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第一届光学材料与器件物理学国际学术会议亚洲论坛
1st Edition of the International Conference on the Physics of Optical Materials and Devices‐Asia

Dear Colleagues and Friends,
It is our great pleasure to welcome you for the first time to the first edition of the International
Conference on the Physics of Optical Materials and Devices-Asia (ICOM-Asia 2020). The
conference is organized by Chongqing University of Posts and Telecommunications (China),
Chongqing University of Arts and Sciences (China), University of Science and Technology of China
(China), Chinese Journal of Luminescence by Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences (China), Chongqing Physical Society (China), Vinča
Institute of Nuclear Sciences, University of Belgrade (Serbia), University of Tartu (Estonia) and Jan
Długosz University in Częstochowa (Poland). This meeting is contributing to the promotion of the
scientific and technological collaboration and exchange between Europe and China in the research
field of science and technology of optical materials.
The ICOM-Asia conference brings together scientists and technology users who investigate or
develop materials for optical applications, and presents the state of the art in preparation methods,
optical characterization, and usage of optical materials and devices in various photonic fields. In the
first edition of ICOM-Asia, 13 keynote, 21 invited, 12 oral and 17 poster presentations will be
presented in the following section: Luminescent materials: new luminescent materials, new
synthesis techniques, new phenomena; Hybrid optical materials (organic/inorganic); Lowdimensional 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, plasmonic light sources, photovoltaics;
Photothermal and photoacoustic spectroscopy and phenomena.
We hope that the ICOM-Asia 2020 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 and companies.
Organizers of the ICOM-Asia 2020 wish you a nice time during the conference!

Conference Chairpersons:
Prof. Dr. Miroslav Dramićanin
Prof. Dr. Chong-Geng Ma
Prof. Dr. Mikhail Brik
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Abstract code: (Keynote-I-01)

LUMINESCENCE OF Mn4+ IN SOLIDS FOR WHITE LIGHT LED
A.M. SRIVASTAVAa* , M. G. BRIKb,c,d, W.W. BEERSa, W. COHENa
a

GE Current, a Daintree company, 1099 Ivanhoe Road, Cleveland, Ohio 44110, USA
b
College of Sciences & CQUPT-BUL Innovation Institute,
Chongqing University of Posts and Telecommunications, Chongqing, 400065, China
c
Institute of Physics, University of Tartu, W. Ostwaldi Str. 1, Tartu 50411, Estonia
d
Institute of Physics, Jan Dlugosz University, PL-42200 Czestochowa, Poland
*
Corresponding: srivastaam@outlook.com

Research aimed at developing red emitting phosphor for general illumination and display
applications is an important goal of the modern-day LED industry. Phosphors activated with
tetravalent manganese (Mn4+; 3d3) have been identified as generators of red photons in white-light
LEDs. Currently, the best-known phosphor of this type is K2SiF6:Mn4+ (KSF). When excited by
blue LED radiation, KSF emits in sharp lines in the wavelength region of 590 nm to 650 nm. The
aim of this presentation is to review the spectroscopic properties of Mn4+ in different host-lattices to
provide a cross-cutting comparative study that sheds light on “structure-property” relationships
which can guide the search for new commercially important phosphors [1-4]. Specifically, the talk
will focus on understanding the factors which govern the energy of the 2E level. The energy of this
level depends on the covalence of the “Mn4+-Ligand” chemical bonding. The systematic exploration
of the spectroscopic properties of Mn4+ in fluoride and oxide materials sheds light on factors
governing the strength of this bonding.

References:
[1] M. G. Brik and A. M. Srivastava J. Lumin. 133 (2013) 69.
[2] M.G. Brik, S. J. Camardello, A. M. Srivastava, ECS J. Solid State Sc. and Technol. 41 (2015) R39.
[3] M. G. Brik, W. W Beers, W. Cohen, S. A. Payne, N. J. Cherepy, M. Piasecki, A. M. Srivastava, Opt. Mat. 91
(2019) 338.
[4] W. W Beers, D. J. Smith, W. E. Cohen, A. M. Srivastava, Opt. Mat. 84 (2018) 614.
[5] A. M. Srivastava, H. A. Comanzo, D. Smith, J. W. Choi, M. G. Brik, W. W. Beers, S. A. Payne, J. Lumin. 06
(2019) 398.
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Abstract code: (Keynote-II-01)

Some attempts for application of luminescent materials
Jianrong Qiua*
a

State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, China
*
Corresponding: qjr@zju.edu.cn

Various luminescence phenomena e.g. down-shift, down conversion, upconversion luminescence,
persistent and photostimulated phosphorescence have been observed, and their possible mechanisms
as well as promising applications have been discussed by many researchers up to now. Some new
design strategies such as bandgap engineering, defect engineering and control of energy transfer for
luminescent materials have been put forward in order to synthesize phosphors with desired
properties. We are aiming to develop some techniques which can realize various applications of
luminescent materials. In this talk, we will introduce 3D printing technique for color converter, melt
in tube technique for fabrication of optical fibers with both low attenuation and good broad band
optical amplification property, and space-selective control of valence state of ions by using fs laser
for optical memory with ultrahigh storage density. Their mechanisms have been discussed and
promising applications have been demonstrated.

Fig. 1 Color converters with high quantum

Fig. 2 EPMA mapping of Al, Zn, Ti elements

efficiency.

in precusor fiber.

References:
[1] Y. Li, M. Gecevicius, J. Qiu, Chem. Soc. Rev., 45 (2016) 2090.
[2] D. Zhang, W. Xiao, C. Liu et al., Nature Commun., 11（2020）2805.
[3] Z. Fang, S. Zheng, W. Peng et al., J. Am. Ceram. Soc., 99(2016)856.
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Abstract code: (Keynote-II-02)

Design and Sythesis multi-color Long Persistent Phosphor (LPP)
Via doping and Energy Transition
Yuhua Wanga*
a

School of Physical Science and Technology, Lanzhou university, Lanzhou, China
*
Corresponding: wyh@lzu.edu.cn

The development history of PersL materials is very long, and it has also been extensively studied
and reported. At present, the research on short-wavelength visible PersL phosphor materials is
relatively mature, however, the study and reports on long-wavelength (even near-infrared (NIR)
PersL phosphor materials are still deficient, therefore, exploring long-wavelength long persistent
phosphors and expanding the diversity of afterglow color are the most important tasks at present.
In this presentation, we introduce the recent progress of our laboratory on the multi-color long
persistent phosphors. Our group are focused on the design of multi-color long persistent phosphors
and has found some new hosts which can produce ultra-long phosphorescence, such as
Ca6BaP4O17:Eu2+,

Ho3+
2+

(yellow,
3+

(Ba,Li)(Si,Ge,P)2O5:Eu ,Pr (green, >40h)
2+

the BaHf/ZrSi3O9:Eu , Pr

3+

>47h),
[1-3]

BaHf/ZrSi3O9:Eu2+,Pr3+(cyan,
3+

, Na2CaGe5SiO14:Cr (NIR, >10h)

[4,5]

>15h),

and so on. For

, it is revealed that the trapping and detrapping of electrons into and

from the shallow traps through the conduction band leading to a rapid decay while the deeper traps
via tunnelling process resulting the much slower and nonexponential decay behavior. As for the
(Ba,Li)(Si,Ge,P)2O5:Eu2+,Pr3+, it is demonstrated that the luminescent intensity and afterglow time
of the sample can be regulated by changing Pr3+ doping concentration, as well as solid solution.
Based on them, the possible mechanism is studied.
References:
[1] H.J. Guo, Y.H. Wang, G. Li, J. Liu, P. Feng, D.W. Liu, J. Mater. Chem. C 5(2017) 2844-2851.
[2] H.J. Guo, Y.H. Wang, G. Li, J. Liu, P. Feng, D.W. Liu, J. Mater. Chem. C 5(2017) 12090-12096.
[3] P. Feng, G. Li, H.J. Guo, D.W. Liu, Q.F Ye, Y.H. Wang, J. Phy. Chem. C 5(2019), 3102-3109.
[4] Q.F Ye, Y.H. Wang, H.J. Guo, X.F. Zhou, P. Feng, S.S Ding, Dalton Trans. 48(2019), 11052-11062.
[5] S.S Ding, H.J. Guo, P. Feng, Q.F Ye, Y.H. Wang, Adv. Opti. Materials 8(2020), 2195-1071.
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Abstract code: (Keynote-III-01)

Our Recent Progresses in Rare earth doped perovskite
photoluminescent/photoelectric devices
Hongwei Songa*, Wen Xua, Donglei Zhoua
a

State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering,
Jilin University, 130012 Changchun, China
*
Corresponding: songhw@jlu.edu.cn
Recently, halide perovskite materials have attracted extensive attentions because of their unique
physical properties and great application potentials in the fields of solar cells, light emission diodes
and photoelectric detectors. Here, we present some of our recent results on improving the
photoelectric properties of perovskite solar cells and expanding photoluminescent properties of
perovskite quantum dots through rare earth doping or insulating various rare earth doped
nanophosphors. By introducing down-conversion or up-conversion phosphors, the power
conversion efficiency of the perovskite solar cells are highly enhanced, and the light stability and
long-time stability of the cells are considerably modified. In addition, the solar cells with storage
function are developed. It should be also highlighted that through doping rare earth ions into lattices
of the perovskite quantum dots, a novel type of quantum cutting phosphors with quantum yield
close to 200% are discovered, which can largely improve the power conversion efficiency of c-Si
and thin solid film solar cells. Furthermore, we also developed high-performance photodetectors
from UV-NIR region.
References:
[1] Y. Ji, W. Xu*, N. Ding, H. Yang, H. Song*, Q. Liu, H. Ågren, J. Widengren, H. Liu*. Light: Science &
Applications, 9, 184 (2020).
[2] D Zhou, R Sun, W Xu*, N Ding, D Li, X Chen, G Pan, X Bai, H Song*. Nano Lett, 19, 6904-6913 (2019).
[3] D Zhou, D Liu, G Pan, X Chen, D Li, W. Xu*, X Bai, H Song*. Adv. Mater, 29, 1704149 (2017).
[4] C Chen, D Liu, B Zhang, W Bi, H Li, J Jin, X Chen,L Xu,H Song*, Q Dai, Adv.d Energy Mater. 8, 1703659 (2018).
[5] C Chen, H Li, J Jin, X Chen, YZheng, D Liu, L Xu, H Song*, Q Dai, Adv.d Energy Mater. 7, 1700758(2017).
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Abstract code: (Keynote-III-02)

MULTICOMPONENT GARNET SCINTILLATORS – COMMERCIALLY
SUCCESSFUL NOVEL MATERIALS WITH INTERESTING PHYSICS BEHIND
Martin Nikla*, Kei Kamadab,c, Akira Yoshikawab,c
a

Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic
b
Institute of Materials Research, Tohoku University, Sendai, Japan
c
New Industry Creation Hatchery Center (NICHe), Tohoku University, Sendai, Japan
*
Corresponding: nikl@fzu.cz
Single crystal scintillators based on the cerium-doped (Gd,Lu,Y)3(Al,Ga)5O12 garnet host were first reported
in 2011 [1,2]. Balanced content of Gd and Ga resulted in enormous increase of light yield of nearly 300%
compared to high density Lu3Al5O12:Ce garnet. Such an increased performance was qualitatively explained
as due to inactivation of shallow electron traps because of the decrease of the bottom edge of conduction
band and keeping sufficient ionization barrier of 5d1 excited state of Ce3+ at the same time to prevent
ionization losses of Ce3+ emission center around 300 K.
In 2014 another optimization tool was reported, namely the divalent cooping of such garnets [3,4] which
stabilizes part of cerium ions in 4+ charge state. The Ce4+ center in garnet lattice provided another fast
radiative recombination pathway in scintillation mechanism which noticeably improved especially timing
characteristics of these scintillators. These findings and possibility to grow large high quality single crystals
by Czochralski method made these materials highly competitive in practical applications.
Given the multicomponent nature of these materials, the physical mechanism of scintillation and energy
transfer and trapping processes appear complicated and have been thus studied in a number of laboratories
worldwide.
This talk will review 10 year’s history of R&D of these materials, current status of understanding their
scintillation mechanism and possible pathways for further optimization.

