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Organic	Dye-Gold	Nanoparticle	Structures	
Martin	Vacha	(Invited)	

15:15-15:45	 Transient	two-dimensional	infrared	spectroscopy	in	a	vibrational	ladder	
Vincent	Kemlin,	Adeline	Bonvalet,	Louis	Daniault,	Manuel	Joffre	(Invited)	

15:45-16:15	 Coherent	Energy	Transfer	in	Light	Harvesting	Complexes:	addressing	single	molecules	on	fs	time	scale		
Niek		van	Hulst	(Invited)		

16:15-16:30	
Vibrational	dynamics	of	metal	carbonyl	complexes	trapped	in	CH4:		

a	novel	witness	of	solid	methane's	phase	transition,	
	Raphael	Thon,	Wutharath	Chin,	Didier	Chamma,	Jean-Pierre	Galaup,	Claudine	Crépin	

16:30-16:45	 On	the	Fenna-Matthews-Olson	Protein	Complex	of	Green	Sulfur	Bacteria		
Adam	Kell,	Robert	Blankenship,	Ryszard	Jankowiak	

16:45-17:15	 Coffee	break	

17:15-19:15	 Poster	Session	I	
 
  



	 Tuesday,	19	July	
	 Session:	Plasmonics	

8:30-9:15	 The	quantum	realm	of	nanoplasmonics	for	active	control	of	optoelectronics		
and	ultra-resolved	spectroscopy,	Javier	Aizpurua	(Tutorial)	

9:15-9:45	
Raman	Sensing	and	Imaging	by	Interference	and	Surface	Enhancement	Processes,	Leo	Alvarez-Fraga,	Felix	

Jimenez-Villacorta,	Esteban	Climent-Pascual,	Rafael	Ramirez-Jimenez,	Carlos	Prieto,		
Alicia	de	Andres	(Invited)	

9:45-10:00	
Effect	of	aggregates	of	silver	nanostructures	on	the	optical	properties	of	Yb3+	doped	RbTiOPO4,		

Laura	Sanchez-García,	Christos	Tserkezis,	Maria	O	Ramirez,	Pablo	Molina,	Joan	Carvajal,	Magdalena	Aguiló,	
Francesc	Díaz,	Javier	Aizpurua,	Luisa	Bausá	 	

10:00-10:15	
Plasmonic	nanoantennas:	bright	and	efficient	nanosources		

A.	Raj	Dhawan,	J.	U.	Esparza,	C.	Belacel,	C.	Schwob,	M.	Nasilowski,	B.	Dubertret,		
L.	Coolen,	P.	Senellart,	A.	Maître	

10:15-10:30	
Ultrafast	size-dependent	electronic	interactions	in	small	metal	nanoparticles	and	clusters,		

Paolo	Maioli,	Tatjana	Stoll,	Denis	Mongin,	Michel	Pellarin,	Matthias	Hillenkamp,	Michel	Broyer,	Aurélien	
Crut,	Fabrice	Vallée,	Natalia	Del	Fatti	

10:30-11:00	 Coffee	break		
	 Session:	Sensors	

11:00-11:30	
Controlling	energy	transfer	and	radiative	lifetimes	in	luminescent	lanthanide	complexes	and	materials,	

Jean-Claude	Bünzli	(Invited)	

11:30-12:00	
Lanthanide-Doped	Luminescent	Nano-Bioprobes	for	In	Vitro	Detection	of	Tumor	Markers,		

Xueyuan	Chen,	Wei	Zheng,	Shanyong	Zhou,	Datao	Tu,	Ping	Huang,	Jin	Xu	(Invited)	

12:00-12:15	
Energy	transfer	processes	in	organic-sensitized	Yb-doped	NaYF4	nanoparticles,		

Haizhou	Lu,	Yu	Peng,	Huanqing	Ye,	Xianjin	Cui,	Mark	Green,	Philip	Blower,	Peter	Wyatt,	William	Gillin,	
Ignacio	Hernandez	

12:15-12:30	 Engineering	Core/Shell	Rare	Earth	Nanoparticles	for	Ultimate	Control	Over	Light	Emitting	Processes,	
Lingdong	Sun,	Hao	Dong,	Yang	Li,	Chun-Hua	Yan	 	

12:30-12:45	
NIR	Nanomaterials	for	disease	diagnostics	and	therapy,		

Fan	Zhang		

12:45-13:00	
Nd3+	Contactless	Fluorescent	Temperature	Sensor,		

Yurii	Orlovskii,	Kaarel	Kaldvee,	Stanislav	Fedorenko,	Laurits	Puust,	Alexander	Vanetsev,	Elena	Orlovskaya,	
Martti	Pärs,	Ilmo	Sildos	

13:00-14:30	 Lunch		
	 Session:	Single	Centers	

14:30-15:00	
Mapping	of	local	fields	in	solids	by	phononless	fluorescence	spectromicroscopy	of	single	dye	molecules,	
Andrey	Naumov,	Tatiana	Anikushina,	Alexey	Gorshelev,	Maxim	Gladush,	Ivan	Eremchev,	Alina	Golovanova,	

Lothar	Kador,	Jürgen	Köhler	(Invited)	

15:00-15:30	 Optical	microscopy	and	spectroscopy	of	single	molecules	and	single	plasmonic	gold	nanoparticles,		
Michel	Orrit	(Invited)	

15:30-15:45	
Correlative	atomic	force	and	confocal	fluorescence	microscopy:	Single	molecule	imaging	and	force	

induced	spectral	shifts,	Thomas	Basché,	Sven	Stöttinger,	Gerald	Hinze	

15:45-16:00	
Superradiance	of	molecular	monolayers	on	insulating	surfaces,		

Alexander	Eisfeld,	Alexander	Paulheim,	Christian	Marquardt,Markus	Müller,	Moritz	Sokolowski	

16:00-16:15	
Charge	dynamics	in	organo-metal-halide	perovskite	nano-crystals	probed	by	super-resolution	optical	

micro-spectroscopy	at	the	individual	crystal	level,		
Ivan	Scheblykin,	Yuxi	Tian,	Alexander	Dobrovolsky,	Daniela	Täuber	

16:15	16:45	 Coffee	break		
	 Session:	Photovoltaic	and	Photocatalysis	Materials	

16:45-17:15	
Intrinsic	optical	properties	of	organic-inorganic	hybrid	perovskite	MAPbI3	and	its	multiple	stages	of	

spontaneous	and	photo-induced	structure	transformation,		
Yong	Zhang	(Invited)	

17:15-17:45	
Harvesting	light	through	upconversion	for	photocatalysis	applications,		

G.	Ledoux,	B.	Mahler,	Y.	Chen,	S.	Mishra,	E.Jeanneau,	M.	Daniel,	J.	Zhang,	S.	Daniele	(Invited)	

17:45-18:00	
Exciton	dynamics	in	perovskite	CH3NH3PbI3	single	crystals,	

Le	Quang	Phuong,	Yumi	Nakaike,	Atsushi	Wakamiya,	Yoshihiko	Kanemitsu	

18:00-18:15	
Dynamics	of	the	Photoexcited	States	in	Octahedral	Mo6	Cluster	Halides,		

Yoshiki	Wada,	Norio	Saito,	Fabien	Grasset,	Stephane	Cordier,	Karine	Costuas,	Naoki	Ohashi	

18:15-20:15	 Poster	Session	II	



Wednesday,	20	July		
	 Session:	Doped	Insulators	and	Defects	

8:30-9:00	 Photon	conversion	in	the	mid-infrared	for	gas	sensing,		
A.	Braud,	A.L.	Pelé,	J.L.	Doualan,	R.	Chahal,	V.	Nazabal,	B.	Bureau,	R.	Moncorgé,	P.	Camy	(Invited)	

9:00-9:15	 Investigation	of	Thermal	Quenching	for	Y3Al5O12:Ce
3+	by	Thermoluminescence	Excitation	

Spectroscopy,	Jumpei	Ueda,	Pieter	Dorenbos,	Adrie	Bos,	Andries	Meijerink,	Tanabe	Setsuhisa	
9:15-9:30	 Controlled	Electron-Hole	Trapping	and	Detrapping	Process	in	GdAlO3	by	Valence	Band	Engineering,	

Hongde	Luo,	Adrie	Bos,	Pieter	Dorenbos	
9:30-9:45	 Red	phosphors	based	on	hexafluorides	doped	with	Mn4+.	The	new	act	of	old	game	with	3d3	system,	

Marek	Grinberg,	Sebastian	Mahlik,	Tadeusz	Lesniewski,	Agata	Lazarowska,	Ye	Jin,	Ru-Shi	Liu	
9:45-10:00	 Mn4+	doped	aluminate	phosphors	for	warm	white	LEDs,		

Mingying	Peng	
10:00-10:15	 Degradation	processes	in	the	red	emitting	phosphors	Na2MF6-Mn4+	(M	=	Si,	Ti)	exposed	to	thermal	

and	blue	LED	irradiation	stresses,		
Anthony	Barros,	Philippe	Boutinaud,	Geneviève	Chadeyron,	Rachid	Mahiou	

10:15-10:30	 Ionoluminescence	as	a	Tool	to	Investigate	the	Dynamics	of	Electronic	Excitations	in	Dielectrics:	
	the	Case	of	SiO2,		

Diana	Bachiller-Perea,	David	Jiménez-Rey,	Angel	Muñoz-Martín,	Fernando	Agulló-López	
10:30-11:00		 Coffee	break	

	 Session:	High	Resolution	and	Coherent	Spectroscopy	
11:00-11:45	 Qubits	in	diamond:	solid	state	quantum	registers	and	nanoscale	sensors,		

Fedor	Jelezko	(Tutorial)	
11:45-12:00	 Lineshape	in	Spectra	of	Xe	Center	in	Diamond:	From	Helium	to	Room	Temperatures,		

Yury	Deshko,	Anshel	Gorokhovsky	
12:00-12:15	 Ultra-narrow	linewidth	stoichiometric	rare	earth	crystals	for	quantum	information	applications,		

Rose	Ahlefeldt,	Michael	Hush,	Matthew	Sellars	
12:15-12:30	 Optical	pumping	in	Neodymium-doped	yttrium	orthosilicate,	

Emmanuel	Cruzeiro,	Imam	Usmani,	Alexey	Tiranov,	Cyril	Laplane,	Jonathan	Lavoie,		
Nicolas	Gisin,	Mikael	Afzelius	

12:30-12:45	 High	Resolution	Spectroscopy	of	Single	Erbium	Sites	in	Silicon,	
Milos	Rancic,	Michael	Reid,	Matthew	Sellars,	Sven	Rogge,	Sebastian	Horvath,		

Chunming	Yin,	Gabriele	DeBoo,	Qi	Zhang	
12:45-13:00		 Smarter	Modeling	of	Energy	Levels	of	Rare-EarthQuantum-Information	Candidates,		

M.F.	Reid,	S.P.	Horvath,	J.S.	Stewart,	J.-P.R.	Wells	

	 Free	afternoon		

 
 
 
 
 
 
 
 
 
  



Thursday,	21	July		
	 Session:	Nanostructured	Materials	

8:30-9:00	 Spin	dynamics	of	charged	and	neutral	excitons	in	colloidal	nanocrystals,	
Dmitri	Yakovlev	(Invited)	

9:00-9:30	 Local	density	of	states	and	energy	transfer	in	nanophotonics	
Rémi	Carminati	(Invited)	

9:30-9:45	 Modification	of	phonon	processes	in	nano-structured	rare-earth-ion-doped	materials,		
Lucile	Veissier,	Thomas	Lutz,	Charles	Thiel,	Philip	Woodburn,	Rufus	Cone,	Paul	Barclay,	Wolfgang	Tittel	

9:45-10:00	 Spectroscopic	properties	of	La1-xGdxAlO3	nanocrystals	doped	with	Pr
3+	ions	

K.	Lemański,	B.	Bondzior,	P.J.	Dereń	
10:00-10:30	 Coffee	break	

	 Session:	Ultrafast	Processes	
10:30-11:00	 Hot	intraband	luminescence	under	different	types	of	excitation		

Sergey	Omelkov,	Vitali	Nagirnyi,	Marco	Kirm	(Invited)	
11:00-11:30	 Collective	Higgs	amplitude	mode	in	superconductors	studied	by	strong	terahertz	pulse,		

Ryusuke	Matsunaga	(Invited)	
11:30-12:00	 Nonlinear	optical	spectroscopy	on	exciton	states	in	model	semiconductors	GaAs	and	ZnO,	

	Roman	Pisarev	(Invited)	
12:00-12:15	 Exciton	interband	relaxation	observed	by	time-resolved	cyclotron	resonance	in	diamond,	

	Ikuko	Akimoto,	Nobuko	Naka	
12:15-12:30	 Exciton	dynamics	in	solid	ZnO:	UV	luminescence	of	ZnO	crystal	and	nanoparticles	excited	by	

femtosecond	IR,	UV	and	VUV	laser	pulses,		
P.	Martin,	A.Belsky,	M.	Dumergue,	S.	Petit,D.	Descamps,	A.	Vasil’ev	

12:30-12:45	 Study	of	Exciton	Dynamics	in	Multifunctional	Oxides,		
Farida	Selim,	Pooneh	Saadatkia,	Buguo	Wang,	David	Look	

12:45-14:30	 Lunch		
	 Session:	Classical	and	Quantum	Processing	

14:30-15:00	 Optical	quantum	memory	based	on	rare-earth-ion	doped	crystals,		
Mikael	Afzelius	(Invited)	

15:00-15:15	 Spin-wave	storage	of	heralded	single	photons	in	a	crystal,	
	Alessandro	Seri,	Daniel	Rieländer,	Andreas	Lenhard,	Margherita	Mazzera,	Hugues	de	Riedmatten	

15:15-15:30	 Rare-earth-activated	Materials	for	Optical	Frequency	References,		
Charles	Thiel,	Thomas	Böttger,	Roger	Macfarlane,	Rufus	Cone	

15:30-15:45	 Acousto-optic	imaging	using	spectral	holeburning	in	Tm3+:YAG	crystals,	
	J.-	B.	Laudereau,	A.	Chauvet,	A.	Ferrier,	Ph.	Goldner,		T.	Chanelière,	F.	Ramaz	

15:45-16:00		 Towards	quantum	frequency	conversion	between	atoms	and	light	using	rare	earth	ion	dopants	using	
cavity	enhanced	Raman	heterodyne	spectroscopy,		

Jevon	Longdell,	Xavier	Fernandez-Gonzalvo,	Yu-Hui	Chen,	Chunming	Yin,	Sven	Rogge	
16:00-16:15	 Slow	light	based	optical	frequency	shifter,		

Qian	Li,	Yupan	Bao,	Axel	Thuresson,	Adam	Nilsson,	Lars	Rippe,	Stefan	Kröll	
16:15-16:45	 Coffee	break		

	 Session:	Rare	Earth	Doped	Materials	
16:45-17:15	 Energy	Migration	Upconversion	in	Spatially	Separated	Doping	Nanostructures,		

Hong	Zhang,	Langping	Tu,	Fei	Wu,	Jing	Zuo,	Xiaomin	Liu,	Xianggui	Kong	(Invited)	
17:15-17:45	 Controlling	Photon	Upconversion	in	Lanthanide-doped	Nanocrystals,		

Xiaogang	Liu	(Invited)	
17:45-18:00	 Modelling	Blue	to	UV	Upconversion	in	β-NaYF4:	0.3%	Tm

3+	
Pedro	Villanueva-Delgado,	Karl	W.	Krämer,	Rafael	Valiente	

18:00-18:15	 Design	rules	for	multiple	d-f	emission	bands	in	lanthanides,		
Mathijs	de	Jong,	Daniel	Biner,	Karl	Krämer,	Zoila	Barandiarán,	Luis	Seijo,	Andries	Meijerink	

18:15-18:30	 High	pressure	study	of	cooperative	luminescence	of	CaAl4O7:Yb
3+,			

Andrzej	Suchocki,	Dawid	Jankowski,	Małgorzata	Puchalska,	Artem	Bercha,	Witold	Trzeciakowski	
19:30	 Conference	Dinner		
 
 
 
 



	 Friday,	22	July	
	 Session:	Semi-Conductors	

8:45-9:30	 Novel	Optical	Excited	States	of	Nano-carbon		and	Atomically	Thin	Two-dimensional	Materials	
Kazunari	Matsuda	(Tutorial)	

9:30-10:00	 Mid-infrared	absorption	imaging	of	a	quantum	degenerate	exciton	gas	in	cuprous	oxide	at	100	mK,	
Kosuke	Yoshioka	(Invited)	

10:00-10:15	 Polariton-condensation	effects	on	photoluminescence	dynamics	in	a	CuBr	microcavity,		
Masaaki	Nakayama,	Katsuya	Murakami,	Yoshiaki	Furukawa	

10:15-10:30		 Is	there	inter-valley	Auger	recombination	in	InGaAs/InP	quantum	wells?,	
Yuri	Pusep,	Marco	Tito,	Alfred	Gold,	Marcio	Teodoro,	Gilmar	Marques,	Ray	LaPierre	

10:30-10:45	 Emission	properties	of	GaN/AlN	multi-quantum-wells	under	high	hydrostatic	pressure	–	
experimental	and	ab-initio	comparative	study,		

Agata	Kaminska,	Dawid	Jankowski,	Pawel	Strak,	Krzysztof	Korona,	Jolanta	Borysiuk,	Ewa	Grzanka,	
Mark	Beeler,	Konrad	Sakowski,	Eva	Monroy,	Stanislaw	Krukowski	

10:45-11:15	 Coffee	break		
	 Session:	Molecular	Systems	

11:15-11:45	 Pressure	induced	mechano-chemistry	in	molecular	solids,		
	Eric	L.	Chronister,	Andrew	Rice,	Sebastian	Jezowski	(Invited)	

11:45-12:00	 Excitation-induced	processes	in	model	molecular	solid	N2,	
	E.V.	Savchenko,I.V.	Khyzhniy,	S.A.	Uyutnov,	M.A.	Bludov,	A.P.	Barabashov,		

G.B.	Gumenchuk	and	V.E.	Bondybey	
12:00-12:15	 Vibronic	Spectra	of	Frenkel	Excitons	in	a	2-Dimensional	Polyacene	Lattice,	

	Thomas	Hartmann,	Christoph	Warns,	Ivan	Lalov,	Peter	Reineker	
12:15-12:30	 Experimental	Evidence	of	Enhancement	of	Optical	Magnetization	by	Magnetic	Torque		

Stephen	Rand,	E.F.C.	Dreyer,	P.	Anisimov,	A.A.	Fisher	
	 	

12:30-13:00	 Closing	Ceremony	
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Exceptional Excited State Dynamics in Lead Halide Perovskites for 

Light Emission and Solar Energy Conversion Applications 

Haiming Zhu 

Department of Chemistry, Zhejiang University 

38 Zheda Road, Hangzhou, Zhejiang, China, 310027 

Organic-inorganic hybrid lead halide perovskites have attracted intense research 

interests in last few years as low cost and high performance solar cellmaterials. In parallel 

with their rapid development in photovoltaics, here we focus ontheir emerging light 

emission, especially the lasing emission properties from perovskite nanostructures. We 

show room temperature lasing from solution grown perovskite nanowires with near unity 

quantum yield, high quality factor and broad wavelength tunability. Now, a major puzzle 

emerging from these results is why such solution grown defective semiconductors exhibit 

carrier properties expected from defect-free and nonpolar inorganic semiconductors.By 

combining different time-resolved spectroscopy techniques, we systematically 

investigated the hot carrier cooling, band edge carrier trapping and electron-hole radiative 

recombination process in perovskites with different cations. We show the unique role 

played by the organic cation and general positive properties for this family of materials. 

