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Dear Colleagues and Friends,

It is our great pleasure to welcome you for the fifth time to The International Conference on the
Physics of Optical Materials and Devices — ICOM 2018. The conference is organized by the
Vinca Institute of Nuclear Sciences, University of Belgrade (Serbia), Laboratoire de Chimie de
la Mati¢re Condensée de Paris (France), Institut de Chimie de Clermont-Ferrand (France) and the
Institute of Low Temperature and Structure Research Polish Academy of Sciences, Wroctaw
(Poland). This meeting is the continuation of a series of ICOM conferences organized every
three years starting with Herceg Novi, Montenegro in 2006 and 2009; Belgrade Serbia in 2012
and Becic¢i, Montenegro in 2015.

The ICOM Conference brings together scientists and technology users who investigate or
develop materials for optical applications. The conference presents the state of the art in
preparation methods, optical characterization, and usage of optical materials and devices in
various photonic fields. This year 2 plenary, 9 keynote, 21 invited lectures, 95 oral and 146
poster presentations will be presented in the following sections: Luminescent materials: new
luminescent materials, new synthesis techniques, new phenomena; Hybrid optical materials
(organic/inorganic); Low-dimensional systems, quantum dots, single molecule and single-
particle spectroscopy; Characterization techniques of optical materials; Luminescence
mechanisms and energy transfers; Theory and modelling of optical processes; Ultrafast-laser
processing of materials; Luminescence thermometry; Physical, chemical and biological sensing
using optical methods; Optical sensors; Medical imaging and bioimaging; Advanced optical
materials in photovoltaics and biophotonics; Devices: lasers and amplifiers, LED and OLED,
plasmoniclight sources, photovoltaics; Photothermal and photoacoustic spectroscopy and
phenomena.

We hope that ICOM 2018 will be fruitful in terms of scientific exchange and that it will reinforce
the existing collaborations between the participants and promote new ones in the future. We
would like to acknowledge financial support given by numerous organizations.

Organizers of the ICOM 2018 wish you a nice time during the conference!

Conference Chairpersons:

Prof. Dr. Miroslav D. Dramicanin
Prof. Dr. Bruno Viana

Prof. Dr. Wiestaw Strek

Prof. Dr. Rachid Mahiou
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A. Meijerink®, P.T. Prins, P. Villanueva-Delgado, M. Castelijns, R. G. Geitenbeek, Z. Wang,
F.T. Rabouw

a
Debye Institute, Utrecht University, Utrecht, The Netherlands, e-mail:a.meijerink@uu.nl

It is not often that 0.5 is a perfect number but in case of upconversion (UC) materials 0.5
represents the perfect quantum yield. The best that can be achieved is emission of one high
energy photon for every two low energy photons absorbed. Where ‘normal’ (downshifting)
phosphors in lighting and displays have quantum yields close to the ideal 1, UC phosphors
are still far from their perfect 0.5. For microcrystalline materials the highest UC quantum
yields are just over 0.1 but in UC nanocrystals quantum yields are much lower [1,2]. In this
presentation several causes for the low UC quantum yields will be discussed. An important
tool is quantitative modelling of energy transfer and (for UC nanocrystals) ligand quenching.
A new microscopic ligand-quenching model will be presented and applied to understand
multi-phonon vibrational quenching in NaYF,: Er,Yb UC nanocrystals. It takes into account
cross-relaxation at high doping concentration as well as Forster energy transfer from
lanthanide excited states to vibrational modes of molecules surrounding the NCs. Our model
provides insight in the inert-shell thickness required to prevent solvent quenching in NCs.
Overall, the strongest contribution to reduced UC efficiencies in core—shell NCs comes from
quenching of the near-infrared energy levels (Er**: *111, and Yb**: 2Fs)), which is likely due
to vibrational coupling to OH defects incorporated in the NCs during synthesis. Finally the
role of the photonic environment will be discussed in relation to avenues to enhance
upconversion efficiencies [3].
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Figure 1. (a) Schematic of solvent quenching for green and red emission from Er**, (b) Dependence of
quenching rate on the position of the Er** dopant in the NC and the role of shell growth, (c) Solvents
with different refractive index used to investigate the role of photonic effects [2,3].
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ADVANCES IN HIGHLY DOPED UPCONVERSION
NANOPARTICLES AND EMERGING APPLICATIONS