References:
[1] K. Kamada et al, Crystal Growth & Design 11 (2011) 4484-4490.
[2] K. Kamada et al, J. Phys. D: Appl. Phys. 44 (2011) 505104.
[3] M. Nikl et al, Crystal Growth & Design 14 (2014) 4827.
[4] K. Kamada et al, Optical Materials 41 (2015) 63.
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Abstract code: (Keynote-III-03)

Applications of Pr3+ Phosphors to Fight the Covid-19 Pandemic
Thomas Jüstela* and Florian Baura*
a

FH Münster University of Applied Sciences, Dept. of Chemical Engineering,
Stegerwaldstr. 39, D-48565 Steinfurt, Germany
*
Corresponding: tj@fh-muenster.de; florian.baur@fh-muenster.de

The application of UV irradiation is a highly efficient way for sterilization of surfaces:
Microorganisms cannot evolve resistances, no toxic waste is produced, and it is compatible with
most surface materials. The Covid-19 pandemic demonstrates the great importance of this subject
and UV-emitters are under high demand. Conventionally, UV-C radiation is generated via lowpressure Hg discharge lamps. They, however, do not allow fast switching, offer mainly emission
lines at 185.0 and 253.7 nm, and contain toxic mercury. Thus, there is a strong need to other
solutions.
Radiation conversion by means of phosphors is an
established approach and various UV emitting
species are known. Among these, Pr3+ is quite
suitable as its quantum-mechanically allowed 4f-5d
transitions are solely located in the UV range. It
shows strong absorption and a decay time in ns range.
Its peak emission wavelength depends on the choice
of host material, which allows for tailoring the
emission to the respective needs. For example, the
emission band of YPO4:Pr3+ is located in the UV-C
with the most intense band at 235 nm [1], while the
Figure 1: Emission spectra of YPO4:Pr3+ under
Lu3Al5O12:Pr3+ emission spectrum peaks at 310 nm,
X-ray excitation [1].
thus in the UV-B range [2].
This talk will discuss the properties of UV emitting Pr3+ phosphors, their excitation pathways, and
respective application areas. Downconversion UV phosphors require excitation in the VUV or UVC range which poses some technical challenges. Medium pressure discharge lamps, such as those
based on the Xe2* excimer, are well known VUV sources (147 and 172 nm) and can be used to
excite Pr3+ phosphors [3]. However, with the increasing efficiency and lifetime of UV-C emitting
(Al,Ga)N LEDs, these solid state light sources have to considered as potential UV-C sources for
disinfection. High-energy sources such as electron or X-ray tubes and radioactive emitters are
addressed as well and discussed in regard to Pr3+ as a scintillator ion with a decay time between 10
and 40 ns. Furthermore, special mechanisms such as generation of UV radiation via up-conversion
[4] and the interesting topic of persistent luminescence in the UV region [5] will also be covered in
the outlook.
References:
[1] M. Broxtermann, D. den Engelsen, G.R. Fern, P. Harris, T.G. Ireland, T. Jüstel, J. Silver, ECS J. Solid State Sci.
Technol. 6 (2017) R47.
[2] J. Ogiegło, A. Zych, K. Ivanovskikh, T. Jüstel, C. Ronda, A. Meijerink, Opt. Mater. 35 (2013) 322.
[3] N.M. Masoud, D.E. Murnick, Rev. Sci. Instr. 84 (2013) 123108.
[4] E.L. Cates, M. Cho, J.-H. Kim, Environ. Sci. Technol. 45 (2011) 3680.
[5] X. Wang, Y. Chen, F. Liu, Z. Pan, Nature Commun. 11 (2020) 2040.
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Abstract code: (Keynote-IV-01)

LASER PHOSPHORS FOR SUPER-HIGH LUMINANCE LIGHT
Rong-Jun Xiea*, Shuxing Li
a

College of Materials, Xiamen University, Xiamen, Fujian 361005, China
*
Corresponding: rjxie@xmu.edu.cn

InGaN-based solid state lighting (SSL) technologies, such as white light-emitting diodes (wLEDs),
play key roles in energy saving, carbon emission reduction and environmental production, because
they promise high electricity-to-light conversion efficiency, high brightness and long lifetime [1].
Phosphor-converted wLEDs are the mainstream of SSL as they have simple device structure,
manipulated spectrum, super-high color rendition and tunable color temperature. With advances in
SSL technologies, laser diodes (LDs) will be used to produce super-bright and directional white
light, which can find special applications in high-beam headlamp, laser project, and laser cinema [23]. However, since the power density of LDs is much higher than that of LEDs, the phosphors used
as color converters may have problems of luminance saturation and thermal quenching [4-5].
Therefore, phosphors for laser-driven SSL, i.e., laser phosphors, needs to be reconsidered from their
crystal structure, chemical composition, dopant as well as materials form (powder, phosphor-inglass, film or ceramic). In this presentation, we will present some interesting nitride phosphors for
laser-driven solid-state lighting.
References:
[1] S. Pimputkar, J.S. Speck, S.P. DenBaars, S. Nakamura, Nat. Photonics. 3 (2009) 180−182.
[2] S. Li, L. Wang, N. Hirosaki, R.-J. Xie, Laser Photonics Rev. 12 (2018) 1800173.
[3] J. Wierer, J. Y. Tsao, D.S. Sizov, Laser Photonics Rev. 7 (2013) 963−993.
[4] S. Li, Q. Zhu, L. Wang, D. Tang, Y. Cho, X. Liu, N. Hirosaki, T. Nishimura, T. Sekiguchi, Z. Huang, R.-J. Xie, J.
Mater. Chem. C. 4 (2016) 8197−8205.
[5] Q.Q. Zhu, X. Xu, L. Wang, Z.F. Tian, N. Hirosaki, R.-J. Xie, J. Alloys Compd. 702 (2017) 193-198.
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Abstract code: (Keynote-IV-02)

EXCITED STATE ABSORPTION PROCESS FOR RATIOMETRIC
LUMINESCENT THERMOMETRY: BREAKING THE THERMALLY
COUPLING LIMIT
L. Marciniaka*, J. Drabika, K. Trejgisa
a

Institute of Low Temperature and Structure Research, Polish Academy of Science,
Okolna 2, Wroclaw, Poland
*
Corresponding: l.marciniak@intibs.pl

Luminescent thermometry is a unique technique of temperature measurement, which offers the
remote and electrically passive temperature readout, taking advantage of the thermally dependent
spectroscopic properties of phosphors[1-3]. Among different types of luminescent thermometers (LT),
the most frequently used and commonly investigated are the lanthanide ions (Ln3+) based bandshape
LT which take advantage of the emission intensity ratio of two thermally coupled electronic levels
for temperature determination[3]. Although the applicative potential of this type of thermometers has
been demonstrated and confirmed by many authors[4,5], one of the most important of their
limitations is the constraint of the maximum sensitivity that can be achieved, related to the limited
energy separation between energy levels enabling their thermal coupling. Therefore, other
approaches need to be considered to improve the thermometric performance of the LT and thus the
thermal resolution of thermal imaging.
In this work, the applicative potential of the Ln3+ doped and co-doped systems that reveal the ESA
process will be evaluated for the thermometric application[6]. The intensity of the ESA-based LT
strongly depends on the population of the initial excited energy levels that can be modified by many
energy transfer processes like the cross relaxation, thermalization, the phonon assisted processes
and nonradiative depopulation. Therefore, it was found that the thermal rate of the ESA-based
emission intensity increase can be easily modulated by the type of dopant ions and their
concentration, the size of the nanoparticles and the host material composition.
Therefore ESA-based LT provide flexibility in modifying their thermometric properties depending
on the specific needs and requirements. Moreover, in contrary to the conventional phosphors
excited by ground state absorption the ESA-excited luminescence is characterized by the positive
luminescence thermal coefficient that improves the accuracy of the temperature readout at higher
temperatures. In order to evaluate the applicative potential of the ESA-based LT for thermal sensing
and imaging, the two types of approaches: (1) single band and (2) two-band ratiometric approaches
will be presented and advantages and disadvantages will be considered.
Acknowledgements:
This work was supported by National Science Center Poland (NCN) under project No. DEC2017/27/B/ST5/02557.

References:
[1] M. Dramićanin, Luminescence Thermometry, first ed., Woodhead Publishing, 2018.
[2] D. Jaque and F. Vetrone, Nanoscale 4301 (2012).
[3] C.D.S. Brites, A. Millán, and L.D. Carlos, Handbook on the Phys and Chem of Rare Earths 49, (2016) 339.
[4] F. Vetrone, R. Naccache, A. Zamarrón, A.J. De La Fuente, F. Sanz-Rodríguez, L.M. Maestro, E.M. Rodriguez, D.
Jaque, J.G. Sole, and J.A. Capobianco, ACS Nano 4 (2010) 3254.
[5] Y. Wu, J. Liu, Y. Wang, K. Li, L. Li, J. Xu, and D. Wu, ACS Appl. Mater. Interf. 9 (2017)11073.
[6] J. Drabik and L. Marciniak, ACS Applied Nano Materials 3 (2020) 3798.
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Abstract code: (Keynote-V-01)

THREE-PHOTON PROCESS DOMINATED UPCONVERSION RED
EMISSION WITH LUMINESCENCE COLOR SENSITIVE TO
EXCITATION POWER DENSITY IN Yb3+-Er3+ SYSTEM
Jiahua Zhanga*, Hao Wua, Kexiu Wanga, Liangliang Zhanga
a

State Key Laboratory of Luminescence and Applications,
Changchun Institute of Optics Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China
*
Corresponding: zhangjh@ciomp.ac.cn
Since the discovery of infrared (IR) to visible upconversion (UC) through energy transfer between rare earth
ions UC luminescence has been extensively studied for its fundamental interest and various potential
applications. The UC materials with tunable fluorescence color as a function of IR excitation power density
are attractive candidates for fluorescence anti-counterfeiting with high level security. The Yb3+-Er3+
combination is the most popular UC system that produces a green and a red emission of Er3+ under 980 nm
near infrared (NIR) excitation. The green and the red emission both have an obvious two-photon excitation
process that a quadratic dependence of their intensity on NIR excitation power density is often observed.
Actually, three-photon excitation for the red emission was also observed in a few hosts that showed a superquadratic dependence of the red intensity on NIR excitation density, leading to an increase of red to green
intensity ratio accompanied by color variation. However, the color variation occurred only at high NIR
excitation densities, limiting its applications.
In this paper, we report three-photon process governed UC red emission in YbF3:Er3+, wherein the green to
red color tuning was realized with the excitation power density below 100 mW cm-2, which is two orders of
magnitudes lower than the power densities required in other UC materials. The three-photon excitation routes
and their contributions to the red emission are studied in detail as a function of excitation power density. Our
results indicate a promising potential of YbF3:Er3+ in anti-counterfeiting applications.
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Abstract code: (Keynote-V-02)

MID-INFRARED SPECTROCOPY OF Nd3+ IONS IN CRYSTALS AND
NANOPARTICLES
Alessandra Toncellia,b*
a

Dipartimento di Fisica, Università di Pisa, Largo B. Pontecorvo 3, 56127 Pisa, Italy
b
Italian National Research Council, CNR, Institute of Nanoscience NANO, Italy
*
Corresponding: alessandra.toncelli@unipi.it

Mid infrared spectroscopy of rare earth ions can be interesting per se to characterize new emission channels,
but it also completes the characterization of rare earth ion systems and can give useful information for the
modelling of visible and near infrared emissions.
Nd3+ is probably the most famous rare earth ion for its very efficient laser emission at 1064nm. This ion also
possesses two other lasing transitions at around 900 and 1300 nm, and other possible emission channels at
longer wavelengths that have rarely been observed.
I will present a spectroscopic investigation of the absorption and emission properties of Nd3+ ions in oxide
and fluoride bulk crystals and nanoparticles in the near and mid-infrared region (MIR). Under diode laser
pumping at 808 nm 4F3/2 Nd3+ level is populated, and the main emission channels correspond to transitions to
the 4I9/2 ground state and to the first two excited states: 4I11/2 and 4I13/2. From the 4F3/2 level another transition
is possible at around 2

m to 4I15/2, but it is usually considered negligible, especially in oxide crystals. I will

show that this transition is indeed observable in all crystals and nanoparticles investigated and I will present
the emission cross sections of this transition in the various hosts.
Moreover, other mid-infrared channels are possible between the first excited states and the ground state. In
fact, we succeeded in observing nearly 5

m emission from Nd3+ ions in some of the host materials under

investigation, including oxide crystals and nanoparticles, and observations indicate that the main population
channel is through a bilinear process like cross-relaxation.
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NOVEL FEATURES OF PLASMON-ASSISTED SOLID-STATE
LASERS AT THE NANOSCALE
Luisa E Bausáa*
a

Dept. Física de Materiales, Instituto de Materiales Nicolás Cabrera and Condensed Matter Physics Center
(IFIMAC), Universidad Autónoma de Madrid, 28049-Madrid, Spain
*
Corresponding: luisa.bausa@uam.es
The Plasmon-assisted lasers based on the association of optical gain media with metallic
nanostructures provide sub-wavelength confined modes together with reduced physical device
dimensions. A diversity of nanolaser designs combining metallic nanostructures with organic dyes
or semiconductors media have been reported in the last years.[1]
Recently, solid-state lasers (SSLs) associated with plasmonic nanostructures have also demonstrated
to act as functional platforms for nanolasing. They offer a strong threshold reduction and a
significant increase in the slope efficiency for the nanoscale operation with respect to the
conventional bulk configuration.[2] Moreover, the combination of plasmonic nanostructures with
SSLs has given rise to the emergence of new functionalities at nanometric spatial regions.
In this talk, the effect of different plasmonic arrangements on the laser operation of trivalent Rare
Earth ion doped crystals will be shown. Depending on the specific architecture of plasmonic
arrangements prepared by ferroelectric lithography, different and novel performances, such as dualwavelength operation in the near infrared region, or simultaneous multi-wavelength emission at
different spectral ranges can be obtained.[3-4]
These achievements show the capacity of plasmonic nanostructures to produce drastic modifications
in the optical features of SSLs, while keeping their intrinsic advantages such as a high chemical and
thermal frequency stability.
References:
[1] R. Ma et al. Laser Photonics Rev. 71 (2013).
[2] P. Molina, et al. Nano Letters, 16, 895 (2016).
[3] D. Hernández-Pinilla, et al. ACS Photonics 5, 406 (2018).
[4] L. Sanchez-García et al. Light: Science & Applications 8, 14 (2019).
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DIFFERENT APPROACHES IN USING Er3+ EMISSION FOR LUMINESCENCE
THERMOMETRY IN BIOLOGICAL TRANSPARENCY WINDOWS
Željka Antić a*
a