All these results point to an important design principle for new optoelectronic materials: 

introducing dynamic disorder andpolaronic screening to make a defective semiconductor 

behave as a perfect one. 
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Laser Cooling of Solids:a journey into the cryogenic regime 
 

Mansoor SHEIK-BAHAE 
Department of Physics and Astronomy, University of New Mexico, United States 

msb@unm.edu 

Laser cooling of solids (also known as optical refrigeration) has advanced 
tremendously since its first experimental observation in 1995.  Most recently, 
crystals doped with Yb ions have cooled to an absolute temperature of about 90K 
starting from room temperature, with even lower temperatures possible. Optical 
refrigeration is currently the only available technique for realizing an all-solid-
state cryocooler. In this tutorial, I will present an overview of the recent advances 
in laser cooling of rare-earth doped crystals.  I will also discuss the prospects of 
laser cooling in semiconductors including CdS nanostructures as well as bulk 
semiconductors such as GaAs. 
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Excitation of Local Centers in the Long-Wavelength Tail of 
Electron-Phonon Bands: Feasibility of Laser Cooling and 
Observation of Spontaneous Fluorescence Oscillations 

 

S.P. Feofilov1, A.B. Kulinkin1, V.A. Konyushkin2, A.N. Nakladov2 
1Ioffe Institute, St. Petersburg, 194021, Russia 

2Prokhorov General Physics Institute, Moscow, 119991, Russia 

 

Various insulating materials containing fluorescent local centers of different 
nature with electric dipole allowed transitions were studied under excitation in the 
long-wavelength tail of the absorption spectrum (“laser cooling regime”).  The 
materials used include alkali halides with aggregate color centers, Eu2+-doped 
crystals and fluorescent organic dye-doped polymers.  The goal of our experiments 
was to find out whether it is possible to employ electric dipole allowed radiative 
transitions of local centers for optical refrigeration via the phonon-assisted anti-
Stokes emission in the broad electron-phonon bands of the emission spectra.  The 
concept proposed here is to cool via allowed electronic transitions with moderate 
vibronic coupling.  The experimental observations support the possibility of using 
broad electron-phonon emission bands of electric dipole allowed radiative transitions 
for optical refrigeration of solids.  All studied groups of materials are of interest for 
further studies aimed at finding new laser cooling media. The mechanisms 
responsible for the absence of observable optical refrigeration are discussed. 

The electric dipole allowed 4f65d1-f7fluorescence of CaS:Eu2+ crystals was 
studied under excitation in the long-wavelength tail of the absorption spectrum (the 
regime typical for laser cooling experiments).  Optical bistability as well as 
transients/oscillations of fluorescence and temperature with characteristic times of 
about seconds were observed in thermally-isolated samples optically heated by the 
strong laser excitation.  This peculiar oscillations may be considered as “relaxational 
oscillations” that occur in a strongly nonlinear system.  The mechanism responsible 
for the observed bistability and transients is different from that reported for rare earth 
ions-doped insulators, semiconductor films and ferroelectrics. 

 
References 
 
[1] S.P. Feofilov, A.B. Kulinkin, V.A. Konyushkin, A.N. Nakladov, Opt. Mater. 48 (2015) 75. 
[2] S.P. Feofilov, A.B. Kulinkin. J. Lumin. 170 (2016) 121. 
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The Eu3+ charge transfer energy and position of Eu2+ 
ground level, an exception of the rule 

 
P.J. Dereńa, G. Banachb, B. Brzostowskic, K. Lemańskia and W. Walerczyka 

 
a Institute of Low Temperature and Structure Research, Polish Academy of Sciences, Okólna 

Street 2, 50-422 Wrocław, Poland, 
b DATAX Sp. z o.o., ul. Fabryczna 10 53-609,Wrocław, Poland 

c Institute of Physics, University of Zielona Góra, ul. Prof. Szafrana 4a, 65-516 Zielona Góra, 
Poland 

corresponding author. P.Deren@int.pan.wroc.pl 
 
 

 

It seems that a simple method for determination of the position of the Eu2+ ground level 
as the maximum of the O2- 

 Eu3+ Charge Transfer (CT) transition [1] may not always 
be valid in the hosts where Eu3+ replaces for Ca2+, Sr2+, or Ba2+. 
 
Recently we published the results of spectroscopic investigations of CaAl2SiO6 doped 
with Eu3+ and Eu2+ [2]. This aluminosilicate has an energy band gap of 5.5 eV, the 
energy of the CT transition is as high as 5.1 eV. Accordingly to the so far applied 
formalism, the Eu2+ ground level lies just 0.4 eV below the conduction band. In spite of 
this, it is possible to observe strong transitions between the 4f and 5d electronic 
configurations i.e. broad emission with maximum at 2.36 eV and excitation spectrum 
with first maximum at 3.35 eV.  
 
Our previous work [3], turned out to be very helpful in understanding of this 
phenomenon. This paper shows the results of the experiments and thorough 
discussion on the basis of exact structural analysis, and ab-initio calculations. 
 
 
References: 
 
[1] P. Dorenbos, The Eu3+ charge transfer energy and the relation with the band gap of 

compounds, J. Lumin. 111 (2005) 89–104. 

[2] K. Lemański, W. Walerczyk, P. J. Dereń, Luminescent properties of europium ions in 
CaAl2SiO6 J. All. Comp. Available online 26 February 2016 

[3] A. Watras, A. Matraszek  P. Godlewska, I. Szczygieł, J. Wojtkiewicz, B. Brzostowski, 
G. Banach, J. Hanuza and P. J. Dereń, The role of the Ca vacancy in the determination of 
the europium position in the energy gap, its valence state and spectroscopic properties in 
KCa(PO3)3, Phys. Chem. Chem. Phys., 2014,16, 5581-558,  
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Intervalence Coupling and Persistent Charge-transfer 
Luminescence in f-element Compounds  

 
Guokui Liua, Shuao Wangb, and Thomas E. Albrecht-Schmittc 

a  Chemical Sciences and Engineering Division, Argonne National Laboratory, Argonne, 
Illinois 60439, USA  

b School for Radiological and Interdisciplinary Sciences, Soochow University, Suzhou 
215123, China 

c Department of Chemistry and Biochemistry, Florida State University, Tallahassee, Florida 
32306, USA 

 
 
 

 
 Charge transfer transitions are commonly observed in the absorption spectra 
of f-elements (lanthanides and actinides) ions in complexes and compounds within 
the visible and near UV region. However, charge transfer photoluminescence does 
not occur except in a few special cases such as Yb3+ and UO2

2+ where below the 
lowest charge transfer state there is no electronic state to quench the charge transfer 
state. Here in this presentation, we discuss unusual metastable charge transfer 
states, including that of Eu3+ in the metal-organic frameworks (MOFs) of Sr(HCOO)2 
and Cf3+ in the lattice of Cf(HDPA)3-H2O.1,2 In both systems, charge transfer 
luminescence with ms lifetime has been observed even though the low-lying 4f6 (5f9) 
states of Eu3+ (Cf3+) locate very close below the emitting charge transfer states. The 
radiative relaxation in the process of charge-hole recombination is primarily enabled 
by the increased stability of divalent oxidation state in these compounds. 
Temperature dependence of the charge transfer luminescence indicates the dual 
channels of charge-transfer relaxation, and suggests the competition between the 
nonradiative relaxation through the excited states and the radiative relaxation directly 
into the ground state of Eu3+ (Cf3+). In the framework of charge transfer vibronic 
exciton (CTVE) interaction, we have developed a phenomenological model to provide 
a theoretical interpretation and characterization of the metastable charge transfer 
states and persistent luminescence emission.  
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Understanding the photoresponse of conjugated complexes on molecular level is 
important both from the point of basic knowledge of the molecular photophysics as 
well as from the point of potential applications as photo-driven nanoscale devices. 
We study molecular complexes, either as assemblies composed of conjugated small 
molecules such as molecular aggregates, or as covalently linked chromophores such 
as conjugated polymers. Using different modes of electronic excitation, such as linear 
absorption, plasmonic near-field enhancement, energy transfer or charge 
recombination, we investigate the resulting excited state, the conformational states of 
the molecular complex and their cooperative dynamics. As one example, 
conformational changes of a conjugated polymer polyfluorene are studied on single-
chain level upon excitation by linear absorption of light and by charge recombination. 
Both excitation mechanisms lead to dramatically different photophysical properties 
that reflect different intramolecular aggregation processes [1]. In photoluminescence 
the emission spectra are dominated by either singlet excitons or excimers formed via 
neutral ground-state aggregates. In electroluminescence the singlet exciton emission 
is absent and the spectra are either due to formation of charged ground-state 
aggregates or excimers. In both photoluminescence and electroluminescence, 
thermally induced conformational dynamics of the polyfluorene chains leads to strong 
spectral dynamics on timescales of seconds. As another example of conjugated 
polymer photophysics we study the effect of polymer chain topology on its properties 
by comparing on single-molecule level cyclic and linear chains of poly(phenylene 
vinylene). Further, in the structures of organic dyes attached to gold nanorods, single 
particle dark-field imaging is used to determine orientation of each nanorod. Selective 
excitation of the longitudinal plasmon by polarized laser light is then used to study 
enhancement of Förster resonant energy transfer between donor and acceptor dye 
molecules randomly attached to the nanorod by monitoring changes in the acceptor 
fluorescence, with observed enhancement factors on the order of 100.  
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Two-dimensional infrared spectroscopy (2DIR) is the transposition of two-dimensional 
nuclear magnetic resonance (2D NMR) to nonlinear infrared spectroscopy. It is now a 
well-established technique that can be implemented even on biomolecules in an 
excited state, as demonstrated previously for a UV excitation [1] or a temperature jump 
[2]. 
 

 
Figure 1: Three (a) and four (b) pulse sequences used to measure equilibrium 2D-IR spectrum and 
transient 2D-IR spectra following vibrational ladder climbing in HbCO by use of a negatively chirped 
infrared pulse. The equilibrium 2D-IR spectrum (c) is shown for a waiting time T = 2 ps, while the 
transient 2D-IR spectrum (d) is obtained for T0 = 18 ps after the chirped pulse and a waiting time T = 1 
ps.  

  
In this talk, we will start by discussing the main features of 2DIR spectroscopy of 
carboxy-hemoglobin at equilibrium (Fig. 1c). Then, we will explain how adiabatic 
vibrational ladder climbing [3] allows us to prepare and control the vibrational excited 
state of the CO molecule. Our latest transient-2DIR experiments on such a strongly 
excited vibrational state (Fig. 1d) will be presented and discussed. 
Because of the greater number of levels populated after vibrational ladder climbing, 
many more peaks in the 2D spectrum can be detected when the system is strongly 
displaced from equilibrium.  The rich dynamics of these new peaks will be shown to 
yield a direct measurement of the vibrational lifetimes of the excited states. We 
measured the lifetimes of HbCO up to level n=6, thus confirming the interest of this 
method to explore new regions of the potential energy surface. 
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Nature has developed photosynthesis to power life. Surprisingly, quantum 
coherences are observed in the energy transfer of photosynthetic complexes, even at 
room temperature. Does nature exploit quantum concepts? Does the coherence help 
to find an optimal path for robust or efficient transfer? How are the coherences 
sustained? What is their spatial extent in a real light-harvesting network? 

Specializing on femto-nano toolboxes our goal is to look ultrafast into the nanoscale, 
to see individual molecules in action. Recently we succeeded in the first detection of 
coherent oscillations of a single photo-synthetic complex at physiological conditions 
[1, 2], and non-classical photon emission of individual complexes [3, 4]. Using 
resonant plasmonic antennas we managed to enhance the emission 500 time, while 
enhancing the observed photon number to 10E8. In parallel we developed direct 
single molecule excitation spectroscopy [5]. These results, pave the way to address 
photosynthetic networks in real nano-space and on femtosecond timescale. Specific 
objectives are: Ultrafast single protein detection: tracing the fs coherent energy 
transfer path within an individual complex and throughout the network of antenna 
complex; addressing the very nature of the persistent coherences. Detection beyond 
fluorescence: light harvesting complex are designed for light transport, not emission. 
To this end we explore innovative alternatives: optical antennas to enhance quantum 
efficiency; detection of stimulated emission; and others. 

Recent advances and ideas will be discussed. 
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 The phase transition of solid methane is observed through vibrational 
spectroscopy and non-linear time-resolved spectroscopy of W(CO)6 guest molecules. 
The specificities of each solid methane phases are highlighted by remarkable 
features due to the guest-host coupling in the 5-35 K temperature range.  
  
 
Solid methane undergoes a phase transition at Θ°=20.4 K under low pressure. In 
phase I, above Θ°, methane molecules exhibit random reorientations due to thermal 
orientational fluctuations (orientational diffusion).  In phase II, below Θ°, 75% of the 
molecules are orientationnaly ordered due to a moderate molecular octupole-
octupole interaction. The resulting anisotropic field almost cancel out in 25% of the 
sublattices where the molecules behave as weakly hindered rotators [1]. The 
vibrational dynamics of the antisymmetric CO stretching mode of W(CO)6 complexes 
trapped in solid methane is investigated and show interesting features related to the 
solid methane structural changes. Specific interactions of the complexes with the 
surrounding methane molecules contribute, by affecting their partial ordering, to the 
observed lowering of the phase transition temperature down to 18-19 K. The 
existence of different types of trapping sites is revealed by the complex structure of 
the linear absorption spectra which display a drastic motional narrowing from phase II 
to phase I. Further informations come from the population dynamics and dephasing 
studied by photon echo technique (time resolved non linear spectroscopy using 1-
color 4-waves mixing) and its theoretical modeling. Although dephasing dynamics 
vary smoothly in the range 5-35 K, a significant shortening (from ~200 to 10 
picoseconds) of the population lifetime at the phase transition is observed for some 
category of trapped complexes. It suggests that in phase I some additional fast 
transfer is occurring whose nature has to be investigated by additional studies.  Our 
results in CD4 solid, and comparison with our previous work in N2 and rare gas 
cryogenic matrices [2], highlights solid methane specific dynamics. 
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 The Fenna-Matthews-Olson (FMO) trimer (composed of identical subunits) 
from green sulfur bacteria is an important protein model system to study exciton 
dynamics and excitation energy transfer (EET) in photosynthetic complexes. In 
addition, FMO is a popular model for excitonic calculations, with many theoretical 
parameter sets reported describing different linear and nonlinear optical spectra. In 
spite of homologous X-ray structures, different bacteria can exhibit one of two types 
of absorption spectra,1 for which Prosthecochloris aestuarii and Chlorobaculum 
tepidum are two well-studied examples. While it has been speculated that the 
coordination state of BChl a 8 plays a role in determining the spectral class,2 no 
consensus exists as of yet. However, it is likely that small structural differences can 
modify excitonic interactions and optical spectra.3 Using an experimentally 
determined shape for the spectral density for the lowest-energy state (Jph(ω)), 
simulated optical spectra are obtained from structure-based calculations for entire 
FMO trimers. For higher energy pigments, the effect of a broader Jph(ω) shape with a 

different S factor and/or variable inh are also tested for comparison. We show that 
the presence of uncorrelated EET between monomers of the trimer, must be 
considered to explain various linear optical spectra. Results for Chlorobaculum 
tepidum, Prosthecochloris aestuarii and Pelodictyon phaeum are compared and 
contrasted. Simultaneous fits of experimental low-temperature (5 K) absorption, 
fluorescence and hole-burned spectra place constraints on the determined pigment 
site energies; providing new Hamiltonians that should be further tested to improve 
modeling of 2D electronic spectroscopy data and our understanding of coherent and 
dissipation effects in this important protein complex.  
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The optical response of plasmonic nanosystems has been traditionally well described 
within the framework of the local dielectric response theory. However, practical 
configurations in surface-enhanced microscopies and spectroscopies are reaching 
the possibility to establish sub-nanometric control of morphologies and architectures, 
which expose the importance of addressing the quantum nature of electrons and 
photons to correctly describe a complex variety of optoelectronic processes, including 
active control of the optical response, nonlinearities, and ultraresolution. 
In this tutorial, I will show the importance of considering quantum effects in the 
description of canonical plasmonic cavities [1] in connection with electronic transport 
[2] and molecular spectroscopy [3]. This description, based on the Time-dependent 
Density Functional Theory (TDDFT), shows how nanoplasmonics can be pushed to 
the extreme, reaching a situation of dialogue between optics and the atomic scale.  
The relationship between electron transport across a plasmonic nanocavity and its 
optical response can be exploited at the quantum level with a remarkable precision. 
The migration and motion of single atoms can induce substantial changes in the 
transport properties that allow for modulation of optical signals with the minimum 
investment of energy and in an active fashion [4]. Another strategy of active control of 
a plasmonic resonance in a gap relies on the possibility to actively modify the 
tunneling barrier between the interfaces by means of the application of an external 
bias. This modifies the electron transmission across the gap producing changes in 
the electronic current at optical frequencies, and thus modulating the optical 
response of the system [5]. These are some examples of quantum active control of 
plasmonics that can be exploited in practical optoelectronic devices.  
Furthermore, the importance of a precise atomistic description of a plasmonic cavity 
will be revealed with calculations of the local field distributions associated to atomic-
scale features. These results reveal the remarkable possibility of accessing effective 
modal volumes down to 1 nm3, thus reaching the quantum limit of field localization 
[6]. This effect can be understood as an atomic-scale lightning rod effect which might 
be partially responsible for the ultraresolution reported in single-molecule 
spectroscopy experiments [3].  
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 Raman spectroscopy meets the required specificity criterion required for the 
detection of low concentrations of different agents in complex media, such as protein 
biomarkers in blood, since the vibrational spectrum of every component is a specific 
signature that can be used for its identification. Moreover, compared to magnetic 
resonance, Raman imaging has the ability of visualizing morphological details in cells 
and tissues on a much higher spatial resolution. Also, no external markers are 
required, it has a sub-micron resolution and quite good penetration depth. 
Nevertheless, Raman spectroscopy is strongly limited by its sensitivity. For the last 
years, a great effort is underway to increase Raman intensity mainly by localized 
surface plasmon resonance from metal nanoparticles (NPs). These SERS platforms 
still deals with problems such as the NPs stability, their interaction with the analyte 
and the adsorption, distribution and arrangement of the probed molecules on the 
substrate. Another enhancement process is the use of excitation wavelengths in 
resonant conditions for the sensed molecule, in general using ultra-violet lasers.  
Our aim is the fabrication of different architectures of SERS substrates that combine 
different Raman enhancement mechanisms in one multilayered hybrid system based 
on graphene. Graphene has several roles to play in optical sensing since it provides 
a biocompatible surface adequate for many organic and bio materials and also a 
protection of the metal NPs increasing the stability of the system. We will present our 
approaches to the different Raman enhancement processes. Graphene protected 
ruthenium ultrathin films with controlled size and shape of the particles present 
different characteristics of the Ru plasmon resonance adequate for UV-SERS. We 
will show that the intensification mechanism of Raman signal due to constructive 
interference produced in adequately designed dielectric films is very promising. Also 
we have explored the limit of ultrasmall Ag nanoparticles (4 nm) to study their 
interaction with graphene and its SERS amplification capabilities. The results of these 
approaches pave the way to the design and fabrication of extremely sensitive 
graphene based bio-compatible platforms by combining the different Raman 
enhancement processes.  
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 RbTiOPO4 (RTP) is a relevant electro-optic and nonlinear crystal which 
shows a very high optical damage threshold and relatively high nonlinear 
coefficients useful for quadratic frequency conversion. Additionally, previous 
reports have demonstrated efficient continuous-wave lasing of Yb3+ in RTP at 
around 1 µm [1], highlighting the system as a good candidate for highly stable, 
frequency doubled lasers [2].  