Jin Dayong?
Institute for Biomedical Materials & Devices (IBMD), Faculty of Science, University of
Technology Sydney, Ultimo, NSW, Australia

Lanthanide ions doped upconversion nanoparticles (UCNPs) are capable of converting near-
infrared light into visible and ultraviolet one. Their unique optical properties have advanced a
broad range of applications, such as fluorescent microscopy, bio imaging, nanomedicine,
optogenetics, security inks, and volumetric displays. The restraint of concentration
quenchinghas been long challenging the community for the development of brighter UCNPs
with a large amount of dopants. This review surveys the mechanism and strategies that
bypass the concentration quenching effect to produce highly doped UCNPs, followed by a
detailed discussion of new optical properties and some emerging applications introduced by
these nanoparticles.



UPCONVERSION NANOPARTICLES IN NANOBIOMEDICINE

John A. Capobianco
Department of Concordia University Chemistry and Biochemistry and Centre for Nanoscience
Research, 7141 Sherbrooke St West, Montreal, Quebec H4B 2R1, Canada

The field of upconversion in ion doped system can be traced back to an idea of Bloembergen
in 1959. Bloembergen proposed that IR photons could be detected and counted through
sequential absorption (ESA) within the levels of a given ion in a solid. Role of energy
transfer in upconversion was recognized by Auzel in 1966. Medical science has begun to
focus their attention on the use of nanomaterials to improve diagnosis and treatment of
diseases with the ultimate goal of moving into personalized medicine. The need to develop
more efficient drug delivery procedures motivated us to propose novel nano-carrier based on
lanthanide upconverting nanoparticles (UCNPs). They offer significant advantages in
biological applications, particularly the extension of the system applicability to deep tissue
regions of the body, a reduced scattering of the excitation wavelength, reduction of
autofluorescence, and decrease in photodamage to the system under study. We will discuss
relevant biological applications of these upconverting nanoparticles as a platform for drug
delivery, photodynamic therapy, optogenetic and XPDT.



BIG CHANGES IN PERSISTENT LUMINESCENCE
CHARACTERISTICS AND ELECTRONIC STRUCTURES OF Ce-
DOPED GARNETS BY HYDROSTATIC PRESSURE

Setsuhisa Tanabe, Jumpei Ueda, Masaya Harada
Graduate School of Human and environmental Studies, Kyoto University, Kyoto, Japan,
tanabe.setsuhisa.4v@kyoto-u.ac.jp

Luminescence properties of phosphors are generally varied with pressure because the electronic
structures of the host material including Ln**:4f, 5d and trap levels depends on pressure. We have
reported compositional variation of electronic structures such

as the conduction band (CB) bottom and Ce*": 5d levels in
Y3AlsxGa,0r2: Ce** (YAGG:Ce) phosphors as well as their
persistent  luminescence of Cr** codoped samples
(YAGG:Ce-Cr)[1]. We have also reported Ga-content (x)
dependence of quantum efficiency of Ce** in GYAGG,
which rapidly drops in compositions above x>3.0 [2]. By
using a diamond anvil cell (DAC) Prof. Grinberg in Gdansk
and our group have reported large pressure dependence of
photoluminescence (PL) in YGG (x=5)[2]. According to the
results, non-luminescent YGG: Ce* at RT becomes
luminescent and its lifetime, thermail quenching temperature
increase with increasing pressure because of increasing CB
bottom, which is close to the Ce®": 5d; level. In this study, the
pressure dependence of PL and persistent luminescence
(PersL) in Ce*-M*" codoped Y3AlGa;01, (x=4) phosphors
were investigated, in which M** ions (M = Yb or Cr) act as an
electron trap for persistence. The PL intensity of Y3AlGa,O1.:
Ce**-M*" was increased by pressure because the nonradiative
rate due to thermal ionization decreases due to the increase of
energy gap between the CB bottom and the 5d; state of Ce®*.
With increasing pressure, the slope of PersL decay curve in the
Yb-codoped system decreases. This result indicates the
pressure increases the energy gap between CB and trap level of
Yb?*, the electronic configuration of which is 4f **. On the
other hand, in the Cr** phosphor, the persL decay slope of Ce**
were increased with increasing pressure. This discrepancy is
due to different nature of 3d orbitals of chromium, which are
split in a crystal field and more largely under higher pressure.
In the garnet structrure, the Cr** ions (3d®) occupy the
octahedral site, which accept one more electron to be Cr** 0