Vinča Institute of Nuclear Sciences – National Institute of the Republic of Serbia,
Group for Optical Materials and Spectroscopy – OMAS, University of Belgrade, Belgrade, Serbia
*
Corresponding: zeljkaa@gmail.com
It is well known that in determining dynamics and properties in any biosystem, temperature plays a critical
role. Many cellular functions, including gene expression, protein stabilization, enzyme-ligand interactions,
and enzyme activity, are linked to temperature. In medicine, the precise knowledge of tissue temperature is
crucial for novel cancer treatments based on the induced heating of malignant cells. Still, in biological
systems, it is quite difficult to assess inter- or intra-cellular temperature by common thermometers.
Temperature measurements from changes in the luminescent properties of nanomaterials have attracted the
most attention and are considered a promising route to meet the needs. As the temperature of the
nanomaterials changes, luminescence characteristics such as emission intensity, decay and rise time, band
positions and widths, spectral shapes, an emission polarization, may all change, thus providing many
different routes for temperature reading from luminescence.
Besides the requirement to accurately distinguish temperature fluctuations smaller than 1 K over a narrow
temperature range (30°C–60°C), luminescence nanothermometry under biological environment has
additional restrictions. Absorbance, light scattering, and autofluorescence of surrounding tissue create
problems that need to be addressed to ensure accurate detection. Thus, near-infrared (NIR) luminescence
within the biological transparency windows (BW I: 650–950 nm; BW II: 1000–1350 nm; BW III: 1550–1850
nm), where light has its maximum depth of penetration in the tissue, is highly desirable to ensure the high
accuracy of temperature detection.
Lanthanide Er3+ ion is a promising candidate for in vivo luminescence thermometry due to the range of
radiative transitions that lie within BW II and BW III. However, the relatively low absorption cross-section
of Er3+ results in a weak emission efficiency. Co-doping with Yb3+ in Er3+-doped materials significantly
improves the emission intensities by increasing the absorption cross-section. This presentation will focus on
different approaches for using Er3+ emission for luminescence nanothermometry in biological transparency
windows. Both down and up-conversion Er3+ luminescence nanothermometry under 940 nm excitation will
be presented in different host structures. Different excitation and emission approaches for the luminescence
thermometry in biological windows will be presented and discussed. These include recent approaches to
thermometry which exploit: (i) up-conversion emission intensity ratio from 4S3/2→4I13/2 and 2H11/2→4I13/2
transitions in the I BW, (ii) downshifting emission intensity ratio between Stark components of 4I13/2 level
(4I13/2→4I15/2 transition) in the II BW, and (iii) downshifting emission intensity ratio between emissions of
Yb3+ (2F5/2→2F7/2 transition) and Er3+ (4I13/2→4I15/2 transition).
Acknowledgement:
This research was funded by the Ministry of Education, Science and Technological Development of the
Republic of Serbia and the European Union’s Horizon 2020 FET-Open project NanoTBtech (grant
agreement No.: 801305).
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Conduction band involved new phenomena -improvement of thermal
quenching and pressure induced afterglow
Takatoshi Setoa*
a
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*
Corresponding: seto@lzu.edu.cn

We have observed two optical phenomena positively involved by conduction band in Eu2+phosphors. First one is a phenomenon of new (Ba,Sr)2(Si,Al)5(N,O)8:Eu (we call Ba-AlO-258),
which was successfully synthesized by us. Usually, in Eu2+ or Ce3+-activated phosphors having very
small distance in energy-level between conduction band and 5d band, temperature dependency of
emission is worse because excited electron at the position of 5d band can easily move to conduction
band and get away. However, Ba-AlO-258 considered to have the above energy relation for the two
bands exhibited optical behavior different from the above. Triple substitutions of Ba2+, Al3+, and O2for famous phosphor Sr2Si5N8:Eu much improved the temperature dependency of red emission [1].
According to our advanced thermoluminescence measurement (excitation: blue light), the
significant improvement of temperature dependency of emission under blue excitation was strongly
considered due to a continuous supply of red emission from electron at the trap center just below the
conduction band.
Another phenomenon is high pressure enhanced afterglow. A tool of high pressure has a possibility
of changing crystal structure and energy levels without changing chemical elements, which could
provide a clearer relation between structure, energy level, and optical property. Yellow persistent
phosphor Ca6BaP4O17:Eu,Tb was pressurized in diamond anvil cell, and in-situ measurement of PL
and XRD at each pressure was performed by using the incident light of 355 nm laser [2]. We were
able to measure persistent luminescence by a method of measuring PL at each time after switching
off the incident light. We observed that with increasing pressure in a region of 0-0.17 GPa, PL
intensity and afterglow decay time much increase, while intensity of initial afterglow much
decreases. It was considered that when an idea of the energy-level change of conduction band
induced by high pressure is introduced, the above all phenomena could become reasonable. To the
best of our knowledge, “high pressure enhanced afterglow” was observed for the first time.
Author considered a mechanism common for the above two phenomena where electron trap just
below conduction band can contribute to an increase of emission (5d to 4f).
References:
[1] Z. Li, T. Seto, Y. Wang, J. Mater. Chem. C, 8 (2020) 9874-9884.
[2] H. Guo, T. Seto, T. Geng, B. Zou, G. Li, Y. Uwatoko, Z. Tang, Z. Li, Y. Wang, Dalton Trans., 49 (2020) 8056–8059.
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Charge States and Clustering of Dopants and Defects in Sapphire:
A First Principle Study
Weiguo JINGa, Chang-Kui DUANa* and Min YINa
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The titanium sapphire is one of the most important laser crystals. The well-known problem of
broadband residual IR absorption centered at about 800 nm greatly restricts the performance of the
laser crystal and there are plenty of studies on the charge states and clustering of titanium dopants
and other defects. By applying GGA+U method with well-determined U parameter and carrying out
proper charge corrections, we are able to determine with confidence the formation energies of Ti3+,
Ti4+, and intrinsic defects and their binding energies in formation clusters. The concentrations of
various defects, their complex in various charge states are predict as functions of external chemical
condition and temperature. Based on these results, the origin of various absorption from infrared to
deep ultraviolet are interpreted, and the figure of merits of the laser crystal under various synthesis
and post annealing are analyzed.
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ADVANCING iTMC-LECs
Efficient emitter materials for light emitting electrochemical cells
Anja-Verena Mudring a*
a
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Light emitting electrochemical cells (LECs) have received much attention in recent years owing to
their simple device structure: in simplest terms, an ionic emissive layer sandwiched between two
electrodes. The emissive layer can be solution-processed which allows for a relatively easy device
fabrication employing techniques such as spin coating, slot die and roll-to-roll printing. For those
reasons, LECs are promising candidates for cheap, large area, flexible light source. Yet, it is still a
challenge to manufacture emitters that result in long-lived devices with high luminance, current and
power efficiencies.
We will present a set of LECs based on cationic iridium(III)-based complexes. Careful ligand
design of these complexes lead to red and green emitting LECs with excellent performance
parameters and allow us to establish design guidelines for further improving the devices.
Particularly interesting are Ir(III) complexes with fluorinated ligands:
LECs [Ir(4Fppy)2(biq)][PF6] (4Fppy = 2-(4-fluorophenyl)pyridinato, biq = 2,2'-biquinoline), emits
in the red region of light with a electroluminescence maximum at 629 nm.[1] The uncommon
electronic structure of the complex allows to overcome the common problem of strong metal-ligand
anti-bonding interactions in the excited state, rendering it extremely stable under operation. The
complex allows for a LEC with an initial maximum luminance of 326 cd m-2, current efficiency of
3.26 cd A-1 and power efficiency of 2.27 lm W-1, surpassing the current state of art. Remarkably, the
efficient red LEC lived for 167 h when driven under a block wave pulsed current at a frequency of
1000 Hz, an average current density of 100 A m-2 and duty cycle of 50 %. Increasing the duty cycle
to 75 % led to a decrease in the device average voltage, increasing the power efficiency to an
exceptional value of 2.97 lm W-1 without compromising the device stability.
[Ir(C^N)2(N^N)][PF6] with 4-Fppy (2-(4-fluorophenyl)pyridinium) and bathophenanthroline,
yielded a LEC that driven under pulsed current (100 A m-2 average current density, 1000 Hz
frequency block wave, 50% duty cycle) displayed a high luminance of 1658 cd m-2 with current and
power efficiencies of 16.5 cd A-1 and 9.3 lm W-1 with a lifetime of 474 hours. Optimizing of the
driving conditions with a reduced current density yielded an extraordinary power efficiency of 25
lm W-1 and current efficiency of 30 cd A-1 with a device lifetime of 720 hours.
Altogether, ligand design in iTMCs and optimization of the device driving conditions led to a
significant improvement in LEC performance.
References:
[1] J. Namanga, V. Smetana, H. Pei, N. Gerlitzki, A.-V. Mudring, ACS Energy Mat. 3 (2020) 9271-9277.
[2] J. Namanga, V. Smetana, N. Gerlitzki, A.-V. Mudring, Adv. Func. Mat. 30 (2020) 1909809 (12 pages).
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Influence of Sc cation substituent on structural properties and energy
transfer processes in GAGG:Ce crystals
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Gd3Al2Ga3O12:Ce3+ (CAGG:Ce) is a high-density and chemically stable compound with
scintillation yield up to 60000 ph/MeV, which is promising for application as a scintillator in
medicine (SPECT, PET) and high-energy physics [1]. The main disadvantage of this crystal is the
presence of slow decay components with τ > 200 ns in its scintillation response, which deteriorate
the scintillation performance [2]. The presence of slow decay components (beside the typical for the
5d-4d Ce3+ emission decay component ~60 ns) is related to the intermediate localization of charge
carriers at traps during the energy transfer process from the host to emission centers as well as to
energy migration via the Gd sublattice. The method of bandgap engineering allows fine tailoring of
physical properties by gradual change of crystal composition [3]. However, the application of this
method is usually focused on modification of electronic states in the vicinity of bandgap as well as
the shift of relative energy position of activator and trap levels. Alongside with this, the band
structure modification caused by the bandgap engineering alters also the passways of energy
relaxation in a scintillator. The electronic states of Sc considerably change the conduction band
structure in garnets [4]. For that reason, the modification of cation composition by partial
substitution of the Al and Ga cations with Sc is expected to influence the relaxation of high-energy
excitations and energy transfer to Ce3+ emission centers in GAGG:Ce crystals.
Here we present the study of the modification of structural properties and energy transfer to
emission centers caused by partial substitution of Al and Ga cations by Sc in GAGG:Ce crystals.
Unit cell parameters and space group were obtained using the XRD analysis. The chemical
compositions of the crystals were determined using SEM-EDX and TEM-EDX techniques.
Structures were refined by Rietveld method and the distribution of Al/Ga/Sc cations between
octahedral and tetrahedral sites was obtained. The influence of Sc on the electronic band structure
and the energy of the 4f and 5d Ce3+ levels is shown. The modification of the band structure
induced by the Sc electronic states results in the suppression of Gd emission and enhancement of
Ce3+ emission at low temperatures.
References:
[1] P. Lecoq, Nucl. Instrum. Meth. A, 809 (2016) 130–139.
[2] K. Kamada, M. Nikl, Sh. Kurosawa, A. Beitlerova, A. Nagura, Y. Shoji, J. Pejchal, Y. Ohashi, Y. Yokota, A.
Yoshikawa, Opt. Mater., 41 (2015) 63-66.
[3] M. Nikl and A. Yoshikawa, Adv. Opt. Mater., 3 (2015) 463–481.
[4] Yong-Nian Xu, W.Y. Ching and B.K. Brickeen, Phys. Rev., 61 (2000) 1817-1824.
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Design of Ratiometric Luminescence Thermometry for Bio-applications
Based on Thermally Coupled Levels
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Noninvasive lanthanide-doped optical thermometers based on fluorescent intensity ratio (FIR)
technique have emerged as promising noncontact tools for detecting the inaccessible objects at
different scales. Currently, the various influential factors on thermal performances of luminescence
thermometers have become one of the hotspot to develop highly sensitive optical thermometers.
Near-infrared (NIR) light-responsive nano-thermometers with deep-tissue penetration have been
widely applied for subcutaneous and intracellular thermometry, which could be integrated with
optical heating and imaging functions to construct all-in-one thermometer-heater platforms for
cancer diagnosis and therapy. Here, the recent advances in luminescence thermometry based on the
thermally coupled levels (TCLs) are elaborately introduced from fundamental aspects to possible
biomedical applications.