With the aim of designing coherent sources with improved performance at the 
nanoscale, large aggregates of silver nanostructures have been tailored to match 
the emission spectra of Yb3+ ions and deposited onto the polar surface of 
Yb3+:RTP single crystals.   

The role of the metallic aggregates on the photoluminescence of Yb3+ ions, as 
well as on the second harmonic generation (SHG) of the RTP host, is analyzed. 
The results show a remarkable enhancement of the Yb3+ f-f emission by a factor 
of 5, higher than that reported for other hybrid plasmon/rare-earth systems [3], 
and an extraordinary 60-fold enhancement of the SHG response.  
  
The experimental results can be explained considering the spatial and spectral 
response of the near field enhancement calculated in the vicinity of the plasmonic 
structures. The effect of charge delocalization associated with the large size of 
the aggregates generates a broad plasmonic response in the near infrared region 
which is responsible for the observed improvement of the optical response. 
 
The study points out the role of metallic aggregates to enhance both 
luminescence from rare earth ions and weak nonlinear processes at 
metal/dielectric interfaces and opens up an alternative route for the development 
of efficient nanosized optically active frequency-converter devices. 
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In the last decades the accelerated improvements of the techniques for nanofabrication have conducted 
to develop new structures and re-discover new electromagnetic effects in the optical wavelength scale. 
The term “optical nanoantennas” can be defined as a device to efficiently convert free propagating 
optical radiation to localized energy, and vice versa [1].  
 
A patch nanoantenna consists of a nanoemitter embedded in a very thin dielectric layer enclosed with 
an optically thin gold nanodisk and a thick gold layer [2]. The patch nanodisk is positioned 
deterministically centered on the nanoemitter using an in-situ optical lithographic process (Figure 1). 
The nanoemitters under investigation are core/shell CdSe/CdS nanocrystals with 3-nm core diameter 
and 5-nm shell thickness. The fluorescence peak emission lays in the visible (around 630nm) at room 
temperature. 
 
 
 
 
 
 

Fig 1. Scheme of a patch nanoantenna 
 
The patch nanoantennas structure has demonstrated strong acceleration of spontaneous emission and 
controlled radiation pattern when aggregates of nanocrystals (around 50) were coupled to a plasmonic 
patch antenna. Several nanoantennas are fabricated with diameters varying from 1.4 to 2.1 µm. The 
dielectric spacing layer was set to 30 nm and high Purcell factor (defined as the ratio between the decay 
rate emission of nanoemitter with patch antenna and the one in a dielectric homogeneous medium) of 
80 has been obtained [3].  
 
In recent studies new techniques to couple an individual single nanocrystal to a patch antenna have 
permitted the deterministic position of a single emitter in the center of a patch antenna whose diameter 
size is between 150nm to 2µm. By configuration the influence of a patch antenna up above a single 
emitter exhibit two kind of behavior depending of the size of the patch. For large diameter patch antennas 
a small Purcell factor is obtained, nevertheless for small antennas (150nm diameter) a significant factor 
of 23 is achieved. In the former case, the antenna acts as a single photon source whereas in the latter, 
thanks to Purcell effects. multiexcitons become radiative. 
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Reduction of the size of a material to a few nanometer scale leads to drastic 
modifications of its physical and catalytic properties. In the case of metal nano-
objects with sizes larger than a few nanometers, these modifications are mostly due 
to classical effects. In contrast, for smaller clusters with sizes below about 2 nm (less 
than about 250 atoms), quantization plays an important role, leading to an evolution 
from a bulk-like behavior of the electronic properties (i.e., ruled by quasi-continuum of 
electronic states in the conduction band) to a molecular one (discrete energy states). 
Though the impact of quantization on static properties (ionization threshold, melting 
temperature, linear optical absorption, …) of free clusters has been extensively 
investigated, their dynamical processes, e.g. ultrafast induced changes of electronic 
interactions, have been much less studied. This is due to the difficulty both in the 
synthesis of clusters with well controlled size and environment, and in the 
experiments. 

Using high-sensitivity femtosecond pump-probe spectroscopy, we have 
measured the time-resolved optical response of silver nanoparticles in the 3 to 1 nm 
size range. Investigations have been performed in surfactant-free glass-embedded 
clusters, to limit surface effects. Using different probe wavelengths, the relaxation of 
photoexcited nonequilibrium electrons was followed in the time-domain, yielding 
information on the electron-electron and electron-vibration energy exchange 
processes. The efficiency of the electronic interactions is shown to increase with size 
reduction down to about 2 nm (consistently with previous results in larger particles [1-
3]). It is then shown to further decrease at smaller sizes, although with a non 
monotonic behaviour. This effect is ascribed to quantization of the electronic states, 
whose energy level spacing becomes larger than the thermal energy and maximum 
phonon energy in that size range.  

Modifications of the acoustic vibrational response of metal clusters in this size 
range will also be discussed [4]. 
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 One third of the total value of the lanthanides used worldwide lies in 
phosphors and other luminescent materials which are ubiquitous in lighting devices, 
telecommunications, displays, security inks, counterfeiting tags, luminescent sensors, 
photocatalysis, bioanalysis, and bioimaging [1]. Luminescent lanthanide compounds 
have yet to yield their ultimate secrets. Indeed, interplay between f-states, charge-
transfer states, ligand singlet and triplet states is governed by several energy transfer 
mechanisms. This renders difficult the task of designing efficient luminescent edifices 
with properties targeted at a specific application [2]. 
In this presentation, the current status of the design of highly luminescent lanthanide 
compounds and probes is discussed with respect to (i) optimizing energy transfer 
from the matrix to the lanthanide ion (antenna effect, Figure), (ii) minimizing non-
radiative de-activations, and (iii) enhancing photophysical properties through insertion 
into polymeric matrixes and/or tuning of the radiative lifetime [3]. Recent examples 
from the authors’ laboratories are presented [4,5]. 

 
Figure.Energy transfer processes in a dimeric Eu(III) complex. 
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Lanthanide-Doped Luminescent Nano-Bioprobes for In 
Vitro Detection of Tumor Markers 
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Lanthanide-doped inorganic nanoparticles possess superior physicochemical 
features such as long-lived luminescence, large antenna-generated Stokes or anti-
Stokes shifts, narrow emission bands, high resistance to photobleaching and low 
toxicity, and thus are regarded as a new generation of luminescent bioprobes as 
compared to conventional molecular probes like organic dyes and lanthanide 
chelates. These functional nanoparticles, albeit most of their bulk counterparts were 
well studied previously, have attracted reviving interest for their biomedical 
applications in areas as diverse as biodetection, bioimaging, and disease diagnosis 
and therapeutics. In this talk, we shall focus on the latest advances made in 
developing lanthanide-doped inorganic nanoparticles as potential luminescent 
bioprobes, which cover from their chemical and physical fundamentals to 
bioapplications including the controlled synthesis, surface modification, electronic 
structure, optical properties, and their promising applications in diverse fields, with an 
emphasis on heterogeneous and homogeneous in-vitro biodetection of tumor 
markers [1-7]. 
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 Rare Earth doped materials suffer from limited excitation due to the low 
oscillator strength of intraconfigurational f-f transitions, which in turn favour long 
photoluminescence lifetimes which are interesting for a number of laser and biological 
applications, particularly in the infra-red (IR) range [1].  
 Sensitization from organic chromophores has been proved as a successful 
strategy for enhancing rare-earths’ optical properties. However, organics often contain 
groups showing high frequency vibrations which can quench the lanthanides’ 
luminescence, especially severely in the IR range. Although perfluorinated or 
halogenated organics can decrease the quenching and allow for efficient sensitization 
resulting in extraordinary optical properties in the infra-red range [2,3], this typically 
entails complex chemistry and limited possibilities for “wet” applications. 
 An alternative strategy involves the use organic antennae in combination with 
small inorganic nanoparticles doped with lanthanides and has allowed sensitization in 
IR emitting Yb3+ and Nd3+-doped NaYF4 [4] and even broad band sensitized Up-
conversion in Er3+,Yb3+ doped NaYF4 [5]. These hybrid composites in which the IR-
based lanthanide is kept and protected from the environment in an inorganic 
environment and excited from the external organic chromophores in the proximities [3], 
can show relatively long lifetimes. 
  Here we present the sensitized infra-red emission of sub small Yb3+-doped 
NaYF4 nanoparticles through 2-hydroxy-perfluoroanthraquinone chromophore 
(1,2,3,4,5,6,7-heptafluro-8-hydroxyanthracene-9,10-dione) [6], which allows excitation 
at wavelengths in the range 400-600 nm. This allows an overall increase of the Yb3+ 
luminescence by a factor 300 with respect to direct excitation. We study the lifetime of 
the Yb3+ emission and the dynamical processes involving the lanthanide ions and the 
perfluorinated chromophore at the surface of the nanoparticles. 
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Light emission from rare earth nanocrystals, ranged from ultraviolet to visible 

and even the near infrared, are attractive for a broad field of Stokes and 

anti-Stokes photon conversion applications. Thanks to the abundant energy levels 

of rare earth ions, resonanceenergy transfer, cross relaxation and phonon related 

nonradiationmechanism are important for control over light emitting processes. 

Combined with nanostructure, which is able to localize the energy transfer in 

nanoscale domain, the transition within typical rare earth ions could be confined 

and even combined via various layers. Based on this consideration, core/shell 

nanostructure are introduced as an ideal platform to realize selective or 

combinatorial light emittingfrom rare earth.  

Nd3+
Yb3+energy transfer with an efficency higher than 90% were also 

designed to combine with upconverting rare earth pairs (Yb3+/Er3+, Tm3+) via a 

core/shell structure.Benefit from this design,upconversion emissions form Er3+ or 

Tm3+ could be sensitized both from Yb3+(970 nm,4F5/2,
4F7/2)and Nd3+(808 

nm,4I9/2
4F5/2)excitation.[1]Furthermore, with the excitation of Nd3+ at 730 or 808 

nm, downshifting emission from Nd3+ (1064 nm,4F3/2
4I13/2) and Yb3+(970 nm, 

4F5/2,
4F7/2) could be observed selectively or simultaneously. Together with a 

higher quantum efficiency, these emitting rare earth nanocrystals could be used as 

NIR excited and emitted nanoprobes for imaging and detection. 

Ultimatecontrol over light emitting were also realized with emitted shell layers 

and multiphoton upconverting selection.[2,3]Emissions in the visible and near 

infrared combined with tunable lifetime were used for high signal to background 

imaging studies, and excitation densitymodulated optical switch investigations. 
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NIR Nanomaterials for disease diagnostics and therapy 
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Upconverting nanoparticles (UCNPs) present a new technology for optical 

imaging/detection which is a growing field with both diagnostic and drug discovery 

uses. Currently, fluorophores including fluorescent dyes/proteins and quantum dots 

(QDs) are used for fluorescence-based imaging and detection. These are based on 

‘downconversion fluorescence’, emitting low energy fluorescence when excited by 

high energy light (such as UV or short wavelength visible light). Fluorophores in 

current use have several drawbacks: photobleaching, autofluorescence, short tissue 

penetration depth and tissue photo-damage. UCNPs emit detectable photons of 

higher energy in the visible range upon irradiation with near-infrared (NIR) light based 

on a process termed ‘upconversion’. UCNPs show absolute photostability, negligible 

autofluorescence, high penetration depth and minimum photodamage to biological 

tissues. They can be used for ultrasensitive interference-free biodetection because 

most biomolecules do not have upconversion properties.  
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 Recently we proposed to use the Nd3+: YPO4 nanocrystals synthesized by the 
hydrothermal microwave treatment as fluorescent imaging agent in the near IR 
spectral range [1]. Here we discuss the possibility to use them as a contactless 
optical temperature sensor. The imaging can be merged with temperature controlled 
hyperthermia treatment using the core-shell Nd3+:YPO4@DyPO4 nanocrystals. The 
fluorescence is excited by 805 nm of OPO laser and the fluorescence kinetics of the 
4F3/2 manifold of Nd3+ on temperature is measured. The 4F3/2 manifold has only two 
doubly degenerated crystal-field (CF) levels with the energy gap ΔE = 52 сm-1. We 
solved the system of rate equations for three level system. The fluorescence of both 
level decays according to exponential law with equal rates determined by 

1 2
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( ) ( )
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where τ1 and τ2 are the lifetimes of the low and upper CF levels, respectively, and the 
equilibrium population of each level at specific temperature is set according to 
Boltzman distribution 
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We measured the lifetime τ1 = 312.7 μs of the low CF level at 10K when the upper 
CF level is practically not populated. The temperature dependence from 10K up to 

373K of the fluorescence kinetics measured at 873.4 and 877.3 nm (the 4F3/2(1) → 
4I9/2(1) and 4F3/2(2) → 4I9/2(1) transition, respectively) confirmed that the decay rate is 
independent on the detection wavelength. The measured lifetime τ = 1/W(T) is 
decreased from 312.7 μs to 282.2 μs in the range from 10 to 77K and then increase 
up to 308.1 μs at 373K. We calculated the spontaneous emission lifetime τ2 of the 
upper CF level using Eqs. (1, 2) and the value of τ1 measured at 10K. We found that 
τ2 is much shorter than τ1. However, the calculated value of τ2 depends on the 
temperature. For example, it is τ2 = 201.8 μs at 40K, τ2 = 223.9 μs at 77K, and τ2 = 
302.6 μs at 373K. We explain this fact by a change of the spontaneous emission rate 
A for both CF levels with the temperature due to temperature dependent term 
originated from admixture of configuration of opposite parity into the 4fn configuration. 
In the physiological temperature range 37 - 45°C the kinetic method of temperature 
measurement provides the sensitivity Δτ/τ/ΔT = 0.03% K-1, more than one order of 
magnitude less than the spectral method Δ(I2/I1)/(I2/I1)/ΔT = 0.6% K-1) employing the 
spectral lines areas ratio I2/I1 dependence on temperature measured at the same 
transitions. The latter we propose for fluorescent contactless temperature sensor. 
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Laser fluorescence spectromicroscopy of single probe molecules (SMSM) in 
transparent solids is widely recognized field of science. The SMSM is especially 
informative at cryo-temperatures, when zero-phonon lines (ZPL) of emitters are 
reachable for the observation with the use of a narrowband laser. The extreme 
sensitivity of the ZPL parameters to the local single-molecule (SM) environment 
allows to apply SMSM for the study of doped solids on the nm-scale. In fact, the high 
ratio of inhomogeneous absorption band width to the very narrow ZPL homogeneous 
spectral width gives the opportunity to measure fluorescence excitation spectra and 
coordinates for all efficiently fluorescing SMs in doped bulk solid samples (crystals, 
glasses, polymers) at low-temperatures. For this purpose specially developed 
algorithms and software for rapid SM spectra and images recognition, data 
processing and specific statistical analyses should be applied. It should be noted that 
the nm-accuracy is achievable for all three spatial coordinates of each SM. 

Here we demonstrate how the technique 
for sequential-parallel detection of ZPLs and 
the fluorescence images of myriad probe 
SMs can be applied for the hyperspectral 
nanodiagnostics of solids. Namely, various 
local parameters of dye-doped systems will 
be mapped to the structure of samples: 

1. Local parameters of vibrational 
dynamics (energies of local phonons) found 
by the analysis of T-dependencies of 
homogeneous ZPL widths for different SMs 
in different places of the sample. 

2. Local values of the refractive index found by the measurements of lifetime –
limited SM ZPL widths taking into account laser excitation power dependences and 
temperature dependences for different SMs. Here the local values of the refractive 
index are found by the recalculation of the SM excited state lifetimes in the frame of 
the proper theory describing the local-field effects and the dependence T1(n). 

Thus, we show a great potential of ZPL-based fluorescence excitation SMSM for 
the multiparameter characterization of complex solids on the nanometer scale. 

