 and F3

+
 integrated visible fluorescence signals of LiF 

crystals and films (grown on several kinds of substrates) irradiated by soft X-ray in 
different exposing conditions. The results are compared with F2 and F3

+
 

photoluminescence spectra of the same samples, taking into account the optical 
characteristics of LiF detectors and the microscope operating parameters. 
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A radiophotoluminescence (RPL) dosimeter using a silver-activated phosphate 

glass (designated PG:Ag) has been commercially available and is being increasingly used 
for a personal solid-state dosimeter as well as for various radiation measurements.  

This presentation offers some practical problems to be urgently resolved for the 
RPL dosimeter, which are RPL “build-up” kinetics, i.e., an increase of RPL-centre 
concentrations as a function of time after irradiation, and development of a novel readout 
system with high sensitivity and fast processing.  

We have systematically investigated the X-ray-induced RPL bands in PG:Ag to 
resolve the former problem and allow the detailed understanding, and we have ascribed 
these bands to Ag0, Ag2+, Ag2

+, and Ag3
2+ centres, by means of optical, thermal and 

femtosecond pulse measurements.  
The weight composition of a commercially available GD-450 dosimeter (Chiyoda 

Technol Corporation) was 31.55% P, 51.16% O, 6.12% Al, 11.00% Na and 0.17% Ag. 
The absorption spectrum of PG:Ag irradiated with X-rays was decomposed into six 
Gaussian bands on the basis of its strong analogy with irradiated silver-activated sodium 
chloride (NaCl:Ag). We confirmed that blue RPL peaking at 450 nm was connected with 
the 270 and 345 nm bands of the excitation spectrum, while orange RPL peaking at 560 
nm was associated with the 308 nm excitation band. Each band of the excitation 
spectrum was in turn attributed to an Ag2

+, Ag0 or Ag2+ centre by analogy with the RPL 
of NaCl:Ag. 

Furthermore, we have proposed and constructed a novel readout system with a 
modulated ultraviolet CW laser (λ=371 nm, Pave=2.5 mW, Pdensity <50 W/cm2) to resolve 
the latter problem. Preliminary results using the homemade reader were taken for the 
blue and orange RPLs in PG:Ag with various doses from 0.5 mGy to 1.0 Gy.  
The most significant results will be presented and discussed in details. 
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Fluorescence thermometers (FTs) rely in their work on the measurements of 

temperature dependencies of the photoluminescence (PL) intensity or decay time of a 

phosphor material. The main requirement for the active fluorescent material of FT is the 

presence of intensive and well-resolved emission bands. At the same time, intensity (or 

decay time) of these bands have to be strongly and uniformly dependent on temperature. The 

majority of existing FTs are effective in temperature region ranging from 300 K to near a 

melting temperature point of oxide host matrix. Such temperature region was determined 

mainly by technical requirements of FTs applications that implied control over objects with 

temperature above ambient conditions. However, novel technological applications require 

effective FTs for cryogenic region of temperatures, from 4.2 K (liquid helium) to 77 K 

(liquid nitrogen). New technological schemes and methods that demand temperature 

measurements in cryogenic region with very high spatial resolution appeared in recent years 

[1, 2]. At the same time, the temperature measurement accuracy is less important in such 

applications than the measurement accuracy of the temperature spatial distribution.  

In this work we present further development of our investigations aimed to creation of 

the FTs for wide region of temperatures on the base of two types of oxide compounds. First 

of them were the chromium-doped molybdates and the other ones were perovskite - like 

titanates doped with europium. The choice was caused by differences in luminescence 

features and their dependences on temperature. Two well-resolved emission groups of lines 

peaking at 693.8 and 740.6 nm both originating from 2E → 4A2 transitions of Cr3+ ions have 

different temperature dependence in 4.2 – 100 K region and are suitable for FT creation. 

Strong lines of Eu
3+ 

emission originated from the various 
5
D0 � 

7
FJ intrinsic radiation 

transitions and wide band of green PL were used for calibration of FT in the higher 

temperature region. The temperature-dependent photoluminescence emission and excitation 

spectra of the powders with various grains size and impurity concentrations were studied in 

4.2 – 300 K temperature region. Dependencies of spectral characteristics on temperature, 

impurity concentration, method of synthesis, ratio of the mixture components and the 

powder grain sizes are studied. The errors of the FT temperature measurements in 10 – 80 K 

range are estimated to be less than 6 %. Variation of the working temperature ranges of the 

proposed FT by means of variation of the excitation wavelength and impurity concentrations 

were studied.  
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GRATINGS 
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Holographically recording an elementary  grating in a photosensitive material 
means that its complex refractive index is modulated. To characterize the properties of 
such gratings either interferometric or diffraction based experiments are employed. 
Usually, these are proper tools to determine the magnitude and a possible phase between 
the refractive-index and amplitude gratings [1].  Here, we compare the beam-coupling [2] 
method to the rocking-curve approach for volume-holographic gratings with high 
diffraction efficiencies in Ce-doped Strontium Barium Niobate (SBN) crystals. 
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left: beam-coupling and rocking-curve measurements of an elementary grating written in SBN; 
right: corresponding “beam-coupled rocking-curve” measurement.

left: beam-coupling and rocking-curve measurements of an elementary grating written in SBN; 
right: corresponding “beam-coupled rocking-curve” measurement.

After discussing the respective advantages and disadvantages of these techniques, a 
novel approach combining the strengths of both and overcoming their limitations is 
introduced. The theoretical foundation [3] of this analysis will be given, along with some 
numerical examples to illustrate its main characteristics. Finally, we demonstrate the 
superior performance of the latter over the standard procedures, by utilizing it for the 
evaluation of strongly over-modulated mixed holographic gratings. 
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Ion implantation, compared with other waveguide fabrication methods, has some 
unique advantages. It has proved to be a universal technique for producing waveguides in 
most optical materials [1,2]. Tellurite glasses proved to be hosts of rare-earth elements 
for the development of fibre and integrated optic amplifiers and lasers covering all the 
main telecommunication bands. Er3+- doped tellurite glasses in particular are very 
attractive materials for the fabrication of broadband amplifiers in wavelength division 
multiplexing (WDM) around 1.55 µm, as they exhibit large stimulated cross sections and 
broad emission bandwidth. Fabrication of channel waveguides in this material was 
reported recently [3]. The first objective of the present research was to optimise 
parameters of waveguide fabrication in the Er: tellurite glass via implantation of MeV 
energy N+ ions in a wide range of implanted doses. Besides of glasses, slab optical 
waveguides were designed and fabricated in CaF2, Bi4(GeO4)3 and Bi12GeO20 crystals, 
also using MeV energy N+ ions. Waveguides were characterised using the following 
methods: interference phase contrast microscopy, UV/VIS and NIR absorption 
spectroscopy, spectroscopic ellipsometry and m-line spectroscopy. Part of the implanted 
samples was annealed to improve waveguide properties, by partially removing 
implantation-generated colour centres. Optimal implanted doses and annealing 
conditions were determined for the fabrication of the N+ - implanted waveguides in the 
Er: tellurite glass. We report on first working slab waveguides fabricated in  CaF2  and 
BGO crystals using implantation of MeV-energy medium-mass ions.  
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 Recently we have investigated degradation and rejuvenation behavior in devices, 
prepared using ZnS:Cu,Cl and ZnS:Cu,Mn,Cl phosphors[1,2], to address the fundamental 
issues that control AC electroluminescence (EL). AC EL occurs for relatively low AC 
voltages of order 100V for 20-30 µm ZnS particles, because of E-field enhancement 
about CuS nano-precipitates. For practical applications it is desirable to be able to use 
lower voltages – and that requires much smaller particles, but such particles made 
smaller by grinding, do not yield good AC EL. Here we report EXAFS, and XANES 
measurements on similar phosphors of various particle size (1-25µm) to understand 
particle size effects that also limit the AC EL; the particles were binned into three sizes – 
20-30 µm, 5-15 µm, and ~ 1 µm .  The XANES experiments show a large change of the 
Cu  K-edge structure as the particle size decreases, but no corresponding change of the 
K-edges for either the Zn (host) or Mn dopants. The EXAFS show a similar result: a 
significant decrease in the EXAFS amplitude for Cu data, but no significant change for 
the Zn or Mn data.  This implies damage along the planes where the CuS precipitates 
form 

We also further explore the degradation using time-lapse microscopy of large 
particles (20-30 µm) while the AC EL degrades with time for operation at 80 kHz.  Here 
we find that the intensity from each tiny emission spot (~ 1 µm in size) does not always 
decrease uniformly (although the device as a whole appears to), but fluctuates and can 
increase occasionally; several emission centers turn off suddenly, and some suddenly 
turn back on at a later time.  We also find the intensity of different emission spots within 
a particle often have different time dependences. 

These results have important consequences for understanding the mechanisms that 
control AC EL, and indicate serious barriers for significantly improving devices. 
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Optimisation of x-ray storage phosphor materials for radiographic applications is 
highly dependent on the understanding of the role of lattice defects and impurities in the 
photostimulated luminescence (PSL) process. The material CsBr:Eu2+ has a high 
potential for use in high-resolution x-ray imaging plates due to its excellent x-ray 
sensitivity [1] and the ability to be formed in needle-structures to eliminate light 
scattering [2], however it has been shown that the imaging characteristics are strongly 
influenced by incorporated defects, in particular oxygen [3] and water [4]. 

In this work, it is shown that undoped CsBr, as obtained from chemical supplier 
companies, contains significant levels of oxygen defects, regardless of purity or dryness 
of samples. These defects are involved in the trapping process of radiation induced 
electrons and holes and display both photoluminescence (PL) under UV excitation as 
well as PSL following x-irradiation. The oxygen impurities can be removed using a high-
temperature reduction reaction with NH4Br and can then be reincorporated with a 
controlled concentration following doping with CsOH. 

We present the results of a study on the effects of oxygen impurity concentration 
on PL and PSL properties of CsBr and CsBr:Eu2+, as well as a discussion on the 
enhancement of the PSL intensity following simple hydration at room temperature  
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High-concentrated M1-xRxF2+x (0.1 < x < 0.5, М = Ca, Sr, Ba) solid solutions have a 
distorted fluorite lattices with the excess of interstitial fluorine ions and anionic vacancies 
[1]. As was shown Ca1-xEuxF2+x and Ca1-xCexF2+x crystals demonstrate high radiation 
stability [2, 3], whereas X-irradiation of Ca1-xРrxF2+x solid solutions causes loss of 
transparency in VIS and near UV range [4]. 

The present work goes on the studying of optical and radiation induced properties 
of M1-xRxF2+x solid solutions and focuses on Dy3+-containing crystals in order to extend 
the row of rare-earth ions and analyze their effect on radiation stability of mixed systems. 
It has been shown that X-irradiation of this system gives rise to overlapping bands in UV 
and VIS spectral range. Induced absorption of Ca0.65Dy0.35F2.35 is similar to that found in 
Cа0.65Рr0.35F2.35 crystals. Color centers annihilation in Ca0.65Dy0.35F2.35 is accompanied by 
intense phosphorescence, corresponded to 4F9/2 → 6H15/2, 

6H13/2, 
6H11/2, 

6H9/2 transitions in 
Dy3+ ion. Afterglow intensity is much higher in Ca0.65Dy0.35F2.35 than in Cа0.65Рr0.35F2.35 
crystals. Comparison of TSL spectra of Dy-and Pr-containing systems reveals the 
similarity of color center thermal stability. 

The obtained data allow us to assume that the coloration of Са1-xRxF2+x crystals is 
caused by the anionic sublattice defects, whereas the role of rare-earth ions is to stabilize 
radiation induced color centers. 

 
Fig.1 Induced absorption (left), TSL curves (right) and afterglow spectra (inset) of Cа0.65Рr0.35F2.35 (a) and 
Ca0.65Dy0.35F2.35 (b) crystals (X-ray, dose 80 Gy, 300K).  
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Crystals  doped  by  Pr3+ ions  could  be  considered  as  perspective  materials  for 
scintillator or quantum cutting applications [1]. The mechanism of energy transfer from a 
host  to  Pr  ions  still  remains  one  of  the  unsolved  questions.  The  spectroscopic 
investigation in the vacuum ultraviolet region is one of the most powerful methods for 
studying the mechanisms of energy transfer. Emission and excitation spectra as well as 
the emission decay kinetics of CaF2, SrF2 and BaF2 doped by 0.15 mol. % of PrF3 were 
studied in  the region of  2-24 eV at  11 K. The measurements  were conducted at  the 

SUPERLUMI  station  of 
HASYLAB  at  DESY 
(Hamburg, Germany).

Excitation spectra for the 
shortest-wavelength  band  of 
the 5d-4f emission of Pr3+ are 
shown in the region of exciton 
and interband photon energies 
in  Figure.  The  curves  were 
normalized  for  the  intensities 
at  5.7  eV  of  a  direct  4f-5d 
excitation.  The  excitation 
spectra of CaF2 and SrF2 show 
a sharp decrease at the exciton 
edge energies. The decrease is 
less  prominent  in  BaF2.  The 
spectra are of low intensity and 
almost  structureless  in  the 

region  of  the  interband  transitions.  The  prominent  excitation  peak  near  19.5  eV  is 
observed for BaF2 and absent in CaF2 and SrF2 crystals. No such peak is observed for the 
Pr3+ 4f-4f emission in BaF2. Excitation intensity at 19.5 eV is only twice as low as that in 
the region of a direct 4f-5d excitation. A similar excitation spectrum was measured for 
BaF2-0.3 % PrF3 earlier [2]. The excitation spectrum of the 5d-4f emission well coincides 
with that of the crossluminescence. The crossluminescence (or core-valence) transitions 
occur  from  the  valence  band  to  the  outmost  core  band.  The  crossluminescence  of 
undoped BaF2 consists of the main band at 5.7 eV and a lower-intensity band at 6.3 eV, 
both overlapping strongly with the Pr3+ 4f-5d absorption.

The  above-described  excitation  spectra  prove  that  the  Pr3+ 5d-4f  emission  is 
efficiently excited over the core-valence transitions in BaF2. 
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Doping of the lead tungstate crystals by the RE ions significantly improves 

transmission in the short wave length region and radiation hardness of the PWO. At the 

same time relations between the effects of the RE ions on the PWO characteristics on the 

one hand and structure of the impurity centers and mechanisms of energy transformations 

on the other hand are still under discussion. The investigated in this paper PWO crystals 

were grown by the Czochralski method. Impurities were added into the crystals using the 

RE2O3 oxides (Eu, Yb, Pr oxides). Their concentrations in the blend were 5⋅10
-2
 wt %.  

 

Luminescence spectra of the un-doped PWO crystal obtained at 10 K consist of the 

band in 350 – 700 spectral region with maxima at about 460 and 470 nm at 300 and 270 

nm excitations, respectively. For the Eu
3+
-doped PWO crystals these maximums are 460 

and 455 nm; for the Pr
3+
-doped and Yb

3+
-doped PWO crystals these maximums are 445 

nm for the both noted excitations (Fig.1). Three bands with maximums at 520, 570 and 

610 nm form the luminescence spectra at 320 nm excitation for the un-doped and Eu
3+
-

doped and Yb
3+
-doped PWO crystals. Differences in the maximum positions for the main 

band obtained at 300 and 270 nm excitations can be explained by complex character of 

this band. It is well known, that emission spectra of the PWO crystals consist of the blue, 

green and orange-red emission. Obviously, the main band is complex and contains both 

the blue and green components and relative contribution of the green component 

decreases with adding of the impurity RE ions, that causes shift of maximum of the main 

band from 470 nm for the un-doped crystals to 445 nm for the RE-doped crystals. 
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Figure 1: Luminescence spectra of the un-doped (left) and Yb

3+
-doped (right) PWO crystals  

at T = 10 K; λex = 270 (1) and 300 (2) and 320 nm (3) excitations 

 

Experiments were carried out at SUPERLUMI station at HASYLAB, DESY, Hamburg, 

Project II-20080221. 
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Borates with huntite-type structure LnAl3(BO3)4 (Ln=Y, Gd, La) are representatives
of self-frequency doubling laser host crystals with good incorporation of rare-earth ions,
large nonlinear optical coefficients and far UV, VUV transparency. The goal of this work
was to study the effect of Eu and Tb and their interaction (concentrations of 3-20 at%
of Gd-component) on the spectra of GdAl3(BO3)4 (GAB) crystals. Pure and Tb and/or
Eu doped GAB crystals were grown by the TSHTS-method from K2Mo3O10/B2O3 flux.
The crystal compositions were verified by AAS. The crystal structure was investigated by
X-ray diffraction (XRD). The Rietveld and Le Bail refinements of the pattern have shown
that the substitution of Tb or Eu as single dopants for Gd atoms leaves the space group
invariant, namely R32. However, the space group of double-doped (Eu+Tb) GAB crystals
was changed to a monoclinic modification.

Dopant related absorption bands in the 2500–34000 cm−1 wavenumber range were
investigated at room temperature in GAB crystals with different compositions. The Tb
absorption lines slightly shifted to lower, while the Gd lines slightly moved to higher
wavenumbers (about 2–3 cm−1) with increasing Tb concentration. However the same
absorption bands measured in the double-doped samples shifted by at about 11 cm−1 (see
Fig. 1.a). In the co-doped samples some of the Eu absorption bands were also split (see
Fig. 1.b) which was not observed in the single-doped GAB:Eu crystals. Low temperature
and polarization dependent absorption measurements are under progress.
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It is demonstrated that Ru addition in sillenite crystal structure act as a very effective trap 
center, which improves the photo sensitivity and response speed and shows prospective 
features for near infrared applications. 
 

In recent years, special attention had been focused on the near infrared (NIR) 
sensitivity and recording speed improvement of inorganic crystals, being of essential 
technological interest for utilization of cheap diode lasers in photorefractive devices 
development, for non-destructive biological object testing and telecommunication 
interconnections.  

In this work, the response time enhancement of Ru-doped Bi12SiO20 (BSO) and 
different concentrations of Ru-doped Bi12TiO20 (BTO) crystals will be presented and 
discussed. We show that pre-exposure with a green light of 532 nm significantly 
improves the response time of 60 ms for Ru-doped BSO (fig.1a). To the best of our 

knowledge this is the first dopant in sillenite structure, which shows both considerable 
recording speed, and near infrared sensitivity. Varying the Ru content in BTO crystals, 
an extended lifetime of holographic grating is detected and possible to control with 
varying the gating light intensity (fig.1b). 
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Fig.1 Holographic recording and read-out at 1064 nm: (a) BSO:Ru, (b) heavy Ru-doped BTO. Solid 
lines represent the behavior without preliminary treatment, dot lines- after 532 nm pre-exposure 

The presented results show prospective features for near infrared applications in real-
time analysis and image processing, for non-destructive imaging of biological objects 
and possibility for two-wavelength recording. Further improvements by applying an 
external electric filed or oxidation-reduction treatment are potential.   
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Synthetic hydroxyapatite (HAP) is widely used material for bone implants due to its 

good biocompatibility with bone tissue. HAP with carbonate (СО3-НАР), due to its high 
radiation susceptibility, is a promising material for producing high-sensitive EPR 
dosimeters. Both factors cause an increasing interest to HAP, as well as to the changes in 
its structure and properties under various external influences. On the other hand, the 
properties of HAP depend essentially on the impurities in the material. Carbon is the 
most studied impurity in HAP. The influence of carbon on the HAP properties has been 
studied by X-ray diffraction, IR spectroscopy and EPR methods. Another important 
impurity is nitrogen that is incorporated into the HAP lattice at synthesis as an 
uncontrolled impurity. Its properties are studied insufficiently. The aim of the present 
study is to determine radiospectroscopic parameters and to study the structure and 
properties NO3

2- centres in γ- and UV-irradiated HAP and СО3-НАР. 
HAP powders were synthesized by mixing (NH4)2HPO4 and Ca(NO3)2 salts in an 

aqueous medium. The initial molar ratio Ca2+/PO4
3- was 10/6, and precipitation was 

carried out at pH 7.5-7.7. To obtain СО3-НАР the Na2CO3 was added to the solution. 
The samples were irradiated at room temperature in air by 60Со γ-rays and/or by UV- 
light from the mercury lamp of middle pressure (PRK-2 type). The absorbed doze of γ-
irradiation was ~ 10 kGy. Time of UV- irradiation was ~ 4 hours. EPR measurements 
were carried out using Х-band EPR spectrometer at room temperature. 

Generation of NO3
2- centres in carbonate-free HAP under the influence of UV light 

is observed here for the first time. It is shown that under UV-irradiation two types of 
NO3

2-, namely, NO3
2-(I) and NO3

2-(II), are formed in HAP. The EPR spectra of these 
centres are characterized by the parameters: NO3

2-(I) - g = 2.0017, g⊥ = 2.0057 and 
А = 6.70 mT, А⊥ = 3.51 mT; NO3

2-(II) - g = 2.0017, g⊥ = 2.0057 and А = 6.70 mT, 
А⊥ = 3.27 mT. Under γ-irradiation only one type of NO3

2- defects, namely, NO3
2-(II), is 

formed. For СО3-НАР, it is shown that both UV- and γ-irradiation lead to the formation 
of only one type of centres - NO3

2-(III). Its parameters are: g = 2.0017, g⊥ = 2.0058 and 
А = 6.8 mT, А⊥ = 3.45 mT. 

The influence of thermal annealing on NO3
2- complexes is studied. It is found that 

annealing up to 250oC reduces the concentration of NO3
2-(I) and NO3

2-(III). At the same 
time for NO3

2-(II) the decrease of centres concentration is accompanied by increase of the 
hyperfine interaction constant А⊥. 

Based on the experimental results the models of centres were proposed. According 
to these models NO3

2- forms complexes with some other non-paramagnetic lattice 
defects. Differences between NO3

2-(I), NO3
2-(II) and NO3

2-(III) centres parameters are 
caused by different distances between NO3

2- and these lattice defects. 
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Non linear optical materials such as potassium hydrogen phthalate (KAP) or 
potassium dihydrogen phosphate (KDP) are attracting great interest because of their 
possible applications. Dye-doped KAP and KDP single crystals have been reported to 
present extremely interesting optical properties [1, 2]. One of the most important features 
of such host materials is their high optical quality. Recent reports focused on the 
luminescence and up conversion due to second harmonic generator properties of the host 
KAP crystal doped with different dyes [3, 4].   
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Figure 1: Emission spectra of Rh 6G doped KDP (squares) and Rh 6G 

doped KAP (circles) under light excitation at 480 nm.  
 

This paper presents our most recent studies regarding the optical properties of KAP 
and KDP crystals doped with different dyes (rhodamines and coumarins). Single dye-
doped crystals were grown using crystallization by evaporation technique. Structural 
properties are analyzes using X-ray diffraction and the optical properties are evaluated 
using transmission optical spectroscopy and photoluminescence measurements. 
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The irradiation experiments on the cyclotron ion accelerator DC-60 (Astana, 

Kazakhstan) are presented. Color centers in LiF crystals irradiated with 195 MeV Xe, 

117 MeV Kr, 147 MeV Kr and 18 MeV N ions are studied using UV-VIS absorption 

spectroscopy and electron scanning- and atomic - force microscopy. 

The defect creation in alkali halides strongly depends on the energy loss of the ions 

(dE/dx), absorbed energy (fluence), and irradiation temperature [1,2]. The irradiation 

parameters are calculated [3]. The electron energy loss is larger than the nuclear energy 

loss and energy transfer from the ions takes place by ionization and electronic excitation. 

The maximum energy of δ electrons in LiF is limited to 2.8 - 3.2 keV. These electrons 

interact with the solid and finally via lattice excitations create color centers. 

Depending on fluence and ion flux (beam current) the number of F centers per 

track, the number of Fn  centers was estimated using absorption spectroscopy. 

On the surface of all ion irradiated lithium fluoride crystals, hillocks of similar 

diameters and height are formed. The number of hillocks is in compliance with ion 

fluence to a precision of 10%. Considering values of electron energy loss of Xe, Kr, N 

ions, one can observe hillock height increase with energy loss.  

         Hillocks are presumably formed from mobile radiation defects:  0

2F molecule of 

fluorine and 


ii FLi dipole [4], appearing on the surface of crystal during the radiation 

process. By results of the energy dispersion analysis (JSM-7500F) it was determined that 

fluorine makes up 75 % of all formations on the surface. Therefore it can be assumed that 

formation is of the form of 

3FLi  . Reaction which occurs on a crystal surface at an 

irradiation:  0

2F +


ii FLi → 

3FLi .  
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Potassium tantalate KTaO3 is a well known prominent representative of perovskite-
type highly polarizable oxides, whose attractive properties appreciably depend on the 
impurities and defects. Thereupon, knowledge about structure and microscopic properties 
of the active impurity centers in KTaO3 are certainly of considerable importance.  

In this work we focused on studies f-f optical absorption and luminescence spectra 
of Er3+ impurity in potassium tantalate. Single crystals of KTaO3:Er were grown from a 
melt solution with an excess of K2O and addition of erbium (0.05% wt. in the charge). 

The absorption spectra were recorded at 293, 777 and 2 K within 350 – 650 nm of 
the spectral region. The structured spectra of intraconfigurational optical transitions from 
the 4I15/2 ground state to excited levels of Er3+ions were observed.  At T = 2 K, detail 
studies of the optical transitions to the 4F9/2, 4S3/2, 2H11/2, 4F7/2, 4F5/2, 2H9/2, 4G11/2 excited 
levels allowed us to determine quantity of components for the individual transitions. It is 
appeared that absorption spectra exhibit both intense and weak absorption lines, 
providing the existence of at least two types of Er3+

 impurity centers, that is, major and 
minor (much less concentrated) ones.  

The emission spectra of the 4S3/2, 4F9/2→4I15/2 transition were excited by a He-Cd 
laser beam (422 nm) and studied in the 12÷70 К temperature region. At T = 12 К the 
emission spectra comprises quantity of the spectral lines is more than that is allowed 
theoretically for optical transitions of one type of Er centers. It indicates about presence 
of not less than two types of erbium centers too.  

In the КTaO3 crystals of O1
h cubic symmetry Er3+ ions, in principle, can substitute 

for dodecahedral K+ and/or Ta5+ octahedral ions occurring in a crystal field of cubic 
symmetry. In order to retain the electroneutrality of a crystal, excess of the charge can be 
compensated locally (e.g., by the formation of the adjacent oxygen vacancies and related 
possibly dipole complex) or non-locally. In the former case the point symmetry of Er3+ 
center decreases, in the latter – retained.  The number of absorption lines observed at T = 
2 K for the major centers it is found exactly corresponds to that theoretically possible for 
f-f electron transitions in Er3+ ions occurring in noncubic crystal field.  For heterocharge 
substitution, this situation is realized only when a local charge compensator situates in 
the nearest coordination spheres.   
Taking into account the n-type conductivity was found in our thermo-EMF measure-
ments, we suggest the major type centers are  Er3+ ions substituted for K+.  This is 
consistent with the ionic radii ratio: 0.89 Å, 1.64 Å and 0.62 Å for Er3+, K+ and Ta5+ions 
respectively. 

The detail analysis of the absorption and luminescence spectra allowed us to determine 
energies of the excited states levels, and energy structure of the ground 4I15/2 state for the 
major Er3+ centers of non-cubic symmetry.  
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The ferroelectric Sr0.75Ba0.25Nb2O6 (SBN-75) compound is known [1] as a relaxor, it is 

– a ferroelectric of broad phase transition the maximum of dielectric permittivity ε'(Т) of 

which is strongly dependent on frequency. Properties specific to ferroelectric relaxors allow 

substantial extension of the application of active dielectrics in a variety of modern devices. 

The present paper reports a study of dielectric properties of the Sr0.75Ba0.25Nb2O6 ceramics 

with structure heterogeneities in the region of the diffused phase transition comparing them 

with results obtained for similar parameters of single crystals. 

The samples for measurements supplied with fired silver paste electrodes were cut from 

the middle part of SBN-75 solid solution ingots synthesised by solid state reactions from bar-

ium and strontium carbonates and niobium pentoxide at 1300 °C and fired under normal con-

ditions at 1400 °C. Results obtained by the study verify the presence in SBN-75 ceramics 

practically of all the properties specific to relaxor ferroelectrics. Figure 1 illustrates the ther-

mal behaviour of ε'(Т) and ε"(Т) in the SBN-75 ceramics the curves being measured at heat-

ing. The ε'(Т) curves distinctly indicate the region of the phase transition and a substantial 

shift of temperature Tm of the maximum is seen. However, no specific features are observed 

on the ε"(Т) curves in the region of the phase transition. A pronounced increase of the values 

of ε'(Т) and ε"(Т) at Т > Тm dis-

tinguishes the behaviour of di-

electric response from what is 

observed in single crystals of 

the given composition suggest-

ing that in ceramics conductiv-

ity of the crystal lattice is essen-

tial at Т > Тm. Another feature 

different from crystals in the 

SBN-75 ceramics is the small 

values of ε', and especially ε" at 

temperatures belowТm. At the 

same time properties such as 

substantial monotonous disper-

sion, display of the temperature 

of destruction of macroscopic 

polarisation at Т > Тm character-

istic to relaxors are wholly 

demonstrated in the SBN-75 

ceramics. 
[1]  M.E. Lines, A.M. Glass. Principles and Application of Ferroelectrics and Related Materials. Clarendon 

Press, Oxford, 1977.  

 

Figure 1. Thermal behaviour of ε'(Т) and ε"(Т) in the 

SBN-75 ceramics at frequencies 100 Hz and 1000 Hz. 
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In contrast with physical vapour deposited CsBr:Eu needle image plate (NIP) X-ray 

storage phosphors, melt-grown Eu
2+

-doped cesium halide single crystal model systems, 

and CsBr in particular, do not exhibit a room temperature (RT) stable Eu
2+

-related 

electron paramagnetic resonance (EPR) spectrum [1,2]. However, after annealing the 

crystals in vacuum to 500°C and quenching to 77 K, an EPR spectrum is produced, 

displaying the characteristic hyperfine splitting of Eu
2+

 (see Fig. 1, top). In previous 

studies [3] the intensity decay of this spectrum near RT was interpreted as aggregation of 

the corresponding Eu
2+

-VCs (VCs = cesium vacancy) dipoles with trimer formation as an 

initial step. In this study, the EPR spectrum, its spin Hamiltonian analysis and the 

consequences for the centre’s model (Eu
2+

-VCs orientation) remained unrevealed. 

 

 

Figure 1: EPR spectrum, recorded at 20 K with B // <100>, of a CsBr:Eu 

single crystal (top) and a NIP (bottom) after vacuum annealing at T > 

500°C and quenching to 77 K . 

 

The present contribution is devoted to the EPR study of this RT unstable Eu
2+

 

centre in CsBr. Its spectrum is demonstrated to differ strongly from that of the stable 

Eu
2+

 centres in CsBr:Eu NIPs. However, an EPR spectrum with the same characteristics 

(see Fig. 1, bottom) and decay behaviour as in single crystals can be produced in NIPs by 

subjecting them to the same annealing and quenching procedure in vacuum. Annealing in 

air leads, in crystals as well as in NIPs, to Eu
2+

 → Eu
3+

 conversion. The angular 

dependence of the EPR spectra is analysed and interpreted in terms of plausible models 

for the centre. 
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Tungstate single crystals of two-valent metals (Ca, Cd, Pb) are well-known 
luminescent materials with short-time radiation characteristics. The intrinsic-defect 
disorder determined optical, luminescent and electrophysical properties of crystals. As 
method of point intrinsic structural defects investigation in this work the temperature-
frequency changes of electric and dielectric parameters of Pb and Cd tungstate single 
crystals were experimentally studied. Some previous our results were presented in [1, 2]. 

 
Dielectric properties of PbWO4 single crystals (scheelite structure type) at 

measuring of temperature-frequency dependencies shows the some quasi-periodicity of 
numerical values with about 20 h time of free relaxation cycle. The connection of these 
periodic phenomena with lattice defects dynamic (point and one-dimensional – edge 
dislocations, that are charged) and theirs interactions and creation of complex defects 
(duration relaxation processes) we propose. The main role in these phenomena is 
attributed to oxygen and lead vacancies. At the same time CdWO4 crystal (wolframite 
structure type) at measurement conditions (perpendicular to cleavage face (010), 
temperature up to 500 K) the periodicity of thermal dependencies of permittivity not 
observed. The thermodielectric effect [1] at experimental conditions in CdWO4 crystal 
not observed too. The discussed relaxation changes (mainly in PbWO4) are top-priority 
sense in processes of initial crystal parameters reducing and crystal readiness to 
following high-energy excitation.  

 
The observable phenomena in the tungstate crystals in connection with temperature 

dependencies of other properties are considered. The behaviors of structural parameters 
with temperature change in model of change cationic-anionic distances mainly in oxygen 
octahedrons with central Pb or Cd ions respectively and stability of tungstate oxygen 
complexes are discussed. The role of dipole processes in the temperature features of 
measured parameters and nature of dipole complex defects are established. In particular, 
the oxygen-cationic vacancy complexes (dipolons) are considered and theirs parameters 
are determined. 

 
 
 
References 
 
[1]    Shevchuk V.N., Kayun I.V. // Radiation Measurements. – 2007.–V.42, №.4-5. – P. 847-850. 
[2] Shevchuk V.N., Kayun I.V. // Acta Physica Polonica A. – 2010.–V.117, №.1. – P. 150-154. 



EURODIM 2010 A5

INFLUENCE OF ANNEALING IN REDUCING AND NEUTRAL 
ATMOSPHERE ON LiNbO3 OPTICAL PROPERTIES  

D.Yu. Sugak1,2*, Yu.D. Sugak2, T.O. Kret1, M.V. Pashkovskii3, B.M. Kopko1, I.M. Solskii1, I.I. Syvorotka1 
 

1 Institute of Materials, SRC “Carat”, 202 Stryjska st., Lviv 79031, Ukraine  
2 Lviv Polytechnic National University, 12 Bandera st., Lviv 79646, Ukraine 

3 Physical Department of Ivan Franko Lviv National University, 50 Dragomanov st., Lviv 79005 
* sugak@carat.lviv.ua 

 
Despite the fact that large amount of papers is devoted to high-temperature 

annealing of lithium niobate (LN) crystals, we do not know any work, where comparison 
of annealing in vacuum, hydrogen, argon and water atmosphere was made in frames of 
one experiment using the crystals, grown by the same technology in one laboratory.  

Present work is devoted to optical investigations of pure congruent and magnesium 
doped LN crystals, with different crystallographic orientations by means of 
spectrophotometry in visible and IR range and by means of determination of residual 
optical flux and optical homogeneity after the crystals have been annealed in vacuum, H2, 
Ar and water vapors at 400oC, 500oC, 600oC and 800oC.  

Basing on the obtained results, the following assumptions about the processes that 
take place in LN crystals during high-temperature treatments can be made. 

Reducing annealing in vacuum and hydrogen atmosphere of pure LN crystals and 
MgO doped LN crystals leads to formation of two types of defect centers that are 
charged with the absorption bands near 360 nm and near 500 nm respectively. 

Annealing of the crystals in neutral atmosphere (Ar) leads to formation of centers 
that absorb only at 360 nm. Besides the intensity of the absorption band after annealing 
in Ar is 10 times lower comparing to the same absorption band after annealing in 
reducing atmosphere. The intensity of the absorption caused by reducing annealing 
depends on the crystals crystallographic direction. 

Annealing of the samples in water vapors leads to appearance of absorption band 
with maximum near 500 nm, but the intensity of this band is few times lower comparing 
to the one that appears after annealing in hydrogen atmosphere. 

Lithium niobate crystals, doped with magnesium oxide are less sensitive to 
reducing annealing, comparing to pure ones. 

Sequenced reducing-oxidizing annealing in hydrogen atmosphere (or vacuum) and 
then on air decreases the value of residual optical flux through LN and LN:MgO crystals 
more than twice. 

Analysis of obtained results and their comparison with the literature data allows 
making the assumption that anion sublattice defects (charged oxygen vacancies) are 
responsible for absorption at high-energy absorption band and absorption near 500 nm is 
caused by bipolarons formation. The nature of absorption changes in IR region is being 
discussed.  
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Radiation-induced defects in the carbonate-containing hydroxyapatite (СО3-НАР) 
are widely used in EPR dosimetry and EPR dating to determine the radiation damage of 
humans during nuclear incidents and the age of archaeological fossils, respectively. It is 
known that the СО2

- radicals are the main defects induced in СО3-НАР by ionizing 
radiation. Three types of paramagnetic centers are related to these radicals. The EPR 
spectra of these centers are described by isotropic, axial and orthorhombic g-tensors. 
Previously, several research groups suggested that the difference between these 
paramagnetic centers is caused by different localization СО2

- of radicals in the lattice of 
HAP. For example, it was assumed that the axial centers are formed from СО2

- located in 
structural position B in the lattice of apatite, while the isotropic ones - from the radicals 
located in the occluded water. The position of the orthorhombic centers is under the 
debate, although many authors believe that they are formed by surface radicals. 

We report the results of comparative EPR study of СО2
- radicals formed by γ- and 

UV-irradiation in biological and synthetic СО3-НАР powders. The influence of thermal 
annealing on the defect subsystem of the material is also studied.  

It is shown that, regardless of the origin of СО3-НАР, main γ- and UV-irradiation-
induced paramagnetic defects are axial and orthorhombic CO2

− centers. Moreover, the 
orthorhombic centers are the dominant defects. It is also shown that the ratio of axial to 
orthorhombic centers depends on the type of radiation: contribution of axial CO2

− is 
larger in UV-irradiated samples than in γ-irradiated ones. The thermally-stimulated 
formation of CO2

− centers was observed in some samples of synthetic HAP. 
Investigation of thermal annealing influence on CO2

− centers showed that at 
T>1700C the amount of orthorhombic centers decreases, while the amount of axial and 
isotropic CO2

− increases. This effect is explained by the transformation of orthorhombic 
CO2

− into axial and isotropic ones. Based on these studies the models of three types of 
CO2

− centers in СО3-НАР were proposed. According to these models three types of 
paramagnetic centers are the CO2

− radicals located in the positions B in the lattice of 
apatite that have different surrounding and bonding in the lattice.  

A CО2
- radical in the position B can rotate around O-O axis that coincides with the 

crystallographic c-axis of HAP. Due to this rotation the center acquires axial symmetry 
and, thus, it is the axial center. If there are some lattice non-paramagnetic defects in the 
neighborhood of CО2

- radical the rotation is eliminated and the orientation of CO2
− in the 

lattice is fixed thus forming the orthorhombic CO2
− centre. Due to magnetically 

nonequivalent position in the lattice and due to random distribution of the neighboring 
defects the orthorhombic CO2

− has a random orientation. 
Isotropic CO2

− has weak bound with the lattice and feels free spatial reorientation. 
In the present study the mechanisms of CO2

− centers formation under the influence of γ- 
and UV-irradiation, as well as under thermal annealing were discussed. 
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It is well known that in some cases substitutional impurities in crystals undergo spontaneous 
offcentre displacements from the initial highsymmetry site. This kind of impurities exert considerable 
influence on many properties of the host crystal being able, for example, to induce ferroelectric phase 
transitions. The present work is focused on studying the geometry and dynamics of the offcentre sites 
of Li+ and Mn+ in KCl using highlevel ab initio calculations. Also, particular attention will be paid to 
explain the microscopic origin of the distortions occurring in these centres. 

Many experimental and theoretical studies have been performed on KCl:Li+ 1,2, which is the first 
known offcentre impurity. In this system, the Li+ ion substitutes K+ and displaces offcentre in  <111> 
direction   and   tunnels   between   the   eight   equivalent  wells.   DFT   calculations   on   a   123ion   cluster, 
relaxing several layers of ions, confirm the offcentre motion of the Li+  impurity. It  is found to be 
approximately 1 Å  with a well depth of around 1130 cm1 and a barrier between equivalent <111> wells 
of 450 cm1. These results are in agreement with previously reported periodic calculations2. However, 
none of   the existing studies  have  focused on  the microscopic origin  of   the  instability.  Our results 
support   that   the  origin   of   the  offcenter   displacement   is   an   increased   covalency  between   the  Li+ 

impurity and the three closer Cl ions favoured by a 2s2p hybridization in Li+.

Much more difficult is the case of Mn+ (3d54s1, S =3) impurities, where EPR experiments3 has 
shown  that   the system undergoes   three  different   local  phase  transitions   (Oh     C→ 4v   C→ 3v)    upon 
decreasing temperature, in a similar fashion to what happens in the ferroelectric phase transitions of 
BaTiO3. If C4v, C2v and C3v symmetries are forced, 3 different minima are found with well depths of 38, 
80 and 118 cm1  respectively.     However, only the C3v  configuration is a real minimum of the system. 
These energies are reasonable when compared   with the temperatures at which the phase transitions 
occur. 

For both systems, nuclear dynamics calculations have been carried out in order to obtain their 
behaviour   with   temperature.   The   previously   calculated   APES   have   been   parametrized   using   a

 A1gT 1u ⊗t1u pseudo   JahnTeller   model,   and   the   vibronic   levels  were   obtained  by   solving   the 
vibronic Hamiltonian. As was found in the case of BaF2:Mn2+   4  we can understand the local phase 
transitions   in   these  materials  by observing   the  population  of   the  vibronic   levels  with   temperature. 
Particular attention has been paid to study the evolution of  the zerofield splitting in  the KCl:Mn+ 

impurity with temperature and its relation with dynamical properties.
References:
[1] G. Lombardo et al., Phys. Rev. Lett. 15, 291 (1965). 
[2] X. Gao et al., J. Phys.: Condens. Matter 21, 045401 (2009).
[3] A.G. Badalyan et al., Sov. Phys. JETP 61, 808 (1985).
[4] P. GarciaFernandez et al., J.Chem. Phys. 128, 12 124513 (2008).



A8 EURODIM 2010

INCORPORATIONS OF NITROGEN IN NEGATIVELY CHARGED 
AlON FILMS : A SUPPRESION OF TRAPS 

 
C.H. Shin1, D.W. Kwak1, D.H. Kim1, D.W. Lee1, S. Huh2, K.S. Park2, and H.Y. Cho1  

 
1 Department of Physics, Dongguk University, Seoul, 100-715, Korea  

2 Samsung Advanced Institute of Technology, Gyeonggi, 446-712, Korea 
 

We have investigated electrical properties of the AlO, AlN, and AlON films 
and the nitrogen incorporation effect on negative fixed charges, corresponding to 
the reduced positive charge traps of Al2O3 insulator layers. AlON with the dielectric 
properties of Al2O3 and AlN as more advantageous materials, is a promising insulator 
material that is characterized by high density of fixed negative charges, which can be 
used for the surface passivation of Si electronics. It has been known that nitrogen (N) is 
incorporated into the oxide and silicate films and the N-introduction can give a rise to the 
particular characteristics of N incorporation and its stability in insulators. The AlO and 
AlN deposited by RF sputtering system were served as reference samples, and the AlON 
prepared by a nitrogen plasma exposure was served as controlled sample. The electrical 
properties of these samples were demonstrated  through  high-low(HL)  capacitance-
voltage(C-V) of metal-insulator-semiconductor(MIS) and photo-induced current transient 
spectroscopy (PICTS) to investigate interface and bulk defect states in the insulating 
films. In Figure 1, 1MHz C-V curves of AlO, AlN, and AlON layers, in which flatband 
voltage shifts (VFB) are around -0.55, -2.8 and 3.6 V, respectively. It reveals that the 
positive shift takes place as compared to the others and negative fixed charges are 
dominant in AlON layers. In Figure 2, it is observed that defect states are decreased in 
the AlON film, and especially the defect state of 0.42 eV approximately disappeared. 
From the HL C-V measurement, the positive interface state was reduced in density from 
2.15 × 1012 to 1.26 × 1010 cm-2. It is suggested that the dominant negative fixed charges 
in the AlON film result from the nitrogen effect and that nitrogen atoms in the AlON film 
take positive charge traps to be passivated. In this work, we demonstrated the electrical 
evolution of the AlO, AlN, and AlON and the nitrogen (N) effect on negative fixed 
charges, which is responsible for the reduced positive charge traps of Al2O3 insulator 
layers. 

 

 

. 
 
 
 

 
 

 

Figure 1. Capacitance-Voltage curves of AlO, 
AlN, and AlON layers. 

Figure 2. PICTS signals of AlO, AlN, and 
 AlON layers. 
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The non-stoichiometry of the main structural phase of TiO2 (rutile) and its 

natural n-type conductivity is due to oxygen deficiency which has been explained in 

terms of native defects, i.e. oxygen vacancies and titanium interstitials. While the latter 

has been unambiguously identified by electron paramagnetic resonance (EPR) [1] and 

attributed to a shallow donor, the oxygen vacancy lacks such identification, in fact, any 

identification. In this work two charge states of the oxygen vacancy, i.e. the singly VO
+
 

and doubly VO
0
 occupied charge states with S = 0.5 and S = 1, respectively, are 

identified by EPR under blue light excitation in fully oxidized TiO2 (rutile). Figure 1 

shows the EPR spectra in an oxidized TiO2 (rutile) sample under blue light excitation at 

25 K in comparison to the dark spectrum of a reduced TiO2 sample. Figure 2 shows the 

kinetics of the EPR spectra of the two charge states of the oxygen vacancy under blue 

light excitation in the oxidized sample.  
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Figure 1: EPR spectra measured at 25 K with 

microwave frequency of 9.40 GHz for B||c in (a) 

oxidized TiO2 under blue light (470 nm, 5 mW) 

(black line, the intensity of the S=0.5 line is slightly 

cut) and (b) reduced TiO2 in dark (red line). 

Figure 2: EPR signal intensities of the two spin 

states of the oxygen vacancy: S = 0.5 (solid 

squares) and S = 1 (open circles) as a function of 

illumination time (470nm, 5 mW) measured at 25 

K in the oxidized TiO2 sample. 
 

Detailed EPR analysis of the two paramagnetic charge states of the oxygen 

vacancy, the singly and doubly occupied states with S = 0.5 and S = 1, shows that both 

charge states suffer strong lattice relaxations depending on charge. Further, it is 

demonstrated that the oxygen vacancy forms a double donor with a very shallow donor 

energy level (2.8 meV). It acts a compensating center for transition metal impurities in 

oxidized samples, whereas in reduced rutile samples it is a minority defect [2]. 
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Glasses were recently considered for applications in the field of scintillators, as an 
alternative to the currently employed crystals, due to their good optical and mechanical 
properties and their compatibility with the silica based photonics technology; in 
particular, the research is moving towards the study of nanocomposite materials where 
the active phase is composed of rare earth (RE) rich aggregates [1]. 

In the present work the effects produced by Eu3+ incorporation into sol-gel silica 
(doping level range: 0.001-10 mol%) are monitored by means of Fourier transform 
vibrational spectroscopy in the wave number range 200-3000 cm-1. Complementary 
TEM, EDS, and Raman spectroscopy measurements are also performed. The 
fundamental vibrational modes of O–Si–O groups are responsible for the ‘reststrahlen’ 
monitored by the microreflectance and absorption spectra. By increasing the Eu3+ 
concentration up to 3 mol%, the intrinsic absorption/reflectance bands are gradually 
modified for what concerns the peak position and intensity. A further increase to 10 
mol% causes drastic changes: new peaks grow at the expenses of those related to silica 
intrinsic modes. Similar results can be drawn from the Raman spectra analysis. The 
formation of Eu-rich clusters is supported by TEM and EDS images (as for other RE 
doped silica glasses [2]); the aggregate sizes increase by increasing the Eu3+ 
concentration. The cluster structure is amorphous for Eu3+ concentration up to 3 mol%, 
turning into a nearly ordered arrangement for the Eu3+ 10 mol% sample, in agreement 
with the drastic vibrational spectra changes. The spectroscopic analysis suggests the 
survival within the clusters of tetrahedral (SiO4)4- groups (which may limit the mismatch 
with the host silica matrix), as in Eu2SiO5 or in Eu5Si3O13 structures: the latter seems to 
match better the EDS results. 

A further insight on the stretching modes of SiO4 tetrahedra within the 
orthosilicate-like nanoclusters comes from the inspection of spectra measured in the 
regions where the weaker absorptions due to combination and overtone modes are 
expected to occur, i.e. in the region of Δn=2 and Δn=3 (n is the quantum number which 
labels the energy levels of an anharmonic oscillator). These analyses provide a further 
support to the results and allow to associate the fundamental frequency (ω1, Δn=1) with 
the related overtones (ω2, Δn=2; ω3, Δn=3) for a set of selected modes in Eu3+ 10 mol% 
doped silica. In the framework of the Morse anharmonic oscillator model, it was possible 
to obtain the related anharmonicity parameters and binding energies; the values are in 
agreement with those found for SiO4 stretching modes in the Bi12SiO20 sillenite [3]. 
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The visible range emission of Tb3+, embedded in a crystal matrix, can be exploited 
for solid state laser and phosphor applications. Until now the weak Tb3+ crystal-field f-f 
transitions in huntite-type crystals have been investigated by means of emission and 
absorption spectroscopy in TbAl3(BO3)4, taking advantage of the high Tb3+ concentration 
[1]. The present work deals with diluted solid solutions of Tb3+ (1-4 mol%) in huntite-
type YAl3(BO3)4 (YAB), a non linear optical crystal capable of self-frequency doubling: 
Fourier transform absorption spectroscopy (resolution as fine as 0.1 cm-1) was applied in 
the 500-25000 cm-1 and 9-300 K ranges to get the energy level scheme of Tb3+, a 4f8 non-
Kramers ion. All the lines originated by the 7F6 →7F5, 7F4, 7F3, 7F2, 7F1, 7F0, and 5D4 
transitions were identified also by exploiting 9 K linear dichroism measurements and 
different sample orientations with respect to the crystal c axis. The proper orientation 
choice is a necessary requirement to unveil the lines induced by the first three transitions, 
otherwise obscured by the overlapping absorptions of the borate group overtones and 
combinations. The careful analysis of the spectra temperature dependence allowed to 
identify even the sublevels within the ground 7F6 manifold. The experimental data were 
fitted by a single-ion Hamiltonian and the crystal-field parameters were obtained. 
Notwithstanding the high resolution and low temperature at which the spectra were 
monitored, the very small splitting between the first two sublevels of the ground 7F6 
manifold, predicted by the calculations, could not be made apparent, thus suggesting that 
it may be hidden within the line width (the smallest being ~1 cm-1 for the 2245.7 cm-1 
line at 9 K). 

The not very small line width also precluded the detection of a possible hyperfine 
structure, expected on the basis of a 100% natural abundance of the 159Tb isotope 
endowed with a nuclear moment I=3/2, at variance with the case of Ho3+ in YAB [2]. 
The thermally induced line broadening and shift can supply information about the 
electron-phonon interaction. Thus, the temperature dependence of the line position was 
successfully fitted according to the single phonon coupling model for a number of 
fundamental and ‘hot’ lines, i.e. for lines induced by transitions starting from the lowest 
and from excited sublevels of the ground manifold, respectively. The energies of the 
coupled phonons were evaluated and compared to those identified by means of infrared 
and Raman spectra and vibronic replicas. The detailed analysis of the line intensity 
dependence on the light polarization angle was also exploited to get an insight about the 
orientation of electric dipole moments associated with a few electronic transitions. 
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The  mercurous  halides  Hg2Hal2 (На1  =  Cl,  Br,  I)  are  isomorphic  at  room 
temperature and have the specific crystal structure consisting of parallel chains of linear 
Hal-Hg-Hg-Hal molecules,  weakly bound to one another and forming a body-centered 
tetragonal lattice 17

4hD  with two molecules per unit cell. The chain-like structure of these 
crystals gives rise to a very strong anisotropy of their physical properties, in particular, to 
a strong elastic anisotropy. For example, Hg2I2 crystals exhibit a transverse (TA) sound 

velocity  V ]011[
]110[ =254m/s,  a  record-low  characteristic  among  solids,  a  record-high 

birefringence ∆n = +1.5 and a very high acousto-optical coupling (M2=4284x 10-l8 s3/g for 
the TA wave). 

At the cooling, these crystals undergo improper real and incipient ferroelastic phase 
transitions  from the  tetragonal  to  orthorhombic  structure   ( 17

2
17
4 hh DD → ),  at  Tc=  144 К 

(Hg2Br2) and Тc  ≅ -20 К (Hg2I2, incipient ferroelastic). Phase transition in Hg2I2  crystals 
was  observed   only  under  a  high  hydrostatic  pressure  (Pc=9Kbar  at  T=293K).  These 
transitions are induced by condensation of the slowest (TA) branch at the Brillouin zone-
edge (X-point) of the tetragonal paraphase and are accompanied at T≤Tc by a doubling of 

the  unit  cell,  Х → Г  zone  folding,  onset  of  spontaneous  strain  and  nucleation  of 
ferroelastic domains. 

In the present work the Raman spectra of mixed crystals Hg2(Br,I)2 were studied in 
a  wide  temperature  range  in  various  polarizations.  The  Raman  spectra  revealed 
multimode behaviour of  vibrations, which is bound with existence in these crystals of 
molecules of three types, namely, Hg2Br2, Hg2I2 and Hg2BrI. In low-frequency spectra the 
overtone of the TA-soft branch from  X- point of the Brillouin zone-edge (at T>Tc) and 

the fundamental tone (at T<Tc) of the same branch at the centre of Brillouin zone (Γ-
point) were  observed.  The  temperature  behaviour  of  the  soft  modes  in  these  mixed 
Hg2(Br,I)2 crystals  of  a  series  of  compositions  was  studied.  The  values  of  critical 
exponents, describing the temperature dependencies of the soft mode frequencies as in 
paraphase and in ferroelastic phase of these mixed crystals were received.

The influence  of  disorder  of  an  anionic  sublattice  on  violation  of  translational 
symmetry and infringement of the momentum selection rules was studied. As a result of 
these infringements the density of one-phonon states of the soft TA-branch was observed 
in spectra.  In case of medium compositions the strong diffusion of all effects of phase 
transitions was discovered. At low temperature (T=10K)  in the range of frequencies of 
stretching vibrations Hg-Hg in spectra the quasilocal (as a triplet) and resonant stretching 
vibrations, bound with existence of  ferro- and antiferroelectric nanoclusters and induced 
by mixed dipole molecules Br-Hg-Hg-I and their proximate environment,  were observed. 
The nature of  the found out effects in these model mixed crystals was discussed. 
     These investigations are supported in part by RFBR (grant 09-08-00739-a) and by 
program of Presidium of RAS (P-03).
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Such crystals are widely used in optical devices, spatial-time light modulators and 
as holographic media [1,2]. Their applicability depends on the optical properties in a 
wide spectral range.  

This work deals with the optical absorption coefficient of pure and doped Bi12SiO20 
(BSO) crystals was measured in the energy region l.55 – 3.2 eV and systemizes both our 
already published [3,4] and new experimental data on crystals doped with Al, P, Cr, Mn, 
Fe, Co, Ni, Cu, Se, Ru. It is shown that such doping affects differently the optical 
absorption of the crystals studied in both the near-fundamental-edge absorption shoulder 
(3.2 – 2.2 eV) and such on impurity levels in the band gap (2.2 – 1.5 eV). The main 
parameters determining the observed effects are: the concentration and segregation 
coefficient and the electronegativity of the doping ion, its oxidation state and radius. The 
partial contribution of each of these factors to the spectral dependence of the optical 
absorption is discussed with the aim at evaluating the suitable doping of BSO to obtain 
and modify the optical transparency. 
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Lithium Fluoride, LiF, is a very promising radiation-sensitive material which is 

widely used in radiation dosimetry [1], optoelectronics [2] and integrated optics [3]. It 
has also been deeply studied as far as basic optical properties of color centers (CCs) are 
concerned [4]. In the recent years, the use of LiF-based imaging detectors for X-ray 
microscopy of biological specimens, materials and micro-devices investigation, transfer 
of light-emitting nano-patterns and characterization of intense X-ray sources has been 
studied [5]. An important factor in dosimeter applications is that LiF crystals can be 
doped with special impurities to enhance their sensitivity. The presence of some 
impurities modifies the structural and optical properties of the crystal.  

LiF:Pb crystals were successfully grown by using Kyropoulos method [6,7]. 
They were characterized by optical absorption spectroscopic measurements, which show 
a broad band located at around 278 nm, tentatively assigned to the A transition of the 
Pb2+ ions [6]. The dependence of the absorption coefficient at the peak of this ultra-violet 
band as a function of the level of dopants in the melt shown a saturation behaviour [7]. 
The values of the absorption coefficients are quite small compared with other doped 
alkali halide crystals.  

The local environment and valence state of Pb in LiF were studied by X-ray 
Absorption Spectroscopy at the Pb LIII and LI edges. XANES data reveal that Pb is 
present as Pb2+ whereas EXAFS data show that it is incorporated in the crystal and not 
forming PbF2 precipitates. Identical spectra are obtained for samples as prepared or after 
thermal annealing up t 900 K demonstrating the stability of the incorporation site. Also 
the concentration of Pb in the crystal has no effect on the location site of the metal as the 
same spectrum is obtained for specimens with different dopant concentrations. The 
structural parameters find by XAS are compatible with a substitutional site in the LiF 
structure. 
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Peculiarities of the layered structure of CdI2 crystals are closely associated with the
coexistence of ion-covalent and van der Waals bonding forces in this system. Defect
centers of different type (point, linear, cluster, etc.) can be created in such crystal lattices.
In the present work we study the specific character of PbI2 impurity incorporation into
the CdI2 isomorphic matrix by means of optical and microscopic methods.

Electron-force microscopy of CdI2 - PbI2 crystal system revealed the existence of
PbI2 nanoparticles with a mean radius ranging from 3 to 10 nm. They form the structures
similar to the fractal ones.

Optical spectra of PbI2 nanoparticles are characterized by the absence of excitation
and luminescence bands near 2.5 eV of the Wannier-Mott free exciton typical to PbI2
single crystal. We suggest that this can be explained by the non-radiative relaxation of
charge carriers from an exciton state into lower energy surface states.

At the same time, optical properties of PbI2 nanoparticles in CdI2 crystal lattice are
determined by the absorption (excitation) band at 3.23 eV. We consider it to be
associated with the high-energy PbI2 cationic exciton. Optical characteristics of this band
allow us to propose a model of small radius exciton. Interaction of PbI2 cationic excitons
with phonons and dynamics of their localization in the phonon field of CdI2 - PbI2 crystal
system are discussed.
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The univalent-mercury halide crystals Hg2Hal2 (Hal=Cl,Br,I) were used as model 
objects in these investigations. These family is isomorphic at room temperature and has 
especial crystalline structure, which consist of the parallel chains of the linear Hal-Hg-
Hg-Hal molecules weakly bound with each other. The molecules form the body-centered 
tetragonal lattice  17

4hD   with two molecules in the unit cell. These crystals own unique 

physical properties (record-low velocity of TA-sound, record-high birefringence and very 
large acousto-optical interaction)  and are used successfully in applications as basic units 
of polarizers, of acousto-optical filters, modulators, deflectors, acoustical delay lines  etc. 

The  improper  ferroelastic  phase  transitions  (PT)  17
2

17
4 hh DD →  were  observed  at 

Tc=186K (Hg2Cl2) and Tc=144K (Hg2Br2). These PT were induced by the soft-TA mode 
at  the  X-point  of  the  Brillouin  zone  (BZ)  boundary  of  the  tetragonal  paraphase, 
accompanied  by  doubling  of  the  unit  cell  and  the  X→Γ folding  in  BZ.  But  in  the 
isomorphic  Hg2I2 PT does  not  occur  even by cooling  down to  very low temperature 

(~1.5K) (incipient PT, Tc ≅ -20K).
In present work in a wide interval of temperatures and wave vectors a phenomena 

of  appearance  of  clusters,  preceding  to  structural  phase  transitions  in   the   Hg2Hal2 

crystals was studied by the X-ray structure analysis and by various optical techniques.
At the X-points of the paraphase BZ the diffuse X-ray scattering was discovered 

and studied on cooling. The appearance of the scattering at the X-points, forbidden in 
paraphase, was induced by static and dynamic fluctuations of order parameter and  bound 
with  nucleation  of  low-temperature  orthorhombic  clusters  in  a  high-temperature 
tetragonal matrix. At the cooling and approach to Tc, the clusters grow and by an elastic 
interacting,   form  the  two-dimensional  long-periodic  superstructure,  which  at  T=Tc 

through chaotic state is transformed to low-temperature domains.
In  result  of  these  investigations  the  original  information  about  the  temperature 

behaviour of the ferrophase clusters  in the tetragonal  paraphase matrix  was got.  The 
temperature dependencies of susceptibility, correlation radius, shape and sizes of clusters 
and theirs anisotropy, the critical exponents were obtained. The nature and parameters of 
these clusters were discussed.

This work supported in part by RFBR (grant 09-08-00739-a) and by Program of 
Presidium of RAS (P-03).
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 Bismuth tellurite Bi2TeO5 (BTO) is a photorefractive crystal with special 
capability of self-fixing hologram recording [1]. It crystallizes in a CaF2 - related crystal 
structure, that includes 18% open oxygen positions, and slightly different Bi sites with 8 
and 7 coordination. Rare earth (RE3+) ions substitute for Bi-sites [2] with segregation 
coefficients close to unity. Luminescence, energy transfer and up-conversion processes 
were already identified in RE-doped BTO [3] with the possibility of applications as 
phosphors or lasers. Several RE3+-ions, including Tb3+ (a 4f8 non-Kramers ion) were also 
shown to modify the photorefractive properties [4].  
 
 Single crystals of BTO were grown by the Czochralski technique. High 
resolution FT spectroscopy was applied to investigate the Tb3+ related absorption spectra. 
Five transitions could be identified from the 7F6 ground state to the 7F4, 

7F3, 
7F2, 

7F1, and 
7F0 manifolds. The 7F6 →

7F5  transition was partially covered by the phonon spectrum of 
the crystal. Following the temperature dependence of the spectra, the fundamental lines, 
i.e. those induced by transitions starting from the lowest sublevel of the ground 7F6 
manifold, could be identified and separated from the "hot" bands, originated by 
transitions starting from thermally populated ground manifold sublevels.  
 