References:
[1] Hao Suo, Xiaoqi Zhao, Zhiyu Zhang, Yu Wang, Jiashu Sun, Minkun Jin, and Chongfeng Guo* , Laser &
Photonics Reviews DOI: 10.1002/lpor.202000319
[2] Zhiyu Zhang, Hao Suo, Xiaoqi Zhao, Chongfeng Guo* , Photonics Research 8 (2020) 32-38.
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Fluorescent silver quantum clusters, [Agm]n+ QCs, are formed by the aggregation of several to tens
of Ag0 atoms and Ag+ cations. They have sub-nanometer sizes comparable to the Fermi wavelength
of electrons. With a typical quantum size limitation effect, their energy bands are split into discrete
energy levels. They thus exhibit efficient and broadband molecular like fluorescence to demonstrate
potential application in the fields of solid state lighting, biological probes, solar cells’ spectral
converters, optical storage, and optical temperature sensing. However, Ag QCs are chemically
active and it is still a challenge to well stabilize them. Inorganic glass network, as suitable ligands to
keep [Agm]n+ QCs at molecule size, has the advantages of thermal shock resistance, good dispersion,
chemical stability and easy molding. In this talk, with charge compensation strategy, Ag QCs can be
stably formed in certain inorganic borate, phosphate and silicate glasses, respectively. Through
controlling solubility or introducing competitive cations, we can manipulate the polymerization
degree (m) of [Agm]n+ QCs. Through charge compensating to negatively charged [BO4]-, [AlO4]- or
[ZnO4]2-, we can charge [Agm]n+ with certain n values. Through selectively partitioning Ag into
borate-rich phase, we can protect [Agm]n+ from aggregating and growing into large size
fluorescently inactive nano-particles at high temperature. These provide bright prospects for glass
stabilized [Agm]n+ QCs to be applied as efficient ultraviolet to visible spectral convertors and multidimension optical storage media materials.
keywords：[Agm]n+ quantum clusters; fluorescence; glass; spectral convertors; optical storage
References:
[1] K. Ren, X. Xu, Z. Yao, X. Chen, T. Hu, P. Li, X. Fan, J. Du, X. Qiao, G. Qian, Temperature dependent
molecular fluorescence of [Agm]n+ quantum clusters stabilized by phosphate glass networks, Physical Chemistry
Chemical Physics, 22 (2020) 21307-21316.
[2] X. Xu, J. Zhao, X. Luo, R. Ma, J. Qian, X. Qiao, J. Du, G. Qian, X. Zhang, X. Fan, Stabilization of
Fluorescent [Agm]n+ Quantum Clusters in Multiphase Inorganic Glass-Ceramics for White LEDs, ACS Applied
Nano Materials, 2 (2019) 2854-2863.
[3] X. Chen, J. Zhao, X. Xu, K. Ren, X. Luo, X. Sun, X. Qiao, X. Fan, G. Qian, G. Han, Phase separation strategy
to facilely form fluorescent [Ag2]2+/[Agm]n+ quantum clusters in boro-alumino-silicate multiphase glasses,
Physical Chemistry Chemical Physics, 20 (2018) 23942-23947.
[4] R. Ma, J. Zhao, X. Chen, X. Qiao, X. Fan, J. Du, X. Zhang, Stabilization of ultra-small [Ag2]2+ and [Agm]n+
nano-clusters through negatively charged tetrahedrons in oxyfluoride glass networks: To largely enhance the
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Crystal Field Engineering of Cr3+ in CaHfO3 for Cryogenic Thermometry:
Pushing the Limit of Boltzmann Distribution
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The use of the ratiometric emission from thermally coupled excited states of a singly-doped
phosphor was demonstrated to be a particularly reliable strategy to sense the temperature [1- 7].
Indeed, if the excited states are affected by non-radiative processes, the emission ratio from two
excited states in thermal equilibrium (described by the Boltzmann distribution) is kept due to a fast
population renormalization [2]. This concept was widely investigated for lanthanide ions [1] but the
ratio between the 4T2 and 2E emissions of Cr3+ ions can also be used with the advantage of a high
sensitivity [3-7]. To design a Boltzmann Cr3+-activated thermometer with the emission from both
4
T2 and 2E, a so-called intermediate crystal field (CF) is necessary. The CF experienced by Cr3+ can
be modulated by playing on the octahedral site of the host with critical effects on the 4T2-2E energy
gap (ΔE) and consequently on the performances. However, despite the promising performances of
this class of thermometers around room temperature [3-6], an investigation on their potential and
limits for the cryogenic temperatures is still lacking.
Based on preliminary theoretical considerations, the perovskite CaHfO3:Cr3+ crystal system is
selected as a case study[7]. The role of the CF and its effect on the electronic levels of Cr3+ are
spectroscopically and theoretically investigated. The CF strength 10Dq and the Racah parameters B
and C are calculated and exploited in the framework of Tanabe-Sugano diagram. The potential of
the system as a luminescent thermal sensor for the cryogenic temperatures is assessed by analyzing
the temperature dependence of the PL spectra in the 20- 150 K range. The thermometric
performances of the system are evaluated discussing parameters such as the relative sensitivity (Sr),
the temperature uncertainty (δT) and the reproducibility (R). A comparison with the well-known
ruby (Al2O3:Cr3+) is presented in terms of Sr, Sa and δT, discussing the critical role of the nature of
the transitions used to define the thermometer. The results suggest CaHfO3:Cr3+ as the first 4T2-2E
based Boltzmann cryothermometer with high reliability and sensitivity. Finally, being a critical
parameter to describe the extent of the change of the thermometric parameter with the temperature,
the absolute sensitivity (Sa) of Boltzmann distribution-based systems is theoretically investigated
demonstrating the potential of Cr3+-activated phosphors as luminescent thermometers.
References:
[1] C.D.S. Brites, S. Balabhadra, L.D. Carlos, Adv. Optical Mater. 7 (2018) 1801239.
[2] E.J. McLaurin, L.R. Bradshaw, D.R. Gamelin, Chem. Mater. 25 (2013) 1283-1292.
[3] M. Back, E. Trave, J. Ueda, S. Tanabe, Chem. Mater. 28 (2016) 8347-8353.
[4] M. Back, J. Ueda, M.G. Brik, T. Lesniewski, M. Grinberg, S. Tanabe, ACS Appl. Mater. Interfaces 10 (2018)
41512-41524.
[5] J. Ueda, M. Back, M.G. Brik, Y. Zhuang, M. Grinberg, S. Tanabe, Opt. Mater. 85 (2018) 510-516.
[6] M. Back, J. Ueda, J. Xu, K. Asami, M.G. Brik, S. Tanabe, Adv. Opt. Mater. 8 (2020) 2000124.
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The factors that affected optical properties of rare earth earth (RE) ions doped materials have been
investigated heavily from theory to technology, however the interaction between RE ions and
photocarrier transmission has been seldom considered. Here, based on anisotropic Bi3O4Cl layered
semiconductor, the role of photocarrier separation on photoluminescence (PL) and energy transfer
(ET) of Er3+-Yb3+ codoped system are investigated. It shows that when efficient photocarrier
separation occurs under spontaneous internal electric field, the recombination of excited electron of
Er3+ ions to the ground level is also suppressed, leading to special electronic supersaturated
population on the excited energy level of Er3+ ions. This situation not only restrains the nonradiative
relaxation (NR) of exited electron to adjacent energy levels of Er3+ ions but also inhabit the ET from
Yb3+ ions completely. The result of our current work may greatly enriches the understanding for the
material structure of RE doped materials.
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bio-imaging

with

autofluorescence-free

highly-emissive

luminescence

provides

opportunities for ultrasensitive molecular imaging; however, the lack of desired luminescence
agents has impeded exploitation in clinical settings. This presentation presents a systematic research
for high-contrast optical imaging by using persistent luminescence materials and perovskite
materials as the luminescence agents. in bio-imaging, long persistent phosphors are unique and have
already proven their superiority over other labels, since their emission lifetime is sufficiently long to
permit late time-gated imaging. In such a case, auto-fluorescence from tissue organic components
during imaging can be completely avoided, which gives rise to an extraordinary high signal-to noise
ratio. Due to the high defect tolerance, fast carrier diffusion, precisely tunable bandgap, and
extended light absorption, inorganic perovskite quantum dots (IPQDs) exhibit the near-unity
quantum efficiency (QY) and pure emission, and thus being regarded as a promising pioneer for
new optoelectronic and photovoltaic devices. In comparison with the above mentioned fluorescent
nanomaterials, the IPQDs exhibits some superior properties for bio-imaging, such as (i) facile
colloidal synthesis process and flexible bioconjugation technique; (ii) tunable emission wavelength
with the ability of multicolor multiplexed optical coding in vivo; (iii) narrow and symmetric
photoluminescence spectrum with the full-width at half-maximum (FWHM) of ~10-35 nm, and it
can promote the simultaneous detection of multiple analytes for fluorescent probes; (iv) high
quantum yield (QY > 90%) and molar absorption coefficient at the excitation wavelength, which
meet the needs of high sensitivity imaging. We deliberately discuss the emission bands and intensity,
excitation bands and lifetime in biological transmission windows of above two kinds of materials.
The related design strategy, synthesis route, control method of optical property are also mentioned
here.
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Enhanced dual-mode luminescence via energy transfer
in Er3+, Yb3+ co-doped phosphors
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Fundamental understanding of the down/upconversion (DC/UC) luminescence and its mechanism is
crucial for different technological applications. Lanthanide-ion (Ln3+) doped luminescent materials
(phosphors) have received widespread attention because of their potential applications in various
fields, including photonic devices, bio-imaging, medical diagnostics, etc. The lanthanide ions can
show both DC and UC luminescence. Up to now, the researchers mainly focused on either DC or
UC, i.e., single-mode luminescence. However, the realization of the dual-mode luminescence in
single host phosphors is crucial but challenging. The phosphors capable of emitting dual-mode
luminescence can expand their application in anti-counterfeiting, photocatalysis, 3D
displays, temperature sensors, bio labels, and so on. We report the dual-mode luminescence in a
single host phosphors and its mechanistic investigations. The phosphors produced NIR DC emission
at 1535 nm (under 380 and 980 nm excitation) and an intense red UC emission at 655 nm (under
980 and 808 nm excitations). Co-doping Yb3+ ions further improve the dual mode emission via
energy transfer from Yb3+ to Er3+. The mechanism of energy transfer from Yb3+ to Er3+ by
considering different emission pathways viz: ground state absorption (GSA), excited-state
absorption (ESA), energy transfer upconversion (ETU), cooperative energy transfer (CET), back
energy transfer (BET), and cross-relaxation (CR) is investigated.
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All inorganic lead halide perovskite nanocrystals (NCs), CsPbX3 (X=Cl, Br, I), have been attracting
increasing attention because of their excellent optical properties, such as tunable emission
wavelength, high photoluminescence quantum yield (PLQY), narrow full width at half maximum
(FWHM), and high defect tolerance. Therefore, the NCs have great potential application in lightemitting diodes for display. However, the NCs suffer from poor stability due to the hydrolytic
degradation and fluorescence quenching in the solid agglomerations state. To improve the
photoluminescence (PL) stability of the NCs, the ammonium bromide, alkyl phosphate, microscale
Cs4PbX6 or CsPb2Br5, and super hydrophobic porous organic polymers (SHOP) were used as
frameworks to from the composites with NCs. Specially, the CsPbBr3-super hydrophobic polymers
composites not only preserve a high PLQY (60%) and narrow band emission (FWHM~16nm) but
also inherit the outstanding water-resistant property of SHOP to protect the NCs from hydrolytic
degradation. The PLQY of the composites was maintained at 91% of the initial one after being
immersed in water for 31 days. Even after being immersed in water for six months, the composites
still retain bright green emission. A white light-emitting diode (WLEDs) device was prepared by
combining green-emitting composites and red-emitting K2SiF6:Mn4+ phosphors with a blue LED
chip. The device exhibits a high luminous efficiency of 50 lm/W and a wide color gamut (127% of
the National Television System Committee and 95% Rec. 2020). This work provides an alternative
approach to solve the challenging stability issue of perovskite NCs. Therefore, it has a positive
implication for their practical application in liquid crystal display backlights.
References:
[1] T.T. Xuan, J.J. Huang, H. Liu, S.Q. Lou, L.Y. Cao, W.J. Gang, R.S. Liu, J. Wang, Chem. Mater. 31 (2019)
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[2] S.Q. Lou, Z. Zhou, T.T. Xuan, H.L. Li, J. Jiao, H.W. Zhang, R. Gautier, J. Wang, ACS Appl. Mater. Interfaces
11 (2019) 24241-24246.
[3] T.T. Xuan, S.Q. Lou, J.J. Huang, L.Y. Cao, X.F. Yang, H.L. Li, J. Wang, Nanoscale 10 (2018) 9840-9844.
[4] T.T. Xuan, X.F. Yang, S.Q. Lou, J.J. Huang, Y. Liu, J.B. Yu, H.L. Li, K.L. Wong, Nanoscale 9 (2017) 1528615290.
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and the effect of light on plant growth
Zhi Zhoua,b*, Mao Xiaa,b
a

School of Chemistry and Materials Science, Hunan Agricultural University,
Changsha, 410128, China
b
Hunan Optical Agriculture Engineering Technology Research Center,
Changsha, 410128, China
*
Corresponding: zhouzhi@hunau.edu.cn

Greenhouse plant cultivation (GPC) plays a more and more crucial role in guaranteeing food safety,
boosting the crops yield and quality. An essential requirement for supplementary lighting in GPC is
that the supplied light’s wavelengths should be located in the absorption range of plant growth
pigments. Typically, these pigments are mainly composed of chlorophyll a and b, phytochrome PR
and PFR, and their absorption maxima concentrate at blue (400-500 nm), red (600-700 nm) and far
red (700-800 nm) spectral regions. In general, blue light can be obtained from the InGaN blue chips,
which can easily be manufactured, have superior luminescence efficiency, long serving time and
stable emission. The red and far red emissions are commonly obtained by using various phosphors
because the luminescence efficiency of red LEDs is lower than that one of blue LEDs. Therefore,
active and efficient searches for other red- or far-red-emitting phosphors with superior
photoluminescence properties is an urgent task for GPC. Recently, researchers attention was
focused on the transition metal Mn4+ or Cr3+-activated phosphor. However, there are still some
problems such as low luminous efficiency and poor thermal stability. To solve the above-mentioned
problems, four methods can be adopted: (ⅰ) energy transfer route, (ⅱ) making solid solution, (ⅲ)
performing chemical unit engineering, (ⅳ) optimizing synthesis methods. Furthermore, we focuses
on the theme of “luminescent materials and devices for agricultural LED lighting”, which includes
the controllable preparation of luminescent materials, encapsulation and property improvement of
LED devices, establishment of plant growth database and corresponding models, to promote the
development of agricultural LED devices. We have initially research the application of Mn4+activated red-/far red-emitting phosphor on plant growth LED lamps.

References:
[1] S.M. Gu#, M. Xia#, C. Zhou, Z.H. Kong, Maxim S. Molokeev, L. Liu, W.Y. Wong*, Z. Zhou*, Chem. Eng. J., 2020,
396, 125208.
[2] Y. Zhong, S.J. Gai, M. Xia, S.M. Gu, Y.L.Zhang, X.B. Wu, J. Wang, N. Zhou*, Z. Zhou*, Chem. Eng. J., 2019, 374,
381-391.
[3] M. Xia, X.B. Wu, Y. Zhong, H. T. Hintzen, Z. Zhou,* J. Wang,* J. Mater. Chem. C. 2019,7, 2927-2935.
[4] Y. Zhong#, M. Xia#, Z. Chen, P.X. Gao, H.T. Hintzen, W.Y. Wong*, J. Wang*, Z. Zhou*, iScience, 2020, 23(3),
100892.
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Broadband near-infrared (NIR)-emitting phosphors are key for next-generation smart NIR light sources
based on blue LEDs. To achieve excellent NIR phosphors, we propose a strategy of enhancing the
crystallinity, modifying the micromorphology, and maintaining the valence state of Cr3+ in Ca3Sc2Si3O12
garnet (CSSG). By adding fluxes and sintering in a reducing atmosphere, the internal quantum efficiency
(IQE) is greatly enhanced to 92.3%. The optimized CSSG:6%Cr3+ exhibits excellent thermal stability. At
150 °C, 97.4% of the NIR emission at room temperature can be maintained. The fabricated NIR-LED device
emits a high optical power of 109.9 mW at 520 mA. The mechanism for the optimization is investigated. An
application of the NIR-LED light source is demonstrated.