The work is supported from RFBR (14-29-07270), RSF (14-12-01415), DFG. 
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 Optical signals provide unique insights into the dynamics of nano-objects and 
their surroundings [1]. I shall present some of our experiments of the last few years. 
i) We study single gold nanoparticles by photothermal and pump-probe microscopy. 
We recently studied the dynamics of vapornanobubbles created in the liquid 
surrounding a single immobilized gold nanosphere. We found that these 
nanobubbles form in an instable, explosive process before collapsing. Nanobubbles 
can react to reflected sound waves such as those released in the explosion [2]. 
ii) Photothermal microscopy opens the study of non-fluorescent absorbers, down to 
single-molecule sensitivity [3]. Combining this contrast with photoluminescence, we 
can measure the luminescence quantum yield on a single-particle basis. The high 
signal-to-noise ratio of this technique enables uses of individual gold nanoparticles 
for local plasmonic and chemical probing [4] (see Fig. 1). 
 iii) Gold nanorods generate strong field enhancements near their tips. Matching the 
rods' plasmon to a dye's spectra, we observe enhancements in excess of thousand-
fold for the fluorescence of single Crystal Violet molecules [5]. This method 
generalizes single-molecule fluorescence to a broad range of weak emitters. 

 
Figure1: Example of an absorption trace of a single gold nanorod showing binding and 
unbinding events of single proteins [4]. 
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A grand challenge in nanoscience is to correlate structure or morphology of individual 
nano-sized objects with their photo-physical properties. An early example have been 
measurements of the emission spectra and polarization of single semiconductor 
quantum dots as well as their crystallographic structure by a combination of confocal 
fluorescence microscopy and transmission electron microscopy.[1] Recently, the 
simultaneous use of confocal fluorescence and atomic force microscopy (AFM) has 
allowed for correlating the morphology/conformation of individual nanoparticle 
oligomers or molecules with their photo-physics.[2, 3] In particular, we have 
employed the tip of an AFM cantilever to apply compressive stress to single 
molecules adsorbed on a surface and follow the effect of the impact on the electronic 
states of the molecule by fluorescence spectroscopy.[3] Quantum mechanical 
calculations corroborate that the spectral changes induced by the localized force 
(Figure 1) can be associated to transitions among the different possible conformers 
of the adsorbed molecule. 

 
 
Figure 1: Fluorescence emission 
maxima (λmax, black curve) of a single 
terrylenediimide chromophore as a 
function of time while periodically 
applying force (red curve). Spectra are 
reversibly redshifted under com-
pressive stress. [3] 
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In recent experiments PTCDA molecules deposited on a KCl surfaces arrange 
in  a  well  ordered  two-dimensional  layer  (see  Fig  1a,b).  In  this  arrangement  the 
molecules  can  exchange  excitation  energy  via  transition-dipole-dipole  interaction. 
This leads to the formation of Frenkel excitons, i.e. states for which the electronic  
excitation is coherently delocalized over many molecules. The arrangement of the 
molecules  is  such  that  a  so-called  J-aggregate  is  formed,  i.e.  the  dominant 
absorption is red-shi ed with respect to the non-interacting molecules (see Fig 1c).  
This  J-band  also  shows  superradiant  emission.  Due  to  improved  preparation 
conditions  this  superradiance  is  strongly  enhanced  compared  to  previous 
experiments [1].
In this contribution we discuss the temperature dependent superradiant emission, its 
relation to the coherence size of the exciton and its dependence on finite size effects. 
One peculiar feature of the present system is related to the width of the J-band. 
Usually the absorption line-shape of the J-band is much narrower then that of the 
individual  molecules.  However,  in  the  experiment  a  considerable  broadening  is 
observed. We will discuss possible mechanisms responsible for this broadening. 
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Figure 1: (A) Sketch of a PTCDA monolayer (aggregate) on KCl surface. (B) AFM image of 
PTCDA monolayer on bulk KCl (from T. Dienel et al., Adv. Mater. 20, 959). (C) Measured 
aggregate and single molecule spectra at 20K. (D) Temperature dependence of the spectra. The 
inset shows the temperature dependent coherence size of the exciton.
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Organo-metal halide (OMH) perovskites are the most studied materials for 
solar-cell applications during the last couple of years. Despite of the great progress in 
devices, fundamental questions including the nature of photoluminescence and 
mechanisms of charge recombination are far from been understood. OMH perovkites 
are direct semiconductors, however, presence of defects, mechanical softness, ion 
migration, unusual dielectric properties due to the organic molecule in the crystal 
structure, formation of crystals of different sizes and topology makes their optical and 
electrical properties quite peculiar. Here we present several phenomena observed by 
analysis of luminescence of micro- and nanocrystals of CH3NH3PbI3. 

We employed luminescence microscopy and spectroscopy, super-resolution 
optical imaging based on localization of emitting sites (SUPERLUMS - super-
resolution luminescence micro-spectroscopy[1]), and electron microscopy for the very 
same sample in order to correlate the sample morphology and properties. We found 
a huge spatial inhomogeneity of the PL intensity and lifetime at the scales from 
nanometers and above and assigned it to a vast distribution of the PL quenching trap 
concentration.[2,3] The trap concentration can be changed by light irradiation which 
can lead to several orders of magnitude increase of the PL yield.[4]  

We found that luminescence of ~100-nm crystals enhances much faster than 
that of larger, micrometer-sized ones. This crystal-size dependence of the 
photochemical light-passivation of charge traps responsible for PL quenching allowed 
us to conclude that traps are present in the entire crystal volume, rather than at the 
surface only. Due to this effect, “dark” micrometer sized perovskite crystals can be 
converted into highly luminescent smaller ones just by mechanical grinding.[2]  

For crystals of less than one micrometer in size we observed PL blinking which 
shows that a single photoconvertible trap can control PL of the whole crystal.[3] 
Luminescence intensity blinking correlates with the corresponding luminescence 
lifetime change. It means that the quenching is dynamic rather than static and it is 
limited by the long diffusion length of the charge carriers in the material. Most 
probably the “super-trap” that induces blinking has a different nature than the others, 
much less efficient traps leading to decreased luminescence quantum yield in 
general. 
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 We show that organic-inorganic hybrid perovskite CH3NH3PbI3 (MAPbI3) 
exhibits multiple stages of structure transformation occurring either spontaneously or 
under light illumination. In particular, we emphasize four stages along the 
transformation path from MAPbI3 to PbI2 with distinctly different Raman spectroscopy 
features. By performing spatially resolved Raman and photoluminescence 
spectroscopy studies with varying excitation wavelength, density, and data acquisition 
parameters, we have achieved a unified understanding towards the spectroscopy 
signatures of the material transforming from the pristine stage (MAPbI3) to the fully 
degraded stage (i.e., PbI2) for samples with varying crystalline domain size from 
mesoscopic scale (approximately 100 nm) to macroscopic size, synthesized by three 
different techniques. Additionally, characteristic features of partially degraded 
materials under the joint action of spontaneous and photo-induced degradation are 
given. This study offers reliable benchmark results for understanding the intrinsic 
material properties and structure transformation of this emerging material. 
 
In collaboration with Qiong Chen and Henan Liu (UNCC), Hui-Seon Kim and Nam-Gyu 
Park (SKKU), Mengjin Yang and Kai Zhu (NREL), Yucheng Liu and Shengzhong 
(Frank) Liu (SNU), and Naili Yue and Gang (Gary) Ren (LBNL). 
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 Photocatalysis is an efficient and simple way to drive a chemical reaction but it 
is generally limited by the necessity to use ultraviolet or deep blue light. In the recent 
years there has been strong efforts to modify catalysts materials so that their band to 
band absorption comes more to the visible part of the electromagnetic spectrum for 
instance by synthesizing, so-called black titanium oxide. 
An alternative option is to use infrared or visible light and through the use of 
upconverting materials to transfer the excitation to the photocatalytic material. 
Recently, several groups have demonstrated that this solution could be viable [1-5] 
and in some cases allow an increase of more than 30% of the photocatalytic activity. 
We have synthesized novel molecular precursorsNaGd(TFA)4(diglyme) 
(TFA=trifluoroacetate) from which hexagonal phase NaGdF4nano-particles were 
formed. Doped with Yb3+ and Tm3+ ions they are excellent upconverters to generate 
UV photons. In a second step those particles have been used to form core-shell 
TiO2@NaGdF4:Yb3+,Tm3+structures. 
Spectroscopic studies evidence the process of energy transfer from the upconverting 
phosphor to TiO2. In the figure for instance it appears clearly that for the transitions 
above the gap of TiO2 the energy is transferred to titania while the other optical 
transitions are unchanged. This is accompanied by the appearance of photocatalytic 
activity when exciting with IR light 
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Upconversion spectra under 980nm excitation with a laser intensity of 

100W/cm² in the case of pure NaGdF4:Yb3+,Tm3+ nanoparticles and the same 

particles with TiO2 shell of different thicknesses. 

37



Exciton dynamics in perovskite CH3NH3PbI3 single crystals 
 

Le Quang Phuong, Yumi Nakaike, Atsushi Wakamiya, Yoshihiko Kanemitsu 
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Hybrid organic-inorganic lead halide perovskites, in particular, methylammonium 
lead iodide CH3NH3PbI3 (MAPbI3), have attracted global attention in last five years 
due to their promising applications in photovoltaics and light-emitting devices [1]. 
Understanding of photophysics of excitations in MAPbI3, thus, is of importance for 
both fundamental researches and practical uses. The photophysics in high-
temperature tetragonal-phase MAPbI3 have been studied intensively, and it is widely 
considered that the dynamical optical properties in tetragonal-phase MAPbI3 are 
governed primarily by free carriers [2]. On the other hand, there are a limited number 
of works so far devoted to examining the photophysics in low-temperature 
orthorhombic-phase MAPbI3 [3]. The exciton binding energy in orthorhombic-phase 
MAPbI3 is estimated to vary from 16 to 63 meV [4], which is fairly larger than the 
thermal energy at cryogenic temperatures. Therefore, it is anticipated that excitons 
determine optical responses of MAPbI3 at low temperatures. However, a decisive 
evidence to discuss qualitatively the excitonic characteristics of orthorhombic-phase 
MAPbI3 has not been obtained yet. 

In this work, we investigate the photophysics of excitons in CH3NH3PbI3 single 
crystals using time-resolved photoluminescence (PL) spectroscopy. At 15 K, we 
observe a sharp peak located at 1.633 eV. This emission band, denoted as X band, 
depends linearly on the excitation fluence and decays quickly within several 
hundreds of picoseconds. On the other hand, the low-energy-side broad band, 
denoted as D band, tends to be saturated under high excitation fluences and has a 
microsecond-scaled decay time. The D band is attenuated as the temperature 
increases, and disappears as the temperatures above 80 K. Thus, it is concluded that 
the D band is owed to recombination of excitons localized at the defects in MAPbI3. 
With increasing the temperature, the X band becomes broader, shifts to the high-
energy side and no longer to be detected as the temperature is above ~160 K, where 
a phase transition from the orthorhombic phase to the tetragonal phase occurs. The 
blue-shift of the X band with the temperature is consistent with the temperature 
dependence of the band-gap energy of MAPbI3 observed for thin-film samples [4]. 
Therefore, the X band is likely to be the free-exciton luminescence of orthorhombic-
phase MAPbI3. At 15 K, a new emission band emerges at low-energy side of the X 
band under high excitation fluence. By utilizing one- and two-photon time-resolved 
PL measurements, we are also able to discuss the physical origin of this new 
emission band. 

Part of this work was supported by JST CREST and JSPS KAKENHI. 
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Fig.2 Spectra of the decay components 

Dynamics of the Photoexcited States  
in Octahedral Mo6 Cluster Halides 
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 Ultrafast dynamics of the photoexcited states in the single crystals of 
tetrabutylammonium (TBA) salts of octahedral Mo6 cluster halides, (TBA)2Mo6X14 
(X=Cl, Br, I), (TBAMoX) have been investigated by the femtosecond transient 
absorption (TA) measurement. 
  When the lower lying singlet electronic states in TBAMoBr single crystals were 
generated by the laser light with the photon energy (Eex) of 2.95eV, broad TA bands 
with a decay time of 80fs were observed. These TA bands are considered to be 
caused by the singlet-singlet transition of the photo-generated singlet states.  Broad 
TA bands with longer decay times of 1.6ps, 5.5ps, 13ps, 35ps, and much longer than 
400ps have been observed. These bands are considered to be caused by the triplet-
triplet transitions. The rise time of these bands is 80fs.  The singlet-triplet conversion 
by the intersystem crossing is considered to occur with a time constant of 80fs. 
    When the TBAMoBr single crystals were irradiated by the UV light 
(Eex=3.82eV), decay time of the singlet-singlet absorption bands were 200fs.  The 
time constant is considered to be that of the singlet-triplet conversion. 
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Many radicals spectroscopic signatures associated to gases of interest are in the 2.5 – 15 µm 

spectral range (4000-350 cm
-1

). This spectral range can be addressed by emissions from rare-earth ions 

embedded into chalcogenide glasses which are well-known for having low phonon energies. We will 

show results concerning the development of an all-optical sensor at 4.4µm based on rare-earth doped 

chalcogenide glasses. The sensor schematic is presented in figure 1: a diode pumped Dy
3+ 

doped 

chalcogenide fiber first produces the infrared signal, which is then sent to the gas cell to probe the gas 

absorption at 4.4 µm. The probe IR signal is then converted to 800nm by excited state absorption 

within an Er
3+

 doped chalcogenide fiber making possible to transport the probe signal through a silica 

optical fiber over large distances considerably increasing the scope of possible applications.  

The optimization of the Dy
3+

 doped 2S2G fiber as the IR source,which will be presented, is based 

on a comparison between experimental data and the modeling of the luminescent fiber. The energy 

conversion mechanism from 4.4 µm to 800 nm presented in figure 2 has been recently successfully 

implemented in Er
3+

 doped GeGaSb(Se) chalcogenide fibers [1].The IR probe signal is modulated 

while the pump is kept continuous. As a consequence, the 800 nm converted signal from the 
4
I9/2 level 

is itself modulated at the IR signal frequency which allows the discrimination between the 800nm 

“gas” signal and parasitic 800nm luminescence due to upconversion mechanisms(T22 in Figure 2) by 

energy transfer among Er
3+

 ions. Like for the Dy
3+

 doped 2S2G fiber, the Er
3+

 doped 2S2G fiber was 

optimized to obtain the best signal to noise ratio and the maximum fluorescence at 800nm. Different 

energy conversion schemes and the corresponding dependence of the converted signal with the pump 

and probe wavelengths and with photon fluxes will be presented. We will also discuss,using 

experimental results and simulations, critical parameters for the energy conversion and the sensor 

itself such as the dopant concentrations, the fibers geometry or the impact of the pump upconversion 

parasitic signal on the converted signal to noise ratio.  
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Fig. 1 All-optical sensor scheme   

 Fig. 2: 4.4µm to 800 nm conversion in Er
3+

 ions   
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 Y3Al5O12(YAG):Ce3+ is the most 
widely applied phosphor in white LEDs(w-
LEDs)  because of strong blue absorption 
and efficient yellow luminescence 
combined with a high stability and thermal 
quenching temperature, required for the 
extreme operating conditions in high power 
w-LEDs. The high luminescence quenching 
temperature (~600 K) has been well 
established, but surprisingly the 
mechanism for temperature quenching has 
notbeen elucidated yet. In this report we 
investigate the possibility of thermal 
ionization as a cause of this quenching 
process, by measuring 
thermoluminescence (TL) excitation 
spectra at various temperatures [1].  In the 
TL excitation (TLE) spectrum at room 
temperature, there is no Ce3+:5d1 
band(the lowest excited 5d level) as 
shown in Figure 1.However, in the TLE 
spectrum at 573 K, which corresponds to 
the onset temperature of luminescence 
quenching, a TLE band due to the 
Ce3+:5d1excitation was observed at 
around 450 nm.  Based on our observations, we conclude thatthe luminescence 
quenching of YAG:Ce3+ at high temperatures is caused by the thermal ionization and 
not by the thermally activated cross-over to the 4f ground state. The conclusion is 
confirmed by analysis of the positions of the 5d states of Ce3+ relative to the 
conduction band in the energy band diagram of YAG:Ce3+. 
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Figure 1.Thermoluminescenceexcitation 
(TLE) spectra at two charging 
temperatures: 303 K (30°C) and 573 K 
(300°C). The TLE spectra were recorded 
by measuring the integrated intensity for 
the high-temperature TL peak around 657 
K for different excitation wavelengths 
between 250 and 550 nm. 
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Abstract 
 
GdAlO3:Ln3+,RE3+ (Ln=Sm, Eu and Yb, RE= Ce, Pr and Tb) were synthesized by 
solid-state reaction. Sm3+, Eu3+ and Yb3+ act as electron trapping and recombination 
centres, while Ce3+, Pr3+ and Tb3+ act as hole trapping centres. In this work we 
present evidence that recombination is by means of hole release from Pr3+ and Tb3+ 
instead of the more common electron release. The hole trap depth appears 1.33 eV 
for Pr3+ and 1.28 eV for Tb3+. The trapped holes are released from Pr4+ or Tb4+ and 
recombine with the trapped electrons on Sm2+, Eu2+ or Yb2+ to give characteristic 
trivalent emission from Sm3+, Eu3+ or Yb3+ with main emissions at ~600 nm, ~617 nm 
or ~980 nm, respectively. Lanthanum was introduced in Gd1-xLaxAlO3:Eu3+,Pr3+ and 
Gd1-xLaxAlO3:Eu3+,Tb3+ (x=0, 0.25, 0.5 and 1) to engineer the valence band energy 
and there with to change the hole trap depth. The vacuum referred binding energy 
(VRBE) diagram of Gd1-xLaxAlO3 (x=0, 0.25, 0.5 and 1) in Figure 1 has been 
constructed by combining low-temperature VUV spectroscopy and 
thermoluminescence results. The diagram shows that the valence band moves 
upwards and the trap depth related to Pr3+ or Tb3+ can be reduced to 0.65 eV or 0.56 
eV with increasing the content of La from 0% to 100%. Spectroscopic data needed 
for construction of the VRBE diagram and TL spectra confirming the reducing of the 
hole trapping depth will presented.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. The VRBE diagram of Gd1-xLaxAlO3 (x=0, 0.25, 0.5 and 1) together with the 
location of the Pr3+, Tb3+, and Eu2+ ground state energy levels. 
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In the last years the Mn3+ has been successfully used as a dopant in the red-emitting 

phosphors based on fluoride matrices such as: AMF6 (A=Na, K, Cs, Ba, Rb; M=Si, Ti, 

Ge), due to their red emission at around 630nm. The  peculiarities of the Mn4+ 

emission are the consequence of the specific  energetic structure related to three 

electrons  occupying the  3d orbital  that interacts with the crystal field of the lattice.  