 The Tb3+ - absorption lines are relatively broad (6-10 cm-1), without distinct fine 
structure. Very likely Tb3+ occupies preferentially only one of the Bi-sites, like in the Ho 
doped BTO [5] and at variance with the case of Er [6]. Spectra taken along the principal 
crystallographic directions are similar, except for the peak intensity change. This is in 
accordance with the local environment of the Bi sites.  
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Production of qualitative interference optical elements (interference filters, antireflective 

coatings, light beam and spectra disconnectors and polarizers) demands the matters of the high level 
of cleanliness and stability of its parameters both for substrate and for layers. The presence of non-
uniformly distributed in the space nanodimension defects (emptiness or inclusions of foreign 
materials) give rise to change of transmission spectra of the interference systems. The results 
obtained for practically used interference coatings (in particular of optical lenses) are given in this 
report. 
 All measurements were performed on the transparent substrates from material with refraction 
index equal to 1.9. The multilayer systems (MLS) was deposited on its working surfaces. It was 
formed by layers with unequal geometrical thicknesses. At the absence of defects the MLS consist of 
four layers, while at the presence one (such as emptiness) there are six layers. The first and the third 
layer of ML systems were made from ZrO2 (nH = 2.11), the second, fourth and sixth layers – from 
MgF2 (nL = 1.38). The parameters of the really layer defects are given in the table.  
        
       Table. Types of MLS and thickness of the layers. 

Types of MLS and thickness of the layers, nm 
MLS-0 MLS-1-1 MLS-1-2 MLS-2-1 MLS-2-2 MLS-3-1 MLS-3-2 

Substance 
of the 
layers 

geom. opt. geom. opt. geom. opt. geom. opt. geom. opt. Geom.. opt. geom. opt. 
ZrO2 60 126.6 60 126.6 60 126.6 60 126.6 60 126.6 60 126.6 60 126.6 
MgF2 10 13.8 10 13.8 10 13.8 10 13.8 10 13.8 10 13.8 10 13.8 
ZrO2 50 105,5 50 105,5 50 105,5 50 105,5 50 105,5 50 105,5 50 105,5 
MgF2 80 110,4 22 30,4 22 30,4 30 41,48 30 41,48 10 13,8 10 13,8 
ZrO2  
Air 

- - 40 84,4  
40 

 
40 

25 53  
25 

 
25 

50 105,5  
50 

 
50 

MgF2 - - 18 24,8 18 24,8 25 37,4 25 37,4 20 27,6 20 27,6 
 
 To estimate the influence of changing of interference systems parameters on the resulting 
transmission the matrix method of account is used, which based on determination of a characteristic 
matrix. The comparison of radiation transmission spectra shown that the spectra in the zone of MLS-
0 without defects are identical to the spectra transmission of the MLS free of defects. 
 The analysis of defects influence on the form of transmission spectra show on its essential 
dependences as on the longitudinal defect dimension and as their position along the light directional 
propagation in the layer. It is shown, that the existence of the defects in MLS give rise to decreasing 
of a maximum of spectra and to its displacement in the short wave range. 
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It is known the properties of thin ferroelectric films can be different from bulk 
materials, that is concerned with an influence of mechanical stress (up to several GPa) at 
the film – substrate interface [1]. The stress can be partially (or fully) relaxed by means 
of misfit dislocation formation. So it is necessary to investigate heterostucture interfaces 
at the atomic level to understand relationships between the microstructure and the 
electrical properties. 

High resolution electron microscopy (HREM) is a powerful method for the study of 
the film – substrate interface at the nanometer scale. For HREM investigations cross 
sections were prepared by both ion milling in Gatan PIPs 691. All samples were 
characterized in a Tecnai G2 30ST and a FEI Titan 80-300 at accelerating voltage of 
300kV, using imaging, electron diffraction and   high-angle-annular dark-field (HAADF) 
STEM detector. (Ba0.8Sr0.2)TiO3 (BST) thin epitaxial films (5-1000nm) were deposited 
on [001]-oriented MgO substrate by rf sputtering.  

BST films revealed a monocrystalline structure with low-angle blocks boundaries (θ < 
20). Digital analysis of HREM images allowed us to visualize and compare misfit 
dislocations and displacement fields around their cores at the heterostructure interface 
using especially written scripts for Digital Micrograph 3.5 (Gatan) [2]. 

It has been shown by Z-contrast STEM images and image simulation there are two 
possible ways of film-substrate atomic bonds at the BST-MgO interface: titan-oxygen or 
barium-oxygen. Analysis of dark field high resolution STEM images has indicated   both 
variants of bonds can be observed (Figure1). 

 

 
The work was supported by the State Program for Support of Leading Scientific schools, 
project № NSh-1955.2008.2.  
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Figure 1: Structure of BST-MgO interface:a)  HR STEM-image, Ba(film) – O(substrate)  atomic bonds  

are marked by white arrow heads; Ti(film) – O(substrate) ones are marked by white circuses; b)  model of  
Ba(film) – O(substrate)atomic bonds; c) model of Ti(film) – O(substrate) atomic bonds.  
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The present paper reports on an alternative for growing ultrathin (~10 nm) SiO2 
layers with improved interface properties by low-temperature (850oC) thermal oxidation. 
Pre-oxidation hydrogen plasma exposure of (100)Si and (111)Si substrates to excited 
hydrogen species is used aiming to create hydrogen enriched Si near-surface for growing 
less defective SiO2 layers [1]. Although the Si substrates were oxidized at identical 
conditions, the oxide thicknesses were different varying from 9 to 13 nm depending on 
substrate orientation and pre-oxidation treatments (standard RCA or hydrogen plasma 
cleaning at substrate temperatures of 20, 100 and 300oC). The formed SiO2/Si structures 
were characterized using atomic force microscopy (AFM), electroreflectance and 
ellipsometric spectroscopies. Electrically active defects were studied by analyzing the 
frequency dispersion of the capacitance-voltage (C-V) and conductance-voltage (G-V) 
characteristics.   

 
AFM imaging after each technological step has revealed that although all the rms 

surface roughness values are below 0.2 nm, plasma exposure of Si leads to formation of 
hillocks with different size and nonhomogeneous lateral distribution and this surface 
morphology is preserved even after oxidation. This leads to formation of an interface 
region, which is thicker on (100)Si than on (111)Si but with a composition of SiO1.4 
being closer to the stoichiometric oxide. The C-V and G-V measurements reveal lower 
background interface trap density for oxides grown on plasma cleaned Si. The presence 
of distinct defects, related to interface traps with different localized energy levels in the 
Si bandgap, and slow states are registered. These results are well correlated with the 
observed oxidation-induced stress level, evaluated from the ellipsometric and 
electroreflectance data analysis, which depends on the Si substrate temperature during 
plasma cleaning, and is in the order of 108 N/m2, but it is smaller than that in oxides 
grown on RCA cleaned Si. Multiple-layer ellipsometric modeling has proven the 
existence of a Si region beneath the thermal oxide with refractive index values lower than 
those for c-Si. This suggests that plasma exposure creates a thin, less dense Si surface 
region due to formation of voids most probably decorated with hydrogen which is 
incorporated into the growing oxide layer.  

 
These observations are evidence that thermal oxidation of hydrogen plasma 

cleaned Si substrates yields more ordered and less strained SiO2 layers with less 
defective SiO2/Si interface region. They indicate also the possibility to obtain ultrathin 
SiO2/Si structures with improved properties for production of up-to-date MOS devices. 
 
References 
 
[1] A Szekeres, S Alexandrova, P Lytvyn and M Kompitsas, J. Physics: Conf. Series 10 (2005) 246–250. 



EURODIM 2010 A21

Dielectric Polarization in Sb2Te3 Thin Films 

 

 

K.Ulutas*, S.Yakut, D.Deger 

 
Istanbul University, Science Faculty, Physics Department, Vezneciler, Istanbul, TURKEY 

 

 

We investigated the frequency and temperature dependence dielectric constant and 

dielectric loss of Sb2Te3 thin films in the frequency range 0.5- 100 kHz and 293-373 K 

temperature range. The dielectric constant and loss factor show dependences on the 

frequency. The capacitance are found to decrease with increasing frequency and increase with 

increasing temperature. The observed increase in capacitance in the low frequency region 

indicates the possibility of an interfacial polarisation mechanism dominas in these films. Also 

it was concluded that with increasing frequency other type polarisation mechanisms became 

effective. 
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Cerium-doped  lutetium  yttrium  orthosilicate  (LuxY2-xSiO5:  Ce, LYSO)  is  the
subject of growing interest in scintillator applications. LYSO has the advantages of high
light output, quick decay time, and excellent energy resolution; therefore, it is an ideal
candidate for ray detection in the field of nuclear physics and nuclear medicine. These
applications  require  improved  timing  and  superior  energy  resolution,  thus  detector
modules work with large quantity of unoriented crystal pin prepared by mechanical or
chemical polishing. Cost-effective production technology of large quantity LYSO crystal
pin, favor surface preparation by chemical polishing.

Etching process using anhydrous orthophosphoric acid at 150-300°C has reported
to produce high level of transparency and results in good scintillation characteristics [1].
LYSO is  an anisotropic  crystal  with biaxial  symmetry (C2/c) [2],  thus both the light
propagation and chemical etching behavior are related to the crystallographic orientation.
Although orthophosphoric acid etching techniques have been used in mass production for
more than two decades, systematic studies on the etching process is still missing.

This study was undertaken in an attempt to analyze the role of crystallographic
orientation effects on the developing surface morphologies and to correlate their impact
on the light collection conditions. Surface dissolution has been investigated on  {100},
{010},  {001}  {110}  and  {101}  oriented  samples. Aspects  of  the  post-growth  heat
treatment  effects  related  to  the  etching  process  have  been  examined  by temperature
dependent optical absorption measurements.

References

[1] R. Slates, A. Chatziioannou, B. Fehlberg, T. Lee, S. Cherry, IEEE Trans. Nucl. Sci. 47 (2000) 1018.
[2] D.  Chiriu, N. Faedda, A.G. Lehmann, P.C.Ricci, A. Anedda, S. Desgreniers and E. Fortin, Phys.

Rev. B76 (2007) 054112.



EURODIM 2010 A23

EFFECT OF PRE-IRRADIATION ANNEALING AT HIGH 
TEMPERATURE ON OPTICAL ABSORPTION AND ESR OF 

PUMPELLYITE 
 
 

Luiz Tomaz Filho1,2, Henry Javier Ccallata1 and Shigueo Watanabe1

 
1 Instituto de Física, Universidade de São Paulo, C.P. 66318, 05315-970, São Paulo, Brazil 

2 Faculdade de Tecnologia de São Paulo, Pça. Coronel Fernando Prestes, 30, Bom Retiro, 01124-060, São 
Paulo, Brazil 

 
 

Pumpellyite o chemical formula, (Ca8Al8(Mg,Fe,Mn,Al)[(SiO4)4/(Si2O7)4/(OH)8 
(H2O,OH)4]), is one of the members of epidote group. Being natural mineral, it contains 
several foreign elements; however actual experimental result indicates that, beside those 
composing the crystal, alkali halides (Na, K) and chromium participate in the definition 
of physical properties of present interest. The optical absorption spectrum is 
characterized by several bands in near UV, visible and near Infra Red region, most of 
then already identified. Here we depict one at around 1060 nm, known to be due to Fe2+. 
An annealing above 850 °C reduces considerably this hand. The assumption is that males 
such high temperature effect, Fe2+ converts into Fe3+ after liberating on electron. On the 
other hand, the ESR spectrum is due Fe3+ dipole – dipole interaction, namely a strong and 
wide signal around g = 2.0. To this typical six hyperfine Mn2+ lines appear 
superimposed. 

 
Under annealing beyond 850 °C, these strong and wide lines become even much 

stronger. This due to the fact mentioned that at this temperature, a large fraction of the 
Fe2+ is converted into Fe3+. 
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Ferroelectric domain engineering is extensively exploited in various aspects, such 
as frequency converters, surface micro-structures, and photonic band gaps. Near-
stoichiometric magnesium-doped lithium niobate (Mg:SLN) becomes an attractive 
material for nonlinear optic devices because of its high resistance to optical damage and 
low coercive field. However, it is hard to fabricate regular domain patterns in Mg:SLN 
due to the difficulty in exactly controlling the domain wall, where pinning effect plays an 
important role. Unfortunately, the nature of surface pining effect is still unclear.  

Here we reported a light-induced method to observe the pinning defects. A 532 nm 
continuous laser beam was focused on the –c surface of Mg:SLN with an illumination 
intensity of 6.4×104 W/cm2. The lowest electric field applied to accomplish domain 
nucleation is only 30 V/mm and 1/80 of the switching field. Under this super low field, 
the surface pinning resistance1 is so apparent that all the domains appear to be somewhat 
of gear, just as shown in Fig. 1. According to R = σw/2Ps

'E , (R: the radius of circle 
segment, P s: spontaneous polarization, σw

'E: domain wall energy per unit area, : the 
combination of applied field E and light-induced electric field El)2, we obtained a method 
to consider the resistance of the pinning effect and the local field. Because the distances 
between two pinning points are all about 1 µm, much larger than the cell’s scale, we 
supposed that these defects originate from some defect clusters on crystal’s surface, not 
single intrinsic anti-Nb defects. 

 
Figure 1: Microscopic images of polling dots with different applied electric fields. 
(a) Applied field varies from 700 to 30 V/mm; (b),(c) details of pinning defects 
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The TlSbSe2 sample used for the electrical measurements was grown using the Bridgman-
Stockbarger method. The DC measurements at low electrical field suggest that the electrical 
transport is governed by space charge limited conduction (SCLC) mechanism  in the 
temperature range (293-413 K). The  activation  energies  are  also  calculated  at different 
voltages.  
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Point defect structure (PDS) have a strong effect on electrophysical and optical
properties of semiconductors. Therefore, in order to manufacture electronics devices with
optimal parameters, it is necessary to produce semiconductor layers with predicted PDS.

The estimation of Fermi energy mF point defect and free carrier concentration in
ZnS and CdTe films obtained by the close-spaced vacuum sublimation (CSVS) technique
at growth conditions close to thermodynamically equilibrium was carried out by the
quasi-chemical formalism approach [1-2]. The calculation was performed for two cases:
PDS full equilibrium and quenching. In addition, the presented model take into account
main thermodynamic process which takes place during the films deposition by CSVS:
evaporation, gas transport, condensation at substrate temperature Ts [3].

The ionization energy of the defects was determined according to results of band-
gap localized states investigation by the low-temperature photoluminescence (PL) and by
the analysis of dark voltage–current characteristics in the mode of space charge limited
currents using the injection spectroscopy (IS).

Figure 1: Point defect structure in films obtained by CSVS (Ts=773 K): a- ZnS films, b-CdTe films.

As a result the range of localized states in films was revealed by the PL and IS
spectroscopy.  In  addition  modeling  of  PDS  in  ZnS  and  CdTe  was  carried  out,  that
allowed to predict electrophysical properties of films obtained by CSVS.
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Bismuth germanate (Bi4Ge3O12) is a synthetic material of great interest due to its
electro-optic, electro-mechanic, and luminescent properties, which give it great
applicability as scintillator [1 ,2]. The present work investigates the production of the
bismuth germanate thin films, the dependency of the grain size as function of the
sintering temperature and time, and characterizes their luminescent properties.

The deposition technique used was di p-coating, and the films were deposited on
quartz substrates. The polymeric precursor method is based on the original route
proposed by Pechini in the 60’s. The method allows the formation of an initiator core unit
that contains the metallic chelate, which in short distance symmetry remains throughout
all the crystallization steps [3]. Recently, the polymeric precursor method has been used
for preparing compounds in form of film or powder with photoluminescence properties at
room temperature.

The thin films were sintered between 500 and 700 Celsius degree to eliminate the
organic material and obtain the crystalline phase. The time range studied was from 5 min
to 1 h. Scanning electron microscopy (SEM) images of the bismuth germanate thin films
have shown a grain size distribution that depends on the sintering conditions. The
crystalline phase was identi fied by X-ray diffraction (XRD), this technique was used also
to determine the crystallite size using the Scherrer equation. Photoluminescence (PL)
measurements were performed in emission mode, under excitation of 270 nm and the
emission band registered at 500 nm was associated to Bi3+ transitions from the excited
level 6p6s (3P0;1;2,

1P1) to the fundamental state 6s 2 (1S0).
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The dielectric properties of TlSbSe2 thin films, obtained via thermal evaporation of 

TlSbSe2 crystals grown by Stockber-Bridgman technique, have been studied using ohmic Al 

electrodes in the frequency range 0.2-100 KHz and temperature range 293- 353 oK . The 

dielectric constant and loss factor show dependences on the frequency. The frequency and 

temperature dependence of ac conductivity (σ(ω)) has been determined.The ac conductivity of 

our samples satisfies the well known ac power law; i.e., σ(ω) ωs where s<1. 
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Digital imaging used in medicine are based on converters that effective absorbed 
x-ray photons. At present among oxide materials Gd2O2S:Tb3+ is dominant [1,2]. New 
scintillators based on Lu2O3:Eu3+ has attracted special attention. Combination of such 
parameters (very high density, high Z-number of Lu (71), high effective Z-number of the 
whole composition – Zeff=67.33) makes this composition very efficient in intercepting X-
rays and γ-rays especially for medical imaging. The practical value of Lu2O3:Eu3+ 
interest not only in single crystals but in ceramics too. Moreover the activation of Lu2O3

 

by Eu3+ ions gives effective emission in red region in powders as well as films matrix.  
The aim of present work is development of technology for obtaining composite 

films based on Lu2O3:Eu3+
 nanopowders.  

Crystalline Lu2O3:Eu3+ nanopowder is obtained by early described procedure [3]. 
The composite films (thickness 50-1000 µm) based on Lu2O3:Eu3+ spherical 
nanoparticles are obtained using the painting techniques and centrifugal deposition. 

Fig. 1 shows the SEM picture of the film obtained by the painting technique. The 
composition and thickness of Lu2O3:Eu3+/polymer films are optimized in regard to film 
density and X-ray luminescence parameters. The X-ray luminescence properties of 
Lu2O3:Eu3+ nanopowders and films are discussed.  

 

    
       Figure 1.  SEM images of the surface and cross-section of Lu2O3:Eu3+ film. 
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GaAs layers grown by molecular beam epitaxy under As overpressure at a 

substrate temperature below 400°C (Low-Temperature grown GaAs, LT-GaAs) are 

crystalline, but non-stoichiometric due to an appreciable content of excess As, Asex. It is 

this excess arsenic that gives rise to the very interesting electrical and optical properties 

of LT-GaAs layers such as extremely high resistivity and short carrier lifetime. This Asex 

concentration shows an anisotropy towards the [-1,1,0] vs. [1,1,0] surface directions [1]. 

The energetics of the incorporation was examined by ab initio cluster model calculations 

[2], the vibrations of the As atoms in the reconstruction layer of the As-rich GaAs(001) 

c(4x4) surface, however, are studied by molecular dynamics calculations with the semi-

empirical PM3 formalism [3,4]. As expected, the surface As atoms have increased 

vibrational amplitudes as compared to the bulk. Furthermore, large anisotropies exist 

between vibrational amplitudes in directions normal vs. parallel to the surface and also 

between the [-1,1,0] vs. [1,1,0] surface directions. The signs of these anisotropies are 

opposite at high (~900K) and low (~500K) temperatures, where the molecular beam 

epitaxial growth of stoichiometric (high-temperature-) and non-stoichiometric (low-

temperature-) GaAs is usually performed. These properties of the anisotropies influence 

the atomistic growth and excess arsenic formation processes. The obtained results 

provide the basis for a model that describes the formation of excess As in GaAs grown at 

low temperatures. Especially the experimentally observed dependence of the excess As 

density on the cut-off angle of the vicinal substrate surfaces can be explained. 
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It is known that intensity of the rare earth ions luminescence can be significantly 

increased due to plasmon resonance at the surfaces of the noble metal nanoparticles. 

Characteristics of plasmon resonance were studied the most intensively for the silver 

nanoparticles and multiple rising of luminescence intensity was observed [1]. The same 

effect was expected for gold nanoparticles. Really, plasmon band was observed in the 

spectra of the 85GeO2−10Eu2O3−5Au sol gel films, but increasing of luminescence 

intensity of the Eu
3+

 ions was not obtained in this series of samples [2]. Then, we have 

established that samples of the 87GeO2−10Eu2O3−3Au composition annealed at Tann = 

800°C show multiple increase of the Eu
3+

 luminescence intensities compared with 

samples of the 90GeO2−10Eu2O3 composition [3]. However, the reasons of the observed 

concentration effects are not clear. In order to establish whether plasmon resonance of 

gold nanoparticles are responsible for increasing of the Eu
3+

 emission intensity or no, we 

studied the spectral-luminescent properties and effects of irradiation of undoped oxide 

sol gel films, films doped only with gold, films doped only with europium, and films co-

doped with gold and europium. Concentration of the gold impurities was varied from 20 

% to 3 % in various oxide matrices (germanate, silicate) applied on quartz or glass 

substrates. The films were obtained by means of centrifugation of film-forming solution 

prepared from a GeO2 sol (pH = 8.0, concentration 5 wt %) and aqueous solutions of 

HAuCl4 and a europium tartrate complex. Structure of the films surfaces were also 

studied using AFM. This investigation reveals formation of gold fractal aggregates 

whose sizes depend on annealing temperature. In particular, sizes of the most of 

aggregates are small ≤ 30−50 nm for Tann = 800°C. Luminescence spectra consists of 

emission of gold and europium ions. There are complex band with maximum at 690 nm 

and additional spectral features at its long wave length side for the 97GeO2−3Au films 

and intensive narrow band emission with the main maximum at 615 nm for the 

87GeO2−10Eu-3Au films. Comparing the excitation spectra we suppose that main 

excitation of all types of emission take place with participation of the matrix and the gold 

nanoparticles increase transfer of the excitation energy to emission centers. Experiments 

with synchrotron radiation were carried out at SUPERLUMI station at HASYLAB, 

DESY, Hamburg, Project II-20080221. Fundamental Researches State Fund of Ukraine 

supported the work in the frame of Project Nr. F29.1/038.  
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Pure GGG films as well as GGG films doped with Eu, Pr, Tb and Ce ions are 
grown both from supercooled PbO-B

2
O

3 
and Bi

2
O

3
-B

2
O

3 
based flux melts. The goal of 

the present paper is the comparison of luminescence spectra of the films with the same 
dopant grown from both flux melts. Measurements were carried out at the SUPERLUMI 
station (HASYLAB, Hamburg, Germany) [1] in the energy region of 5-25 eV at the 
temperatures from 10 to 300 K.  

Luminescence of pure GGG films at LHT consist of a broad band at 492 nm for Bi-
containing film, while for Pb-containing film one similar broad band was found at 685 
nm. These bands were preliminary ascribed to the luminescence of the Bi and Pb ions 
respectively. At RT the luminescence of the Pb-containing film is not found. 

For Eu-doped GGG films grown from both flux melts an intensive narrow 
luminescence bands in the wavelength region 590-750 nm were observed that are due to 
the 

5
D

0 
– 

7
F

j 
(j = 0,1,2,3,4) transitions in Eu

3+
. Intensity of these bands is almost 

independent to the temperature in the region of 10-300 K. Several narrow bands at 380, 
420, 440, 490 and 550 nm were also observed in the films grown from Bi

2
O

3
-B

2
O

3 
based 

flux melt. Intensity of these bands drastically decreases under the synchrotron irradiation 
hν = 15 eV obeying exponential law with decay time ~ 10 min. These peaks can be 
ascribed to the defects of the host lattice. The intensity of Eu luminescence in the films 
grown from Bi

2
O

3
-B

2
O

3 
based flux melt was several times weaker than in the films 

grown from PbO-B
2
O

3 
based one. It indicates that extinction of the Eu luminescence by 

Bi
3+ 

ions is occurred.  

For GGG films doped with Pr and Tb series of narrow peaks is observed. They are 
corresponding to the radiative transition in Pr

3+ 
and Tb

3+
ions. The luminescence of Ce

3+ 

ions in the films grown from Bi
2
O

3
-B

2
O

3 
based flux melts is not found, but the 

luminescence of Bi
3+ 

ions is occurred in these films.  
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Titanium dioxide represents an excellent  example where the creation and control of 
defects  population and consequent  tailoring of the functional  properties open a very wide 
spectrum of different applicative perspectives. Stoichiometric, morphological, structural and 
electronic  defects  in TiO2 lead to the present  and future applications  of the material  as a 
versatile high-k oxide in the electronic and optical industry,  in spintronics, for  catalytic or 
sensor applications  and environmental  technologies.  Even if  the perspectives  appear  to be 
highly promising, a complete control of the functional properties is not yet reached, requiring 
a deep understanding of microscopic mechanisms on which they are based. This step is highly 
complicated  by  the  complex  interplay  at  the  nanoscale  between  defects  having  different 
nature. 

We investigated  TiO2 thin  films  deposited  by means  of  rf-magnetron  sputtering,  by 
using  different  substrates  (crystalline  SiO2,  Al2O3,  LaAlO3 and  SrTiO3)  and  sputtering 
deposition times and atmosphere conditions. In this frame the role of morphology, oxygen 
stoichiometry and thickness on the thin films functional properties has been systematically 
studied. At first, the formation of rutile or anatase phase has been investigated by means of X-
ray diffraction and micro-Raman spectroscopy to correlate magnetic and electronic behaviour 
to the host matrix. The morphology of the films was studied by Atomic Force Microscopy. 
X-Ray  Photoemission  spectroscopy  allowed  us  to  evaluate  the  role  of  oxygen  sub-
stoichiometry  on  the  valence  state  of  Ti  ions  and  to  check  the  presence  of  unwanted 
impurities. The hysteresis loops and the temperature dependence of the magnetization were 
studied using a SQUID apparatus. In addition, the different dependence of the magnetization 
on the oxygen content observed for the different TiO2 phases is analysed in relation to the 
tensile strain induced by the different substrates. 

The results are discussed also comparing them to our previous data obtained in TiO2 

single crystals and in other ABO3 perovskite systems in order to achieve an improvement in 
the  comprehension  of  basic  mechanisms  leading  to  interesting  functional  properties  in 
insulating  oxides. 
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Thin, multiphase Ti-Si-C coatings were formed by IBSD or by IBAD methods on AISI 

316L steel substrates in room temperature, using single Ti3SiC2 target. In those methods the 

TiXSiCY coatings were formed from the flux of energetic atoms and ions obtained by ion 

sputtering of the Ti3SiC2 compound sample. As sputtering beam the beam of Ar
+
 ions at energy 

of 15keV was applied. In the IBAD method the dynamically formed coatings were additional 

bombarded by beam of Ar
+
 or C

+
 ions at energy of 15keV. The ion beam parameters were 

obtained by using the Mont Carlo computer simulations.  

 

The morphology (SEM, TEM), chemical (EDS, EDX) and phase composition (XRD) 

examinations of formed coatings were provided as well as confocal Raman microspectroscopy. 

Analyzed coatings were relatively thin (150nm-1μm), flat and dense.  X- ray diffraction 

indicated in amorphous SiTi matrix (with concentration ratio 70%wt Ti/30%wt Si), the traces of 

Ti3SiC2 and other phases from Ti-Si-C systems, depending on deposition parameters. For 

investigation of chemical bonds, the laser beam with length of  the 532nm was used. Those 

analyses were performed in the low (LR) or in high (HR) resolution modes in room temperature 

and in 400
0
C. In the HR mode the spectral resolution was close to 2 cm

-1
. In Raman spectra 

peaks at: 152cm
-1

, 216cm
-1

, 278cm
-1

, 311 cm
-1

, 608cm
-1

, 691cm
-1 

were recorded.  

 

Nanoindentation tests were done on coated and uncoated substrates with Berkovich-type 

indenter and Vickers hardness and reduced elastic modulus were determined using 

Olivier&Pharr method: for coated substrates the hardness HIT was in the range 2.7 to 5.3 GPa, 

calculated reduced elastic modulus EIT  was  160 GPa. The hardness and reduced elastic modulus 

for uncoated substrates were HIT = 4.4 GPa and EIT = 250 GPa, respectively. 

 

 

 

 

 

 

 

 



EURODIM 2010 A35

The nanocopmosite carbon-silicon matrix-based films surface structure 
revealed by SPM-methods 

M.D. Malinkovich1, Y.N. Parkhomenko, M.L. Shupegin, E.S. Kanaeva   

1 National University of Science and Technology "MISIS",  
119049, Moscow, B -49, Leninsky prospect, 4 

 
 The films based on carbon-silicon matrix which is synthesized from 
Polyphenylmethylsiloxan and containing metal-based nanophase are variation of 
amorphous nanocomposite materials [1,2]. The specification of synthesis technology 
allows to introduce nm-size particles on the base of metal phase into matrix in the 
process of its growing. The content of such particles can come up to tens of percent by 
volume. You can set electroconductivity in the films in the range of 10-4 – 1014 Ohm·sm 
modifying the composition and the concentration of nanophase particles and in so doing 
to change the mechanism of conductivity – from hopping to metal [3].  

The notions about the structure and the phase composition of the films were taken 
using electron diffraction analysis and X-ray diffractometry [4].  
The results of investigations of surfaces of carbon-silicon films containing Pt and Ta 
inclusions by AFM and SPM methods are given in this paper. The films were 
synthesized on the polished Si padding, the average size of Pt inclusions was ~5 nm, Ta 
~1nm, the containing of metals was in the range of 17-22 ат%. 

The surface ACM-image represents the set of random roughnesses with average 
size about 0.2 nm without any typically marked relief. However the surface CTM-images 
have fundamental difference from ACM-images: they represent the formation of 
hemispheric (in the case of Pt) or prolate (in the case of Ta) form with dimensions of 50-
200 nm in plane and several nm in height.  

The obtained results show that the surface of carbon-silicon metal-containing 
films is atomically smooth. The presence of large-scale structure on the surface CTM-
image reflects the potential distribution and electron density distribution on the pattern 
surface, respectively.  

There is no enough data to interpret such a sorting now for it’s difficult to explain 
it by surface particles diffusion because of low (150-180оС) padding temperature during 
synthesizing. However we should take into account that the observed effect can be 
excited by insignificant variations in distribution of concentration of particles as a result 
of strong dependence of tunneling on distance between the particles. 
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The coercive force Hc is a fundamental operational characteristic of epitaxial 
magnetic garnet films. And if for one devices (elements of bubble domain memory, 
magneto-optical controlled transparencies, modulators and deflectors) it is important that 
the functional material has a minimum level Hc, for other devices (magneto-optical 
medium for thermomagnetic recording of the information) one of base requirements is, 
vice-versa, the presence of high coercivity. The efforts of the physicists and technologists 
have given to noticeable successes in an possibilities of control of value Hc in magnetic 
garnets. However full understanding of a nature of coercivity in epitaxial garnet films till 
now is not still reached. The purpose of the present work is study of a high-coercivity 
state nature for the indicated materials. 

As objects of research the films of following composition were chosen: 
(YSmLuCa)3(FeGe)5O12, (YEuTmCa)3(FeGe)5O12, (YBi)3(FeGa)5O12, 
(YYbBi)3(FeGa)5O12, (BiTm)3(FeGa)5O12 and (YPrLuBi)3(FeGa)5O12. The samples were 
grown by a method of high-temperature liquid phase epitaxy from solution in melt on 
substrates Gd3Ga5O12 and (GdCa)3(GaMgZr)5O12 with crystallographic orientations 
<111> and <210>. The following fluxes were used for epitaxy: PbO-B2O3, PbO-Bi2O3-
B2O3 and CaCO3-Bi2O3-V2O5. 

The improvement of chemical film composition was performed with microanalyzer 
“JEOL-JXA” by method of X-ray spectral analysis. The coercive force was defined on a 
hysteresis curve, and by method of oscillating field also. The hysteresis curves were 
recorded with the magneto-optical hysteresigraph and/or with vibration magnetometer 
M-155 of the EG&G.PARC corporation. The identification of growth defects in films 
was carried out by the methods of hunting curves and thermally activated current 
spectroscopy. 

The measured value Hc are from 80 A/m to 250 A/m for films of (Ca, Ge) system 
and from 30 А/m to 720 A/m for films of Bi-containing garnets. The carried out 
investigations have allowed to deduce that the high values Hc in these objects are due to 
the following reasons [1]: (1) Excessive and “parasitic” ions of Ca2+ getting in the crystal 
lattice of film during growth; (2) Giant stress of a discrepancy caused by high 
concentration  Bi3+ ions with large radius. 

The influence of each mechanism on formation of a high-coercivity state is 
analysed in detail. It is shown that the Yb3+ and Tm3+ ions essentially cancel “stretching” 
effect of Bi3+ ions. 
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We study influence of annealing temperature to structural and optical properties of 
ZnO. ZnO films were prepared by thermal oxidation of metallic Zn films. First high quality 
(5N) Zn was evaporated onto sapphire substrate in close vacuum chamber in pressure 2x10-3 

Pa. Zinc films were annealing in oxygen atmosphere for duration 1 and 2 hours in 
temperatures range from 500 oC to 1100 oC. Surface was analyzed by SEM, AFM and 
structural properties were studied by XRD. Photoluminescence (PL) were investigated in 
range 350 nm to 800 nm in temperature 80 K and 300 K. Annealing temperature influenced 
intensity of PL around 3.3 eV. Origin of PL is in recombination of free excitons and bound 
excitons to donors and acceptors [1]. Peaks corresponding to these transitions become visible 
with decreasing measurement temperature. For higher annealing temperature peaks in visible 
range (~2.45 eV and ~2.20 eV) become dominant. With temperature above 800 oC defect 
band is shifting toward to 2.20 eV see Fig. 1. Exact mechanism for visible emission 
recombination is still discussed. Main candidates are native defects such as zinc vacancies and 
impurities like Cu[2] or oxygen vacancies and oxygen antisite[3]. 
 

                                     
Figure 1. ZnO PL band observed at 80 K for different annealing 

temperature. Intensity is normalized at band maximum 
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The report deals with investigation results on structure and properties of hard Zr-Si-N, 

Zr-Ti-N, and super-hard Zr-Ti-Si-N coatings of 1.8 to 3.2µm thickness. Coated samples 

were γ-irradiated during several months in a reactor and cobalt gun. Hardness of Zr-Si-

N coatings was 28 to 32GPa, that of Zr-Ti-N reached 35 ±2.6GPa, and hardness of Zr-

Ti-Si-N was 40 to 48GPa. 

Thermal annealing of coated samples to 550
o
C increased their hardness to 53GPa, and 

subsequent γ-quantum-irradiation under 10
8
 to 10

9
Grey essentially decreased their 

hardness. Nano-grain sizes increased as a result of annealing and subsequent γ-

quantum-irradiation. Inter-layers of amorphous phase (α-Si3N4) surrounding nano-

grains (Zr, N)-nc, ….(Zr, Ti)N-nc increased by several per cent, which seemed to be 

related to enhanced processes of relaxation-accelerated diffusion. γ-quantum-irradiation 

of samples with super-hard coatings till high-temperature annealing resulted in a shift of 

hardness maximum to 150
o
C (as a result of subsequent annealing in vacuum) closer to 

the beginning of temperature interval. 

 

The work was funded within the framework of project “Nano-Systems, Nano-

Composite Coatings, and Nano-Materials” of National Academy of Science of Ukraine. 
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The report presents investigation results on physical-mechanical properties and thermal 

resistance of multi-layered Ti-Al-N/Ti-N/Al2O3 coatings after deposition and high-dose 

proton irradiation of (1 to 5) x 10
17

cm
2
 and 600keV energy. For analyses, we employed 

SEM with EDS, RBS, XRD, and Berkovich nano-indentation, to measure hardness, 

elastic modulus, and plasticity index including also sample depths. Coated samples were 

annealed up to 900
o
C in vacuum and in air. Irradiation doses of 1 x 10

17
cm

-2
 led to a 

little increase in nano-hardness. When irradiation doses were increased to 5 x 10
17

cm
-2

, 

the structure changed a little and elements were redistributed along inter-phase 

boundary. Corrosion resistance of coated samples (Taffel curves) was measured. Also, 

we measured wear resistance under cylinder friction over sample surfaces. 

 

The work was funded within the framework of project ISTC K-1198. 
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Lithium-based Ce3+-doped borates are scintillators of interest for radiation 
detection in general, and for thermal neutron detection in particular. When these 
materials are produced as crystal fibers, they can find applications in specific scintillation 
detectors, for example in scintillation bulk-fiber type systems for neutron registration [1], 
in scintillating fiber camera for space dosimetry [2], or in scintillation detector for 
electron- and beta-radiation [3]. This work presents the elaboration of crystal fibers 
Li6Gd(BO3)3 (LGBO) and Li6Y(BO3)3 (LYBO) doped with various concentrations of 
Ce3+ ions, and a study of their luminescence and scintillation properties. 

 
Crystal fibers were synthesized by the micro-pulling-down (µ-PD) technique. 

Powders of B2O3, Gd2O3 or Y2O3, CeO2 oxides of 99.99 and 99.998% purities and 
Li2CO3 (99.9%), were used as starting raw materials for the growth process. The 
technology of charge preparation is described and the phase composition is controlled by 
room temperature X-ray powder diffraction method. In order to avoid uncontrollable 
evaporation of volatile oxides (B2O3, Li2O), the growth technique is somehow different 
from the conventional routine described previously [4]. Seeding, growth and crystal 
removal will be described in details. In order to obtain fibers of various cross-sections 
and lengths, Pt-crucibles with different sizes and shapes of capillary channels were used. 
Spectroscopic measurements including absorption, emission and excitation spectra, and 
luminescence decays, are presented and interpreted. Transfer of electronic excitations 
produced under excitation by high energy photons is analyzed and discussed. 

 
This work is partially supported by NATO (grant # CBP.EAP.CLG 983489) and 

ISTC (grant # KR-1587). 
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The structure of perovskite LixNa1-xTayNb1-yO3 solid solutions (SS) allow for different 

structural deformations, defects determining complexity and diversity of properties, numerous 

phase transitions including those of ferroelectic and antiferroelectric nature, and presence of 

morphotropic regions, all that, particularly in ceramic samples, being the reason of internal stress 

manifested by elastic properties of polycrystalline specimens. Elastic properties reflecting atomic 

interactions and macroscopic anisotropy are important in solid state studies. 

Synthesis of perovskite sodium niobate solid solutions under high pressure increases 

microscopic homogeneity and broadens the range of solubility of the components of restricted 

solid solutions. At hot-pressing synthesis of Li0.17Na0.83TayNb1-yO3 ceramics the increase of 

temperature is found to lower the value of the elasticity modulus regardless to the content of 

tantalum. The reason is likely related to features of recrystallisation of disordered hot-pressed 

Li0.17Na0.83TayNb1-yO3 SS under high pressures and, consequently, spoiling adhesion between 

grain boundaries because of a large number of micro-fractures being created.   

The features of microstructure of hot-pressed perovskite solid solution ceramics of 

LixNa1-xTayNb1-yO3 (x = 0.12, 0.17; y = 0, y ≥ 0.5) have not been earlier studied as functions of 

the temperature of synthesis and composition. The LixNa1-xTayNb1-yO3 SS are mainly comprised 

of isomorphous grains the shape elements of which complying with the perovskite structure 

allow for existence rhombic and rhombohedral symmetry of the elementary cell. 
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Basic and complex oxides of weak thermal expansion are the basis for stable ceramics 

and artefacts resistant to sharp cyclic variations (over 500 centigrade) of temperature. 

Unfortunately, the number of available oxides specified by anomalously low coefficients of 

linear thermal expansion (CLTE) is rather limited. For that reason there is a wide interest in 

high-temperature materials of low or negative CLTE and in studies of the mechanisms of 

thermal expansion in such materials. Presently three mechanisms of weak, zero (or negative) 

thermal expansion at high temperatures are distinguished:  

1. Evans’s model explaining a negative CLTE of a number of ferroelectric crystals at 

high temperature by increased symmetry of the structural polyhedrons leading to decrease of 

the Me – Me distance. 

2. Model of “collapsing” pores explaining the small, zero or negative values of the CLTE 

by decrease of the total volume of pores at heating of strongly porous materials. 

3. Model of “collapsing” micro- and nano-fractures explaining the low, zero or negative 

values of the CLTE by decrease of the volume of fractures at heating. 

Thermal expansion of ceramic pentoxide of niobium (Nb2O5) is affected by conditions 

under which they are formed, particularly, the treatment by concentrated light flows (CLF). 

After such treatment the CLTE of Nb2O5 considerably decreases and the curve of relative 

thermal expansion becomes more symmetric.  

The treatment by CLF is performed under conditions of rapid heating of the object to 

high temperature and high (up to hundreds of centigrade per millimetre) thermal gradients in 

thickness of the surface layer. Thermal gradients in the planes parallel to the surface are 2 – 5 

times smaller. Therefore, the treatment by CLF proceeds under conditions far from 

thermodynamic equilibrium allowing for self-organization of the system being considered – 

the necessary preconditions – an outer source of energy flow being dissipated by the system is 

present. Due to the energy flow the thermodynamically imbalanced system becomes active, it 

is, acquires ability of forming autonomous structures. Complex imbalanced microscopic and 

nano-size defects of fractal type (“micro- and nano-fractures”) that cannot be repeatedly 

produced from one experiment to another are formed in niobium pentoxides at treatment by 

CLF causing the change of thermal expansion. Studies of the mechanisms of effects of 

concentrated light flows on thermal expansion of Nb2O5 crystals provide knowledge about 

features of thermal expansion of constructional ceramics. Possibility manipulating the thermal 

expansion would allow establishing of fundamental principles for development of ceramic or 

composite materials extremely resistant to thermal shocks over a wide range of temperatures. 

The study has been supported by grant 09-03-00141 of the RFBR. 
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Tungstate and molybdate of alkaline earth metals and lead are promising for 
stimulated Raman scattering (SRS) lasers. SRS conversion was realized into these 
crystals, at Nd3+ activation the laser generation and simultaneous SRS conversion were 
obtained too [1]. To convert radiation effectively, SRS media should posses a large 
Raman scattering cross section and high level of damage threshold. Thus, the paper is 
devoted to the study of damage threshold dependence on growth conditions of 
PbMoO4:Nd3+ crystals and crystal characterization via optical and dielectric relaxation 
spectroscopy. 

 
The PbMoO4:Nd3+ lead molybdate single crystals were grown by the Czochralski 

method. The Nd3+ activation was performed by means of isostructural and non-
isostructural compound doping. The co-activators were used too.  

 
The damage threshold dependence of grown crystals on Nd concentration and 

doping scheme was investigated. The spectral-kinetic characteristics of PbMoO4:Nd3+ 
crystals were studied. Dielectric measurements were carried out at various temperatures 
ranging from 100 – 300 °C and with various frequencies ranging from 25 Hz – 1 MHz by 
using the parallel plate capacitor method. The results are discussed and possible models 
of activator centers are proposed. 
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This report is on the study of the current-voltage (I-V) characteristics of AlN films 

doped with chrome.The 300 nm thick films were synthesized on p-type Si substrates at 
800oC by pulsed laser deposition (PLD) from a target of pressed powders of 90% AlN 
and 10% Cr with a KrF* (λ = 248 nm) excimer laser generating pulses with duration of 
~25 ns at a repetition rate of 10 Hz and radiation energy flux of 10 J/cm2. The PLD 
process was carried out in vacuum (10-3 Pa) or at a dynamic nitrogen gas pressure of 0.1 
Pa. MIS structures with these PLD AlN:Cr films were formed by evaporation of Al dots 
onto film surface and of continuous Al film onto back surface of Si subtsrates. 

 
The specific resistivity of the studied films is in the range of 104–105 Ohm.cm, 

which values are characteristic for semi-insulator films. In the DC I-V characteristics a 
hysteresis is observed, as the curves become non-ohmic at electrical fields higher than 
2x104 Vcm-1. This behavior is due to the charge trapped in the AlN:Cr films and it can be 
connected with trap charge limited current in insulators. The density of the trapped 
charges responsible for the hysteresis is in the order of 1016 cm-3. By keeping the applied 
electrical field constant, at electrical fields as low as 3x103 Vcm-1 a negative differential 
resistance with small amplitude appears due to reduction of electrical field because of 
trapped charge in these films. The density of trapped charges responsible for negative 
differential resistance is in the same order of magnitude as the density of charges causing 
the observed hysteresis. In the frequency range of 5 Hz-1 MHz, the measured capacitance 
decreases almost linearly with increasing the test voltage frequency, while the 
conductance shows only a slight increase.   

  
All obtained results point out that the traps in the AlN:Cr film participate in the AC 

and DC conductivity of AlN:Cr film. The charge transport mechanism of investigated 
PLD AlN:Cr films is trap space charge limited current, which is characteristic for 
insulator materials.  
 



A46 EURODIM 2010

GROWTH, STRUCTURE, ELECTRICAL, DIELECTRICAL AND 
MAGNETIC PROPERTIES OF PbMnNiO SINGLE CRYSTALS

V. Tomov 1, T.I. Milenov1 , R.P. Nikolova3 , G.V. Avdeev1,4, D. Petrova 1,2, V. Tomov   1  
1 Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee Blvd., 1784 Sofia, 

Bulgaria.
2 South-West University, 66 Ivan Mihailov str., 2700 Blagoevgrad, Bulgaria.

3 Central Laboratory of Mineralogy and Crystallography, Bulgarian Academy of Sciences, 107 Acad. G. 

Bonchev str., Sofia 1113, Bulgaria;
4 Institute of Physical Chemistry, Bulgarian Academy of Sciences,  Bl.11 “Acad. “G. Bonchev Str., Sofia 1113, 

Bulgaria;

Abstract

Pb3Mn5.5Ni1.5O15+δ single crystals were grown by the high-temperature solution growth method 
in  flux  PbF2+NaF.  Powder  X-ray  diffraction  reveals  that  PMNO is  having  rhombohedral 
structure and crystallizes in P-3c space group with lattice parameters a = 9.9142(2) Å and c = 
13.4923(18) Å. The crystal structure of the studied compound is similar to that of Pb3Mn7O15 

(see ref.  [1])  but possess lower symmetry P-3c versus P63/mcm- see Fig.1. The dielectric 
properties have been investigated in the temperature range 150 - 530 K at 10 kHz, 100 kHz 
and 1MHz frequencies. DC measurements have been carried out in the temperature range 150 
-  480  K  and  the  activation  energy  of  the  crystals  is  calculated  for  Udc of  2.2  and  3  V 
respectively.

Fig.1. Representation of the atomic (left panel) structure and the corresponding polyhedrons 
of Pb3Ni1.4Mn5.6O15+δ

.. 
[1] N.V. Volkov et al., J. Phys.: Condens. Matter 20 (2008) 055217 (doi:10.1088/0953-8984/20/5/055217)
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Pb-based perovskites with general formula PbB’1/2 B’’1/2O3 (B’-Sc, B’’-Nb) attract 

special attention due to the possibility to control the degree of B-site chemical order and 
thus to modify the properties as well as to study the nature of relaxors [1, 2]. 

Pb0.92Ba0.08Sc0.53Nb0.47O3 (PSN:Ba) single crystals were grown by the High 
Temperature Solution Growth (HTSG) method using a flux solution with composition 
PbO:PbF2:B2O3=0.78:0.20:0.20. The growing process was performed in platinum 
crucibles in temperature range 1475 -1193 K with cooling velocity of 1 deg/h. The 
obtained crystals are cubic-shaped with size approximately 1 cm. The XRD data reveal a 
perovskite-type structure with a unit cell parameter a = 4.086 Å. 

The optical transmittance spectrum of PSN:Ba in the wavelength range of 300 -
2400 nm is measured (Fig. 1). The dielectric constant is investigated in the temperature 
range from 200 K to 650 K with a RLC bridge at frequencies of 10 kHz, 100 kHz and 1 
MHz (Fig. 2). It is found that Ba-addition shifts the phase transition of ferroelectric-
paraelectric state to the lower temperatures range and strongly decreases the dielectric 
constant in comparison with non-doped Pb2ScNbO6 (PSN) crystals. Conclusions about 
the relaxor behavior of the crystals are made.  
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Figure 1: Optical transmittance spectra of Ba-
doped PSN crystals (solid line). Transmittance 
spectra of non-doped PSN (dash line) is also 
presented for reference. 

Figure 2: Temperature dependence of the PSN 
and PSN:Ba dielectric constant ε  measured at 
100 kHz. 
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The lithium fluoride is known as a thermoluminescence phosphor for the ionizing 
radiation dosimetry. The LiF:Mg,Ti single crystal detector technology have been made in 
our Institute [1]. It is expect that single crystals of LiF with monovalent copper impurity 
will be a new matrix for efficient tissue-equivalent detector LiF:Mg,Cu. It is supposed 
that light yield of the detector will be larger by a two order of magnitude than existent 
thermoluminescence detectors. The greater light yield is assumed to be due to direct 
recombination mechanism with monovalent copper ions. But the growth of LiF:Cu+ 
single crystals is difficult because of a copper unstability in monovalent state. Copper 
monovalent ions actively reduce to metal or oxidize to two-valent state.   

The mechanism of thermoluminescence in LiF:Mg,Cu was investigated in this 
work. Cation vacancies formed as charge compensators of Mg2+ ions, which replaced Li+ 
ions. Mg2+-Livac clusters are capture centers and Cu+ ions are recombination centers [2]. 
Free electrons and holes are caused by X-ray irradiation. The electron are capturing by 
magnesium center. The holes are settle on copper center creating Cu2+. Electrons from 
magnesium centers direct transfer to Cu2+ and radiatively recombined with holes after 
hating. Direct transitions from capture centers to recombination centers can cause 
increasing of the thermoluminescence phosphor efficiency. 

Cu-doped LiF crystals have been grown by Czochralski method. Resistive 
nichrome heater and metal elements of thermal screens were used to avoid reduction of 
monovalent copper. The sintered powder was charged in a platinum crucible. 
Crystallization was made in argon and air atmosphere. 

Chemical composition of mixtures and crystals were determined by atomic 
absorption spectrometry method. Cupper content in crystals was 0,0004-0,002%. 
Valence of cupper impurity was determined by electron paramagnetic resonance method 
and optical spectroscopy methods. 

Monovalent copper is not detected by EPR method, but Cu+ transfer to Cu2+ after 
X-ray irradiation. The EPR spectrum of X-ray-irradiated sample LiF with copper 
impurity recorded at room temperature showed a broad unstructured signal in the region 
of 1500-4000 Oe. In paper [3] EPR spectra of crystal LiF:Mg,Cu,P is considered. 
Authors of [3] similar strong and wide signal attributed to bivalent copper impurity. 
Therefore, EPR spectra were recorded in the second derivative mode, where EPR 
spectral features could be better resolved.  
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RF-plasma hydrogenation of silicon wafers has been lately considered as an 

alternative solution to ion implantation in developing the SOI technology based on the 

“smart-cut” technique. The goal is to reduce the thickness of the removable silicon layer 

to less than 50 nm. RF-plasma treatment of silicon wafers may have as result the surface 

etching and/or creation of crystalline defects (planar defects, hydrogen bubbles) confined 

in a layer below the surface. The thickness of this layer, the nature, size and density of 

the induced defects are highly dependent on the plasma treatment conditions. A thermal 

treatment should be subsequently applied to partially heal the induced defects and to 

select the ones appropriate for the smart-cut procedure. In this work, silicon wafers have 

been submitted to a 13.56 MHz RF hydrogen plasma treatment. The parameters of the 

plasma have been varied in order to limit the surface roughness and to confine the 

induced defects in a narrow region of 50 nm below the wafer surface. Pulsed laser (third 

harmonic, 355 nm, Nd:YAG) annealing has been subsequently performed at different 

fluencies and number of pulses. The structural defects, before and after the laser 

annealing process, have been investigated by transmission electron microscopy (TEM).  

 

 

 

 

(a)                                                  (b)                                                 (c) 

Figure 1: TEM images of the plasma hydrogenated Si wafer before (a) and after (b), (c) pulsed 

laser annealing  

 

A treatment with 500 laser pulses leaves a well aligned row of nanometric bubbles (of 

about 5 nm size) at ~20 nm below the Si wafer surface.  
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Nanoporous MgAl2O4 ceramics are known to be perspective materials for sensors 
electronics. In this ceramics, in dependence on the sintering temperature, a significant 
shrinkage of the atomic structure occurs, leading finally to more or less complicated pore 
topology. These pores along with specific vacancy-type defects within individual 
crystalline grains and intergranual boundaries represent free-volume structure of 
ceramics. Because of significant complications in the microstructure of these ceramics, 
the further progress in this field is dependent on the development of new characterization 
techniques, which can be used in addition to traditional ones. One of them is positron 
annihilation lifetime spectroscopy (PALS), the well-known experimental technique to 
study extended defects in solids despite their structural hierarchy. 

 
The studied ceramics were prepared from Al2O3 with specific surface area of 67 

m2/g and 4MgCO3⋅Mg(OH)2⋅5H2O with specific surface area of 12.8 m2/g. The pellets 
are sintered in a special technological regime with maximal temperatures Ts of 1200, 
1300 and 1400 °C during 2 h. PALS measurements were performed with an ORTEC 
spectrometer with 22Na source placed between two ceramic samples at 20 oC and relative 
humidity of 35 %. The obtained spectra were mathematically treated with LT computer 
program. In such a way, we obtained the numerical PAL parameters (positron lifetimes 
τ1, τ2, τ3 and τ4 and intensities I1, I2, I3 and I4).  

 
It was established that the shortest lifetime component in the studied ceramics 

reflects mainly the microstructure specificity of the spinel with character octahedral and 
tetrahedral cation vacancies. The second component with positron lifetime τ2 corresponds 
to extended defects located near intergranual boundaries. The third and fourth component 
with lifetime τ3 and τ4 is due to “pick-off” annihilation of o-Ps in the nanopores. These 
changes are connected with more branched structure of the open pores of the ceramics 
sintered at higher temperature Ts. With Ts growing, the o-Ps “pick-off” decaying occurs 
preferentially in the nanopores filled by absorbed water, while the ceramic samples 
sintered at relatively low Ts show this process in both water-filled and water-free 
nanopores. The positron trapping modes such as the average lifetime and defect-free bulk 
lifetime are insignificantly changed with sintering temperature. In addition, the positron 
trapping centre is formed on a typical for MgAl2O4 ceramics level of ∼1.9-2.0, which 
testify to the same nature of trapping sites whichever the content of absorbed water. In 
contrast, most significant changes in positron trapping in MgAl2O4 ceramics reflect in 
positron trapping rate in defect. 
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Defects in nanometric thin films and near-surface crystalline layers of dielectric 
and semiconductor materials are not well investigated due to complication of testing the 
properties of so small objects [1-3]. The situation can be changed in the case of growth of 
relatively thick multilayers composed of high number of nano-thin layers [4,5].  

 
In this paper, absorption and photoluminescence (PL) of multilayer structures, 

composed of nano-thin layers with nanocrystals of defined size [4], and of single-crystals 
of the same materials were compared. The influence of gamma irradiation on multilayers 
with various content of LiF, CaF2 nanocrystals were investigated. Relationships among 
the content of impurities, colloids and optical spectra of uncolored and colored single-
crystals and of multilayers were examined. 

 

 

Figure 1: Optical spectra measured in uncolored (fresh) and gamma-colored c-oriented 
multilayer structures (with nanocrystals of sizes d ~100 nm) at defined wavelengths. 

 
The results indicate that purity and the metal excess accumulation at grain 

boundaries are among the possible origins of nano-thin layers peculiarities. 
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Composite electro-magnetic (EM) structures show by themselves a mixture of  two or more 
phases of ferrit and ferroelectric. The excellent feature of electro-magnetic composite (EMC) is 
comparatively simplicity of their making and low cost. As EMC sufficiently perspective as 
sensors and functional units, in our time there are works, conducted on creation of EMC-
materials  with the improved properties. 

The composite of xNiAl0.5Fe1.5O4 ─ (1-x)BaTiO3 is synthesized, where x = 0; 0,2; 0,4; 0,6; 
0,8; 1. In quality of a ferrite component is used one of high-resistance magnetic-yielding  
materials – nickel-aluminium ferrit of composition of NiAl0.5Fe1.5O4, which was synthesized on 
technology of the sol-gel auto-combustion [1]. In quality of a ferroelectric phase there is chosen 
BaTiO3 , which is synthesized on traditional ceramic technology. It was shown by means of X-
ray analysis, that composite are  two-phase. Electric and magnetic properties of composite are 
studied by measuring of loops of hysteresis and impedance spectroscopy. 

 

 
Fig.1 Dependence of linear compression at sintering of composite  material from the unit fraction of BaTiO3 

 
In the received composite the basic type of defects are pores. On Fig.1 there is shown a 

dependence of linear compression at sintering of composite  material from the unit fraction of 
BaTiO3. At the increase of concentration of a ferrophase the compression diminishes. 
Temperature dependence of impedance showed that permittivity of the investigated composite 
diminished at the increase of content of BaTiO3. It is connected with that on margin of division 
of NiAl0.5Fe1.5O4 and BaTiO3 there arises up a liquid phase [2]. Shortage of  ions on a ferrit and  
a ferroelectric brings to formation of connection in which areas are with the increased defects.  
 Received data come into question from position of theory of dielectrics. 
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      We are reporting on a study of the conditions under which a uniform 
distribution of excitons becomes unstable, with a small amplitude, periodic component 
appearing spontaneously against this background in their spatial distribution. It is 
considered low-density (1010 – 1014 cm-3) exciton systems, so that the biexciton level is 
not vanished by screening effects. We assume also that the temperatures are low enough 
and that the exciton lifetime is substantially longer the time required for thermodynamic 
equilibrium to obtain in the exciton system. It is known that, under certain conditions 
attraction is generated between excitons with a total spin S = 0, which leads to the 
formation of bound systems – biexcitons. Preferably when the effective mass of a hole 
mh exceed by far the elecron effective mass me. The collective properties of excitons are 
apparently mediated by the specific character of exciton-exciton interaction. The analysis 
rest on the concept assuming the existence of a biexciton interaction potential. The 
existence of an attractive pair potential among particles can modify their collective 
properties and, in particular, make the spatially uniform distribution of particles unstable. 
One of the most efficient approaches to studying many-particle systems is based on the 
method of equilibrium particle distribution functions which satisfy an infinite sequence 
of coupled Bogolyubov integro-differential equations.  

     The solutions of a system of coupled integro-differential Bogolyubov equations 
for distribution functions of excitons have been used to determine conditions, both in 
temperature and in concentration, under which a spatially uniform distribution of 
excitons transforms spontaneously into a periodic state with a small amplitude. The 
criterion for the appearance of a weak periodic component in the exciton distribution is 
derived from the condition of solutions bifurcation of Hammerstein-type equations for 
single-particle distribution function at the point where the parameters of this equation 
reach critical values. It is known that Hammerstein-type nonlinear integral equations can 
have a variety of solutions other than trivial (a spatially uniform particle distribution), 
when the parameters of the equation reach some  critical values, in particular, the 
temperature (T). As the temperature is lowered continuously, new solutions appear as 
soon as the temperature reaches the critical value (Tcr).  It is established the boundary of 
instability of a uniform exciton distribution against spontaneous appearance of a periodic 
distribution, whose region of existence is preset by the inequality T < Tcr.  

    A decrease in the parameter σ = me/mh brings about broadening of the region of 
the periodic state of excitons in the phase diagram. Growth in exciton concentration is 
likewise accompanied by an increase in the critical temperature which should be ascribed 
to enhancement of internal interactions in the exciton gas. An increase in the parameter σ 
gives rise to a monotonic falloff of Tcr  and an increase in the periodic constant.  
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 In this report we analyze the action of an intense nonresonance laser field on the 

polaron – polaron interaction within dielectric layers and hence of an effective shift of 
the dynamic equilibrium between polarons and bipolarons in the direction of polaron 
pairing. Earlier it has been established [1] that between polarons in dielectric layers there 
is an attraction. Studies of the bipolarons in the polarizable condensed phase [2,3] have 
shown that a sufficiently wide range of dielectric medium where stable bipolarons may 
be form. The appearance of the bipolarons changes a number of physical properties of 
the condensed phase: conductivity, optical properties, magnetic susceptibility and ets. At 
low temperatures the Bose-Einstein condensation of the bipolarons cannot be ruled out. 
However, binding of the polarons is impeded by a potential barrier which is effective at 
large distances between polarons.  

We considered a situation in which a polaron is in the macroscopic layer of 
thickness 2h of a condensed phase with permittivity ε0 between two plane-parallel 
infinitely wide homogeneous insulators  with static permettivities ε1 and ε2. If the image 
charges are negative the electrostatic forces acting on an polaron are directed into the 
phase 0, i.e. an polaron may became pinned in the phase 0 at some equilibrium distance 
along the z axis. The intense laser field specified by the vector potential 

tAt ωcos)( 0xA = propagation in the z-direction; amplitude A0 is not supposed to be 
small. We used an approach based on the unitary Kramers-Henneberger transformation 
[4]. As result, we find two equilibrium localization positions of the polaron. A polaron 
can make oscillations between these positions. Hence, two oscillating polarons interact in 
a resonant manner. Using methods of the perturbation theory for approximately 
degenerate states we obtained that energy E of the ground states of two – polarons 
system lays below the sum of an single-particle energy Es:  

02/2 2 <−≈−=∆ EVEEE s δ , where V is the operator of interaction with laser field, δE 
is the split of symmetric – antisymmetric states. As δE > 0 the term ∆E is a negative 
quantity, which implies the existence of an effective attraction between oscillating 
polarons. In an intense laser field this attraction shifts dynamic equilibrium between 
polarons and bipolarons in the line of bipolaron formations. Using this approach it is 
possible to find the parameters of an intense laser field when the repulse barrier between 
interacting  polarons will be vanish . 
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The interpretation of oxygen-self diffusion experiments in SiO2 is a long standing 
problem. In this paper we show that the picture that comes out from the description of 
point defects based on standard semilocal Density Functional Theory leads to 
contradiction with experimental data. We show that this difficulty is related to the 
description of the position of defect states in the bad gap. By applying a correction 
scheme [1] based on many body perturbation theory, in the G0W0 approximation, we 
show that the neutral oxygen interstitials, and not the negatively charged ones, are the 
dominant species. This result reconciles with experiment the theoretical explanation of 
self-diffusion, for silica and for quartz [2].  