during charging as a result of photo-ionization of Ce**. As a W 8 N K0 1w
Wavelength (nm)

Fig.1. Measurement setup of
persistent luminescence under high
pressure with DAC.
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high-spin configuration under a moderate 10Dq, this 4th electron Fig.2. Pressure dependence of PL
occupies the eg-state with higher energy. Increasing 10Dq under spectra of YAGG:Ce®. The PL intensity
high pressure can decrease the trap depth of Cr*". increases with pressure.
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RED PHOSPHORS FOR MAKING “GOOD” WHITE LED - A
THEORETICAL INSIGHT

Mikhail G. Brik ¢, Alok M. Srivastava’
College of Sciences, Chongging University of Posts and Telecommunications, Chongging
400065, China
bInstitute of Physics, University of Tartu, W. Ostwald 1, Tartu 50411, Estonia,
mikhail.brik@ut.ee
“Institute of Physics, Jan Diugosz University, Armii Krajowej 13/15, PL-42200 Czestochowa,
Poland
IGE Global Research, One Research Circle, Niskayuna, NY 12309, USA, srivastava@ge.com

The growing demand for the white light emitting diodes with low color correlated
temperature and high color rendering index drives the intensive search for the narrow-band
efficient red phosphors with high efficacy. If such phosphors are added to the InGaN blue
LED chip in a combination with yellow YAG: Ce®* phosphor, a warm white LED can be
fabricated. The best candidates for this purpose are the Mn*'-containing fluorides or
oxyfluorides. The blue LED light can be utilized for the Mn*" ions excitation with subsequent
emission of red light in the 620-720 nm range, depending on the host material [1-2].

One of the most important drawbacks of the Mn**-based phosphors is a weak intensity of the
zero-phonon line, which decreases the overlap of the phosphor emission spectrum with the
human eye sensitivity curve resulting in lower lumen/watt content.

In the present paper we give a general overview of the Mn*" spectroscopic properties, both in
a free state and in solids. The crystal field theory and the first-principles calculations were
used to gain a better understanding of the structural, optical and electronic properties of the
studied compounds. Several trends across the considered compounds (related to the structure
of the host materials, local symmetry of the dopant sites, and chemical bonds properties) were
classified. Derivation of the empirical linear relation between the position of the emitting 2E
energy level of the Mn*" ions and recently introduced nephelauxetic parameter B1 [3] will be
presented [4].

Based on our recent publications, we also suggest a key strategy on how to enhance the zero-
phonon line intensity [3, 5], which can serve as a useful guide in a smart search for new
phosphor materials with improved characteristics.
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CONTROLLING THE SPECTROSCOPIC AND LASING PROPERTIES
OF RARE EARTH DOPED CRYSTALS BY SURFACE PLASMONS

Luisa E. Bausé
Dept. Fisica de Materiales, Instituto de Materiales Nicolas Cabrera and Condensed Matter
Physics Center (IFIMAC), Universidad Autonoma de Madrid, 28049-Madrid, Spain,
luisa.bausa@uam.es

Currently, the extraordinary properties of surface plasmons to control and manipulate light
are being exploited to demonstrate lasing in nanoscopic volumes. Commonly, plasmon lasers
combine metallic nanostructures with optical gain media, based on organic dyes or
semiconductors, to provide coherent radiation at the nanoscale with sub-wavelength confined
modes [1]. Recently, these systems have been extended by the demonstration of lasing at the
nanoscale from plasmon-assisted Rare-Earth (RE)-based Solid State Lasers (SSLs) [2, 3]. In
this context, the incorporation of SSLs into the new class of plasmon lasers is of great interest
since it allows exploiting the inherent properties of SSLs in hanoscopic systems.