One should notices that  3d3 ions  are the most extensively investigated systems, 

specifically Cr3+ , since Al2O3:Cr3+  (Ruby) has been used for  laser generation.  In 

this contribution  the  details of energetic structure and kinetics of radiative and non- 

radiative processes in the 3d3 system is discussed concerning the   electron -lattice 

interaction  and spin orbit –coupling. As an experimental tool which allows to 

investigate the fundamental aspects  of the performance of  phosphors   doped with 

Mn4+ is  the spectroscopy under high hydrostatic pressure applied in diamond anvil 

cell (DAC) is used.  The  high pressure spectroscopy has been found to be very 

effective since  high pressure  causes the increase of the energy of the excited  

quartet states 4T2 and 4T1 with respect to emitting 2E state and the ground state 4A2 . 

Difference between the spectroscopic properties Cr3+ and Mn4+ ions in different 

lattices is analyzed in the framework of crystal field model. The diabatic 

approximation [1] developed for the Cr3+ is applied to describe  differences in 

spectroscopic properties of KNaSiF6:Mn4+ and K2(Si1-xGex)F6:Mn4+, especially the 

existence or absence of the zero-phonon line of the 2E→4A2 transition and 

dependence of the 2E→4A2 luminescence energy and lifetime on pressure. Analysis 

of  pressure dependence of the  of the luminescence  excitation and emission 

spectra allowed to obtain the values of Racach parameters and crystal field strengths  

and their pressure dependence.  Finally the nephelauxetic is discussed for Mn4+ in 

different lattices.  
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For developing warm white light emitting diodes (WLEDs), it is essential to search for 

an efficient non-rare earth-based oxide red phosphor, particularly excitable by 

ultraviolet or blue rather than green lights [1-6]. It, when combined with either UV or 

Blue LED chips, can, therefore, absorb partially the excitation lights, and convert into 

red without reabsorping the lights from the composite device, and eventually improve 

the device perception. Many efforts have been made on rare earth (e.g. Eu2+) doped 

nitride and oxynitride because of the outstanding performances such as high 

efficiency or tunable emission colors. Nevertheless, they absorb strongly in the visible 

(e.g. green) range, and, thus, cannot meet well the above requisition [1-3]. We, 

recently, found some Mn4+ doped aluminate red phosphors, e.g. Sr4Al14O25: Mn4+, 

which show the potential as an alternative to Eu2+ doped (oxy)nitride [5-6]. In this talk, 

I will present our systematic works on it including how we found them as well as the 

fabrication of the proof-of-concept WLEDs.  
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Light sources based on a combination of blue LEDs and yellow + red emitting 
phosphors blends are nowadays confirmed as promising devices for the domestic 
market. The lifetime of these devices is one of their specific advantages compared to 
the other kinds of systems, although this property is still subject of improvements. In 
this connection, the degradation of the properties of thephosphors in the aged 
devices is one of the major issues that require appropriate remedies. 
 
In this work, we have carried out a detailed investigation of the degradation 
processes occurring in the red phosphors Na2MF6-Mn4+(M = Si, Ti) that are relevant 
candidates in LED-based solid state lighting applications. A computer-controlled 
accelerated degradation setup has been designed for this purpose. The setup 
consists of a power-controlled blue emitting LED chip, aregulated heater, a moisture 
controller and a fibered spectrometer allowing the automatic collection of 
luminescence spectra over long periods of time.  
 
This system allowed us the investigation of the action of moisture, of the incoming 
blue light power, of the thermal stress and of any combination of these stresses. 
Models accounting for the observed photoluminescence degradation kinetics are 
introduced and the physico-chemical processes involved in the phosphors 

degradation are discussed on the basis of diffuse reflectivity, ESR, NMR, XPS and 

magnetic susceptibility measurements.  
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 SiO2 is a dielectric compound with a wide band gap (around 8-10 eV) and 

presenting several crystalline and amorphous phases. Ion Beam Induced 

Luminescence or Ionoluminescence (IBIL or IL) is a useful technique relying on the 

light emission excited by ion-beam bombardment that has often been used to monitor 

the generation of point defects (microscopic damage) during irradiation. Recently, the 

ionoluminescence yield and kinetics at room temperature have been shown to 

provide useful information on the dynamics of electronic excitation. In particular, 

results on silica and quartz have been modelled in terms of the dynamics of self-

trapped excitons (STEs) in the SiO2 network: generation, migration by hoping and 

final recombination at color center sites (Non-Bridging Oxygen Hole Centers and 

Oxygen-Deficient Centers). A short overview of the model will be described including 

a mathematical simulation. By irradiating with different ions and energies one may 

modify the structure of the SiO2 network and explore, in situ, the influence of such 

changes on the STE dynamics. In particular the transition from the crystalline (α- 

quartz) to the amorphous phase induces a marked decrease in the STE migration 

length. A significant decrease is observed in the amorphous phase due to the 

irradiation-induced compaction that can be correlated with the changes in the ω4 

vibrational frequency of the SiO4 tetrahedra. Moreover, irradiation experiments at low 

temperature are also consistent with the model and reveal how the STE migration 

parameters change with temperature. 
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Qubits in diamond: solid state quantum registers and nanoscale 
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Recently, atom-like impurities in diamond (colour centers) have 
emerged as an exceptional system for quantum physics in solid state. 
In this talk I will discuss recent developments transforming quantum 
control tools into quantum technologies based on single colour 
centers. Specially, realization of quantum optical interface between 
spins and photons and scalable quantum registers in diamond will be 
presented. New applications of diamond qubits involving nanoscale 
magnetic resonance and force measurements will be shown. I will 
discuss single spin NMR paving the way to ultrasensitive MRI and 
structure determination of single biomolecules. I will also highlight 
future directions of research including combination of quantum error 
correction and sensing protocols and quantum enabled sensing and 
imaging in living cells. 
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 The ion implantation technique allows one to introduce into diamond different 

optical centers having emission lines in a broad spectral range, including the near-
infrared region. Focused ion implantation and electron beam lithography enables 
nanoscale patterning of diamond, and may be used to fabricate single center optical 
emitters and optically active carbon nanostructures for quantum information 
processing.The Xeion related center is of particular interest as it is one of a few 
centers (Ni, Si, Cr) in diamond having sharp zero phonon emission lines (ZPL)in the 
infrared spectral region,both in photo- and electroluminescence. 

In this presentation we will focus on the mechanisms of ZPL shape and 
thermal broadening in the broad temperature range 1.8 – 300 K. At low temperatures 
the photoluminescence spectra feature a single narrow ZPL at 811.7 nm and a weak 
phonon sideband (the Debye-Waller factor is more than 0.9). The width of the ZPL at 
T < 20 K and low implantation doses could be less than 0.2 cm-1 - similar to lines of 
rare earth ions in good crystals. The lineshape investigation indicates 
inhomogeneous broadening due to 2D distribution of implanted ions [1]. At higher 
temperatures the interactions with phonons kick in: ZPL becomes broader and its 
shape develops a significant asymmetry. We attempt to describe the thermal 
changes,not just in the linewidthbut also in the much more sensitive spectral shape of 
the ZPL,in terms of vibronic couplingswithout free parameters. The following topics 
will be discussed: low and high temperature luminescence spectra, manifestation of 
pseudolocal vibrational modes in the low-frequency Stokes and anti-Stokes phonon 
sidebands, mechanisms of optical dephasing and the lineshape due to quadratic 
vibronic coupling, fitting of the ZPL shape and width for the temperature range 30 - 
200 K in the model of quadratic interaction with pseudolocal modes [2], fitting of the 
ZPL width for the temperature range 200 - 300 K taking into account Orbach 
processes in the exited electronic state. 
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Rare earth ions in crystals are an attractive system for quantum information 
applications because they have extremely long hyperfine coherence times, up to 6 
hours [1]. To date, rare earth quantum information has focused on crystals in which 
the rare earth is a low concentration dopant, but there are a number of advantages 
offered by the opposite regime, crystals stoichiometric in the rare earth ion. First, the 
high concentration means that these materials can have extremely high optical 
depths, which is beneficial in particular for quantum memory applications. Second, 
stoichiometric crystals can have extremely low optical inhomogeneous linewidths, 
smaller than the hyperfine structure. In this limit, it is possible to optically pump the 
population of the crystal into a single spin state, which gives new possibilities for 
quantum information applications. For instance, the bandwidth of current spin wave 
storage memories can be improved, and off-resonant Raman memories[2], [3] are 
possible in solid state for the first time. 
 
We have achieved an optical inhomogeneous linewidth of 25 MHz in a crystal of 
Eu35Cl3.6H2O by isotopically purifying the crystal in 35Cl. This is one of the narrowest 
linewidths in any material and is smaller than the hyperfine splitting of both Eu 
isotopes. As a result, over 95% of the 153Eu ions in the crystal can be pumped into a 
single hyperfine ground state. We will discuss the use of this system to quantum 
memory applications.  
 
The linewidth is also smaller than the static ion-ion interaction between Eu electronic 
levels. The system then closely resembles a Rydberg gas, and a variety of the effects 
predicted for Rydberg systems, such as excitation blockade, should be seen in these 
materials[4]. As we will describe, this opens new quantum information applications of 
these crystals, such as quantum many body studies, and new ensemble-based 
quantum computing protocols. 
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Many quantum information applications based on rare-earth ions require efficient 
optical pumping between ground state levels. In Kramers ions such as Nd3+ and Er3+, 
the ground state is doubly degenerated at zero magnetic field. This doublet can be 
described as a fictive spin S=1/2 system, with a Zeeman splitting proportional to an 
external magnetic field strength and the orientation of this field with respect to the 
crystal lattice. Those levels can be used for population storage [1-3]. For efficient 

optical pumping the Zeeman population lifetime (𝑇1
𝑍) must be much longer than the 

radiative lifetime 𝑇1 of the optically excited state through which population is cycled. 
Zeeman population lifetimes have traditionally been studied in electron spin 
resonance (ESR) experiments. In the high magnetic-field conditions of ESR 

experiments 𝑇1
𝑍 is normally governed by spin lattice relaxation (SLR) between the 

spin states [4]. Extrapolating those lifetimes to lower fields predicts 𝑇1
𝑍 of several 

seconds for Nd3+ in Y2SiO5 [5].  
 
We have measured the optical spectral hole lifetime using transient spectral hole 
burning techniques as a function of magnetic field, for several angles in the D1-D2 
plane of the Y2SiO5 crystal host. We find a general trend where the lifetime is short at 
low field, then increases to a maximum value at around 0.5 Tesla, and then decays 
quickly for high fields up to 2 Tesla. We show that the high-field relaxation rate can 
be fitted to the direct phonon processes in the standard SLR theory, whereas the low-
field regime requires a model not considered in conventional ESR experiments. We 
propose a model based on Nd3+ spin “flip-flops”, and show that this relaxation 

process is the main limitation to reach long𝑇1
𝑍.  To test our hypothesis we studied 

three samples having different Nd3+ concentrations. We found that one can reach 
lifetimes of around 4 seconds at 3 K in a crystal with extremely weak Nd3+ 
concentration (around 1 ppm). The longest lifetime reported so far was 120 ms [6]. 
These results imply that the efficiency of optical pumping in Nd3+:Y2SiO5 can be 
greatly increased, which could lead to more efficient optical quantum memories 
based on such crystals [7]. 
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Trivalent erbium is well known for its optical transition at 1550 nm; corresponding 
to the telecoms fibre transmission window. For this reason, erbium is vital for 
classical data transmission in optical fibre networks. Many researchers in the 
quantum optics field are now investigating whether erbium can play a similar role in 
quantum networks, as an interface (and storage medium) of stationary and “flying” 
qubits. To this end, in 2013 we demonstrated resonant optical excitation and 
electronic readout of a single erbium dopant in a silicon based Single Electron 
Transistor (SET) [1]. 

The ultimate goal of our research is to develop an erbium based “optical bus” to 
interface phosphor in silicon (P:Si) based quantum computers [2] with a quantum 
network, by coupling phosphor and erbium qubits in a single silicon device. 

This presentation will focus on our on-going investigation into these optical-
electronic hybrid erbium doped devices. In particular, we are developing techniques 
to determine the crystal field structure of individual erbium sites. The characterisation 
techniques focus on the magnetic field dependence of the optical transitions of 
individual sites.  

The purpose of characterising the crystal field of these erbium ions is to 
understand and determine whether any particular crystal field structure will have 

advantageous characteristics for an 
erbium based spin qubit. 

In this presentation we report results 
on one particular erbium site, which has 
been determined to have approximately 
trigonal axial symmetry (C3v). 
 

The images to the left show the magnetic 
field dependence optical transitions for an 
axial trigonal erbium site. On the left is a 
complete crystal field Hamiltonian model, 
including the nuclear structure. On the 
right is the experimental data. 
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 Advances in the use of rare-earth ions in quantum-information 
applicationsdepend on extending storage times. Recent use of the ZEFOZ (Zero First 
Order Zeeman) technique has enabled coherence to be stored for up to six hours [1]. 
Searching for the ZEFOZ point requires a detailed knowledge of the spin Hamiltonian 
for the particular magnetic-hyperfine splitting of the electronic states of interest, which 
in turn entails exhaustive spectroscopic studies, and non-trivial parameter fitting. 
Consequently, this approach has so far only been applied to three rare-earth 
systems.  
  
 An alternative approach is to use crystal-field theory to calculate magnetic-
hyperfine spin Hamiltonians [2]. Since the parameters in the crystal-field model vary 
predictably across the rare-earth series, parameter sets for a few ions may be 
extended to the whole series, thus enabling theoretical exploration of many candidate 
transitions and potentially saving considerable experimental effort.  
 
 The YSO system used in Ref. [1] has a very low symmetry, so the 
determination of crystal-field parameters has previously been an insoluble problem. 
However, a combination of ab-initio calculations [3], and parameter fitting that adds 
Zeeman and hyperfine data to the electronic energy-level data [2] makes this 
problem tractable. In this work we report on our progress in determining crystal-field 
parameters and spin Hamiltonians for rare-earth ions in YSO.  
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Colloidal semiconductor nanocrystals are attracting objects for basic research of the 
strongly confined systems as well as for applications for bio-sensors and 
photovoltaic. We have found that photo-excitation of core/shell CdSe/CdS 
nanocrystals (NCs), which shell thickness exceeds 4 nm, leads to a single electron 
charging of NCs [1,2]. This is consequence of the charge separation of 
photogenerated in NC an electron-hole pair: the hole is captured by a surface state 
and the long-lived electron is created in the CdSe core. Photogeneration of any 
consequent electron-hole pair in this singly-charged NC results in formation of the 
negatively charged exciton (trion), consisting of two electrons in the singlet state and 
a hole. We report on experimental and theoretical studies of the trion and exciton 
spin dynamics in core/thick shell CdSe/CdS NCs. Time-resolved photoluminescence 
measurements were performed at low temperatures and in high magnetic fields up to 
15 Tesla. From the decay of the photoluminescence intensity the trion radiative time 
of 8 ns was measured. It is independent of the magnetic field reflecting the fact that 
the trion ground state is always optically bright (i.e. allowed in electric-dipole 
approximation). This is in strong contrast to the exciton states in NCs which dynamics 
is controlled by a competition of the bright and dark states. 
Spin relaxation times were measured from dynamics of the magnetic-field-induced 
circular polarization degree, controlled by the trion or exciton thermalization on the 
Zeeman sublevels split by magnetic field. For excitons these times are shorter than a 
nanosecond, while for the trions very long spin relaxation time up to 60 ns was 
measured. Theoretical description of the polarization dynamics takes into account 
random orientation of NCs hexagonal axises to the magnetic field direction and the 
anisotropy of the heavy-hole g-factor. The longitudinal component of the hole g factor 
of -0.54 was received from the modeling of experimental data.  
Linear and circular polarization is measured for dot-in-rod CdSe/CdS NCs and 
information on spin dynamics and rod orientations is received [3]. 
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Measuring	
  and	
  engineering	
   the	
  electromagnetic	
   local	
  density	
  of	
   states	
   (LDOS)	
  at	
  a	
   subwavelength	
  
scale	
   is	
  a	
  central	
   issue	
  nanophotonics.	
   Indeed,	
   the	
  LDOS	
  drives	
  the	
  dynamics	
  of	
  basic	
  processes	
  of	
  
light-­‐matter	
   interaction,	
   such	
   as	
   spontaneous	
   emission	
   (fluorescence)	
   or	
   absorption	
   [1].	
  
Nanophotonics,	
  including	
  plasmonics,	
  is	
  at	
  a	
  stage	
  where,	
  on	
  the	
  one	
  hand,	
  fundamental	
  studies	
  of	
  
light-­‐matter	
   interaction	
   are	
   possible	
   based	
   on	
   almost	
   ideal	
   experiments	
   (e.g.	
   a	
   single	
   emitter	
  
interacting	
   with	
   single	
   shaped	
   nano-­‐objects),	
   and	
   on	
   the	
   other	
   hand,	
   the	
   development	
   of	
   real	
  
devices	
  is	
  emerging.	
  	
  
	
  
We	
  will	
  describe	
  recent	
  developments	
  towards	
  the	
  mapping	
  and	
  the	
  characterization	
  of	
  the	
  LDOS	
  at	
  
the	
  nanoscale.	
  We	
  will	
  show	
  that	
  the	
  radiative	
  and	
  non-­‐radiative	
  contributions	
  to	
  the	
  LDOS	
  can	
  be	
  
identified	
  and	
  separated	
  [2].	
  We	
  will	
  also	
  report	
  on	
  a	
  method	
  to	
  quantify	
  the	
  relative	
  weights	
  of	
  the	
  
electric	
  and	
  magnetic	
  components	
  included	
  in	
  the	
  local	
  density	
  of	
  states	
  [3].	
  These	
  studies	
  pave	
  the	
  
way	
   towards	
   the	
   full	
   electric	
   and	
   magnetic	
   characterization	
   of	
   nanostructures	
   for	
   the	
   control	
   of	
  
single	
  emitter	
  luminescence.	
  	