 

 
Figure 1: An oxygen neutral interstitial in silica (the 

dumb-bell of dark oxygen atoms) surrounded by 
the isosurfaces of the lowest unoccupied defect 

state.  
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This paper is devoted to the investigation of the mechanisms of Frenkel pair 
recombination in cubic silicon carbide [1]. We use first principles calculations in the 
framework of Density Functional Theory (DFT) and we explore a variety of possible 
recombination paths using constrained relaxations and the Nudged-Elastic-Band (NEB) 
method for various possible neutral Frenkel pairs, including those formed by defects on 
different sublattices (carbon and silicon).  We detect several metastable configurations, 
some of which have not been described previously. We also consider that silicon 
vacancies can assume the form of carbon antisite-carbon vacancy complexes and, as 
such, their recombination with interstitials can occur along specific paths. In particular, 
in this case, we find that the recombination with silicon interstitials [2] would probably 
produce antisite pairs. In this context, we revisit also the recombination of antisite pairs 
[3].  

 

 
Figure 1: Defect concentrations as calculated from a kinetic model simulating annealing (at 700 K) of 

Frenkel pairs after irradiation. The recombination of Frenkel pairs can lead to the formation of antisites. 
 

Finally, we use our calculated recombination barriers for a simplified kinetic model 
which shows that, under certain hypotheses, the annealing of irradiation defects can lead 
to the build-up of a non negligible concentration of antisites, i.e., to a nanoscale  
decomposition of the material driven by a kinetic bias. 
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In a recent series of works it has been shown that the electrostatic field, ER, due to all 
ions of the host lattice lying outside the CrO6

9- complex plays a key role for explaining 
the different colour of several oxides doped with Cr3+ ions, namely ruby, emerald, 
alexandrite and spinel [1]. In the present study we go a step further, looking into the 
dependence of the colour of Al2O3·xCr2O3 (0 < x < 1) mixed crystals upon the Cr3+ 

concentration. Although more than 40 years ago it was already established that in that 
series there is a progressive colour change from red to green upon increasing the 
chromium content [2], this phenomenon can not be ascribed to a variation of the Cr3+-O2- 
distance as it remains essentially constant along the series [3]. 
We have recently shown that this surprising colour shift along the Al2O3·xCr2O3 series 
can simply be explained as a result of the strong decrease of the actual charge of 
chromium ions substituting for Al3+ ions of the Al2O3 lattice [4]. Indeed density 
functional theory (DFT) based calculations reveal that while the actual charge for the 
aluminum is close to +3e it is only equal to +1.3e for chromium, a fact related to the 
electroneutrality principle for transition-metal complexes. This strong reduction of the 
cation charge upon the Al3+→ Cr3+ substitution lessens ER and consequently the 
contribution of this internal field to 10Dq. The reduction of 10Dq has been explored in 
detail through calculations of a CrO6

9- complex embedded in Al2O3 when one or more 
close Al3+ ions are replaced by Cr3+ ions [4]. The calculated 10Dq values for every x 
value [4] are consistent with experimental findings [2]. 
Seeking to get another and more direct proof on the importance of ER we have explored 
the gyromagnetic tensor of vacancy free CrX6

3- (X= F, Cl) complexes in layered K2NiF4-
type perovskites. For instance, such a centre in K2MgF4 [5] exhibits a tetragonal 
symmetry (g|| = 1.9727; g⊥ =1.9743) which has been assumed to be due  to a CrF6

3- 
complex where the axial Cr3+- F- distance (Rax) is smaller than the equatorial one (Req) 
and where Req - Rax ≈ 7 pm [6]. However, DFT calculations using lead to an octahedral 
equilibrium geometry [7]. The surprising g|| = 1.9727 and g⊥ =1.9743 values are however 
well reproduced when the octahedral CrF6

3- complex is allowed to feel the internal ER 
field coming from the K2MgF4 lattice which displays a tetragonal symmetry [7]. This 
result thus shows that the g⊥- g|| quantity directly reflects such an internal field. The 
present results cast serious doubts on the validity of the superposition model commonly 
used for the analysis of experimental EPR data in transition metal complexes [6].  
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Nonlinear vibration interactions are well localized; as a consequence, intrinsic 

localized modes (ILMs) and other types of nonlinear excitations can exist in crystal lattices. 

On the contrary, linear interactions in 3D systems strongly depend on long range forces 

(LRF), which make unsatisfactory MD simulations based on a cluster consideration of 

nonpolarizable ions. In [1-3], an analytical theory of ILMs was developed, which takes LRF 

into account. Here we present a method of MD simulations, which allows include both 

nonlinearity and LRF. The method is based on the nonlinear equations of motion in the site 

representation. The harmonic (long-range) forces are included via the phonon Greene 

functions, the remaining anharmonic forces are taken into account explicitly and both the 

Greene functions and the anharmonic forces are reasonably localized.  

 

The proposed method was used for the investigation of the formation of radiation 

defects following the recoil of scattered neutrons and X-rays. It was established that in alkali-

halide crystals the low-energy limits of the recoil energy does not exceed 1 eV and it strongly 

depends on the crystallographic direction. It was also found that LRF can qualitatively change 

ILM properties: instead of ILMs with the frequency in the gap of the phonon spectrum one 

may obtain selflocalized modes with the frequency above the phonon spectrum. According to 

our numerical simulations such an effect can exist in simple metals where electronic screening 

together with Friedel oscillations can cause a remarkable reduction of the odd 

anharmonicities. This allows one to conclude that the nonlinearityinduced localization of 

vibrational energy may exist more widely than it was believed to take place on the basis of 

theories neglecting LRF. 
 

References 

 

[1] V. Hizhnyakov et al, Phys. Rev. B, 73, 224302-1 (2006). 

[2] V. Hizhnyakov, A. Shelkan, M. Klopov, Physics Letters A, 357, 393 (2006). 

[3] M. Haas et al, Journal of Physics: Conference Series, 92, 012166 (2007). 



A60 EURODIM 2010

ENERGY EFFICIENCY CALCULATION OF LOCALIZED 

EXCITONS LUMINESCENCE IN CaF2-ME
+
 (ME

+
 =Li

+
, Na

+
, K

+
, Rb

+
) 

CRYSTALS 
 

S.I. Kachan
1
, Z.P. Chornyi

2
, V.M. Salapak

2
, I.B. Pirko

2
 

 
1
 National University “Lvivska Politekchnika”, 12 Bandera St., 79013 Lviv, Ukraine; e-

mail:SIKach@gmail.com; 
2
 National University of Forestry and Wood Technology, 103 Chuprynka St., 79057 Lviv, Ukraine 

 

Under crystal irradiation the dissipation of irritative radiation energy goes in three 

ways: colour centres arise, radioluminescence arises, crystal framework heats. Because of 

stochastic absorption of irritative X-radiation quanta in the crystal and stochastic point 

defects distribution in crystal framework and in the absence of unified theory it's 

reasonable to resort to modelling of radiation processes in the crystal. One-dimensional 

model of ion crystal, in which real crystal is represented as locked ion chain containing 

point defects, is in this respect challenging. This model opens up a possibility of 

classification of crystals radiational properties depending on charge condition of point 

defects, their concentration and mobility. 

 

In the article the calculations of the part of ionizing radiation energy spent for the 

crystal heating and radioluminescence excitation are for the first time carried out. The 

calculations are made both for fragments of ion chain like (IVD…IVD) and for fragments 

of ion chain like (FA…VKD), where IVD stands for impurity-vacancy dipole Me
+
VF

-
 

emerging by the crystal growth, and (FA-VKD) stands for complementary pairs of colour 

centres emerging by low-temperature irradiation [1]. From the carried out calculations it 

follows that energy efficiency of luminescence in the chains like (FA…VKD) is much 

higher compared with (IVD…IVD) chains. Therefore under the irradiation of crystal with 

ionizing radiation the luminescence increases inertially. 

 

C, mol. % l (I/I∞)L (I/I∞)α 

0,5 6a 0,70 0,85 

0,1 10a 0,65 0,80 

0,01 21a 0,60 0,73 

Table 1. The ratio of energy efficiency of luminescence (I) to its energy efficiency at the stage of colour 

saturation (I∞), (I/I∞)L – for localized excitons luminescence; (I/I∞)α – for α-luminescence; C – impurity 

concentration; l – chain length; a  – framework parameter. 

 

Theoretical calculations received satisfactorily correlate with experimental results 

[2]. Such consistency stimulates further development of one-dimensional model of ion 

crystal of limited length before transition to infinitely long chains. 
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Nanoporous pyrolusite-MnO2 can act as a host lattice for the insertion and deinsertion of 
Li with application in rechargeable lithium batteries. A systematic strategy - analogous to 
methods widely and routinely used to model crystal structure - was used to generate the 
nanostructures. Specifically, the symmetry associated with the nanostructure coupled 
with basis nanoparticles was used to prescribe full atomistic models of nanoparticles 
(0D), nanorods (1D), nanosheets (2D) and nanoporous (3D) architectures. For the latter, 
under MD simulation, the amorphous nanoparticles agglomerate together with their 
periodic neighbours to formulate the walls of the nanomaterial; the particular 
polymorphic structure was evolved using simulated amorphisation and crystallisation. 
We show that our atomistic models are in accord with experiment. Our models reveal 
that the periodic framework architecture, together with microtwinning, enables insertion 
of Li anywhere on the (internal) surface and facilitates Li transport in all three spatial 
directions within the host lattice.  
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Perovskite strontium titanate SrTiO3 attracts much attention from physicists and 

materials scientists because of peculiar combination of the properties. Usually during 

crystal growth the some necessary properties are specifying. But such process conditions 

as high temperature and pressure are the causes of forming of thermodynamically 

favorable defects in the crystal bulk one of which is oxygen vacancy. The PC GAMESS 

[1] has been used for ab-initio calculations of Vis/UV absorption specters both ideal 

perovskite structure SrTiO3 and with oxygen vacancies. On fig.1 shown some typical 

crystal structure models that have been used in the calculations. 

 

       

a b c 

Figure 1: The models of SrTiO3 crystal structure: (a) – ideal crystal;  

(b, c) – crystal models with O-vacancy defect. 

 

The ab-initio calculations by Hartree-Fock (HF) and time dependent density 

functional theory methods (TDDFT) has shown the essential changes of crystal structure 

caused by the forming of oxygen vacancy. It has been obtained from the simulation the 

both oxygen vacancies and the changes of crystal structure are influencing on the Vis/UV 

spectrum and the appearing of lines at 300-600 nm range. 

The binding between the mechanism of the oxygen vacancy forming and the 

subsequent crystal reconstruction with the energies of spectrum lines is discussed 

analyzing the density of states (DOS) and molecular orbit overlap population (MOOP). 
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Dicing of single crystal materials is an important preparation technology. Wafer 
dicing is the process of division a wafer into respective dies. Die separation process 
could be accomplished by diamond scribing and mechanical breaking. In this case dicing 
of the wafer is performed in two stages. The surface is first scratched with a sharp dia-
mond tip, which creates stress in a wafer and induces structural defects. Then, by apply-
ing pressure loading on the backside of the wafer, the crack propagation is initiated, start-
ing from the defect area till the total separation. The features of scribe and break die 
separation are especially beneficial with thin silicon wafers; delicate III-V materials; hard 
materials, including sapphire, glass and ceramics; and ultra-clean devices. However, the 
mechanism leading to high quality surfaces of a die is not completely understood. The 
purpose of this study was to investigate silicon wafers and to simulate its scribing. 

It is known, the silicon wafers have a diamond-like structure with a covalent bond, 
hence leading to their nature of being hard and brittle. So, there is a need to understand 
the phenomena occurring during the scribing and subsequent brittle fracture process (also 
called cleavage) usually performed when preparing surfaces of brittle semiconductors. 
Following the diamond tip movement the defects could arise under scribe line, i.e. dislo-
cations and cracks. The mechanism of scratching depends on shape of diamond tip, the 
scratching direction, the moving velocity of the diamond tip and applied loads.  

Computer simulation of plate samples under specific loading conditions was per-
formed through finite element modeling (FEM) to estimate value of stresses and depth of 
defect zone under scratch line. As a rough and first approximation of the process the 
spherical Hertzian contact theory could be applied to describe the behavior of diamond 
indenter that is loading isotropic surface inside the elastic interval. On a base of such 
analysis it could be concluded that during contact of circular indenter, a complex stress 
state that is related to the material deformation is produced in wafer.  

Scribing induces singular deformation of the wafer. The scribe line creates a stress 
concentration factor, so the wafer breaks along it after applying force. The sharpness of 
the bottom of the scribe has a much larger effect on the stress concentration factor than 
does the depth of the scribe. Diamond scribing produces a high stress concentration in 
the wafer because of the sharpness of the diamond. Diamond scribing produces the nar-
rowest groove width of all wafer separation methods. Scratching is influenced by sliding 
friction, and, the shearing stress at the silicon surface during scratching is strongly influ-
enced by assigning the tangential load, which could be expressed through normal load 
multiplied by friction coefficient.  

Scratch-induced mechanical damage on silicon surfaces was investigated by means 
of optical microscopy to verify the simulation results. Scribing with low forces produces 
scratch lines that are significantly smoother and exhibit less material damage. Cracks on 
the wafer mainly propagate along the development of the easiest slip direction family 
<110>, and the lateral cracks are situated along the easiest cleavage plane family {111}. 
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According to generally accepted opinion, intrinsic emission of tungstate crystals 

AWO4 originates from radiative transitions in tungstate groups of these crystals. Plenty 

of models of the emitting centers were developed using various experimental data, as 

well as results of theoretical calculations. The majority of them imply participation of 

only regular components of the crystal lattice at all stages of the intrinsic luminescence 

process. However, several alternative concepts that involve active patricipation of point 

defects and uncontrolled impurities in luminescence of nominally pure crystal samples 

were developed. In our work we intend to explore the role of impurities in processes of 

intrinsic emission of AWO4 (A = Pb, Ca, Cd, Zn) tungstate crystals using theoretical 

calculations „from first principles”.  

Investigated tungstates possess two types of the crystal lattice: the scheelite-type, in 

which tungstate groups exist as WO4
2-

 qasi-tetrahedral oxyanions (PbWO4 and CaWO4) 

and the wolframite-type, where tungstate groups form chais and can be considered as 

WO6
6-

 oxyanions (CdWO4 and ZnWO4). We adapted a cluster approach in theoretical 

investigation of the electronic states of the crystal constituents based on computation of 

the adiabatic potential energy surfaces (APES) [1]. The electronic states of intrinsic 

emitting centers of AWO4 crystals are calculated for the cases of regular and defective 

crystal surrounding. The intrinsic emitting center was considered as one tungstate group 

WO4
2-

 (or WO6
6-

) together with one closest to it A
2+

 cation and was treated in 

calculations “ab-initio”. The crystal surrounding of the center was modeled by the region 

of effective potentials which included several thousands of atoms. The energies of 

excited electronic states and oscillator strengths of electronic transitions in the centers are 

calculated in Configuration Interaction (CI) approximation using GAMESS program 

package [2]. In order to obtain the APES curves of the emitting centres, calculations were 

repeated for the set of displacements of atomic nuclei positions in ab-initio region. Such 

displacements corresponded to selected types of lattice vibrations. The geometry-

optimized calculations were carried out in order to consider the Mo
6+

 impurity in the ab-

initio region (i.e. MoO4
2-

 or MoO6
6-

 emitting centers), three-valent cationic impurities 

and oxygen vacancies in the nearest surrounding of the intrinsic emitting centers.  

Luminescence emission and excitation spectra of pure and defective crystals were 

reconstructed using the obtained configuration curves and compared with corresponding 

experimental data. The following problem is discussed: what type of emitting centers 

most probably determine intrinsic emission of AWO4 crystals, the centers of regular 

lattice, or those located near point defects. 
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Recent years have seen a growing research interest in materials exhibiting the cross-
linking dependence of the magnetization and polarization on applied electric and 
magnetic fields, respectively. A most favorable situation might be realized in multiferroic 
materials, where two different ferroic states, e.g., ferroelectric and ferromagnetic, coexist, 
however, the occurrence of linear magnetoelectricity is very rare because of its high 
symmetry demands. For this reason only higher order magnetoelectricity is predicted in 
multiferroics similarly as for systems without well-defined symmetry. In this situation it 
seems meaningful to investigate the magnetoelectric coupling in disordered systems, e.g. 
perovskite incipient ferroelectrics with impurities which have magnetic and electric 
dipole moments. 

 
In the past few years, the Mn-doped SrTiO3 has become the subject of extensive 

studies and discussions as Mn2+ ions can introduce both magnetic and electric dipoles 
into the system when substitute Sr2+ lattice ions [1]. The expected coupling between 
magnetic and electric dipolar degrees of freedom in Sr1−x MnxTiO3 opens the attractive 
possibility to vary the magnetic properties by the application of an electric field. 

 
The present work reports on results of Ab initio calculations for the Mn doped 

SrTiO3 (STO:Mn). We carry out density functional calculations for various supercells 
(containing 40 to 90-atom). We use the all-electron, full-potential local-orbital 
scheme(FPLO). We show that Mn ion substituting for Sr becomes off-central and makes 
the surrounding ions of the host lattice change their equilibrium positions. So, the ground 
state structure becomes polar if the material is doped. The calculated results are in 
accordance with the data of recent ESR, dielectric susceptibility, and EXAFS 
measurements in SrTiO3:Mn ceramics [2,3,4]. They support the interpretation of the 
observed dielectric anomalies which is an impurity induced transition to a polar phase 
caused by the Mn substitution for Sr [5]. We calculated also the magnetic interactions 
between the Mn impurities in SrTiO3 and discuss the results in the context of recently 
observed magnetic and magneto-electric anomalies in STO:Mn. 
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The results of a computer modelling study of rare earth doping in BMF (BaMgF4) 

and YLF (YLiF4) are presented, both of which are of interest as potential laser materials 

when doped with rare earth ions. 

 

Use has been made of the GULP code [1], with interatomic potentials fitted to 

ensure reproduction of the crystal lattice parameters of both materials to within ±2 %.  

Rare earth doping is modelled using a previously-derived potential set to represent the 

interactions of the rare earth ions with the host lattice [2]. 

 

The intrinsic defect properties of both materials are reported, including formation 

energies of defects, and this is followed by the calculation of substitution energies of rare 

earth ions at the cation sites in both structures. 

 

For meaningful comparison of doping results, solution energies have been 

calculated, which include all the terms involved in the doping process. For YLF, as 

expected the Y
3+

 site is preferentially occupied over the Li
+
 site (due to the rare earth ion 

charge), but for BMF the occupied site can be either Ba
2+

 or Mg
2+

, with charge 

compensation required in either case. Solution energy calculations are used to predict 

which of the two possible sites will be occupied by each ion in the rare earth series. 

 

Comparison of the results of a range of experimental studies is made, including a 

study featuring the use of Ce
3+

 doped BMF as a tuneable laser material [3], where the site 

adopted by the Ce
3+

 ion is of particular interest. 
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 Effects of β, X, UV and vacuum-ultraviolet (VUV) radiation were studied in CaF2: 
ZnO single crystals in which ZnO was imbedded as nanoparticles. Absorption 
measurements of these crystals showed a steep increase in optical density below 250nm 
and a weak absorption peak at about 320nm. On the other hand, pure CaF2 crystals are 
transparent from the near infrared to the vacuum ultraviolet (UV) region. After prolonged 
β irradiation at room temperature (RT), additional absorption bands were recorded at 395 
and 595nm. The irradiated samples showed during heating several thermoluminescence 
(TL) peaks. The main peak appeared after room-temperature (RT) irradiation at about 
430K and after liquid nitrogen temperature (LNT) excitation at about 160K. The main 
TL peaks appeared after VUV irradiation at the same temperatures and with the same 
thermal activation energies as after β irradiation, indicating that the same defect levels 
were induced by the different radiations. Samples which had previously been exposed to 
β-irradiation at RT and subsequently illuminated at LNT with light in the 390nm region, 
showed during heating to RT several TL peaks. No such TL could be excited by 390nm 
light in CaF2: ZnO samples that had not been previously irradiated by any ionizing 
radiation. This TL emission is therefore attributed to a process of photo-transferred TL 
(PTTL). Measurements of photoluminescence (PL) showed main emission bands at 320 
and 340 nm and excitation maxima near 250 and 300nm. In the X-luminescence (XL) a 
main emission band also appeared at 320nm and additional bands near 420 and 475nm. 
These emission bands were also observed during X-irradiation at RT as well as 
additional emission bands near 355 and 400nm. The fact that some of the same emission 
bands appeared in the XL, PL, TL and OSL of this crystal indicates that the same 
luminescence centers are involved in these emissions. In pre-irradiated samples, 
luminescence could also be excited by wavelengths that could not excite any PL in non 
pre-irradiated samples. They also showed an emission maximum at 320nm with 
stimulation maxima at 395 and 468nm. The 320nm emission band is of higher energy 
than the excitation light and this emission is therefore attributed to a process of optical 
stimulation (OSL). This emission also could not be excited by 395nm light in pre-
irradiated samples that were heated after irradiation to above 550oC. The stimulation 
maxima of the OSL and PTTL in the 390nm region are apparently due to the observed 
absorption band at 395nm induced by the β irradiation. 
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Nominally pure single sapphire crystals usually have an intensive 
thermoluminescence (TL) response after ionizing irradiation.  We have been interested in 
what kinds of new TL centers are created in the crystal after  corpuscular irradiation. The 
crystals had been irradiated previously in an electron linear accelerator with 5 MeV 
electrons to a fluence of 1017 cm-2   or by reactor neutrons. The TL glow curve  of heavily 
irradiated samples exhibited two new peaks at 75ºC which quickly disappeared, and 
another one at  285ºC. The photo-transferred TL experiments showed that the first peak 
was due to electron trapping.  We propose that it was the result of an interstitial 
aluminum ion Ali

+ capturing one electron (Ali
+ + e-→ Ali

0).  The appearance of 
interstitial aluminum was proved by observation of a luminescence band at 3.8 eV 
(FWHM 0.22 eV) which is intrinsic to Ali

+ centres.  The second peak at 285ºC was also 
due to displacement of ions from regular lattice sites, firstly, because it appears only after 
corpuscular irradiation that might displace either aluminum or oxygen ions, and, 
secondly, because these traps anneal out at temperatures of more than 700ºC, when ion 
processes take place.  This trap has a positive charge with respect to the lattice because 
the corresponding glow peak appears in photo-induced crystals together with other hole 
peaks.  Comparing our experimental results and literature data, we assume that it is an 
interstitial oxygen which captured a hole. Both aluminium and oxygen ions are mobile at 
room temperature in a perfect lattice.  They are captured on some lattice defects, 
preferentially on cation or anion vacancies. 
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The bismuth germanium oxide (BGO, Bi12GeO20) crystals have been widely 

used in photoconductive, photorefractive, electro-optical, acousto-optical and 

dosimeter applications. 

The BGO:Cr show a strong photochromic effects early connected with 

chromium ions located in the Ge
4+
 tetrahedral positions [1-3]. The coloration of the 

crystal can be also obtaining by influence of different ionizing radiation, including 

ions irradiation.  

The dark 
235
U ions irradiation (E = 9.35 MeV/u,  fluence 5×10

11
 cm

–2
) increase 

of the crystal absorption below 10 000 cm
-1
. The additional absorption spectrum (AA) 

of chromium doped BGO crystal (Fig. 1) represents of the intense absorption growth 

in the region 23 800 – 10 000 cm
-1
 (with maxima near 17 700 cm

-1
, 14 265 cm

-1
, 13 

715 cm
-1
, 12 120 cm

-1
). This spectrum has the same character as the absorption 

changes observed after light illumination (lamp, diode), but the growth of absorption 

near the absorption edge is not present (Fig. 1).  

These facts allow attribute of the observed absorption changes with ionization 

recharging of chromium ions present in the crystal. The absorption rise observed near 

fundamental absorption edge (Fig. 1) is probably caused by contribution of the lattice 

destroying as a result of heavy ion bombardment. 

Figure 1: The AA spectrum of BGO:Cr irradiated by uranium ions 
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The photoluminescence (PL) emission around 1.9 eV, excited from the ultraviolet 
(UV) to vacuum ultraviolet (VUV), was investigated in neutron irradiated silica (at 1021 
and 1022 n/m2 fluences) with different OH and impurity content: KU1 and KS-4V high 
purity silica considered reference materials for optical components in fusion devices as 
ITER and Infrasil 301 commercial silica. The measurements were made at different 
temperatures from 300K to 10K. The excitation source was a pulsed synchrotron 
radiation in SUPERLUMI station of HASYLAB at DESY 

The three irradiated silica grades show similar excitation spectra shape, although 
the band intensities are different depending on silica grade and temperature. Neutron 
irradiated KU1, with the highest OH content, shows the highest PL red emission 
attributed to nonbridging oxygen hole centers (NBOHCs). The PL excitation profile, 
from 4.0 to 8.8 eV, has two bands, which are centered around 4.8 eV and 6.5 eV. The 
band intensities increase on decreasing temperature from 300 to 10K for the three types 
of silica. An example of the excitation spectra measured at different temperatures for 
KU1 irradiated at 1021 n/m2 fluence, is shown in Figure 1. 
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Figure 1. PL excitation spectra (1.9 eV emission) of KU1 
quartz glass neutron irradiated at 1021 n/m2 fluence, measured 
at different temperatures from 10K to 300K. 
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The effectiveness of color centers creation in NaF single crystals under influence of 
corpuscular (electrons, E = 10 MeV) and deceleration (photons, E = 0-10 MeV) radiation 
with different density of radiation, but with the same absorbed doses (25 kGy) of 
radiation have been investigated during work [1]. 

For irradiation the microtron accelerator have been used. The time of irradiation by 
10 MeV electron equal ~ 3 min, by braking radiation with continuous spectrum equal 12-
15 min. The absorption spectra of irradiated NaF single crystals are presented in Fig. 1. 
The main bands are situated at 245, 280-285, 350, 520-580, 635 and 815 nm. The peaks 
of band structure at 520-580 nm are connected with U impurity (~104 – 105 mol.%). 

 
 

 
Figure 1: Absorption spectra of NaF crystals irradiated by electron (1) and 

deceleration (2) radiation. Curve 3 is ratio of curves 1 and 2.. 

 
The effectiveness of color center creation in NaF under electron irradiation in 

comparison with color center creation under deceleration radiation is more: for O–-center 
(245 nm) in 2 times, for O2–Va

+-center (280-285 nm) in 2.2 times, for F-center (350 nm) 
in 2.5 times, for F3

+-center (520 nm) in 1.2 times, and for band 635 nm in 1.2 times. 
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Fused silica is a material of interest due to its increasing number of applications in 

many different technology fields. In the field of fusion reactors it is a key material to build 
windows, lenses and fibres for diagnostic and remote handling systems. Those components 
will be subjected to high levels of ionizing radiation during hundreds of hours, which 
produce undesirable changes in their optical properties. Spectroscopic techniques such as 
electron paramagnetic resonance (EPR) and optical absorption (OA) are useful in order to 
identify and quantify the defects responsible for those changes. 

 
KU1 (high OH content, 800 ppm) and KS4V (OH content < 0.2 ppm) are known as 

highly radiation resistant fused silica and have been examined by optical absorption within 
the ITER diagnostic program [1, 2]. In this work, we present the EPR study of both silica 
types irradiated with fast neutrons (energy, MeV1.0E > ) at high fluences (1022 n/m2). The 
spectrum of irradiated samples shows various well-known types of paramagnetic defects 
such as POR, NBOHC and E’ [3]. A study of their thermal stability, heating the samples in 
air up to 775 ºC, has also been carried out. 

 
A detailed analysis of the spectra has been performed. In both silica types we have 

found two additional contributions not reported previously at concentration levels similar to 
those of POR defects. One of them has g values: 05.2g || = , 0073.2g =⊥  with a mean g-

value 022.2g = , similar to those for POR but with lower anisotropy. The other contribution 
consists on a broad line centred at 02.2g = . The first contribution is better observed at liquid 
nitrogen temperature as occurs for POR centres, whereas the broad line shows strong 
saturation behaviour by decreasing temperature. In addition to the similar g values, the new 
contributions have a thermal stability very close to that shown by POR defects in both silica 
types. This indicates that those can be assigned to new POR-type defects in different 
environments originated by fast neutrons. 
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Among alkali halides, lithium fluoride (LiF) is of particular interest because of its 
physical and optical properties. Color centers (CC) in this material are extensively 
investigated, particularly because of their peculiar active properties, which found 
application in the realization of broad-band emitting lasers and amplifiers in the optical 
domain [1] operating at room temperature (RT). LiF is also a well-known dosimeter 
material [2]. Gamma irradiation of LiF crystals and films [3] induces the stable formation 
of primary and aggregate CC. The primary color center is the F one (an anionic vacancy 
occupied by an electron). Its absorption band is located at around 248 nm and up to now 
its photoluminescence has not been detected unambiguously. The laser active F2 and F3

+

CC (two electrons bound to two and three anion vacancies, respectively) possess almost 
overlapping absorption bands, around 450 nm, generally called M band [4]; under optical 
pumping in this spectral region, at RT they emit broad photoluminescence bands peaked 
at 678 nm and 535 nm for F2 and F3

+ CC, respectively [5]. The spectroscopic 
investigation by optical absorption and photoluminescence measurements is useful tool 
but a complete spectral identification of several light emitting defects is quite difficult 
because many optical transitions are possible and their different spectral features are 
often overlapping, especially for samples irradiated at high doses. 

We investigate the dose dependence of F, F2 and F3
+ CC produced in LiF crystals 

irradiated at RT by gamma rays from a 60Co source at five irradiation doses from 8.4 102

Gy for the less colored samples to 8.4 104 Gy for the more colored ones. Systematic 
measurements of absorption spectra and their accurate data processing allowed a 
quantitative evaluation of the kinetic parameters for concentrations of F and F2 CC. On 
the contrary, the F2 and F3

+ photoluminescence measurements, excited by an Argon laser 
at 457.8 nm and performed at RT and at Liquid Nitrogen Temperature (LNT), are 
affected by the laser power, due to the presence of a triplet state in the F3

+ optical cycle 
[6]. 
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Recently the investigations of nano-size defects induced by irradiation with swift 
heavy ions have been performed for several wide-gap metal oxides and fluorides (see, 
e.g., [1, 2]). Besides the universal "knock-out" (impact) mechanism, the nonimpact 
creation of Frenkel defects connected with the decay of electronic excitations (EEs) or 
the recombination of hot (nonrelaxed) electrons (e) and holes (h) has been also revealed 
in the tracks of ~2.2-GeV Au or U ions with extremely high density of EEs. In some 
materials (for instance, LiF), the nonimpact mechanisms of radiation damage are even 
the dominant ones under ion-irradiation with high fluences and fluxes. However, MgO 
cubic crystals with high level of purity and perfection possess enhanced radiation 
resistance against nonimpact mechanisms of defect creation. One of the reasons is that in 
MgO electrons, holes and excitons do not undergo transformation into a self-trapped 
state [3]. At the same time, the concentration of anion and cation Frenkel defects and 
their associations sharply increases in MgO exposed to uniaxial plastic deformation, thus 
significantly facilitating the localization of carriers and a subsequent recombination 
between hot electrons and holes.  

 
A comparative study of highly pure and Be2+, Al3+, Cr3+ or OH--doped MgO single 

crystals previously irradiated at 300 K with ~2.2-GeV Au or U ions at fluences of 1012 
ions/cm2 (GSI, Darmstadt) has been performed in the present study. The virgin and ion-
irradiated samples have been compared by measuring the spectra of optical absorption, 
reflection, emission as well as time-resolved excitation spectra for various luminescence 
using the exciting photons of 4-35 eV at 8 K. The spectra of cathodoluminescence at 6 K 
or tunnel phosphorescence and thermally stimulated luminescence at 6-425 K have been 
also measured under/after irradiation of the samples by 5-15 keV electrons. The typical 
emissions connected with the excitation of oxygen ions nearby cation and anion 
vacancies, bivacancies or F and F+ centers have been detected in plastically deformed (4-
5%) MgO crystals. The presence of similar emissions in ion-irradiated samples testifies 
that the impact mechanism of defect creation causes the stress in GeV-ion-irradiated 
samples. Therefore, the creation of Frenkel defects via the hot recombination of carriers 
one of which has undergone localization is facilitated in MgO irradiated by swift heavy 
ions. Particular emphasis has been placed on the investigation of impact and nonimpact 
processes in MgO doped with OH- or small-radius Be2+ s2-ions by means of optical and 
EPR methods. It was shown earlier that Be2+ ions serve as efficient traps for poorly 
studied oxygen interstitials [4]. 
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Earlier [1–5] the possibility of effectual phosphors and photochromic materials 
receiving on CdBr2 base was showed. Light-sensitive systems on CdBr2:Ag base can be 
used as optical recording medium and also as detectors for dosimetry of ultra-violet light 
[4–7]. In this job the results of optical-luminescent and electret properties investigations 
of CdBr2 crystals doped by AgCl are analysed. 

 
It was shown, that the appearance of photoinduced absorption in CdBr2:AgCl 

crystals is caused by photolysis of basis matter and photochemical transformations of 
activators centres. The photostimulated chemical reactions flowing in photochromic 
material leads to weakening and changing of luminescence spectral composition. The 
carriers photogeneration processes in result of matrix excitation and photothermal 
excitons dissociation localized on uncontrolled iodine impurity correspond for the 
CdBr2:AgCl photosensitivity in the band edge 270–300 nm region. Photosensitivity in 
310–340 and 800–1180 nm regions is caused by photothermic ionization of internodes 
Cdi

0 cadmium atoms and F– type centres. 
 
During the samples irradiation with photoactive light the dissociation of 

lightsensitive centres {(VCd
2–-VBr

+)–-Cdі+} and {(Ag+
Cd)–-VBr

+} is occurred. At that the 
colloidal particles nCd0 and nAg0 are arised and {(VCd

2–-Br0)–-VBr
+} complexes are 

formed. The thermostimulated reversible photochemical reactions which observed in 
CdBr2:AgCl crystals come out of the nCd0 and nAg0 dissociation and formation of Cdі0 
and Аgі0 isolated internodes donors. Recombination of holes delocalized from  
{(VCd

2–-Br0)–-VBr
+} complexes with these donors leads to reducing of initial 

lightsensitive centres and optical-luminescence materials characteristics. 
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The radiation-induced dynamics effects were studied in gamma-irradiated (Co60 sources with 
1-2  MGy  absorbed  dose)  chalcogenide  glasses  of  quasi-binary  (As2S3)x(Sb2S3)1-x  system 
(0<x<0.3) using optical spectrometry in the range of fundamental optical absorption edge and 
positron  annihilation  lifetime  (PAL)  techniques.  The  above  effects  were  described  in  the 
framework of universal configuration-coordinate model.

It was shown that high-energy gamma-irradiation of the studied chalcogenide glasses caused 
the low-energetic shift of their fundamental optical absorption edge, the effect being known as 
radiation-induced darkening. This darkening was unstable decaying monotonically with time to 
some  residual  value  after  irradiation  switching-off.  In  such  a  way  a  so-called  dynamic 
component  appeared  in  contrast  to  static  one,  which  left  unchangeable  in  all  glasses  during 
prolonged time after irradiation.  It was established that the dynamic component of radiation-
induced optical effects in As2S3-Sb2S3  glasses gradually decayed, the more pronounced changes 
being observed in the glass with higher Sb2S3 amount. 

It was established the kinetics of the observed decaying was satisfactorily described on the 
basis of non-exponential kinetics, taken in the suppressed-exponential form with character non-
exponential  indexes  of  1.8,  2.2,  3.0  and  3.5  days  for  glasses  with  х=0,  0.1,  0.2  and  0.3, 
respectively.  This kinetics tends towards single-exponential (or, alternatively,  monomolecular) 
one with character time constants of 2.1, 1.9, 1.6 and 1.4 days. 

This  result  contradicts  strongly  to  previous  study on  Ge-based  chalcogenide  glasses  [1], 
where bimolecular relaxation kinetics proper to annihilation of coordination topological defects 
was dominant. It means that other type of structural-relaxation processes at the level of medium-
range order is more essential in the glasses under consideration. It should be supposed that in 
case of studied (As2S3)1-x(Sb2S3)x chalcogenide glasses the process of post-irradiation relaxation 
attains activation character owing to renovation of destroyed chemical bonds, being described by 
monomolecular relaxation function rather than bimolecular one. It is quite understandable that 
such process is quicker in time giving small values of character time constants.  

Simultaneously,  the  above chalcogenide  glasses  were tested  by PAL method,  the  results 
being treated in terms of high-measurement statistics for more than 5 millions of elementary 
annihilation  events  accumulated  during  more  than  one  day.  The  values  of  average  positron 
lifetimes were taken as numerical criterion for occurred radiation-induced changes. The effect of 
increase in average positron lifetime was observed in all irradiated samples under investigation 
testifying  in  a  favour  of  coordination  topological  charged  defects  concept.  These  defect 
formation processes decreased with Sb2S3 content in good agreement with optical measurements.
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Spectra of the electron spin resonance (ESR) in the new series of borate glasses 

with LiB3O5, SrB4O7, CaB4O7, Li2B4O7, KLiB4O7, SrB6O10, and LiCsB6O10 

compositions, irradiated by X-ray (irradiation dose 1 ÷ 2 ·10
4
 R) at room temperature, are 

investigated and analysed. The nominally-pure glasses of high chemical purity and 

optical quality were obtained from corresponding polycrystalline compounds by fast 

cooling of their melts according to technological conditions, developed by authors. The 

ESR spectroscopy shows presence of non-controlled Fe
3+

 impurity in all non-irradiated 

glass samples. The ESR spectrum of Fe
3+

 centres, in general, consist of characteristic 

signal with geff = 4.29 that is an evidence of the classical glass structure of investigated 

compounds, because the Fe
3+ 

signal with geff = 2.00 in them practically was not observe.  

  

On the basis of ESR spectra analysis it was shown that the intense X-irradiation 

(dose about 10
4
 R) leads to formation of stable at room temperature paramagnetic centres 

practically in all investigated glasses. The most intense and well-resolved ESR spectra of 

the X-ray induced centres have been observed in the Sr-contained glasses. These ESR 

spectra in all X-irradiated glasses are closely similar and consist of four practically 

equidistant components (average peak-to-peak linewidth of components ∆Bpp ≅ 0.65 mT 

and distances between components equals approximately 1.4 mT) with ratio of intensity 

1 : 3 : 3 : 1 and complex anisotropic signal with g|| ≅ 2.004 > ge (where ge = 2.0023 for 

free electron). By detailed analysis it was shown that the observed ESR spectra belong to 

the same hole centres and can be assigned to the O
−
 centres in the borate glass network. 

The 4-component ESR spectra of the O
−
 centres are related to superhyperfine (SHF) 

structure, caused by interaction of the unpaired electron spin with one nucleus of the 
11

B 

isotopes (nuclear spin I = 3/2, natural abundance – 80.1 %). The unstructured anisotropic 

EPR signal corresponds to the O
−
 hole centres, localised near non-magnetic isotopes in 

the borate glass network. The ESR spectra of anisotropic O
−
 hole centres without SHF 

structure were observed previously in the neutron-irradiated Li2B4O7 single crystals as 

well as in the X- and γ-irradiated glasses of CaO-Ga2O3-GeO2 system and detailed 

described and analysed in [1,2]. The X-irradiated borate glasses also reveals weak ESR 

signals with 7-component SHF structure, which belong to the O
−
 centres, localised near 

one nucleus of the 
10

B isotopes (I = 3, natural abundance – 19.9 %). The features of 

complex ESR spectra, possible generation mechanism and local structure of the X-ray 

induced O
−
 centres in different borate glasses are discussed.  
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Magnesium oxide has been investigated as a possible candidate for gamma ( ) and
neutron dosimetry [1, 2]. Photoluminescence (PL) of magnesium oxide (MgO), when
excited in various ways, has been the subject of a number of studies. Some authors
attributed  red  emission  to  Fe3+ whereas others attributed it to Cr3+ [3, 4]. Pure MgO
crystals exhibit a bright orange luminescence when excited with UV. In this paper we
present the results of investigation of the photoluminescence (PL), its excitation and
optical absorption of MgO crystals doped with different concentrations of transition
metals exposed to fast neutron irradiation and after annealing.

In most of the investigated samples three ranges of luminescence are established:
380-460 nm, 650-850 nm and 900-1300 nm. These types of luminescence have different
spectral characteristics. Analysis shows that the intensity of emission in each of these
regions is strongly dependent on transition metal ions concentration, temperature of
annealing and irradiation conditions. The red emission band is complex, it consists of
700, 730 and 760 nm subbands. In addition, we observed the sharp lines, which belong to
the R and N-lines of Cr3+ ions. In MgO there exist three types of centres connected with
Fe3+ ions. The octahedral centre complies with “isolated” Fe3+ ion surrounded by six O2 .
The tetragonal and rhombic centres are connected with cation vacancies in the near
neighbourhood. In the tetragonal symmetry, the cation vacancy is located in the [100]
direction, and in rhombic symmetry - in the [110] direction regarding the Fe3+ ion. At low
concentration  iron  is  present  in  a  form  of  Fe2+ and Fe3+, and may be transformed from
one valence state to another by ionizing radiation, due to electron capture at other
impurities or by reduction or oxidation at high temperatures. The excitation spectrum of
luminescence correlates well with the observed absorption spectrum. A band at 217 nm
belongs to a complex center V OH-Fe3+, as shown in [5]. The fluence increase leads to the
release of holes and their capture by Fe2+, producing Fe3+ luminescence. The excess
charge is compensated by cation vacancy. We assume that the 440 nm
photoluminescence band belongs to the complex V OH-Fe3+ center with tetragonal
symmetry, the ~730 nm PL band observed in the irradiated MgO crystals is connected
with defects, generated as a result of decay of the complex V-

OH–Fe3+  centers. The origin
of the near infrared luminescence bands in MgO crystals is discussed.
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The knowledge of structural information on the neighboring atoms of impurity ions 

or radiation induced defect estates in natural silicates is a argument for detailed models 
leading to a better understanding the effect of the local crystal fiel (CF) in the electron 
paramagnetic resonance (EPR) spectra. Zoisite with chemical formula Ca2Al3(SiO4) 
(Si2O7)O(OH), collected from Teófilo Otoni, state of Minas Gerais – Brazil, belongs to 
epidote group. In the present work its EPR properties has been investigated. The EPR 
spectrum has shown the typical Mn2+ six hyperfine lines superposed to -½  to +½  
transition lines in Fe3+. Most significant results have been observed in the low magnetic 
field region, namely, signals in 800 – 1500 Gauss interval due to Cr3+ and signals in 1500 
– 2000 Gauss intervals due to Fe3+. Both ion are under strong axial component of the 
crystal field, where the 4A2 state is split in two doublets mS =± 1/2 and mS =± 3/2. The 
crystal field parameters are formed to be Δ = 15100 cm-1, B = 739,5 cm-1 and Dq/B = 
2,19. These are from the allowed spin transition 4 4

2 1A T→ and 4 4
2 2A T→ of Cr3+ ion in 

the visible region. The lifting on the degenerate 4T2 level was attributed to the lower 
polyhedron symmetry Al(Cr)-O and to the forbidden transition 4 2

2 1A T→ ; this suggests a 
substitution al Al3+ by Cr3+ in the site known as M3. 
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Ageing phenomena in network glasses have been widely investigated for last years 
[1]. Though many experimental  and theoretical  works are devoted to physical  ageing 
effects, the nature of radiation-induced physical ageing is still not well-understood. Only 
fragmentary  papers  appeared  recently  describing  radiation-induced  physical  ageing 
phenomena  in  arsenic  selenides  [2].  Such  situation  is  unclear  because  chalcogenide 
glassy-like networks are perspective materials  for application in different branches of 
modern life (e.g. space, civil, medical and military areas [3,4]).

Effect of radiation-induced physical ageing of glassy arsenic sulfides AsxS100-x (30 ≤ 
x ≤ 42)  was investigated in this work by the differential  scanning calorimetry (DSC) 
method.  Obtained  results  were  compared  with  those  obtained  previously  for  arsenic 
selenides  [2].  It  was  shown  that  significant  radiation-induced  physical  ageing  effect 
appeared  for  AsxS100-x samples  with  x <  40,  contrary  to  AsxSe100-x system,  where  no 
changes in DSC-curves after γ-irradiation were recorded.

The observed difference  in  radiation-induced physical  ageing  effects  in  arsenic 
sulfides  and  selenides  was  explained  by  a  greater  lifetime  of  the  gamma-induced 
excitations within the sulfur-based glass network in comparison to the selenium-based 
one. This could be a reason of  γ-induced  formation of stable coordination topological 
defects (CTD) in arsenic sulfides.
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It is a common knowledge that impurities play an important role in the optical 

properties of sapphire. Initial investigations demonstrate the hydrogen content to play a 

more significant role in the transmission and luminescence properties than previously 

were thought [1, 2]. Effective controlling the hydrogen content by controlling the starting 

raw material improves the mechanical properties too. We studied here the 

photoluminescence (PL) properties of both single crystal sapphire and two type of 

starting material which had had been used to grow sapphire crystals: “crackles” prepared 

by Vernuil method and High Purity Densified Alumina (HPDA
R
) sampless manufactured 

by Emerging Material Technologies. Nuclear Magnetic Resonance and IR absorption 

analysis were done to determine hydrogen concentration in the samples (Table). Spectral 

equipment installed at SUPERLUMI station at DESY synchrotron (Hamburg, Germany) 

was used for measurement of the PL characteristics at YUV excitation. Standard spectral 

equipment was used for measurement of the PL characteristics at excitation with UV and 

visible light and the PL was excited using laser radiation with λex = 473 and 337.1 nm. 

Density of radiation power was 0.05 - 0.4 Wt/cm
2
. The radiation from the xenon lamp 

DKsL-1000 was also used for recording the spectra of excitation in mentioned diapason 

of light.  

Crystals grown using Vernuil starting material exhibited significant red PL. On the 

contrary, very low PL existed in sapphire samples grown by the same technologies but 

where EMT HPDA
R
 was used as starting material.  

Hydrogen concentration in Vernuil starting materials and sapphire crystals grown 

using Vernuil starting material is very high reaching thousands of ppm. Hydrogen 

concentration in both HPDA
R
 and sapphire crystals grown using EMT HPDA

R
 starting 

raw material is very low versus other starting raw materials. There was observed direct 

correlation between hydrogen concentration and spectral characteristics:  transmission in 

the range of defect centers absorption, luminescence of color centers like to F - centers 

and its excitation. Intensity of the red wide band luminescence caused by some impurities 

also reveals similar relations. Possible mechanisms of the effect of hydrogen on the 

mechanical and optical properties of Al2O3 starting materials and crystals are discussed.  
 

[1] R. Mogilevsky, S. Nedilko, L. Sharafutdinova, S. Burlay, V. Sherbatskii, V. Boyko, S. Mittl; 

Luminescence study of grown sapphire: from starting material to single crystal. Physica Status 

Solidi, 2009. - V. 6. - p. S179 - S183. 

[2] R. Mogilevsky, S. Nedilko, L. Sharafutdinova, S. Burlay, V. Sherbatskii, V. Boyko, S. Mittl. 

Sapphire: Relation between luminescence of starting materials and luminescence of single crystals. 

Optical Materials, 2009. - V. 31, N 12. - p. 1880 -1882. 

 



A82 EURODIM 2010

FORMATION AND RECOMBINATION OF DEFECTS IN 
SAPPHIRE UNDER HEAVY ION IRRADIATION AND 

SUBSEQUENT THERMAL ANNEALING.

A. Crespo-Sosa1, J. L. Jiménez-Hernández1, P. E. Mota-Santiago1, J. A. Reyes Esqueda1, A. Oliver1.

1 Instituto de Física, Universidad Nacional Autónoma de México. A.P. 20-364 01000 México D.F. 
e-mail: crespo@fisica.unam.mx

Optical properties of metallic nano-particles in transparent dielectrics have been of 
importance for their promising technological applications.  One of the most used 
methods for producing such nano-composites is ion implantation, however, one of the 
disadvantages of this method is the production of radiation induced defects, which are 
particularly important in crystalline substrates, as they can interfere with the optical 
properties of the nano-particles.

Radiation induced defects in sapphire have been previously studied [1-3]. It has 
been well established, the appearance of absorption bands at 227 and 256 nm and 
emission bands at 328 nm associated to Frenkel defects and at 506 nm corresponding to 
Al+ intersticials.  Most of these studies have been carried out with neutron and electron 
radiation.

In this work, sapphire single crystals were implanted with Ag and Au ions with 
fluences between 1016 and 1017 ions/cm2. Thereafter, thermal annealing was performed at 
900-1100 Celsius degrees in order to bleach defects and to help the nucleation and 
formation of metal nano-particles.  After ion implantation, absorption and luminescence 
bands corresponding to F+ centers were observed.  After annealing these bands disappear 
while the ones corresponding to F, F2+ and Al+ interstitials appear. The mechanism for 
such recombination and its importance during nano-cluster growth is discussed in this 
work.

The authors would like to thank Karim López and Francisco Jaimes for running the 
accelerator and to J.G. Morales for his assistance in sample preparation. This work was 
partially funded by DGAPA-UNAM with project number IN-111809
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Although public support for the expansion of nuclear power is growing, 

significant growth is liable to be hindered or even halted by the seemingly intractable 
nuclear waste problem. A particularly difficult component of the waste problem is that 
any solution must be highly predictable at time scales not conducive to direct 
experimental verification. However, we have recently discovered a phenomenon that 
may permit improved predictability of long-term waste form performance. Specifically, 
from first principles theoretical methods, we have found that unconventional compounds 
and crystal structures may form via the chemical transmutation that occurs during 
radioactive decay (e.g. rocksalt 137BaCl formation from the β- decay of 137CsCl [1,2]). 
We refer to this phenomenon as “radioparagenesis.” During our study of radioisotope 
decay, we have encountered a significant deviation from conventional defect chemistry.  
That is, it is not possible to straightforwardly consider daughter products in the same 
manner as conventional dopants using conventional Kröger-Vink-like concepts of 
charge, mass, and site balance.  Density functional theory (DFT) results will be presented 
to illustrate the implications of daughter product formation on defect composition in 
several ionic systems (e.g. CsCl, SrO and Lu2O3).  Also, a modification of Kröger-Vink 
notation is proposed to account for daughter products. 
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The luminescence and induced absorption were studied for yttrium stabilized cubic 

structure ZrO2 (YSZ) single crystal. Since the YSZ contains a large number of oxygen 

vacancies (necessary for Y
3+

 charge compensation) it was suggested that the 

luminescence due to defects as well as induced absorption due to recharging of defects 

could be observed. The luminescence study showed that the luminescence band position 

depends on excitation wavelength and continues shift of luminescence band within 2.0 – 

2.8 eV versus excitation wavelength was observed. Thus, the quasi-continuum of  

luminescence centers levels must be in the YSZ forbidden gap. It is shown that the 

defects responsible for luminescence observed are oxygen vacancy related, however 

them are not oxygen vacancies at different charge states. The wide induced absorption 

band extending from 1.0 eV to 3.5 eV  was detected under pulsed electron beam 

excitation. The absorption at room temperature was short-lived and the peak position of  

absorption band was at ~ 2.6 eV at the end of 10 ns excitation pulse. The decay kinetics 

within absorption band were different indicating that more than one kind of defects was 

responsible for short-lived absorption and decomposition of absorption band is possible 

due to different kinetics. The short-lived absorption creation efficiency dependence on 

temperature was studied also and it was shown that at low temperature the stable defects 

could be created. The fraction of induced absorption arises due to trapped electrons, 

another fraction could be from hole centers. The traps for electrons could be oxygen 

vacancies, whereas centers for the hole trapping were not known; however, since the self-

trapped exciton luminescence was observed in tetragonal structure zirconia [1] it is 

possible, that the origin of some fraction of induced absorption is the self-trapped holes. 

The comparison of  results of luminescence study with those of short-lived absorption 

study showed the defects accounting for luminescence and short-lived absorption were 

not the same. The possible models for defects responsible for luminescence and induced 

short-lived absorption were proposed and will be discussed.     
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Lutetium and gadolinum oxyorthosilicates, Lu2SiO5 (LSO) and Gd2SiO5 (GSO), are of 
great interest owing to unique thermal and optical properties. Co-doped with Ce3+ or other 4f 
elements offer applications as detectors for positron emission tomography PET, new efficient 
phosphors and laser systems. 
The (Lu1-x-zGdxDyz)2SiO5 (Dy:LGSO) with x = 0.2, 0.4, 0.6, 0.8 and z = 0.04, as well as (Lu1-

zDyz)2SiO5 and (Gd1-zDyz)2SiO5 with z = 0.01 or 0.05 were grown by the Czochralski method 
and their growth conditions, crystallographic structure, physical and optical properties were 
examined. In spite of the attachment of Lu2SiO5 and Gd2SiO5 to the 1:1 compounds of the 
binary rare-earth silicate system, the crystals are quite different in term of crystal structure 
(monoclinic with C2/c and P2/c space group for LSO and GSO, respectively), growth 
conditions, defects, mechanical features and some optical properties [1, 2]. The growth 
behaviour of the Dy:LGSO crystals was found to be similar to that of Dy:LSO. The melt 
temperature decreases monotonously from 20500C (LSO), 18350C (Lu0.2Gd0.8)2SiO5 to 
17700C (GSO).  

The X-ray studies revealed that the Dy3+-doped (Lu1-xGdx)2SiO5 solid state solution 
crystals exhibit the structure of the LSO type (C2/c) even for the sample with 80% of Gd3+ 
ions replacing Lu3+ ones. The unit cell parameters and cell volumes estimated for the LGSO 
mixed crystals vary within the structural type of LSO according to the Gd3+ concentration and 
changes in ionic radii of Lu3+ (0.86 Å) and Gd3+ (1.04 Å). The variation of structural 
parameters of Dy:(Lu1-xGdx)2SiO5 mixed crystals implies that the phase transition from the 
LSO to GSO crystal structure occurs for gadolinium concentration x > 0.8.  

Spectroscopic characteristics of Dy3+ in (Lu1-xGdx)2SiO5 confirmed the X-ray results. 
The absorption and emission bands exhibit a character of the Dy:LSO crystal even for the 
samples with large amounts of Gd3+ ions. However, spectral lines are quite broadened and 
their crystal-field structure is poorly resolved what implies a considerable structural disorder. 
The visible luminescence corresponding to the 4F9/2 → 6H13/2 at 574 nm and 4F9/2 → 6H15/2 at 
484 nm transitions dominates spectra. It was found that luminescence intensities of the Dy3+-
doped (Lu1-xGdx)2SiO5 compounds are higher than those of the Dy:LSO or Dy:GSO crystals, 
achieving the maximal increase for compositions close to 50%Lu3+ - 50% Gd3+.  
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Recently, a new interest to LiNbO3 crystals was stimulated by the study of small 
polarons and bipolarons [1,2]. Besides of fundamental aspects, polarons are very perspective 
entities for practical purposes. Polaron states can be used in two-color holography as intrinsic 
photorefractive centers in undoped and doped LiNbO3 crystals, including chemically reduced 
nominally pure ones [2,3]. The holographic storage system that uses the two-photon gated 
recording method has been recently reported: A high diffraction efficiency is achieved when a 
cw near-IR laser (800 nm) is used for writing and a green/blue incoherent light for gating [3]. 
To optimize the crystal properties for two-color holography, it is necessary to study the 
efficiency of single polarons excitation with recording red/near-IR light in different crystals. 
The usual approach consists of direct measurement of photovoltaic current density at two-
color excitation [3]. However, this approach is rather sophisticated technically. As alternative 
approach, we propose to use the measurements of two-photon luminescence intensity, as it 
has been established [4], that two-photon photorefractive sensitivity is proportional to 
photoluminescence intensity, as both effects have the same microscopic origin: the 
photoexcitation of single small NbLi

3• polarons.   
 

We measured the luminescence spectra related with the small polarons in series of 
LiNbO3 crystals with different compositions and chemically reduced with different reduction 
annealing durations, where a powerful laser beam at 514.5 nm is used as pump to dissociate 
bipolarons into single small polarons, and a laser weak beam at 632.8 nm is used to probe the 
luminescence and Raman scattering. The dependences of luminescence intensity on the 
intensities of pump and probe beams, on the crystal compositions and on the chemical 
reduction degree are investigated. These data allow for quantitative estimation of the 
excitation efficiency of small polarons. Additional reduction annealing in H2 atmosphere has 
been established to introduce a large amount of extra luminescence at > 800 nm in LiNbO3 
crystals, presumably corresponding to the large concentration of bipolarons in these crystals. 
This luminescence growth correlates closely with marked increase of the so-called bipolaron 
absorption band [1], having its center at ~ 500 nm. Thus, according to our previous data [4], 
we conclude that the emission band at 800-900 nm is caused by the polaron luminescence and 
it is correlated with the two-color photorefractive sensitivity used for gated holographic 
recording.  
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Single crystals of yttrium-aluminium perovskite (YAlO3) doped with Ce3+ ions 
have been thoroughly studied for many years for their application in scintillation 
detectors (see, e.g., [1-4] and references therein). The overall efficiency of a scintillator 
among other parameters strongly depends on the efficiency of carrier transfer towards the 
luminescence center, i.e., on the type and concentration of undesirable lattice defects 
which act as traps for free charge carriers. Therefore, the investigation of the origin and 
characteristics of these defects is extremely important. It allows one to find the methods 
for their elimination or compensation which can result in considerable improvement of 
the material scintillation characteristics. Identification of the intracentre luminescence of 
various defect-related centers and its characteristics might allow to apply very sensitive 
luminescence methods for their detection and study. Therefore, the aim of the present 
work is the search and study of the luminescence of electron centers and mechanisms of 
their formation in the UV-irradiated undoped YAlO3 crystals.     

Luminescence and defect creation processes have been investigated by the 
photoluminescence, thermally stimulated luminescence, and EPR methods in the single 
crystals of YAlO3, containing small amounts of Ce, Mo and Ti ions as accidental 
impurities. The luminescence of electron Y2+

Al-type centers of different structures, 
detected earlier by the EPR method [4], has been found in the spectral range around 2.5 
eV and studied at 4.2-500 K. The luminescence of the Ti3+-related (2.03 eV and 1.73 eV) 
and Ti4+ (2.78 eV) centers has been observed as well. The dependences of the number of 
the Y2+

Al- and Ti3+-type centers on the UV irradiation energy, temperature and duration, 
as well as on various crystal heating, annealing and quenching procedures have been 
examined. It is found that unlike the X-ray irradiated crystals [4], in the thermally 
stimulated luminescence spectrum of the UV-irradiated crystals, the Ti3+-related 2.03 eV 
emission band is strongly dominating.        

The conclusion is made that as a result of the photostimulated electron transfer 
from O2- ions to Mo4+ and Ti4+ ions, the paramagnetic hole O--type centers and electron 
Ti3+ and Mo3+ centers are created. The Y2+

Al-type centers are created due to the 
photostimulated release of electrons mainly from the Mo3+ centers and their subsequent 
trapping at the Y3+

Al ions located near an oxygen vacancy or a defect in the Y3+ site.  
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Single crystals of lutetium-aluminum garnet Lu3Al5O12 (LuAG) doped with Ce3+ or 

Pr3+ ions, due to their high density, excellent mechanical and chemical stability, and an 
intense and fast luminescence, have been considered as perspective materials for fast 
scintillator applications [1-3]. In the fundamental absorption region of LuAG, an intense 
intrinsic luminescence is excited whose spectrum consists of several wide bands located 
in the 2.5-5.5 eV energy range. The overlap of these bands with the absorption bands of 
Ce3+ and Pr3+ ions allows an effective energy transfer to the luminescence centers which 
negatively influences the scintillation characteristics of Ce3+- and Pr3+-doped LuAG 
crystals. The origin of the intrinsic luminescence of LuAG is not still clear. In different 
papers, different positions are often indicated for exciton-related bands in the excitation 
spectra measured for the same emission, due to that their detailed comparison is not 
possible. In the present work, the characteristics of various emission bands in undoped 
and Ce3+-doped LuAG crystals measured at exactly the same experimental conditions are 
carefully compared. The aim of the study was to clarify the origin and structure of the 
defects responsible for the nonrelaxed and relaxed exciton states and to obtain an 
information on the processes of energy transfer from the defect-related centers to the 
luminescence Ce3+

 centers.   
Time-resolved excitation spectra were measured at 10 K in the 4-20 eV energy 

range for the intrinsic ≈5.0 eV, 4.9 eV and 3.65 eV emission bands of undoped LuAG 
crystals and for the Ce3+-related emissions of LuAG:Ce crystals. The decay kinetics of 
the intrinsic emissions were studied at 4.2-300 K in the ns-ms time range under two-
photon excitation with a pulsed ArF laser (Eexc=6.42 eV). In the decay kinetics of all the 
emissions studied, the fast (ns) and slow (µs) decay components are observed at 4.2 K, 
indicating a similar origin of these emissions. The ≈5.0 eV emission arises from the self-
trapped exciton [4]. It is concluded that the 4.9 eV and 3.65 eV emission bands arise 
from the excitons localized near antisite Lu3+

Al- and {Lu3+
Al-VO}-type defects, 

respectively. In Ce3+-doped LuAG crystals, the emission of Ce3+ ions is not effectively 
excited in the regular exciton region. The bands of the excitons, perturbed by the regular 
Ce3+

Lu ions and by the Ce3+
Lu ions localized near the antisite Lu3+

Al defects, are mainly 
observed in the excitation spectrum of the visible Ce3+-related emission.   