In this talk, the effect of different plasmonic arrangements on the spectroscopic properties
and laser action of different RE3* ion doped crystals will be shown. We will analyze i) the
effect of linear chains of silver nanoparticles on the properties of a Nd** doped SSL, and ii)
the effect of disordered plasmonic networks on the optical performance of a Yb** doped SSL.
Depending on the specific architecture, different and novel performances, such as a strong
threshold reduction or a plasmon induced dual wavelength lasing, can be obtained.

The results are promising to extend the relevant features of SSLs to the nanoscale and
demonstrate the potential of new RE-based plasmon-lasers to achieve novel functionalities
not demonstrated yet at the nanoscale.
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DEFECTS IN ENERGY STORING PHOSPHORS: THE GOOD, THE
BAD AND THE UGLY

Philippe F. Smet
LumiLab, Department of Solid State Sciences, Ghent University, Krijgslaan 281-S1, 9000
Gent, Belgium, philippe.smet@ugent.be

In most impurity doped luminescent materials, the defects responsible for the absorption and
emission characteristics of phosphors are deliberately doped ions, often substituting for
specific ions in the crystal lattice. The emission typically occurs within milliseconds after the
excitation and can essentially be described by electronic transitions within the defect. To
obtain a high quantum efficiency, the emission behavior of those Good defects should not be
perturbed by Bad defects, bringing for instance non-radiative decay paths [1]. In that sense,
phosphor optimization is driven by avoiding unwanted impurities and clusters of luminescent
ions within the lattice.

A specific class of luminescent materials are those phosphors which are able to store
excitation energy in their lattice, in such a way that the time between excitation and emission
can be extended up to minutes, hours or even many thousands of years. They find
applications in geological dating and as x-ray storage phosphors (via optically stimulated
luminescence [2]), in persistent phosphors (via thermally driven release [3, 4]) or in
mechanoluminescent phosphors (via pressure driven release, [5]).

Quite surprisingly, it is for many of those energy storing phosphor systems still largely
unclear what the nature of the defect(s) responsible for the energy storage is. Often specific
analytical techniques (such as XANES [6] or EPR [7]) or quantum mechanical
calculations [8] are required to probe their role. It is however commonly the case that those
defects are playing a role which goes beyond the mere energy storage reservoir which we
would like them to be. In this presentation, the focus will be on those Ugly defects, bringing
the desired energy storage, yet also being susceptible for occasionally strong interactions with
the Good defects and the excitation light intended to store energy [9].

References:
[1] P.F. Smet, J.J. Joos, Nature Materials 16 (2017) 500-501.
[2] P. Leblans, D. Vandenbroucke and P. Willems, Materials 4 (2011) 1034-1086.

[3] K. Vanden Eeckhout, P.F. Smet, D. Poelman, Materials 3 (2010) 2536.
[4] K. Van den Eeckhout, D. Poelman, P.F. Smet, Materials 6 (2013) 2789.
[5] A.Feng, P.F. Smet, Materials 11 (2018) 484.
[6] K. Korthout et al., Phys. Rev. B 84 (2011) 085140.
[7]1 D. Gourier et al., Journal of Physics and Chemistry of Solids 75 (2014) 826-837.
[8] A.De Vos et al., Inorganic Chemistry 55 (2016) 2402-2412.
D

[9] D. Van der Heggen et al, Materials 10 (2017) 867.