  
Beyond	
   LDOS,	
   the	
   concept	
   of	
   cross	
   density	
   of	
   states	
   (CDOS)	
   permits	
   a	
   description	
   of	
   the	
   intrinsic	
  
spatial	
   coherence	
   sustained	
   by	
   the	
   system	
   itself,	
   independently	
   on	
   the	
   illumination	
   or	
   excitation	
  
conditions	
  [4].	
  The	
  CDOS	
  essentially	
  measures	
  the	
  spatial	
  extent	
  of	
  the	
  electromagnetic	
  eigenmodes,	
  
which	
  can	
  be	
  controlled,	
  e.g.,	
  by	
  using	
  surface	
  excitations	
  (such	
  as	
  surface-­‐plasmon	
  polaritons).	
  As	
  a	
  
simple	
  example,	
  we	
  will	
  show	
  that	
  long-­‐range	
  energy	
  transfer	
  between	
  fluorescent	
  molecules	
  can	
  be	
  
achieved	
  on	
  a	
  metal	
  using	
  surface	
  plasmons	
  [5].	
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Nano-structuring impurity-doped crystals affects the phonon density of states and 
thereby modifies theatomic dynamics induced by interaction with phonons. We 
propose the use of nanostructured materialsin the form of powders or phononic 
bandgap crystals to enable or improve persistent spectralhole-burning and 
coherence for inhomogeneously broadened absorption lines in rare-earth-ion-
dopedcrystals [1]. This is crucial for applications such as ultra-precise radio-
frequency spectrum analyzers andoptical quantum memories. 
First, as an example, we present simulations for density of states of nano-sized 
powders andphononic crystals for the case of Er3+:Y2SiO5, a widely-used material in 
current quantum memoryresearch operating in the convenient telecommunication 
band. In the figure below, the effect of phonon restriction on the homogeneous 
linewidth (a)together with the geometry of the phononic crystal (b) and its 
bandstructure (c) are shown for atypical, erbium doped material. Panel (d) of the 
Figure shows the points of the reciprocal lattice ofthe phononic crystal traversed in 
the band structure. 

 
Second, we will report on experimental investigation towards the realization of 
impurity-dopednanocrystals with good spectroscopic properties [2]. Crystal properties 
such as nuclear spin lifetime arestrongly affected by mechanical treatment, and 
spectral hole-burning can serve as a sensitive methodto characterize the quality of 
REI doped powders. Different methods for obtaining powders arecompared and the 
influence of annealing on the spectroscopic quality of powders is investigated. 
Weconclude that annealing can reverse some detrimental effects of powder 
fabrication and, in certaincases, the properties of the bulk material can be reached. 
Such nano-sized particles can be used toshow the suppression of detrimental 
phonons. 
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Perovskites crystals are one of the most important family of inorganic 

compounds. Because of their interesting structural, optical, magnetic, electrical and 
superconducting properties, they find numerous applications. Furthermore, the oxide 
perovskites are resistant to the UV radiation and other physicochemical factors, they 
are also chemically stable and non-toxic. Perovskites crystals are good matrices to 
examine for scientific and application purposes. Recently, these crystals have 
become even more interesting for the researchers, due to their huge potential 
applications in Solar Energy Systems.  

The synthesis of the investigated La1-xGdxAlO3 perovskite powders were 
carried out by using the Pechini method. Crystal structures were confirmed with the 
X-ray diffraction diagrams (XRD) measured with a powder diffractometer. GdAlO3 

perovskite crystal possess a Pbnm orthorhombic space group [1]. LaAlO3 is has 
a rhombohedral crystal structure with R-3c space group stable at 300 K and a cubic 
structure with space group Pm-3m at temperatures above 800 K [2].  

The excitation, emission spectra, time decay profiles of the praseodymium(III) 
ions were measured and analyzed. The influence of luminescent properties 
depending on the annealing temperature and concentration of Pr3+ ions as well as 
the influence of the La / Gd ratio, were analysed and discussed. 
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 Hot intraband luminescence (IBL) is a low yield ultrafast emission connected 
with the radiative transitions of hot electrons or hot holes between the sub-levels of 
the conduction or valence band of a crystal, respectively [1]. The continuous and 
structureless spectrum of IBL covers the whole transparency region of a material, 
with increase of the intensity in NIR [2]. The IBL decay time and yield are to a large 
extent defined by the competitive process of nonradiative transitions which are far 
more probable than the radiative ones. The decay time is expected to be below 1 ps, 
while the quantum yield has been reported as 10-4 photons per electron-hole pair for 
potassium iodide [1]. We estimated the value of its scintillation yield to 20 
photons/MeV in CeF3. Recently ultrafast emission processes have gained attention 
due to increasing demands for higher scintillation time resolution in medical and high-
energy physics applications [3]. Despite its low yield, IBL can potentially improve 
scintillation time resolution by providing an almost instant time marker for the event.  
 However, there have been no reports on direct observation of IBL in the 
excitation conditions similar to single-photon scintillation counting. The primary 
excitation sources in the IBL studies have been pulsed electron guns, typically 
providing high peak current of 10–100 A/cm2 and more [1]. We observed IBL under 
excitation by a low-energy (10 keV) and low-current (2 uA/mm2) continuous electron 
beam, as well as by pulsed x-rays (8 and 17 keV). For the first time the IBL was 
monitored under low-power excitation, confirming the absence of a threshold of its 
mechanism. The data obtained allow the prediction that the IBL can be excited by 
single photons of 511-keV energy, which is required for enhancing scintillation time 
resolution in time-of-flight positron emission tomography (TOF-PET) [3].  
 Our observations of IBL reveal a substantial dependence of its yield on the 
energy of exciting particles in the range of 10–150 keV. The models of a non-
proportional scintillator response, being actively developed recently, focus on the 
nonlinear quenching processes due to the interaction of both hot and thermalized 
quaziparticles [4]. As the mechanism of IBL concerns only hot charge carriers, the 
studies of its nonproportionality are potentially able to reveal the peculiarities of the 
quenching processes at the stages preceding thermalization. Our recent 
experimental results on the IBL properties, such as light yield, spectra and their 
dependencies on the type of excitation will be discussed.  
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Recently intense terahertz (THz) pulse generation technique on tabletop experiment 
has been remarkably progressed, which has offered novel opportunities to reveal 
ultrafast phenomena in a variety of materials strongly driven by low-frequency 
electromagnetic field [1]. By using the strong THz pump-THz probe spectroscopy, we 
have investigated nonequilibrium dynamics of s-wave superconductors Nb1-xTixN.  
Phase transition from a normal metal to a superconductor is characterized by 
emergence of order parameter, a single macroscopic wavefunction representing the 
superfluid density. Order parameter in a conventional superconductor is observed as 
an energy gap in the single-particle excitation spectrum, typically of the order of meV, 
i.e., in the THz frequency range (1 THz = 4.14 meV). Therefore the strong monocycle 
THz pulse can instantaneously excite high-density quasiparticles at the gap edge 
without excess energy, which realize nonadiabatic excitation to a superconducting 
state without heating the lattice subsystem, in contrast to the excitation by 
visible/near-infrared optical pulse. After the nonadiabatic excitation a transient 
oscillation of the order parameter was observed in the transmission of the THz probe 
pulse [2]. This result is attributed to the amplitude mode of the order parameter, 
namely the Higgs mode, a collective excitation mode originating from spontaneous 
symmetry breaking. Although the Higgs mode does not directly couple with 
electromagnetic field, we revealed that the Higgs mode is induced by shaking the 
superconducting ground state in a nonadiabatic way and can be observed in a time 
domain by ultrafast spectroscopy.  
We also discovered that the Higgs mode can be resonantly excited by sub-gap 
narrow-band THz pulses in nonlinear response regime [3]. This resonance between 
the light and the Higgs mode results in an efficient third-order harmonics generation 
in the THz frequency. These results shed new light on the ultrafast control of 
macroscopic quantum condensates by optical means as well as THz nonlinear optics 
using superconductors. Recent experimental results for a two-gap superconductor 
MgB2 will be also presented.  
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Nonlinear optics of semiconductors is an important field of fundamental and applied 
research, but until recently the role of excitons in the coherent processes leading to 
harmonics generation has remained essentially unexplored. In this talk we will report 
some results of experimental and theoretical studies of the second (SHG) and third 
(THG) harmonic generation involving the exciton resonances in noncentrosymmetric 
semiconductors ZnO (6mm symmetry) and GaAs (-43m symmetry). External electric 
and magnetic fields are used to modify exciton states and their contributions to 
nonlinear optical properties.As an example, Fig. 1 shows the magnetic-field-induced 
SHG spectrum in ZnO for the incident and SHG light propagating along the sixfold 
optical axis. In this geometry, SHG is forbidden but becomes allowed in a magnetic 
field applied perpendicular to this axis [1]. The SHG signal arises due to mixing of the 
2s and 2p exciton states in an applied magnetic field. Fig. 2 shows the electric-field-
induced SHG in GaAs in the region of the 1s exciton [2]. Inset in this Figure shows 
SHG intensity as a function of positive and negative electric field. 
 

  
Fig. 1.Magnetic-field-induced SHG 
spectrumin ZnO for E2ω║Eω,B=5 T, and 
T=1.6 K.  

Fig. 2.SHG spectra in GaAsin electric fields 
in theE║[100] and k║[001]geometry.T=5 K. 

 

A microscopic theory of SHG and THG on excitons was developed [1,2] which 
showed that the nonlinear interaction of coherent light with excitons has to be 
considered beyond the electric-dipole approximation.Depending on the particular 
symmetry of the exciton states, SHG/THG can originate from the electric- and 
magnetic-field-induced perturbations of the excitons due to the Stark effect, the spin 
as well as orbital Zeeman effects, or the magneto-Stark effect. The observed 
mechanisms of optical nonlinearities due to harmonics generation open access to 
centrosymmetric and noncentrosymmetric semiconductors and dielectric materials. 
More details can be found in original papers and brief review papers [3,4]. 
This work is supported by the Project TRR144 and the RFBR Project 15-52-12015. 
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We have been investigating transport properties of optically generated carriers in 
semiconductors by the time-resolved cyclotron resonance (TRCR) method. For highly 
pure diamond crystals, we have thereby provided the effective masses, momentum 
relaxation times and mobilities of electrons and holes [1, 2]. The method is also 
capable of measuring sub-microsecond dynamics of carriers in cyclotron motion [3, 4], 
where the carriers are generated by two-body collisions of excitons under pulsed 
laser excitation. Here, we found that exciton interband relaxation before the collisions 
are reflected in the subsequent dynamics of carriers in diamond as observed by the 
TRCR.  

Exciton bands in diamond with the energy 

minimum at the  point in the momentum space are 
split due to electron mass anisotropy and exchange 
interaction [5]. The bands of light hole (lh)- and 
heavy hole (hh)-excitons cross each other at points 

away from the  point (Fig.1a). When the excitation 
photon energy is higher than the crossing points, 
fast interband relaxation from the hh-exciton to the 
lh-exciton is expected, as indicated by the dashed 
arrow.  

We performed TRCR measurements at 10 K 
with various excitation photon energies across the 
exciton bands. Fig.1 (b) shows the transients of 
microwave absorption due to CR of lh (black solid 
lines) and hh (red broken lines). Under the 
excitations below 5506 meV, lh and hh decayed 
similarly. In contrast, under the excitations above 
5513 meV, hh decayed faster than lh. This implies 
that exciton relaxation pathway is memorized in the 
decay profiles of hole species, which were 
dissolved from excitons due to two-body collisions. 
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We present results on time resolved photo-luminescence induced by photons with 

different excitation conditions (photon energy, pulse duration, fluence) of ZnO 
(Eg=3.4 eV) single crystal (MC) and nanoparticles (NP). Samples were excited by 
femtosecond IR (1.55 eV and 1.2 eV), UV (4.65 eV and 3.61 eV -  third harmonic) 
and VUV pulses (15-50 eV, high order harmonics generation and synchrotron 
radiation) of Ti-Sapphire and Ytterbium sources laser. The excitation fluence and the 
sample temperature in the range 13-300 K were controlled. 

Under UV excitation at low temperatures the emission spectra show all emission 
bands originated from different states: free exciton Fx, bound exciton Dx, Dx phonon 
replica, TES state and Ax band. 

Under IR excitation at all temperatures the emission spectra show that Fx 
emission is not detected, only emissions associated with Dx states (at low 
temperatures) and Ax band are observed.  

This difference between UV and IR excitation can be explained by the supposition 
that Dx excitons can be created under IR excitation without preliminary formation of 
Fx state. One of the possibilities is the sequential creation of electrons and holes by 
ionizing of different defectswith levels within the band gap ofZnO. Depending on the 
level position, a carrier creation process can be one- or two-photon process. 
However, we need three photons to produce sequentially an electron and a hole (one 
one-photon and one two-photons process). In this sequential process non-correlated 
electrons and holes are produced and then these carriers are captured by a defect 
with production of Dx state. On the contrary, UV photon creates a correlated electron-
hole pair which formFx state. Some of these free excitons decay radiatively with 
emission corresponding to Fx band, whereas other can be captured by defect with 
production of Dx state. Therefore Fx and Dx bands coexist under VUV excitation. 

However, due to the whole bulk excitation volume in the IR excitation mode the 
role of the Urbach absorptions is also discussed. 

The luminescence decay kinetics of the excitonic emissions (Dx, Fx, Ax and Dx 
phonon replica) were measured at different temperatures. The dynamics of Fx and 
Dx excitons are discussed depending on the excitation formation mode, energy, 
temperature and system size. 

Excitation by VUV photons demonstrate also the effect of the electronic relaxation 
on decay kinetics. 
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 Exciton dynamics is dominated by the presence of deep and shallow traps in 
the lattice. Deep traps capturecharge carriers andexcitonswhile shallow traps greatly 
affect their transport in the lattice, which have significant effects on the electrical and 
luminescence properties of semiconductors and dielectrics. In this work exciton 
dynamics is investigated in SrTiO3 (STO), a multifunctional oxide that exhibits many 
interesting phenomena.  The study is motivated by our recent observation of two 
orders of magnitude persistent photoconductivity in bulk annealed STO single 
crystals [1].  
 
Thermally stimulated luminescence (TSL), thermally stimulated conductivity (TSC) 
and thermally stimulated depolarization current (TSDC) were applied to detect 
trapping centers and study excitondynamics in as-grown and annealed STO single 
crystals. A special –in house- spectrometer that simultaneously record the 
luminescence as a function of temperature and wavelength from 77 to 700 K was 
used for TSL measurements [2,3]. This allows one to resolve different recombination 
processes and reveal the interactions between traps and recombinationcenters. By 
combining TSL, TSC, and TSDC, we identified a number of deep and shallow traps 
that seems behind many interesting phenomena in STO. It was found that oxygen 
vacancy related form several trap levels and strongly alter the electrical conductivity 
and photo-conductivity of STO. Funding for this work was provided by the National 
Science Foundation (DMR1359523 grant, Charles Ying). 
 
 
 
 
References: 
 
[1] M. C. Tarun, F. A. Selim, M. D.  McCluskey, Physical review letters 111 
(2013)187403. 
[2] D. T. Mackay, C. R. Varney, J. Buscher and F. A. Selim, J. Appl. Phys. 112 (2012) 
023522. 
[3] CR Varney, DT Mackay, A. Pratt, SM Reda and FA Selim, J. Appl. Phys. 111 
(2012) 063505. 
 

 

 

66



Optical	quantum	memory	based	on	rare-earth-ion	doped	crystals		
	
Mikael	Afzelius,	Group	of	Applied	Physics,	University	of	Geneva	
	
Optical	quantum	memories	are	devices	that	can	store	and	later	retrieve	quantum	states	encoded	
onto	single	photons.	These	are	essential	components	of	future	quantum	technologies	such	as	
quantum	repeaters	and	quantum	networks.	However,	it	remains	a	major	challenge	to	build	an	
efficient	and	long-lived	quantum	memory,	particularly	using	solid-state	devices.	Rare-earth-doped	
crystals	are	promising	solid-state	quantum	memories,	owing	to	their	long	optical	and	spin	coherence	
times.	They	also	have	large	inhomogeneous	broadening	in	the	optical	domain,	which	can	be	used	for	
time/frequency	multiplexing,	provided	that	the	associated	inhomogeneous	dephasing	can	be	
controlled.	In	this	talk	I	will	discuss	how	a	quantum	memory	can	be	implemented	in	a	rare-earth-
doped	crystal,	including	control	of	both	the	optical	and	spin	dephasing.	I	will	show	experimental	data	
of	storage	of	multiple	qubits	for	up	to	1	millisecond	in	a	Europium-doped	crystal.	I	will	also	discuss	
future	challenges	such	as	very	long-lived	memories	and	storage	of	quantum	entanglement.	
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Quantum memories are very important in quantum communication and information 
as they provide a quantum interface between photons, used for long distance, and 
matter, in which stationary qubits can be stored. Moreover they are fundamental 
building blocks in quantum repeaters. Rare-earth doped crystals (REDC) are 
promising candidates for the implementation of quantum memories because of their 
excellent coherence properties at cryogenic temperatures and because the solid 
state environment offers good prospect for scalability and integration. Until now the 
research on REDC quantum memories has been mostly focused on the mapping of 
light qubits to optical collective excitations using the atomic frequency comb (AFC) 
scheme [1], thus limiting toshort and pre-determined storages. 
For a real quantum memory, which would provide a storage with the possibility to 
read-out the photons on-demand, a lambda system with three hyperfine sublevels in 
the ground state is needed. In such a situation a full AFC scheme could be exploited 
by transferring the excitations to the spin-ground state before their re-phasing. 
Among REDC such energy level scheme is only exhibited by Eu3+ and Pr3+ where, in 
fact, spin-wave storage of weak coherent states at the single photon level has been 
already demonstrated [2,3]. Storage of quantum states of light though, has been only 
achieved in the excited state [4]. 
We report here on the preliminary results found on spin-wave storage of heralded 
single photons in a Pr3+ doped Y2SiO5 crystal. Widely non-degenerate narrow-band 
photon-pairs are produced by a cavity-enhanced SPDC source based on a PPLN 
crystal [5]. The idler photons, produced at telecom wavelength, are used as heralds 
for the signal ones, which are in resonance with the AFC created within the 
inhomogeneously broadened transition of Pr3+ (at 606nm). The main experimental 
challenges to implement spin-wave storage of single photons are to maximize the 
probability to find a single photon in front of the memory and to achieve sufficient 
signal to noise ratio in the storage and retrieval. We demonstrated storage and 
retrieval of heralded single photons with a signal to noise ratio around 2, limited by 
noise due to control pulses, efficiency of the memory and finite heralding efficiency of 
the source. Prospects to increase the efficiency and signal to noise ratio will be 
discussed. 
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Spectral hole burning (SHB) of optical transitions in crystals has enabled an 

impressive range of photonic applications that include signal processing, spectrum 
analysis, and solid-state quantum memories.  Another emerging application for these 
materials is in ultrastable laser local oscillators for developing fieldable frequency 
reference systems with reduced environmental sensitivity compared to traditional 
approaches.  The use of SHB crystals as optical frequency references was first 
demonstrated at Montana State University nearly two decades ago using Tm3+ and 
Er3+ ions in a number of different crystals [1,2].  These early efforts achieved 
fractional laser frequency stabilities as low as 10-14 with a very simple feedback 
control system and no passive isolation from environmental perturbations.  More 
recently, groups at NIST [3] and the University of Düsseldorf [4] have demonstrated 
that SHB frequency references can provide stabilities of 10-17 over second or longer 
timescales, and work at NIST [3,5] has found that performance comparable to or 
greater than the best current frequency reference technologies are achievable.  
Furthermore, as other SHB applications such as signal processing and quantum 
information continue to mature, the capability for the SHB material itself to be used to 
stabilize the interrogation and preparation lasers provides unique advantages that 
enhance the potential performance of these systems. 