Fig. 1 Luminescence dependence on temperature for CSSG:6%Cr3+. a PL and b normalized PL spectra. c
Integrated PL intensities for the sample sintered in air and the optimized sample. The dotted line is the fitting result for
the Arrhenius equation. d Peak positions and FWHM values. The temperature ranges from 25 to 300 °C. e PL and PLE
spectra at 77 K.
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TOP-DOWN UNDERSTANDING OF COMPOSITION, CRYSTAL STRUCTURE
AND LUMINESCENCE OF CERIUM DOPED GARNETS
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As a classical phosphor, Ce3+ doped garnets receive continuous research interests in the fields of solid-state
lighting and display. The garnet-type phosphors involve a great number of compositional derivatives, and
thus present versatile emission colors covering green to orange. The abundances in both composition and
luminescence originate from the multi-sites of cations constituting the garnet host. Combinations of chemical
species could be screened by tolerance factor to characterize the phase stability, like that in the perovskite
structure (Figure 1 a). It is a compositional parameter derived from the geometrical relationship between
1
multi-type polyhedra in the garnet structure, and the calculation only needs the information of ionic radius.
Regular-shaped particle morphology and even size-distribution guarantee the high-intensity emission of
garnet phosphor products. Flux promotes the pomegranate-like growth mechanism (Figure 1 b).2 The
luminescence of garnet phosphors arises from the spectroscopy of Ce3+ embedded in the garnet host, which
belongs to the parity-allowed d-f transition. The 5d energy levels of Ce3+ could be attributed to the crystal
field effect of dodecahedral site, which belongs to D2 point symmetry. Contradictory structure-property
relationship could be explained by expressing crystal-ﬁeld splitting in terms of crystal-ﬁeld parameters, on
the basis of structural data.3 It originates from the neighboring polyhedron competition in the garnet structure
(Figure 1 c).4 By analyzing the displacement patterns of ligands on different site substitutions, the octahedral
height is found to be an effective structural indicator to represent the crystal-field splitting(Figure 1 d).5
Therefore, a top-down understanding of the luminescence of garnet-type phosphor could be achieved from
the initial composition and crystal structure.

Figure 1(a) Tolerance factor of the garnet structure. (b) Morphology of garnet phosphor particles. (c) 5d energy level
splitting of Ce3+ in 8-coordinated crystal-field environment. (d) Octahedral height as a structural indicator to
characterize the crystal-field splitting.
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Luminescent ceramics show advantages of super resistance against laser radiation for its stable physical and
chemical properties and high thermal conductivity. They are critical materials as solid-state laser gain media
and remote phosphor for laser lighting. Such as Tm3+:Lu2O3 ceramic, it shows great advances for generating
2.1 μm laser, which is believed to be useful in future visceral surgery, organic material processing, etc. In
this paper, Tm3+:(Lu,Sc)2O3 ceramics were prepared by different method to optimize manufacturing process.
New energy transfer routines were also discussed to enhance luminescence intensity.
Laser lighting is another application demanding ceramics. However, the preparation of the inorganic
ceramics requires high-temperature sintering, which resulting in degradation of red phosphors. As a result,
color rendering index of laser lighting is lower than ~60. To solve the problem, we developed a new ceramic
film technology that combining phosphor by inorganic silicon dioxide. By combining green, yellow, and red
phosphors together, we realized color rendering index of laser lighting larger than ~90.

Figure 1 Characterization of 1.5 % Tm:Lu1.6Sc0.4O3 ceramic. a: SEM morphology of the thermal etching surface and a
inserted photo of a ceramic square plate (2.6 x 15 x 18 mm3) with 5 rectangular bars ( 2.6 x 2.6 x 15 mm3). b: XRD
patterns. c: Transmission and emission spectra with an energy level diagram showing cross relaxation(CR) between two
Er3+ ions and 2.1μm emissions due to a large Stark splitting of the 3H6 ground states. d: The stimulated emission and
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Single crystal luminescence materials usually show higher luminous efficiency and better stability
than a powdery one. Poor water resistance of Mn4+ doped powdery fluoride red phosphors limits
their further application for white light-emitting diodes (WLEDs) with high color rendering index.
In this report, we have presented a solvent-vapor transport route for centimeter-sized single-crystal
red phosphor development. As a side benefit, the epitaxial growth route to yield its core-shell
structure at ambient temperature was adopted. These single-crystal red phosphors could be applied
in all-inorganic WLED devices without any organic resin. Cs2TiF6:Mn4+ (CTFM) single crystal
provides a significant enhancement of quantum efficiency, moisture resistance, and thermal stability
as compared to its polycrystalline powders. Particularly, the internal quantum efficiency can reach
as high as 98.7%. To further improve waterproof stability, the Cs2TiF6 (CTF) shell with tunable
thickness has been epitaxially grown on the CTFM single crystal surface and a unique three-step
photoluminescence intensity evolution mechanism has been proposed. By combining as-prepared
CTFM@CTF core-shell structured single crystal, YAG:Ce single crystal and blue-chip, warm
WLEDs with excellent color rendition (Ra = 90, R9 = 94), low correlated color temperature (CCT =
3155 K), and high luminous efficacy have been fabricated without any organic resins. Furthermore,
CTFM@CTF and YAG:Ce single crystals based high-power laser-driven white-lighting devices
(LDs) with high brightness and excellent directionality have also been successfully obtained.
References:
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Professor Marek Grinberg passed away in June 2020 after a fruitful scientific carrier as a physicist at the
Institute Experimental Physics University Gdansk (Poland), being involved especially in solid state
spectroscopy. Among his achievements, I am coming back here to his contribution to the physics of impurity
trapped excitons (ITEs) through the example of Pr3+-doped LiNbO3. Viewed with the eyes of a chemist, these
ITEs are perceived as the result of a metal-to-metal charge transfer occurring between an easy-to-oxidize
metal (here Pr3+) and a nearby easy-to-reduce metal (here Nb5+). The transferred electron is somehow
delocalized though remaining attached to the Pr4+ ion left behind by coulomb interaction. It will be shown
that the so-formed ITE or MMCT excited state constitutes a very selective and efficient quenching channel
for the otherwise emitting 3P0 level of Pr3+. This property induces very original and customizable
spectroscopic properties that will be examplified.
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Point defects are inevitable in inorganic materials, which dramatically influence the photoconversion properties. Point-defects generally induce localized energy sates in the forbidden band.
Shallow localized energy states can freely exchange charge-carriers with the valence band or the
conduction band, while deep localized energy states often act as the trap of charge-carriers. In our
research group, we study the influence of point-defects on the photo-conversion properties, try to
suppress or reduce the deep localized energy states, design structure without localized energy states,
and manage to utilize point-defects to form additional optical transitions.
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Near/mid-infrared fiber lasers have attracted significant attention due to their widespread
applications in remote sensing, environmental monitoring, high-precision biological tissue cutting,
and so forth. Combining the merits of the low phonon nature of fluoride nanocrystals and the
excellent thermal stability and chemical durability of the oxide glass matrix, oxyfluoride glass
ceramics (GCs) have been considered as potential candidates for rare-earth-doped fiber lasers.
Specifically, novel melt-in-tube technique provides an ingenious way to break through the
bottleneck problem of uncontrollable rapid growth of nanocrystals existing in traditional fiberdrawing method. The structure of the precursor fiber can be preserved completely via precise
composition design and match between fiber core and cladding glass. The obtained GC fibers with
excellent optical properties and well-preserved structure are expected as potential gain materials for
near/mid-infrared fiber lasers. Importantly, we have obtained a high-performance 1.55 μm and 2 μm
laser output in rare earth-doped GC fibers, strongly manifesting the feasibility of this novel melt-intube fiber drawing technique in the construction of multifunctional nanocrystal-in-glass fibers and
devices.
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Luminescent particles known as thermographic phosphors can be used as tracers for temperature
measurements in fluids by introducing µm-size phosphor particles into the fluid stream of interest,
i.e. generating a dilute aerosol or dispersing the particles in a liquid, and probing the temperaturedependent particle luminescence using lasers and cameras [1]. There is increasing interest in
phosphor thermometry for fundamental and applied research, yet it remains a challenge to meet the
measurement objectives for temperature imaging in fluids, particularly with regard to improving the
temperature sensitivity and increasing the maximum measureable temperature. Besides innovations
in the measurement methodology and instrumentation, one way to improve the measurement
technique is to produce phosphor particles with improved luminescence properties.
We describe recent developments in the synthesis of phosphor particles specifically to reach these
goals. First, to improve the measurement sensitivity, we synthesised ScVO4:Bi3+ particles via a
conventional solid state route and demonstrated their use as a tracer for temperature imaging in a
near-ambient temperature liquid flow using a single laser/camera luminescence lifetime dual-frame
ratio-based method. Owing to a high temperature sensitivity of up to 6%/K, the single-shot singlepixel temperature precision at a 400 µm spatial resolution is better than ±0.4 K (1𝜎) across the 293333 K range, representing a factor >5 improvement compared to previous works using
thermographic phosphors.
Second, to improve the upper measureable temperature limit, we turned to recent research which
has enabled the prediction of host-dopant combinations that will have a high thermal quenching
temperature of the luminescence (e.g. T10, the temperature at which the luminescence signal is 10%
of that at room temperature) by judiciously selecting the position of the 4f-5d energy levels of the
rare-earth dopant ions with respect to the valence and conduction bands of the host [2]. Metal
orthophosphates doped with low concentrations of cerium or praseodymium ions were predicted to
have a high quenching temperature, and also possess the required short lifetimes for measurements
in gases. MPO4:Ce3+ (M=Y,Gd) phosphor particles were produced via a liquid-fed flame aerosol
route. The luminescence, structural and morphological properties of the particles are characterised
with respect to the host metal, dopant concentration, and the aerosol synthesis temperature. The
optimal materials are found to be YPO4:Ce3+ 5 mol% particles synthesised at a temperature of 2050
K which have several essential features for flow thermometry: the particles are ~1 µm in diameter;
possess a thermally-stable crystal structure; emit bright luminescence (4x1013 photons per mg of
particles at 300 K) with a suitably short lifetime (~20 ns at 300 K); and have a T10 thermal
quenching temperature of nearly 1300 K. Luminescence data are used to determine the performance
of the particles as tracers for two-colour temperature imaging in gas flows. A single shot
temperature precision of better than 10% at 1200 K can be achieved, increasing the high
temperature limit of gas thermometry using phosphors by over 200 K.
References:
[1] C. Abram, B. Fond, and F. Beyrau. Progress in Energy and Combustion Science, (2018) 64:93 – 156
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TRIPLE RATIOMETRIC TEMPERATURE READ-OUT IN LUMINESCENCE
THERMOMETRY WITH YAG:Dy,Cr
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Aleksandar Ćirić a, Željka Antić a, Miroslav D. Dramićanin a
a

Vinča Institute of Nuclear Sciences – National Institute of the Republic of Serbia,
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Yttrium aluminum garnet (Y3Al5O12, YAG)-based phosphors have been extensively studied and
used in many fields, for example, as lasers or in LEDs [1,2]. When activated with rare earth or
transition metal ions, YAG is an excellent temperature-sensitive phosphor. YAG:Dy3+ is wellknown as a high temperature probe (up to 1700 K) the lifetime and intensity ratio thermometry [3],
while YAG:Cr3+ shows the potential for use in thermometry in the temperature range of 77–600 K
[4]. The aim of this work was to explore the of co-doped YAG:Dy3+,Cr3+ powders potential for
luminescence thermometry by three luminescence intensity ratio (LIR) approaches, and to explore
the energy transfer between the co-dopants.
For this aim, six samples were synthesized by Pechini metod with the final calcination temperature
of 1100 °C and with the following compositions: YAG: 0.5Cr, YAG: 1Cr, YAG: 3Dy, YAG: 3Dy,
0.5Cr, YAG: 3Dy, 1Cr, and YAG: 3Dy, 1.5Cr. The X-ray diffraction measurement confirmed cubic
garnet structure of YAG with no other phases, indicating that Dy3+ and Cr3+ ions were effectively
integrated into the host lattice.
The usability of this material for luminescence thermometry was tested by three approaches:
1. LIR of Cr3+/Dy3+ emissions, where in the temperature range from 200 K to 600K, Dy emission
was slightly influenced by the temperature change, while the Cr3+ emission was strongly
influenced;
2. Double excitation LIR, a novel approach to the temperature sensing, is applied by utilizing two
excitation wavelengths in succession while measuring Cr3+ emission band. The excitations
corresponded to two Dy3+ absorption transitions, the 4H15/2 →4F9/2 and 4H13/2→4F9/2;
3. LIR Cr/Cr, where the intensity ratio of two Cr3+ emissions, the spin-forbidden 2Eg→4A2g and the
spin-allowed 4T2g→4A2g, can be utilized above 200 K, when the 2Eg and 4T2g states are in the
thermal equilibrium.
Acknowledgement: This research was funded by the Ministry of Education, Science and
Technological Development of the Republic of Serbia and sponsorship from the NATO Science for
Peace and Security Programme under grant id. [G5751].
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NIR II-Responsive Photon Upconversion
Bo Zhou a,*
a

State Key Laboratory of Luminescent Materials and Devices, South China University of Technology,
Guangzhou 510641, China
*
Corresponding: zhoubo@scut.edu.cn
Photon upconversion is a nonlinear anti-Stokes process featuring the high-energy photon emission
under low-energy photon irradiation, which has been observed in a broad range of materials from
bulks to films, phosphors and nanomaterials. However, to date most of the relevant research are
based on the upconversion under conventional 980 nm or the first near-infrared biowindow (e.g.,
808 nm) excitations. It has remained a challenge for the smart control of photon upconversion from
a series of lanthanide ions upon NIR II excitations.
In this talk, we present a new conceptual model to realize the upconversion from a set of lanthanide
ions (e.g., Tm3+, Ho3+, Gd3+, Eu3+ and Tb3+) by designing an ytterbium sublattice in an erbium
sensitized multilayer core-shell nanostructure under 1530 nm irradiation (Fig. 1). We also gain a
deep insight into the mechanistic feature of energy migration through establishing an interfacial
energy transfer mediated nanostructure. By building the selective photon blocking effect in the
multilayer nanostructure, we further achieve the red-green-blue switchable upconversion emission
output under steady-state excitation. These results open new opportunities for both fundamental
research and frontier applications of lanthanide-based materials.