The luminescence, recombination and energy transfer processes, taking place under 
excitation in the fundamental absorption region, are discussed. An influence of various 
defects on the scintillation characteristics of Ce3+-doped LuAG crystals is considered. 
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Aluminum oxide is a multifunctional material, which is widely used in science and 

engineering. Its optical and luminescence properties are studied extensively. It is known 

that a set of fundamental features of nanosized materials has a considerable effect on 

their luminescence properties. In this connection, interest is shown to investigations in 

luminescence of nanostructured aluminum oxide and understanding of the nature of 

active centers induced by defects. 

 

Nanopowders of Al2O3 were synthesized by the method of electric explosion of 

aluminum wire. The subsequent sedimentation gave batches of powders with particles of 

a relatively uniform size in a range of 20-70 nm. An X-ray diffraction analysis showed 

that the powder contained metastable phases of aluminum oxide,  (65%) and  (35%). 

The powders were compacted at room temperature to produce samples 10-15 mm in 

diameter and 1 mm thick. The phase composition of the samples remained unchanged 

upon compaction. The photoluminescence (PL) and pulsed cathodoluminescence (PCL) 

spectra were measured at room temperature. Measurements of the PL spectra showed that 

the test samples contain F-type centers (oxygen vacancies with two electrons captured). 

The locations of the maxima of the bands in the PL excitation spectrum and the PL 

spectrum of these centers do not differ from those of known bands for an anion-defective 

single crystal of aluminum oxide, but the bands are considerably widened. The presence 

of F-centers is an indication that the metastable phases of nanosized Al2O3 are 

characterized by a considerable deficit of oxygen. The PCL spectra of the test samples 

have two broad bands with maxima near 530 nm and 690 nm. One may think that green 

luminescence of the samples is due to the presence of aggregates of oxygen vacancies 

(F2-centers) and interstitial aluminum atoms. Such defects are typical of highly 

disordered Al2O3 crystals after, e.g., their exposure to high-energy heavy ions. Red 

luminescence in the PCL spectra can be due to the presence of impurity Cr
3+

 ions in the 

samples. Luminescence of these ions is also detected in the PL spectra; the R-line is 

displaced to the short-wave range and has a broad background. This shape of the R-line 

is characteristic of metastable Al2O3 phases, and it can be due to the presence of 

aggregate defects comprised of "anion vacancy impurity cation" pairs. 

 

It is highly probable that surface defects at numerous boundaries of nanoparticles 

play a considerable role in the formation of the luminescence properties of metastable 

Al2O3 phases. This supposition is supported by a comparison of the results with 

measurements of luminescence in a microcrystalline (30-40 m) powder of -Al2O3. Its 

PL and PCL spectra do not contain the green band, and the intensity of the R-line is 

much less than it is in the nanocrystalline samples. A buildup of the luminescence 

intensity in nanosized Al2O3 can be related to an increase in the probability of 

recombination processes in nanocrystals and a decrease in the probability of nonradiative 

transitions. 
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Sensitization of rare-earth ions by energy transfer from host excitations (self-
trapped excitons) has generated considerable interest in regards to the development of 
new vacuum ultraviolet (VUV)-excited phosphors as the host absorbs the VUV 
excitation light very strongly.  Host sensitization of Gd3+ and Ce3+ has been observed in 
some phosphates and borates [1−3].  We have been searching for new materials that 
exhibit a sensitization effect for rare-earth ions.  In this study, we investigate lanthanum 
scandium borate, LaSc3(BO3)4 (LSB), in which the absorption of VUV light by the host 
may lead to efficient energy transfer to Gd3+ and Pr3+ ions.  We observed  energy transfer 
from the self-trapped exciton (STE) to Gd3+ and Pr3+ ions and we determined their 
dynamics.   

For 157-nm excitation, undoped LSB exhibits intrinsic broad emission bands at 
315 and 366 nm.  The host emission with a peak at 315 nm can be assigned to 
recombination of the STE that could be associated with band-gap excitations or 
molecular transitions of the BO3

3− group.  In contrast, the other band at 366 nm can be 
ascribed to defects.  In Gd3+-doped samples (LSB:Gd), host emission decreases with 
increasing Gd3+ concentration (5, 10, 20, 30, 40 at.%) and this is accompanied by an 
increase in the 6P→8S transition of Gd3+.  This suggests efficient energy transfer from the 
host to Gd3+ ions.  The results of time-resolved measurements of the host emission decay 
in undoped and Gd3+-doped samples can be approximated by a double exponential decay.  
In the undoped sample, the fast and slow components have decay times of 105 ns and 2.6 
µs, respectively.  In the Gd3+-doped samples, the decay time of the host emission (of 
which the fast component is the most intense) decreases with increasing Gd3+ 
concentration.  This finding is consistent with the observation that the time-averaged host 
emission intensity decreases with increasing Gd3+ concentration, providing further 
evidence for energy transfer from the STE to Gd3+ in LSB:Gd.  From time-resolved 
measurements, the energy transfer rate from the STE to Gd3+ are found to be 4.4×106 s−1 
at 5 at.% Gd3+ and 1.6×107 s−1 at 20 at.% Gd3+.  These observed rates are within an order 
of magnitude of the estimated dipole−dipole energy transfer rates.  In addition, the STE-
to-Pr3+ (5d level) energy transfer and its dynamics are examined in detail for Pr3+-doped 
samples. 
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Most rare earth (RE) based stoichiometric compounds show luminescence due to 
radiative 5d-4f and/or 4f-4f transitions in the respective RE ion. In contrast to RE doped 
phosphors, such emission of stoichiometric RE compounds can be treated as a special 
type of intrinsic luminescence (sometimes called “cation exciton” luminescence). On the 
other hand, RE stoichiometric materials can also show another type of intrinsic emission, 
namely luminescence of anion self-trapped excitons (STE), i.e. luminescence of relaxed 
states of excitons as bound states of (anionic) valence band holes and conduction band 
electrons. One of the examples of such RE phosphors is LuF3, which possesses VUV 
luminescence at ~10 eV due to 5d-4f transitions in the Lu3+ ion [1]. This material also 
shows intrinsic broadband emission in the UV region, which can be ascribed to 
luminescence of STEs. However, temporal properties of this emission were not 
investigated so far. 

 
The Lu3+ ion has completely filled 4f14 shell and accordingly luminescence 

properties of Lu3+ are only due to interconfigurational 5d-4f transitions. The Hf4+ ion is 
the iso-electronic counterpart of Lu3+, and one could expect that similar luminescence 
properties exist for these two ions. In the present work, low-temperature (T ~ 10 K) 
intrinsic luminescence of the two stoichiometric compounds LuF3 and HfF4 with iso-
electronic electron configurations of Lu3+ and Hf4+ ions has been studied and compared, 
using pulsed VUV synchrotron radiation for excitation at the SUPERLUMI station of 
HASYLAB at DESY. Both compounds possess high Z-values and densities, making 
them potentially attractive for scintillator applications. 

 
Several types of intrinsic luminescence were identified from the LuF3 crystal, 

namely: the complex emission band in the UV region (peaked at ~5.5 eV), which is due 
to STE luminescence, and VUV emission at ~10 eV which is due to spin-forbidden and 
spin-allowed 5d-4f transitions in Lu3+ (the latter appears in the spectrum under increase 
of temperature T > 80 K [2]). The UV luminescence possesses both a fast (τ ~ 3 ns) and a 
slow (τ > 1 μs) component, which were ascribed to the luminescence of singlet and 
triplet STEs, respectively. Intense UV luminescence (at 273 nm) as well as a rather weak 
emission band in VUV (at 152 nm) was detected from HfF4. The UV band can be 
attributed to luminescence of STE in HfF4. The VUV band was tentatively ascribed to 
Hf4+ 5d-4f luminescence. 
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The nature of centers of the intrinsic luminescence of the Y3Al5O12 (YAG), 
LuAl5O12 (LuAG) garnets and YAlO3 (YAP), LuAlO3 (LuAP) perovskites has been 
analyzed based on the results of comparison of the luminescent properties of single 
crystals (SCs) and single crystalline films (SCFs) of these compounds using both the 
traditional spectral methods and the time-resolved luminescence spectroscopy under 
excitation by synchrotron radiation at the Superlumi station (HASYLAB, DESY). SCs of 
garnets and perovskites grown from melt at high (~1870-2030oC) temperatures are 
shown to be a specific type of self-activated phosphors in which the luminescence 
centers and trapping centers at low temperatures are the antisite defects (ADs) of YAl and 
LuАl types as special type of isoelectronic impurities, whereas SCF of garnets and 
perovskites grown at low (~1000 oC) temperatures are free from ADs and have extremely 
low concentration of vacancy-type defects (VDs). 

Spectra of the intrinsic UV luminescence of YAG and LuAG SCs present a 
superposition of the emission of  self-trapped excitons (STE) in the bands  peaked at 4.74 
and 4.95 eV, respectively, the luminescence of excitons localized in the vicinity of YAl 
AD and LuAl (LE(AD) centers in the bands peaked at 4.22 and 4.36 eV, as well as  the 
luminescence of bound excitons which arises at recombination of electrons with holes 
localized at YAl and LuAl ADs in the bands peaked at 3.72 and 3.70 eV, respectively. The 
energies of formation of excitonic states related to LE(AD) centers and YAl and LuAl ADs 
in  YAG and LuAG SCs has been determined. 

Complex bands of the intrinsic UV luminescence of YAP and LuAP SCs present a 
superposition of the emission of STE and LE(AD) centers in the bands peaked at 5.69 and 
6.13 eV and 5.28 and 5.9 eV, respectively. The intrinsic luminescence of YAP SCs in the 
near UV (4.7-2.2 eV) range is a superposition of the luminescence of excitons localized 
near VDs of different types, in particular anion vacancies with one (F+-center) or two (F-
center) electrons in the bands peaked at 4.08 and 3.29 eV, respectively, as well as the 
luminescence of F+- and F–centers in the bands peaked at 3.54 and 2.91 eV, respectively. 
The energies of formation of excitonic states related to the mentioned centers in YAP and 
LuAP SCs has been determined as well. 

 Temperature dependences of emission intensity and decay kinetics of different 
components of complex bands of the intrinsic UV luminescence of SCs of garnets and 
perovskites, as well as those of TSL spectra in the 8-300 К temperature range reflect 
consecutive processes of thermal delocalization, migration and the following trapping of 
charge carriers from shallow to more deep centers in the sequence: STE → LE(AD) → 
YAl/LuAl ADs (garnets) and  STE → LE(AD) → LE(VD) (perovskites).  

Unlike to SCs of garnets and perovskites, the intrinsic luminescence of YAG, 
LuAG, YAP, LuAP SCFs in the low temperature range is characterized mainly by the 
STE luminescence in the bands peaked at 4.74, 4.95, 5.69 and 6.13 eV, respectively. It 
has been determined the energies of formation and the structure of excited states of STE 
in SCFs of these garnets and perovskites.  
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Borates were widely investigated due to its potential for the application in 
scintillating detectors, luminescent lamps and plasma display panels. Eu - doped yttrium 
borate is a well-known efficient phosphor material. Incorporation of lutetium as a cation 
benefits in the increasing of material density and in high light yield in comparison to that 
in borates with yttrium, gadolinium or lanthanum cations [1]. Further enhancement of the 
light output can be expected for the borates with both lutetium and yttrium cations. 
Actually it is known that superior light yield is observed for LuxY1-xAlO3:Ce in 
comparison with YAP:Ce or LuAP:Ce [2].  

Here the luminescence properties of the set of borates solid solutions LuxY1-xBO3 
(x = 0, 0.50, 0.75, 0.85, 1) doped with 1 mol % Eu3+ as well as undoped LuBO3 and 
YBO3 were investigated.  

Spectroscopic studies of the samples were carried out using synchrotron radiation 
in the energy region 3.7-22 eV at the SUPERLUMI station, DESY [3]. Investigated 
samples were synthesized by sol-gel method and characterized by the X-ray diffraction 
and scanning electron microscopy.  

Two luminescence bands with maxima in UV and visible spectral regions were 
detected for the undoped samples of LuBO3 and YBO3 at T = 10 K. UV band was 
considered as the intrinsic and attributed to the self-trapped exciton while the 
luminescence band in the visible was attributed to the defect-related emission center. The 
intrinsic luminescence excitation spectra allowed to determine the edge of the 
fundamental absorption region in the investigated borates. Thus the excitation processes 
via exciton creation and interband transitions were distinguished from those connected 
with direct excitation of Eu ion or via charge transfer band in the Eu-doped samples. For 
the europium doped samples only the luminescence of the doping ion has been observed. 
At the interband excitation energy transfer to the dopant emission centers occurs via two 
relaxation cannels – capture of the excitons and consecutive capture of the charge 
carriers. Efficiency of the latter channel substantially depends on the relative 
concentration of Lu and Y.  
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Development of the cryogenic phonon – scintillating detectors stimulates searching 
of the novel scintillating materials suitable for this application [1]. Substantial advantage 
of such detectors is the possibility of simultaneous registration of the scintillation and 
phonon signals at the temperature of mK tens. It allows to reduce considerably 
background and to record double beta decay processes and weakly interacting massive 
particles. Molybdate single crystals are considered as a material for cryogenic detectors 
due to the relatively high light yield at low temperatures and presence of 100Mo as one of 
the most promising isotopes for double beta decay search. We consider the luminescent 
properties of Li2MoO4, CaMoO4 and SrMoO4 taking into account results of calculations 
of their electronic structure.  

Spectra of luminescence, thermo-stimulated luminescence, excitation and 
reflectivity were measured at the Superlumi station (DESY, Hamburg) and at the 
laboratory set-up as well. The electronic structure calculations were performed using full-
potential linear-augmented-plane-wave (FLAPW) method [2]. 

The CaMoO4 and SrMoO4 belong to the scheelite crystal structure (space group 
I41/a) and Li2MoO4- to phenacite crystal structure (space group R-3). Intrinsic 
luminescence of the investigated molybdate crystals is generally attributed to radiative 
relaxation of the self-trapped excitons at MoO4 complex. We studied an efficiency of the 
energy transfer to the luminescence centers depending on temperature. Existence of non-
radiative channels of energy relaxation which is competitive to intrinsic emission has 
been shown. The potential reason is the defects of real structure of the crystals. More 
detailed investigations of the energy transfer processes in molybdates require data on the 
electronic band structure of the crystals. Spectra of reflectivity and absorption were 
calculated and compared to the experimental results. Peculiarities of the luminescence 
excitation spectra will be discussed taking into account the calculated structures of 
electronic bands. 
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Two-component Ca1-xSrxF2 (0 < x < 1) crystals were taken as the subject of this 

investigation. It is caused by interest to Ca1-xSrxF2 solid solution crystals as optical and 
laser materials [1], its possible application as scintillator materials and for study physical 
processes in mixed cation solutions. Reflectivity and excitation spectra of Ca1-xSrxF2: 

Ce3+crystals were measured at the SUPERLUMI station (HASYLAB, Hamburg, 
Germany) [2], luminescence spectra, decay kinetics of luminescence were recorded using 

SR from the BW3 beam-line (HASYLAB, DESY, Hamburg, Germany). 
 

The additional short wavelength broad bands situated at about 275 nm are appeared in 

luminescence specra of the investigated Ca1-xSrxF2 (x = 0.25, 0.75) crystals doped with 
0.05 mol.% Се3+ at room temperature (RT) (fig. 1, a) by comparison with luminescence 

specra of МF2: Се3+ (M = Са, Sr). The additional bands are appeared with the excitation 
wavelength less than 122 nm (for example for x = 0.75 see fig. 1, b). From this 
wavelength the reflectance is increasing, that indicates the crystal transition region 

termination and beginning of the fundamental absorption band. Probably the additional 
bands are related to exciton creation. Decay kinetics of additional bands are not single-
exponential, and there is a considerable contribution of slow component in them for this 

band by comparison with decay kinetics of bands of 5d - 4f transitions in Се3+. 
 

 

Figure 1: a) luminescence spectra of Ca1-xSrxF2(x = 0.25(1), 0.75(2)) doped with 0.05 mol. % of trivalent 

cerium, excitation = 130 eV, RT; b) excitation spectra of Ca0.25Sr0.75F2, λem = 312 nm (1) and λem = 275 

nm (2), RT.  
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At low temperatures cadmium bromide crystals, grown by Bridgman-Stockbarger 
technique, are characterized by effective luminescence at optical, N2-laser and X-ray 
excitations [1]. The 380 nm band emission is connected with singlet self-trapped excitons 
(STE). The radiation with maximum near 490 nm is interpreted as the annihilation of 
(BrI)–* heteronuclear anion excitons, localized on the uncontrolled iodine impurity. The 
nature of luminescence with maximum at 540–560 nm was connected with triplet STE. 
The 640–650 nm band emission is caused by anion excitons, localized on bromine 
vacancies. The luminescence temperature quenching of CdBr2 is caused by ionic 
processes and release of holes from the centers of luminescence and their radiationless 
recombination on deep electrons centers [1]. In the case of X-ray and optical zone-zone 
excitations CdBr2 crystals at 85 К are characterized by rapid rise and decay of steady-
state radiation and insignificant storage of lightsum mainly on shallow levels of trapping 
with the 0.15–0.35 еV depth. Weak peak at 108–114 К, observed on the glow curves of 
thermostimulated luminescence (TSL), is possibly caused by the traps in near-surface 
disordered crystal layers with large concentration of uncontrolled oxygen impurity. The 
nature of TSL intensive peak in the 154–156 К temperature range is connected with Н-
centers. The TSL peak at 171–173 К with considerable intensity is caused by 
delocalization of BrI–-centers and their recombination with F-type centers, responsible 
for photoinduced sensitivity of crystals in the 750–1800 nm region. Weak peaks of TSL 
in the 200–260 К temperature range, probably, are caused by thermal destruction of 
electrons centers. 

 
From the investigation data of photoconductivity and thermostimulated currents 

(ТSС) it follows, that the layer structure of cadmium bromide causes the anisotropy of 
their electro-physical properties. The TSC curve is presented by weak peaks near 208 and 
215 K and intensive peak at 234 K during registration of current through the thickness of 
sample along direction of crystallographic axis C. In the case of current registration along 
surface of sample perpendicularly to direction of crystallographic axis C the TSC curve 
is characterized by intensive peak near 210 К, peak with smaller intensity at 230 К and 
the dark conductivity, which sharply increases at heating of crystal above 250 К. The 
revealed phenomenon of anticorrelation among magnitude ТSС and TSL intensity of 
CdBr2 crystals in the 80–295 К temperature range is possibly caused by 
thermostimulated tunnel radiation recombination in the genetic pairs of defects at low 
temperatures and the temperature quenching of emission.  
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This study investigated intrinsic and localized states luminescence from InxGa1-xN 

film (0<x<0.35) deposited on GaN epilayers grown on sapphire by performing optical 
absorption, pico- and nanosecond time resolved spectroscopy. The samples were grown 
by MOCVD epitaxy using an AIXTRON 200/4 reactor. The growth temperature was 
550oC , reactor pressure 150 mbar, with a molar V/III ratio 15,0000, in order to prevent 
an indium droplet formation.  

The optical absorption edge continuously shifts from 3.45 eV to 2.4 eV by increase 
of the In concentration in the alloy to the x=0.35. Simultaneously the X-ray patterns 
taken on InGaN epilayers broadens indicating the increase of fluctuations of the chemical 
composition of the alloys. 

Under the band-to-band excitation the photoluminescence spectrum shows the 
main exciton band close to the absorption band edge and several defect related bands. By 
increase of the In concentration, the excitonic line-width increases due to the disorder-
induced broadening [1]. Considerable simultaneous decrease of the photoluminescence 
can occur due to the decrease of non-radiative recombination decay times. Exponential 
decay of the excitonic luminescence typically is of order of tenths picoseconds and 
decreases with increasing of temperature (e.g. τ= 17 ps at 6 K and 9 ps at 300 K for 
sample In0.18Ga0.82N). 

t            b) 
 

Figure 2. 
The evaluation of 
excitonic emission 
spectrum in time.

 
     Figure 1  The photoluminescence emission spectra of In0.16Ga0.84N and 
In0.18Ga0.82N samples excited at 10 K respectively by 5 ns 400 nm and 419 

nm laser pulses. The arrows defect related luminescence bands.  The 
exciton band broadening: Δ= 46 meV (x=0.16)  and Δ=59 meV (x=0.18).  

a) 

 
The gradual red shift of the excitonic peak within ~5 ps is observed owing the formation 
of the excitons at localized states (see Fig. b).  
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On the basis of our results of studying the luminescence of F+- and F-centers in single 
crystals of Y3Al5O12 (YAG) garnet, YAlO3 (YAP) perovskite and α-Al2O3 sapphire by 
both the traditional spectral methods and the time-resolved  luminescence spectroscopy 
under excitation by synchrotron radiation at the Superlumi station (HASYLAB, DESY) 
we have systemized the spectral-kinetic characteristics of the luminescence of these 
centers in oxides of Al2O3-Y2O3 system of different structural types (Table). 
 

   Table. Parameters of luminescence of F+ and F-centers in Al2O3, YAP and YAG at 9 K 
F+ F LE(F+) Eg Crystal em, eV ex, eV τ, ns em, eV ex, eV τ, ns em, eV ex,eV еV 

Al2O3 3.76 4.84;5.31;5.87;8.88 2.3 2.98   6.21; 8.905 ~ ms 4.27 8.555 9.2 
YAP 3.54 5.56; 6.82; 7.82 2.5 2.91 5.19;5.62;7.56;7.82 1.9; ms 4.08 7.67 8.3 

 YAG 3.095 3.34; 5.26; 6.17  4.1 2.69 5.16; 6,225; 7.49 ~µs-ms - - 7.95
 

It has been established that in YAP, YAР and Al2O3 crystals the phenomenon of 
photo-conversion of F and F+-centers is observed. We also shown that the luminescence 
of F+-and F-centers in YAG, YAP and Al2O3 crystal can be excited as a result of 
corresponding intrinsic 1S→2Px, 

2Py, 
2Pz and 1S→3P, 

1P optical transitions of these centers 
as well as at the radiative relaxation of excitons bound with F+- and F-centers. In Al2O3 
and YAlO3 crystals the luminescence of excitons localized around F+ centers (LE(F+) 
centers) is also found. The energies of formation of such excitons in YAP and Al2O3 
crystals are determined as well (Table). In YAG crystal the luminescence of LE(F+) 
centers can not be observed due to presence of the large content (~0.2 at.%) of YAl 
antisite defects (ADs) and formation of an excitons localized around ADs (LE(AD) 
centers) and excitons bound with YAl ADs [1]. 

 
1. Zorenko Yu., Voloshinovskii A., Savchyn V., Vozniak T., Nikl M., Nejezchleb K., Mikhailin V., 

Kolobanov V., Spassky D., pss (a), 2007, 244, 2180-2189. 
 

 



A100 EURODIM 2010

 SYNTHESIS AND LUMINESCENT PROPERTIES OF 
NANOCRYSTALLINE Gd3Ga5O12 GARNET DOPED WITH Tb3+

 
 

L.Kostyk1, S.Varvarenko2 ,A. Luchechko1, O. Tsvetkova1

 
1 Ivan Franko National University of Lviv, 107, Tarnavskogo st., Lviv 79017, Ukraine 

kostyk@electronics.wups.lviv.ua
2 Lviv Polytechnic National University , 12, Bandera st., Lviv 79013, Ukraine 

 
 

Rare-earth doped gadolinium gallium garnet (Gd3Ga5O12) has attracted much 
attention as important material for application in many luminescent and optical devices. 
Recently, nanocrystalline materials are increasingly interesting for optoelectronics and 
photonics because they display novel, often enhanced properties compared to traditional 
materials. 

This work presents the preparation, structure and luminescent properties of pure 
and Tb3+-doped polycrystalline nano-sized Gd3Ga5O12 powder. Nanosized Gd3Ga5O12 
garnet have been prepared by Pechini sol-gel method from mixed solution of Gd and Ga 
nitrates with stoichiometric mole ratio of 3:5 (Gd/Ga) using ammonium nitrate as the 
precipitant and polyethylene glycol (PEG with molecular weight 300, 400 and 2000) as a 
cross-linking agent. The amount of Tb3+purity ions was 1 mol. % with respect to Gd3+. 
The resulting porous powders were mortar and then calcined in at 750÷1000o C for 6 h in 
air. The X-ray diffractions (XRD) indicate that the minimum calcination temperature to 
get a single phase garnet is from ~ 800o C. The average crystalline sizes are in the range 
24 – 37 nm using Scherrer’s formula. The particle size became larger as the calcining 
temperature increased. The morphologies of pure and Tb -doped Gd3Ga5O12 
nanocrystalline powders calcined at various temperatures were observed by using a high-
resolution atomic force microscope (ASM) Solver P47H-PRO. It can be conclude that 
the powder samples consist of aggregated particles, which dispersed uniformly with 
average grain size large that estimated from Scherrer’s formula. This indicates that the 
particles are polycrystallites that contain several of crystalline grains.  

The X-ray and photoluminescence spectra of pure and doped with Tb3+  
nanocrystalline powders were investigated. In the emission spectra of the 
Gd3Ga5O12:Tb3+ the characteristic strong lines assigned to the 5D –7Fj and 5D4–7Fj 
(j=3,4,5,7) transition of the Tb3+ ions were observed. The excitation spectra show broad 
strong 4f8-4f75d1 transition band of Tb3+ at 290 nm, the transition line of Gd3+ at 312 nm 
and sharp lines in the longer wavelength region attributed to 4f-4f transitions within Tb3+. 
There was no appreciable difference in the shape or band position of the 
photoluminescence spectra of nanocrystalline garnet with respect to that of the single 
crystal or ceramics prepared by a solid state reaction, while the emission enhance 
approximately three times in the case of nano-sized Gd3Ga5O12:Tb3+. The influence of 
the crystalline size and preparing condition on the luminescence behavior of 
Gd3Ga5O12:Tb3+ is discussed. 
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Gadolinium-gallium garnet crystals (GGG) are known to be used as a possible 
matrix for solid state lasers. Other perspective direction of this material application is 
creation of simple and effective microchip lasers with Q-switching in the near infra-red 
spectrum region. The presented work is devoted to investigation of the optical 
luminescent properties and mechanism of energy relaxation in GGG: Cr, Mg epitaxial 
films that could be considered for using as saturable absorber layer. 

Single crystalline films of GGG:Cr, Mg were grown up on (111)-oriented pure 
GGG substrate by standard isothermal liquid-phase epitaxy (LPE) method from 
supercooled solution of garnet-forming components dissolved in flux solvent based on 
Bi2O3-B2O3. The growth temperature was in the range of 1000…1040 oC. The MgO was 
introduced into the melt to obtain quadrivalent state for the chromium ions. The films 
with thickness of 14…100 µm were grown at growth rate changed from 0.5 to 
1.4 µm/min. 

The absorption, excitation and photoluminescence spectra, as well as the time 
resolved spectra and decay kinetics were measured to characterize grown films. 

For all GGG:Cr and GGG:Cr, Mg films were observed two characteristic 
absorption bands of the Cr3+ ions in octahedral sites at wavelengths of 460 nm (4A2→4T1) 
and 630 nm (4A2→4T2), respectively. Moreover, some new absorption band with the 
maxima in the visible and near IR region appears in absorption spectra for the films co-
doped with chromium and magnesium impurities and can be attributed to the transitions 
in Cr4+ ions, which occupied the octahedral and tetrahedral sites of garnet lattice. 

The excitation spectra of Cr3+ ions are different for the GGG: Cr and GGG: Cr, Mg 
films in the UV spectral region. It has been revealed an efficient mechanism of excitation 
energy transfer from the matrix to the Cr3+ impurity ions. 

The luminescence spectra of Cr3+ ions with maximum near 730 nm is typical for 
Cr3+ ions in octahedral position of the garnet structure at the 470 nm excitation and can 
be attributed to 4T2→4A2 emission transitions. Besides this band, the broad band in blue 
spectral region (λm~460 nm) attributed to the Bi3+ ions is observed under the excitation in 
the region of the band-to-band transitions. 

The decay kinetics of Cr3+ luminescence in the GGG: Cr epitaxial films show 
single exponential behavior at room temperatures with photoluminescence decay time ~ 
120-140 μs, depending on the impurity concentration. Non-single exponential behavior 
in the GGG: Cr, Mg films demonstrates that activator ions also occupy sites distorted by 
magnesium ions in a garnet lattice. 

Possible mechanism of the excitation energy transfer in the GGG:Cr and GGG:Cr, 
Mg epitaxial films as well as the influence of the Mg ions on the optical-luminescent 
properties are discussed. 
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The complex fluorides are promising material for the up-conversion luminescence. 
It can be explained due to relatively high chemical stability of the fluorides and also 
small effective phonon energy of the materials, which suppresses the rate of nonradiative 
transitions, enhancing the efficiency of the up-conversion processes. 

In previous studies of up-conversion luminescence in NaLaF4:Er3+ [1] we have 
shown that this material is a prospective candidate in the field of up-conversion 
luminophors. In this work NaLaF4 with different erbium concentration (0.1 – 2 mol%) is 
synthesized by solvothermal method. The structure of the material at different erbium 
concentrations was checked by x-ray diffraction technique. Photoluminescence, up-
conversion luminescence, luminescence excitation spectra and time-resolved 
luminescence are studied to determine main spectroscopic properties of the material and 
their variation at different erbium content. 

The financial support of ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 
is greatly acknowledged. 
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Previous studies of up-conversion luminescence in NaLaF4:Er3+ have shown that 
this material is a prospective candidate in the field of up-conversion luminophors [1]. In 
this work NaLaF4:Er3+ is synthesized by solvothermal method. The structure of the 
material, traditional photoluminescence and up-conversion luminescence of Er3+ in 
NaLaF4 are studied at different stages of synthesis by means of x-ray diffraction (XRD), 
stationary and time-resolved spectroscopy methods.  

XRD measurements of the samples synthesized at different temperatures show 
gradual increase of NaLaF4 content as the synthesis temperature grows while the content 
of LaF3 is gradually decreasing. Up-conversion luminescence measurements of 
NaLaF4:Er3+ reveal the bands in the green and red spectral regions related to the 
electronic transitions within Er3+ (4S3/2 → 4I15/2, 4F9/2 → 4I15/2, respectively). Several 
decay components are present in the temporal profiles of the green up-conversion 
luminescence. The ratio of different decay components depends on the synthesis 
temperature.  

 

 
Figure 1: Up-conversion luminescence spectrum of NaLaF4:Er3+ under 

excitation at 980 nm measured at RT 
 
Analysis of the spectroscopical data, including infrared absorption, and their 

dependence on synthesis temperature show that different oxygen-related defects formed 
during the synthesis of NaLaF4:Er3+ are responsible for the short decay component of 
Er3+ green UC luminescence. Questions regarding the nature of the oxygen defects in the 
material are discussed. 

The financial support of ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 
is greatly acknowledged. 
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It has been established [1,2], that a steady-state temperature gradient applied in the 
direction perpendicular to the laser beam propagation is able to decrease the optical damage in 
lithium niobate crystals. At the same time, the marked temperature gradient may arise due to 
local crystal heating caused by strong absorption of laser radiation, when light spot size is 
smaller than a sample dimension [3,4]. Besides, the macroscopic charge separation due to the 
pyroelectricity represents an important extra contribution to optical damage in ferroelectrics, 
which can occur whenever the temperature is raised significantly [3]. To examine these 
supposed light-induced effects, we generated a large temperature gradient by illumination of 
the chemically reduced crystals, absorbing strongly within visible range.  

 
         The kinetics and steady-state of the optical damage in the chemically reduced LiNbO3 
have been investigated, when an extraordinary polarized laser beam is externally focused into 
a bulk crystal. The temporal evolution of the transmitted power P was recorded, using the 
closed-aperture pseudo-Z-scan method [1]. We define the three specific levels of the 
transmitted power that occur at different times during experiment: P0 and P1 are the initial and 
minimal values of the transmitted power during first stage of experiment, when the usual fast 
rise of optical damage causes decrease of the transmitted power due to laser beam defocusing, 
while P2 is the steady-state value after the long-term exposure, when a sequent slow increase 
of the transmitted power is observed, indicating on self-compensation of optical damage. This 
effect increases monotonically with light intensity I and approaches to some maximum value 
at the largest I=360 W/cm2 (λ=644 nm) used in our experiments. It is important to note, that 
no any self-compensation is observed in as-grown nominally pure and iron-doped crystals. 
 

It has been established, that this anomalous dynamics of optical damage developing is 
mainly caused by the electron-hole competition in photo-induced charge carriers transport 
upon influence of inhomogeneous temperature field. Such a temperature gradient is appearing 
due to inhomogeneous heating within small illuminated area of a bulk crystal. The photo-
induced charge carriers are assigned to the bound small Nb3•

Li polarons and O- hole polarons, 
appearing due to photo-excitation of the intrinsic defects. At the same time, some important 
peculiarities of the optical damage dynamics are caused by extra contributions of the 
secondary and tertiary pyroelectric fields, arising due to the temperature gradient [4], in total 
light-induced field responsible for the optical damage.  
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In applications using the photorefractive properties of crystals, as holographic data 

storage or filters for wavelength –division multiplexers, the concentration of Fe2+ and Fe3+ are 
two of the most important factors determining the performance of the material. For these 
applications, lithium niobate is an attractive host material due to its large electro-optic and 
nonlinear coefficients. Recently a new interest to LiNbO3 crystals was stimulated by the study 
of iron doped crystals which offer the possibility to engrave a waveguide using a dark soliton 
for guiding light at telecom wavelength without any additional applied field as electric or 
temperature one [1]. Phenomena used for the engraving process corresponds to a controlled 
light-induced internal electric filed causing a local decrease of the refractive indices via the 
electro-optic effect within the illuminated region of a crystal bulk. 

 
The photorefractive properties of LiNbO3 have been studied in the past mainly using 

holographic methods. In the aim of studying the photorefractive dynamics and the peculiar 
role, played by the concentration of Fe2+ and Fe3+ ions in the LiNbO3 structure, the 
photorefractive properties of iron doped lithium niobate crystals are examined. For this 
purpose we have grown iron-doped LiNbO3 crystal boules with two different concentrations 
of iron (0.03 wt% and 0.05 wt%), using the Czochralski method in air and with applied to the 
crystal-melt system of a dc electrical current of 12 A/m2. Seven as-grown samples were cut 
from each boule. In each series, one was reduced in a nitrogen flow, six were oxidized in an 
oxygen flow at various temperatures and duration of process and one was untreated. The 
concentrations of Fe2+ and Fe3+ ions were determined by a method based only on optical 
absorption spectroscopy [2]. A pseudo-Z-scan arrangement was used to investigate the 
kinetics of the photorefractive response in the Fe:LiNbO3 [3]. The experimental setup was 
implemented with an extraordinary polarized laser beam (λ =644 nm) focused on the input 
face of a sample with various power densities given by a set of calibrated filters. The 
transmitted power was recorded through an aperture at the far field to follow its temporal 
evolution. Then, we have evaluated the photoconductivity from the intensity-dependent 
photorefraction specific time as function of the concentration of Fe2+ and Fe3+ ions.  

 
In these heavily doped samples, the iron content and variation of the Fe2+/Fe3+ ratio play 

a prior role in the sharp photoconductivity growth. Iron ions are considered as deep centers, 
representing the main source of photo-excited electrons for conduction process under 
illumination. Second important source is related to photodissociation of bipolarons, taking 
place in the reduced and untreated Fe:LiNbO3 crystals. Our results show that the dynamics 
and magnitude of the photorefractivity in iron-doped lithium niobate can be controlled by the 
post-growth red/ox treatment, varying the Fe2+/Fe3+ ratio and bipolaron concentration.  
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Optically nonlinear lithium niobate (LiNbO3) single crystals are widely used in 

optoelectronics for laser radiation frequency transformers, parametric generators of light, 

optical sensors, and phase-amplitude and phase modulators of light beams, deflectors, etc. 

design of such optical devices poses strong requirements to structural perfection of the single 

crystal and minimisation of photo-induced changes of the index of refraction (the effect of 

photo-refraction). 

The photo-refractive light scattering (PRLS) arising in a ferroelectric crystal from laser-

induced spatial fluctuations of physical parameters of the crystal is a direct result of photo-

refraction. Laser radiation scattered by these heterogeneities interferes with pumping creating 

a complex (speckle) pattern of intensity minimums and maximums. Additional contribution to 

disorder in the crystal structure is brought by laser-induced defects fading out with time after 

the radiation is turned off or at thermal treatment. Through PRLS it is possible to control 

homogeneity of the crystal structure, determine direction of the polar axis and more. Since 

PRLS is holographic effect analysis of the scattering pattern provides information about the 

holographic parameters of photo-refractive crystals. 

The PRLS is an undesirable effect in practical applications of single crystals as laser 

media or laser radiation transformers. The problem of finding ways to curb and optimise the 

photo-refractive properties of lithium niobate single crystals is still of current importance. 

Lithium niobate single crystal is one of most interesting objects for learning about PRLS 

well studied in congruent lithium niobate (Li/Nb = 0.946) crystals containing cations of 

alternating valence (photorefractive cations). However, there are no published data 

concerning the PRLS in stoichiometric lithium niobate (Li/Nb = 1) single crystals. The 

present study is aimed at kinetics of PRLS within the 35 – 160 mW range of laser radiation 

intensities in ostensibly pure stoichiometric single crystals grown from melt of 58.6 mole % 

of Li2O. Stoichiometric crystals grown from melt of 58.6 mole % Li2O have a strong enough 

effect of photo-refraction allowing for application in nonlinear optics, for instance, in 

recording, processing and storage of optical information. Results of kinetics of the PRLS as a 

function of laser radiation intensity at 0.53 µm are presented. Intensity distribution diagram is 

found to be asymmetric. The asymmetry is a linear function of the laser intensity in the 

studied intensity range. At farther increase of laser intensity the crystal heats up for which 

reason the diagram of the intensity distribution of scattered light shrinks.    
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Development of short-wave laser technique, nonlinear and integral optics set the problem of 
the improvement of ultimate characteristics of optical elements on the basis of nonlinear-optical 
crystals. The search of new nonlinear-optical mediums for optoelectronics and nonlinear optics, 
possessing high efficiency of transformation of laser radiation into higher harmonics, stimulated 
creation of composite materials on the basis of dielectrics, containing nanoparticles. 

In this work results of investigations of nonlinear-optical properties of KDP crystals 
containing TiO2 (anatase) nanoparticles are presented. KDP crystals were grown on a point seed by 
temperature lowering method. TiO2 concentration in initial solution varied from 0.1 to 10 ppm. 
During the growing process TiO2 nanoparticles were incorporated preferentially into the pyramidal 
growth sector in the boundaries of layer-by-layer growth [1]. As-grown crystals had good optical 
quality. There were investigated samples cut from two growth sectors – {100} (prism) and {101} 
(pyramid). 

Nonlinear-optical properties of KDP crystals were studied by self-action method by analyzing 
the photoinduced changes of total transmittance and on-axis transmittance in the far field at 
wavelength 1064 nm of Nd3+:YAG laser (pulse width 42 ps, repetition rate 5 Hz).  
The resonance excitation of the surface defect states of the nanoparticles allows to register the 
photoinduced changes of optical parameters of the whole heterogeneous system KDP:TiO2 even at 
low nanoparticles concentration in the matrix.  

It is found that all the samples show considerable nonlinear-optical (NLO) response. Typical 
values of the real part Re(χ(3)) and the imaginary part Im(χ(3)) of cubic NLO susceptibility depend 
on TiO2 concentration. The photoinduced self-defocusing of the laser beam at the intensity range up 
to 20 MW/cm2 is observed in KDP:TiO2 crystal unlike pure KDP crystal. For the pyramidal growth 
sector the contribution of the NLO response of the nanocrystals predominates. For the prismatic 
growth sector the presence of high concentration of the intrinsic defects makes the contribution of 
the both systems to the NLO response comparable.   

The efficiency of second harmonic generation (SHG) for picosecond laser excitation at 1064 
nm was measured. It is found that the incorporation of TiO2 nanoparticles into KDP crystal results 
in the increasing of the efficiency of SHG almost by the order of magnitude. 

The obtained results can play an important role in the case of KDP crystal application in 
nonlinear optics for frequency conversion. 
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Electromagneto-optical (EMO) properties of temperature-influensed Bi-
substituted yttrium-iron garnet films have been investigated by using optical polarimetry 
method (EMO effect). Method deals with the registration of the changes of light 
polarization plane Faraday rotation under action of an external variable electric field 
applied to the sample [1-4]. The appearance of such changes ( EMOα ) has been termed as 

the EMO effect [1]. Experiments were carried out in geometry H ⊥ k, E� k, where H – 
static magnetic field, E –variable electric field, k –light wave vector. Thermal influence 
on the film was spent at temperature =T 880K  throughout 180 minutes with the 
subsequent slow cooling. Single crystal Bi-substituted yttrium-iron garnet film has been 
synthesized by the liquid phase epitaxy method where gadolinium gallium garnet 
substrates are dipped into the flux. We investigated unilateral film with a substrate 
thickness of about 600 µm. Thickness of the film was about 12 µm and the domain 
magnetization was normal to the film plane. 

We experimentally reveal changes in magnetic-field and electric-field 
dependences of EMO effect in Bi-substituted yttrium-iron garnet film after thermal 
influence. The 

EМО
α  parameter is grown in investigation sample after influence. To 

interpret such change of EMO effect we present the following explanation. The yttrium-
iron garnet films (and Bi-substituted garnet films) grown on mismatched substrates and 
can be strained. Further, on film volume there can be thin layers or local sites where the 
centro-symmetric cubic crystal structure that is characteristic for single crystals samples 
of ferrite-garnet is broken. Temperature influence on the film (initially directed to the 
purposeful change of density of dot defects in film) can remove local pressure in films 
and our experiments show the results of such an influence.  

Thus, temperature influense leads to increase in the EMO effect value, because of 
temperature-stimulated relaxations of non-uniform mechanical pressure in the studied 
sample and relaxation of the film deformations by substrate. 
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It is well known the effect of energy transfer during dynamical self-diffraction of 
waves realized by two- or four-wave mixing (FWM). The intrinsic diffusion mechanism 
of this effect lies in a capture of photoinduced space charges by defects in a volume of a 
photorefractive medium. Due to that the refractive index grating becomes space shifted 
relative to the light interference pattern, which excites this grating. The degenerate FWM 
is described by a damped sine-Gordon equation in the case of nonlocal response of the 
medium [1]. This equation can be transformed to the cubic complex Ginzburg-Landau 
equation [2], which is known to describe variety of spatio-temporal localization effects 
including dissipative solitons in many branches of physics [3]. This way both the 
intensity distribution of the interference pattern and the amplitude of the dynamical 
grating become spatially localized in the nonlocal photorefractive medium [1]. As well as 
FWM dynamics becomes to posses reach features depended on input intensities of 
coupled waves. We investigate some effects that can appear during FWM in dependence 
of input intensity ratio. For example, Fig.1 shows significant increasing the optical phase 
conjugation efficiency with decreasing the input intensity of the wave 1 in a scheme 
based on double phase-conjugation mirror set-up. The Fig.2 shows the all-optical 
switching in the two-wave mixing scheme by applying a guiding input wave 3. The 
optical logic elements arisen by manipulation of pulses are investigated as well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
 
[1] S. Bugaychuk, L. Kovács, G. Mandula, K. Polgár, R.A. Rupp, Nonuniform dynamic gratins in 

photorefractive media with nonlocal response, Phys. Rev. E 67, 046603 (2003). 
[2] S. Bugaychuk, R. Conte, Ginzburg-Landau equation for dynamical foru-wave mixing in gain 

nonlinear media with relaxation, Phys. Rev. E 80, 066603 (2009). 
[3]  I. S. Aranson, L. Kramer, The world of the complex Ginzburg-Landau equation, Rev. Modern Phys. 

74, 99-143 (2002). 

 

 

 

 

 

 

 

Figure 1: Increasing the phase conjugation 
coefficient by decrease the intensity of 

input wave 1. γNd=6, I10+I20+I3d=1. 

Figure 2: Optical switching for output wave 
1 by means of changing the intensity of 

guiding input wave 3. γNd=10, I10+I20+I3d=1. 
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The ferroelectric relaxor and optical nonlinear material strontium barium niobate 
(SBN) shows some very interesting effects in the nonlinear generation of light and offers 
the possibility to study the interaction between the luminescence of rare earth ions and 
the nonlinear processes. SBN is an appropriate material for such investigations due to its 
excellent electro-optic and nonlinear coefficients and because of the possibility of 
growing doped crystals with good optical quality. 

 
The possibility of getting a cone of radially and azimuthally polarized light from a 

SBN crystal is investigated. By excitation with an optical parametrical oscillator radially 
polarized white light can be generated. This means second harmonic light with red, green 
and blue components. In the literature [1, 2] it is shown, that such light can be focused to 
a smaller spot size than linearly or azimuthally polarized light. 

 
 
 
 
 
 
 
 
 
 
Further the luminescence from different rare earth impurities is studied. To 

understand the processes which are responsible for the upconversion the dependency of 
time and excitation energy is investigated. For erbium [3] and ytterbium an anomalous 
dependency of the fluorescence decay time on the dopant concentration is found. This 
behaviour can be described by reabsorption effects of the emitted luminescence light.  
Because ytterbium doped SBN shows a very high luminescence intensity the 
luminescence light could be used for other nonlinear processes like, e.g. sum frequency 
generation or second harmonic generation. In addition the excitation of rare earth 
impurities with second harmonic light from the crystal itself is studied. 
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Figure 1: Generation of radially and azimuthally polarized 

second harmonic light with SBN. 
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In the list of triply ionized rare-earth ions Ce3+ has the simplest energetic-level 

structure and from this point of view Ce3+ doped materials are model systems for 
approval of various theoretical calculations. The ground state electronic configuration of 
Ce3+ ion is 4f1 and spin orbital interaction splits it into two multiplets 2F5/2 and 2F7/2, with 
2000 cm-1 gap between them. The excited 5d1 configuration is split into 2D5/2 and 2D3/2 
multiplets and lies 30000-40000 cm-1 above the ground state. However as it is known the 
crystal field (CF) affection on energetic levels of this configuration is antipodean. Triply 
and fourfold degenerated 2F5/2 and 2F7/2 levels in the CF are split into two manifolds, each 
of which consists from near-lying (50-200 cm-1) Kramer’s doublets. Meanwhile the 
levels of 5d1 excited configuration in the CF are split into five sublevels, far from each 
other, thus in the list of crystals with narrow band gaps (LiNbO3, or NaBi(WO4)2) some 
of this levels can lie outside the forbidden gap. Thus Ce doped materials are very 
attractive for laser action, based on d-f transitions in the UF region. 

 
Besides, Ce3+ ions have high enough absorption cross section of different d-f 

transitions and are good sensibilizators for a number of rare earths (Pr3+, Nd3+, Er3+, etc.) 
having in the UF region  rich structure of spectral lines of forbidden f-f transitions, 
overlapping with the emission spectrum of Ce3+. 

 
In this work spectral properties (including cooperative processes) of LiNbO3:Ce3+ 

and NaBi(WO4)2:Ce3+ crystals are of particular interest for the purpose of revealing 
lasing possibilities of this materials in the UF region, as well as of LiNbO3:Er3+ crystal, 
co-doped with different concentration of Ce3+ for the purpose of determining laser 
characteristics of 1.5 µm emission with pumping in the UF region. 
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Sillenite Bi12M(M=Si, Ge, Ti)O20 type crystals are reversible photorefractive (PR) 
and photochromic materials, which are finding a wide range of applications in real-time 
holography, coherent light amplification, optical information processing, optical 
interconnection and communication, dynamic holographic interferometry, etc...[1,2]. The 
sillenites are known to posses a complicated structure of the energy levels, with a large 
number of photoactive centers in the band gap, which can act as traps for charge carriers 
and be involved in the charge transport mechanism [3] 

The charge carriers dynamics in the sillenite type crystal Bi12SiO20 (BSO) doped 
with ruthenium is studied by monitoring the optical density changes after nanosecond 
laser pulse excitation using a frequency-doubled Nd:YAG laser. Ruthenium doping leads 
to a relatively high density of traps levels that significantly increase the relaxation time of 
excited charge carriers in comparison with a non-doped BSO. Relaxation dynamics with 
two different decay time constants is observed in BSO:Ru in the studied submicron to 
100 s time range and their dependences on pump intensity and on temperature are 
investigated. From the observed temperature dependence of the slower and faster of the 
two decay components (see figure), thermal activation energies of Ea,s = 0.80 ± 0.03 eV 
and Ea,f = 0.68 ± 0.03 eV were determined, respectively. The results indicate that in 
BSO:Ru at least two different traps centers are involved in the long-lived photo-induced 
carrier dynamics. 
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Figure:  
 
Arrhenius plot of the decay rates of 
the fast and slow components (open 
and close symbols, respectively) of 
the decay of photoinduced 
absorption in Ru-doped BSO. 
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The effect of Ru+Mn, Rh+Fe, Fe+Mn on the light -induced properties of Bi4Ge3O12 crystals is 
studied and compared with the single doping. Photosensitivity shift to the visible spectral range 
and existence of strong photochromic effect, being fully reversible is demonstrated. Holographic 
behavior is characterized in respect to different dopants contribution. Some material properties 
relevant to holographic grating stability as photo- and dark-conductivity are measured.  

 
Bismuth germanate Bi4Ge3O12 (BGO) crystals are excellent scintillator materials 

widely used as radiation detectors in electromagnetic calorimeters, in high-energy 
physics, positron emission tomography scanners in medicine, etc. [1]. Moreover, non-
doped BGO being one of the few crystals showing photorefractive effect at UV spectral 
range at room temperature and becomes attractive for photolithographic applications [2]. 

In this presentation, the co-doping effect on the light- induced properties of BGO 
crystals is examined. The absorption edge is shifted significantly to the visible spectral 
range. Photoluminescence emission spectra verified existence of color centers, easy 
manipulated under UV light excitation (fig.1). Ultraviolet exposure improves the 
response time during holographic recording and extended the read-out time (fig.2). 
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Fig1. Luminescence spectra at 10K. 

The ability of modifying the defect structure and corresponding absorption bands 
suggesting further potential for optical fixing using two step sensitization method. 
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The cubic bismuth oxide compounds Bi12MO20 (where M= Si, Ge, Ti) are being 

extensively studied because of their interesting applications including real-time 

holographic surface imaging, real-time image subtraction, optical information processing 

and real-time interferometry [1,2]. The generation of defects introduced by suitable 

dopants is an effective way to enhance and tailor the photorefractive response in 

sillenites. To understand the origin of these features at the microscopic level, it is 

important to know the valence state of defects and their symmetry in the crystal lattice. 

Electron paramagnetic resonance (EPR) is a very useful technique to extract such 

information at microscopic level, and was used here to determine the valence and 

symmetry of a chromium related defect in Bi12SiO20 co-doped with Cr and P. Continuous 

wave X-band (9.4 GHz), Q-band (35 GHz) and W-band (94 GHz) EPR measurements 

were performed in a helium cooled cryostat before and after specific sequences of in-situ 

laser illumination. A consistent analysis of the observed spectra and their angular 

dependence was reached using an S=3/2 spin Hamiltonian with axial symmetry around a 

<111> crystallographic direction, with isotropic g-value g = 1.983, and crystal field 

splitting parameter D = 0.065 cm
-1

. The spectra are attributed to a Cr
3+

 (4d
3
) ion that 

substitutes at the Si
4+

 metal site. Laser light illumination results in a reversible charge 

transfer process. A strong reduction in intensity of the Cr
3+

 EPR lines is observed when 

sample is exposed in-situ to 406 nm laser light. This decrease in Cr
3+

 defect 

concentration points to a charge transfer producing Cr
2+

 or Cr
4+

 (or both). However, no 

new EPR signals appear that could evidence either one of these. Subsequent exposure of 

the sample to 647.1 nm laser light for 25 min results in a nearly complete recovery of the 

Cr
3+

 signal intensity. Correlated changes under illumination are found in the absorption 

spectra of the crystal, leading to a tentative attribution of corresponding absorption 

bands. 
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Photochromic changes in absorption for photorefractive and photoconductive 
Bi12SiO20 (BSO) crystals were previously observed at temperatures K [1]. We 
report the results of experimental investigations of the spectral dependence of changes in 
the optical absorption of the BSO crystals upon exposure to near-IR laser pulses 
(λ = 1053 nm) and after annealing in air at temperatures of 230–375°С during 30 min. 
Reduced optical absorption is observed in the spectral range 490–900 nm after irradiation 
and thermal annealing (Figs. 1a and 2a). In the spectral range 900–2500 nm, the optical 
absorption in the crystal increases insignificantly (less than 0.015 cm–1) after thermal 
annealing. The spectral dependences of the photo- and thermoinduced absorption 
changes  demonstrate the resonant character (Figs. 1b and 2b). The photo- and 
thermoinduced changes are retained in the dark for more than 150 h, while crystal 
irradiation by visible light causes a fast relaxation of the absorption to the initial state. 

200T ≤

( )kΔ λ

 

  
Figure 1: Spectral dependences of the absorption 
coefficient (a) and its induced changes (b) in the 

Bi12SiO20 crystal before (1) and after (2) irradiation 
by laser pulses (λ = 1053 nm). 

Figure 2: Spectral dependences of the absorption 
coefficient (a) and its thermoinduced changes (b) 
in the Bi12SiO20 crystal before annealing (1) and 

after annealing at a temperature of 375°C (2). 
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Optical stability and the suppression of optical damage is one of the most important
objectives for LiNbO3 (LN) optical devices. Optical damage resistance of LN crystals can
be improved by doping with two-, three- and tetravalent ions (Mg, Zn, In, Sc, Zr, Hf).
The main role of these optical-damage-resistant (ODR) ions seems to vary the amount of
the Nb antisite (NbLi) in the crystals. The critical threshold concentration of the ODR
dopant for reducing photorefractive damage is related to the elimination of NbLi ions. 

So  far,  various  methods  have  been  used  to  characterize  the  optical  damage
resistance of LN crystals, almost all monitor the light induced change of refractive index.
In previous work by using single-beam Z-scan method combined with CCD recording we
have shown that the change of refractive index in Mg-doped LN crystals depends on the
Mg concentration and altering from negative to positive at dopant concentrations above
threshold [1]. The beam distortion below threshold has been related to the photorefractive
effects. Above threshold the change of refractive index has been attributed to thermal
lensing caused by nonlinear absorption. 

In the present work the light induced change of refraction has been investigated on
congruent and stoichiometric LiNbO3 crystals doped with In, Sc and Zr ions by the Z-
scan  method,  in  the  visible  range  using  all-lines  of  argon  ion  laser  up  to  MW/cm2

intensity level. Dopant incorporation and the related intrinsic defect structure have been
characterized by the shift of UV absorption edge and IR absorption band position of OH-

stretch  vibration  mode.  The  intensity  dependence  of  the  light  induced  changes  of
refractive index has been examined on samples doped of above threshold concentration
of ODR ions.  
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Mediums prepared by doping single crystals with various impurity atoms are
widely used as lasing materials. The impurity ions interact strongly with the host
crystal lattice. As a result, the energy levels suffer incoherent broadening due to
the crystal defects induced by the doping ions. Furthermore, phonons of the host
crystal reduce significantly the coherence time of the electronic states of the ions.

Recently, due to the long relaxation times, single crystals doped with rare earth
elements became an important medium for coherent control and resonant non-linear
optics experiments in solids. In our series of experiments we have decided to use er-
bium (triply ionized) doped stoichiometric LiNbO3, which has been grown in-house.
As a first step we measured the homogeneous linewidth of a selected transition of
the erbium ions. The homogeneous linewidth is related straightforwardly with the
coherence time of the electronic states. The large (24 Giga Hertz = 0.8cm−1) inho-
mogeneous broadening of the spectral lines prohibits the direct measurement of the
homogeneous linewidth. To overcame this problem, we used the method of satura-
tion spectroscopy to perform the measurement. A typical measured spectral line of
erbium is shown below (I15/2–I11/2):
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The measurement is done at cryogenic temperature. The medium is irradiated
with a tunable, narrow linewidth diode laser at 980nm. The laser field amplitude is
controlled with an acousto-optic modulator. The intensity of the transmitted field
is recorded with a photodiode and an oscilloscope. We have also measured the tem-
perature dependence of the homogeneous linewidth. Based on these measurements,
we plan to perform coherent control and resonant nonlinear optics experiments in
erbium doped LiNbO3.
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Lithium niobate (LN) is an important material in modern photonic technology, due to its 

wide range of functional properties and the possibility of realizing on it integrated optical 

devices thanks to microstructuration and local doping techniques. In particular, as far as 

photorefractive (PR) properties are concerned, local doping with iron is considered as an 

excellent candidate for the realization of integrated photorefractive systems. 

It is well known [1] that the PR properties of doped LN depend on the site 

occupation of dopant ions, which in turn is related to the content and nature of intrinsic 

defects. A study of the defect structure of Fe:LN as a consequence of preparation 

conditions is therefore mandatory. As a matter of fact, while bulk – doped Fe:LN has 

been extensively investigated [1], the structure of LN substrates locally doped with Fe by 

thermal diffusion is unclear, as it is not obvious that results obtained in bulk doped 

crystals are valid also in this system, due to the intrinsic non – equilibrium nature of its 

fabrication process. 

In this work, iron doping of LN by thermal diffusion from thin film was 

investigated by using micro Raman spectroscopy and then integrating the results with 

those obtained by Proton Induced X-Rays Emission. Following this way a more 

comprehensive view of the incorporation mechanism of Fe ion and of the impact this has 

on the defect structure of the host material has been obtained. Our results point out that, 

in substituting for Li, Fe ion induces a decrease of NbLi antisite defects and a 

rearrangement of the Nb sublattice. 
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It is well known LiTaO3 and LiNbO3 crystals use extensively for processing of 

acoustic and optical signals. In this work the attenuation anisotropy of acoustic waves in 

pure and imperfect LiTaO3 and LiNbO3 crystals was investigated on the basis of 

experimental data on the attenuation of acoustic waves propagating along the main 

crystallographic directions in these crystals. Measurements were carried out using Bragg 

diffraction of light by acoustic waves at room temperature in the frequency range from 

0.4 to 1.5 GHz. 

According to the known perturbation theory, the attenuation coefficient can be 

defined in terms of the effective viscosity. Since the viscosity tensor has the same 

symmetry as the elastic stiffness tensor, six independent constants must be determined 

for the crystal class 3m to which the investigated crystals belong. The values of the 

viscosity components were determined by substituting effective viscosity values obtained 

from measured attenuation data into the mode viscosity equations. 

The obtained viscosity components were used for calculation of the anisotropy of 

attenuation of three wave modes propagating along any selected direction in the (100) 

and (001) crystallographic planes. 

At the same time the contribution of dielectric loss and point defects (impurities) in 

the total attenuation coefficient was assessed for piezoactive waves in these crystals. It is 

shown that the dielectric loss and point defects can produce the significant influence on 

the magnitude and anisotropy of the attenuation coefficient for piezoactive longitudinal 

QL and transverse QS waves in the plane (100) (Fig 1). 

 

 

Figure 1:Cross-section of acoustic attenuation surface by (100) plane for 

longitudinal QL and fast QS and slow S transverse waves in LiTaO3 crystals. 
Attenuation expressed in dB/microsecond, the frequency of 1 GHz. 

 

The obtained results can be used on the analysis and optimization of parameters 

of acoustic-optical modulators. 
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Review of Structural Local Transitions (SLT) mechanisms and their characteristic 
features on example of SLT in intrinsic ferroelastic K3Na(CrO4)2 with molecular 
paramagnetic impurity ions MnO4

2-  is presented. 
 

          Structural Local Transition could be treated as spontaneous alteration and 
reconstruction of local center potential from single well to multi-well one or vice versa. 
SLT phenomenon takes place in the framework of temperature, external pressure or other 
type external parameter changes.  SLTs were detected mainly due to experiments 
focusing to EPR studies on the examples of classical insulators on the one hand and 
crystals with matrix structural phase transitions on the other. Here SLT of the second 
order as well as the first order one are investigated in this context.  
          Recently we have detected a new SLT in intrinsic ferroelastic K3Na(CrO4)2 with 
molecular paramagnetic ions MnO4

2- [1]. This type SLT manifests uncommon behavior. 
First, we have to deal with local transition from low symmetry state to high symmetry 
one with temperature lowering [1]. Second, the SLT phenomenon is appearing at low 
temperature region is rather far from the region of ferroelastic matrix phase transition [1]. 
As a result, such a behavior suppresses strong enough mutual influence of these different 
type transitions and puts obstacles in the direct way of the SLT realization. Third, 
different type coexisting centres related to coexisting different EPR-spectra corresponds 
to molecular paramagnetic ion MnO4

2- in the case. Such type behavior could be similar to 
multi-cite phenomenon detected for the cases of another type doped systems. Last not the 
least, long-term uncommon spontaneous fluctuations between different type local states 
(related to different type EPR spectra) mentioned above are also realized in the case [2].  
Recently new addition phase transition is manifested for   intrinsic ferroelastic 
K3Na(CrO4)2 with molecular paramagnetic ions MnO4

2- .          
          It is shown in the present work that all these peculiarities could be explained by 
multi-well anharmonic Jahn-Teller (JT) model [1,3] proposed. Two different soft quasi-
local modes temperature dependent both are topical in the case. Their successive 
condensation induces two different type mechanisms of the SLT.  
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Some new data about luminescence characteristics of double phosphates which 

contain (P2O7)
4-
 anions, various polyvalence metals and three charged ions of transition 

(Cr, Ti, Mn) are presented. Compounds of the next combinations of various charge 

cations were investigated: a) A = Na
+
, K

+
, Rb

+
, Cs

+
; B

 
= Al

3+
, In

3+
); b) A

 
= Mg

2+
, Ca

2+
; B

 

= Zn
2+
, Mn

2+
); c) A

 
= Zn

2+
; B

 
= Ni

2+
, Cu

2+
. 