Motivated by these applications, we will briefly review the current state of 
knowledge regarding SHB frequency reference technologies and describe new 
measurements and analysis of material properties that allow us to project even 
greater potential for improvement, with a specific focus on Tm3+ and Er3+ transitions 
that are accessible with commercial diode and fiber laser systems.  In particular, we 
will describe our studies of mechanical and thermal perturbations on SHB frequency 
reference materials and the analysis of ultimate performance limits due to these 
effects.  We will also discuss broader sample- and history-dependent variations in the 
transition frequencies and inhomogeneous linewidths of commonly employed SHB 
materials.  Finally, we present results describing the unique capability for SHB to 
provide high-bandwidth dynamic optical filtering of laser phase noise, complementing 
traditional low-bandwidth opto-electronic frequency stabilization techniques. 
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 Acousto-optic imaging is a light-ultrasound coupling technique based on the 
acousto-optic effect that allows accessing optical contrast deep inside scattering 
media (far beyond the transport mean free-path) with an ultrasonic resolution 
(millimetre or less). When an ultrasound (US) pulse propagates through an 
illuminated area, it shifts light frequency by US frequency. A proper detection scheme 
that can filter these frequency-shifted photons (the tagged-photons) allows recovering 
the local light irradiance within the turbid medium. The challenge here is to filter 
photons shifted by only few MHz, on very few photons – less than 0,1% of total flux. 
We recently developed a self-adapting holographic technique based on SPS 
(Sn2P2S6) crystals [1] that showed first promising ex vivo results [2]. 
 In order to converge toward clinical imaging, the next step is in vivo imaging. 
However, living tissues decorrelate the scattered light wavefront over characteristic 
times shorter than the typical response times of holographic systems. It has been 
shown that spectral holeburning within the inhomogeneously broadened transition 
3H6 - 

3H4 (around 793 nm) in Tm3+:YAG crystals can be used to obtain very narrow 
filters able to discriminate tagged-photons from untagged-photons [3]. This direct 
measurement of the flux of tagged-photons is insensitive to wavefront decorrelation 
so that spectral holeburning is a promising candidate for in vivo imaging. The major 
drawback of this technique is that the hole lifetime is limited to 10 ms so it is 
necessary to burn a new hole every few tens of ms. It results in a very low imaging 
rate. We propose a new filtering scheme based on spectral holeburning under a 
magnetic field. The advantage of such a setup is that the hole lifetime is increased up 
to few seconds. As direct consequences of this phenomenon, burning sequence 
repeating rate can be lower and deeper holes can be burnt. It results in increasing 
imaging rates and better filtering efficiency. 
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 Superconducting qubits have advanced significantly in recent years, but they 
have limitations. They can't be coupled directly to optical photons and so lack a 
mechanism for long distance quantum communication. And while the coherence 
times have improved greatly recently they are still much shorter than what has been 
achieved in optically addressed spin systems. Both of these limitations can be 
overcome with a device that can transfer quantum states encoded in microwave 
photons into those that are encoded in optical photons.  
 
We have proposed  (PRL 113,203601) implementing this quantum transducer using 
rare earth ion dopants that are simultaneously coupled to microwave and optical 
resonators, and are currently working towards the implementation. The approach can 
be considered as a resonator-enhanced version of the Raman-heterodyne 
spectroscopy, often used for characterising hyperfine structure in rare earth systems 
 
I will present results showing low efficiency frequency conversion with a microwave 
resonator but single pass optics (PRA, 92, 062313) , as well as more recent results 
using both a microwave and optical resonator. The microwave splitting in these 
experiments was achieved by splitting the Kramers degeneracy of the electronic 
ground state with a magnetic field. This magnetic field makes the use of 3D 
superconducting resonators problematic. An alternative is to use the hyperfine 
structure of Er-167 the one isotope of Er with nuclear spin. I will also show results of 
coupling a broadly tuneable, superconducting, 3D microwave resonator to Er-167 in 
YSO. The spectra we see at zero magnetic field is not well explained by the spin 
Hamiltonian parameters derived at higher magnetic fields, and we see a splitting in 
the peaks which we tentatively ascribe to super-hyperfine coupling. This suggests the 
possibility of transferring coherence from the erbium electron spin to a neighbouring 
yttrium nuclear spin. 
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Rare-earth-ion-doped crystals have been used to demonstrate highly narrowband 
filters where the pass-band of the filter can be shifted by applying an electric field [1]. 
In this work we demonstrate the frequency of a light pulse propagating in such a 
crystal can be shifted by shifting the resonance frequency of the ions using the linear 
Stark effect.  

A 1 MHz band-pass filter around ν0 
where all the ions in the surrounding 
17MHz region have the same sign of 
their Stark coefficient is prepared in a 
Pr3+:Y2SiO5 crystal. A 1 µs long pulse 
with centre frequency ν0 entering the 
crystal will propagate with a group 
velocity of c/200 000 and be 
compressed to a length of 1.5 mm inside 
the crystal. It is discussed in [3] that for 
a pulse propagating in an off resonance 
medium, the energy of the input pulse is 
distributed between the atomic 
polarization in the medium and the pure 
electromagnetic-field component. The 
more energy accumulated in the 
medium as off resonant polarization, the 
slower the group velocity. In the present 

filter structure, more than 99.9% of the pulse energy is in the form of atomic 
polarization. If an electric field is applied while the pulse is inside the crystal, the ions 
undergo a linear Stark shift changing the resonance frequency by Δ, the light coming 
out of the crystal will then be shifted from ν0 to ν0+Δ. The frequency shift is recorded 
by heterodyne detection. As shown in Figure 1 (a), the frequency component of the 
transmitted pulse changes as different external voltages are applied. Figure 1 (b) 
shows the instantaneous frequency of the pulse during the switch on of the external 
voltage, the frequency shift follows the external voltage applied. 
 
Furthermore, it has been demonstrated in [2] that such a band-pass filter can be 
prepared throughout the entire crystal, so that it works for input light in any arbitrary 
spatial mode, including randomly scattered light. Therefore, the solid angle of 
acceptance for these filters can be close to 2π.  
 
References: 
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[2] Zhang, Sabooni et al., Appl. Phys. Lett. 100, 131102 (2012) 
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Figure 1. (a) The frequency distribution of the 

transmitted pulse for different applied voltages while 

the pulse is completely inside the crystal.  (b) The 

instantaneous frequency of the transmitted pulse 

when the external voltage is applied.  
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 The importance of energy migration upconversion (EMU) is protruded with the 
advance of nanotechnology. Near infrared antenna can now be well separated in 
space from the upconversion centers in nanostructures, which offers new possibilities 
in functional design of novel nanomaterials, e.g. tuning of excitation wavelength, 
optimization of excitation and emission, for solar energy utilization and biomedical 
imaging and image-guided therapy.[1.2] This intriguing possibilities are, however, 
dimmed by the lack of a legible physical picture of energy migration dynamics due to 
the complex of the upconversion processes. We have in recent years explored the 
EMU by integrating theoretical modelling, various EMU nanostructures and advanced 
spectroscopic studies.     

In this presentation we would like to introduce our recent study of EMU in most 
interesting spatially separated doping nanomaterials represented by  (1) NaYF4:Yb,Er 
@NaYF4:Yb@NaYF4:Nd,Yb and (2) NaYF4:Yb,Er@NaYF4:Yb heterogeneous 
nanostructures. From Monte Carlo simulation and steady-state and time-resolved 
spectroscopic results we have, for the first time, proposed and validated the 3-
dimensional energy migration mechanism in these nanostructures and demonstrated 
the significant contribution of EMU to upconversion luminescence and the spectral 
tuning based on EMU, which may lead to a solution in lifting upconversion efficiency 
– the most important challenge on the way of commercialization of the upconversion 
nanomaterials.  
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Abstract: Lanthanide-doped nanoparticles exhibit unique 
luminescent properties, including a large Stokes shift, a sharp 
bandwidth of emission, high resistance to optical blinking, and 
photobleaching. Uniquely, they can also convert long-wavelength 
stimulation into short-wavelength emission. These attributes offer 
the opportunity to develop alternative luminescent labels to 
organic fluorophores and quantum dots. In recent years, 
researchers have taken advantage of spectral-conversion 
nanocrystals in many important biological applications, such as 
highly sensitive molecular detection and autofluorescence-free 
cell imaging. With significant progress made over the past several 
years, we can now design and fabricate nanoparticles that display 
tailorable optical properties. In particular, we can generate a 
wealth of color output under single-wavelength excitation by 
rational control of different combinations of dopants and dopant 
concentration. By incorporating a set of lanthanide ions at defined 
concentrations into different layers of a core-shell structure, we 
have expanded the emission spectra of the particles to cover 
almost the entire visible region, a feat barely accessible by 
conventional bulk phosphors. In this talk, I will highlight recent 
advances in the broad utility of upconversion nanocrystals for 
multimodal imaging, bio-detection, display and photonics.  
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 The decay curves ofTm3+-doped β-NaYF4 contain sufficient information to 
determine the internal energy transfer steps responsible for the upconvertedUV 
luminescence after blue excitation. 

Although several models havebeen developed to analyse upconversion 
processes, none of them are able to both take into account all energy transfer 
interactions, including energy migration, and offer a microscopic picture of them. 

A recently published model calculates all energy transfer interactions 
according to the distances between the ions in a lattice and assigns a rate equation 
system to each ion. The model outputs the decay curve of each relevant energy 
level.[1] These curves can be then compared to the experimental ones, and the 
energy transfer parameters can be determined from the fit. 

In Figure 1, two energy transfer interactions cooperate to populate the 
Tm3+1D2 state in a β-NaYF4: 0.3% Tm3+ sample. The model is able to reproduce the 
experimental data and determine the critical radius of the interactions. 
 

Figure 1: Experimental (black line) and simulated (red line) decay curve of the1D2→
3H6 

transition in β-NaYF4: 0.3% Tm3+and energy level scheme with interactions. 
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The lanthanide ions constitute the most important class of activators in inorganic 
luminescent materials. There have been extensive studies on the parity-forbidden 
4fn→4fn transitions, resulting in a good understanding of these transitions. However, 
much remains to be understood about the parity-allowed 4fn→4fn-15d1 transitions. In 
most luminescent materials, excitation of a high excited state results in rapid non-
radiative relaxation to the lowest excited state, from which radiative decay can take 
place. The same is true for the manifold of 4fn-15d1 excited states in the lanthanides, 
with the notable exception of Tm2+.1 

 
We use various methods to understand the behavior of the luminescence in Tm2+-
doped CsCaBr3 and CsCaCl3. We have performed a two-color two-photon excited 
state excitation (ESE) experiment, in which Tm2+ is brought with a first photon in the 
lowest 4f125d1 excited state (green line in Figure), from which higher excited states 
can be probed with a second photon of varying energy. We observed sharp lines in 
the excited state excitation spectrum, corresponding to transitions within the 4f12 core 
of the 4f125d1 excited state (red lines). Broad bands at higher energy are assigned to 
two-photon absorption through a 4f125d(t2g)

1→ 4f125d(eg)
1 transition (purple lines). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Also, we present cutting-edge ab initio wavefunction-based embedded-cluster 
calculations. Both the experimental and theoretical approach confirm the presence of 
an energy gap within a group of 4f125d1 excited states that only differ in the state of 
their 4f12 core. Since the 4f-shell is well shielded from the environment, this results in 
the presence of parallel potential energy surfaces, in which non-radiative relaxation is 
very inefficient. Slow non-radiative relaxation allows for radiative transitions to take 
place from multiple 4f125d1 excited states. 
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 Cooperative luminescence is a phenomenon of simultaneous de-excitation of 
a close pair of ions in solid resulting in anti-Stokes emission of doubled energy of 
separated emission centers and also doubled decay rate from the virtual energy level 
of pairs of ions. The process, although relatively weak, is often observed, especially 
for Yb3+, when it produces a blue-green luminescence, not expected for separate 
ions due to the lack of real energy levels in this spectral region. Probability of the 
process should be strongly dependent on the separation, r,  between the ions in the 
interacting pairs, at least as r-6  for the lowest dipole-dipole term in the interaction. 
Therefore application of high pressures, effectively reducing the distances between 
the ions should allow increasing strongly the effectiveness of the cooperative 
luminescence.  
 In this work we study the influence of high hydrostatic pressure on cooperative 
luminescence associated with pairs of Yb3+ ions in CaAl4O7:Yb powders, where this 
effect was observed previously [1] at ambient pressure. Concentration of Yb ions was 
between 2% and 6%. The samples were inserted into a diamond anvil cell, and 
pressure up to 25 GPa was applied at room temperature. A tunable diode laser was 
used for excitation, assuring that the excitation is always tuned to the maximum of 
the excitation spectrum at a particular pressure. 
 Luminescence spectra and decay kinetics of luminescence were recorded 
both in the infrared and in the blue-green spectral regions. The red shift of the 
luminescence was observed in both regions together with an increase of the decay 
rate with increasing pressure. Interestingly, the observed decay rate of the blue-
green luminescence is slightly smaller than expected at any pressure. In addition, we 
do not observe an increased intensity of the cooperative luminescence under 
pressure, although the application of pressure reduces lattice parameters of the 
crystallites. The results are discussed in the framework of the model of Goldner et al. 
[2]. Other mechanisms of the origin of the blue-green luminescence are also 
considered. 
 
Acknowledgements: This work was partially supported by the project DEC 
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Since the discovery of graphene, the very thin 

materials with a few atomic layer thickness, such 
as nano-carbon and atomically thin two-
dimensional (2D) materials, i.e. carbon nanotube, 
graphene and transition metal dichalogenide, 
have attracted a great deal of attention and 
intensively studied from viewpoint of fundamental 
physics [1-8] and optical application.[9,10] These 
are emerging materials as new stages for 
studying the novel electronic and optical 
properties, because of characteristic band 
structures and enhanced Coulomb interaction 
between carriers. The enhanced Coulomb interaction in nano-carbon materials and 
atomically thin 2D materials leads to the formation of stable excitons and charged 
exciton (trion) with extremely large binding energies by optical excitation even at 
room temperature, as shown in Fig. 1. It is anticipated that the excitons and trions 
show various interesting optical phenomena.     

We studied the novel optical properties and functionalities in carbon nanotube[1-3] 
and monolayer monolayer transition metal dichalcogenide (MX2:M=Mo, W, X=Se, S, 
Te) by advanced laser spectroscopic techniques.[4-7] We revealed the drastic 
change of photoluminescence arising exciton and trion by chemical doping and 
exciton-exciton interactions in carbon nanotubes and monolayer MX2 [7]. Moreover, 
the novel optically excited states and optical properties will be discussed. 
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Fig. 1: Schematic of exciton and 
trion in nano-carbon and 2D 

materials. 

79



Mid-infrared absorption imaging of a quantum degenerate 
exciton gas in cuprous oxide at 100 mK 

 
Kosuke Yoshioka 

Photon Science Center, School of Engineering, The University of Tokyo, JAPAN 
  
 
 

 
 An ensemble of electrons and holes is predicted to form a Bose-Einstein 
condensate (BEC) phase of excitons at low temperature and high density. The 1s 
exciton systems in Cu2O have been the prime candidate for realizing ideal, three-
dimensional BEC since the early days of experimental search for BEC: The long 
lifetimes enable the excitons ensembles to be in thermal equilibrium with the lattice. 
In addition, the large binding energies make the systems stable at high densities and 
against external perturbations. Biexcitons have never been observed, and the 
electron-hole liquid phase is unstable in Cu2O crystals. However, the direct evidence 
for BEC has never been reported despite much experimental effort since 1980s. 

In this talk, we will present our recent experimental results on BEC of 1s para-
excitons at sub-Kelvin temperatures. We have found that the effective lifetime of 
paraexcitons is reduced significantly due to the frequent two-body loss of excitons at 
superfluid temperatures and above [1]. The BEC is therefore expected to occur below 
1 K. By using a helium-3 refrigerator, we found so-called the relaxation explosion 
process of paraexcitons in a strain-induced trap as an indirect evidence for the BEC 
transition at 800 mK [2]. The relaxation explosion process originates from the 
inelastic two-body collision process described above, and it prevents an exciton 
condensate from growing to a high condensate fraction. To stabilize the condensate, 
we need to reduce the density of the condensate by cooling the exciton gas further. 
We are now looking for the conclusive evidence for a stable BEC at 100 mK, using a 
dilution refrigerator [3]. By developing an absorption imaging technique using the 
hydrogen-like 1s-2p resonance [4], we are now able to visualize very cold and 
quantum degenerate excitons that cannot emit photons in their recombination 
process because of the momentum conservation principle. 
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 Exciton polaritons in semiconductor microcavities, the so-called cavity 
polaritons, are bosonic quasiparticles resulting from strong coupling between 
excitons and cavity photons. The bosonic properties have attracted much attention in 
Bose-Einstein condensation and polariton lasing from polariton condensates [1]. In 
the present work, we have investigated the polariton-condensation effects on 
photoluminescence (PL) dynamics in a CuBr microcavity. The prominent 
characteristic of the CuBr microcavity is the giant Rabi splitting energy of the order of 
100 meV [2], which is advantageous in polariton condensation because of high 
stability of the cavity polariton.  