mailto:philippe.smet@ugent.be

PLASMONIC MATERIALS/METAMATERIALS AND OTHER NOVEL
PHOTONIC MATERIALS OBTAINED BY CRYSTAL GROWTH
TECHNIQUES

D. Pawlak®, K. Sadecka®, P. Paszke”, R. Nowaczynski’, K. Wysmulek®, J. Sar®, K.
Kolodziejaka, A. Klosa, B. Surmaa, A Belardinic, J. Toudertd, C. Sibilia®

%Institute of Electronic Materials Technology, ul. Wolczynska 133, 01-919 Warsaw, Poland,
Dorota.Pawlak@itme.edu.pl

bDept. of Chemistry, University of Warsaw, ul. Pasteura 1, 02-093 Warsaw, Poland
CSBAI, Sapienza Universita di Roma, Via A. Scarpa 16, Rome 00161, Italy
dLaser Processing Group, Instituto de Optica, CSIC, C/Serrano 121, 28006 Madrid, Spain

In recent years, two different types of materials are developed in the area of photonics:
metamaterials [1] and plasmonic materials [2]. These novel fields of photonics need new
fabrication techniques. We will demonstrate how to utilize the melt-based crystal growth
methods for manufacturing of such advanced photonic materials. Two novel approaches
towards materials with unusual electromagnetic properties will be presented: (i) directional
solidification of eutectics (DSE) [3, 4, 5] and (ii) NanoParticle Direct Doping (NPDD) [6, 7].

oplasmonic material by NanoParticle Direct Doping

Wavelength (nm)

Energy [eV]

Figure 1. Demonstration of nanoplasmonic bulk materials obtained utilizing the NanoParticles Direct
Doping with the micro-pulling down method.

Acknowledgements: The authors thank the National Science Centre of Poland HARMONIA
Project (2013/10/M/ST5/00650), MAESTRO Project (2011/02/A/ST5/00471), and
Foundation for Polish Science TEAM Project for support of this work.
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TO WHAT EXTENT THE DEVELOPMENT OF CHALCOGENIDE
GLASSES CAN LEAD TO INNOVATIONS IN ENVIRONMENTAL
INFRARED DETECTION?

13, Ari, IN. Abdellaoui, E. Baudet, 1?F. Starecki, 1C. Boussard-Pledel, 3J. Charrier,
3L. Bodiou, ?A. Braud, 2J-L. Doualan, 2P. Camy, *P. Némec, °E. Rinnert, °K. Michel,
L.Quetel, 'B. Bureau, 1J.-L. Adam, V. Nazabal*

'ISCR and *FOTON, University of Rennes 1, France,

CIMAP, University of Caen, France,

*University of Pardubice, Czech Republic,
5IFREMER, Plouzané, France,

*BRGM, Orléans, France,

"IDIL Fibers optics, Lannion, France,

* email: virginie.nazabal@univ-rennesl.fr

A review of our current research on chalcogenide materials contributing to the development
of optical sensors will be presented.

The 3-15 um range is a key region for a large number of optical sensor applications in various
fields such as biology and medicine, molecular spectroscopy or environmental monitoring.
Infrared spectroscopy is a powerful tool for detecting and determining the composition of
complex samples. It is a simple, reliable, fast, economical and non-destructive method.

In order to further develop this technique especially for on-site real time monitoring, it is
crucial to provide suitable infrared materials covering the mid-infrared spectral range. It is in
this context that we intensified our efforts to develop chalcogenide glasses that meet the
specific requirements for the development of optical sensors dedicated to environmental
issues.

On the one hand, the detection of molecules at low concentrations down to a ppm or ppb
level is often necessary and on-chip chalcogenide devices can provide motivating insights. On
the other hand, infrared sources are a key entry point for optical sensors. Oxides generate at the
best near-infrared light, whereas mid-infrared emissions of 3 to 8 um are allowed in
chalcogenide matrices with lower phonon energy. The down-wavelength conversion
mechanism could be adapted in the mid-infrared range to develop incoherent light sources to
replace blackbody sources for remote sensing or spectroscopy applications, for example.