 

Steady state and time resolved luminescence spectra were obtained in the spectral 

region 50 – 1100 nm and 4.2 - 300 K temperatures using visible, ultraviolet and vacuum 

ultraviolet radiation for excitation of luminescence. Experiments with synchrotron 

radiation were performed at SUPERLUMI station of HASYLAB laboratory at 

synchrotron in Hamburg, Germany. 

 

Experimental results are comparing with data of electronic structure calculations of 

some alkali and three charged metals double phosphates.   

 

Dependences of the structure, peak positions and intensity of luminescence on the 

composition, content of the crystalline water, samples temperature and excitation 

wavelengths were obtained. The details of the luminescence and excitation spectral bands 

are considered as caused by intrinsic transitions in transition
 
ions, self trapped excitons 

decomposition and emission of defect centers and their interaction too.  

 

The peculiarities of the lower 
2
E, 

2
T1 and 

4
T2 excited states of Cr

3+ 
ions are found 

and they have been discussed using simple model of configuration coordinate curves. It 

has been shown that behavior of luminescence characteristics of Cr
3+ 

and Ti
3+ 

ions are 

determined by effect of intermediate crystal field. This is resulted in manifestation of 

distinctive Fano – antiresonance features in the excitation spectra of luminescence, in the 

ratio of R – lines intensity and intensity of broad band’s emission related with 
4
T2 � 

4
A2 

radiation transitions; in compose vibronic structure of these bands and specific 

dependences of the shape and intensity of 
4
T2 � 

4
A2 bands on temperature. 
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We have reported recently the comparative far-infrared spectroscopy studies of 
Rb0.8Cs0.2Cl crystals and Rb0.8Cs0.2Cl crystals containing CsPbCl3 nanocrystals between 
170 and 320 K [1]. These studies indicated the influence of  the hydrostatic pressure on 
LO-TO splitting and some other effects of cesium lead chloride in the form of nano- and 
microcrystals on the spectral properties of the host material. Present work aims at 
completing the IR characterization of the Rb0.8Cs0.2Cl: CsPbCl3 crystals and reports some 
interesting   features of embedded nanocrystals, revealed in the medium infrared spectral 
range. 

 
From Figure 1 it is evident that when one switches from pure crystal to the crystal 

with nano inclusions, the changes in the transmission spectra are observed around 600-
700 cm-1 and 3000-3500 cm-1. 

 

 
Figure 1: MIR spectra of pure rubidium cesium chloride crystal with 

respect to the crystal containing CsPbCl3 nanocrystals. 
 
The results of the accurate temperature studies of the observed effect as well as 

suggested theoretical explanations will be discussed in details in the presentation.  
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The article presents the study results concerning development of methodology for 

measuring thermal diffusivity with the laser-flash method with special attention being 
paid to their repeatability. The first stage involved the literature review of the problem 
determining an influence of variable measurement parameters including presence of 
graphite coating, error correction methods and laser power. The main part of the study 
includes evaluation of the sample structure influence. A real ceramic mould of specific 
porosity and green compacts made after its grinding were examined. Influence of sample 
thickness and interval between individual laser shots were also determined.  

The analysis was performed by using the Netzsch LFA 427 instrument designed 
for direct measurement of thermal diffusivity with the laser-flash method. The material 
analysed included different types of ceramic moulds designed for manufacturing the 
elements made of monocrystalline and directional solidification nickel based superalloys.   

The preliminary study performed showed that the main factor that has an 
influence on obtaining correct and repeatable results of thermal diffusivity study is 
proper preparation of samples i.e. using them in a form of directly cut out from the 
mould, selection of data acquisition time and interval between individual shots. It is 
especially important in the case of measurements taken at high temperature when 
radiation mechanism of heat transfer is of basic significance.  

 

 
Fig.1. Results of thermal diffusivity measurement with unsatisfactory repeatability. 
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The paper presents test results concerning characteristics of the selected thermal 
properties of ceramic powders based on rare earth zirconates with a pyrochlore structure 
of RE2Zr2O7 type, intended for thermal spraying of TBCs. Gadolinium, lanthanum, 
samarium and neodymium based powders were tested. The scope of the tests 
encompassed thermal diffusivity analysis of the powders in a compressed form within 
temperature range 25-1500°C, and also tests of specific heat and thermal expansion 
coefficient within similar temperature range. Standard powder of 8YSZ type on the basis 
of zirconium oxide modified with yttrium oxide was used as a reference material. 

Specific heat measurements of the powders showed that the highest values within 
the entire test temperature range were obtained for the standard YSZ type powder. In the 
case of new type of powders, the results obtained are very similar and only slightly lower 
in comparison with YSZ powder. The lowest values were obtained for the samarium 
based powder (temperature range corresponding to operating temperature). Character of 
the curves obtained do not show course of strong reactions connected with phase 
changes. Dilatometric tests of materials made it possible to determine thermal expansion 
coefficient. Average coefficient values are included within the range from 5.5 x 
106mm/°C to 10.0 x 106mm/°C. The highest average value of thermal expansion 
coefficient was obtained for Nd2Zr2O7 powder and the lowest one for La2Zr2O7 powder.  
The lowest thermal diffusivity value at room temperature was shown by Nd2Zr2O7 
powder, and the highest one by 8YSZ powder (0.215 mm2/s). Table 1 presents 
cumulative results of calculated thermal conductivity value of the powders tested and 
standard powder. 

 
 8YSZ Gd2Zr2O7 Sm2Zr2O7 Nd2Zr2O7 La2Zr2O7

T λ 

°C W/(mK) 

25 0,627 0,368 0,369 0,303 0,280 

250 0,483 0,327 0,341 0,261 0,257 

500 0,473 0,287 0,306 0,222 0,214 

750 0,497 0,320 0,341 0,247 0,234 

1000 0,576 0,440 0,412 0,285 0,314 

1250 0,926 0,756 0,517 0,399 0,425 

1500 2,077 1,570 0,896 0,927 0,960 

Table 1: Calculated thermal conductivity coefficient value of the powders tested. 
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The paper presents test results concerning characteristics of the selected thermal 
properties of ceramic powders of 8YSZ type on the basis of zirconium oxide modified 
with yttrium oxide obtained with different methods. The first of the powders was 
obtained with the spray drying method, the second one was characterized by a structure 
typical for obtaining methods from liquid phase and the third of the powders was 
obtained with the grinding method to get maximally broken up powder particles and 
similar to nano type structures. The scope of the tests encompassed thermal diffusivity 
analysis of the powders in a compressed form within temperature range 25-1500°C, and 
also tests of specific heat and thermal expansion coefficient within similar temperature 
range.  

Specific heat measurements of the powders showed that the highest values within 
the entire test temperature range were obtained for the finest grain („nano-sized”) 
powder. In other two cases, the values obtained were very similar. Analogous results 
were found in the case of thermal diffusivity measurements. The ground powder was 
characterized by significantly lower thermal diffusivity value than other two types of 
powders, which was a result of very strong break-up of particles.  
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Fig.1. Results of thermal diffusivity tests of the „nano” and commercial powders with LF method. 
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The ordered stress domain patterns that form spontaneously in a wide variety of 
chemical and physical systems[1,2] as a result of competing interatomic interactions can 
be used as templates for fabricating nanostructures. Here we describe several different 
self-assembled domain patterns on a solid surface. The evolution of the system agrees 
with theoretical predictions[3,4], enabling us to probe the interatomic force parameters that 
are crucial to the process. 

 
Experimental evidence of a self-assembly process was obtained where high-

temperature O2 annealing induced a surface reorganization in CeO2 deposited on R-cut 
sapphire substrates[5]. Based on observation using atomic force microscopy, scanning 
electron microscopy and transmission electron microscopy, when the CeO2 film was thin, 
a highly ordered phase was formed as small isotropic three-dimensional islands of CeO2 
(Fig.1(a)). With increase of CeO2 film thickness, an interwoven, connected morphology 
was formed by the reorganization (Fig.1(b)&(c)). Attention is focused on thermodynamic 
forces that drive the self-assembly. The phase boundary energy drives phase coarsening. 
The thickness-dependent surface stress drives phase refining. It is the competition 
between the coarsening and the refining that leads to size selection and spatial ordering. 
These thermodynamic forces are embodied in a nonlinear diffusion equation. Numerical 
simulations reveal rich dynamics of the pattern formation process. An epilayer may 
evolve into various patterns, suggesting a significant degree of experimental control in 
growing nanostructures. 

 

 
(a)                                  (b)                                 (c) 

Figure 1: AFM images of CeO2 films with nominal thicknesses of 1.6 
nm (a), 4.24 nm (b) and 8.73 nm (c) after the annealing. 
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It is believed, that the presence of hydrogen in the ferroelectric crystals leads to the 
partially loosing of their volume polarization [1]. In spite of prolonged discussions on the 
H+ ion localization in the structure of titanates and zirconates of ABO3 family, the 
question of local distortions of the structure in vicinity of H+ ion are not solved yet 
definitely.  

 
We investigate the localization of the interstitial hydrogen in bulk BaTiO3 through 

semiempirical quasi-static calculations, based on the electrostatic model of the BaTiO3 
cubic phase [2]. Firstly, we examined the possible energetically favoured positions of 
interstitial H+ ion in non-relaxed BaTiO3 structure. It is concluded, that H+ ion can be 
localized in such positions, when the dipole moment of OH- group pOH is oriented along 
the bisector of (Ba–O–Ba) angles (24 positions in unit cell). On the next stage we 
simulate the relaxation of the crystal lattice in vicinity of H+ ion. Two projections of the 
relaxed atomic positions for the one of possible H+ sites are shown in figure. These 
results contradicts to the ones, obtained under consideration of OH- group localization in 
cubic BaZrO3 [3], but are in good agreement with the simplest analysis of force pair 
interactions in vicinity of OH- group.  
 
 
 
 
 
 
 
 
 
 
 
 

Relaxed lattice of cubic BaTiO3 in vicinity of OH- group. Open circles, large gray and small gray circles 
denote oxygen ions, Ba ions and Ti ions respectively. 
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According to these data, the incorporation of H+ ion in BaTiO3 structure leads to 

the appearing of polarized cluster with radii R ≅ 10Å, which have a sufficiently small (≅ 
5·10-29 C·m) electrical dipole moment. Additionally, the results of our calculations 
clearly indicate the high local mobility of OH- group.  
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The electroluminescence induced by polarization reversal in ferroelectrics is a 
sensitive tool for investigations into the mechanism of transformation of the domain 
structure and specific features of the electron screening associated with this mechanism. 
The aim of the present work is elucidate the mechanism of switching in fast raising 
strong electric fields and the role played by bulk screening in the process in triglycine 
sulphate crystals with impurity L,� -alanin (ATGS).  

The measurements were performed with E�  = 5 –20 kV/(mm ·�s) electric field rise 
rates. The samples were the polar cut plates in (5,5�6�1,8) mm size on which surface 
silver electrodes were rendered. The electric field was put along a [010] direction. The 
switching induced radiation pulses were registered with photomultiplier where the (100) 
plane sample settled down in front of entrance window. The time dependences of the 
intensity Irad and energy Erad of electroluminescence and their relation to the integrated 
characteristics of polarization switching (such as the time ts, the current js and the 
dynamic coercive field Ec) were investigated.  
 ATGS crystals have steady unipolarity on of switching currents. In the ATGS a 
component of internal field E� (~ 1 kV/mm) bound with L,� -alanin molecules presence 
which not reversed by an external field does not change the direction at a polarization 
reversal. It is the reason of the spontaneous returning of ATGS crystal to an initial 
homopolar state after removal of an external field. 

It is revealed that preliminary influence of a switching pulse of electric field in 
naturally unipolar direction leads to significant increase as maximum switching current 
js, intensity Irad and energy Erad of luminescence at the subsequent switching.  Thus, the 
effect of increase of domain walls number giving the contribution to ATGS crystal 
electroluminescence after preliminary influence of pulse electric field in naturally 
unipolar direction is found out. Thus the time characteristics switching, and accordingly, 
electroluminescence do not change. 

An analysis of the received results shows that there is clear correlation between the 
polarization switching kinetics and electroluminescence one. The luminescence is 
observed at all switching stages. The luminescence curve is characterized by several 
(most frequently, two) distinct peaks that increase with the electric field rise rate growth. 
At such excitation the first peak consisting of set of elementary flashes appears at the 
growing branch of switching current. The second peak with the greatest brightness 
appears at falling down branch of switching current. An increase of electric field rise rate 
E�  leads to luminescence intensity increase. Thus the growth rate of the first 
luminescence peak outstrips rate of growth of the second peak. 

The possible mechanisms of evolution and internal electronic screening of domain 
structure in homopolar ATGS crystal at super fast (microsecond region) polarization 
switching in a self-consistent electric field are discussed.  
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Investigations into specific features of the defect formation and the conversion of 

defects in different low-dimensionality modifications of SiO2 are topical in connection 

with a wide use of silicon-oxygen materials in optics and semiconductor engineering. In 

this work the methods of electron paramagnetic resonance (EPR), photoelectron emission 

(OSEE), and photoluminescence (PL) have been used to study the conversion of defects 

during a heat treatment of samples of a nanoporous SiO2 ceramic, which was produced 

by thermal decomposition of polysilazane (HxCyNzSi). A SEM examination showed that 

the ceramic samples were characterized by a disordered size distribution of pores, with a 

maximum at (200-250) nm and a minimum at 30-45 nm on the average. Prior to 

measurements, the samples were exposed to fast electrons (E = 10 MeV,  F = 10
16

 cm
2
). 

 

Three types of the samples, which underwent different heat treatments in air, were 

studied, including No. 1: T = 600 C, 48 hours; No. 2: T = 1000 C, 6 hours; and No. 3: T 

= 1400 C, 6 hours. The EPR measurements showed that the samples No. 1 had 

paramagnetic centers related to organic radicals •CH3 and 
12

C•. EPR signals, which could 

be related to E'-centers (bulk and surface), were observed in the sample No. 2. In addition 

to a broken carbon bond, oxygen-deficient centers of the Pb type were detected in the 

samples No. 3. The concentration of organic impurities in the test samples decreased 

with growing temperature of the heat treatment. An analysis of the OSEE spectra pointed 

to the presence of E'-type centers in all the test samples. The concentrations of the bulk 

centers, which corresponded to an isolated three-coordinate silicon atom, and the centers, 

which were related to the presence of the proton of a hydroxyl group, were much smaller 

than the concentrations of their surface analogs. A rise in the concentration of surface 

centers in the samples No. 2 agreed well with an increase in the porosity of the material. 

A drop in the concentration of "hydroxyl" E'-centers correlated with the removal of the 

hydroxyl group upon annealing. A comparison with the EPR measurement data showed 

that the growth of the number of surface E'-centers in the OSEE spectra of the samples 

No. 3 was not due to an increase in the total number of centers of the same origin in the 

bulk. The EPR and OSEE data for the electron-irradiated samples of the nanoporous SiO2 

ceramic were in agreement with the measured PL spectra, according to which the number 

of diamagnetic centers of the ODC type and Si nanoclusters increased after the heat 

treatment at a high temperature. 

 

The nanoporous SiO2 ceramic can serve as a matrix that shows promise with 

respect to the development of functional materials. In this case, information about the 

physical nature of defects, which are formed on the surface of pores and in the bulk of 

the matrix after a radiation or heat treatment, will be useful for formation and 

stabilization of photosensitive metallic and semiconductor nanoclusters in pores. 
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In pulsed fast processes such as electrical explosion of wires (EEW) the formation 

of nanoparticles happens in strongly nonequilibrium conditions that cause some unusual 

properties of nanopowders [1]. They are steady against oxidation and sintering at room 

temperature and characterized with high diffusion activity at the heating. The spherical 

form of obtained particles indicates about their stabilization through a liquid state. Very 

fast cooling of molten metal after wire explosion results in significant and specific crystal 

imperfection.  The process of nanoparticles solidification occurs from the surface. A 

solid product has a compressing influence on the particle in liquid state, and then a 

tensile effect takes place.  

 

Depending on chemical composition of working ambient in the discharge chamber 

metal nanopowders can be produced by EEW in argon, hydrogen, metal carbides 

nanopowders by EEW in hydrocarbons or metal oxides nanopowders (EEW in oxygen 

contained medium).  

 

Special feature of nanoparticles obtained by electrical explosion of wires of metals 

not having polymorphism such as aluminum and copper in inert gases is a low X-ray 

density and a lattice atoms displacement relative to the equilibrium position. For 

example, X-ray density of the aluminum nanoparticles is 0.2 % lower in comparison with 

massive aluminum. If the EEW products have several polymorphous modification 

(tungsten, titanium, iron), high-temperature modifications (β-W, β-Ti, and γ-Fe) are 

stabilized having the low X-ray density as well. 

 

In the case of chemical compounds synthesis the high-temperature modifications 

are formed as a rule: γ-Al2O3, TiO2-anatase, WC1-x. The nanoparticles of chemical 

compounds are characterized with crystal imperfection.  

 

Some fields of application of electroexplosive nanopowder are discussed in this 

work. Nanopowders can be used as basic materials for production of ceramics and 

composites, gas sensors, filters, sorbents, lubricant additives, etc. 
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Due to their outstanding properties, boron nitride (BN) nanostructures are 
considered revolutionary materials for their potential applications. Isostructural to 
carbon, BN crystallize in several structures: hexagonal, graphite-like hBN, cubic, 
diamond-like cBN, or hexagonal wurtzite-like wBN, as well as different nanostructure: 
nano-tubes, nano-particles, fullerenes and very recently graphene-like BN.  

Here we present a study of the preparation of nanostructured BN by pulsed laser 
ablation under liquid. A frequency doubled Nd:YAG laser beam is focused through a 
lens on an hBN (99.5% purity) ceramic target immersed in a vessel containing acetone.  
The experiments are performed at room temperature and atmospheric pressure. 
Transmission electron microscopy (TEM) and electron diffraction (ED) were used to 
identify the morphology and structure of the prepared colloidal suspension. Depending 
on the laser pulse energy and keeping the other experimental parameters (laser 
wavelength λ=532 nm; pulse width τ=10 ns, repetition frequency ν=5 Hz, laser spot 
dimension 0.8 mm2) unchanged, different forms of BN nanostructures were obtained. 

 
Figure 1: BN nanostructures formed by laser ablation in acetone: (a) hBN graphene-like thin foils, 

nano-tubes; (b) hBN nano-tubes, nano-coils; (c) hBN nano-horns; (d) cBN nano-particles. 
In the process of laser ablation from a solid target under liquid, at the solid/liquid 

interface the plasma confined in the liquid expands adiabatically creating shock waves 
which induces a significant increase in pressure and temperature [1]. As for diamond 
synthesis from graphite the hBN-cBN phase transformation is produced at high pressures 
and temperatures, conditions which are fulfilled by the laser ablation under liquid. 
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It was shown theoretically and experimentally that because of a relatively low 
symmetry of the crystal lattice in α-Al2O3, an aluminum ion can be displaced from a 
regular site to the nearest anion vacancy in anion-deficient samples. It was found that two 
types of associative defects can be formed simultaneously in α-Al2O3 with a considerable 
concentration of F-centers. The nucleus of these defects is an aluminum interstitial near 
an anion-cation vacancy pair in an octahedral (an Ali

+-center) or a tetrahedral ((Ali)N
+-

center) environment. Their formation is facilitated in the presence of a heterovalent 
titanium impurity, which can also initiate the formation of a (Tii)N

+-center. The absence 
of the bands, which are related to V-type defects, in the optical absorption spectra was 
explained by the fact that the associative Ali

+- and (Ali)N
+-centers included, along with 

the aforementioned components, a cation vacancy from the nearest environment. 
 
In terms of the proposed models of defects and thermally stimulated relaxation 

processes (TRPs), it was proved that a change in the charge state and the location of 
components in the associates of the (Ali)N, (Tii)N, and Ali types determines the 
thermostimulated luminescence, and exoemission near 450, 475, and 515 K, respectively.  

 
The (Ali)N, (Tii)N, and Ali complexes can have several configurations, which 

change upon X-ray and UV excitation, light and thermal stimulation. According to the 
experimental data, the optical and thermal depths of a trap, which is related to an (Ali)N

+-
center with a captured electron, are 2.8 and ~1 eV, respectively. A rearrangement of an 
(Ali)N complex during TRPs in α-Al2O3-δ explains overestimated values of the activation 
energy near 450 K; the interaction of correlated pairs of defects; tunneling of carriers at 
temperatures of 300-390 K when excitation is performed at 4.1 eV; the formation of 
excitons bound on F+- and F-centers; and the initiation of optically stimulated 
luminescence under excitation with 2.8-eV photons. 

 
This work was supported by the Russian Foundation for Basic Research (project 
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The optical activity of Bi12SiO20:Co and Bi12SiO20:Cu crystals [2,3] are measured 
in the spectral region (500–1000 nm) using  φ-modulation. It has been established that 
both Co and Cu impurities influence the magnitude of the rotation angle by comparison 
with the optical activity of pure Bi12SiO20. It has been also verified the validity of the 
Drude’s formula [1] and it has been analyzed of the dependence of the optical activity on 
the Co and Cu – ions.  
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Optical nanoceramics (optical polycrystalline materials with grain size less than 100 
nm) is considered as a new class of bulk nanostrucured materials possessing unique 
optical, electronic and mechanical properties for use in lasers, medicine and electrical 
devices [1]. Nanoceramics is characterized by extremely high concentration of point 
defects and enormous extension of grain boundaries. According to theoretical estimations, 
the number of atoms placed in the defect positions (at the grain boundary) can reach 10 % 
or more, thus modifying optical, electronic and other properties of nanoceramics 
considerably. Nowadays different methods have been applied to synthesize nanostructured 
ceramics, including spark plasma sintering, two-step sintering or loading by spherically 
convergent shock waves. We report structural and electronic defects in YAG nanoceramics 
obtained by low temperature high pressure sintering method [2]. The YAG studied here 
was chosen as a model object because well known structural, optical, electronic and other 
properties in the bulk form. 

The transparent nanoceramics YAG having grains of size 20-40 nm, density of 98±2 
% and a transmission coefficient in the visible region of 45% has been obtained by 
consolidation of YAG nanopowders in the non-gradient temperature field using toroidal 
high-pressure cell. The preliminary results on optical transmittance in the visible and IR 
wavelength range, stationary X-ray excited luminescence and thermally stimulated 
luminescence of YAG nanoceramics compared with single crystals will be presented. The 
observed differences in the optical and luminescent properties of YAG nanoceramics are 
explained by extremely nonequilibrium structure of the material in the nanostructured 
form.  
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The use of transition elements as paramagnetic probes could help to investigate 
crystallization processes in a heat treated oxyfluoride glasses by means of magnetic 
resonances [1,2]. 

In this work, we used Mn2+ as a dopant in the oxyfluoride glasses with various 
fluoride compounds. Electron paramagnetic resonance (EPR) measurements were carried 
out before and after the heat treatment of the material. In both cases, a well pronounced 
hyperfine structure of the EPR spectra characteristic to the Mn2+ ion have been observed. 
EPR measurements have also been studied for the separate fluoride counterparts of the 
oxyfluoride glasses. Separate EPR spectra for the LaF3:Mn2+ and CaF2:Mn2+ powders 
show that Mn2+ ion has a strong hyperfine interaction with surrounding fluorine nuclei, 
and could be seen also in the heat-treated glass samples. 

We will discuss the obtained EPR results and consider possible further uses of such 
probes for paramagnetic investigations in the oxyfluoride glasses and glass ceramics. 
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Trapping of electrons and holes by point defects in amorphous SiO2 is important 

for performance and reliability of optical fibres, catalysts and gate dielectrics in MOS 
devices [1]. Impurities, such as Al and Ge, as well as oxygen vacancies and other 
structural imperfections serve as hole traps in silica [2]. Trapping of electron holes by 
oxygen vacancies and by Ge centres, which are often presented in silica as an isovalent 
dopant, leads to the formation of E'-centres and Ge hole centres, which are extensively 
studied in both crystalline and amorphous silica [3, 4]. However, not much is known 
about electron trapping centres in silica negatively charged defects. 

In this work we study the structure and spectroscopic properties of negatively 
charged centres in a-quartz and in silica glass using an embedded cluster method and 
Density Functional Theory. Our calculations use non-local density functional which 
allows us to obtain correct band gaps and spectroscopic properties of defects in silica [4]. 
First, we calculated the geometry, electronic structure and spectroscopic properties of the 
negatively charged Ge-centre in a-quartz. The results show that the Ge-centre can serve 
as an electron trap. The theoretically calculated principal values of the g-tensor and 
hyperfine constants as well as the positions of maxima of optical absorption bands for 
negative Ge-centre are in good agreement with the experimental data. Using the same 
method we have also modelled negatively charges states of oxygen vacancies originating 
from the neutral O3≡Si=Si≡O3 defect in amorphous SiO2. The calculations were 
performed for a wide selection of sites in the amorphous structure to achieve good 
statistics of defect properties.  Our results demonstrate that oxygen vacancies serve as 
deep electron traps and thus can be responsible for both the electron and hole trapping in 
silica. We compare our findings with the previous calculations and with the recent 
experimental data [5]. 
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The present work is a logic continuation of our previous study [1] in which an 
intense photoinduced (PI) optical absorption was found both in KTaO3 (KTO) and 
KTa1-xNbxO3 (KTN) crystals. While the properties of the PI centers in KTO were 
extensively studied with EPR [2, 3], nothing was known about PI-EPR of KTN.  

In this report we present the first experimental observation of the PI-EPR spectra in 
KTa1-xNbxO3 crystals (x = 0.012). The PI-EPR signal in KTN consists of two main 
components: nearly isotropic with geff ~ 2 and an anisotropic one (g||=2.106, g⊥=0). 
Signal at geff ~ 2, similar to that in KTO, reveals the presence of several distinct centers 
with composite EPR lines due to hyperfine interaction with the surrounding nuclei. This 
signal originates most probably from single localized photo-carriers – electrons or holes.  

Anisotropic EPR lines are observed only at the temperatures below 10 K. Analysis 
of the angular and the temperature dependencies of the spectrum revealed a set of 
characteristic properties. This signal arises from the axial centers with principal 
directions coinciding with the C4 axes of the crystal. Investigation of the centers thermal 
stability with isochronal annealing approach led to the association of the anisotropic PI-
EPR spectra with the PI optical absorption band found in KTN at ~0.8 eV [1]. 

Although obtained experimental results are qualitatively similar to that in the KTO 
crystals, they cannot be explained within the framework of the existing models proposed 
for KTO [2, 3]. The observed features and especially the angular dependence of the 
resonance field positions of anisotropic EPR lines are inherent to the non-Kramer’s 
centers. The simplest PI objects that possess integer spin are bipolarons or excitons. 
Indeed, the PI absorption at ~0.8 eV in KTN was recently assigned to the Nb4+ bipolaron 
centers [1]. 
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Ferroelectric materials are central to innovative research strategies in health-care, 

electronics, materials for energy applications and other areas [1]. In particular, nanoscale 

ferroelectrics are being developed for high-density non-volatile RAM devices. Point defects and 

their small aggregates may significantly alter the structure of ferroelectric domains, affect their 

properties and, consequently, undermine performance of ferroelectric devices. Therefore, it is 

important to understand the effects of defects at the atomic scale and to investigate fundamental 

processes related to failure mechanisms of ferroelectrics. Oxygen vacancy is an intrinsic defect, 

which appears in ferroelectric oxides due to the fabrication process or, alternatively, introduced 

as a result of doping. This defect is believed to be responsible for the main failure mechanisms of 

ferroelectric devices leading to degradation of the micro-structure, appearance of non-polarisable 

areas, modification of domain walls [1, 2].  

In this work we study an effect of oxygen vacancy defects on structural, electronic and 

ferro-electric properties of nanoscale BaTiO3 (BTO), which is often considered as a model 

system of ferroelectric materials [2]. Local structure and charge density modifications induced 

by an oxygen vacancy have been calculated using both periodic and embedded cluster methods 

and B3LYP density functional and parametrised using classical interatomic potentials. Then P–E 

loops have been calculated for finite stoichiometric and sub-stoichiometric on oxygen BTO 

nanoparticles using the shell model. Our results suggest that the vacancies significantly reduce 

the value of the coercitive force and can promote reorientation of the ferroelectric domains. We 

discuss the dependence of the P–E loops and the effect of the vacancies on the size and shape of 

the ferroelectric nanoparticles. 
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Composite  materials formed  by semiconducting  or  metal  nanoclusters  embedded  in 
glasses attract  much interest  as candidates for all  optical  devices by exploiting their  high 
sensitivity-dependent refractive index.

The work described has been performed on Soda-Lime Silicate (SLS) glass doped with 
optically active cations; silver and copper were used for the ion–exchange fabrication-process. 
After  exchange  the  samples  were  thermally  treated  either  in  air  or  gaseous  hydrogen 
atmosphere. These treatments result in the formation of nanosized metal (Ag, Cu) and oxide 
(Cu2O) particles. Sequential Ag/Cu ion-exchange has been used to extend the ion-exchange 
method of forming elemental metal nanocluster/glass composites by allowing the formation of 
multicomponent nanometer sized metal particles in the SLS glass. 

Specimens  were  characterized  by  optical  absorption  (OA)  spectroscopy,  X-ray-
diffraction (XRD), and transmission electron microscopy (TEM)-performances. 

It has been stated that the structural and optical characteristics of the doped SLS glass 
are effectively controlled in a wide range of the dopant concentrations, and the parameters 
(temperature, time, atmosphere) of the annealing as well. Bimetallic nanoparticles either as 
alloy or as core-shell structures, are more attractive over monometallic nanoclusters because 
they posses an additional degree of freedom, that is the composition. As consequence, the 
formation of multicomponent nanoclusters produces changes in both the linear and non-linear 
optical properties of the composites that are not possible with single elemental colloids.
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LiNbO3 doped with various rare earth ions are excellent laser materials. The optical 

spectrum of the Pr
3+

 ion extends from the UV to the near IR region providing many 

possibilities for pumping and lasing in several spectral regions. Moreover, LiNbO3:Pr 

crystals were also used in spectral hole burning and photon echo  experiments [1]. 

 

The optical absorption and luminescence of Pr
3+

 in congruent LiNbO3 (cLN) were 

systematically investigated and the corresponding energy levels were determined [2,3]. 

The deviation from stoichiometric crystal composition resulted in remarkable line 

broadening. In stoichiometric LiNbO3 (sLN), however, narrower spectral lines are 

expected and a more accurate determination of the energy levels can be achieved.  

 

2×10
-3

 mol/mol Pr-doped sLN crystals were grown by the high temperature top 

seeded solution growth method from K2O containing flux. The polarized absorption and 

emission spectra of the Pr
3+

 ion were determined in the 8-300 K temperature range, and 

were compared to those obtained in Pr-doped congruent crystals (Fig. 1.). 
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Fig. 1. Absorption and emission spectra of the 

3
H4 ↔ 

1
D2 transition of Pr

3+
 in LiNbO3  

 

The characteristic f-f transitions and their Stark level structures were similar in 

these crystals both in absorption and luminescence. However, the sharper peaks in the 

stoichiometric crystal allowed us to separate the site-selective band components related 

to the different Pr
3+

 sites in the lattice. The lifetime of the 
1
D2 level unexpectedly 

increased from 35.5 to 39.0 µs with increasing temperature from 10 to 300 K in sLN:Pr, 

suggesting limited multiphonon relaxation. 
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Thermally stimulated luminescence (TSL) of ceramics Bi4X3O12 (X=Si,Ge,Zr) under X-

ray excitation in the temperature region 80–400 K are studied.  
In investigation temperature region the TSL curve of obtained ceramics are similars and 

included only in two typical TSL peaks with maxima at 143 and 200 K in ceramics 
Bi4Ge3O12, at 149 and 212 K in ceramics Bi4Si3O12 and at 145 and 220 K in ceramics 
Bi4Zr3O12. The recombination processes in separated TSL peaks was described of linear 
approximation. The activation energy and frequency factor which corresponds to TSL 
maxima are determinated by various methods [1,2] and showed in table. The TSL curve of 
investigated ceramics responsibled for the rule structural-properties. 

           
The parameters of  local traps centers in ceramics 

Bi4X3O12 (X=Si,Ge,Zr) 
 

ET, eV p0, s-1 
Ceramics Tm, K Garlick-Gibbson 

method 
Lushchik 
method 

Garlick-Gibbson 
method 

Lushchik 
method 

Bi4Si3O12 
149 
212 

0.28 
0.55 

0.24 
0.61 

1.97⋅106 
1.48⋅1011 

8.75⋅104 

5.55⋅109 

Bi4Ge3O12 
143 
230 

0.24 
0.98 

0.22 
0.76 

2.01⋅105 

1.27⋅1018 
3.94⋅104 

1.93⋅1013 

Bi4Zr3O12 
145 
220 

0.23 
0.78 

0.25 
0.52 

1.41⋅105 

7.11⋅1014 
7.03⋅105 

7.82⋅108 
 

The doze dependence of intensity of more intensity lowtemperature TSL peaks at 149 K 
in ceramics Bi4Si3O12, 143 K in ceramics Bi4Ge3O12 and 145 K in ceramics Bi4Zr3O12. The 
available of satiated of this dependence at growth of radiated doze are established. 

The radiation spectra of TSL are measured. The analysis of luminescent spectra showed 
that the radiation recombination at devasuted of trap centers was passed through these centers, 
that in event stationary photo- and X-ray induced luminescence. 

The obtained results and model of recombination processes in these ceramics are 
discussed. 
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I was found that Gd0.8Tb0.2Al 3(BO3)4 (GTAB) differs in crystal structure from 
Gd0.77Tb0.2Eu0.03Al 3(BO3)4 or Gd0.6Tb0.2Eu0.2Al 3(BO3)4 (GTEAB). The GTAB trigonal 
phase changes to monoclinic one with Eu addition. It was confirmed with X-ray and 
absorption measurements. Figure 1 presents a room temperature absorption spectra for 
the 5D4 terbium multiplet, the shift of the strongest lines is about 11 cm-1.. 

Addition of europium to (GTAB) crystal 
changes also the luminescence properties. Upon 
excitation into the 5D4 terbium multiplet the 
luminescence from the 5D0 europium state can 
be observed besides typical terbium 
luminescence whereas, excitation into 5D2, and 
5L6 states leads only to europium luminescence. No back transfer from europium to 
terbium was observed. The life time of the europium 5D0 multiplet is temperature and 
concentration independent (1.4 ms), whereas the terbium one in doubly doped crystal is 
shortening with temperature from 3.2 to 1.8 ms, for 10 and 300 K respectively. For 20% 
Tb3+, Eu3+ GTEAB the lifetime of the 5D4 multiplet is 0.45 ms. The lifetime of terbium 
metastable level in GTAB is about 2.2 ms at room temperature. 

To our knowledge the change of crystal structure of GTAB with addition of Eu3+ 
was not reported earlier. 

Figure 1. The difference between absorption of the 5D4

multiplet of Tb3+ in GdAl3(BO3)4 doped with Tb and 
Eu, and Tb. 
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LiNbO3 is a frequently used laser host material with extremely goodnon-linear
optical properties strongly depending on its composition.The Li/Nb ratio of LiNbO3 can
be monitored by measuring the vibrational absorption spectra of the incorporated OH−

ions [1,2], a most common defect in oxide crystals: while theOH absorption spectrum
for the congruent crystal (Li/Nb≈ 0.945) measured at room temperature is broad and
contains several band components, in the stoichiometric case (Li/Nb= 1.0) only a single
narrow (Γ ≈ 2.5 cm−1) band at about 3465.5 cm−1 wavenumber is observed.

In this work the temperature dependence of the OH absorptionband was investi-
gated in stoichiometric LiNbO3 using a high resolution FTIR spectrophotometer. With in-
creasing temperature the halfwidth increased monotonically (as predicted by weakly cou-
pled phonon theory) while the band frequency showed an anomalous behaviour (Fig.1.).
Since the frequency of the OD isotopic satellite band (at about 2561 cm−1) measured si-
multaneously did not show a similar temperature dependencea resonant coupling process
with upper harmonics of phonon modes may be assumed.
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Figure 1: The position (a) and halfwidth (b) of the OH− absorption band measured in stoichiometric

LiNbO3 crystal as a function of temperature.
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It is observed that the transitions metals Fe impurity in sillenites (Bi12SiO20) causes 
the appearance of an additional structure in the transmittance region of the optical 
absorption spectra (500 nm - 900 nm) [1, 2]. The absorption spectra of Bi12SiO20: Fe 
crystals (at annealed and colored state) are measured in the spectral region from 500 nm 
to 900 nm. As it is seen, the wide absorption impurity band is constituted from three 
strong overlapped maxima, which not appear in the static absorption spectra. We can 
observe the complex impurity structure in λ-modulated absorption spectra. The 
absorption coefficient values in the spectral range of the impurity structure of Bi12SiO20: 
Fe in the colored state is higher then those in the annealed state. The work presents 
behavior of Fe ions [3] after UV illumination and annealing to 5000C. 
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Photodynamic therapy based on the drug + local illumination principle [1] has been successfully 

used for the treatment of several diseases like superficial malignant tumors, psoriasis, and age-

related macular degeneration (AMD) of the retina. Similar procedures can also be used for virus 

inactivation in biological fluids and blood products. Typical photosensitizer drugs investigated 

and used for the treatments are, among other dyes, porphyrin derivatives. The molecules attacked 

by the short-lived reactive photoproducts may e. g. be lipids of a membrane. The photoinduced 

phenomena can be conveniently observed by using spin-labelled lipids and EPR providing spatial 

and temporal resolution.   

      

In the present work asymmetric and symmetric porphyrin derivatives containing positively 

charged methylpyridil groups in one or two of the four apical positions, respectively, have been 

used. As model membranes unilamellar liposomes were used, formed either exclusively from the 

neutral lipids DPPC (dipalmitoyl phosphatidylcholine) and DOPC (dioleoyl phosphatidylcholine) 

or including also DPPG containing negatively charged phosphatidylglycerol head groups. The 

liposomes were spin-labelled at various depths of the bilayers by adding n-doxyl stearic acid 

strands (n = 5, 12, or 16). The size of the lipid vesicles has been measured by dynamical light 

scattering experiments to be in the 30-80 nm range for freshly hydrated samples. EPR 

measurements were carried out using a Varian X-band spectrometer both before and following 

illumination periods applying a 150W halogen lamp and an IR filter.  

 

In all cases, adding porphyrin to the liposome solution with subsequent illumination in the visible 

lead to a marked photodynamic effect, characterised by a decay of the EPR intensity on the 

minute scale. For a fixed liposome concentration the half decay time of the EPR signal decreased 

with increasing porphyrin concentration. In nearly all cases a stronger effect was seen for the 

dicationic porphyrin derivative. A negatively charged head group further enhanced the effect 

especially for spin-labels deep in the membrane (n=16) but also near the head group itself (n=5). 

No significant changes in the EPR signal shape could be observed. As an oxygen-free argon 

atmosphere tended to prolong the decay times the role of singlet oxygen in the short range energy 

transfer must be important. The effects heavily depended on factors promoting liposome 

aggregation as aging or biased pH.  
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Earlier it was established that irradiation of the Si-rich silicon dioxide layers with 
swift heavy ions may be used for the synthesis of the quantum-size light-emitting Si 
nanocrystals. The interest to them is motivated by the demand for Si-based 
optoelectronics and non-volatile memory devices. Here we report the study of irradiation 
of stoichiometric SiO2 layers with swift heavy ions. When such ions penetrate in solid-
state targets, they form tracks with the diameters of 3-5 nm, wherein extremely high 
carrier concentrations, temperatures and pressures occur for 10-13-10-11 s. That may 
invoke thermally or ionization stimulated reactions, including reduction of the oxides. 

In our experiments 320 nm thick SiO2 layers 
were thermally grown on Si substrates. From the 
ellipsometry measurements their refractive index was 
found to be 1.45. The irradiation was performed with 
167 MeV Xe ions to the dose of 1014 cm-2. The 
stopping power of the Xe ions in the oxide layers 
nearly completely ( >99.8 %) consisted of electronic 
losses. Some of the irradiated samples were 
passivated by anneals in forming gas (94% Ar + 6% 
Н2) at 500 oC for 1 h. The spectroscopy of Raman 
scattering, photoluminescence (PL) and X-ray 
photoelectron spectroscopy (XPS) were used for the 
characterizations. Laser lines λ=514.5 nm and λ=488 
nm were used to excite Raman scattering and PL, 
respectively. Photoelectrons were generated by the Al 
Kα X-ray line of 1486.6 eV from the Al source. 

It was established, that after irradiation drastic 
changes in the properties of the layers occurred. 
Raman scattering has shown partial decomposition of 
the layers with formation of excess Si. The wide band 
peaked at about ~480 cm-1, usually ascribed to non-crystalline Si, appeared in the 
irradiated samples. XPS spectra demonstrated the decrease in number of Si-O4 bonds 
(SiO2) and appearance of Si atoms coordinated with 1-4 Si neighbors. Wide visible PL 
band from green to red regions was observed (see the figure). Passivation with H2 led to 
about three-fold enhancement of its intensity and to distinguishing of maximum at 600 
nm. The emission at about 600 nm is usually connected with Si nanoprecipitates of 
different shapes and dimensions. The obtained results as a whole pointed to the partial 
reduction of SiO2 in the tracks of swift heavy ions and formation of light-emitting Si 
nanostructures. The possible mechanisms of nanostructures formation are discussed. The 
role of oxygen release from the ion tracks is believed to be the most significant factor for 
reduction of SiO2 and formation of the light-emitting Si nanoparticles. 

The study was supported by the Grant of RFBR № 08-02-00221a. 
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Nowadays optical ceramics is considered as new class of materials for photonics 
applications. Pure and activated by neodymium ions yttrium oxide is an excellent 
infrared optical material because it possesses high functional characteristics. Yttrium 
oxide is characterized by wide transparency range, high thermal conductivity and low 
phonon energy. However, the practical application of yttrium oxide, for example, in 
advanced laser systems, is considerably restricted owing to lack of the industrial 
technology of growth of high quality Y2O3:Nd3+ single crystals. The optical ceramics 
development is an alternative to growth of refractory compounds single crystals. Recent 
advances in transparent ceramics fabrication are based on utilization of pressureless 
vacuum sintering of nanopowders. The most significant requirements to the powders are 
diameter of about 100 nm, spherical shape, monodispersion and low agglomeration 
degree. When the powders with desired characteristics are obtained, then the 
heterogeneity of particle packing in the compact can be avoided and maximal 
densification of compact during vacuum sintering can be achieved. This work is devoted 
to preparation of monodisperse crystalline spheres Y2O3 and Y2O3:Nd3+. 

The low-agglomerated Y2O3 and Y2O3:Nd3+ (0.5-10 at. %) monodisperse 
crystalline spheres with diameter in interval 100-260 nm and dispersion of size ≤10 % 
have been prepared by homogeneous precipitation method. The formation process of 
nanospheres of cubic yttrium oxide during thermal decomposition of amorphous 
precursor has been studied by DTA, XPA, TEM, SEM, BET, FT-IR spectroscopy, and 
mass spectrometry methods. It has been shown that precise control of precipitation 
conditions (synthesis temperature, composition and reagents concentration) allows one to 
adjust the phase and chemical composition, dispersion of nanoparticles and their 
agglomeration degree. The morphology evolution of Y2O3 monodisperse spherical 
particles depending on calcining temperature has been studied. The peculiarities of 
sintering of Y2O3 spherical particles compared with conventional nanopowders have 
been analyzed. It has been shown that Y2O3 spherical particles possess lower 
agglomeration degree, higher activity and sinter to higher density compared to ordinary 
ones. It has been shown, that structural and morphological peculiarities of Y2O3 spherical 
particles obtained (polycrystalline structure, monodispersity, spherical shape, low 
agglomeration degree) are very favorable for their effective densification into high-
density optical ceramics. 
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A systematic experimental study on the nucleation, crystallization and crystal-
growth of one-component charged colloidal particles (122nm diluted in pure water with 
densities between 0.5µm-3<np<5µm-3) are present by means of time resolved static light 
scattering spectroscopy revealing the heterogeneous and homogenous nature of the 
crystallization. The interactions between the charged colloidal particles are sufficiently 
strong to cause crystallization which described in terms of Debye-Hückel approximation. 
Crystallization starts always with the formation of compressed structurally heterogeneous 
precursor domains. The results show that the heterogeneous nucleation at the cell walls 
starts simultaneously with the homogeneous bulk nucleation and the rate density of the 
heterogeneous nucleation appears slightly higher. It has been also found that the overall 
crystallization consist of at least two-step nucleation process involving formation of early 
stage nuclei or crystal precursor then followed by the main crystallization. The induction 
time, the number density of nuclei and the growth rate of crystals, is strongly dependent 
on  particle concentration and on whether the nucleation are homogeneous in cell center 
or heterogeneous on cell walls. 
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Figure 1: Evolution of the crystalline 
structure factor of colloidal suspension as a 
function of scattering vector q at constant 
particle density (np=1.16×1018 m-3).  The 
plot presents the crystal structure factor of 
the : (a) overall  crystallization; (b) crystals 
in the cell center and (c) crystals near cell 
wall.  
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Abstract. As a result of aluminum nanopowder combustion in air aluminum nitride filiform crystals with a 

thickness of 0,1 mkm and with a length of 10-20 mkm were formed. Under the conditions of limited air access 

the hexagonal formed aluminum nitride microcrystals were synthesized in the combustion products. 

 

Aluminum nitride possesses unique properties: low electrical conductivity and high 

thermal conductivity (~320 W/m·K), compared to the thermal conductivity of silver (~429 

W/m·K). Aluminum nitride is widely used in the production of base layers for 

microelectronics. 
 

In the given study aluminum nanopowder, obtained in the UDP-4G installation by the 

method of wire electrical explosion in argon medium has been used. Through a thin conductor 

an impulse of high power electric current, with the current strength being 500 kA and voltage 

being 24 kV was passed during 1-3 seconds. The shape of particles was close to the spherical, 

since during the cooling process particles pass the liquid phase and undergo the Laplacian 

compression.  
 

With the combustion of dispersed aluminum nanopowder, the combustion products, 

which represent the easily disaggregated agglomerates, were formed. It was established that 

with the combustion of aluminum nanopowder in air the aluminum nitride filiform crystals 

with a thickness of 0,1 mkm and with a length of 10-20 mkm were formed [1]. According to 

electron microscopy the filiform crystals consisted of separate crystallites and were 

mechanically fragile [2].  
 

With the combustion of the condensed samples of aluminum nanopowder in alundum 

crucible under the conditions of limited air access the hexagonal formed aluminum nitride 

microcrystals are synthesized in the combustion products.  
 

According to the X-ray diffraction analysis data the output of aluminum nitride in 

aluminum nanopowder combustion products was about 65 %, that exceeds the content of 

aluminum nitride in the combustion products of dispersed aluminum nanopowder (~5%).  
 

Thus, during the combustion of condensed aluminum nanopowder in air the 

microcrystals of hexagonal aluminum nitride were synthesized, that can be used as base layers 

in micro- and nanoelectronics. 
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The effect of applied compressive/extension stresses, τ (τ = 0.6 to 95 τy, where τy is the resolved shear 

yield stress), stress rates (dτ/dt =10 to 10
6
 MPa/sec) and magnetic field H(<1T) on disloca-tion dynamics 

was investigated in  NaCl, InSb and GaAs single crystals in the temperature range T = 4·10
-3

 to 0.945 Tm, 

Tm is the melting point. A mean path length l(τ,dτ/dt,T,H) of deformation modes (dislocations, fracture 

cracks, etc) changes synchronously with the their mean number n (τ,dτ/dt,T,H), but part of dislocations 

moves back after the external force, and l, n depend non-monotonously on the frequency of loadings, f, 

and reach the ultimate mean path lengths of deformation modes (UMPLDM). Having covered a certain 

UMPLDM determined by crystal prehistory and test parameters, the deformation modes exposed to 

successive exhausting multi-plication and fracture thus forming point defects, slip lines, slip bands, 

subgrains, grain bounda-ries, nano- and microcracks, macrocracks in series in all materials [1-2]. The 

dependences of the UMPLDM versus creep, impulse, impact and shock wave stresses, temperature and 

impurity concentration are topologically similar to the conventional macroscopic work hardening (WH) 

strain-stress curves for the same crystals and test parameters. As for microscopic stresses for dislocation 

motion and multiplication the flow (or fracture) stresses under fixed strains at low and ultra-low 

temperatures and strain rates [2-4] are similar to the same dependences of impact/shock wave stresses and 

stress rates at normal and elevated temperatures [4-6]. The climb, dislocation cross-slip and athermal 

bowing mechanisms are confirmed by the same so-called “memory effect” at low (Figs 23-24 in [7]) and 

ultra-high (τ ~ 95 τy, [8]) stresses and stress rates, because dislocation dipoles are left in the wake of 

expanded dislocation loops along the whole deformation WH curve. The scaling of microfracture and 

macrofracture stresses with each other and with the flow stresses strictly confirms the crucial and 

inevitably key role of precursor and intermittent plasticity in nucleation, multiplication and coagulation of 

initial nano-size cracks into macrocracks. The micro-/macro-WH varies nonmonotonously to crystal 

softening according to the pulse length of the unloadings (restore time), and these dependences are the 

same for micro-/macroscopic flow up to the extremely high values in nanostructured crystals (NSC) [9] 

and fractured oriented polymers [10]. Everybody knows the every-day-life confirmation of this: the sharp 

nail easily chops the small wooden plank, while the blunt nail disappoints us. The electrical breakdown in 

solids, liquids and gases has the same  features as the mechanical fracture which is the additional 

argument in favor of  the deformation origin of  electrical current flow in matter. This means that the 

same micromechanisms govern the dislocations and macroscopic flow up to the flow stresses in NSC 
and fractured crystals. The last fact and the similarity of the other features of deformation and fracture 

of crystals and polymers at various length scales corroborate the universality of the micromechanisms of 

plastic and electric flow and fracture in crystals and polymers due to the same dislocation-like defects.  
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It is known that dislocations have a profound effect on thermal (λ)  conductivity. The authors of work [1] 

were the first to find the strict correlation between mechanical hardness (Hv) and λ in non-metal crystals. 

The key finding of this work is the strict demonstration of the crucial role of dislocation mechanisms in 

λ(T) of materials. The scaling behavior of stresses for  plastic flow at length scales from subatomic up to 

macroscopic ones (at  shock stresses and in nanostructured forms) in various solids confirm the same 

mechanisms of plasticity along the deformation curve of crystals [2]. Solid 
4
He is a unique model crystal 

with well-known second phase precipitates (
3
He). The non-monotonous behavior of λ(T) is similar to the 

low-temperature yield stress (YS) anomaly in alkali halides, metal alloys, crystalline methane, etc. [2]. 

Local stresses make the dislocation double cross-slip near the impurity phase precipitates: σi (T)  =  2 

G(T)  ·   [α1 (T) )-α2(T)]·  (AT-Tmelt), where G(T) is the shear modulus,  αi(T) are the thermal expansion 

coefficients of  matrix (1) and precipitate (2), A <1 [2], and this dislocation equation gives the strict 

estima-tion of  Tmax ~ 0.5-0.6K in  the λmax(T) for solid  
4
He-

3
He. This result  is confirmed by the same 

“size effect” and the surface roughness effect (the so-called “diffuse boundary scattering of pho-nons”, for 

example) for samples under heat  (λ(T)) or deformation loadings, etc. The so-called “superfluidity of  

liquid He“ can be explained in terms of dislocation-like mechanisms too. The dependences of a certain 

ultimate mean path  lengths of individual dislocations (UMPID) vs  creep, impulse, impact stresses and 

temperature are topologically similar to the conventional macroscopic strain-stress curves for the same 

crystals [3]. The strict scaling between  flow stresses at various constant strains (for dislocation motion, 

multiplication and deformation at fixed strains in single (SC) and  nanostructured (NSC) crystals up to 

fracture) and the same temperature dependences of activation energies and activation volumes in ionic and 

other materials  confirms the universality of  the above mechanisms [3,5] and means that it is the 

properties of individual dislocations only govern the WH of samples. The same finding concerns the 

nature of  well-known double correlated relaxation peaks of internal friction  (Niblett-Wilks – Bordoni,  

Hasiguti,  Ke-Mash-Hall [7] and NSC recrystallization, the serrated plastic flow under macro-

recrystallization in NSC. It is important to note that the WH varies nonmonotonously to crystal softening 

according to the pulse length of the unloadings (restore time), and these dependences are the same for 

individual dislocations, macrodeformation  as well as for NSC. The same micromechanisms  (with 

changing their contribution) of  lower temperature relaxation peak (TRP) due to dominant conservative 

and higher TRP due to dominant non-conservative motion of  jogs-dislocation segments (superkinks) 

explain the double low-temperature (Niblett-Wilks - Bordoni relaxation), double intermediate-temperature 

(Hasiguti relaxation) and double high-temperature (the Ke-Mash-Hall grain-boundary relaxation) 

correlated peaks in internal friction [6], recrystallization peaks [7] and the  recrystallization in NSC [6]. 

These universal mechanisms allow everybody to construct and to estimate finely in new way any 

deformation property of samples from the SC up to the NSC. 
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Recently, an innovative route to produce scintillators is gaining attention, 

consisting in the preparation of composite materials realized by scintillating phases 

embedded in an inert one. However,  the difference in the two phase refractive indices 

may result in scattering processes and hence in poor optical properties, so the research is 

heading toward the study of nano-composites, where the active phase is composed by 

nano-sized crystals. 

In our previous studies [1,2], the 

formation of rare earth (RE)-rich nano-

aggregates in RE-doped sol-gel silica 

glasses was demonstrated. Their 

dimensions are influenced by dopant 

concentration and post-densification 

thermal treatments; by transmission 

electron microscopy (TEM), Raman and 

FTIR spectroscopy it was found that they 

are amorphous and with a composition 

close to RE-silicate. In this work, which 

represents an extension of the previous 

ones, sol-gel silica glasses highly doped 

with gadolinium ions (from 5 to 40 

mol%), co-doped with cerium (0.1 mol%) 

and densified in both reducing and 

oxidizing atmospheres are considered.  

A comparison with samples doped only with Ce is also performed. The aim of this study 

is to determine whether it is possible to form Gd-rich nano-phases doped with cerium 

ions already embedded in the silica matrix. Raman scattering and TEM are employed to 

study the RE incorporation and aggregate formation. The results show that the nano-

clusters formed for relatively low gadolinium concentration are substantially amorphous 

and with an almost spherical shape, while for higher Gd contents crystalline and 

interconnected phases are formed, suggesting a different formation mechanism of the 

RE-rich aggregates. Radio- and photo-luminescence measurements are employed in 

order to correlate structural and optical properties especially in order to evidence the 

possible incorporation of Ce ions in the Gd-rich nano-phases. 
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Figure 1: TEM image of SiO2: 40 mol% Gd densified 

in reducing atmosphere 
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Rare earth complexes are intensively studied because of their interesting 
luminescent properties. Using various organic ligands numerous complexes of lanthanide 
ions, in particular Eu3+ and Tb3+, have been produced and their crystal structures and 
luminescence have been studied in detail [1-3]. Moreover, they have gained interest 
because of their possible applications in the areas of materials and biology as analytical 
and structural probes. 

 
Figure 1: SEM image of luminescent europium (III) doped nanofibers 

obtained in aqueous solutions. 
 

Fabrication through electrospinning of lanthanide doped luminescent nanofibers 
was previously reported [3, 4]. By simple wet-chemical route we synthesized nanofibers 
of polyvinylpyrrolidone containing europium-potassium phthalate complex.  The 
compound was prepared starting from aqueous solutions of europium chloride, potassium 
hydrogen phthalate (KAP) and polyvinylpyrrolidone (PVP). We evaluated the structure 
and morphology of the samples using X-ray diffraction and scanning electron 
microscopy (SEM) analysis. The optical properties were determined using optical 
spectroscopy, photoluminescence and cathodoluminescence studies. 
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Designing inorganic nanoparticles with tailored morphology is one of the key steps 

in nanotechnology. Among the inorganic semiconductors lead sulfide (PbS) is an 
important IV-VI semiconductor used in many fields such as Pb2+ ion selective sensors, 
infrared detectors and solar absorbers. Generally, the control in the nucleation, growth 
and alignment of inorganic PbS particles is obtained using organic additives (surfactants 
[1, 2] or polymers [3, 4]). Polymer-mediated crystallization is a novel, general and 
promising technique for crystal morphology design at ambient conditions with a great 
potential for fabrication of nanomaterials with useful physical properties. Two simple 
routes to synthesize PbS micro and nanoparticles are described in the present paper. The 
first is based on the chemical reaction between lead nitrate and thioacetamide in the 
presence of water soluble polymers such as polyacrylamide (PAM), polyvinyl alcohol 
(APV), polyethylene glycol (PEG) and poly-N-vinyl pyrrolidone (PNVP). Selectively 
adsorption of such hydrosoluble nonionic polymers on some specific facets of inorganic 
crystallites controls the crystal growth direction inducing the morphological evolution of 
PbS particles consequently. The second method consists in two steps: i) a surfactant-free 
emulsion copolymerization between methyl methacrylate and 2 acrylamido-2-
methylpropane sulfonic acid and ii) the generation of PbS crystallites in the presence of 
the poly methyl methacrylate-2 acrylamido-2-methylpropane sulfonic acid [P(MMA-
AMPSA)] latex from the reaction between lead nitrate and thiourea. The anionogen 
groups present on the copolymer particles surface fix the lead ions thus the colloidal 
dispersion offers a suitable reaction media for the growth of the PbS crystallites only at 
the water/copolymer interface. The structural and the morphology properties of the PbS 
crystallites were studied using X-ray diffraction and scanning electron microscopy 
(SEM). Regardless the synthesis method, the sharp and intense XRD diffraction peaks 
prove that the PbS crystallites are well crystallized in cubic rock salt structure. The SEM 
images proved that the size and size distribution of the PbS crystallites depends 
significantly on the capping ability of the water soluble polymers. Polydisperse PbS 
particles with size ranging from 100 nm to several microns are obtained in the case of 
PAM and PEG. Monodisperse PbS crystallites with an average size distribution of 200 
nm are formed in the presence of PNVP and APV. The unusual morphology of the PbS 
crystallites obtained in the presence of P(MMA-AMPSA), i.e. the presence of spherical 
cavities on their surface confirms the hypothesis that the crystallites growth on the 
colloidal copolymer particles surface.  
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During the recent years, increasing attention has been focused on the assembly of 
various monodispersed spheres into colloidal crystals. Monodispersed polymeric spheres 
with clean surfaces could be easily prepared by surfactant-free emulsion polymerization. 
The assembly of monodispersed polymeric spheres into colloidal crystals [1, 2] can be 
achieved by various methods, such as sedimentation, centrifugation, filtration, 
electrophoresis or dip-coating. Compared with other techniques, the assembling through 
dip-coating [3] is a simple and rapid method to obtain high quality colloidal crystals 
(controllable thickness over large areas).  

In this paper poly styrene-hydroxyethyl methacrylate [P(ST-HEMA)] colloidal 
particles were prepared by surfactant-free emulsion copolymerization technique using a 
water-soluble initiator, potassium persulfate. The P(ST-HEMA) colloidal crystal 
templates were assembled on clean substrates using a dip-coating method from the latex 
of P(ST-HEMA). The particles size of the polymeric colloids and the morphology of 
colloidal crystals have been characterized by scanning electron microscopy (SEM). Thus, 
monodisperse colloidal particles with an average size distribution of 350 nm are formed 
by surfactant-free emulsion copolymerization. The SEM images revealed that the close-
packed pattern of the P(ST-HEMA) array was face centered. The influence of two 
parameters, i.e. copolymer latex concentration and the transfer speed of colloidal 
particles on the substrate on the morphology of the P(ST-HEMA) colloidal crystal 
templates was discussed.  
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Figure 1: SEM images of poly(styrene-hydroxyethyl methacrylate) microspheres  as synthesized 
(left) and assembled as colloidal crystal (right) 
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Lu2O3 nanocrystalline powders with a cubic structure are considered as a 

promising “structural units” for creation of new functional materials, such as optical 
ceramic, scintillation films and X-ray screens. Lu2O3 possesses high density (ρ=9.42 
g/cm3), high absorption coefficient of X-rays and excellent thermo-mechanical properties 
and is an attractive host matrix for rare earth ions for fabrication of high power solid-
state lasers or scintillators. The morphology and dispersion of initial nanocrystalline 
powders are the main critical factors determined their surface activity and the possibility 
of obtaining homogeneous compact with high density. Among the methods of 
nanopowders obtaining, the co-precipitation from the water solutions is considered as the 
most perspective one, which permits to precisely control the morphology and size of the 
resultant powders. Moreover, this method is used in the commercial technology of 
optical ceramics manufacturing. However, the influence of synthesis parameters on the 
properties of nanocrystalline powders has attracted insufficient attention in the modern 
literature. So, it became the object of our work. 