Fig. 1 Schematic of the conceptual design for NIR II-responsive upconversion

References:
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Y4Al2O9:Ce single crystals under high pressure
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High pressure studies of monoclinic yttrium aluminum oxide single crystals (Y4Al2O9 -YAM)
doped with Ce3+ ions grown by micro-pulling-down method are reported. The results of absorption
measurements in the mid-infrared prove the existence of four different sites in which Ce3+ ions
substitute Y ions, in accordance with the crystallographic structure of YAM. The lowest 5d level of
Ce3+ is located very close to the bottom of the conduction band for two of four Ce3+ related centers
at ambient pressure, which results in strong temperature quenching of their luminescence. Two
other Ce3+ centers do not emit at ambient pressure since their 5d levels are resonant with the
conduction band. Application of high pressure above 11 GPa restores their luminescence.
Consequences of such energy structure of various Ce3+ sites in YAM for the Dorenbos theory are
discussed. The bandgap energy of YAM is found to be 5.93 eV, which is the smallest out of the
three yttrium aluminum oxides. High-pressure synchrotron angle dispersive x-ray diffraction and
Raman scattering measurements identify a phase transition occurring at pressures between 8 and 11
GPa, which has martensitic character. The second phase transition to another structure (likely with
hexagonal symmetry) occurs at a pressure around 16 GPa.

Figure 1 Unit cell volume of YAM as a function of pressure. The symbols represent the unit cell volume measured
under compression. The solid lines represent the Birch-Murnaghan EOS fits.
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CRYSTAL FIELD STRENGTH MODIFICATION AND HOST MATERIAL
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Fe DOPED AB2O4 TYPE NANOCRYSTALS (A= Mg, Ca; B=Al, Ga)
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The continuous development of luminescence nanothermometry, exploiting the thermally
susceptible spectroscopic properties of the inorganic phosphors, accentuates the modulation of the
thermometric performance of the luminescent thermometer (LT), depending on the applications
[1,2]. Therefore the easiness of the modification of the thermometric properties of the LT by the
altering of crystal field strength and local ions symmetry, offered by the transition metal ions is
especially attractive form this perspective. In this work, this strategy was evaluated on MgAl2O4,
MgGa2O4, CaAl2O4, CaGa2O4 host materials doped with Fe3+ ions [3]. It was concluded, that the
host materials with the cationic sites of low point symmetries provide the redshift and broadening of
Fe3+ emission band, shortening its luminescence lifetime. Moreover, it was found that the reduction
of the local point symmetry affects the susceptibility of Fe3+ emission intensity to thermal
quenching. Therefore by the modification of the host material composition an enhancement of the
relative sensitivity of LT was achieved. The highest value of the relative sensitivity was found for
CaGa2O4 (SRmax= 2.07%/oC), characterized by the lowest crystal field strength. To provide an
improvement of the temperature readout reliability, the ratiometric luminescent thermometers were
synthesized using Tb3+ co-dopant as an internal luminescence reference. A Fe3+ to Tb3+ energy
transfer that occurs in the investigated systems enables the further improvement of the SR up to
2.58%/oC for CaAl2O4. Presented studies confirm that the proposed approach enables the
optimization of the thermometric properties of the LT toward the development of a highly sensitive
luminescent temperature probe.
Acknowledgements: The ‘‘High sensitive thermal imaging for biomedical and microelectronic
application’’ project is carried out within the First Team programme of the Foundation for Polish
Science co-financed by the European Union under the European Regional Development Fund. The
financial support from the European Union’s Horizon 2020 FET Open program under grant
agreement no. 801305 is acknowledged. LDC thanks the project CICECO-Aveiro Institute of
Materials, UIDB/50011/2020 & UIDP/50011/2020, financed by Portuguese funds through the
FCT/MEC and when appropriate co-financed by FEDER under the PT2020 Partnership Agreement.
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Motivated from increasing demands of non-contact temperature sensing, here Mn2+ doped Zn2GeO4
(ZGO) phosphor is produced to explore the temperature dependencies of its optical characteristics.
Temperature dependencies of emission intensity and luminescence decay lifetime of Mn2+ in the
range from 250 K to 420 K are investigated. The maximum relative sensitivities achieved are 4.5%
K-1 and 4.6% K-1 for temperature sensing modes of emission intensity and decay lifetime,
respectively. In order to realize temperature imaging, a temperature sensing scheme is employed
based on time-resolved technique with the help of an intensified charge coupled device (ICCD) and
a fluorescent microscope, where the luminescence integral intensities ratio of obtained images for
two time segments is calibrated to measure the temperature. A maximum relative sensitivity of 12.2%
K-1 is achieved and the best temperature resolution is about 0.68 K. Employing the temperature
imaging system we built, the temperature distribution of micro circuit on a printed circuit board
(PCB) has been monitored with high temperature and spatial resolution. The results may offer a
significant advance in the development of temperature visualization for precise distributions and
change of temperature field.

Fig. 1 The temperature imaging of a micro circuit with high sensitivity and resolution adopting time-resolved technique.

References:
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The lanthanide ions (Ln3+) are especially attractive in the noncontact thermometry due to their
narrow, well-separated emission bands, which facilitates their spectral separation and thus
temperature readout. However, in some of the cases, one of the most important limitations
which prevents their practical use is their low relative sensitivity to temperature changes[1].
Therefore in this work we propose an approach of the enhancement of the sensitivity of
Ln3+-based luminescent thermometers by the sensitization process by transition metal ions
(TM). Taking advantage of the thermally dependent probability of the TM→Ln3+ energy
transfer the thermally induced variability of the Ln3+ emission intensity is enhanced. That may lead
to an enhancement of the relative sensitivity (SR) of luminescent thermometer and the intensity of
the emission signals. In order to validate the proposed approach, the YAG: Tb3+, Eu3+
luminescent thermometer which is well known from its low relative sensitivity has been codoped with the Cr3+, Mn4+ and Ti3+/4+ ions[2]. It was found that an increase of the TM ions
concentration leads to the gradual enhancement of the Eu3+ to Tb3+ luminescence intensity ratio
(LIR). Observed changes have reflections in the remarkable enhancement of its relative
sensitivity from SR = 0.09 %/°C for YAG:Tb3+, Eu3+ up to SR = 0.28 %/°C, 0.15 %/°C and
0.30%/°C, for 20% of Mn4+, 5% of Cr3+ and 10% of Ti3+/4+ ions respectively. The obtained
results were discussed in terms of the TM→Ln3+ energy transfer and Ln3+→TM back energy
transfer processes. These first optimistic results suggest that the proposed approach may lead to
the development of a highly sensitive luminescent thermometer with the further studies.

Figure 1. The thermal evolution of the relative sensitivity (SR) of YAG:Tb3+, Eu3+, TM luminescent thermometer for
different sensitizer ions.
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Yb/Er doped hexagonal β-NaLnF4 (Ln=Gd, Y, Lu) are regarded as the most efficient green
upconversion (UC) materials[1]. Unfortunately, β-NaLnF4 is quite difficult to grow as monocrystal
owing to cubic-to-hexagonal phase transition during cooling[2,3]. As an alternative, herein we report
a nanocrystallization controllable strategy to synthesize monodisperse whole-family β-NaLnF4
(from NaLaF4 to NaLuF4) embedded bulky glass ceramics. A series of structural and spectroscopic
characterizations indicate that Na content and Al/Si ratio are the most important factors to determine
phase-selective NaLnF4 crystallization in the aluminosilicate oxyfluoride glasses. Impressively,
such nanocomposites are evidenced to be ideal hosts for upconversion luminescence of Yb3+/Er3+
dopants and as the proof-of-concept experiments, their applications in random laser and incoherent
LED-excitable upconverting device as emitting media are demonstrated for the first time. It is
expected that this study will provide deep understanding for controllable crystallization in glass and
extend the practical applications of glass ceramics in optoelectronic fields.
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So far, chromium doped nanomaterials have been used in various industries, such as optical
spectroscopy, opto-electronic instruments, lasers, and other industries [1-3]. The effect of the crystal
field surrounding the transition metal is much greater than that of rare earth ions because 3d3
electron orbitals have a broad radius of the outer shells. The spectroscopic properties of transition
metal ion optical centers are the results of the electronic structure of the dn ion and the crystal field
of the ligands. Transition metal ions with 3d3 configuration, such as Mn4+ and Cr3+, have recently
become interesting for use in luminescence thermometry due to their deep red emission that is
highly sensitive to temperature changes.
In this work, the pure phase spinel Cr3+:LiAl5O8 powder was obtained by a combustion synthesis at
1000°C. The sample was characterized by XRD, SEM, and photoluminescent measurements in the
temperature range from 120 K to 680 K. We showed that temperature can be precisely determined
by (i) exploiting the temperature dependence of the 2E state lifetime, and (ii) ratiometric approach
exploiting the emission intensity ratio of 4T2→4A2 and 2E→4A2 transitions (Figure 1), with high
relative sensitivity in both cases.

Figure 1. PL emission spectra of LiAl5O8 doped with Cr3+ (λex = 473 nm, intensity given in the logarithm scale)
measured from 120 to 680 K.
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Nowadays, organic light-emitting diode (OLED) technology is rapidly developing and is applied in
lighting and wireless telecommunications. To achieve high purity of light in OLEDs, materials with
narrow emission bands are required, therefore lanthanide coordination compounds with
incomparably narrow emission bands (ca. 10-20 nm) can be considered as promising emitter
materials for OLEDs. Triplet state involvement in luminescence-resulting energy transfer processes,
together with reported high quantum yields in visible range (up to 100%) also favor their potential
importance.
Nonetheless, unlike other classes of compounds, including recently developed thermally activated
delayed fluorescence (TADF) materials, lanthanide complexes still do not demonstrate high
electroluminescence (EL) efficiency: the majority of lanthanide-based OLEDs feature brightness of
10-100 cd/m2 and below, and brightness on the order of 1000 cd/m2 is exceptional.
The present talk aims to understand the reason for this loophole. Direct analysis of the literature is
intricate, as there is a number of important factors which influence OLED performances: a)
photoluminescence quantum yield, b) lifetime of the emitting excited state, c) charge carrier
mobility, d) energy of boundary orbitals, and e) the morphology of the emitter thin films. In order to
reveal the key one we utilized the following strategy:
1) To identify the “hidden” hampering factor, analyzing all these experimental parameters gathered
for a series of especially selected luminescent complexes – mixed-ligand europium complexes
with bathophenanthroline (Bphen) and different classes of anionic ligands (L): aromatic and
aliphatic carboxylates or β-diketonates.
2) To screen broad literature data to verify or refute this hypothesis.
The reasons for that were also identified and discussed, as well as the possible ways to overcome
this problem.
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Luminescent materials have attracted tremendous interests owing to their important applications in
various fields of sensing, anti-counterfeiting, optoelectronic devices and so on.1 Conventional
fluorescent systems are limited by background interference, and which are easily stolen, mimicked,
or forged owing to the increasing familiarity of counterfeiters to the existing ones. In view of
practical applications, we report a facile and effective construction strategy for preparing afterglow
materials at room-temperature. Such materials display excellent afterglow performances, which can
achieve visible and high-level information encryption and sensing application.2-3

Figures. Afterglow performances of CDs@clay and the responding high-level information encryption and sensing
application.
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Small noble metal particles incorporated in solid media cause its beautiful coloration. Such
coloration is peculiar to some glass paintings and ancient ceramics containing gold or silver
nanoparticles [1]. Physically coloration appears, when frequency of certain white light component
is in resonance with frequency of surface electron oscillations in metal nanoparticle, so this
part of light is resonantly absorbed or scattered by nanoparticle. Described, so called, localized
surface plasmon resonance is characterized also by sharp growth of light induced electric
field in the vicinity of metal particle. So light induced localized plasmon resonance influences
also local neighborhood of the particle. Thus it can cause resonance increase in Raman light
scattering for analyte placed nearby the particle [2] or growth in light harvesting for adjacent
solar cell absorber layer [3] or more efficient fluorescence for appropriately placed nearby
emitters [4, 5].
In view of this, composition of solid state crystal phosphor with noble metal nanoparticles looks
promising via potential increase in luminescence efficiency caused by light-plasmons coupling
[6]. However there is a high risk of melting, aggregation or oxidation of nanoparticles, if they
will be added during traditional high temperature 800-1000 ºC sintering of inorganic phosphors.
In order to save nano-dimension of particles and, at the same time, to provide
sufficient
crystallization of the host, we propose novel composition of Mg2TiO4:Mn4+ phosphor with
core@shell Ag@SiO2 nanoparticles. Sol-gel route with final annealing of material at moderate
550 ºC temperature was used for its gentle crystallization. It allowed to save the size of preliminary
prepared Ag@SiO2 nanoparticles, which were added to the sol-gel precursor before gelation.
Final composite has a “raisin cake” morphology, where Ag@SiO2 played a “raisin” role. It
was revealed that, at optimal concentration, they provided up to 1.5 enhancement in Mn4+
luminescence intensity. Since plasmonic light
extinction of Ag@SiO2 nanoparticle is welloverlapped with excitation spectrum of Mn4+ ions in Mg2TiO4 host, we suggest that such
enhancement is caused by plasmonic increase in excitation of Mn4+ ions [7].
References:
[1] Ch. 16 Nanoeffects in Ancient Technology and Art and in Space, in Munir Nayfeh, Fundamentals and
Applications of Nano Silicon in Plasmonics and Fullerines, Elsevier, 2018, pp. 497-518.
[2] G. Barbillon, Nanomaterials 10 (2020) 1200.
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[4] Y. Wang, T. Ding, Nanoscale 11 (2019) 10589–10594.
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Science & Applications 9 (2020) 90.
[6] C. You, L. Lin, J. Wang, F. Zhang, P. M. Radjenovic, Z. Yang, Z. Tian, J. Li, ACS Appl. Nano Mater. 3, 6 (2020)
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[7] L. Dolgov, J. Hong, L. Zhou, X. Li, J. Li, V. Djordjevic, M. Dramicanin, J. Shi, M. Wu, ACS Appl. Mater. Interfaces
11, 23 (2019) 21004–21009.