Aknowledgement: V. Nazabal is thankful to Brittany region, Intercarnot IFREMER/BRGM,
ANR SEED CGSuLAB, ANR LOUISE, ANR OPTIGAS and ADEME for financial support.
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GO FOR RED TO BE AHEAD! HIGH PERFORMANCE RED- AND
NIR-EMITTING MATERIALS FOR OPTICAL SENSING

Sergey M. Borisov
4Graz University of Technology, Stremayrgasse 9, 8010, Graz, Austria,
sergey.borisov@tugraz.at

Optical sensors became increasingly popular in the last decades due to many advantages
compared to conventional analytical techniques. Among optical sensors and probes, those
based on luminescent materials are probably the most numerous ones. Unfortunately,
application of many luminescent materials in high-performance sensors is limited by several
factors such as inferior photophysical properties (low brightness, low photostability), poor
selectivity for the analyte of interest, laborious synthesis etc.

The materials operating in the red and near-infrared parts of the electromagnetic spectrum are
of particular interest due to compatibility with the biological “optical window” and low
interference from background fluorescence and light scattering. Here we will provide an
overview of our recent research activities which have been focused on preparation of high
performance optical sensors based on red- and NIR-emitting fluorescent dyes,
phosphorescent metal complexes and inorganic phosphors. A broad palette of (metal)organic
indicators for detection of oxygen, pH, basic and acidic gases, metal ions and temperature has
been prepared. Although most of these systems are based on porphyrins and related systems
(BODIPYs and azaBODIPYs), some other dye classes (such as perylenes) yielded promising
results as well.

We also demonstrate applicability of the new sensors in several fields such as oceanography,
medicine and biotechnology. Importantly, due to similar spectral properties, most of the new
materials show compatibility with a palette of compact phase fluorometers, making low-cost
multi-parameter sensing possible.
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MULTI-MODAL HYBRID NANOSTRUCTURES BASED ON RARE
EARTH DOPED NANOPARTICLES

Fiorenzo Vetrone?
Institut National de la Recherche Scientifique (INRS), Centre Energie, Matériaux et
Télécommunications, Université du Québec, 1650 Boul. Lionel-Boulet, Varennes (Montréal),
QC, Canada, vetrone@emt.inrs.ca

The surge of recent interest in near-infrared (NIR) excited nanoparticles stems from their
potential in a number of applications with diagnostic and therapeutic medicine leading the
charge. In this regard, rare earth doped nanoparticles (RENPS) are at the vanguard since they
possess multiple absorption and emissions in the three NIR “biological windows” (ca. 700-
990, 1050-1350, and 1550-1870 nm) allowing for their excitation within one window and
observe emission in another. Given the multitude of their 4f electronic states (with
corresponding long lifetimes), it is also conceivable to induce upconversion where the NIR
excitation light is converted to higher energies spanning the UV-visible-NIR regions.

By combining RENPs with other optically active nanostructures (oxides, semiconductors,
plasmonic nanomaterials, etc.), it becomes possible to develop multi-modal nanoplatforms
and thus expand the functionality of these nanoparticles. Here, we present the synthesis and
surface functionalization of various NIR excited RENP, their assembly with other
nanostructures and demonstrate how they can be used for biological applications.
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HIGHLY DOPED RARE EARTH PHOSPHORS FOR SOLID STATE
LIGHTING

Junhao Li? Jianxing Shi, and Mingmei Wu?
MOE Key Laboratory of Bioinorganic and Synthetic Chemistry, School of Chemistry, Sun
Yat-Sen University, Guangzhou, China, ceswmm@email.sysu.edu.cn

Rare earth doped phosphors are always popular as their substantial energy levels can provide
various color emissions. However, weak absorption in near-UV region, ascribed to the parity-
forbidden transitions of some trivalent rare earth typically Th® and Eu®' ions makes it
difficult to fully use the exciting light of LED chips. More luminescence centers are expected
to be doped in crystal lattices to enlarge the absorption but a low emission efficiency due to
the inextricable contradiction between doping concentration and cross relaxation might
follow.