Lu2O3 nanocrystalline powders doped with Eu3+ ions (1-10 at.%) have been 
obtained by co-precipitation method from chloride solutions using ammonium hydrogen 
carbonate (NH4HCO3) as a precipitant. The carbonates precipitated with ammonium 
hydrogen carbonate proved superior as precursors for non-agglomerated oxide powders. 
Precursors and the their calcinations products were characterized by electron microscopy 
methods (SEM, TEM), FT-IR spectroscopy, thermal analysis (TG-DTA), X-ray phase 
analysis and BET methods. The morphology, particle size, chemical composition and 
crystallinity of the precursor significantly depends on the NH4HCO3/Lu3+ molar ratio 
(R). It has been shown that the key factors influencing Lu2O3 powder agglomeration 
degree are the value of the solution pH, temperature and aging time of precipitant. It has 
been determined, that the aging of the precursor for 24 hours at 40 °C and constant 
stirring results in the low agglomerated Lu2O3 powder.  

It has been shown that increasing the drying temperature of the precursor over 25 
°C leads to agglomeration of powders of lutetium oxide. The phase evolution of 
precursor depending the calcination temperature in the 600-1200 °C temperature range 
has been studied. It has been shown that annealing at the temperature over 1200 ° C leads 
to sintering and agglomeration of nanopowders. It has been shown that optimal synthesis 
temperature to obtain well dispersed Lu2O3 powders with near spherical morphology and 
average size of 60 nm is T=1000° C. The nanopowders synthesis conditions has been 
optimized form the point of view of their sinterability upon constant rate heating 
sintering. 
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Titania is a cheap and nontoxic polymorphic material of current interest for a 

variety of technological applications. Generally, TiO2, with a band gap of 3.2 eV, can 

only be excited by a small UV fraction of solar light, which accounts for only 3-5% of the 

solar energy [1-3]. Various strategies have been pursued including doping with metallic 

elements (e.g., iron,[4-5]) or nonmetallic elements (e.g., nitrogen[6]). 

In the present work TiO2 was doped with palladium (Pd) and gold (Au) at doping 

levels ranging from 1 to 5% weight, following the standard sol-gel methods. Structural 

characterization was carried out using scanning electron microscopy (SEM), X-ray 

diffraction (XRD) and X-ray absorption near edge structure (XANES). Palladium 

initially forms an oxide but annealing at high temperatures converts it to a Pd metal. SEM 

studies show the Pd and Au grains as spheroids on the surface of titania. UV-vis 

absorption studies are underway. 
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Vanadium oxides are typical polyfunctional materials and have attracted strong 
interest over the past years for their electrical, optical, electrochemical and other 
properties: metal-to-insulator transition for most vanadium oxides, electrical switching of 
V2O5, high ion interaction capacity etc [1-5]. 

 
Compounds based on nanostructured V2O5 are unique materials. Their properties in 

like nanorod forms, thread-like crystals, nanowires, nanotubes, thin films etc radically 
dependent on obtaining prehistory.  

 
Divalent pentoxide nanorods and nanowires have been synthesized by reverse micelle 

technique [2]. The length can be tuned easily by keeping the particles in micellar solution 
after the synthesis from 40 nm to 1 µm. Authors [3] describe a facile method to self-
assemble V2O5 nanorods into microspheres. In paper [4] is proposed synthesis of 
vanadium pentoxide nanorods based on thermal decomposition of chloride vanadium 
vapor. The micro- and nanorods with the thickness in the range from 50 nm to 5 µm and 
length up to 7 mm were obtained in work [4]. The V2O5 compacted nanopowder were 
used by authors [5] and nanorods and nanotips with the thickness in the range from 50 
nm to 100 nm on the top of rods of larger size were obtained in this case.  

 
In this work using the V2O5 powder were obtained vanadium pentoxide 

nanostructures (nanorods, nanotips) with thickness in the range from 0.1 µm to 0.5 µm 
and with length in the range from 20 µm to 150 µm by the thermal deposition growth 
method. The images of the synthesized V2O5 structures are obtained by the scanning 
electron microscope. The phase compositions of the nanostructures are controlled using 
the X-ray diffraction method. The thermal regimes (time and temperature of treatments, 
dimensions of starting powder grain and its purity, ambient air of displacement) 
influence on forming of V2O5 nanostructures are investigated. The influence of 
introduction of special additions (for example the SiO2 powder) on synthesized samples 
is analyzed. 

 
References 

 
[1] D.C. Yin, M. Wang, W.D. Huang, J. Mater. Sci. Letters. 18, 1239 (1999). 
[2] N. Pinna, M. Willinger, K. Weiss, et al., Nano Letters. 10 June, 1 (2003). 
[3] T.H. Cao, J.S. Hu, H.P. Liang, et al., Angew. Chem. Int.Ed. 44, 4391 (2005). 
[4] A.I. Sidorov, O.P. Vinogradov, V.Yu. Lyubimov, et al., Pis’ma JTF 34, 90 (2008). 
[5] C. Diaz-Guerra, J. Piqueras Cryst. Growth Design. 8, 1031 (2008). 



EURODIM 2010 B31

SIMULATED AMORPHISATION RECRYSTALLISATION STUDY 
OF LITHIUM MANGANESE OXIDES 

 
 

P.E. Ngoepe1, T.X.T. Sayle2, R.R. Maphanga1, N.O. Monama1 and  D.C. Sayle2 
 

1Materials Modelling Centre, Private Bag x1106, University of Limpopo, Sovenga 0727, South Africa. 
2DSSR, Cranfield University, Defence Academy of the United Kingdom, Shrivenham, Swindon, SN6 8LA, 
UK. 
 
 

Manganese dioxide is an important material for electrochemical applications; 
including serving as a cathode material in Li-ion batteries and recently usage in lithium 
air batteries. The γ- MnO2 has a complex structure, consisting of intergrowths of 
ramsdellite and pyrolusite structures, grain boundaries, dislocations and point defects. 
Structural stability and the electrochemical properties of chemically lithiated-MnO2 
based compounds have been studied [1,2]. Recent studies have shown that mesoporous 
β-MnO2 is capable of reversibly storing 284 mAh/g [3].   
 

Simulated amorphisation recrystallisation technique has been successfully used to 
generate atomistic models for bulk, nanosphere, nanosheet, nanorod and mesoporous, 
manganese dioxide, which include microstructural details [4]. In the current study, we 
will apply the method to the study of lithiated mesoporous structures.  We observe 
microstructural features, which compare well with the experimental high resolution 
electron microscopy results [5]. We also use the atomistic simulations to show that the 
mesoporous β-MnO2 undergoes a significant volume expansion when Li is fully 
intercalated, which can only be sustained without structural collapse, if the 
nanoarchitecture is symmetrically porous, enabling elastic deformation during 
intercalation. 

 
Lastly, the ternary Li2MnO3, with the rocksalt structure, is known to be electrochemically 
inactive [6], but becomes active in the nano-phase [6]. It is used to stabilize standard 
cathode compounds, such as the spinel LiMn2O4, and enhances their capacity. 
Amorphisation recrystallisation method have been used to produce the nano Li2MnO3. 
The simulated structure is analysed and compared with the experimental results. It is 
being surmised that the presence of defects in the nano Li2MnO3 could be contributing to 
its electrochemical activity for lithium intercalation, as observed experimentally 
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The LaPO4-Pr nanocrystals attract the attention as model objects for studies of 

inter- and intraconfigural radiative transitions in Pr
3+

-ions coexistence and conditions of 

photon cascade emission observation. Some luminescence properties of LaPO4-Pr 

nanocrystals are presented in [1], however the detailed study of the luminescence 

excitation spectra in VUV range and of the luminescence decay kinetics is absent. 

LaPO4-Pr nanoparticles are of special interest due to possible application as part of 

efficient lamp composite phosphors, which use the emission energy of mercury 

(λem = 185 and 254 nm).  

 

Emission spectra of LaPO4-Pr nanoparticles are shown in Fig. 1. The emission 

spectrum at 10 K consists of both the broad bands caused by the interconfigurational 
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level. At room temperature due to thermal transitions of electrons from 
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Figure 1: Emission spectra of LaPO4-Pr 

nanoparticles at 10 and 300 K. 

Figure 2: Luminescence excitation spectra of 

LaPO4-Pr nanoparticles at 10 and 300 K. 

 

Luminescence excitation spectra of LaPO4-Pr nanoparticles are shown in Fig. 2. In 

the luminescence excitation spectrum for 4f5d-4f
2
 emission at 10 K (curve 1) the low 

energy band in the range of 5.8-7.1 eV corresponds to absorption transitions on 5d-level 

split by the crystal field. It should be noted that intraconfigural f-f emission (curve 2) is 

excitated only at absorption on higher 5d-levels (curve 2) revealing the high energy shift 

of excitation edge of about 0.23 eV. The broad high energy bands at 8.3 eV corresponds 

to band-to-band transitions. The recombinational character of Pr
3+

 luminescence decay 

kinetic also confirms this. 
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Single crystals of МеХ2 type (Ме=Ca, Sr, Ba; X=Cl, I) doped by the rare-earth ions 

are of special interest since they are considered as promising materials for effective 

scintillators [1, 2]. However, the significant hygroscopicity of these crystals prevents 

their detailed study and practical application. This drawback can be eliminated by the 

formation of the МеХ2-Eu type microcrystals embedded in insulator matrix. The 

formation conditions of the MeCl2-Eu (Me=Sr, Ba) microcrystals embedded in NaCl host 

and the study of the microcrystal luminescence properties upon the excitation in the 4f-

5d absorption of Eu
2+

 ions and in the region of band-to-band transitions of the NaCl 

matrix are the main purpose of this work.  

 

The morphology of NaCl-MeCl2(1 mol.%)-EuCl3(0.02mol.%) (Me=Sr, Ba) 

crystalline system was studied using the scanning electronic microscopy and electron 

beam analysis technique which reveals the МеCl2-Eu type microcrystals of 1 – 10 µm 

size on the surface of freshly cleaved crystal. The spectral position of the Eu centers 

luminescence in NaCl-MeCl2-Eu (Me=Sr, Ba) crystals are located at 404 and 398 nm 

respectively that coincides with the one of MeCl2-Eu single crystal [3, 4]. This fact 

together with experimental evidences from the scanning electron microscopy allow us to 

state that in NaCl-MeCl2-Eu crystalline systems the MeCl2-Eu microcrystals embedded 

in NaCl host are created. The Eu
2+

-ion emission of NaCl-MeCl2-Eu crystal upon the 

excitation in the NaCl fundamental absorption region (Eexc > 7.5 eV) is mainly observed 

at low temperatures. Upon such an excitation the emission is appeared due to the 

reabsorption of self-trapped exciton luminescence from NaCl matrix. The structure of the 

excitation spectrum of Eu emission band in this region coincides with the structure of 

self-trapped exciton luminescence excitation band in NaCl crystal. At room temperature 

the X-ray excited luminescence demonstrates only Eu centre emission that supposes the 

direct excitation of Eu – centers by hot electrons and holes.  
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Metallic nano-particles in transparent dielectrics are important due to their optical 
properties of promising technological applications. This is because these properties 
depend strongly on the size of the nano-clusters. One of the most used methods for 
producing such nano-composites is ion implantation [1]. This method is very common 
because it allows to control the depth and concentration of the metallic ions inside the 
sample without contaminant agents.

Metallic nano-crystal formation has been previously studied [2,3] under different 
annealing temperature, time and atmospheres, but a systematic study of the nucleation 
and growth regime in sapphire is still missing.

In this work, sapphire single crystals were implanted with Ag and Au ions with 
fluences between 1016 and 1017 ions/cm2. Afterwards, samples were annealed between 
600 and 1100 Celsius degrees in order to bleach defects and to help the nucleation and 
growth of metal nano-clusters.  We measured the nano-crystals size by means of the 
surface plasmon resonance in the optical absorption spectrum and found that a very 
stable size distribution is achieved (~19 nm in diameter) at a 1100 ºC annealing 
temperature in a reducing atmosphere for Au ions, while a growth barrier of ~2 nm in 
diameter was found in the case of Ag ions. Different growth regimes for both ion species 
were obtained when annealing in different atmospheres. Additional TEM-measurements 
also agree with these results.

The authors would like to thank Karim López and Francisco Jaimes for running the 
accelerator and to J.G. Morales for his assistance during the samples preparation. This 
work was partially funded by DGAPA-UNAM, with project numbers IN-111809 and 
IN108510; by CONACyT, project number 80019, and by ICT-DF, project number 
PICCT08-80 
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The advanced materials representing carbon-based nanocrystalline substanses, 
metal-carbon and metal-polymer nanocomposites are dispersions of inorganic substances 
at the nanoscale (the size of particles is approximately from 1 to 100 nanometers) in the 
carbon or polymer matrix. Various technological methods of their synthesis open wide 
opportunities for controllable attainment of favourable physical and chemical properties 
for many applications. Development of new methods for making advanced materials is 
goal of many efforts in scientific investigation and technology of nanomaterials. 

 
In this work synthesis of metal-polymer nanocomposites (MPNC) and metal-

carbon nanomaterials (MCNM) was carried out by 4 methods. They are 3 high-
temperature methods: IR pyrolysis or resistive (ohmic) heat treatment of precursors, laser 
processing, and low-temperature one via a reduction of metal from its salt with hydrazine 
hydrate in the presence of polymer solution. 

Wearproof, chemically proof and thermally proof coverings were made on a basis 
of carbon nanocomposites (CNС) with silicon, boron, aluminium, nitrogen via IR 
pyrolysis and ohmic heating method. These materials in comparison with metals and 
polymers have variety of the important advantages, for example: the raised wear 
resistance, the expanded range of working temperatures, chemical inertness. Use 
nanostructural materials in this case allows to raise a resource and reliability of the 
industrial equipment for different application. 
Metal-polymer nanocomposites on the basis of Fe, Co, Ni and NiFe were also 
synthesized by reducing in hydrazine in the volume form and as the films on the quartz 
and garnet substrates. Polyvinyl alcohol (PVA) and polyacrylonitrile (PAN) were used as 
polymer matrixes. It is found by X-ray diffractometry that the nanoparticles of iron and 
nickel ferrite, FeNi, etc. are formed in the obtained substances depending on a filling 
agent. The characteristic particle sizes in MPNC are ranging approximately from 6 to 15 
nm. In particular, nanoparticles of ion-deficient spinels are formed. Such structure of this 
system promotes its conversions and change of a charging state of cations in the crystal 
sublattices, as an example, it take place in the iron ferrite: 

Fe2,5+
2–2x+4γFe3+

1+5x/3–4γ□
Fe

x/3O
2–

4–γ□
O

γ. 
It is noticed that the degree of iron oxidation in this composite poorly depends on 

kind of used polymer but is linked to conditions of preparation of a material. 
 For creation of structures CNC the laser on CO2 with a wavelength λ = 10,6 µm 

was used also. Effect laser annealing resides in corrupting of polymer with creation of 
band structure under surface scanning: light and dark bars correspond to polymer and 
CNC respectively. In this case, the time demanded for processing considerably decreases 
in comparison with annealing under the influence of incoherent IR irradiations. 
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Interest in investigations of physical effect mechanisms on crystalline structure and 
magnetic properties of ultradisperse iron ferrite particles (Fe3O4) is caused by the fact 
that they represent convenient physical model for studying of a wide range of the 
phenomena in ferromagnetics for which the surface plays defining role. 

Various approaches are used for the description of the transformations occurring in 
the magnetite lattice under the influence of electric field of irradiation,. Such approaches 
frequently do not possess necessary visualisation at revealing of the processes defining 
reconstruction of a ferrite lattice at physical effects. 

The main maintenance of this work is devoted research of structure modification 
features of small particles Fe3O4 at their interaction with surface-active substances, at an 
irradiation, at heating. Properties and crystalline structure of surface layer of particles are 
studied most in detail for electric field effect (corona discharge).In this work Fe3O4 
particles with the size 6-10 nm were obtained by coprecipitation of two- and trivalent iron salts in 
the water-organic environment. Typical reaction was: 

8NaOH+2FeCl3•6H2O+FeSO4•7H2O→Fe3O4+Na2SO4+6NaCl+23H2O. 
Stabilisation of particles carried out with olein acid. 

The fulfilled researches have revealed the important features of a structural state 
surface layer of Fe2O3 nanoparticles (<10 nm). 

It is shown that usage of processes of stabilisation of particles by surface active substances 
(SAS) allows to define an electronic configuration of ions of iron, symmetry of their ligand 
environments. Two kinds of iron surface atoms are. Atoms of first kind have symmetry of the 
nearest environment which essentially differ from the cubic and possess raised electronic density 
on Fe57 nuclei. In their nearest environment there are the oxygen vacancies which layout is 
arranged. Surface atoms of the second type, are characterised by the reduced electronic and spin 
density on Fe57 nuclei. Interaction of surface particles with molecules of SAS is realised as a 
result of carrying over of electronic density from a molecule of SAS to iron atom. Intensity of 
carrying over of spin density depends from crystal chemistry states of a surface which is defined 
in the coprecipitation velocity of particles and the magnetite production medium. 

Influence on a structural state is rendered by the active centers existing on a surface of 
particles. Such centers can be hydroxides (such as Fe(OH)2). The obtained results testify that 
magnetite particles with the size less than 10 nm represent the unique physical system which 
researches allows to receive a information about state of a surface of magnetic materials at 
various effects (including adsorption of molecules of SAS or gases in corona discharge, etc. 

Quantity reduction many-valent ions (ions with different valency) considered as 
annihilation of defects and change of electronic transition frequency can be linked to change of 
activation energy which in turn is caused by formation of the local electric field created by 
adsorbed ions of oxygen. 
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The dose dependence of the concentration of point defects in alkali-halides as well 

as other crystals, as exhibited by the dependence of the thermoluminescence (TL), optical 
absorption and ESR on the dose of non-ionizing UV excitation is studied using numerical 
simulation. The relevant set of coupled rate equations is first written and plausible sets of 
trapping parameters are chosen. Instead of using simplifying assumptions previously 
used for reaching conclusions concerning this dose behavior, exact numerical solutions 
have now been reached. Depending on the parameters chosen, different dose 
dependencies are seen. In some cases, linear dose dependence is reached in a broad 
range. Sublinear dose dependence, close to D1/2 when D is the dose of excitation can be 
reached when retrapping is stronger than trapping in other traps stabilizing the defects.  

When strong competition between stabilizing traps takes place, an initial linear 
range is observed followed by strong superlinearity and an approach to saturation. An 
example for this behavior is given in Fig. 1, which is the numerical solution of Eqs. (1-3). 
Here, Mi are the concentrations of the stabilizing traps, mi their instantaneous occupancy 
and βi are the trapping probabilities. na represents the concentration of the stabilized 
defects of the first type, and nf is the concentration of the mobile defects which are free at 
time t and α is the probability for the free defect to recombine with a stabilized defect.   
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Figure 1: Simulated results of the time dependence of the stabilized traps with the parameters: 
M1=1010cm-3, M2=109cm-3, α=10-12cm3s-1, β1=10-10cm3s-1, β2=10-12cm3s-1, X=1010cm-3s-1. 

 
Linear, sublinear and superlinear dependencies have been observed experimentally 

in TL measurements, ESR and optical absorption in different materials. Similarities and 
dissimilarities to linear and non-linear dose dependencies obtained experimentally and by 
simulations when ionizing irradiation is used for excitation are discussed. 
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The paper deals with modeling of the thermally stimulated recombination 
processes in the lithium borate crystals LiB3O5 (LBO) and Li2B4O7 (LTB). For both 
types of crystals in a uniform experimental cycle of measurements of the glow curves, 
the thermally stimulated luminescence spectra and the temperature dependences of 
intensities of a steady-state x-rays induced luminescence are lead. Within the frameworks 
of unified model for the given crystals, calculations of the recombination processes are 
carried out and an interpretation of the obtained results with the reference of all known 
experimental data is lead. 

It is established, that the typical low-temperature peak of thermally stimulated 
luminescence (TL) appears in both crystals in the temperature range from 100 to 130 K. 
This peak is complex in shape and it results from delocalization of holes in system of two 
competing trapping centers interacting through a valence band. We found that the 
variations in the parameters of these trapping centers are only the reasons, which 
determine both the observable raising of intensity in the luminescence time-response in 
LBO, and absence of such raising of intensity in the luminescence time-response in LTB. 
All three TL peaks in lithium borates are caused by delocalization of holes trapped on the 
O- centers. In all cases, these trapped hole centers represent a hole localized on 2p π-
oxygen orbital in the vicinity of the cation vacancy. Distinctions between these centers 
are determined by variations in their nearest surrounding. Results of carried out research 
testify, that, at least, three types O- centers are characteristic for both lithium borate 
crystals LTB and LBO, and observable experimentally differences in various 
recombination processes can be explained by only small distinctions in the parameters of 
these centers. Based on results of calculation for crystal LBO it is established correlation 
between the nonisothermal relaxation of signal of electron spin resonance from the 
trapped electron B2+ center and the TL peak at 180 K. For crystal LTB it is shown, that 
similar TL peak shifts in temperature position to 205 K. Revealing of these facts allowed 
us to assign the 205 K TL peak in crystal LTB by the same way to the electron 
recombination luminescence. 

In generally, carrying out in a uniform cycle experimental and theoretical 
investigation of lithium borates LBO and LTB allowed us to receive a large amount of 
new additional data on the nature of the recombination processes and luminescence 
origin for crystals of lithium borates LBO and LTB. The obtained data create 
fundamental bases for further studying the processes of defect creation and energy 
transfer through the lithium borate crystals doped by various impurities of the rare-earth 
ions. 
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An interest to the optical properties of alkaline-earth fluoride crystals doped with 
rare-earth impurities is due to using these materials for various kinds of applications such 
as laser sources, scintillators, detection of ionizing radiation. Usually for divalent Eu2+ 
and Yb2+ - doped compounds df emission (emission from 4fn-15d configuration to 4fn 
ground state) is observed. However for the some compounds (CaF2:Eu2+, BaF2:Yb2+ and 
others) the df emission is quenched, but the strongly red-shifted ‘anomalous’ 
luminescence is observed [1]. The nature of the ‘anomalous’ emission is not yet known 
very well. At present it is accepted that the location of the 5d impurity level inside or 
close to the host crystal conduction band and the ‘anomalous’ emission presence are 
related to each other [2].  

In this work we present the results of theoretical calculations of ‘anomalous’ 
luminescence in CaF2:Eu2+ and BaF2:Yb2+ crystals. The ab initio calculations have been 
performed in embedded-cluster approach implemented in the GUESS computer code [3]. 
We used 6-31G* basis set on fluorine and calcium ions and CEP-4G basis on barium, 
europium and ytterbium ions. To avoid the distortion of ground and excited states with 
the presence of positive point charges in some vicinity of QM cluster they were replaced 
by LANL1 ECPs. In this work the electronic structure of QM cluster has been calculated 
in DFT method with using modified B3LYP functional (40% of Hartree-Fock exchange 
and 60% of DFT exchange). Time-dependent DFT (TD DFT) method was applied for 
calculation of transition energies.  

As a first step we calculated the equilibrium geometry of the cluster [X12F32]
-6 (X-

Ca2+, Ba2+) with rare earth impurity ions in ground state. Using this geometry we 
calculated the absorbtion energies of rare earth ions, which agree well with experimental 
data. After that we calculated the equilibrium geometry of the triplet state. The trapped 
exciton-like state model in which electron delocalized on nearest surrounding cations 
relatively ionized rare-earth ion will be discussed. 
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This paper presents results of a study electronic (F+ and F) and hole (V0 and V−) 
centers in BeO crystals. It also deals with the simulation of self-trapped hole, which are 
important for formation and relaxation of STE. The calculations are performed using the 
CRYSTAL06 code by the ab initio method of linear combination of atomic orbitals. Two 
techniques are used: the Hartree-Fock approximation and a hybrid method, in which the 
exchange and the correlation, as calculated in terms of the density functional theory, are 
superimposed on the "exact" HF solution. The "nonstandard" hybrid functional B3LYP 
with 40% HF exchange (B3LYP40) is used in the hybrid scheme. The calculations are 
made in terms of the periodic supercell  model, involving large-size (more then 100 ions) 
supercells. An equilibrium configuration of the simulated defects for all the supercells 
under study is obtained taking into account the full relaxation of the supercell atoms. 

The defects structure is discussed considering the data on the density of electronic 
states, the spatial structure, and the charge distribution. Quantitative characteristics of the 
spatial, optical and paramagnetic properties of the defects in BeO are determined. 
Optical transition energies have been calculated as a difference between the self-
consistently calculated total energies of the ground and excited states of the 
defects. Such as the transition energies calculated for self-trapped hole and [Li]0 
center in BeO are 1.5 and 1.6 eV, respectively (B3LYP40 method). The received 
results are discussed in light of the available experimental data.  

Results obtained by the "nonstandard" hybrid HF-DFT method are in good qualitative 
and quantitative agreement with the experimental data, which is explained by the better 
compensation of the self-interaction and a sufficient degree of localization of electronic 
and hole states in defective crystals. 
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Optical properties in rare earth-activated aluminate phosphors have been 

extensively investigated for many potential applications. In particular, the luminescent 

properties of europium- and praseodymium- doped strontium aluminate SrAl12O19 which 

is a convenient host crystal for rare earth and transition metal ions. SrAl12O19:Pr
3+

 shows 

good laser properties 
[1]

 and SrAl12O19:Eu
2+

, Dy
3+

 
[2]

 are both reported to exhibit good 

brightness and long-lasting phosphorescence. In the present work we have employed a 

hybrid modelling method based on a combination of crystal field calculations, and 

energy minimisation. The method uses energy minimisation to predict the location of the 

dopant ion, and the relaxed positions of the surrounding ions, via the GULP 
[3]

 code. This 

information is then input into a crystal field calculation which obtains the crystal field 

parameters, B
k
q, which are then used to calculate the energies of the electronic 

transitions. From solution energy calculations, it can be seen that Pr and Eu occupy the 

strontium site at both temperatures (0K and 293 K). The comparison of the predicted and 

experimental transition energy of Pr
3+

 in the SrAl12O19 matrix is made, assuming that the 

substitution is at the Sr
2+

 site accompanied by lattice distortion. The results for the 

transition energy of Pr
3+

 show that the difference between the average predicted and 

experimental value is ~3% for all transitions. The same analysis is used for the Eu
3+ 

doped system, where all transitions are obtained and compared with experimental 

measurement. The difference for the 
5
D0→

7
F0,

 5
D0→

7
F1 and 

5
D0→

7
F2 transitions is ~ 

2.70%, see table 1. 
 

Table1 Some experimental and calculated transitions (nm) for Eu
3+

 doped in SrAl12O19. 
Term Cal. Average Cal. Experimental 

5
D0→

7
F0 563.8 563.8 - 

578.8   

579.4 580.0 592nm[4]; 578[5] 
5
D0→

7
F1 

581.8   

602.2   

602.2   

603.8 603.0 616nm[4] 

604.6   

5D0→
7F2 

604.7   
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 The electronic properties, geometry and energetics of isolated Mn and Cr ion point 
defects  in  SrTiO3 are  examined  theoretically  using  ab  initio cluster  DFT/B3LYP 
calculations. Mn substituent of Mn for Sr, Mn and Cr substituents for Ti, and charged-
compensated complex Mn2+

Ti−VO  have been considered. A modified cluster method has 
been  used  [1].  Large  eight  octahedrons  cluster  for  A substitution  site  and  seven 
octahedrons cluster for B substitution site were exploited with surfaces passivated with 
hydrogen atoms located at broken oxygen bonds. Three charged states of defects at the 
B-site were studied: with =0, -1, -2. For every charge Zd a full set of spin states of defect 
is  considered.  The  geometry  optimization  (structural  relaxation)  for  atoms  located 
within five nearest coordination spheres for B-site and for four ones was performed with 
all the hydrogen atoms being frozen.

The stability of defects relative to polar distortions is examined. It is shown that 
Mn2+ center  at  the  A-site  has  axial  (C4v)  symmetry  with  small  “dipole  reorientation 
barriers” of 8 meV and Mn2+ off-center displacement of 0.43 Å. It is found also that the 
both Mn and Cr impurities at the B-site form in the doubly charged state (Zd =-2) a 
polaron-like  center  (M3+

Ti+e)  having  axial  (C4v)  symmetry  with  one  extra  electron 
located at the one of the nearest Ti. Local electronic impurity states for nonisovalent 
substituents have been treated. A comparison with experimental data is performed. 

The work is supported by the Russian Found for Basic Research (Grant 09-02-
01008).
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Aluminosilicates have attracted considerable interest in view of their potential as optical 

materials. For example, Ca2Al2SiO7, when doped with Nd
3+ [1]

, Ho
3+

, Tm
3+ [2]

, Yb
3+

 and 

Er
3+[ 3]

 exhibits optical properties. Long-lasting phosphorescence has also been reported 

in Ca2Al2SiO7: Eu
2+

, Ca2Al2SiO7: Ce
3+

, Ca2Al2SiO7: Ce
3+

, Mn
2+[4]

, Ca2Al2SiO7: Eu
2+

, 

Dy
3+ [4]

, Sr2Al2SiO7:Eu
2+

, Dy
3+ [4]

 and Sr2Al2SiO7:Ce
3+

, Tb
3+ [5]

.In the present work we 

employed computer modelling methods that are based on well established approaches 

using interatomic potentials to represent the interactions between ions, coupled with 

energy minimisation. Defects can be modelled within the Mott–Littleton approach, as 

embodied in the GULP code
 [6]

 used. In the first step, the potentials were fitted to the 

structures of the aluminosilicates. It can be seen that the potential parameters can 

reproduce all the crystalline structures to 2% or better. Using these potentials, the 

intrinsic defects were calculated. We found that the most likely defect to occur is the 

anti-site [AlSi’ + SiAl
.
] defect, where Al and Si change positions, in both aluminosilicates 

and at both temperatures. Extrinsic defects were calculated in both structures, using 

thirteen mechanisms of dopant incorporation, see table 1. The results show that scheme 

(vi), involving doping at Ca
2+

/Sr
2+

 site with charge compensation by AlSi anti-site 

defects, is the lowest energy scheme at 0 K, and at 293 K, except that Er-Lu in 

Sr2Al2SiO7 at 293K  are most likely be incorporated at the Al
3+

 site.  
Table 1: The substitution schemes for CaAl2SiO7 and solution energies for Ce

3+
 at 0K. 

CaAl2SiO7 Solution energy (eV) for Ce
3+

 

(i)  3.53 

(ii)  1.02 

(iii)  1.05 

(iv)  0.96 

(v)  1.67 

(vi)  -0.15 

(vii)  1.08 

(viii)  1.05 

(ix)  
2.57 

(x)  4.30 

(xi)  5.75 

(xii)  3.79 

(xiii)  3.22 
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Crystal lattice defect in ferromagnetically ordered medium produces a localized 

inhomogeneous magnetization M distribution [1]. The last is 0°- magnetic domain wall 

(DW) [1]. If the medium is multiferroic, which exhibits coupled ferromagnetism and 

ferroelectricity (i.e. it is ferromagnetoelectric), then inhomogeneous magnetoelectric 

effect [2] produces electrical polarization P distributed in the DW volume. This 

phenomenon is closely related to the magnetic symmetry of the system [2]. 

 

One-dimensional model of inhomogeneous region (in the same way as [1]) is 

chosen for the investigation. Then, the symmetry of the magnetic 0°-DW is described 

using the 42 magnetic symmetry classes (MSCs) [3]. The following conclusions were 

obtained using the symmetry approach: 

 

- arbitrary symmetry magnetic 0°-DW allows the spatial P distribution; 

- there are no magnetic 0°-DWs with “pulsating” [3] spatial M distribution  

  (distribution that includes coordinate with |M|=0); 

- there are magnetic 0°-DWs with pulsating spatial P distribution. They are DWs  

  with symmetry described by non-polar MSCs. 

 

In particular case, pulsating P distribution appears in volume of the magnetic 0°-

DWs with triclinic-pinacoidal MSC 1 . The MSC of DW is subgroup of MSC of medium 
in paramagnetic phase [3]. Thus, this 0°-DW with pulsating P distribution is possible 

when MSC of the crystal with the defect is centrosymmetric. 
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MgF2 is important wide-gap optical material with numerous applications. We are 

not familiar with any studies of its surface properties. In this paper we present 

calculations for the (001) and (011) MgF2 surfaces using ab initio computer code 

CRYSTAL and the hybrid B3PW exchange and correlation functional. Both, neutral and 

polar surfaces show very small relaxation and  negligible increase of covalent bonding 

thus remaining considerably ionic. Our calculated optical band gap (9.5 eV) is in a fair 

agreement with the experimental value of 13 eV, while HF method considerably (19.65 

eV) overestimates the band gap, but DFT-based PBE method strongly (6.91 eV) 

underestimate it (see also [1]). Total MgF2 DOS calculated by means of  hybrid B3PW 

method are depicted in Fig. 1. We present the results of our calculations for bulk and 

surface F centers (an electron trapped in fluorine vacancy) in MgF2 crystal.  
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 Figure 1: Total MgF2 bulk  DOS calculated by means of  B3PW method 
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While the (001) surfaces of SrTiO3, BaTiO3, PbTiO3 and CaTiO3 have been 

extensively studied, much less is known about the (011) surfaces [1-3]. On the (001) 

surfaces, we consider both AO (A=Sr, Ba, Pb or Ca) and TiO2 terminations. In the 

former case, the surface AO layer is found to relax inward for all four materials with the 

sole exception of SrO-terminated SrTiO3 (001) surface first layer O atom, while outward 

relaxations of all atoms in the second layer are found for both kinds of  (001) 

terminations and for all four materials. The surface relaxation energies of BaO and TiO2 

terminations on BaTiO3 (001) are found to be comparable, as are those of PbO and TiO2 

on PbTiO3, as well as those of SrO and TiO2 on SrTiO3. In the first two cases the 

relaxation energy is slightly larger for TiO2 termination, while in the last case it is larger 

for the SrO termination. 

As for the (011) surfaces, we consider three types of surfaces, terminating on a 

TiO2 layer, a Ba (Pb, Sr or Ca) layer and O layer. The surface relaxation energies for 

BaTiO3, PbTiO3, CaTiO3 and SrTiO3 (011) surfaces for all terminations are considerably 

larger than for (001) surfaces. Among the (011) surfaces, the relaxation energy is much 

larger for the TiO-terminated surface than for the Ba- or Pb-terminated surfaces for the 

BaTiO3 and PbTiO3 perovskites, but the relaxation energy for the Sr-terminated surface 

is larger than for the TiO-terminated surface in the case of SrTiO3. We predict a 

considerable increase of the Ti-O chemical bond covalency near the ATiO3 (011) 

surfaces as compared to both the bulk and the (001) surfaces. 
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Zirconium oxide (ZrO2) is an intensively studied material with a wide area of 
applications. It has high potential to be used as a dielectric layer in semiconductor 
industry or surface coating. Doped with trivalent lanthanides it can be used in the light 
emitting devices, laser cavities, gas sensors [1,2]; scintillators [3], solid-oxide fuel-cell 
design, thermal barrier coating, nuclear waste confinement etc [4].  

In the present work we summarize the results of experimental and ab initio studies 
of the optical, structural and electronic properties of tetragonal phase of ZrO2. Using the 
experimental structural data [5], the unit cell of ZrO2 was optimized. After geometry 
optimization, the band structure, total and partial density of states (DOS), cross-sections 
of the electron density distribution and optical properties (dielectric function, absorption, 
refractive index) were all calculated in the density functional theory framework, as 
implemented in the CASTEP [6] module of the Materials Studio package [7]. The 
calculations were performed for the ideal crystal lattice and for the crystal lattice with 
oxygen vacancies.  

It was shown that the band gap is an indirect one. The conduction band is rather 
wide (almost 10 eV) and consists mainly of Zr 4d states with a minor contribution of the 
O 2p states (due to the d-p hybridization). The upper valence band stretches from about –
5 eV to 0 eV and is composed mainly of the oxygen 2p states (again, with a minor 
contribution from the Zr 4d states due to hybridization effects). The lower valence band 
at about –15 eV is formed by the oxygen 2s states, and two narrow bands and about –25 
eV and –47 eV are due to the Zr 4p and 4s states, respectively. 

Ab initio calculations for ZrO2 with oxygen vacancies show significant 
modifications of electronic properties of ZrO2. Although the composition of the 
calculated bands is the same as in the case of pure ZrO2, the bands widths are changed. 
The most striking difference is that the conduction band becomes now much narrower 
(about 2-3 eV only). Experimental evidence of such a band narrowing is also given. 
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To describe structural features of glassy chalcogenides, the modeling approach 
based on energetically favorable interconnections between main glass-forming units 
(cation-centered polyhedrons) was developed. Within this approach, two (or three) 
interconnected cations form atomic clusters, which reflect the whole backbone of 
covalent-bonded semiconductor being multiply duplicated in a space. The probability of 
possible clusters is estimated with numerical parameter giving average formation energy 
in respect to the number of atoms involved in the cluster and average coordination.  

 
This cation-interlinking network cluster approach (CINCA) was approbated for 

binary As-S glass formers, as well as different types of pure chalcogen-based 
semiconductors (amorphous selenium). In the frame of this approach, the mathematical 
calculations for pyramidal and tetrahedral clusters were performed using PC-aided 
program HyperChem Professional 8.0. 

 
Extended defects in the studied semiconductors are supposed to be connected with 

possible deviations from full saturation of covalent bonding described within CINCA. 
These defects are considered as covalent-linked double bonds appeared instead of single 
ones. As a result, the non-ordinary anomalously coordinated atomic clusters such as 
quasi-tetrahedral S=AsS3 ones appear in a glass backbone. The performed calculations 
showed that regular As2S5 network-forming clusters with Z=2.286 are more energetically 
favorable within As-S network. So, extended defects based on double covalent bonds are 
rather of small probability in vitreous As-S. 
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Density functional theory calculations have been performed to investigate the 
structural and electronic properties for both unrelaxed and relaxed cases of oxygen-doped 
c-BN(110) surface. Oxygen atom has been substituted in a neutral charge state on both 
the B site (OB) and the N site (ON). Defect formation energies, unrelaxed ( o

fE ) and 
relaxed ( fE ), and relaxation energies, Erelax, have been calculated. It has been found that 
the OB is more energetic, whereas the ON causes an inward relaxation of the first 
neighbor surface B atom.  

 
. 
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Silicon carbide composites are being considered for use in future fusion reactors, 

where they have potential for use not only as structural materials, but also as possible 
flow channel inserts in Li-Pb tritium breeding blanket modules. In such applications 
these materials will be exposed to a high neutron flux and fluence, and severe 
degradation of the different physical and mechanical properties may occur. To date with 
few exceptions, most data has been obtained following ion or neutron irradiation to 
doses above about 1 dpa. However recent experiments being carried out under the 
EU/JA Broader Approach activities, have identified a modification in electrical 
resistivity and amorphization for hot pressed SiC due to electron irradiation for doses 
<10-4 dpa, suggesting an important role for purely ionizing radiation. It is therefore 
important to study the fundamental processes which give rise to this radiation induced 
degradation and amorphization of SiC. 
Most ceramics when subjected to a radiation field, emit light (radioluminescence) due 
to defects and impurities initially present, and those produced by irradiation. Hence 
radioluminescence measurements can be used not only to characterize, but also to give 
valuable information about radiation damage processes which occur within the material 
during irradiation. Radioluminescence measurements can be readily made for 
accelerator irradiations, and  have the potential for monitoring materials during reactor 
irradiations. 

Three types of SiC (hot pressed, reaction bonded and CVD SiC) have been 
examined. The samples were mounted in an irradiation chamber in the beam line of a 
Van de Graaff electron accelerator, which enables radioluminescence measurements 
from 200 to 800 nm to be made during 1.8 MeV electron irradiation. The irradiations 
were performed at 100 and 500 Gy/s, and radioluminescence studied as a function of 
dose and dose rate. All three types of SiC exhibited band like radioluminescence, the 
intensity of the emission and evolution with dose depending strongly on the material 
type. While for reaction bonded and CVD SiC there is little or no change in 
radioluminescence intensity with dose, for hot pressed SiC a clear decrease with dose 
was observed to occur. Possible correlation of this decrease with the reported change in 
resistivity and amorphization is being examined. 
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Although not directly a fusion relevant material, radiation studies on lithium niobate 

(LiNbO3) a radiation resistant opto-electronic oxide material, are highly appropriate due to its 

close similarity with Al2O3 (main fusion insulator candidate) as well as to other Li containing 

aluminium, silicon, and titanium oxides (potential tritium breeding materials). Such materials 

will be used in future fusion reactors where they will be exposed to a high flux of neutrons 

and gammas giving rise not only to tritium and helium generation, but also to damage 

associated with displacement and ionization, all of which will modify their properties. The 

aim of the present work is to evaluate both the stability of the LiNbO3 within a radiation field, 

and the radiation induced release of He from the material, as well as to investigate the 

potential to use radioluminescence as a tool to monitor material modification and degradation. 

To examine the effect of displacement damage and ionization, single crystal coherent lithium 

niobate has been irradiated with 1.8 MeV electrons in a special chamber mounted in the 

CIEMAT HVEC Van de Graaff accelerator beam line. The irradiations were performed in 

high vacuum (≈ 3x10
-6

 mbar) at 40 
o
C, 500 Gy/s. Radioluminescence and optical absorption 

were measured in-situ as a function of dose (≤ 3x10
-6

 dpa). In order to evaluate the possible 

radiation enhancement of He release, lithium niobate samples were pre-implanted with He 

ions at 45 keV up to a dose of 5x10
17

 ions /cm
2
. The implanted samples were then irradiated 

with 1.8 MeV electrons at temperatures between 20 and 450 
o
C, and ionizing dose rates up to 

500 Gy/s, in an experimental set up which permitted one to measure the release of He during 

irradiation and in this way any radiation enhanced He desorption could be evaluated. 

Radioluminescence and optical absorption measurements indicate that LiNbO3 is highly 

resistant to ionizing radiation damage up to about 20 MGy, and that the structured 

luminescence spectrum can make a useful contribution to radiation damage studies. The 

results for desorption indicate that release of He is enhanced by several orders of magnitude 

when exposed to ionizing radiation. 
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The particularities of transformation color centers (CC) were studied at resonant 
excitement of F band in different crystals. The photodissociation F2 centre on two F centre 
[1]   take  place  at   the  excitement  by  highenergy  photons   (4.67  eV)   in   lithium fluoride 
crystals, unlike from other alkali halide crystals in which the formation F2 and F3 CC are 
observed.  The enthalpy of anion migration (Hm

)  and the mean time of motion ( )  areτ  
brought in the table for number of crystals. Analysis of the experimental data shows that an 
increase a mean time of anion vacancies motion is accompanied by increase in enthalpy of 
anion migration. These factors do not promote spatial division Fcenters so the mechanism 
of photodissociation F2→ F+F will not be realized at the excitement in the highenergy F 
band of absorption for given number crystals.

Table. Enthalpy of anion migration (Hm
) and mean time of anion vacancies motion 

in number of crystals.
Type of crystal       Hm

, eV       , minτ comment
    KCl   0,89  [3]    60  [4] The mechanism of 
    KBr   0,86  [3]    55  [5] photo 
    NaCl   0,83  [3]    48  [6] dissociation
     MgF2                                  40   F2→F+F  will not
    NaFNa2O                                   32  [7] be realized
    NaF             9,5 [7]
    LiF   0,7  [2]                          1   [1] F2→F+F

Thus the differences in processes of phototransformation CC are stipulated by the different 
mobility of anion vacancies at resonant excitement in the highenergy F2 band of absorption 
enumerated above and LiF crystals.  For example,  the average time of anion vacancies 
motion is 40 minutes and 60 seconds in MgF2 and LiF crystals, respectively. Increasing the 
time of anion vacancies motion leads to low efficiency of the creation spatially divided 
pairs F-centers, beside F2 centers are formed in MgF2 crystals at resonant excitement in F 
band: F + e→F’, F’ + Va

+→ F2.
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The defects formed under UV-irradiation (253.7 nm) of crystalline alkali nitrates 
are peroxynitrite and nitrite. The first is formed from high-energy (E > 4.8 eV) and 
bleached by low-energy excited states (E = 3-4 eV) of the nitrate ions. The mechanism of 
nitrite formation has not been studied in greater detail because the nitrite content in a 
sample was determined after its dissolution at pH=7 by Shinn’s method. Though, due to 
the decay of peroxynitrite in aqueous solution, the determined nitrite concentration 
depends on concentration of peroxynitrite, temperature, and pH. Since nitrite 
accumulation, determined after dissolution of photolyzed KNO3, is linear in a wide range 
of doses, efficiencies of its formation from peroxynitrite in solids and under dissolution 
must be the same. This assumption is ambiguous because the mechanisms of nitrite 
formation from peroxynitrite in solids and solution can be different. In this work, we will 
consider the influence of thermal post-annealing on the change of the nitrite content, 
determined by Shinn’s method, in the UV-irradiated RbNO3 and CsNO3.  

 
RbNO3 and CsNO3 crystals were grown by slow evaporation of saturated aqueous 

solutions. The samples were irradiated at room temperature with a low-pressure mercury 
lamp. The UV-irradiated samples were annealed at temperature T (393 К and 423 К for 
RbNO3 and CsNO3, respectively) for 1.5 hrs.  
 

The nitrite accumulation curves vs. the exposure time without thermal post-
annealing are described by linear dependence for RbNO3 up to 5 hrs, and for CsNO3 – up 
to 3 hrs. The values of initial quantum yield of nitrite were calculated to be 0.0060 and 
0.0160 quantum-1 for RbNO3 and CsNO3, respectively. Besides that, the nitrite content in 
the samples was determined under continuous UV-irradiation of a sample for fixed 
exposure followed by thermal post-annealing, and few cycles of photolysis during t0 
alternating with thermal annealing. The t0 correspond to the initial linear part on the 
peroxynitrite accumulation curve when its bleaching by low-energy excited states of the 
nitrate ion can be neglected. Nitrite accumulation curves for these two cases are identical. 
The values of initial quantum yield of nitrite are equal to 0.0022 and 0.0260 quantum-1 
for RbNO3 and CsNO3, respectively. These results can be explained by the assumption 
that nitrite is an initial defect of RbNO3 and CsNO3 photolysis and forms only from 
excited states of the nitrate ion, i.e. the peroxynitrite ion is not a precursor for the nitrite 
ion under dissolution of photolyzed nitrates. It can be assumed that under UV-irradiation 
of crystalline alkali nitrates, trans-conformer is formed, which under dissolving of an 
UV-irradiated sample at pH=13 is transformed into cis-conformer. Chemical properties 
of cis- and trans-conformers of the peroxynitrite ion in solution are dissimilar and the 
latter at pH=7 can be transformed only into the nitrate ion.  
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Nowadays Li6RE(BO3)3 (RE =Y, Gd, Eu) single crystals of isostructural orthobora-
tes are being actively studied because of their great potential in thermal neutron imaging, 
as fast inorganic scintillators, red phosphors for plasma display panels and laser media. 
Substitution of gadolinium by yttrium essentially decreases the effective atomic number 
(Zeff) of compound in the range from 46 to 26, and, consequently, its sensitivity to 
gamma-background. Utilization of these crystals in laser and scintillation devices implies 
intense processes of radiation defect formation. However, radiation-induced defects in 
this crystal have not been studied sufficiently so far.  

All the examined Li6RE(BO3)3 crystals were grown using Czochralski method at the 
Institute of Single Crystals, NAS of Ukraine (Kharkov) at the air atmosphere. The paper 
presents the results of a study of luminescence and recombination processes for these 
crystals carried out experimentally in the broad temperature range from 90 to 500 K 
using the luminescence and optical spectroscopy under various kinds of excitation 
(ultraviolet light, X-rays, the electron and ion beams), the decay kinetics measurements, 
and the thermally stimulated luminescence technique. Figure 1 presents an example of 
the obtained results on the Li6RE(BO3)3 thermoluminescence. In addition, the computer 
simulations of the actual thermally stimulated processes were made. 

On the bases of the obtained results, the paper discusses for these crystals the origin 
of the luminescence, the thermally stimulated recombination processes, the energy 
transport from the host lattice to luminescence centers, the origin of the radiation induced 
defects of the lithium sublattice, the origin of the shallow traps on the basis of these 
defects and a role of these shallow traps in the energy transport processes.  

 

 
Figure 1: Glow curves of Li6Gd(BO3)3  – (1) and Li6Gd0,5Y0,5(BO3)3 –Eu – (2)  
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Lithium fluoride has attracted the attention of many investigators of radiation 

defects because it can be extensively damaged by neutron bombardment.  LiF crystals 
grown in the air, always contain hydroxyl impurity ions which at irradiation are 
decomposed forming oxygen and hydrogen decay products. 

Due to a small mass, the hydrogen ions form the local vibrations of high-frequency. 
They are a quite convenient “probe” for infra-red spectroscopy, as their investigations are 
carried out in the range of relative transparency of the sample. Hydrogen atoms formed in 
the process of LiF irradiation are the paramagnetic centers registered by EPR. 

The given work presents a study of all hydrogen defects formed in LiF under the 
reactor irradiation at temperatures from 20K and higher to the reactor temperature. 
Irradiation was carried out in low-temperature loop and channels of IRT reactor (Tbilisi, 
Georgia). 

Li6F crystals of different origin (grown in the vacuum and in the air; doped 
specially by OH –  impurity) and LiF crystals containing OH- in the form of “free” ions, 
as well as in complexes with ions of bivalent metals were studied in detail. Powders of 
the mentioned crystals were studied as well. 

A part of investigated samples was irradiated in the deformed state  (the combined 
action of uniaxial compression and radiation). 

Registration of H0 and T0 atoms was made by  EPR spectrometer PE1306. All IR 
measurements were carried out on double-beam  spectrophotometer “ Specord -75 IR “at 
room temperature. 

The results of made investigations can be briefly summarized in the following way: 
1. Hydrogen atoms thermally stable up to 530K were registered in LiF crystals and 

powders irradiated at the reactor temperature. According to Speath [1] such high 
thermal stability may lead to the speculation that the environment formed 
(“cavity”) is so “tight”, that there is a whole distribution of them. 

2. Curves of thermal annealing of H0 and T0 atoms were studied for LiF crystals 
irradiated at 20 K. The accumulation of the centers of both kinds with the annealing 
temperature is of the same character. 

3. At low-temperature irradiation hydrogen ions H- are registered in the substitution 
position (U- centers) without carrying out the subsequent annealing after the 
irradiation. This experimental fact is in contradiction with [2], according which U-
centers are not formed directly after irradiation. 

4. The process of restoration of OH– ions is studied at the annealing of irradiated 
crystals in the course of observation of the behavior of [H-],  Hi  and H0  defects 
with the annealing temperature. 
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Transition optical absorption (TOA) spectra and spectrum-kinetic parameters of the 
luminescence of F+- and F-centers in anion-deficient (α-Al2O3-δ) and stoichiometric (α-
Al2O3) monocrystalline samples of corundum exposed to synchrotron radiation (SR) at 
Emax = 60 keV and pulse electron beams (PEBs) at Ee = 250 keV are studied.  

 
It is found that the high yield of the X-ray and the cathode luminescence (XL and 

CL) of F+-centers is incomparable with their sufficiently low initial concentration in the 
samples under study. It follows from the TOA data at 4.7 eV and T = 80 K that the 
concentration of F+-centers changes in three stages: an almost inertialess replication of 
the exciting electron pulse (τp ≈ 15 ns) when the concentration grows considerably and 
drops; an inconsiderable growth during 250 ns; a slow decrease to the initial 
concentration by the moment of the next pulse (f = 10 Hz). It is shown that the 
complicated XL and CL kinetics of F+-centers at T = 80 K including a quick decay (τ1 ~ 
2-20 ns) and the subsequent slower stages of the buildup (τbu ~ 15-50 ns) and the decay 
(τ2 ~ 80-400 ns) correlate well with the time derivative of the optical density kinetics at 
4.7 eV. Furthermore, the time-resolved XL and CL spectra at T = 80 K, which are 
measured within small time spans (∆t ~ 5-10 ns) with a nearly zero delay relative to the 
exciting pulse, exhibit characteristic luminescence bands of F+-centers (hνm = 3.8 eV, Н 
= 0.35 eV) not only in the anion-deficient, but also the stoichiometric samples. It can be 
concluded therefore that two types of metastable F+-centers are generated in α-Al2O3-δ 
crystals under the given conditions. One type results from insignificant displacements of 
regular oxygen ions, is short-lived (τ ~ 2-20 ns), and is detected immediately after the SR 
pulse or PEB at the moment of the quick decay of XL and CL at 3.8 eV. The other type 
appears during a short-time conversion of stable F-centers, lives relatively long (τ ~ 400 
ns), and shows up during the buildup and the slow decay of CL and XL at 3.8 eV. 

 
An important result of the study is the established fact that the SR and PEB energy 

is transferred to F+- and F-centers at least through two channels. One of the channels is 
characterized by the migration-free transfer mechanism because there is no delay 
between the pulsed excitation and its relaxation involving short-lived F+-centers. More 
inertial processes of the energy supply to the active centers and the energy dissipation by 
the second channel, which are observed in α-Al2O3-δ, are limited by the diffusion-
controlled motion of self-trapped excitons. This is confirmed by the temperature, density 
and concentration dependences of the luminescence kinetics of F+-centers. 

 
This work was supported by the Russian Foundation for Basic Research (project 
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In wide-gap dielectrics, structural Frenkel defects (FDs) can be created by both 
impact (knock-out) and nonimpact (via the decay of electronic excitations) mechanisms 
(see, e.g., [1]). Wide-gap (Eg = 8 eV [2]) Y3Al5O12 (YAG) single crystals doped with rare 
earth ions are attractive materials for optoelectronics and other applications, because of 
their advantageous mechanical, thermal and chemical properties. In this work one of the 
most radiation-resistant material, Y3Al5O12:Nd3+ widely used as laser media is of 
particular interest. It is commonly accepted that the formation energy of a pair of FDs 
EFD exceeds Eg and the recombination of relaxed (cold) electrons and holes does not 
cause the formation of anion FDs in the bulk of YAG. However, the radiation damage 
can be induced via the recombination of hot (nonrelaxed) carriers. 
 

The excitation spectra for the ~4.7 eV intrinsic recombination emission have been 
measured in pure and Nd3+-doped YAG single crystals using synchrotron radiation of 6-
22 eV. In YAG:Nd3+, the emission efficiency at hν > 8 eV, i.e. in the region of 
fundamental absorption, is lower than in a pure sample. Especially strong reduction takes 
place at 9.5-16.5 eV, when exciting photons form hot conduction electrons which are not 
able yet to create secondary excitons or electron-hole pairs. It is supposed that under 
band-to-band transitions the created electrons and holes can recombine either with each 
other (at regular lattice sites or near some intrinsic defects) giving intrinsic emission, or 
at the Nd3+ ions resulting in ff impurity emission. In YAG:Nd3+, the hot charge carriers 
formed by 9.5-16.5 eV photons recombine mainly at Nd3+ with intense Nd3+ emission. 
Nd3+ ions absorb a significant part of energy during irradiation (this energy can 
potentially be spent for defect formation). Such mechanism of luminescent protection 
was observed earlier in Al2O3:Cr3+ single crystals, where Cr3+ ions absorb a part of 
irradiation energy and undergo subsequent radiative transition into the ground state, thus 
decreasing the probability of F centers creation [1]. The presence of luminescent 
impurity centers reduces the nonimpact creation of FDs. The low-temperature 4f25d4f3 
fast emission as well as 4f34f3 luminescence of Nd3+ has been thoroughly studied in 
YAG:Nd3+ [3]. The Nd3+ f–f emission is also efficient in the region of exciton absorption 
 photons of 6.8-8 eV excite the intrinsic recombination luminescence ~4.7 eV which 
can be reabsorbed by Nd3+ impurity centers. 
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Formation of radiation defects in calcium and strontium fluoride single crystals doped 
with zinc have been investigated by electron spin resonance spectroscopy. It was found 
that x-ray irradiation could convert divalent impurity ions located at essentially cubic sites 
into the univalent state. Three types of Zn+ centers differing by the local environment with 
the point symmetries Oh, C3v and C2v are identified in the crystals [1].  

EPR spectrum of Zn+(Oh) centers for B||<100> consists of nine equally spaced lines 
with separation of about 9.6 mT and 13.1 mT for SrF2 and CaF2 at room temperature, 
respectively. This corresponds to hyperfine structure from an eight equivalent fluorine 
nuclei with nuclear spin I=1/2. The splitting between lines for Cd+(Oh) centers in these 
crystals [2] is larger than that for Zn+(Oh) centers according to decreasing of ionic radius 
from Cd+ to Zn+. 

In addition to Zn+(Oh) centers in CaF2 crystals at room temperature EPR spectrum of 
perturbed Vk centers, which are stable at 295 K during one day, is observed. In the work 
there is discussion about reasons of such behavior of the holes centers. 

The results on Zn+(Oh) centers in CaF2 and SrF2 are compared with those on Cd+(Oh) 
in the crystals. 
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The change of plastic propertied of crystals in weak magnetic field (MF), the so-called 

magneto-plastic effect (MPE) is the result of multi-stage process of de-pinning of dislocations 
started from the excitation of electrons in the defects of crystal lattice. The necessary condition of 
MPE is the existence of non-equilibrium defects in the crystal, one of the ways of generation of 
which is the irradiation by X-rays. 

 
We studied the change of plastic properties (yield limit σ) and of optical absorption spectra 

of LiF crystals, initiated by the combined action of X-radiation and magnetic fields. It was shown 
that MF has the influence on the process of radiation hardening of the crystal only at small doses 
of X-irradiation. The samples irradiated in MF have less yield limit at the irradiation time t≤10 
min (the maximum difference in yield limits makes about 25%), further on, the curves σ (t) of 
samples irradiated in the field and without it, are merged (Fig.1). 

Fig.1. Dependence of the yield  limit σ on the  irradiation  time t : 
curve 1 – without MF, curve 2 – in MF. 

 
MF does not lead either to quantitative or qualitative changes in absorption spectra. 

Therefore, the difference in hardening of crystals irradiated in the field or without it, cannot be 
explained by the defects of this type. As for the anisotropic complex centers, the role of which is 
more significant in pinning of dislocations, their number in both cases is so small that it cannot be 
sensed by the spectrophotometer with the sensitivity of 1016cm-3. Probably, the difference 
observed in the figure is caused by the radiation-stimulated change in magneto-sensitive impurity 
complexes [ 1 ].Thus, by the traditional spectrophotometric methods we could not manage to 
detect the effect of MF. Though, the role of dislocations as a detector of the smallest changes of 
crystal microstructure is evident. 
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In the present work  luminescence properties (optically stimulated luminescence- 

OSL and thermoluminescence - TL) of Al2O3 doped with Yb
3+

 and Er
3+

 ions are showed. 

Alumina samples codoped with different Yb and Er concentrations were obtained by sol-

gel process. The morphology of the crystals was investigated by TEM with EDS and 

electron beam diffraction, and DRX. Nanocrystalline formations composed by Er2O3, 

Yb2O3 e Yb3Al5O12 were observed at the surface of the alumina grains. In samples 

calcinated at 1200
o
C were found nanocrystalline sizes between 20-60nm (Figure1) and 

for samples calcinated at 1600
o
C between 100-300nm. 

Samples were irradiated with gamma-rays of 
60

Co with dose of 1 to 5Gy and the 

TL and OSL response were measured . 

 

 

 

 

 

 

 

 

 

Figure 1: TEM image of Al2O3:  Er,Yb (1mol%  Er and 2mol% Yb), electron beam diffraction 

analysis and EDS result. 
Sample codoped with 1mol% of Er and 2mol% of Yb supplied the best results for 

TL an OSL. Using the dosimetric peak at 205
o
C, it was observed an linear increment to  

the given doses and for the OSL results also. The sample showed an higher intensity to 

OSL measurements. These results were similar to those obtained with Al2O3: Mg, 

nanocrystalline formations of MgAl2O3, which it was observed a nanolayer around the 

alumina grain; and presented an high TL and OSL responses when the sample was 

previously irradiated [1].  
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In the present work, we studied the Thermoluminescence (TL) and the Optically 

Stimulated Luminescence (OSL) properties of KAlSi3O8 and KAlSi3O8:Mn samples 
obtained through the sol-gel technique. The KAlSi3O8:Mn were synthesized with 
different concentrations of Mn: 0.25, 0.5, 1, 2 and 5 mol%. For a 10 Gy dose of γ-
radiation we observed a significant increase on the intensity of the 180ºC TL peak for the 
sample with 0.5 mol% of Mn when compared to the other concentrations. Thus, all the 
following studies were carried out for this sample which provided the best TL results. 
The TL spectra of KAlSi3O8:Mn (0.5 mol%) showed a high intensity emission around 
580 nm which encouraged us to choose the VIS region as the detection region for the 
future measurements of TL. Dependence of the TL response with the energy of X-rays 
using the same dose showed a small decrease of the TL intensity in the high energy 
region. Excitation with blue LEDs showed OSL intensity, with a fast decay and in the 
UV region.  
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Figure 1: TL spectra of the KAlSi3O8:Mn (0.5 mol%) sample.  

 
 
 
 



B62 EURODIM 2010

GRATING DIRECT INSCRIPTION IN LITHIUM NIOBATE 
THROUGH NEAR-INFRARED FEMTOSECOND LASER PULSES 

D. Grando1, J. Yu1,3, P. Galinetto2, M.S. Grandi2

1 Department of Electronics, University of Pavia, Via Ferrata 1, I-27100, Pavia, Italy
2 Department of Physics «A. Volta»,  University of Pavia, Via Bassi 6, I-27100, Pavia, Italy

3 Academy of Opto-electronics, Chinese Academy of Sciences, 95 ZhongGuanCun Dong Road, HaiDian, 
Beijing 100190, P. R. China.