49

第一届光学材料与器件物理学国际学术会议亚洲论坛
1st Edition of the International Conference on the Physics of Optical Materials and Devices‐Asia

Abstract code: (Oral-IV-01)

ULTRA-SENSITIVE OPTICAL NANOTHERMOMETER BASED ON
THERMO-ENHANCED NIR-NIR EMISSIONS
Hao Suoa, Chongfeng Guob*
a

Hebei Key Lab of Optic-Electronic Information and Materials, College of Physics Science &
Technology, Hebei University, Baoding, 071002, China
b
National Key Laboratory of Photoelectric Technology and Functional Materials (Culture Base)
in Shaanxi Province, National Photoelectric Technology and Functional Materials &
Application of Science and Technology International Cooperation Base,
Institute of Photonics & Photon-Technology, Northwest University, Xi’an, 710069, China
*
Corresponding: guocf@nwu.edu.cn
Accurate deep-tissue thermometry integrated with bio-imaging and self-heating functions has been
urgently desired for photothermal therapy (PTT)

[1]

. Herein, urchin-like LaPO4: Yb3+/Nd3+

nanothermometers working in BW were designed with remarkable sensitivity (Sa-max ~ 0.1853 K-1,
Sr-max ~ 3.51% K-1), resolution ( Tmin ~ 0.02 K) and repeatability using 4F7/2-4F5/2-4F3/2 (Nd3+) as
TCLs. Meanwhile, thermally enhanced NIR-NIR emissions with maximum factor of 1052 were
detected with good reversibility, which was attributed to the increased phonon-assisted ET
efficiency

[2]

. Irradiated by 980 nm laser, NIR-NIR emissions were still detectable at the tissue

depth of 7.5 nm with nearly unchanged FIR values. Integrated with the self-heating effects, the
nanoparticle real-time monitored the temperature increments induced by itself with sub-degree
resolution in deep-tissues. These combined features make this nanothermomers with thermoboosted NIR-NIR signals promising candidates towards minimally invasive PTT with real-time NIR
imaging and thermal control.

Figure 1. LaPO4: Yb3+/Nd3+ nano-thermometers with ultra-high sensitivity based on thermo-enhanced NIR emissions.
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Li2TiO3 is one titanate that is well known for
its use in fusion reactor blankets as a tritium
breeding material. It has high lithium density,
high melting point, good thermal
conductivity, excellent tritium release
behavior and contains abundant octahedral
sites [TiO6] and [LiO6] that are vital for red
phosphors application. However, its
performance depends on the multiplet
energies wich originating from dopant such
as d3 ions. Therefore, here we investigated Figrure 1. Multiplet energy diagram of isoelectronic TM
the multiplet energies of Li2TiO3; d3 ions 3d3 ions doped in two different sites of Ti in Li2TiO3
(Mn4+ and Cr3+) using the non-empirical crystal.
first-principles calculations. First, we
constructed model clusters based on Li2TiO3
crystal [1]. Both of Li+ and Ti4+ ions have 6 coordination number, however since Mn4+ has the
closest crystal radius with Ti4+ (Li+ = 0.9, Ti4+ = 0.745, Mn4+ = 0.67), one Mn4+ ion was substituted
in the Ti4+ site. Although almost identical, there are two different Ti4+ sites which differ by their TiO distance. Here, we have indicated them as Ti1 and Ti2 sites. lattice relaxation effect was
considered by geometry optimization using Cambridge Serial Total Energy Package (CASTEP)
code. Both Discrete Variational-Xα (DV-Xα) and the Discrete Variational Multi-electron (DVME)
softwares were used to estimate the optical luminescence properties. Figure 1 shows the multiplet
energies of Mn4+ and Cr3+ doped into both Ti1 and Ti2 sites of Li2TiO3 crystal using the optimized
7-atom model cluster with energy corrections. The experimental data of Li2TiO3: Mn4+ are shown in
the left panel [2]. The results imply that the multiplet energy levels tend to decline in the order of
Mn4+ to Cr3+.
References:
[1] K. Kataoka et al., “Crystal growth and structure refinement of monoclinic Li2TiO3,” Mater. Res. Bull., vol. 44, no.
1, pp. 168–172, 2009.
[2] M. R. Lorenz and J. S. Prener, “Effect of crystal structure upon the luminescence of manganese-activated lithium
titanate,” J. Chem. Phys., vol. 25, no. 5, pp. 1013–1015, 1956.
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High stability and water solubility of the fluorescent nano-materials are considered a key factor to
evaluate their feasibility for fundamental applications. Herein, water soluble and thermally stable,
green emitting carbon nanodots (CNDs) has been synthesized via facile hydrothermal method. The
CNDs show green emission centered at 544 nm with photo-luminescence quantum yield (PLQY) up
to 10.1% under excitation of 400 nm. Besides, high ionic and photo-stability, CNDs aqueous
solution demonstrates excellent stability under harsh thermal conditions from 10-80°C. The
prepared CNDs show stable performance to high temperature even under keeping them at 80°C for
30 minutes. Furthermore, the green emissive CNDs are incubated to T-ca cancer cell for bioimaging applications. Moreover, the obtained CNDs proved that it can be serve as effective
thermally stable bio-imaging agent in T-ca cells upon physiological temperature ranges from 25°C45°C. Green emission and excellent thermal stability make these CNDs promising fluorescent
materials for potential applications in medical field, which required long wavelength fluorescence
and high temperature imaging.

Figure 1 Graphical representation of green emitting CNDs
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Traditional Eu3+-activated inorganic phosphors are habitually used for general lighting and display
because they generally emit either intensive orange (5D0-7F1) or red (5D0-7F2) light whose
wavelength is shorter than 630 nm. However, less known nor focused is that Eu3+ at sites with
specific symmetry can intensify its 5D0-7F4 transition, enabling Eu3+ itself to emit deep red light (>
700 nm) even stronger than the above orange and red ones. Herein, a novel Eu3+-activated phosphor,
Ca2TbSn2Al3O12:Eu3+, is developed from the garnet structure. Differing from other Eu3+-activated
phosphors, the 5D0-7F4 transition of Eu3+ in the host is dominant and the orange, red and deep red
emissions are balanced. Such special features of Eu3+ luminescence not only satisfies the absorption
of chlorophylls but also meets the need of phytochromes. Additionally, bridge style energy transfer
from the host composition element Tb3+ to the activator Eu3+ can be observed. It is found the Tb3+Eu3+ energy transfer in Ca2TbSn2Al3O12:Eu3+ takes through the mechanism of dipole-dipole
interaction and the simulation on decay curve of Eu3+ upon Tb3+ excitation, for the first time,
confirms the existence of terbium bridge energy transfer. For the Ca2TbSn2Al3O12:0.40Eu3+, the
energy transfer efficiency is as high as 94.4% and the emission color is totally red. Thermal
quenching studies reveal that the emission intensity of the phosphor at 425 K sustains 80% of its
initial intensity at room temperature. By fabricating the phosphor with a 380 nm LED chip, a RLED
device can be obtained.
References:
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Interfaces 10 (2018) 41479−41486.
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NaYF4 is regarded as one of the most effective upconversion luminescence matrixes due to the low phonon
energy. In addition, the hexagonal β-NaYF4 always exhibit higher upconversion efficiency than cubic αNaYF4. Thus, numerous studies have focused on NaYF4 based upconversion functional materials.
Herein, Yb3+/Er3+ co-doped β-NaYF4 upconversion Rod-like crystals were prepared using a facile
hydrothermal method. The structure and phase purity of the samples were identified by XRD. The rod-like
morphologies were investigated by SEM. The shape and size can be tuned by adjusting Yb3+ doping
concentration. The incorporation of Yb3+ and Er3+ ions was further proved by performing the EDS under
TEM measurement. Also, elements mapping was used to determine the distribution of elements. The UC
spectra were composed of obvious green and red emission from 2H11/2/4S3/2→4I15/2 and 4F9/2→4I15/2 transitions
under 980 nm laser excitation, respectively. Efficient tailoring of red/green (R/G) ratio was achieved by
varying the Yb3+ or Er3+ concentrations. The theoretical model of the energy transfer mechanisms based on
rate equations was established, which agreed well with the experimental results.
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Narrow-band red phosphors can effectively balance the loss of lumen efficiency and color rendering
index improvement when applied in warm white light WLED [1]. However, high performance Mn4+
Phosphor with good water resistance remains a challenge. Herein, the theoretical spectral lumen
efficiency is increased by the cation substitution induced distortion, and its effect on the device
efficiency was investigated

[2]

. The stability of Mn4+ in high temperature and high humidity

environment is achieved by suitable reduction treatment
improve the luminescence and water resistance

[3]

. Epitaxial growth was introduced to

[4]

. All the studies pave the road for the practical

4+

application of Mn phosphor in solid-state lighting.
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A novel red phosphor of Cs2NaAlF6:Mn4+ with unprecedented spectral features of double vibrational phonon
sidebands and ultra-intense ZPL comparable to the sharpest v6 peak under blue light excitation was obtained.
The amazing spectral feature is originated from the non-equivalent occupation of Mn4+ for both Al3+ sites in
CNAF host. Profiting from the extraordinary PL properties, excellent optical performance of CNAF:Mn as
color converter is achieved, implying its potential application in white LED lighting or display devices.
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Nowadays, Mn4+-doped red phosphors are widely used in white LEDs to improve the color
rendering index and decrease the correlated color temperature. Great efforts have been made to
enhance the luminous efficiency. In this work, new composite particles containing two fluorides
with similar structures K2LiAlF6 and K2NaAlF6 were developed to improve the emission intensity.
The composite particles contain K2LiAlF6 and K2NaAlF6 phases with an increase of Na content.
The particle sizes of the products were in the nanoscale and the element distribution was
investigated. Importantly, the as-prepared composite particles had higher emission intensity than
simple mixtures. Structural and optical characterization studies were systematically carried out to
understand the enhancement mechanism. Finally, a white LED device was fabricated by combining
the synthesized red phosphor and YAG:Ce on a blue chip.

Figure 1. (a) PLE, (b) PL, (c) dependence of integrated emission intensity of KLAFM, A1-A4, B1-B4 and KNAFM, (d)
PL of KLAFM, A1-A4 and KNAFM, (e) quantum yields, (f) lifetimes and (g) luminescent photographs under 365 nm
UV light of A1-A4 and B1-B4.
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Rare earth doped luminescent materials have been widely used in lighting and display due to their
rich energy levels and characteristics of 4f electron transitions, including the multi-color light
emission, narrow ray, high color purity, wide emission wavelength distribution, long lifetime, etc.
At the same time, rare earth luminescent materials are also an ideal choice for solar cells to conduct
photon energy conversion, which can significantly improve the efficiency of solar cells. However,
the application of rare earth luminescent materials in some fields is seriously restricted due to its
small absorption cross section and low luminous efficiency. At the same time, the application of
optical conversion materials to improve the energy conversion efficiency of solar cells is still in the
stage of laboratory research. Therefore, it is of great significance for the development and
application of rare earth luminescent materials to explore efficient and stable new rare earth
luminescent materials and expand their application in some emerging fields.
(1) Semiconductor plasma quantum dots were used for the first time to enhance rare earth upconversion fluorescence, and a new method for semiconductor surface plasma to enhance rare
earth up-conversion fluorescence was studied. Through the plasma resonance and energy
transfer effect of Cu2-XS quantum dots, rare-earth up-conversion luminescence was enhanced,
and the fluorescence enhancement was up to 1500 times, which was applied to anticounterfeiting display, perovskite solar cells and other fields.
(2) For the first time, efficient quantum clipping luminescence in rare earth ion doped perovskite
nanocrystal crystals has been realized, breaking through the worldwide problem of small
absorption cross section and low actual quantum efficiency of traditional rare earth quantum
clipping luminescence. By doping rare earth ions Yb3+ and Ce3+ in the perovskite quantum dots,
the rare earth doped perovskite quantum dots with the quantum cutting luminescence efficiency
up to 173% are obtained, and they are applied to silicon and copper indium gallium selenide
solar cells, so that the energy conversion efficiency is relatively increased by 20%, which has
great application prospect.
(3) The inorganic perovskite quantum dots based on Sm3+ doping were obtained to obtain a singlecomponent white photodiode. Perovskite LED devices were prepared based on the perovskite
quantum dots doped with Sm3+. The electroluminescence of rare earth Sm3+ was obtained in the
perovskite for the first time, and the single-component perovskite white light LED devices were
obtained.
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Interface engineering is of great signification for high-performance of organic–inorganic halide
perovskite solar cells (PSCs).1-3 We report a dual interface modification strategy for constructing
effective and stable PSCs by simultaneously incorporating the europium ions doped WOx nanorods
(Eu-WOx) into electron transport layer (ETL) and hole transport layer (HTL). A significant
hysteresis-free power conversion efficiency (PCE) with 22.08%, and much better UV light/long
term-stability of PSCs are achieved. Systematic investigations elucidate that Eu-WOx nanorods
significantly contribute to the improved conductivity, carrier mobility of both SnO2 ETL and SpiroOMeTAD HTL, and the crystalline quality of the perovskite film. This finding highlights that EuWOx nanorods as the interface modifier provide a versatile avenue to construct efficient and stable
PSCs for practical applications.