Our previous works reveal that energy transfer would not easily occur in identical ions in
some special cases like KoLn(POs)(WOs)(Ln = Y, Gd and Lu), CagMgLu(PO4); and
CazY(Ga0)3(BO3)s and YGai1sAl15(BO3)a. These materials have the similarity in structure
that sites available for the substitution of rare earth ions are highly isolated. The isolation in
the space can damp of concentration quenching in both Tb®* and Eu®" ions. We believe highly
doped rare earth phosphors are far more superior and potential for solid state lighting.

o ik “ . ¢ ’ .
Figure 1 The highly isolated sites available for the substitution of rare earth ions in KoLn(PO.)(WOQ,)
(Ln =Y, Gd and Lu) and YGai.5Al15(BO3)a.
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THEORETICAL INSIGHTS INTO THE EMPIRICAL MODELS USED
IN LANTHANIDE AND TRANSITION-METAL SPECTROSCOPY
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College of Sciences, Chongging University of Posts anq Telecommunications, No.2
Chongwen Road, Chongging 400065, P.R. China, cgma.ustc@gmail.com

In the past decades, the lanthanide and transition-metal (TM) activated phosphors have
attracted more interest due to their outstanding performance on the white and colored light
generation for the lighting application. And the empirical models, such as Dorenbos’s
“zigzag” model for lanthanides ™ and the B, model proposed by Brik and Srivastava for
Mn** and Cr** ™ have made it possible to form a fast and computationally simple design
strategy for the optimization of the optical properties of those phosphor materials from the
experimental point of view. However, so far the empirical models actually remained to be
purely empirical, based on the analysis of a larger amount of experimental data with their
possible extrapolation. Therefore, it should be desirable to outline the theoretical basis of the
empirical models in terms of more fundamental quantum mechanics knowledge in order to
get a deep insight into the validity of the models.

In this talk, we will reveal the completely theoretical understanding on the £, model of Brik
and Srivastava and Dorenbos’s “zigzag” model by employing the combined ab inito and
crystal-field (CF) methods. Three aspects will be referred as follows: 1) the empirical
linearity of the spin-forbidden emission energies of TM ions with respect to the nephelauxetic
ratio parameter is confirmed by considering the Tanabe-Sugano matrices for the
corresponding electronic configurations ', as shown in Fig. 1; 2) the empirical 4f-5d
transition energy expression of trivalent lanthanide ions in solids ™ can be reproduced by
using the effective Hamiltonian theory of 4fV'5d configuration in combination with the
results of the ab initio free ion calculations; 3) the trend of the 4f single-electron energy level
positions in the band gap of cubic Cs;NaYFg across the whole lanthanide series is given by
the HSE06 DFT calculations and further compared with the empirical results of Dorenbos ™.
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Figure 1. Dependence of the 2E—*A, transition energy in unit of B on the two parameters Dg/B and
C/B.
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HANDLING LARGE AMOUNTS OF DATA. APPLICATIONS IN
APPLIED FLUORESCENCE SPECTROSCOPY

Rasmus Bro,
University of Copenhagen

When measuring complex samples, complex data will be obtained. To get the most
information from such data, it is necessary to have data analytical tools that allow to
understand, visualize and analyze the data comprehensively.

We will show that such tools exist and that they are really easy to use. The field of
chemometrics (data generation and analysis in chemical sciences) is a field that has existed
for more that forty years and that provides simple solutions to understand measurements of
millions of data points in simple manners.