A convenient route for material micro- and nano-machining is the exploitation of 
multiphoton absorption in transparent materials. This processing technique was initially 
demonstrated to be effective in defining photonic devices in glass and later applied to 
crystals. In particular, the ferroelectric Lithium Niobate system was the object of several 
studies for its outstanding electro-optic and nonlinear optical properties. [1]. At the focal 
region, the high intensity irradiation increases the density of defects in Lithium Niobate, 
accompanied by a plausible Lithium loss and the formation of amorphous layers [2]. The 
defect structure is influenced by the irradiation parameters. Hence, the energy deposition 
must be finely controlled when the crystal optical properties have to be preserved.

We explored the possibility of a direct inscription of surface and embedded  µm-
pitch  refractive  index  gratings  in  commercial  Lithium  Niobate  z-cut  wafers  through 
femtosecond pulses (1 kHz, 800 nm). The drawbacks and the points of strength of the 
line-by-line technique with respect to two-beam interference are discussed [3]. 

Figure 1: SEM image of surface grating lines (0.5µJ per pulse, 100 µm/s).
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Thanks to high transparency of (GdCa)3(GaMgZr)5O12 single crystals in visible 
and near IR regions of spectrum, they have found a wide application as substrates for Bi-
containing magnetic garnet films which are the most perspective material of applied 
magnetooptics. 

 
The purpose of this work was studying of the nature of radiation color centers 

arising in single crystals of Gd2,6Ca0,4Mg0,25Zr0,65Ga4,1O12 under the influence of ultra-
violet radiation, γ-quanta and fast electrons. Single crystals have been grown by the 
Chohralsky method in the environment of N2 + 1-2 % O2. The samples were plates with 
(111), (210), (110) and (100) crystallographic orientations,  size of 10х10 mm and 500-
900 µm in thickness. 

The treatment of samples included ultraviolet flare by the xenon lamp, γ-quanta 
irradiation with industrial isotope installation on the basis of Co60 (Eγ = 1,25 MeV) or 
irradiation by fast electrons on accelerator (Ee = 6 MeV).  

The irradiated samples were studied by methods of optical spectrophotometry and 
spectroscopy of thermoactivated current (temperature dependence of electrical 
conductivity and thermally stimulated polarisation (TSP)). 

It has been found that the spectrum of additional absorption (AA) in the irradiated 
crystals has complex system of bands from 17000-20000 cm-1 to 42000 cm-1 with 
maxima about 24000 cm-1, 32000 cm-1 and 40000 cm-1. Even at initial doses of 
irradiations in spectra there is wide band of AA with νmax = 24000 cm-1, and initially 
transparent crystals get yellowy-brown colouring. 

TSP spectrum of the irradiated samples consists of two groups of blocked peaks. 
A series of narrow intensive TSP peaks is observed in the region of 300-390 K. In the 
region of 450-570 K the wide nonelementary absorption band is observed with a 
maximum at T ~ 51-540 K. The depth of traps, frequency factor, charge concentration of 
carriers on traps, calculated according to TSP spectra, are given. 

Comparative studying of AA in crystals (GdCa)3(GaMgZr)5O12, Gd3Ga5O12, 
Gd3Ga5O12:Са

2+, Gd3Ga5O12:Mg2+ carried out. It is shown that formation yellowy-brown 
colouring in gallium garnet crystals caused AA band with νmax

 = 24000 cm-1, instead of 
band with νmax = 29000 cm-1 as was considered earlier. The complex structure of AA 
band with νmax = 24000 cm-1 is found out.  

The possible mechanisms of the radiationg F-centers formation in gallium garnet 
crystals are discussed. 
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Cubic lead fluoride (β-PbF2) crystal has been used as a Cherenkov radiator for 

electromagnetic calorimetry in high energy experiments because of its high density 
(7.77g/cm3), short radiation length (0.93cm) as well as a short cut-off edge extending 
to 240nm[1]. This crystal was grown from orthorhombic PbF2 powder by non-vacuum 
modified Bridgman method. The largest sample has the dimensions of 30×30×300mm. 
Usually, the grown crystals are colorless and transparent, however, sometimes, they 
are faint yellow. Based on our measurements, three absorption bands can be identified 
in the transmission spectra of these crystals. The first one appeared around 300nm. It 
exhibits a weak absorption shoulder when measured along the longitudinal axis of the 
crystal, but it becomes very sharp when measured transverse the longitudinal axis of 
the crystals. The absorption intensity decreases from the bottom to the top of the 
crystals. This means that the absorption intensity at the beginning end is stronger than 
that at the finishing end. The second absorption band appears at 390nm in some PbF2 
crystals. This absorption results in the faint yellow coloration of the PbF2 crystal. The 
intensity of coloration depends on both raw materials and the position of the crystals. 
Even in the same crystal ingot, the absorption intensity decreases from the top to the 
bottom. The third absorption band appeared at 460nm, which exists in PbF2 crystals 
recrystallized from the yellowish crystal charge.  

Based on our investigation, 300nm absorption band might originate from the 
transition 4f→5d of Ce3+ impurity ions. Ce3+ impurities are quite easy to enter the 
crystal lattice of lead fluoride and quite sensitive to the absorption of 300nm light. 
The second absorption band at 390nm, which is responsible for the faint yellow 
coloration of the crystal, is suggested to be related to oxygen impurity. Annealing 
experiment shows that this optical absorption can be induced when lead fluoride 
samples were annealed under oxygen atmosphere. The 460nm absorption maybe 
results from the color center caused by lead deficiency, rather than impurities.  
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Lithium fluoride crystals and thin films containing colour centres have been 
recently proposed as novel X-ray imaging detectors being currently under development 
for application in photonics, biological investigations and material science [1]. Their 
development requires a better understanding of the impurities role on the radiation 
induced processes in both thin films and crystals. 

Undoped and Tl+ doped LiF crystals were grown by using Kyropoulos technique 
[2]. After X-ray irradiation the absorption bands due to the F-type centres in LiF were 
observed [3]: F centres absorption band at 247 nm and a broad and less intense band at 
444 nm, due to the F2 and F3

+ centres. Under optical excitation in this spectral interval, 
photoluminescence due to the F2 and F3

+ centres was observed at 650 nm and 539 nm, 
respectively. 
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Figure 1: Thermoluminescence curves recorded after X-ray irradiation of 

undoped and Tl+-doped LiF crystal samples; heating rate β=1oC/sec. 
 

Thermoluminescence (TL) curves were different and more intense in the doped 
crystal sample compared to the undoped one. Photoluminescence and optical absorption 
spectra were recorded after subsequent thermal bleaching at the temperatures 
corresponding to the TL maxima and the contribution of different F-type centres to the 
TL is discussed. 
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The creation and association processes of the initial radiation defects in alkali halide crystals 

(AHC) are well studied. The base for these processes is non-irradiative annihilation of electronic 
excitations in regular lattice sites [1, 2]. 
We have systemized mechanisms of radiation defect nanostructuring in AHC at symmetry lowering 
with impurities: cation-homologs, vacancies and low temperature stress on the basis of absorption 
spectroscopy.  

In KCl-Li and KCl-Na crystals the radiation creates interstitial impurity cation-homolog - +
iLi  

и +
iNa  instead of main cation. The cation-homolog is associated with interstitial halogen creating  

( ) −+−
iiaca ClLiCl3  and ( ) −+−

iiaca ClNaCl3 - centers respectively. −++
сSr υ is created in the lattice of KCl-Sr 

crystal (due to charge compensation) before X-ray radiation. This is the reason the interaction of 
two interstitial halogen atom occurs practically in the place of cation vacancy, which is slightly 
disturbed by the Strontium charge occupying lattice cation site and creating  ( ) ( )−−−++

iacac ClClSr 0
3

2 )( - 
centers.  

In KCl-Na crystals ( ) −+−
iiaca ClNaCl3  - centers are created by the exciton mechanism, the 

interaction of two interstitial halogen atoms in the field of created cation defects at the decay of self 
trapped anion exciton to cation Frenkel defects – ( +−

ic M...υ ) on the reaction: 
( ) ( ) ( ) −+−−−+− →++ iiacaaaic ClNaClClClNa 0

3

0

2

0

2...υ . 
In KCl-Li and KCl-Sr crystals ( ) −+−

iiaca ClLiCl3  and ( ) −+−
icaca ClSrCl 0

3 -centers are created by the 

association mechanism, the interaction of two interstitial halogen atoms in the field −+
cicLi υ  and 

+++−
cc Sr )(υ  complexes on the following reaction respectively:  

−++− →++ iiacaaaicc ClLiClClClLi )()()( 322υ              

( ) ( ) ( ) ( )−−−++−−++− →++ iacacaacc ClClSrClClSr 0
3

20
2

0
2

2 )()(υ .  
In KBr, KCl and KI crystals di-( +−

acυυ ), previously created by the plastic stress, promote the 
creation of halogen radiation defects, predominantly ( )0

3 acaX − - centers at the interaction of two 

interstitial halogen atoms according to the reaction: ( ) ( ) ( ) −−−−+− +→++ aacaaaac ClClClCl 0
3

0
2

0
2υυ . 

KCl and KBr crystals the elastic stress does not influence on the efficiency of the radiation creation 
of ( )03 acaX − - centers, and in KI crystal – leads to the efficiency decrease of the radiation creation -
( )03 acaI − -centers. The calculations show that at the elastic stress in KI crystals the process of radiation 
stimulated creation of interstitial halogen atom (Н-центра) is troubled, and in KCl and KBr crystals 
is maintained until certain level of relative stress.  
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Defects and dopants strongly affect material properties and study of their 

interaction is a field of high steady activity in solid-state physics. Exposure of insulating 

materials to ionizing radiation results in production of lattice defects, holes and electrons 

self-trapped/trapped in the lattice followed by a sequence of relaxation processes. The 

common phenomenon in solids containing molecular dopants is their fragmentation with 

an appearance of atoms and radicals. Very often relaxation processes in a system of 

charged particles are considered ignoring relaxation in a system of charged centers and 

vice versa. As was found in our recent study the relaxation scenario in pre-irradiated 

doped Ar matrix differ drastically from that in pure solids [1].  

 

An emergence of new relaxation channels in doped atomic solids and their 

interplay with these in the matrix is a topic of the present study. Films of pure and doped 

with O2 and N2 rare-gas solids were condensed on a cooled substrate with a concurrent 

irradiation by slow electrons. Relaxation processes were studied employing correlated in 

real time measurements of thermally stimulated exoelectron emission (TSEE) and 

thermally stimulated luminescence (TSL). Additional experiments were performed on 

optically stimulated relaxation processes: luminescence (OSL) and exoelectron emission 

(OSEE). 

 

An uncommon effect of optical stimulation of the TSEE and TSL at definite 

temperature was found. The mechanism proposed is based on radiative recombination of 

radiation-induced atoms. It can be conceived as a consecution of following processes: i) 

thermally stimulated diffusion of neutral atoms formed under irradiation, ii) atom-atom 

recombination with an excited molecule formation, iii) its radiative transition to the 

ground state iv) photon-stimulated electron detrapping followed by v) exoelectron 

emission and intrinsic charge recombination emission of photons in the VUV range. In 

consequence of these reactions conversion of visible light into the VUV photons occurs. 

Further support to the mechanism suggested is provided by the experiments with an 

“enrichment” of the samples by neutral atoms via photon-induced detachment of 

electrons from negatively charged ions of dopant that results in an enhancement of 

optically stimulated peaks of TSEE. The radiative recombination of dopant atoms can be 

considered as an “internal photon source” promoting electrons to the conduction band 

and affecting the relaxation paths. Combination of thermal and optical stimulation offers 

the most reach relaxation scenario. 
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The results of the spectral-luminescent investigation of the Cs2CaP2O7 and 

Cs3CaBi(P2O7)2 diphosphates synthesized by means of the solution-melt crystallization 

and solid phase interaction methods are considered. In order to establish perspectives of 

development of functional materials based on the studied compounds their investigation 

was carried out in wide diapason of excitation wave length that covers regions of zone-

zone transitions and matrices defects absorption (50 – 330 nm) in the wide range of the 

samples temperature (4.2 – 300 K). Spectra of steady-state emission of the Cs2CaP2O7 

double diphosphate at 300 K and excitation performed in the VUV region (λex = 175 nm) 

consist of various broadening bands which cover regions from deep UV to near IR light: 

225 – 800 nm. Temperature decreasing leads to essential decrease of intensity and to 

simplification of the spectra (Fig. 1). Emission spectra of the Cs3CaBi(P2O7)2 triple 

diphosphate essentially differ from the ones for the Cs2CaP2O7 samples. In particular, 

 

spectra of both compounds at VUV excitation and low temperature are characterized by 

the one main band in the blue region: λm=420 nm for Cs2CaP2O7), while for the 

Cs3CaBi(P2O7)2 λm=470 nm. Similarity of the excitation spectra for both compounds was 

observed only for excitation of the red emission at high temperatures in the 50 - 150 nm 

spectral (the bands at λm = 70, 90, 113 nm) (Fig. 2). These spectra are essentially 

different at λex > 150 nm: the main bands were observed at 175 and 190 nm and 

additional components are observed at 225, 267, 300 and 320 nm for the Cs2CaP2O7, as 

for the Cs3CaBi(P2O7)2 the broad bands were observed in 150 – 250 and 250 - 330 nm 

regions. Obtained results showed that mentioned compounds are perspective phosphors 

for LUCOLED devices. VUV experiments were made at SUPERLUMI station, DESY 

synchrotron, Hamburg, Germany. 
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Figure 1: Emission spectra of the 

Cs2CaP2O7; T =10 (1) and 300 K (2). 

Figure 2: Excitation spectra of the Cs2CaP2O7;  

T = 300 K. λreg = 280 (1), 420 (2) and 700 nm (3). 
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Emission from the 5d to 4f shell of rare earth ions doped into ionic crystals was 
thoroughly  studied  in  the  last  decade  [1-3].  The  emission  was  observed  in  vacuum 
ultraviolet region and has potentiality to using in lasers, scintillators or quantum cutting 
systems. However all measurements were done in crystals with relatively high impurity 
concentration  [1,2].  Therefore  some  effects  related  to  the  emission  of  rare-ions 
aggregates could be overlooked [3]. The aim of this paper is to study the d-f emission in 
a wide range of rare-earth ion concentrations  in alkaline-earth fluoride crystals  CaF2, 
SrF2, BaF2. 

Crystals  were  doped  by 
MeF3 in  concentration  ranging 
from 0.01  to  10  mol.%.  Samples 
were excited by Xe (147 nm line) 
or  Kr  (124  nm  line)  resonance 
lamps  or  by  an  x-ray  tube  (Pd 
anode,  40 kV, 20 mA). Emission 
was measured by a FEU39A (up to 
160  nm)  or  solar  blind  FEU142 
(up to 115 nm)  photo-multipliers 
mounted  on  a  VM4  grating 
vacuum  monochromator. 
Resolution was near 0.2 nm.

The  wavelength  interval 
between  the  emission  bands  in 

CaF2 and SrF2 is more than thrice as large as those in SrF2 and BaF2 (Figure). Positions of 
the  most  intensive  emission  bands  at  78 K are  presented in  Table.   With  increasing 
impurity concentration new longer wavelength bands are observed in Tm doped crystals.

The  intensity  of 
x-ray  excited  5d-4f 
bands  growths  with 
increasing of impurity 
concentration up to 0.3 
molar % and decreases 
above 1 molar %.  The 

highest  total  intensity  of  the  5d-4f  bands  still  remains  essentially  lower  than  that  of 
exciton emission in undoped crystals.
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Pr-doped  crystals  are  perspective  scintillator  materials  due  to  of  a  fast  5d-4f 
luminescence and high light yield. For instance, BaF2:Pr3+  displays a good temperature 
stability of light yield [1] and a fast decay time of emission (about 22 ns) [2]. 

We present the results of the investigations of Pr-doped alkali-earth fluorides CaF2, 
SrF2,  BaF2 (Pr3+  concentrations  0.015%-3%)  using  the  time-resolved  spectroscopy 
methods. The excitation was performed with pulsed X-ray tube based on MIRA (pulse 
duration  is  about  8  ns)  or  synchrotron  radiation  at  the  SUPERLUMI  station  of 
HASYLAB at DESY (Hamburg, Germany).

The main component of the 5d-4f emission decay at low temperature is about 22, 
24,  25 ns in  BaF2,  SrF2 and CaF2,  respectively.  At room temperature the decay time 
increases to 28 ns in BaF2 and SrF2 and to 40 ns in CaF2. Under X-ray excitation the fast 
component of about 10 ns was also observed in BaF2:Pr3+ and SrF2:Pr3+.  The relative 
intensity of the fast component increases with Pr concentration. Therefore, the emission 
of aggregates is probably the cause of this fast component.

Time-resolved  emission  spectra  at  pulsed  X-ray  and synchrotron  excitation  are 
illustrated for BaF2:Pr in Fig. 1. The spectra were measured in two time gates, short (1.5-
10.5 ns, curve 1) and long (114-162 ns, curve 2). Curve 3 presents a time-integrated 
emission. The time gates were chosen in accordance with the measured decay times. As 
one can see, the general appearances of the spectra of the fast emission measured under 
synchrotron and X-ray excitation are similar. A broad-band slow exciton emission can be 
also observed in  the region  of  300-350 nm under  X-ray excitation.  The  positions  of 
emission bands correspond well to those of Pr-doped fluorides under the optical vacuum 
ultraviolet  excitation [3]. Detailed emission spectra measured for Pr-doped CaF2, SrF2 

and BaF2 with high resolution (1.3 nm) by using a CCD detector will be presented.
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Fig. 1. Time-resolved emission spectra of BaF2-Pr3+ at (A) synchrotron and (B) pulsed X-ray excitation (1 - 
short time gate, 2 – long time gate, 3 – time-integrated emission)
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Optical materials containing Cu+ ions attract attention due to possible application in 
tunable lasers for the visible spectral region. For that reason we designed a composition 
and preparation procedure of novel Cu-doped sodium-zinc silicate glass that was doped 
by addition of Cu2O to the batch. In order to detect optically active centers related to Cu 
ions and to obtain their optical properties a study of room temperature absorption within 
the region 200 – 3100 nm and temperature behavior of photoluminescence emission and 
excitation spectra within the region 200 – 1600 nm was performed on both as-melted and 
annealed glasses with various Cu content up to 0.3 at. %. 

Glass doping resulted in appearance of a broad absorption band peaking near 
760 nm and strong additional absorption in the UV spectral region. The absorption band 
peaking near 760 nm was attributed to electronic transitions in Cu2+ ions appearing in the 
glass during the melting process due to partial oxidation of Cu+ ions [1]. Additional 
absorption in the UV spectral region is related to the interconfigurational 3d10 → 3d94s 
transitions of Cu+ ions and to charge transfer transitions of Cu2+ ions [1, 2]. Emission 
spectra of photoluminescence of Cu-doped glasses revealed two broad bands peaking 
near 530 nm and 1020 nm at 300 K originating from Cu+ and Cu2+ centers, respectively. 
Behavior of the ratio of Cu+ and Cu2+ ions in the studied glasses in dependence on 
preparation conditions and annealing in various atmospheres as well as structure of Cu+ 
and Cu2+ luminescence centers is discussed. 
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Figure 1. Spectral dependence of Cu-induced absorption and normalized photoluminescence

emission spectra of Cu-doped (0.3 at. %) sodium-zinc silicate glass at room temperature. 
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Nanosized cerium doped Y3Al5O12 (YAG:Ce) is one of the most popular 

luminescent materials among others because of its efficient yellow-green luminescence 

due to 5d-4f radiative transition in Ce
3+

 ions. However, the luminescent properties of 

nanosized YAG:Ce still remain poorly understood. Especially, one of the most crucial 

and actual questions is how the luminescent properties of the nanomaterial depend on the 

surface and interface states. For instance, unusual emission band was detected recently in 

YAG:Ce nanocrystals at 3.0 eV [1], which was tentatively attributed to Ce
3+

 ions on 

nanoparticle’s surface.  

In the present study time-

resolved luminescence properties 

in visible-vacuum ultraviolet 

spectral range of cerium doped 

Y3Al5O12 nanocrystals have been 

studied. The measurements were 

carried out under pulsed 

synchrotron radiation (3.6 – 22 

eV) emitted from DORIS III 

storage ring on the SUPERLUMI 

station of HASYLAB at DESY 

(Hamburg).  

Additionally to Ce
3+

 green 

emission band which is well 

known luminescence in Y3Al5O12, 

new emission band at 3.0 eV (~400 nm) was revealed in the luminescence spectra for all 

nanocrystals. This blue emission band has intensive well-resolved excitation bands in 3.6 

– 7 eV spectral range and, in contrast to green Ce
3+

 emission, practically is not excited at 

higher energies (see Fig. 1). Moreover, such excitation spectrum has not been observed 

previously for any known intrinsic defect and/or impurities in Y3Al5O12 [2]. Furthermore, 

blue emission band decays much faster then green Ce
3+

 emission in Y3Al5O12. To our 

knowledge, this fast blue emission was not yet reported in both single crystals and 

nanocrystals and its nature will be discussed.  
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Figure 1: Excitation spectra of 400 nm and 530 nm emissions 

in YAG:Ce nanocrystals at 300 K 
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The BaY2F8 is produced via solid-state reaction where the precursors, barium 

fluoride (BaY2) and yttrium fluoride (YF3), are deposited in a platinum crucible and 

inserted in an oven under argon. The temperature was firstly raised up to about 550 ºC. 

After that the argon flux was replaced by a HF flux and the system is heated up, with a 

heating rate of 2.5 ºC/min, until about 985 ºC, remaining in this temperature for 2 hours. 

The samples were cooled down to room temperature and characterized via powder X-ray 

diffraction (XRD) and Radioluminescence (RL). XRD measurements indicated that the 

desired crystalline phase was obtained in the samples. The RL measurements were done 

irradiating the samples with X-rays from a Cu tube at room temperature. The light 

emitted from the sample was collected via optical fiber coupled to an Ocean Optic 

HR2000 spectrometer.  

Figure 1 shows the emission spectrum of 1, 2 and 3mol% Tm-doped samples and 

figure 2 shows the emission spectrum of 0.5, 1, 2 and 3mol% Er-doped samples. 

Computer simulation using energy minimization and empirical potentials were used to 

study the defects generated by Er and Tm in the BaY2F8 matrix [1]. The Tm is expected 

to substitute at the Y site since their ionic radii are very close. Assuming that, we have 

performed a simulation of the 4f-4f transitions using the simple overlap model (SOM) 

[2]. In this methodology, the positions of the first F
-
 neighbors to the central Tm ion 

(r,θ,φ) are used to calculate the set of crystal field parameters. From the spectra shown in 

figure 1 we have obtained the Stark components and the maximum splitting, ∆E, of the 
7
F5 term of the BaY2F8:Tm. (Acknowledgements: This work was partially funded by 

FAPESP, CNPq and FINEP. ACSM, RMA and JBA are grateful to CNEN and CAPES 

for their PhD grants) 
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The proteic sol-gel method is a chemistry synthesis route that was developed in the
Laboratory of Materials Preparation and Characterization in Federal University of
Sergipe and uses coconut water as precursor. This is a simple process and it has
advantage of being a low temperature route as compared to state solid synthesis. In this
work we produce and characterize nanopowders of SrAl2O4 doped with Eu. This
material, when doped with rare earth ions, has been applied as long lasting
phosphorescence material.

Pure and 3 mol% Eu3+ doped samples of SrAl2O4 were produced following a
procedure presented in previous work [1]. The photoluminescence experiments were
performed at room temperature in an ISS PC1 Spectrofluorimeter equipped with a 300W
Xe light. The fluorescence spectrum of the Eu3+ doped samples was obtained at room
temperature and at 300 K during the excitation at 265 nm, and a typical spectrum is
shown in figure 1.

Computer modeling technique based on empirical potentials and energy
minimization was used. The potential set was to describe the system were obtained via an

empirical approach embodied in the GULP code
where the potential parameters were fitted to the
structures of all known strontium aluminate
crystalline phases. The modeling results indicates
that Eu3+ substitutes at the Sr site with charge
compensation via oxygen interstitials. From the
defect calculation part, the coordinates of the first
neighboring O2- ions were obtained and were used
to calculate the crystal field parameters (cfp) via
the simple overlap model (SOM) [2]. The cfp set,
in turns, allowed us to estimate the 4f energy level

splitting of the Eu3+ configuration and from that it was possible to estimate the electronic
transitions giving rise to the emission spectra. All emission peaks in figure 1 were
identified. In particular the presence of two emission associated to the 5D0

7F0
transition could be explained by our model since Eu3+ is expected t be dissolved in the
matrix in two non equivalent sites. The combination of the different modeling strategies
also can gives the intensity parameters =2, 4) and the calculated ones are very close
to the experimental values. (Acknowledgements: work partially funded by CAPES,
FINEP and CNPq. MVSR acknowledge the CNPq for his PhD grant. RMA acknowledge
CAPES for his PhD grant and PJM acknowledge CNEN for his PhD grant)
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Figure 1: Emission spectrum of
SrAl2O4:Eu (excited at 256 nm) at 300K.
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         In order to develop a new scintillator, the Departamento de Física (DFI) of the 
Universidade Federal de Sergipe in partnership with the Instituto de Pesquisas 
Energeticas e Nucleares (IPEN), has been studying ternary fluorides doped with 
trivalent rare earth ion. In this work the material studied was Barium Yttrium 
fluoride(BaY2F8= BaYF) doped with 2 mol% of praseodymium (Pr3+). The 
polycrystalline samples were produced by solid state reaction in the atmosphere of HF. 
The technique of floating zone melting was used to produce the crystalline sample. The 
structural characterization by X-ray diffraction on powder samples revealed the 
formation of major phase (BaY2F8), for both samples, polycrystalline and 
monocrystalline and a small amount of phase (Ba4Y3F17), for the polycrystalline sample. 
The optical characterization was carried out via Radioluminescence (RL), 
Photoluminescence (PL), Optical Absorption (OA) and Termoluminescence (TL). The 
RL emission spectra exciting the samples with X-Rays showed typical features of the 
rare earth dopant, which were identified transitions of energy levels of the dopant in the 
matrix of BaYF (Figure 1). 

 

 

 

 

 

 

 

 

 

Figure 1: Radioluminescence spectra of the Pr3+ doped BaY2F8 excited with X-rays form a CuKα 
(40kV/40mA) source. 

After irradiation with X-rays, the samples changed their color indicating the 
buildup of radiation damage. The AO measurements of the damaged region showed 
three absorption bands for the doped sample and two bands for the pure sample 
(Acknowledgements: work partially funded by FAPESP, CNPq and FINEP. ABA and 
ACS are thankful for the PIBIC/UFS and CNEN grants, respectively) 
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The present work reports the termoluminescence (TL) properties of Barium 
Yttrium Fluoride (BaY2F8  - BaYF) pure and doped with trivalent terbium ions (Tb3+). 
BaY2F8  doped with rare earth ions has recently been the focus of several studies in a 
number of applications as for example in lasers [1] and, when doped with Tb3+, as a 
scintillator [2]. TL measurements performed in X-ray irradiated samples at room 
temperature were done for the pure BaYF and doped with different concentrations of  
Tb3+  in order to study the traps competing to inhibit the scintillating process. Two types 
of samples were studied, polycrystalline samples, obtained via solid state reaction, and 
single crystals obtained via the zone melting method under a HF flow. 
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Figure 1: Termoluminescence of pure single crystals and  BaYF:Tb3+ single crystals and polycrystalline 

with different concentrations irradiated with 0,0924 Gy of  X-rays. 
 

Figure 1 shows the TL glow curves of different samples. The powder samples 
obtained from pure single crystals shows only 1 peaks at 123 ºC while the Tb3+ doped 
polycrystalline shows 2 extra peak at 250 ºC  and  a shoulder at about 350 ºC. The only 
exception is the sample doped with 2 mol % Tb3+ which shows only a shoulder at 180 º 
C. UV and VUV light effects on thermoluminescence was also studied and it was shown 
that BYF samples doped with Tb3+  has a potential aplication as UV dosimeter. The 
models for the TL and the trapping parameters for pure and doped BaYF with Tb3+  will 
presented. (Acknowledgements:  CNEN, FAPESP, CNPq and FINEP) 
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Investigation of zirconia is highly interesting because of its high potential in 

practical applications like dielectric layer in semiconductor industry or as a surface 
coating due to it’s high mechanical strength. Doping with lanthanides is widely used 
for stabilizing zirconia in tetragonal and cubic phases and improving it’s ionic 
conductivity[1]. Additionally doped zirconia has many other applications like light 
emitting devices, laser cavities and gas sensors[2]. Different type and shape of 
zirconia samples can be prepared by using increasing number of preparation methods 
ranging from high quality crystalline solid state reactions to various amorphous sol-
gel methods. The diversity of the methods means that the morphology and phase 
structure of such zirconia is often unknown or characterized only by averaged 
characterisation method like x-ray scattering which does not reveal the microscopic 
structure of the material. 

The aim of current paper is to address the issue by describing a optical  
characterization method for mapping the spatial phase distribution of zirconia on 
microscopic scale by using micro-Raman scattering of zirconia and 
photoluminescence of the dopant ion.  
The bulk zirconia samples doped with different concentrations of samarium are 
prepared by directional solidification of melt technique (a skull melting technique). 
Applied technique allows to obtain the melt at very high temperature to keep it in a 
stable state and crystallize it under controlled conditions. During the RF heating 
prepared samples reached up to 3000 oC.  
Characterization of the phase structure of the samples was performed on a Renishaw 
micro-Raman microscope in Raman scattering and in photoluminescence gathering 
mode. 

By lateral confocal scanning of the samples a microscopic segregation of 
tetragonal and monoclinig phases of zirconia is revealed both via Raman scattering of 
the zirconia and photoluminescence spectra of the samarium ions[3,4]. The phase 
stabilization is shown to be related to samarium ion concentration leading to the 
formation of tetragonal phase at higher dopant levels compared to the monoclinic. 
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Persistent luminescence materials are able to emit light for several hours after the
irradiation source has been removed. There is a lack of red emitting persistent
luminescence materials because the most efficient materials emit in green
(SrAl2O4:Eu2+,Dy3+ [1]) or in blue (Sr2MgSi2O7:Eu2+,Dy3+ [2]).  One  of  the  best  red
emitting persistent luminescence materials is Y2O2S:Eu3+,Mg2+,TiIV [3]  which  can  emit
nearly for 3 hours. The aim of this work was to study the effect of TiIV or ZrIV co-doping
on the luminescence properties of Y2O2S:Eu3+ and to compare the TiIV and ZrIV co-doped
materials with each other. Persistent luminescence has been observed in Y2O2S:Eu3+,TiIV
[4] but the Y2O2S:Eu3+,ZrIV material has not been studied earlier.

The Y2O2S:Eu3+,TiIV/ZrIV materials were prepared with a flux method starting from
Y2O3, Eu2O3, TiO2 (or ZrO(NO3)2·6H2O),  S  and  Na2CO3. The mole ratios of
Y2O3/S/Na2CO3 were 1/3.4/1. The reagents were fired at 900 °C for 6 h in a static N2
sphere and the product was washed with hot acetic acid and water. The amounts of Eu3+

and TiIV/ZrIV were 1 and 0.3, 1.5 or 3 mole-% of the yttrium amount, respectively.

The photoluminescence of Y2O2S:Eu3+,TiIV/ZrIV is red with a maximum at 628 nm
exc: 250 nm) due to the 5D0

7F2 transition  of  Eu3+. The excitation spectra
em: 628 nm) consist of broad bands at 240 and 320 nm due to the charge transfer

transitions O2-  Eu3+ and  S2-  Eu3+, respectively. Both materials have red persistent
luminescence with a maximum at 628 nm, as well. Both the UV excited and persistent
luminescence weaken with the increasing amount of the TiIV/ZrIV co-dopant.

The thermoluminescence (TL) glow curves of the Y2O2S:Eu3+,TiIV materials have a
maximum at ca. 110 °C. A weaker band at ca. 200  °C  is  observed,  as  well.  The  TL
maxima of the different Y2O2S:Eu3+,ZrIV materials are observed between 95 and 105 °C
and a weaker band is located at ca. 180 °C. TL weakens when the amount of co-dopant is
increased. In addition, the TiIV co-doped materials have stronger TL compared to the ZrIV

co-doped materials. To obtain information on the trap structure responsible for the
persistent luminescence, the TL curves were deconvoluted. The reasons for the
differences between the effect of the TiIV and ZrIV co-dopants will be discussed.
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Nowadays the Alkali Halide Crystals (AHC) intrinsic luminescence is interpreted as an 
irradiative relaxation of self-trapped excitons (STE). We determined the influence of low 
temperature (100K) elastic uniaxial stress on STE luminescence intensity strengthening and on STE 
configuration at the time of irradiative relaxation in AHC using luminescence spectroscopy method 
[1-2]. 

The basis for STE’s three classifications is the values of Stock’s shifts (relative Stock’s 
luminescence losses) - RS  [3]. It is widely accepted that if RS =0.25÷0.34 then it characterizes STE 
of I-type with central-symmetric configuration; if RS =0.35÷0.46 then it characterizes STE of II-
type with weak asymmetric configuration; if RS =0.46÷0.65 characterizes STE of III-type with 
strong asymmetric configuration [3]. 

The face-centred AHC experiences luminescence intensity’s re-distribution from asymmetric 
STE configuration to symmetric one (III → II → I-types); and in body-centred AHC, vice versa, to 
the favour of asymmetric (polarized) STE configuration (I → II-types). The external stress in <100> 
direction leads to effective anion scattering in AHC in <110> direction, which corresponds to STE 
stress direction; this, in turn, promotes the creation of primarily STE’s symmetric configuration. 
While stress in <110> direction acting perpendicularly to STE length leads to their stretching, 
which promotes the creation of STE’s asymmetric configuration with high degree of polarization.  

Uniaxial elastic stress of AHC in crystallographic direction <100> leads to effective 
compression of STE’s length resulting in STE’s creation with symmetric configuration 
(III → II → I-types); and stress in crystallographic direction <110>, vice versa, leads to the creation 
of STE with more asymmetric configuration (I → II → III-types). 

Activation energy of temperature quenching of STE luminescence in AHC has been 
experimentally estimated at low temperature uniaxial stress. It has been found that activation energy 
increase is observed in crystal range: KBr→ NaCl →KI → NaBr → CsBr → RbI. An effect of 
AHC intrinsic luminescence strengthening at lattice symmetry lowering by low temperature 
uniaxial stress has been interpreted taking into account increase of activation energy that 
characterizes potential barrier separating irradiative and non irradiative (with radiation effect 
creation) STE decay channels. 

The STE intensity strengthening at lattice symmetry lowering with low temperature stress is 
observed for chlorides (KCl, NaCl) and bromides (KBr, NaBr) at the expense of tunnel 
luminescence, which occurs between ground states of F-VK. The same phenomenon for iodides (KI, 
RbI) occurs at the expense of probability decrease of STE decay into initial radiation defects (F, H-
pairs).  
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There is ample evidence that the intensity of the photo- and cathodo-luminescence 
of rare earth ions depends on the microstructure of the host. Especially for semiconductor 
hosts a large number of investigations have shown that it is not only the immediate 
surroundings of a rare earth ion, such as ligands, formed by e.g. oxygen or nitrogen 
atoms [1,2]. In addition also the mesoscopic state plays a role, such as amorphous and 
crystalline structure, nanocrystals and the position of the rare ion within this structure. 

 
The importance of the mesoscopic state and the details of its contribution to 

controlling the luminescence intensity still need discussion [3]. This contribution 
concerns the analysis of the microstructure of Tb doped (Al,In)N films by techniques of 
transmission electron microscopy. Emphasis is laid on the development of the structure 
from the as-deposited state through a series of isochronal annealing stages up to 1100 °C. 
After deposition at room temperature the films are essentially amorphous. With 
increasing annealing temperature nanocrystals nucleate and grow. The details of the 
structural changes will be correlated with Tb luminescence in AlN host, where two 
intensity maxima have been found observed at around 500 and 900 °C.  
 
References 
 
[1] S.B. Aldabergenova, H.P. Strunk, P.C. Taylor, A.A. Andreev, J. Appl. Phys. 90 (2001) 2773-2780. 
[2]  G. Franzo`, S. Boninelli, D. Pacifici, F. Priolo, F. Iacona. C. Bongiorno, Appl. Phys. Lett. 82 (2003) 

3871-3873 
[3] S.B. Aldabergenova, G. Frank, H.P. Strunk, M. Maqbool, H.H. Richardson, M.E. Kordesch. J. Non-

Cryst. Solids 352 (2006) 1290–1293. 
  



EURODIM 2010 B81

THERMOLUMINESCENCE AND ELECTRON PARAMAGNETIC 
RESONANCE STUDIES ON ANDALUSITE CRYSTAL 

  
 

Nilo F. Cano, Shigueo Watanabe 
 

Institute of Physics, University of São Paulo, Rua do Matão, Travessa R, 187, CEP 05508-090, São Paulo, 
Brazil 

 
 

Luminescent materials, synthetic as well as naturally available, find many 
applications which include radiation dosimetry. The defect centers created by ionizing 
radiation are responsible for thermoluminescence (TL). The identification and 
characterization of these centers forms an essential step in understanding the mechanism 
of TL. In this context, electron paramagnetic resonance (EPR) provides a convenient and 
sensitive technique for such a study, as it helps in providing support and further 
identification of the species detected by TL technique. 

 
Andalusite of chemical formula, Al2SiO5, a natural silicate mineral has been 

investigated in terms of TL and EPR measurements. The glow curves for natural samples 
presented three glow peaks at 150, 205, 280 and 410 °C. Pre annealed and subsequently 
irradiated samples gave rise to four glow peaks at 150, 205, 280 and 410 °C. These TL 
peaks shows linear behavior up to 5 kGy, saturating afterward. Samples, both natural and 
heat treated at 600 °C for 30 minutes, presented the EPR signals characterized by g-
factors of 6.0, 4.3, 2.65, 2.17 and g=2.025. The strong signal at g=6.3 dominate the EPR 
spectra. The EPR signal observed at g=2.025 has been assigned to E’1 type centers (i.e. 
an electron trapped at an oxygen vacancy) and the line at g=4.3 is attributed to the Fe3+. 

 

Figure 1: (a) TL glow curves of 600 °C thermally treated natural samples for 30 minutes and 
irradiated several γ doses. (b) TL intensity versus doses of the TL peaks at 150, 205 and 280 °C. 
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The UV and VUV spectroscopic properties of Ce
3+

 doped LiYF4 (YLF), LiLuF4 

(LLF) and LiY1-xLuxF4 family crystals were intensively studied in the last years [1-3] as 

these materials are very attractive for solid state laser applications and neutron 

scintillation detectors. However, lack of detailed experimental information about the 

dynamics of migration and capturing of intrinsic electronic excitation in these materials 

has until now prevented the construction of an adequate model of the energy transfer 

from the matrix to the radiating Ce
3+

 centers. In this contribution we will present the 

results of systematic time-resolved investigation of VUV spectroscopy and sub-ns 

dynamics of Ce
3+

 emission obtained under excitation with synchrotron radiation. The 

room temperature measurements of time-resolved excitation (3.7 - 21 eV) and emission 

spectra (200 - 500 nm) as well as emission decay curves were performed using 

SUPERLUMI facilities at HASYLAB (DESY, Hamburg). 
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Figure 1: Some representative Ce

3+
 emission decay curves recorded under UV-VUV excitation. 

 

The Ce
3+

 emission decay curves reveal significant variation of decay and rise time 

parameters under excitation in vicinity and above fundamental absorption edge 

(Figure 1). These phenomena are interpreted as a competition of processes responsible 

for formation and localization of excitons and separated electron-hole pairs as well as 

mechanisms connected with impact excitation of Ce
3+

 5d levels by hot electrons  

in conduction band. On the base of detailed analysis of decay curves and excitation 

spectra a location of Ce
3+

 5d levels and excitonic states relative to conduction band is 

discussed and estimated. 
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Yttrium aluminium borate is a non-linear optical material with excellent 

chemical and physical properties. It is a possible self-frequency-doubling UV-VIS 

laser material when doped with rare earth ions. Gd
3+

 was not extensively studied in 

this material, neither with optical nor magnetic spectroscopy. The aim of this work is 

to characterise the Gd
3+

 ion in YAl3(BO3)4 single crystal with EPR and optical 

spectroscopy.  

 

The angular variation of EPR spectra of Gd
3+

 was measured in two different 

planes: around the c axes the spectra are isotropic, however, rotating from c to a 

crystallographic axis strong anisotropy is observable. The D3h symmetry of the EPR 

spectra for Gd
3+

 ions unequivocally means that the dopant ion substitutes for Y. The 

spin Hamiltonian parameters are determined. 

 

The optical absorption of Gd
3+

 has three groups of bands in the UV range 

attributable to 
8
S7/2 → 

6
D, 

6
I and 

6
P transitions, respectively. Relatively strong 

luminescence is observed at 314.4 nm due to 
6
P → 

8
S7/2 transition, when excited at 

the above absorption bands. High-resolution excitation spectra were measured at low 

temperature and thus the Stark components of the absorption bands were determined. 
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In yellow corundum, Fe3+ is the dominant impurity ion but also Cr3+ and Ti3+ 
contribute in determining the optical absorption and emission properties of this variety of 
gem-quality corundum in a way very similar to that recently studied in Type 1, blue 
sapphires of metamorphic origin [1]. Further, particularly but not exclusively in samples 
of metamorphic origin, also Mn plays a role never evaluated up to now. We show how 
few units of ppm of  Mn, below detection limit of x-ray fluorescence and not revealed in 
the optical absorption spectra of yellow corundum samples, are detected by electron 
paramagnetic resonance spectroscopy (only as a divalent ion) and are active in photo-
luminescence, showing up with the emissions characteristic of Mn2+, Mn3+ and Mn4+. 

 

 
Figure 1: Room temperature photoluminescence  spectra of a magmatic 

(dashed line), and a metamorphic (diamonds) sapphire;  77 K photo-
luminescence  spectrum of metamorphic sapphire (full line). 
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In the blue colored sapphires of metamorphic origin and  Verneuil synthetic studied here,  the 
absorption-emission properties in the VIS-NIR range are largely determined by  Cr3+ and Ti3+, as 
we have been able to demonstrate recently, combining absorption and emission (radio- and photo-
luminescence) experiments [1].  
In that work a sharp radio-luminescence band  occurring at 870 nm in Verneuil blue sapphires was 
left unattributed: here we give evidence for the attribution of  that band to the 2E emission transition 
of V2+, and for the existence of such an emission also in natural samples of metamorphic origin .  
After such a result, we accurately evalued by EDXRF the V concentrations in various samples and 
found the ion more ubiquitous than foreseen .We then searched for and found, weak but diagnostic 
spin forbidden transitions and phonon sequencies in the absorption spectra of samples sufficiently 
rich in V . We also discussed  the effects of the overlap of V3+ and  Cr3+ spin-allowed  absorption 
bands on the spectrum of the varieties of corundum under study. 
To complete the updating of the interpretation, we spent a further effort to strengthen the attribution 
of the absorption band at 14500 cm-1 (currently interpreted as an  IVCT (Fe2+ → Fe3+))  to the 
5E→5T2 transitions of Cr2+. 
 

     
Figure 1: Left: Radio-luminescence spectra at 300 K of synthetic Verneuil (dashed  line) and V-doped 

synthetic (continuous line) corundum. Right: absorption spectra of V-doped corundum (continuous line) 
and natural Cr2+-Cr3+ containing corundum (dot and line), showing vibronic sequences ascribable to V3+ 

and Cr3+. 
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Electronically-induced defect formation under selective excitation of excitons in 
rare-gas solids by photons with energies hν < Eg results in accumulation of Frenkel-pairs 
by intrinsic excited-state mechanism of defect formation via self-trapping of excitons [1]. 
Recently the simple kinetic model was proposed, which allows fitting the experimental 
dose dependences of "defect" luminescence subbands and obtaining the particular kinetic 
parameters [2]. Application of this model provided a way of qualitative and quantitative 
analysis of rare-gas crystals, which is indispensable at any attempt of comparison of 
luminescence spectra from different samples. At the same time it is well known that there 
is a strong thermal quenching of the defect formation processes, which was initially 
explained by temperature dependence of lifetime of emitting states [3]. In the same 
temperature range the electron traps become active and charge recombination processes 
result in rich spectra of thermoluminescence.  

 
In the present study we apply the Eyring's transition state concept to the processes 

of thermal activation-inactivation of exciton trapping states resulting in luminescence 
spectra evolution under selective synchrotron irradiation. The experiments were carried 
out at the SUPERLUMI-station at HASYLAB, DESY, Hamburg. The selective photon 
excitation of solid Kr samples was performed with spectral resolution ∆λ = 0.2 nm. The 
VUV-luminescence analysis was performed with ∆λ = 2 nm, Pouey high-flux 
monochromator equipped with a multisphere plate detector. The dose dependences of 
luminescence of molecular-type self-trapped excitons at different temperatures under 
irradiation by photons with energies E < Eg were measured. These curves are saturated at 
long time of irradiation therefore we used the slopes of the initial linear parts of the dose 
curves at t = 0 as the defect formation rates w. Following Eyring assumption we can fit 
by formula w(T) = β·T·exp(–E/kT)·(1 + exp(∆S/k)·exp(∆H/kT))–1 the temperature 
dependence of the defect formation rate. Here k – the Boltzmann's constant, E – 
Arrhenius activation energy, β – scaling factor. The values of activation energy E and 
enthalpy of inactivation ∆H may be determined from the upper and lower tangents of the 
w(T) in the coordinates (ln[w(T)]) vs. (T–1). The value of entropy of inactivation ∆S may 
be obtained from the equilibration condition d(ln[w(Tmax)])/dT = 0. The best fit of the 
data is obtained with Tmax = 27 K, E = 4 meV, ∆H = 30 meV, ∆S = 1 meV·K–1. The 
evaluation of the energetic parameters of inactivation processes for the case of solid Xe is 
in progress. 
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Owing to advantageous combination of good physicochemical properties and high 
nonlinear coefficients the YAl3(BO3)4 (YAB) crystals are of interest for second harmonic 
generation purposes. When doped with rare earth ions the crystals acquire the ability to 
light generation and simultaneous frequency doubling of emitted radiation. This 
phenomenon, denoted as self frequency doubling, has been demonstrated in numerous 
reports dealing with YAB crystals doped with neodymium or ytterbium. The YAl 3(BO3)4 

:Sm3+ system has been chosen for the present work for two reasons. First, Sm3+ 
admixture endows YAB crystals with ability to show visible emission that may provide a 
laser potential, not yet explored. Second, trivalent samarium with the 6H5/2 ground and 
the 4G5/2 metastable multiplets, split into three crystal field components each, is a 
convenient probe of the crystal field in the activator sites. The latter feature is relevant to 
the crystal studied since the number and nature of  rare earth sites in the lattice of YAB 
are not clear. It is expected that rare earth ions would substitute yttrium ions in a single 
type site available whereas low temperature optical spectra imply the occurrence of two 
no-equivalent Yb3+ sites [1,2]. Careful examination of low temperature absorption and 
emission spectra recorded for our YAB:Sm3+ sample did not provide an evidence for the 
presence of  two different Sm3+ sites, however. This finding implies that an additional 
defect site of unknown nature can accommodate smaller Yb3+ ions but is not large 
enough to accommodate bigger rare earth ions. Crystal field splitting of Sm3+ multiplets 
involved in absorption and emission transitions derived from low temperature optical 
spectra were used to interpret peculiarities of emission bands and their temperature 
dependence. It was found that among numerous radiative transitions originating in the 
single metastable 4G5/2 level of Sm3+ the 4G5/2 – 6H7/2 transition around 598 nm and the 
4G5/2 – 6H9/2 transition around 650 nm appear to be particularly intense in YAB. The two 
transitions terminate on excited multiplets well separated from the ground state thereby 
consistent with the four level laser operation scheme. Spectroscopic parameters relevant 
to quantitative characterization of spontaneous emission and assessment of laser  
potential of YAB:Sm3+ system were determined and discussed. 
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Nano-materials own their unique properties in respect to particle size and structural 

effects, which their bulk counterparts do not possess. Therefore, comparative 

investigations of such systems, where materials behavior in the bulk form have been 

thoroughly studied and understood, provide excellent basis for identification of useful 

effects in their properties in nano-form. This has motivated us to carry out such studies of 

various nanostructural oxides [1-3]. Present work reports on electronic properties of 

MgO and Al2O3 studied by luminescence spectroscopy under VUV and XUV excitation. 

Oxide nano-crystals were prepared by various methods including combustion 

synthesis (MgO), plasma processing and other techniques (Al2O3). Resulting samples had 

typical crystallite size ranging from 25-100 nm, which is too large to induce quantum 

confinement effects, but small enough to influence the energy transfer processes. 

Alumina samples consisted of the mixed δ-,Θ-Al2O3 crystallographic phases. The low 

temperature time-resolved luminescence studies using VUV-XUV excitation were 

carried out in HASYLAB at DESY. Additional high-resolution cathodoluminescence 

studies were carried out at the laboratory set-up in Tartu. 

MgO and Al2O3 represent two classes of oxides. In the former one large radius 

excitons have been revealed (several narrow emission lines near 7.65 eV), whereas latter 

one possesses only self-trapped (-shrunk) excitons emitting at 7.6 eV [4]. Enhanced 

luminescence quenching was typical for all nano-samples as it is expected from increased 

surface to bulk ratio resulting in non-radiative proceeses in crystallite surfaces. For ~80 

nm size MgO nanocrystals UV-emission peaked at 5.7 eV is tentatively assigned to the 

surface self-trapped excitons predicted in [5]. In the excitation spectra considerable 

inhomogeneous broadening of excitonic maximum ~7.7 eV was revealed. In nano Al2O3 

a new emission band at 6.0 eV was detected with non-exponential decay of few ns 

components. The shift of intrinsic absorption edge down to ~7.4 eV in studied nano- 

Al2O3 samples [2], allows to assign 6.0 eV band to the self-trapped exciton emission in 

transition alumina. At lower energies superposition of radiative decay of intrinsic and 

defect (F
+
) emissions is observed. Based on experimental results intrinsic properties, 

relaxation of excitations and energy transfer processes will be discussed for two kinds of 

nano-size simple oxides. Comparison with the properties of bulk samples allows 

discussion of the application prospects of nano-samples, their advantages and drawbacks. 
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The phenomenon of self-trapping of electronic excitations (EE) is established 
mechanism of transformation of absorbed energy in wide-gap crystals. In oxides at low 
temperatures such process results in formation of anion self-trapped excitons (ASTE) and 
their radiative decay is known as ASTE luminescence. At the same time, there are only 
solitary reports about probable formation of cation self-trapped excitons (CSTE) in wide-
gap compounds, revealed by resonant inelastic X-ray scattering method [1,2].  

 
Our work is devoted to combined research of properties of ASTE and CSTE using 

methods of luminescence and X-ray emission spectroscopy at the selective XUV 
excitation in several oxide crystals: BeO, Be2SiO4, Al2BeO4, Al2Be3Si6O18, Y2SiO5-Ce. 
Experimental work was carried out at the SUPERLUMI station and the BW3 beam-line 
(HASYLAB, Hamburg) and at the beam-line I511-3 of MAX-lab (Lund).  

 
In all investigated crystals we observed ASTE luminescence at low temperatures. 

The formation of excited ASTE states has been investigated in more detail for binary 
ВеО and the respective models have been developed connecting self-trapping process 
with the initial lattice distortion [3]. A wide long-wave shoulder of the elastic scattering 
peak in the resonant X-ray emission spectra of BeO was firstly reported in [4,5]. We 
supposed that such profile in the observed spectra reflects formation of CSTE.  

 
The results of our study suppose that the creation of both ASTE and CSTE is 

preceeded by formation of short-living defects at the same local structural units of crystal 
lattice in complex oxides. This phenomenon can be caused by greater tendency of such 
local structural units (in comparison with other ones) to exhibit dynamical instability, 
which facilitates self-trapping process in these systems.  

 
This work has been partially supported by the Estonian Science Foundation grant 

7615 and 8306, as well as by the NATO grant CBP.EAP.CLG 983489. 
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Fast scintillators emitting in VUV spectral region can be coupled with position-
sensitive detectors filled with photosensitive gases or with the other VUV-sensitive 
detectors and used in special imaging techniques [1]. Wide band-gap fluoride hosts can 
be used for this purpose and the Nd3+ ions provide suitable emission center to obtain fast 
nanosecond emission around 180-190 nm due to  5d-4f transition of Nd3+. Also other rare 
earth ions, namely Er3+ and Tm3+, provide 5d-4f emission in such hosts even high energy 
shifted to 160-170 nm.  

 It is the aim of this contribution to provide an overlook of luminescence spectra 
and decay characteristics of Nd3+, Er3+ and Tm3+ centers in LiLuF4 single crystal 
including possible energy transfer mechanisms towards and away from Nd3+ 5d excited 
state. Single crystal doped with the mentioned RE ions were prepared by micro-pulling-
down technique in Sendai in the form of few cm long rods with the diameter of about 2 
mm from which the polished plates of 2x8x1 mm were prepared for the experiments. 
Excitation and emission spectra and fast decay kinetics in VUV spectral region were 
measured at SUPERLUMI station at synchrotron DESY, Hamburg and characterization 
was further completed with radio- and photoluminescence spectra and decay kinetics in 
UV-visible region at Spectrofluorometer 199S set-up in Prague. 

 Radioluminescence from 5d-4f state of Nd3+ consists of the broad bands at about 
182nm, 230 and 260 nm which are ascribed to transitions ending at the 4Ix, 

4Fx and 2Hx 
multiplets, respectively. Intensity of this radioluminescence depends on concentration of 
Er3+ and Tm3+. Mentioned RE ions have 4f-4f absorption bands in 230-270 nm spectral 
region which, in the case of the overlap with the above mentioned 5d-4f transitions of 
Nd3+ caused the unwanted energy transfer from 5d level of Nd3+ towards mentioned 4f-4f 
states of Er3+ and Tm3+. The integral value of the RL intensity in the regions 175-260 nm 
and 260-650 nm together with the luminescence decay times help to estimate the amount 
of energy loss depending on the concentration of Er3+ and Tm3+ ions. Overall scheme of 
energy transfer and conversion processes incl. their concentration dependences will be 
discussed as well. 
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Space-charge waves are oscillation eigenmodes in a system of traps and free car-
riers in semi-insulating solids when carriers move in an electric field [1]. used on photo-
refractive crystals like sillenites [2], SCW spectroscopy has recently been developed into 
a tool for the examination of defect structures in classical high-resistive semiconductors 
like InP:Fe or SiC[3]. The result permits to estimate the effective trap concentrations as 
well as the effective donor density Neff and the product μτ of electron mobility and life-
time in the conduction band.

Here we present a new variant of the excitation method that uses a running and a 
static illumination pattern[4]. It will be compared to the classical method of an oscillating 
pattern.  Advantages  of  the  new  approach  concerning  both  the  accuracy  and  the 
possibilities to determine further material quantities will be pointed out:

By now, the accuracy was limited  by the theoretical  analysis  of the oscillating 
pattern, which was not valid for high oscillation amplitudes and modulation depths. Since 
the excitation pattern now has direction of movement, the direction of charge transport 
can be determined additional to quantities of the classical method like Neff and μτ.

This  method  exhibits  new  features,  particularly  in  the  frequency  range  below 
resonance. In contrast to the old method – a constant AC current occurs, that is in phase 
with  the  excitation.  This  effect  will  be  explained  qualitatively  and  a  quantitative 
description will  be derived  from a valence  band-conduction  band balance  model.  To 
achieve  this,  the  system  is  regarded  as  quasi-static,  since  the  effect  is  present  for 
arbitrarily low frequencies. Further theoretical examinations of the non-static resonance 
and high-frequency range will be presented and the applicability of former theoretical 
treatises concerning the classical oscillating pattern for these ranges will be discussed.

On the basis of our analysis, the proposed new method of SCW spectroscopy can 
be regarded as an effective amelioration of the classical method. The theoretical analysis 
is  no  longer  limited  by  numerous  presumptions  like  low modulation  depth  or  small 
oscillation  amplitudes  and  it  not  only  overcomes  the  limits  of  the  experimental 
configuration and thus improves  accuracy of SCW spectroscopy,  but it  also provides 
additional information, such as the sign of the charge carriers. Financial support by the 
DFG  within  the  graduate  college  695  “Nonlinearities  of  Optical  Materials”  and  the 
project IM 37/5-1 is gratefully acknowledged.
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Phosphate and molybdate crystalline compounds with rare-earth (RE) luminescent 

ions that have emission in visible region under UV or VUV excitation are perspective 

materials for development of novel luminophors [1, 2]. Spectroscopic features of the RE 

ions luminescence in oxide hosts, namely the origin of emission and excitation bands in 

visible and UV regions were well explained during the long history of their 

investigations. However, some important physical issues like correlations between 

energies of charge-transfer transitions in the RE ions and peculiarities of electronic band 

structures of host crystals had attracted much lesser attention. Understanding of such 

problems can be significantly improved by a combination of experimental spectroscopic 

studies in the VUV region of luminescence excitations and theoretical calculations of the 

electronic structure carried out for the set of genealogically connected host matrixes.  

Polycrystalline compounds K3Bi5(PO4)6, K5Bi(MoO4)4, K2Bi(PO4)(MoO4), both 

undoped and Eu
3+

-doped were prepared using flux technique from K2O-MoO3-P2O5-

Bi2O3 melted system during slow cooling and spontaneous crystallization. Emission and 

excitation spectra in 4 – 20 eV energy region were obtained on SUPERLUMI station at 

HASYLAB (DESY), Hamburg, Germany (Project II-20080221). The electronic 

structures were calculated by the FLAPW method realized in Wien2k program package 

[3]. The local spin-density approximation with Hubbard-U corrections method was 

applied to 4f states of Eu
3+

.  

Peculiarities of the excitation energy relaxation, energy transfer between host 

matrix and the luminescent ions, role of Bi ions, phosphate and molybdate oxyanions in 

formation of the spectroscopic properties are outlined in time-resolved studies of the 

VUV-excited intrinsic and extrinsic luminescence. Obtained results on luminescence 

excitation spectra demonstrate clearly distinguishable dependence on the type of the 

crystal host, temperature and dopant concentration. The energies of charge-transfer 

electronic transitions with participation of Eu
3+

 ions in investigated crystals are clarified 

using results of experimental and theoretical studies. The nature of intrinsic emission 

bands and mechanisms of the excitation energy transfer to luminescent ions in 

investigated compounds are discussed.   

 
References 

 

[1]  A. Kato, S.Oishi, T. Shishido, M. Yamazaki, S. Iida, J. Phis. Chem. Solids 66, 2079 (2005). 

[2]  S. Nedilko, Y. Hizhnyi, O. Chukova, et al., J. Nucl. Mater. 385, 479 (2009). 

[3]  P. Blaha, et. al., 2001, ISBN 3-9501031-1-2.  

 



EURODIM 2010 B93

EXCITATION PROCESS OF TRIVALENT CERIUM IONS  
IN CALCIUM THIOGALLATE CRYSTALS BY HOT CARRIERS  

 
M. Kitaura1, A. Ohnishi1, M. Sasaki1, M. Itoh2, C. Hidaka3, T. Takizawa3 

 
1 Department of Physics, Faculty of Science, Yamagata University,  

1-4-12 Kojirakawa, Yamagata 990-8560, Japan 
2Department of Electrical and Electronic Engineering, Faculty of Engineering, Shinshu University, 

4-17-1 Wakasato, Nagano 380-8553, Japan  
3 Department of Physics, College of Humanities and Science, Nihon University,  

Sakura-josui, 3-25-40, Setagaya-ku, Tokyo 156-8550, Japan 
 

It is generally known that electroluminescence (EL) of inorganic phosphors is 
caused by the impact excitation of valence electrons by hot electrons (hot electron 
excitation). On the other hand, hot hole excitation has been found to be efficient in 
narrow-gap semiconductors, but there was no report on it in inorganic EL phosphors. 
Recently, it has been reported that the hot hole excitation is predominant in a single-
insulating EL device with SrGa2S4:Eu2+ thin film [1]. Similar conclusion was derived for 
the thin films of BaAl2S4:Eu2+ and EuGa2S4. In contrast, hot electron excitation became a 
dominant process, when Ce3+ was utilized as an active center in SrGa2S4, instead of Eu2+. 
The participation of hot electrons in the EL process seems to be a common feature in 
inorganic EL phosphors. In addition, dominant p-type conduction is not expected in ionic 
compounds such as alkaline-thiogallates, because the effective mass of holes is much 
large compared to that of electrons. For these reasons, it is still a puzzle whether the 
exchange of hot carrier type is realized or not in the same host material.  