Figure 1. (a) J-V curves of reversed and forward scanning directions. (b) Long-term stability for the corresponding
devices evaluated in the atmosphere at the room temperature.
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LED plant lamp is a kind of artificial light source suitable for plant lighting, due to the advantages
of energy-saving and environment-friendly, adjustable light quality, low thermal radiation, high
efficiency, small volume, and allowing to increase the cultivated capacity per unit area. Phosphors
are the core components of LED plant lamps, and their performance directly determines the
performance of LED devices. Therefore, it is an important challenge in the field of inorganic
luminescent materials to develop new high performance phosphors for LED plant lamps. The
discovery of novel Mn4+-doped oxide red phosphor with suitable spectrum for plant growth is a hot
issue in the recent years due to the characteristic red photoluminescence of 2Eg → 4A2 transition in
Mn4+ ions. Generally, the emission position of Mn4+ is hard to tune because of specifc crystal feld in
most phosphors. In this work, tunable luminescence property with obvious red shift in the spectra is
observed in the Mn4+-doped SrMgAl10-yGayO17 red phosphor via simple substitution of Ga3+ for
Al3+, and crystal feld theory and nephelauxetic eﬀect are employed to explain this phenomenon.
Meanwhile, the Ga3+ dopant changes the shape of the spectra because Ga3+ dopant guides the
replacement site of Mn4+ and changes the luminescence center. Improved emission intensity is
obtained because appropriate Ga3+ doping leads to larger band gap and reduces nonradiative
transitions. Phosphor-converted LED (pc-LED) devices fabricated with blue chip (470 nm) and the
asobtained SrMgAl10-yGayO17:1.0%Mn4+ phosphors emit bright blue and red light, which ft the
absorption regions of plant pigments well, thus SrMgAl10-yGayO17:Mn4+ phosphor can be a
candidate for plant growth LED light.
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There has been considerable research interest paid to rare-earth transition-metal-doped Y3Al5O12,
which has great potential for application as a laser crystal of new-type laser devices because of its
unique optoelectronic and photophysical properties [1-2]. Here, we present new research conducted
on the structural evolution and crystal-field characteristics of rare-earth Nd doped Y3Al5O12 laser
crystals by using the CALYPSO structure search method and the crystal-field theory method [3]. A
novel cage-like structure with a Nd3+ concentration of 4.16% is uncovered, which belongs to the
standardized C222 space group. Our results indicate that the impurity Nd3+ ions are likely to
substitute the Y3+ at the central site of the host Y3Al5O12 (YAG) crystal lattice. The laser emission
4
F3/2 → 4I11/2 occurring at 1077 nm is in accord with that of the experimental data. By introducing
the proper correlation crystal field, three transitions, 4G5/2 → 4I9/2, 4F7/2 → 4I9/2, and 4S3/2 → 4I9/2, are
predicted to be good candidates for laser action. These findings can provide powerful guidelines for
further experiments of rare-earth-metal-doped laser crystals.
Thulium-doped yttrium aluminum garnet (Tm:YAG) is an important solid-state laser crystal. The
energy-level splitting within it is still an unresolved problem. Here, we perform a theoretical study
on the microstructure of Tm3+-doped YAG using the CALYPSO structure search method in
conjunction with first-principles calculations [4]. The calculated results show that the 4.16% doping
concentration of Tm3+ impurity causes an obvious structural distortion of YAG crystal, forming an
orthorhombic phase in C222 symmetry. On the basis of the crystal-field theory method, we obtain a
new and complete set of free-ion and crystal field parameters by a good fit (with proper irreducible
representations) to 69 observed energy levels and determine the exact energy-level splitting of Tm3+
in YAG. The calculated Stark levels and electric dipole transitions are in excellent agreement with
the measured data and similar theoretical calculations. Some promising emission lines between 3F3,
3
F2, 1D2, and 1I6 states are presented. These findings offer fundamental insights and practical tools
for further exploration of the structural and electronic properties of other transition-metal-doped
YAG crystal.
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Eu(III) 2-{4-[(2-oxocyclopentyl)methyl]phenyl}propanoic acid complex (Eu-LPF), a novel lowtoxic luminescent material based on energy transfer between the LPF ligand and Eu3+ ion, was
synthesized and characterized by means of elemental analysis, thermogravimetric analyses, and FTIR spectra. The spectroscopic properties of Eu-LPF were studied using UV-vis absorption
spectroscopy and steady/transient state luminescence spectroscopy. Furthermore, the cytotoxicity of
Eu-LPF on MCF-7 cells was investigated by MTT assay and flow cytometry. Its biocompatibility
and utilization for cell imaging were studied as well. The results showed that Eu-LPF exhibited
favorable luminescence properties, low toxicity and good biocompatibility, which endowed Eu-LPF
with a potential capability for bioimaging and optical detection (Fig.1).

Fig.1. A novel low-toxic red emission Eu-loxoprofen complex was synthesized, which had a potential
application in bioimaging and optical detection.
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SrB4O7: Sm2+ is an excellent thermal sensing material. Both its decay lifetime and flourescence intensity ratio
are highly sensitive to temperatrue changes. Furthermore, the decay lifetime of all the transition are the same,
which greatly simplifies the signal collection procedure and improves signal quality. The Charge coupled
device camera have the ability to record time-resolved intensity information from a two-dimensional area in
one picture. With this ability, the thermal imaging could be achieved easily and precisely. In this work, we
study the thermometry application with a different strategy using CCD camera. The temperature dependent
behavior of the strategy and the relativity sensitivity are obtained and discussed.
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Phase control of two-dimensional (2D) transition metal dichalcogenides (TMDs) is important from both
scientific and engineering aspects. However, up to now it remains a challenge to stabilize the metastable
phase of TMDs under ambient conditions. Herein, via systematic first-principles calculations, we
demonstrate that proper choice of metal substrate as support for transferred layer, the metastable phase of
MoS2 can be effectively stabilized. By screening 15 widely used metal substrates, we found that Mo(001),
W(001) and Hf(0001) surfaces not only stabilize the metastable 1T phase against the common 2H phase, but
also prevent the structural transformation of 1T→2H by increasing the transition barrier. Remarkably, we
reveal the crucial role of charge transfer from metal surface to Mo d-orbitals of MoS2 that influences the
electron occupation of atomic orbitals associated with crystal splitting, which provides an excellent
descriptor to determine the stability of metastable phase. We also propose a novel field-effect transistor made
from a single MoS2 layer with semiconducting 2H phase region connected by two metallic 1T phase regions
in contact with metal electrode (Mo, W, Hf), which exhibits ideal Schottky-barrier-free interface. These
findings are generally applicable, offering an attractive and practical approach to engineer the phase
transition of 2D TMDs and design novel nanodevices with multi-functionalities.
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A

series

of

luminescent

benzenedicarboxylate

lanthanide

compounds

with

2,

3,

5,

6-tetraflfluoro-1,

4-

(H2BDC-F4) acting as the organic ligand have been synthesized by

solvothermal reaction.The terbium compound (C1: Tb-BDC-F4) and europium compound (C7: EuBDC-F4) exhibit intense green and red luminescence respectively upon excitation of the ligand at
room temperature, which suggests that H2BDC-F4 ligand can sensitize Tb3+ and Eu3+ ions
effectively. The emitting color of the mixed lanthanide compounds is tunable from green to red in
the mixed lanthanide compounds TbxEu1-x-BDC-F4 (x =0.3%, 0.5%, 0.7%, 1%, and 2%), which is
caused by energy transfer from Tb3+ to Eu3+. The self-reference ratio metric optical thermometry
was realized by fluorescence intensity ratio between Tb3+ green emission (~544 nm) and Eu3+ red
emission (~ 619 nm). The maximum relative sensitivity SR,max is 0.76%K-1@50 K. Furthermore,
the emitting color of C5: Eu0.01Tb0.99-BDC-F4 could be tuned from green to orange by temperature
in the range of 50 to 300 K. It allows the mixed Eu/Tb-BDC-F4 compounds to be potentially used as
sensitive luminescent materials to directly imagine the temperature distribution.
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Multicolor fluorescent carbon quantum dots (CDs) exhibit prospective applications in light-emitting
and display devices, bioimaging, and photocatalysis. In this work, highly emissive blue, green and
red carbon dots (denoted as B-, G- and R-CDs) were synthesized through a facile solvothermal
method with triammonium citrate as the carbon source. By adjusting the reaction temperature and
the ratio of staring materials, the maximum emission wavelength is tuned from 440 nm for B-CDs
to 625 nm for R-CDs, covering the whole visible spectrum range. From B-CDs to R-CDs, the
increasing graphitization degree is proved by X-ray diffraction (XRD) and Raman, and the rising
number of functional groups is verified by X-ray photoelectron spectroscopy (XPS). The absorption
spectra imply the existence of three surface states. The observation of the overlap of absorption and
excitation spectra clearly confirms the surface state controlled emission mechanism of CDs. The
full-color luminescent CDs with high light and pH stability as well as biocompatibility are
successfully employed to image HeLa cells. The bright full color emissive CDs/polymer composite
films can be easily produced by CDs solutions. White LED is fabricated by B-, G-, and RCDs/polymer films with an NUV semiconductor chip. The CIE coordinates of the packed LED are
(0.3615, 0.3531) and Ra is 83 under the operating current of 60 mA. The results of this research
demonstrate that the developed CDs can be potentially applied in multi-color displaying, white
LEDs and biological imaging probes.
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In recent years, luminescent materials have been widely used in display, lighting and
communications. Among them, luminescent materials doped with rare earths based on mineral
structures have received extensive attention due to their structural particularities. As a nextgeneration light source, white light-emitting diodes have many advantages such as energy saving,
high efficiency and long service life. White light-emitting diodes mainly use three methods to
obtain white light emission, red, green and blue three-color LED mixed light emission, blue chip
excites yellow phosphor and ultraviolet chip excites red, green and blue phosphor. Among them, the
method of exciting the three primary color phosphors through the ultraviolet chip has a high color
rendering index and stable luminescence performance. It is well known that the host has an
important influence on the luminescence performance. Because the composition of the mineral
structure luminescent material is complex and adjustable, it is very suitable as the host of the
luminescent material. Through the doping of activator ions, the abundant crystal field environment
of the light-emitting material with light-weight structure, the energy transfer process and its
mechanism are studied, and the luminescence spectrum can be adjusted. The KLaMgTeO6: Eu3+
phosphors were synthesized by high temperature solid reaction method. By doping with different
concentrations of Eu ions, the XRD morphology, excitation emission spectrum, red-orange ratio,
concentration side quenching mechanism, high temperature life, CIE chromaticity coordinates and
device packaging were characterized and calculated.
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Tb3+/Pr3+ co-doped transparent glass ceramics (GC) containing BaMoO4 nano-crystalline phase
were synthesized and characterized by differential scanning calorimetry, transmittance spectra, Xray diffraction and high-resolution transmission electron microscope. The excitation spectra of the
sample for the characteristic emission of Tb3+ and Pr3+ ions show a strong broad bands in between
250-300 nm, which are attributed to Pr3+/Tb3+-Mo6+ charge transfer transitions. Under 266 nm
excitation, the luminescent intensities of Tb3+: 5D4→7F5 (543 nm) and Pr3+: 3P1→3H5 (527 nm)
show opposite temperature dependences, as the former decreases due to thermo-quenching while
the latter increases due to thermo-coupling of 3P0 and 3P1 emissive levels of Pr3+. This leads to a
strong temperature dependent luminescent intensity ratio, which is adopted for temperature sensing.
Improved relative temperature sensitivity is achieved by making use this novel opposite temperature
dependences of two dopants in a single GC sample. The scheme is subject to further optimization in
choosing composition and dopants, and promising for application as optical-fiber temperature
sensors.
Keywords: Glass ceramics; BaMoO4: Tb3+/Pr3+; Thermo-quenching; Thermo-coupling; Optical
thermometry
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A strategy of optical temperature sensing was developed by using various thermal quenching of
Mn4+ and Eu3+ for double perovskite tellurite phosphor in optical thermometers. Herein,
SrGdLiTeO6 (SGLT): Mn4+, Eu3+ phosphors were synthesized by high-temperature solid-state
reaction method. The temperature-dependent emission spectra indicated that two distinguishable
emission peaks originated from Eu3+ and Mn4+ exhibited signiﬁcantly diverse temperature responses.
Therefore, optical thermometers with dual-mode mechanism were designed by employing
fluorescence intensity ratio (FIR) of Mn4+ (2Eg→4A2g) and Eu3+ (5D07F1,2) and the decay lifetime
of Mn4+ as the temperature readouts. The temperature sensing of the phosphors ranging from 300 to
550 K were studied. The maximum relative sensitivities (Sr) are obtained as 4.9% K−1 at 550K.
Meanwhile, the 695 nm emission of Mn4+ possessed a temperature-dependent decay lifetime with Sr
of 0.229% K−1 at 573 K. Relevant results demonstrate the SrGdLiTeO6:Mn4+, Eu3+ phosphor as
optical thermometer candidate and also provide constructive suggestions and guidance for
constructing high-sensitivity dual-mode optical thermometers.
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