We will show how methods like principal component analysis and parallel factor analysis can
be used to analyze fluorescence data in a variety of problems related to food, pharma and
health.
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Example of complex data. Fluorescence EEM of a butter sample



PIONEERING DIVALENT LANTHANIDES FOR UPCONVERSION

Claudia Wickleder, Matthias Adlung
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In contrast to the 4f-4f transitions in general observed for trivalent lanthanides, the intense
emissions of the parity-allowed 4f <> 5d transitions of divalent rare earth ions depend
strongly on the surrounding. The luminescence of the most stable one, Eu?*, has been
described in numerous host lattices, while other divalent lanthanides are rather sparsely
investigated due their lower stability. In fact, the number of publications correlates on the
reduction potential Ln**/Ln®*. While some works of Yb®*" and Sm?* doped materials are
available, the number of publications concerning Tm?* are rare [1-3]. Materials containing
more unstable divalent lanthanides, like Dy** and Ho®*, are very scarcely described. The
general procedure is doping with trivalent lanthanides, the reduction was achieved afterwards
by y-rays or alkaline earth vapor. This procedure is by far not suitable for the preparation of
high quality samples, because it leads to numerous defects which influences the optical
properties, and, moreover, the stability of the samples is very poor.

In this talk, we present the investigation of the luminescence properties of Tm?*, Dy**, Ho**
doped in different chloride host lattices (MCl, (M = Ca, Sr, Ba); AMCI; (A = K, Rb, Cs; M =
Ca, Sr)) and the Matlockite type compounds (MFCI (M = Ca, Sr). For the first time samples of
good quality was achieved by direct doping with LnCl, (Ln = Tm, Dy, Ho), which are very
convenient for measurements of optical properties.

At room temperature, AMCI; (A = K, Rb, Cs; M = Ca, Sr) and CaCl, doped with Tm?**
showed a very intensive emission located at 8770 cm™ assigned to 2Fs;, — °F7j, transition.
From the lowest 5d level a spin-allowed (LS) and a spin-forbidden transition (HS) into the
2F;, state (ground state) was detected at 10 K as well as at room temperature at around 13400
cm™ (750 nm) and 12400 cm™ (806 nm), respectively. These chlorides are good candidates
for up-conversion materials because the 5d level can be reached by a two photon absorption
process (4f=(Fsp) — 423 (F7) — 4£5d%). Tm?* doped into fluoride host lattices cannot be
used as up conversion material because of the high energy of the 5d level. In CaFCl: Tm*" we
observed the first excitation band of the 5d state at around 20000 cm™ (500 nm).

New activator ions for up conversion process could be Dy** and Ho®". These ions doped into
MCI, (M = Ca, Sr) shows only one sharp parity-forbidden band at around 7000 cm™ (1430 nm;
*ls — °lg) and 5450 cm™ (1835 nm; “li3n — *lis) for Ho?*, respectively. In Matlockite host
lattices a second sharp emission band were detected for both ions at low temperature. The
emission band for Dy?** at around 9200 cm™ (1087 nm) can be assigned to the transition °ls — °lg,
and the emission line for Ho®* at around 8650 cm™ (1156 nm) can be assigned to the transition
*l1112 — *l1512. Consequently, in contrast to Tm**, only fluorides host lattices could be used as an
up conversion material for Dy?* and Ho?*. The possible pathway for the up conversion process of
Dy*" is the two step excitation 4f°Cls) — 4f°(ly) — 41°5d* followed by a non-radiative
transition into the 4f°Cls) state. The pathway for Ho®* can be described as an: excitation
4 (lysp) — 411 (*1g) — 4£°5d, followed by a non-radiative transition into *I1y.
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IONIC LIQUIDs FOR PHOTOLUMINESCENT AND PHOTONIC
APPLICATIONS
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The development of modern technologies forces the search for new materials that not only
meet the application requirements, but are also environmentally friendly. Thus, in recent
years there has been a growing interest in studies of ionic liquids (ILs). ILs are considered to
be generally ionic salts with a melting point below 100°C, many of them are already liquid at
room temperature (RTILs). The physicochemical properties of ILs as thermal stability,
viscosity, density, melting temperature can be modify by selecting appropriate cations and
anions. The extremely low vapor pressure and non-flammability of most ionic liquids makes
them good candidates to replace some organic solvents and ILs are often called green
solvents. It has been shown that ILs are very efficient media for nanoparticles synthesis, as
they can act as in-situ stabilizer and the template for forming particles. Moreover, by the
changing in th