The aim of our study is to clarify the excitation process of rare-earth ions by hot 
carriers in alkaline-thiogallates. In the present work, we have measured excitation spectra 
for the 5d → 4f emission band of Ce3+ ions in CaGa2S4 crystal at room temperature. The 
emission spectrum of CaGa2S4:Ce3+ is composed of two bands peaking at around 2.6 and 
2.4 eV, in good agreement with the previous data [2]. The excitation spectrum for the 2.6 
eV band is composed of three parts, I (3-4 eV), II (4-10 eV), and III (10-20 eV), 
according to their origins. Since the band-gap energy (Eg) of CaGa2S4 is around 4.10 eV 
in Ref. [3], parts I and II are assigned to be the 4f → 5d absorption of a Ce3+ ion and the 
fundamental absorption of CaGa2S4, respectively. Part III is interpreted as an indication 
of the multiple electron–hole production followed by the creation of hot photocarriers, 
because the threshold energy is larger than the value of 2Eg. By referring to the energy 
level structure by the DV-Xα calculation, it is supposed that the electronic transitions 
from the valence band to the upper conduction band occur in the 10-20 eV range. In this 
case, a large part of the photon energy absorbed by a crystal is converted to the creation 
of hot photoelectrons in the upper conduction band, and thus hot hole excitation should 
be negligibly small even if it happens. This interpretation is basically in line with the fact 
that electrons act as dominant hot carriers in SrGa2S4:Ce3+.  
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 Generation of high harmonics in the VUV region 15 - 150 eV provides the new 
light source for study of relaxation mechanisms of electronic excitations in compounds 
with wide band gap. For time-resolved luminescence measurements we use experimental 
setup installed on Ti:Sapphire 800 nm laser Aurore/CELIA (University of Bordeaux, 
France). The repetition period for this laser is 1 millisecond, and the time resolution of 
detection system is better than 50 picoseconds. The cut off orders of high harmonics 
generated in xenon, argon and neon cells are 15, 35, and 80, correspondingly, thus 
allowing to excite samples by photons with energies from 17 to 120 eV. After the 
monochromator, which selects a single harmonic, the pulse duration is about 600fs. The 
single VUV pulse of 40 eV photons contains 104 to 105 photons, the VUV beam spot 
diameter at the sample is 0.25 mm. We also use the fundamental harmonic (1.55 eV) and 
lower harmonics for multiphoton excitation mode. In comparison with most synchrotron 
radiation sources with repetition period 10 - 200 ns, our setup is applicable to study 
luminescence kinetics in case when subnanosecond and microsecond decay/raise 
components coexist.  
 We discuss the results of investigation of excitonic luminescence in several wide 
band gap compounds excited by VUV harmonics of Ti-Sapphire laser. The main 
attention is focused on the processes of radiation and radiationless relaxation in alkaline-
earth fluorides, in particular, in barium fluoride, which demonstrates coexistence of core-
valence luminescence and excitonic one. VUV photons create clusters of electronic 
excitations of various types (free electrons and holes in the valence and upper core band, 
holes at relatively deep levels, excitons and excitonic complexes of different types). The 
creation and evolution of these clusters of electron-hole excitations produced by single 
VUV photons is studied, and the influence of the spatial and temporal distribution of 
electronic excitations on their relaxation is discussed.  
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We examined the temperature dependence of the photoluminescence (PL) intensity 
I in silicon-rich nitride (Si3+xN4:H) films deposited onto Si substrates from a flow of 
silane-ammonia mixture diluted with nitrogen. The films were grown at temperatures 100 
and 380oC. Various film stoichiometries (x=0.08-3.7) were achieved by varying the 
silane/ammonia flow ratio in the PECVD process. According to Raman scattering data, 
the films contained a-Si nanoclusters (nc’s). With increasing x, PL spectra measured at 
different temperatures ranging from 80 to 350 K exhibited a red shift of PL maxima 
indicative of an increase of nc sizes. The curves of I(T) plotted in semi-log scale changed 
their slope at T* ≈ 200 К, showing that two different nonradiative processes were 
involved in the PL thermal quenching phenomenon. From the I-vs-T data, we were able 
to determine the activation energies Eact i and frequency factors fi (i=1, 2) of the two 
processes. Since the activation energy of the second process (which accelerated the rate 
of PL thermal quenching at T > 200 К), Eact 2 ≈ 0.13-0.15 eV, was close to the binding 
energy of Si nanoparticle confined excitons, this process was identified as the thermally 
stimulated exciton dissociation proceeding in the system when the most mobile carrier 
(hole) hopped into a neighboring a-Si nc to subsequently migrate into more remote a-Si 
nc’s. The activation energy Eact 2 is therefore the polarization energy due to partial 
exciton dissociation which the hole must have to hop into neighboring a-Si nc. The low-
temperature process with lower activation energy, Eact 1 ≈ 0.03-0.04 eV, was identified as 
exciton recombination at nonradiative sites in defect nc’s to which excitons get via their 
tunneling migration as complex particles without any notable electrical polarization. The 
value of Eact 1 seems to be defined by the dispersion of nc sizes in the system and, 
possibly, by some minor deformation of exciton during its passage under the tunnel 
barrier related to the difference of the effective electron and hole masses in a-Si nc’s and 
in silicon nitride. The proposed identification of the two nonradiative recombination 
paths of photoexcitations was supported by an observed correlation between the ratio of 
the frequency factors of the two processes, f2/f1, and the value of Eact 2 in individual 
samples, and also by the fact that quite reasonable values of typical tunneling distances 
Rtun in examined films (in the nanometer range) could be extracted from this 
identification. As it could be expected, the value of Rtun increased in proportion to Eact 2 
with a proportionality coefficient whose magnitude was consistent with simple 
electrostatic considerations. The obtained data strongly suggest the photoluminescence in 
the examined nanosystem to be of excitonic nature, not resulting from radiative 
recombination of electron-hole pairs from band-tail states of a-Si. In a wider aspect, the 
data gained in the present study give a clear picture showing in which form 
photoexcitation exist and migrate in a quantum-dot system formed by “weakly 
amorphous” semiconductor nanoparticles synthesized in a wide-gap dielectric matrix. 
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Functional ferroelectric oxides are the materials-of-choice in  different applications 

from actuators to memory and spintronic devices. A key advantage is that their properties 

may be tailored by adding suitable impurities. Consequently, for improvement of 

functional properties  a detailed knowledge of the defect structure  is required. Studies of 

SrTiO3: Cr is nowadays of  special interest with the problem of charge compensation and 

its attractive applications as resistance elements [1].  

In this work we report on Electron Paramagnetic Resonance (EPR) study in the X-

band range on as grown, thermally oxidized and reduced Cr-doped SrTiO3 single 

crystals. The crystals were grown by the Furuuchi Chemical Corporation and contained 

0.005% chromium in the melt. EPR spectra were recorded in the temperature range 4 – 

300 K.  

In all crystals Cr
3+

 - and Cr
5+

 - centres were observed. The temperature and angular 

dependences for as grown reduced and oxidized samples were performed. The linewidth 

of Cr
3+

 “cubic” centres were analyzed for all kinds of crystals. The strong charge 

compensation for impurities ions in SrTiO3 crystals were confirmed. 
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The manganese-doped yttrium aluminum perovskite (YAP) single crystals are 
known as a perspective material for thermoluminescent (TL) detectors of ionizing 
radiation [1]. The Mn2+ ions occupying Y3+ positions in YAP are responsible for the TL 
emission near 530 nm that occurs after ionizing irradiation of the crystals. A relatively 
high sensitivity to ionizing radiation and a linear dose response at least up to 1 kGy are 
the most attractive properties of the material. In spite of the high effective atomic number 
(Zeff=31.4), this material is a good candidate for middle- and high-dose dosimetry of 
ionizing radiation, especially when tissue equivalence is not needed [2]. 

It was revealed recently that at low concentration of manganese ions (≤0.05 at.%) a 
new type of emitting centers beside Mn4+ and Mn2+ ions becomes apparent in 
thermoluminescence of the crystals. TL emission of these centers around 640 nm is 
observed in a single TL peak at 570 K [3].  

The present work continues the work [3] and is aimed to study the nature of the TL 
emission around 640 nm as well as to establish potential of this TL peak for dosimetric 
application. For this purpose, measurements of optical absorption, photoluminescence 
and wavelength-resolved thermoluminescence have been done. Besides, the main 
dosimetric properties of the TL peak at 570 K, such as repeatability, thermal fading, dose 
dependence and effect of daylight exposure, has been studied.  
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The recently made high-efficiency А2В6 based ZnSe (Х) scintillator, where X is 
isovalent impurity, causes searching the competitive materials. One of such scintillators 
may be the isovalent-doped ZnS possessing the lowest effective number among the А2В6 
compounds, the fact promising its application as the scintillator for low-energy radiation 
detectors.  

 To achieve the purpose, we have carried out and analyzed the physical-chemical 
process of the ZnS and ZnTe powder mixture fritting in hydrogen and argon atmospheres 
at tellur concentrations to 10%. The optimal fritting regime has been established, and it 
has been shown that oxide phases and first of all zinc oxide influenced substantially onto 
this process. The fritting in hydrogen atmosphere results in more rapid reaction in 
comparison to argon due to chemical-thermal etching the ZnO layer out.  The 
equilibrium constant temperature depending was analyzed for the main reactions with 
hydrogen. The real process of ZnS and ZnTe powders fritting in hydrogen atmosphere 
was found to be a complex heterogenic reaction which is effected by both 
thermodynamical and kinetic factors. The completeness of the solid solution formation 
was determined by the absorption edge shift and slope in measuring the diffuse reflection 
coefficient spectral depending with following comparison with tellur content data of X-
ray fluorescent analysis. The solubility limit of Te in the ZnS lattice was determined as ~ 
2%. The X-ray luminescence spectra of the solid solutions obtained show a series of the 
lines where λmax=460nm and λmax=520nm are the main ones. As the Te concentration 
varies, the line intensities redistribution takes place. Annealing in the zinc vapor results 
in increasing the luminescence intensity (by a factor 3) and is followed by the significant 
spectrum deformation. Continuance annealing in the  inert atmosphere (Ar, 10000C, 72 
hours) brings about essential improvement scintillation parameters (increase the light 
output ~ in 20 once, formation the intensive emission band with λmax = 470 nm, afterglow 
level reduction) and is accompanied the rearrangement of the crystalline lattice from 
wurzite-type grating  in sphalerite. The experimental ZnS0.98Te0.02 crystal growth has 
been carried out by Bridgmen technique.          
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The feasibility of substantially diminishing afterglow in CsI:Tl scintillator material 

by co-doping with Sm2+ has been demonstrated previously [1].  Rate equations informed 
by experiment predict that deep samarium electron traps scavenge electrons from shallow 
thallium traps, and experiments on single-crystal samples of CsI:Tl,Sm suggest that 
electrons released by samarium recombine non-radiatively with holes trapped as VKA(Tl+) 
centers, thus providing a mechanism for suppression of trapped-charge accumulation in 
repetitive applications [2].  Other experiments support the inference that electrons tunnel 
freely between samarium ions to be trapped preferentially near VKA(Tl+) centers where 
non-radiative recombination is the rate-limiting step [3].  A linear-coupling model in the 
harmonic approximation, based on quantum chemistry calculations with selective lattice 
relaxation, suggests further that non-radiative charge-transfer is enabled by low-energy 
excited states of Sm2+ within the ground configuration and is mediated by spin-orbit 
interaction.  Although recombination is predominantly non-radiative, tracking of the 
process with enhanced gain settings is enabled by both radiative recombination following 
thermal ionization and a small radiative component of the charge-transfer recombination 
associated with magnetic-dipole transitions from low-energy excited states of Sm2+.  In 
the present investigation, combined radioluminescence, afterglow and 
thermoluminescence were recorded sequentially, with enhanced gain settings for the 
latter two, on two single-crystal samples of CsI:Tl,Sm with nominal concentrations of 
0.11% Tl+ and of 0.2% and 0.05% Sm2+, respectively, irradiated for four minutes at -112 
C.  Following ten minutes of afterglow, a series of thermoluminescence glow peaks is 
observed with light output at least two orders of magnitude weaker than that of the 
scintillation.  These glow peaks are tentatively attributed to reversible radiation damage; 
i.e., recombination of HA(Tl+) centers with F centers.  We thank NIH for support of this 
work under Grant No. 5R44RR022921-03. 
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       We report the results of defect structure study in TlInSSe single crystals, which have 
potential optoelectronic applications in the visible range of the spectrum, by the thermally 
stimulated currents (TSC) method. The influence of defects on the performance of 
optoelectronic devices is a well-known subject. In optoelectronic devices such as LEDs or 
lasers, defects may introduce nonradiative recombination centers to lower the internal 
quantum efficiency or even render light generation impossible, depending on defect density. 
In the case of electronic devices, defects introduce scattering centers lowering carrier 
mobility, hence hindering high-frequency operation.  

       Undoped TlInSSe single crystals were studied via TSC measurements in the temperature 
range of 10-180 K. A closed cycle helium cryostat was used to cool the sample from room 
temperature down to 10 K. A Lake-Shore 331 temperature controller was utilized to provide 
constant heating rate of 0.8 K/s. A Keithley 228 A voltage/current source and a Keithley 6435 
picoammeter were employed for TSC measurements. At low temperatures, carriers were 
excited by a light emitting diode, generating light at a maximum peak of 2.6 eV. The analysis 
of the TSC data gives information about the characteristic features of the traps distribution. 
For this reason, the sample was excited by light at different illumination temperatures  
(T0i = 30, 45, 52 and 57 K). The intensity of the TSC spectra decreased and the peak 
maximum shifted towards higher temperatures with increasing light illumination 
temperatures. This fact supported the validity of a quasi-continuous traps distribution.  

       In order to obtain the energetic traps distribution, the total charge released from the traps 
is calculated from the area difference of two successive experimental TSC spectra related to 
the pairs of illumination temperatures T0i and  T0i+1 : 30 and 45 K, 45 and 52 K, 52 and 
57 K. The maximum temperatures (Tmi) of calculated TSC curves with corresponding peak 
areas (Qi) are listed in the Table. The mean activation energies of traps (Eti) were obtained 
with the help of the initial rise method as 28, 47 and 67 meV. The energy levels were 
associated with defects created during the crystal growth, because the studied crystals were 
not intentionally doped. It was revealed that the obtained traps distribution can be described as 
an exponential distribution. The variation of one order of magnitude in the trap density 
for every 79 meV was estimated. Moreover, the capture cross-section, attempt-to-escape 
frequency and concentration of the traps were determined (see Table). 

Table. The illumination temperatures of two successive experimental TSC curves (T0i − T0i+1); maximum 
temperature (Tmi) and area (Qi) of calculated TSC curves; the mean activation energy (Eti), capture cross section 
(Sti), attempt-to-escape frequency (νi) and concentration (Nti) of traps in TlInSSe crystal.  

T0i − T0i+1 (K)  Tmi  (K) Qi (μC)    Eti (meV)   Sti (cm2) νi (s-1) Nti (cm-3) 

     30−45   81.4   94.5         28  4.7 × 10-25   1.4 1.9 × 1017 

     45−52   93.9   63.8         47   3.1 × 10-24 12.3 2.3 × 1017 

     52−57  104.2   30.7         67  1.6 × 10-23 78.6 2.7 × 1017 
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The study of lanthanides properties in different inorganic materials is increasing mainly 
for numerous modern applications in light-emitting devices. The conversion of VUV 
radiation, scintillator materials, and tunable UVV-UV laser sources rely on lanthanide 
luminescence upon high-energy excitation. The inorganic polyphosphates with general 
formula AREP4O12 (where A - alkali metal and RE - rare earth ions) have been 
extensively investigated in the past years due to their interesting optical properties. In 
particular, the Ce3+ luminescence in CsGdP4O12:10.0 at% Ce3+ powder sample delivers a 
high light yield (24 400 photon/MeV) [1], NaGdP4O12:Tb3+ is more preferable phosphor 
for PDPs than Zn2SiO4:Mn2+ [2] and LiGd(PO3)4:Eu3+ is considered to be a potential red 
phosphor for mercury-free lamps and PDPs application [3].  

The present work provides studies of luminescence properties of APr1-xCexP4O12 
(alkali metal ions of Li+ and Na+) compounds considering the Pr - Се pair as a suitable 
candidate for the increasing of scintillation efficiency, because the studies of fluorides 
hosts have demonstrated facilitating energy transfer from the Pr3+ to Ce3+ ions [4].  

APr1-xCexP4O12 powder polyphosphates were prepared using melt solution 
technique, characterized by X-ray powder diffraction and by the scanning electron 
microscopy (the size of grains 100μm). The luminescence characteristics studies have 
been performed at the SUPERLUMI station at HASYLAB (DESY, Hamburg) upon the 
excitation by the synchrotron radiation. 

The corresponding luminescence spectrum of APr1-xCexP4O12 (x=0.1;0.02) 
powder samples in wavelength region of 210-360nm at VUV and VU excitation have 
composed of the parity-allowed d-f emission bands of Pr3+ and Се3+-ions. In the 
excitation spectrum of Pr3+-ion luminescence the bands typical for the 4 f 2-5d14 f 2 
absorption transitions (160-220 nm) have been observed. As a result of a resonance 
interaction between Pr3+- Се3+ ions the energy transfer from Pr3+ to Се3+ has been 
registered. In this case the excitation bands inherent for Pr3+ ion are observed in addition 
to the bands of Се3+ ion in the excitation spectrum of cerium emission.  

The shortening of decay kinetics of Pr3+ 4f5d-4f2 luminescence also reflects the 
energy transfer process from Pr3+ to Ce3+ as well. The energy transfer to Се3+ ions 
involving Pr-sublattice is confirmed by the peculiar profile of the rise time of Се3+ ions 
kinetics in APr0.9Ce0.1P4O12. The Ce3+ luminescence decay kinetics of APr0.9Се0.1P4O12 
upon the excitation in the region of f-d absorption of Ce3+ and Pr3+ ions are identical. The 
scintillation pulse of APr0.9Се0.1P4O12 upon X-ray excitation reveals preferably the fast 
decay time component whereas the scintillation pulse for CsGd0.9Се0.1P4O12 contains a 
long microsecond decay time component. 
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Last years the renaissance of Eu doped scintillators (SrI2: Eu, BaI2: Eu and so on) 

demonstrates the quest for extremely bright, spectroscopy grade scintillators with the minimal 
short decay claims [1]. Eu2+ luminescence centers have ~100% quantum efficiency, so the main 
physical and technology problem to sustain maximum excitations and to provide the best energy 
transfer to Eu2+ inside crystal lattice. A priori NaI host looks very attractive (NaI: Tl is well 
developed scintillator) and the first study of NaI: Eu crystal demonstrated the yield about 
25 000 ph/MeV even at 12 μs pulse integration time [2]. However, this value is far from the 
theoretical limit (80 000 ph/Mev). 

This work is directed to the deep investigation limits of NaI: Eu scintillation efficiency 
increase. To establish a nature of emission centers and correspondence between the 
luminescence and scintillation properties, Eu doped NaI crystals were grown by Czochralski 
method. Concentration of Eu2+ in crystals was varied from 10–5 to 5·10–1 mol %.  

At low Eu content a narrow emission band at 441 nm (τ = 970 ± 40 ns) caused by 4f 6  5d 
Eu2+ transition was revealed NaI: Eu crystal. Intense luminescence was detected even though 
small concentration (≤ 10–4 % Eu). It confirms the high quantum efficiency of Eu2+ center in NaI 
crystals. Eu content increase leads to additional emission appearance at 477 nm. So, at least two 
luminescence centers exist in these crystals. Keeping in mind that Eu2+ charge compensated 
vacancy creates a dipole Eu2+– υ–

c or stay at remote position (Eu2+… υ–
c), and more complex 

aggregates at high activator content, the activator center transformation by crystal heat treatment 
is the most efficient way to study emission evolution. It was shown that annealing-quenching 
cycling allows to vary the balance between emission peaks. Moreover, the quenching rises up the 
yield of photoluminescence in 14 times for NaI: Eu (4.10–1 %) and in 4 time for low 
concentrated (3.10–4 % Eu) crystals. But in the latter case the ageing leads to “active activator 
centers” decrease and light output down, that testifies to solid solution decomposition. Some 
other channels of scintillation efficiency loss were found in NaI: Eu crystals. UV irradiation at 
297 K leads to the long phosphorescence that depends on Eu concentration. Afterglow is 8 times 
suppressed if activator content increases in studied range. Afterglow spectra differ: peaks at 441 
and 477 nm for low and high activator content, accordingly.  

Results obtained allows to make hypothesis and to discuss the structure of luminescence 
centers but in any case relatively low limit of Eu solubility is the main pile up to reach higher 
scintillation efficiency at NaI: Eu crystals. 
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CsI is the base for the family of fast (pure crystals) and slow (Na and Tl doped 
crystals) scintillators. There was only one attempt to reveal a scintillation suitability of 
CsI: Eu crystal which showed the light yield close to 19 100 photons/MeV [1]. Thermo 
and optical stimulated luminescence’ parameters of Eu - doped alkali halide crystals 
(KBr: Eu, RbBr: Eu, CsBr: Eu, etc. [2, 3]) correspond well for UV dosimetric and X-ray 
imaging applications. Regarding the optical properties of Eu doped CsI, to our 
knowledge, minimal data have been published [4, 5]. Like to other alkali halides, in 
CsI: Eu a charge compensating vacancy may be located near Eu2+, leading to formation 
of Eu2+ – υс– dipole. In this case, the crystal field symmetry surrounding Eu2+ is no longer 
cubic but C2v. As was shown [5], the crystal field effect is smaller in CsI than in other 
alkali halides, and the effect of vacancy on Eu2+ is too weak.  

This work is concerned on revealing a crucial question regarding the effect of 
Eu2+ – υс– dipole aggregation and precipitation centers formation in Eu doped CsI.  

Properties of pure and EuI2 doped CsI bulk crystals and vacuum deposition films 
were studied. Eu2+ concentration was varied from 10-5 to 10-2 mol%. The determinations 
of lattice parameters and the phase identification were performed by the X-ray diffraction 
method (XRD). Annealing and quenching phenomena of crystals and films were studied. 
Emission, excitation, reflection and absorption spectra were recorded in the temperature 
range of 8-300 K under excitation by UV-VUV photons. Investigations of luminescence 
spectroscopy using synchrotron radiation in VUV range of 4-35 eV were performed at 
the Superlumi station of HASYLAB at DESY.  

It is shown that the large radii difference between Cs+ and Eu2+ ions with the 
requirement of charge compensation, limits the formation of CsI - EuI2 solid solution. 
Competing emission bands appear in spectra of CsI: Eu as consequence of single and 
complex centers. At low Eu concentration UV and X-ray irradiation stimulates a narrow 
luminescence band at 441 nm caused by the transition from 4f6 5d to 4f7 (8S7/2) state of 
Eu2+. Long-wave shift to 477 nm was shown for emission in case of high Eu2+ content. 
Excitation spectra of both luminescence bands demonstrate the effective energy transfer 
from lattice to different centers. EuI2 phase was detected for high concentrated samples 
by XRD method. In case of oxygen presence the europium oxide is generated in the melt, 
it leads to trivalent europium ions appearance and excluding part of dopant from 
emission process. Formations of Suzuki and EuI2 phases as well as CsEuI3, CsEu2I5 are 
discussed.  

 
References 
 
1. I. Holl, E. Lorenz, G. Mageras, IEEE TNS, 35 (1988) 105-109. 
2. S. Schweizer, U. Rogulis, S. Assmann, J.-M. Spaeth, Rad. Meas. 33 (2001) 483–486. 
3. S. Hesse, J. Zimmermann, H. von Seggern et al., Rad. Meas. 42 (2007) 638 – 643. 
4. V. Savel’ev, V. Avdonin, L. Dugarova et al., Sov. Phys. Solid State, 16 (1974) 1090-1093. 
5. H. Seo, W. Zhang, T. Tsuboi et al., J. Alloys and Compounds, 344 (2002) 268–271. 
 



B104 EURODIM 2010

CONTROL OF LSO SCINTILLATION RESPONSE BY CO-DOPING 
WITH RARE-EARTH ELEMENTS 

 
 

O.Ts. Sidletskiy, N.G. Starzhinsky, B.V. Grinyov, K.A. Katrunov, I.M. Zenya, O.V. Vyagin, 
A.A. Masalov, V.G. Bondar 

 
Institute for Scintillation Materials NAS of Ukraine, 60, Lenin Ave., 61001 Kharkiv, Ukraine 

 
 

Cerium doped lutetium oxyorthosilicate Lu2SiO5:Се (LSO:Се) is a known material 
with high light yield and nanosecond decay times [1]. However, moderate radiation 
hardness and high afterglow level narrow the application range for this material. 
Development of a method for improvement of these characteristics is a point of the 
present work.  

 
Impact of LSO single crystals codoping with rare-earth elements (Ce, Yb) in 

energy and kinetic parameters of luminescence has been studied. Significant decrease of 
light storage (afterglow drop by 102) is observed at the certain concentrations of 
activators (CCe~0.1 at. %, CYb~0.5 at. %). Herein, luminescence band position and light 
yield value do not change substantially, and stability of output characteristics for 
LSO(Ce, Yb) has been improved (Table 1). 

 
Table 1: Characteristics of LSO based crystals. 

No Crystal ССе, mol.% СYb, mol/% S0, arb. un. Afterglow level, η 
(%) after 100 ms 

1 
2 
3 
4 
5 
6 

undoped LSO 
LSO(Ce) 

LSO(Ce,Yb) 
LSO(Ce,Yb) 
LSO(Ce,Yb) 
LSO(Ce,Yb) 

<0.001 
0.1 
0.1 
0.1 
0.1 
0.1 

<0.001 
<0.001 

0.05 
0.1 
0.5 
2 

0.55 
1 

0.94 
0.77 
0.72 
0.36 

2.03 
3.01 

0.478 
0.165 
0.017 
0.025 

 
Afterglow level decrease and other effects observed for LSO crystals with the 

codopant optimal concentration may be ascribed by both crystalochemical, and 
electrophysical factors. Addition of isovalent (isoelectronic) dopant Yb into LSO:Ce 
crystals leads to suppression of genetic defects, that is, improvement of crystal lattice 
uniformity by the mechanisms described in [2] is possible. At the same time, Yb can play 
role of isoelectronic acceptor that neutralizes non-compensated charge of traps linked to 
light storage in crystals, by analogy with [3 – 5]. 
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Cadmium silicate CdSiO3 is a long lasting phosphorescent material with potential 

applications in opto-electronic devices [1]. This material presents monoclinic crystalline 
structure and light persistence of about 3 h in the visible region [2]. In this work, we 
have studied the route of production and the phosphorescent properties of CdSiO3 in 
pure state, doped with Cr3+, Ni2+ and Mn2+, and co-doped with (Cr3+, Mn2+) and (Ni3+, 
Mn2+). The powders were synthesized by a conventional solid-state method, using low-
purity industrial precursors. The single crystalline phase CdSiO3 was obtained after two 
milling for 72 h and two calcination stages at 1000°C/8h. The optical and structural 
properties of the synthesized powders were studied via photoluminescence (PL), X-ray 
Excited Optical Luminescence (XEOL), X-ray absorption near edge structure (XANES) 
and X-ray absorption fine structure (EXAFS). XEOL, XANES and EXAFS spectra 
were measured at the L1 Cd absorption edge, as well as at the K absorption edge of the 
transition metals (Mn, Ni and Cr). The PL and XEOL emission spectra of the pure, 
doped and co-doped samples presented broad emission bands near 496 nm and 593 nm, 
with different relative intensities depending on the type of excitation. Figure 1 shows 
the PL spectra of the sample CdSiO3:Mn2+, with emission bands at 496 nm and 593 nm.  

    

 
Figure 1: PL spectra of the sample CdSiO3:Mn2+ 

 
The valence of the dopants inserted in the host matrix was investigated by 

XANES. The valence states of Cr and Ni were determined as 3+ and 2+, respectively. 
For Mn, both 2+ and 3+ oxidation states were detected. EXAFS spectra showed that the 
distribution of coordination shells seems to be modified by the presence of each dopand.  
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Cadmium tungstate (CdWO4 – CWO) is a scintillator material with high detection 

efficiency for X- and γ-rays. It presents intrinsic luminescence in the blue region and 

excellent operational characteristics such as nonhygroscopic nature and radiation 

hardness [1,2]. CWO has wolframite-type structure, belonging to the monoclinic class, 

and space group of P2/c [3]. The aim of the present work was to produce and 

characterize CWO ceramic scintillators using solid state route as an alternative form to 

overcome the problems typically faced in the single crystal growth. Undoped samples 

were synthesized and their crystalline structure was studied by X-Ray Diffraction (XRD) 

measurements, with Rietveld refinements of the patterns. The structural arrangement of 

atoms in the neighbourhood of Cd and W ions was analyzed using Extended X-ray 

Absorption Fine Structure (EXAFS) spectra for samples with 3N and 4N purity degrees. 

Optical characterization was performed by photoluminescence and X-ray Excited Optical 

Luminescence (XEOL). The major scintillation efficiency was observed for 3N purity 

samples, indicating the technologic viability of low purity scintillators, which brings 

economic advantages to the production process. The measurements of the scintillation 

efficiency as a function of the X-ray energy provided additional information about the 

luminescence mechanism of this material.  
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Figure 1: CWO samples under excitation of X-rays with energies at W L3-edge. EXAFS spectrum is shown 

for comparison. 
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This work aimed the synthesis and the structural and optical characterizations of 

the system Ca2Al2SiO7: Ce
3+

, Mn
2+

 using the proteic sol-gel method [1] and a new hybrid 

route, which combines the proteic sol-gel method with the solid state synthesis. In these 

synthesis routes coconut water (Cocos nucifera) is used as a starting solvent. The main 

difference in the two methodologies is associated with the starting material used as Si 

source: in the hybrid route, SiO2 was the used while in the sol-gel route TEOS was used. 

In order to determine the best calcination conditions (time and temperature) for the 

two different routes, thermal analysis techniques and powder X-ray diffraction (DRX) 

were used. According to the (DTA) analysis, an exothermic peak at 930°C indicates the 

formation of crystalline phases in the material produced using the hybrid route. For the 

samples produced through the proteic sol-gel method, the crystallization is verified at 

about 850°C. From the XRD patterns, it was possible to observe the production of the 

single crystalline phase in both methodologies, however at different calcination 

temperatures: 1300, for the hybrid route, and 1000°C, for the Sol-Gel route. The 

crystallite size was evaluated using the Scherrer’s equation, and the results indicated that 

the calcined powders in both preparation routes is in the nanometric scale, and these 

results were confirmed using the transmission electronic microscopy (TEM). 

The optical properties were studied through optical absorption (OA) and 

photoluminescence (PL). According to the OA, the optical band gap of the Ca2Al2SiO7 

system is ~6ev. Analyses carried out in PL indicates that in co-doped samples (fig. 1) the 

emission of the Ce
3+

 ions, due to the 5d
1
  4f

1
 [2,3] transition, can resonantly excite the 

6
A1(G)  

4
A1g/

4
Eg(G) transition of the  Mn

2+
 ions which, in turns, decay to the ground 

state emitting the characteristic spectrum of Mn
2+

. This process indicates that there is an 

energy transfer from Ce
3+

 to Mn
2+

 [3]. With the PL and the OA results it was also 

possible to estimate the energy levels diagram for the Ce
3+

 and the Tanabe-Sugano 

diagram with transitions associated to the Mn
2+

, as a first approximation. 
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Figure 1: (a) Emission spectra of the co-doped samples showing two 

emissions (~415 and ~620 nm). (b) Detailed view of the second peak in 

the emission spectra (~620 nm). 
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The aim of our work was comparison of the scintillation and luminescent properties of 

Lu3Al5O12:Ce (LuAG:Ce) single crystal (SC) and single crystalline film (SCF) prepared by 
the different technological ways. The specific of LuAG:Ce SC is the extremely large (up to 
0.6 at.%) content of LuAl antisite defects (AD) [1]. The presence of AD is an inevitable 
consequence of the high-temperature (~2030 oC) growth of the bulk SCs of this garnet from 
by Bridgman or Czochralski methods. The LuAl AD as analogue of cation isoelectronic 
impurities create in the LuAG:Ce SC the emission centers in UV range and trapping centers 
as well [2]. Contrary to SCs, due to the low (~1000°C) temperature of growth by liquid 
phase epitaxy (LPE) method, the LuAG:Ce SCF scintillators are free from AD [2].  

We show that the light yield (LY) of LuAG:Ce SCF, prepared by LPE method from PbO-
B2O3 flux, and LuAG:Ce SCs, grown by Czochralski and Horizontal Bridgman methods are 
comparable and equal of 21400, 20700 and 19300 Photon/MeV, respectively, under 
excitation by α–particles of Pu239 sources (5.15 MeV). The peculiarities of the luminescence 
and excitation energy transfer from LuAG host to the Ce3+ ions and centers formed by the 
LuAl ADs have been also studied in this work, using the time-resolved emission spectroscopy 
of the LuAG:Ce SC and SCF, performed at Superlumi station (HASYLAB at DESY) under 
the excitation by the synchrotron radiation with an energy of 3.7-25 eV.  

Apart the Ce3+ luminescence in the visible range peaked at 515 nm, the LuAG:Ce SC 
possesses also intensive intrinsic emission in the UV range in the bands peaked at 4.30 and 
3.7 eV, caused by the formation of an exciton localized at LuAl AD and luminescence of 
excitons bound with the LuAl AD, respectively [2]. Due to even large concentration of LuAl 
ADs in comparison with the Ce3+ ions (0.25 at. %), the formation of the Ce-AD coupled 
centers occur in LuAG:Ce SC. Previously, the existence of these centers in LuAG:Ce SC 
was confirmed by ESR [3]. These centers are responsible for the complex TSL peak at 150 K 
and large (up to 75 %) content of slow components in Ce3+ emission decay in LuAG:Ce SC 
scintillators [1]. The existence of Ce-AD coupled centers is also supported by the substantial 
difference in the energy of formation of an excitons bound with Ce3+ ion in LuAG:Ce SC 
(6.93 eV) and SCF (7.26 eV) as well as by the substantial difference in the shape of 
excitation spectra for these SC and SCF in the exciton range. The location of the excitation 
bands of the Ce3+ emission in LuAG:Ce SC is close to the position of excitation bands of the 
LuAl AD luminescence; i.e., the LuAl AD is significantly participated in the excitation of Ce3+ 
emission in LuAG:Ce SC.  

Contrary to SC, only single Ce3+ ions in emit in LuAG:Ce SCF. This allows correct 
determining the fundamental parameters of Ce3+ luminescence in this scintillator.  
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Current-voltage characteristics of indium-embedded indium oxide thin films (600-850 

Å), with Ag electrodes approximately 1000 Å thick, prepared by reactive evaporation of pure 

indium in partial air pressure have been studied. The optical properties of these films have 

also been investigated as a function of metallic indium concentration. I-V characteristics of all 

the samples are non-ohmic, independent of metallic indium concentration. The conductivity 

of the films increases but the optical transmission decreases with this concentration. 

Furthermore, two possible conduction mechanisms are proposed. 
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The superthin basalt fiber (STBF) is characterizes by high thermal-insulating and 

electrical-insulating properties and serves as a good adsorbent in highly effective filters for 
cleaning of air from various gases and aerosols. However physical properties of STBF are 
poorly known, which is the basic obstacle to their wider use. This paper presents for the first 
time the results of measurements of electrophysical parameters of initial (sample 1) and 
chemically modified Armenian STBF (sample 2) with fiber diameter d <10 micron in air at 
room temperature. Also, specific electric resistance for constant (dc) and alternating (ac) 
current as well as dielectric permeability coefficient (’) and dielectric losses (”) within the 
frequency range from 200 Hz to 1 MHz are determined. It is revealed that special treatment 
of the sample in the hydrochloric acid solution results in reduction of  dc and ac by 3-4 
order of magnitude and increase of ε ' 4.5 times and ε" more than 500 times. It is also 
revealed that after switching on of constant electric field, dc shows relaxation character: at 
first it increases quickly and then comes to saturation slowly. It is determined that dc 
relaxation time grows from two minutes for sample 1 to several hours for sample 2. It is 
found that increase of dc before stabilization is no more 60 % of the initial value for sample 
1 and much more higher for sample 2. Gravimetric research of initial and chemically treated 
samples in the sorbtion regime has shown that the obtained results are basically caused by 
presence of water molecules [1] in them. Samples 1 and 2 contain 0.4 and 15 weight % of 
water accordingly, and it is located in pores of the various sizes. After modification, 
increase of both total volume of sorbtion pores and percentage of macro and micro pores [1] 
more than 4 times takes place due to reduction of mesopores share. Decrease in 
electrophysical parametres (ac, ’, ”) with a rise in frequency of alternative field specifies 
that in STBF dipole polarization mechanism works. Significant growth of water content 
after chemical treatment of STBF gives rise to rely on improvement of its sorbtion 
properties relative to aerosol particles, and the measurements of electrophysical parameters 
could become an appropriate indirect method of determination of absorbtion properties.   

 The work is performed within the framework of ISTC-A1605 Project. 
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KTaO3 is known as a quantum paraelectrics whose dielectric constant increases 
with decreasing a temperature and is saturated at a relatively high value of 4000.[1] With 
substitution of another cation in K or Ta site, a peak appears as an indication of a 
transformation to a ferroelectrics or a relaxor ferroelectrics. Our studies using second 
harmonic generation microscope (SHG), x-ray diffraction and neutron diffuse scattering 
on Li-doped KTaO3 (KLT) reveled similar behaviors [2] to the prototype relaxor 
Pb(Mg1/3Nb2/3)O3. To get knowledge on the role of Li substitution, we performed 
dielectric measurements on KLT as a function of temperature and Li concentration x.  

Figure 1 shows a temperature dependence of dielectric constant ε’ as a function of 
x. For x<2.6%, ε’ shows a broad peak at Tm. Below Tm, it decreases sharply and then 
increases with a further decrease of temperature. This phenomenon indicates that the 
quantum paraelectric behavior is superposed on the Li dipole ordering with low Li 
concentrations. With increasing x, Li dipole ordering depresses the effect of zero point 
fluctuations and the increase of ε’ disappears. 

Figure 2 represents the Cole-Cole plot of KLT-4.4% for the temperature region 
between 60 K and 90 K, where the dispersion is clearly observed. Below 65 K, only one 
semicircle I is clearly observed. With increasing temperature, another semicircle II 
appears at 75 K and Circle I becomes smaller and finally disappears at 105 K. This 
phenomenon is not observed in KLT when x is less than 4.4%. It indicates that 
Semicircle I includes contributions from both ferroelectric and domain fluctuations, 
while Semicircle II represents the relaxor nature. 
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Dipole defects in gamma-irradiated and thermally treated beryl (Be3Al2Si6O18) 

samples have been studied using the Thermally Stimulated Depolarization Currents 

(TSDC) technique. The contribution of this work, measuring the effects of irradiation and 

thermal treatments in natural material, is to elucidate the role played by impurities and 

defects in the properties of the crystals that are used for radiation purpose. TSDC 

experiments were performed in pink (morganite), green (esmerald), blue (aquamarine) 

and colorless (goshenite) natural beryl. The TSDC technique allows the study of the 

behavior of defects with dipolar origin and also the nature of the aggregation of dipoles 

in the material [1, 2]. Natural beryl crystals present a great variety of impurities 

exhibiting TSDC bands [3, 4]. The correlation between the TSDC results and the results 

obtained through other characterization techniques contributes to the explanation and 

knowledge of the material properties [5]. 

TSDC spectra present dipole peaks at 190K, 220K, and 280K that present small 

changes after gamma irradiation and thermal treatments. In morganite samples, for 

thermal treatments between 700K and 1100K, the 280K peak increase in intensity and 

the band at 220K decrease. The TSDC bands of morganite are not affected by gamma-

irradiation and the other studied beryl samples present an increase in the high 

temperature peak with the irradiation dose. In the case of emerald samples, gamma-

irradiation enhances the 280K peak and thermal treatments drastically destroy this band. 

The goshenite TSDC spectra present only one band at 280K. All the observed peaks are 

of dipolar origin because the intensity of the bands is linearly dependent on the 

polarization field, behavior of dipole defects.  

A systematic study, by means of TSDC measurements, of ionizing irradiation 

effects and thermal treatments in these crystals makes possible a better understanding of 

the role played by the impurities in beryl crystals.     
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Usually the diffusion of particles or defects in solids is considered as the process of 

the jumps through the interstice, vacancies, etc [1]. However, a study of the processes of 

the transfer in the media, which can be as continuous medium, still has its prospects. Any 

thermodynamic force Xk (gradient of concentration ∇n, temperatures ∇T, mechanical 

stresses ∇σ, electric fields ∇φ), which acts in the continuous medium, contained 

heterogeneities (interstitial particle, vacancy and other defects), is caused to the 

appearance in solid of the corresponding fluxes  Ji  - diffusion, thermal, deformation, 

electric current. These fluxes appear because of an affinity of external forces and 

properties of the separate particles xi (mass, charge, volume, thermal energy of separate 

particle). Under the close connection of all parameters of particle (mass, charge, volume 

are still is one particle), any of the thermodynamic forces will lead to the appearance of 

all fluxes, whose values will be defined both by the amount of force itself and from the 

nature of interaction of the particles with the environment, which are described by the 

kinetic coefficients Lik. 

Ji = xiv = Xk    (1) 

Special interest presents the study of the deformation flux, which appear under any 

thermodynamic force.   

        (2) 

where ε is deformation, coefficients ζn, ζT, ζV, ζq  are the kinetic coefficients, which 

describe the deformability of medium under effects of the appropriate forces.  

In the work the deformation field, which accompanies the process of diffusion 

through the infinite plate are examined. It is shown that the internal strain of medium 

causes the significant stresses, whose estimations had made in [2]. Since the rate of 

accommodation processes in the solid into 10
8
 exceeds the diffusion rate, there is a 

significant change in the deformation field which influents on the diffusion process. Thus 

there is a specific self-influence. 

The specific effects may appear at particular combinations of the control 

parameters.  Similar effects were observed during the diffusion of hydrogen through the 

membranes [3,4]. The comparative analysis experimental data and theoretical estimations 

was carried out 
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We consider an oxide matrix that contains dopant metal ions (M-dopant) replacing lattice 
metal ions of the same ionic +p  state. The M-dopant is assumed to be immobile, yet 

susceptible to changes of its valence state. During reduction, free oxygen atoms 22
1 O  

evaporate from the crystal surface. Oxygen vacancies are thus created at the crystal 

surface, which then diffuse into the bulk. On oxidation, the process is reversed. The 

evaporation of a neutral oxygen atom leaves behind a free lattice site, plus two electrons. 

Three options are considered: in the first, the two electrons remain bound to the vacant 

lattice site of the former −2O  , thus forming a −2
OV -type vacancy. This species is 

electrically neutral relative to the parent lattice. In the second, one electron turns free or 

get trapped, the other remains bound to the vacant lattice site, and forms a −
OV - type 

vacancy. In the third, both electrons turn free or get trapped, and the vacant lattice site 

remains bare - OV . The metallic dopant ion +pM  is assumed to be a deep acceptor, 

namely, under proper conditions it may trap an electron and change into +−1)(pM .  

   In the present communication the chemical diffusion of such oxygen vacancies was 

analyzed by the dynamic reaction zone concept [1-3]. The dopant ion oxidation/reduction 

dynamics are obtained for the different oxygen vacancy charge states. 
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It is known that, depending on their occupancy with charge carriers, the state of 
deep traps (DTs) in anion-defective crystals α-Al2O3 and TLD-500K ionizing radiation 
detectors based on these crystals has a considerable effect on parameters of the detectors 
used for thermoluminescence (TL) or optically stimulated (OSL) dosimetry [1]. 
Information about properties of DTs and high-temperature TL peaks related to these DTs 
is scarce in the literature [2,3]. The present study is an extension of investigations into 
DTs and reports results, which can be useful in the future for determination of their 
nature and origin. The high-temperature TL was excited at temperatures of the samples 
above the temperature of the main dosimetric peak at 450 K by ultraviolet (UV) radiation 
of a mercury lamp for filling of electron traps or radiation of an X-ray tube for filling of 
electron and hole traps. Excitation of the samples by UV radiation at a temperature of 
570 K and subsequent heating from room temperature at a rate of 2 K/s led to the 
formation of TL peaks at about 700, 780 and 900 K. The sensitivity of the main peak to 
the test dose of β-radiation increased 5-10 times. Isochronous annealing caused the return 
of the sensitivity to its initial value at a maximum rate when the low-temperature part of 
the TL peak was annealed at 780 K. The analysis of the OSL after analogous filling of 
deep traps demonstrated that the sensitivity increased more than one-two orders of 
magnitude, while the kinetics at which the sensitivity returned to its initial value was 
close to the one observed for the TL. According to the phototransfer TL (PTTL) data, 
main peak at 450 K and the peaks at about 780 and 900 K were interrelated. After the 
photostimulation the peak at 900 K diminished and the peaks at 450 and 780 K increased 
simultaneously. Qualitatively different regularities of the high-temperature TL and the 
variation of the main peak sensitivity were observed after X-raying of the samples at a 
high temperature. In this case the main peak sensitivity increased only 3-5 times and the 
TL curve had a new peak at about 830 K in addition to the peaks excited under UV 
radiation. As the TL sensitivity of the main peak returned to its initial value during 
annealing, a local growth was observed over the temperature interval of the TL peak at 
about 830 K, while the OSL sensitivity did not change over this temperature interval. The 
high-temperature TL spectra were dominated by the 330 nm band whereas the TL peak at 
about 830 K was the sum of several first-order peaks, which were discriminated well 
during reading as the heating rate of the crystals α-Al2O3 increased. 
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Although luminescence properties of Pb
2+

 and Ce
3+

 in SrHfO3 host (SHO) have 

been recently studied due to various potential applications [1, 2], the mechanism 

of the Pb
2+

 and Ce
3+

 excited states thermal quenching  has not been addressed. 

Both Pb
2+

 and Ce
3+

 doped SHO microcrystalline powders were prepared by 

multi-step solid state annealing technique. Radioluminescence and 

photoluminescence (PL) spectra as well as both  the prompt and delayed decay 

kinetics were investigated in the wide temperature range (10 – 500 K) using the 

time-resolved luminescence spectrocopy techniques. Temperature dependences 

(TDs) of PL decay time and PL emission intensity of both Pb
2+

 and Ce
3+

 centres 

were fit by the fenomenological model. Corresponding excited state 

characteristics were determined.  The innovative method of measuring the TD of 

intensity of the delayed radiative recombination was employed to better 

understand the origin of temperature quenching of the Pb
2+

 and Ce
3+

 decay times 

[3, 4]. The method put in evidence the excited state thermal ionization of both 

activators in the SHO host. The influence of dopant concentration and suitability 

of both the Pb and Ce-doped SHO for phosphor and scintillator applications are 

discussed. 

 

Financial support of Czech GAAV KAN300100802 grant and Italian CARIPLO 

Foundation project "Energy transfer and trapping phenomena in nano-structured 

scintillator materials" is gratefully acknowledged. 

 

 [1]  E. Mihokova, et al., IEEE Trans. Nucl. Sci. (2010). DOI    

  10.1109/TNS.2010.2044047 

 [2]  V. Jary, et al., Radiation Measurements (2010).     

  doi:10.1016/j.radmeas.2010.01.013 

 [3]  J. Pejchal, et al., J. Phys. D: Appl. Phys. 42, 055117 (2009) 

 [4]  M. Nikl, et al., Chem. Phys. Letters 410, 218 (2005). 

 

 

 

 
 

 

 

 

 



EURODIM 2010 B117

Nd doped Al2O3 as capacitive dosimetric sensor 
 

Eduardo dos Santos Ferreira1, Camila Martini Mattos2, Sonia Hatsue Tatumi2, Juan Mittani2 

 
1 UFABC, CECS, Rua Santa Adélia, 166. Bairro Bangu. Santo André - SP – Brasil  

2 FATEC-SP, Praça Cel. Fernando Prestes, 30. Bom Retiro, São Paulo – SP - Brasil 
 
 

In the present the work, we are proposing the Al2O3  doped with Nd as an 

capacitive dosimetric sensor. The samples were produced, by polymer calcinations 

method [1] and doped with different Nd concentrations. Figure 1 shows the typical 

impedance results obtained to the samples above produced. It was noted that Nd 

concentration can changed the conduction process from the boundary to inside of the 

grain forming electrical dipoles. High electric permittivity values were obtained for all 

Nd doped alumina samples  however the sample doped with 5mol% Nd  presented the 

smallest relaxation time, being considered as the best candidate to be used as capacitive 

dosimetric sensor. The impedance analyses indicated that electrical permittivity changes 

with ionizing radiation doses. 

TEM images with EDS and electron beam diffraction revealed nanocrystals of 

NdAl, NdAl2, NdAl4 according to the concentrations of Nd in the alumina crystal. 

Impedance results indicated an increase in the dipoles concentrations of 33nC/m3 for 5% 

mol of Nd, in low-frequency measurements, related to NdAl2 and NdAl4 compounds, 

located at the surface of the grains. Also, for this sample the electric permittivity value 

was the maximum 10.39 and the relaxation time was the minimum 1.82.  

 
Figure 1: Typical impedance results for pure Al2O3 and Al2O3 doped 

with Nd 
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      From the viewpoint of radioactive contamination of environment by nuclear 

power plants (NPP) operating in normal regime, of primary interest are gas aerosol 

emissions as the least controllable after their formation.  

      The problem of super-thin clearing of aerosol particles and gases from the 

suspended micron particles is solved by the development of new filtering systems on 

the basis of super thin basalt fibers, i.e. the filters with very complex geometrical 

characteristics sized approximately tenth and hundredth part of micron.  In this 

connection, very important and actual is modeling of the filtration process as well as 

calculation of capture-sedimentation coefficient. Basic equations for the filtration 

process are presented showing dependences on both the sizes of radioactive particles 

and structural features of the filter. Estimations have shown that the presence of 

electric charge on super thin fibers leads to polarization of the suspended particles 

and their attraction to the fiber surface. It follows from the theoretical analysis that 

calculation of electrostatic effects should be carried out in the model system, because 

in real filters super thin fibers can have noncircular form in cross-section and higher 

degree of uncertainty of charge distribution on fibers over the filter thickness. The 

important problem is determination of radius of the most penetrating particles in the 

above conditions and for the parameters of super thin basalt filters.  

    The use of filters from basalt fiber at NPPs will result in a number of advantages, 

namely: operation at higher temperature, chemical resistance, ecological cleanliness, 

durability, etc.  

     This work was supported by the International Science and Technology Center, 

project A-1605. 
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In order to approach the ideal conditions to optimized the performance of the 10 mm 

CaF2 crystal which is containing(5%) standard mixing of uranium ions as proposal saturable 

absorber element model for Q-switching laser operation in the spectral wave length around 

1.353 µm, the main aspects of this investigation are accomplished by means of the analytical 

treatments and direct calculations of derived equations as well as several programmed plotted 

graphs are obtained and applied to evaluated the most important active influences parametric 

and its effect on this type passively Q-switching laser operation such as, the output pulse peak 

power, the pulse energy, the depth modulation as well as the absorption cross-section and the 

nonlinear reflectivity . 

 

The comparing of the interpolated results for this work with the different wave length 

ranges and by another materials types are strongly agreed with the earlier researchers 

calculations[1,2]. Slightly different with some researcher measurements [3,4,5] were owing to 

experiment errors as well as, which were because of the close estimations and the high precise 

treatments of this work. The errors percentage were only 4-5.8%, which are seem 

insignificant its influences on the essential goals for this work The results are very satisfied to 

applied this proposal model as optimum controlling element for the passively Q-switching 

laser operation at 1.353 µm . 
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The functionality of PhC structures will increase when their optical properties are 

tunable. An attractive possibility in this respect is to replace the low-index part (air) with a 

material that has a tunable refractive index. The infiltration of PhCs with fluids or polymers 

for realizing tunable optical devices or sensors was first suggested a decade ago [1] and 

experimentally demonstrated in both three-dimensional [2] and 2D [3–4] geometries. 

In the designed structure, a 2D triangular photonic crystal of air holes patterned 

perpendicularly to a InP- based confining heterostructure with the effective RI n=3.32 (ε=11). 

To study the influence of the polymer on the photonic band gap (PBG), we take the same 

structure then we filled the air holes (low index) with water (n=1.33) and a polymer PMMA 

(polythylmethacrylate) (n=1.54). We could show that the optical transmission of a filled 

photonic crystal structure obtained with the Finite Difference Time Domain (FDTD) method 

(fullwave simulator) exhibit a redshift of the air band edge while no significant shift is 

observed for the dielectric band edge [5] (see figure1a). This study is followed simulation of 

the microcavity in 2D PhC with triangular lattice of air holes filled with water and polymer; 

we clearly observe the resonance peak of this cavity redshift and the resonance quality factor 

decrease. When the cavity is locally filled, the redshift of the resonance peak is of the order of 

a fewnnanometers (see figure1b). 
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Figure1: (a) Transmissio n of the PhC with a triangular arra y of n=1(air), n=1.33 (water) and n=1.54 (polymer). 
(b)  Transmission spectra of the cavity spectra filled locally with different amb ient refractive indices. 
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Recently, a wide range of photonic crystal (PC) sensing devices has been 

presented in the literature (measurement of parameters like temperature, humidity...) 
[1]. Photonic crystal waveguide is one class of PC devices that has been demonstrated 
for refractive index (RI) measurements [2,3]. 

 
In this work, we have presented two kinds of photonic-crystal waveguides used 

for RI measurements. We have calculated transmission spectra for air holes in SOI 
wafer infiltrated with nonlinear optical materials like polymers (or fluids) (Fig2) and 
for a slab polymer waveguide perforated by a periodic array of air holes (Fig1). 
                                                                                                  

               
 
 
 
 

Both types show a high sensitivity of the PC based on polymer. The sensing 
properties of PC-WGs have already been exploited for different simple parameters; 
one interesting field of application of PBG (photonic band gap) components is for bio 
sensing purposes. 
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Fig1: Calculated transmission spectra for TE-like 
polarization of W1 2D PC waveguide with d = 
240 nm and a = 370 nm. Spectra for 3 different 

slabs of polymers are shown.  

Fig2: Calculated transmission spectra for TE-like 
polarization of W1 2D PC waveguide with d = 

240 nm and a = 370 nm. Spectra for four different 
solutions are shown. 
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Pure indium metal was thermally evaporated in the presence of oxygen atmosphere, 

with partial pressure of 6.6x10-2 Pa, onto glass substrates and onto C-Cu grid at room 
temperature. The structural characteristics of these optically transparent and  electrically 
conducting thin films were investigated using X-ray diffraction (XRD) and transmission 
electron microscopy (TEM)  techniques and the results are discussed on the base of the 
differences in their morphologies and thicknesses. Cubic In2O3 and tetragonal In phases, with 
crystal structures and lattice parameters as reported in the literature, have been identified in 
the thinnest film having 100 nm thickness. The tendency for amorphization of the cubic and 
tetragonal phases becomes evident as the film thickness increases. 
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THE OPTICAL AND ELECTROLUMINESCENT PROPERTIES OF 
HYBRID FILMS ON THE BASE OF POLY(N-VINYLCARBAZOLE) 

VERSUS QUANTUM DOT CdSe/ZnS CONCENTRATION 
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Hybrid polymer-quantum-dot light-emitting diodes (PQD-LEDs) have drawn 
immense attention in the LED research community by virtue of the combination of easy 
processibility and ruggedness of polymers and unique optical properties of QDs. This 
hybrid device has the potential to exploit in the large variety of applications that should 
be open to the excellent electronic and optical properties of inorganic quantum dots 
combined within an organic matrix. In development of the practical LED devices, it is 
important to study the fundamental photophysical properties of the organic-inorganic 
nanohybrids in the multilayered QD-LEDs. 

The aim of this work is to study the effects of the mass ratios of QD (CdSe/ZnS) to 
PVK on the optical and electroluminescence properties of hybride films. 
Photoluminescence and absorption spectra of QD/PVK films were measured on quarz 
substrates, while electroluminescence - on ITO substrates with multilayer structure 
ITO/PEDOT:PSS/PVK+QD/Alq3/Al.  

The PL and EL spectra of the compositions were fitted with Gaussians to obtain the 
individual peaks. The ratios of the integrated intensity of QD PL and EL to that of PVK 
versus mass ratios QD/PVK in the range of 0,1:1 and 7:1 were studied. It was found that 
at low concentration of QD (in mass ratio range from 0,1 to 1) the intensity of QD PL 
and energy transfer increase with the QD/PVK mass ratio increase and has a maximum at 
the mass ratio 4:1. When the concentration of QD in the compositions is more than 3:1, 
the aggregation of the nanocrystals may occur, that would result in the concentration 
quenching and reduction of the efficiency of the energy transfer from PVK to CdSe/ZnS 
nanocrystals. The existence of the energy transfer is testified by the spectral overlap 
between the emission spectra of PVK and absorption spectra of the CdSe/ZnS 
nanocrystals. 
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Crystal growth and structure of a new triple molybdate CsFeZr0.5(MoO4)3 
 

B.G. Bazarov1, T.V. Namsaraeva2, R.F. Klevtsova3, L.A. Glinskaya3, J.G. Bazarova1 
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Ulan-Ude, 670031, Russia 

2Buryat State University, Smolina Street 24, Ulan-Ude, 670000, Russia 
3Nikolaev Institute of Inorganic Chemistry, Siberian Branch, Russian Academy of Sciences, 

prosp. Akademika Lavrentieva 3, Novosibirsk, 630090 Russia 
 

Studies of the phase equilibria in molybdate systems with different combinations of cations 
(singly, doubly, triply, and quadruply charged) have revealed the presence of isostructural series 
of compounds M5LnZr(MoO4)6, (M = K, Rb, Tl; Ln = La–Lu, Y) and Cs5RZr(MoO4)6 (R are trivalent 
non-lanthanide metals). The crystal_chemical properties of most compounds have been 
determined. During the studies of the phase equilibria of the systems Cs2MoO4–R2(MoO4)3–
Zr(MoO4)2, we found for the first time the formation of a new class of compounds described as 
CsRZr0.5(MoO4)3. 
The triple molybdate CsFeZr0.5(MoO4)3 was synthesized by the stepwise solid_phase annealing in 
the temperature range of 350–700°С for 100–150 h. The attainment of the equilibrium was 
checked by X-ray diffraction on a Bruker D8 Advance diffractometer (CuKα radiation, graphite 
monochromator).  
The crystallization process of CsFeZr0.5(MoO4)3 was studied using solution–melt crystallization in 
two sections, CsFeZr0.5(MoO4)3–Cs2Mo2O7 and CsFeZr0.5(MoO4)3–Cs2Mo3O10, of the Cs2MoO4–
CsFeZr0.5(MoO4)3–MoO3 system in the temperature range of 800–500°С; for each section, optimal 
crystallization conditions (temperature and cooling rate) were selected. To this end, the 
pre_synthesized molybdate CsFeZr0.5(MoO4)3 and solvents (Cs2Mo2O7, Cs2Mo3O10) in various ratios 
were smelted and kept for 17 h under isothermal conditions (650–700°С) until a homogeneous 
melt was formed; this was cooled at a rate of 1.7–5.0 K/h. In the CsFeZr0.5(MoO4)3–Cs2Mo2O7 

melts (molar ratios 1:1, 1:2, and 1:3), double molybdates crystallize at temperatures above 
700°С. In the CsFeZr0.5(MoO4)3–Cs2Mo3O10 system, the solvent Cs2Mo3O10 crystallizes as 
transparent needles of different size at 1 : 1 and 1 : 2 ratios and at temperature below 700°С, 
while at 1 : 3 ratio, the triple molybdate CsFeZr0.5(MoO4)3 crystallizes as small prismatic crystals. 
As a result, the crystal structure of this molybdate is a three_dimensional mixed framework 
composed of successively alternating МоO4 tetrahedra and (Fe,Zr)O6 octahedra connected to one 
another by sharing O vertices. During structure solution, statistical distribution of Fe and Zr 
atoms over the ninefold M(1) positions was identified. Taking account of this fact, the final 
refinement of coordinates and thermal parameters of basis atoms was performed. The occupancy 
factor of М(1) =2/3 Fe + 1/3 Zr was taken in accordance with the given chemical formula of this 
molybdate, CsFeZr0.5(MoO4)3. 
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LUMINESCENCE AND RADIATION-INDUCED DEFECTS IN 
GADOLINIUM MOLYBDATE CRYSTALS 
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Gadolinium molybdate is a widely studied ferroelectric-ferroelastic material which 
can be applied in acousto-optical, laser and light-emitting devices. In our research an 
experimental study of the luminescent properties and radiation-induced phenomena in the 
β`-Gd2(MoO4)3 single crystals was performed. Low temperature photoluminescence (PL) 
spectra under UV/VUV and XUV excitation were measured at the SUPERLUMI station 
and BW3 channel (HASYLAB, DESY). At T=90 K PL spectrum was found as a broad 
band with Eem=2.38 eV (FWHM=0.65 eV) when excited into the main excitation peak, 
Eexc=4.4 eV. Excitation into the fundamental absorption edge (Eexc=4.0 eV) lead to a shift 
of the spectrum to Eem=2.45 eV. At T=7.5 K the PL band became explicitly split into two 
subbands 2.21 and 2.45 eV. Complete quenching of PL yield was observed at Tq=140 K, 
activation energy Ea=0.11 eV. Assumption was made upon considering all data that the 
PL originated from radiative decay of the self-trapped excitons localized at MoO4

2- 
tetrahedra. 

 
Energy migration processes between cation and anion sublattices were discovered. 

They were identified by the presence of three sharp lines in the PL excitation spectra 
attributed to the 8S7/2→

6PJ transitions in the Gd3+ ions. At T=10 K Gd3+ emission from 
the same levels was observed upon excitation into the Gd 4d core level (Eexc=149 eV). 
Due to the low spectral overlap between Gd3+ emission and MoO4

2- absorption, the 
energy transfer was assumed to take place via electron-hole pairs mechanism. This 
requires participation of the Gd 4f levels in the formation of the top of the valence band. 

 
Gadolinium molybdate crystals were exposed to the fast electrons beam from the 

microtron (electron energy Ee=10 MeV, fluence F=5·1016 cm-2) in order to investigate 
possible defects. Radiation-induced defects were detected by the weak yellow coloration 
of the crystal and slight absorption edge shift. Irradiation by fast electrons did not 
influence the TSL glow curve. A new PL band at Eem=1.92 eV (FWHM=0.38 eV) with 
selective excitation at Eexc=3.92 eV was discovered. Its quenching temperature Tq=220 K 
was higher than that of the intrinsic PL band, though activation energy Ea=0.12 eV was 
almost the same. Defect centers with similar properties were previously studied in 
several molybdates and were ascribed to emission of self-trapped excitons localized near 
oxygen-deficient MoO3 tetrahedra. 
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