 The sample used was a -thick CuBr microcavity with HfO2/SiO2 distributed 
Bragg reflectors (DBRs) prepared on a (0001) Al2O3 substrate. The DBRs were 
fabricated by rf magnetron sputtering, while the CuBr active layer was grown by 
vacuum deposition. In the PL measurements, the excitation light source was a mode-
locked Ti:sapphire laser with a pulse duration of 110 fs. The excitation energy was 
3.351 eV, much higher than the lower polariton branch (LPB): 2.911 eV at k//=0. We 
measured steady-state and time-resolved PL spectra at 10 K. The PL detection angle 
was normal to the sample surface; namely, the LPB-PL around k//=0 was detected. In 
addition, angle-resolved reflectance spectra were measured to characterize the 
cavity-polariton dispersions. 
 The excitation fluence dependences of the PL 
intensity, band width, and peak energy exhibit threshold-

like changes at 6.0 J/cm2 which is two orders lower than 
the Mott transition density. This demonstrates occurrence 
of the polariton condensation. Figure 1 shows the temporal 
LPB-PL profiles (circles) at excitation fluences of 4.0, 6.0, 

and 8.0 J/cm2. The solid curves indicate the fitted results 
using convolution of the system response and a triple 
exponential function including the rise process. The 
prominent result is the fact that the rise and decay times 

are drastically shortened at 6.0 and 8.0 J/cm2 above the 

threshold fluence in comparison with those at 4.0 J/cm2 
below the threshold. The very short rise time indicates that 
the relaxation process of the cavity polaritons in 
momentum space is considerably accelerated by the 
polariton condensation, which can be attributed to the 
bosonic final state stimulation [1]. In addition, the very short 
decay time of the fast component reflects the intrinsic 
cavity-polariton lifetime. 
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 Auger recombination is one of the most important non-radiative processes 
which affects the efficiency of optoelectronic devices particularly at high excitation 
power or high injection, when a high density of carriers is generated. In the presented 
work the electron transport and recombination processes of photoexcited electron-
hole pairs were studied in InGaAs/InP single quantum wells. Comprehensive 
transport data analysis reveals asymmetric shape of the quantum well potential 
where the electron mobility was found to be dominated by interface-roughness 
scattering. The low-temperature time-resolved photoluminescence was employed to 
investigate recombination kinetics of photogenerated electrons. Remarkable 
modification of Auger recombination shown in Fig.1 was observed with variation of 
the electron mobility. 
 
Fig.1. Auger recombination time 
measured as a function of the pump 
power at T=7 K in InGaAs/InP QWs 
with different electron mobility. 

   
In high mobility quantum wells the increasing pump power resulted in a new and 
unexpected phenomenon: a considerably enhanced Auger non-radiative 
recombination time. We propose that the distribution of the photoexcited electrons 
over different conduction band valleys might account for this effect. Such phonon-
assisted inter-valley Auger recombination process is important in direct band gap 
semiconductors when the difference between the energies of the Γ conduction band 
minimum and a lateral (X or L) conduction band minimum is close to the gap between 
the conduction band and valence band extrema. This condition favors transference of 
the energy of recombining electron-hole pair to a third electron excited into the lateral 
conduction band valley. In low mobility quantum wells, disorder-induced relaxation of 
the momentum conservation rule causes inter-valley transitions to be insignificant, 
resulting in decreasing of non-radiative recombination time with the increasing pump 
power. Thus, we propose that the disorder driven transition between two types of 
Auger processes (intra and inter-valley) was observed. 

82



Emission properties of GaN/AlN multi-quantum-wells under 
high hydrostatic pressure – experimental and ab-initio 

comparative study 
 

A. Kaminska1,2, D. Jankowski1, P. Strak3, K. P. Korona4, J. Borysiuk1,4, E. 
Grzanka3,M. Beeler5,6, K. Sakowski3, E. Monroy5,6, and S. Krukowski3 

1Institute of Physics, Polish Academy of Sciences, Al. Lotników 32/46, 01-142 Warsaw, 
Poland 

2Cardinal Stefan Wyszynski University, College of Science, Department of Mathematics and 
Natural Sciences, Dewajtis 5, 01-815 Warsaw, Poland 

3Institute of High Pressure Physics, Polish Academy of Sciences, Sokolowska 29/37, 01-142 
Warsaw, Poland 

4University of Warsaw, Faculty of Physics, Pasteura 5, 02-093 Warsaw, Poland 
5Université Grenoble-Alpes, 38000 Grenoble, France 

6 CEA-Grenoble, INAC-PHELIQS, 17 av. des Martyrs, 38000, France 
 

 
 
 In this work we report on the correlation of high-pressure photoluminescence 
(PL) studies of GaN/AlN multi-quantum-wells (MQWs) with ab initio calculations of 
their electronic and optical properties. The study was performed on GaN/AlN MQWs 
with various well thicknesses synthesized by plasma-assisted molecular-beam 
epitaxy on AlN-on-sapphire substrates. PL measurements as a function of the 
hydrostatic pressure were conducted in a diamond anvil cell. The optical properties of 
the MQWs were strongly affected by the quantum confined Stark effect stemming 
from the polarization-induced internal electric fields. Therefore, the ambient pressure 
PL peak energies decreased by over 1 eV with QWs thicknesses increasing from 1 
nm up to 6 nm [1], and the respective PL decay times increased from about 1 ns up 
to 13 µs, exhibiting characteristic changes of dynamics related to strong built-in 
electric field. The pressure coefficients of the PL energy were significantly reduced in 
the MQWs as compared to bulk AlN and GaN crystals, and they strongly depended 
on geometric factors such as the thickness of the wells and barriers. 
The transition energies, their pressure dependencies and oscillator strengths were 
modelled for tetragonally strained structures of the same geometry using a full 
tensorial representation of the strain in the MQWs under external pressure. The 
same MQWs were also simulated directly using density functional theory calculations 
[2]. A good agreement between these two approaches and the experimental results 
indicates that the nonlinear effects induced by the tetragonal strain related to the 
lattice mismatch between the substrate and the MQWs are responsible for the drastic 
decrease of the pressure coefficients observed experimentally. 
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Spectroscopic studies under viable high-pressure conditions have yielded: pressure 
dependent dynamics in pure and mixed molecular crystals; mechanochemical studies 
of photochemical reactions; and kinetic studies of chemical and physical changes in a 
dynamic diamond anvil cell.  
 
Pressure dependent homogeneous line-width studies under variable high-pressure 
and variable low-temperature conditions have allowed vibrational and electronic 
relaxation anddephasing to be studied as a function of intermolecular separation and 
pressure-induced crystalline phase changes [1][2].  High-resolution FTIR studies of 
pure molecular crystals and and photon echo measurements of chromophores in 
host crystal lattices are demonstrated. 
 
 
The ability to make impulsive pressure changes has also been used to study the 
kinetics of pressure-induced chemical changes.  The ability of high pressure to affect 
forward and back reactions in a variety of photochemical systems is demonstrated 
(e.g.photodimerization of bis-anthracene and di-pentacene, and photoisomerization 
of 9-t-butyl anthracene) [3][4].  The mechanism by which pressure functions as a 
catalytic reactant is evaluated.  The counter intuitive ability of compression to induced 
bond breaking reactions is demonstrated. 
 

 
The ability to make reversible and repetitive high-pressure changes (GPa) on a fast 
(microsecond) time scale in a dynamic diamond anvil cell permitsstudies of a variety 
of dynamic processes in condensed phases.  These include: fast mechano-chemical 
changes; the kinetics of phase transitions, protein folding, and accelerated aging in 
polymers 
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Optical excitation of bis-anthracene (BA) 
yields a photo-isomer (PI).  The 
exothermic PIBA reaction is 
accelerated with pressure, in contrast 
with dimerization in unlinked polyacenes. 
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 Excited states dynamics, energy storage and conversion in model solid N2 
attract much attention in diverse fields such as material and surface sciences, 
physics and chemistry of interstellar and solar systems, particle physics. Excitation-
induced processes were discussed principally in terms of neutral species reactions. 
The role of the charge states in the relaxation of excitations is just beginning to be 
studied. Only recently the hole self-trapping – formation of N4

+,[1] and creation of 
N3

+[2] in electron-bombarded solid N2 were reported. 
 Here we present our recent findings on electronically induced processesin N2 
solids with a focus on relaxation channels involving charged centers.Low-energy 
electron beam was used for excitation to avoid knock-on sputtering. The samples 
were probed with depth by varying electron energy. Relaxation dynamicswas 
monitored bycathodoluminescence (CL) and nonstationary luminescence (NsL), 
along with optical and current activation spectroscopy. We performed correlated in 
real time measurements of thermally stimulated luminescence (TSL) and exoelectron 
emission (TSEE) as well as optically stimulated luminescence (OSL) andexoelectron 
emission (OSEE). Desorption of excited particles was monitored spectroscopically. 
The total desorption yield was detected by pressure measuring above the sample. 
 Two kinds of desorption were detected – (i) desorption stimulated by an 
electron beam of subthreshold energy and (ii) desorption of particles from previously 
irradiated samples, which was named “post-desorption”. VUV photon emission from 
desorbing N atoms (the 4P1/2-5/2 → 4S3/2 transitions) under irradiation by electrons was 
observed for the first time.Their distinctive feature is acoincidence with the gas phase 
lines within the experimental error.Relative intensitieswith respect to the bulk 
molecular emissions (the a’1Σu

-→X1Σg
+ and the A3Σu

+→X1Σg
+) significantly increased 

in thin films (<< 100 nm) and with decreasing the penetration depth of 
theexcitingelectrons.These features are also characteristic of the excited N2

*(C3Πu) 
molecule desorption [3]. The anomalously strong post-desorption (ii) was 
detectedupon warm-up of pre-irradiated films at temperatures much lower than the 
characteristic sublimation temperature.The basis of the phenomena observed are 
thought to be charge recombination reactions: N3

++e-→N2+N*+ΔE1 and N4
++e-

→N2
*+N2+ΔE2.Energy storage, conversion and transfer to desorbing particles are 

discussed. 
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 We investigate the vibronic spectra of Frenkel excitons in a 2-dimensional lattice 
modelling the (a,b)-plane of real polyacene crystals. We take into account two different 
intramolecular, totally symmetric vibrational modes, one of which has no dispersion 
whereas the second one shows a slight dispersion. The absorption spectra are 
calculated on the basis of linear response theory using Green’s functions at T=0 K. In 
the evaluation we use an approximation according Lalov and Zhelyazkov [1] and 
realistic model parameters. The calculations show that the linear electon-vibration 
coupling is strong enough to bind the exciton to a single phonon, but not to a larger 
number. A hypothetical quadratic coupling strengthens the binding. The dispersion of 
the phonons shows up only in those absorption spectra, in which the number of 
phonons with dispersion is larger than the number of phonons without. The quadratic 
exciton-phonon coupling weakens this effect.        
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Abstract:Magnetic torque is investigated as an enhancement factor determining 
magnetic light scatteringin molecular liquids and solids. Results in spherical top 
molecules,anisotropic organic molecular complexes and quartz are compared. 
 

 
Experimentsreveal induced high-frequency magnetism [1] as large as electric 

dipole polarization ( cPM  ) at intensities as low as 810 W/cm2, based on analyses 

ofpolarized and unpolarized components in electric (ED) and magnetic dipole 
(MD) light scattering. Spherical-top molecules show magnetization with a strong 
dependence on moment of inertia [2],while samples with internal dipoles respond 
via all-electricreorientation dynamics. Qualitative and quantitative agreement is 
obtained with quantum and classicalmodels of librationsstimulated by an EB-
driven interaction and enhanced by magnetic torque. 
 

 Radiation patterns of cross-polarized light scattering were recorded for 

spherical top liquids 4CCl , 4SiBr , and 4SnCl as well as organic liquids 66HC , 66DC , 

242 )(OHHC , 256 NHHC , CNHC 56 and fused quartz excited with ultrashort pulses. 

At modest intensities (Fig.1), nonlinear magnetic components were as large as 
linear electric components. Enhancement was confirmed to be related to torque 
dynamics through a dependence on rotational resonant frequency. 

 
Fig. 1(a) Calculated magnetization versus time with (grey) and without (black) torque 
enhancement. (b) Polarized scattering components in fused quartz: Note that MD (blue) 
and ED (red) amplitudes are equal. Unpolarized backgrounds have been subtracted. (c) 
Unpolarized ED scattering in spherical top liquids with different moments of inertia. 
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 Double silicates with the silico-carnotite orthorhombic structure and co-doped 

with Tb3+ and Eu3+, such as Ca3Gd2-x-yTbxEuySi3O12 and Ca3Y2-x-yTbxEuySi3O12, have 

been prepared by solid-state reaction. Room temperature luminescence spectra and 

decay kinetics have been measured and analysed. Upon UV excitation at 378 nm, 

the emission colour varies from red to pinkish, depending on the doping level. It has 

been shown that the resulting colour can be adjusted by controlling the Tb3+/Eu3+ 

concentration ratio. Tailoring of the doping leads to close-to-white emission in some 

of the analysed samples upon excitation in the wavelength region useful for LED 

lighting [1]. 
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Scintillation materials have been used widely in either military or civil areas.These 
materials are used to convert high energy radiation into visible light, which should be 
detected by conventional photomultiplier tubes. But there are few candidates with an 
emission in the spectral range of 650 to 1200nm, which well correspond to the 
optimal sensitivity of some semiconductor detector such as silicon and furthermore 
lies in the more transparent region of human tissue. [1]There is a large number of 
possible redox states of the Bi-ion paired with the possibility of cluster formation.But 
recently, we have found that, bismuth stabilized in its divalent form, in the so-called 
Bi2+-doped phosphorsexhibit deep red emission once exposed to X-ray.[2-4] 
Therefore, Bi2+-doped phosphors are considered as potential candidates for future 
applications in X-ray detection. Despite most of Bi2+-doped phosphors in powder 
formin our investigation show red radioluminescencein agreementwith their 
photoluminescence properties when excited under the NUV-Blue light, some 
phosphors (such as Bi2+-doped borate) show different features (see Fig.1) and 
temperature effects under X-ray excitation. Their excited states dynamics will be 
presented at the conference. 
 

 
Fig.1 Photoluminescence and radioluminescence spectra of Bi

2+
-doped borate. 
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Guangdong Provincial Engineering Technology Research Center for Optical Agriculture, 

College of Materials and Energy, South China Agricultural University, Guangzhou 510642, 
China 

* tleibf@scau.edu.cn 

 

Sr2MgAl22O36:Ce3+were prepared by usinga high temperature solid-state 
reactionmethod.X-ray diffraction(XRD), photoluminescence (PL), decay curves 
properties of Sr2MgAl22O36:Ce3+ phosphors were investigated in detail. Under 
theexcitation of 200 to 300 nmultraviolet (UV), thePLspectra of phosphor 
exhibitsemissionbands centered at 325 nm.Under310 nm excitation, 
Sr2MgAl22O36:Ce3+ presents a strongblue emission band at 421 nm which are 
assigned to 5d–4f transition of Ce3+ ion.Considering the result that different excitation 
wavelengths yield different emission spectra, we can deduce that two types of Ce3+ 
luminescent centers exist in the Sr2MgAl22O36 host. Accordingto PL spectra and 
decay curves of phosphors, the mechanism ofenergy transferfrom Ce3+ (Ce(I), 
occupying the Sr(I) site) to Ce3+ (Ce(II), occupying the Sr(II) site) is proposed. 
 

 
Fig.1 Schematic diagram of Ce3+(I)-Ce3+(II) energy transfer 

 
References: 
[1]R. Yu, H. M. Noh, B. K. Moon, B. C. Choi, J. H. Jeong, K. Jang, H. S. Lee, and S. 
S. Yi, Mater. Res. Bull., 51 (2014), 361. 
[2] R. P Cao, M. Y Peng, E. H. Song, and J. R. Qiu, ECS J. Solid State Sci. Technol., 
1 (2012), R123. 
[3]G. Li, C. C. Lin, W. T. Chen, M. S. Molokeev, V. V. Atuchin, C. Y. Chiang, W. Zhou, 
C. W. Wang, W. H. Li, H. S. Sheu, T. S. Chan, C. Ma, and R. S. Liu, Chem. Mater., 
26 (2014), 2991. 
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Spectroscopic properties of Ce
3+

 in the cuspidine-type 
oxide nitride compound Y4Si2-xAlxO7+xN2-x 
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2 Department of Chemistry, National Taiwan University, Taipei 106, Taiwan 
 

 
Ce3+ luminescence was studied in the Y3.98Ce0.02AlxO7+xN2-x system with a 

weighted out x of 0, 0.2, 0.4, 0.6, 0.8 and 1. The XRD patterns of all samples 
matched well with the reported Y4Si2O7N2 phase, with the space group P22/c 
(cuspidine-type structure). The main XRD peaks show obvious shifts to the lower 
angle side between x=0 and 1, indicating an increasing substitution of Si-N by the 
larger Al-O pairs in the cuspidine-type structure. The luminescence spectra show 
typical Ce3+ luminescence with maximum near 510 nm which can be excited from 460 
nm to the UV and. When part of Si-N in Y3.98Ce0.02Si2O7N2 is replaced by Al-O, the 
position of the emission maximum shifts to higher energy. It is also observed that the 
emission intensity as well as decay time of luminescence strongly decrease. The 
luminescence quenching mechanism is explained as strongly related to the 
energy location between the lowest Ce3+ 5d1 emitting state and the conduction 
band. 
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Photoluminiscence evolution with illumination time in 
CH3NH3PbI3-xClx thin films and MAPbI3 crystals 
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 Hybrid halide perovskites (PS) are among the “hottest” materials on 
photovoltaics by its certified power conversion efficiency (PCE) of 20.1% [1]. 
However, the properties of these materials are not yet well understood, namely, the 
dependence of the final performance on the morphology and chemistry of the MAPbI3 
layer within the different device architectures, or the influence of the ambient 
conditions. [2,3] 

Here, we investigate the photoluminescence (PL) properties of CH3NH3PbI3-

xClx thin films deposited on different substrates: bare glass, commercial fluorine 
doped SnO2 (FTO) on glass, or compact TiO2 layer on glass/FTO substrates 
(FTO/TiO2), and CH3NH3PbI3 crystals (tens of microns in size) for comparison. The 
laser (488 nm) was attenuated in order to avoid temperature effects (0.015 W/cm2). 
PL evolves with illumination time for all samples in a clearly different way from 
crystals to thin films (Figure 1), being the more stable behavior for the CH3NH3PbI3-

xClx layer on TiO2. Besides, for this layer micro PL reveals greater emission intensity 
in the "bright" areas, and less quenched emission zones on average. It has been 
observed as well a directional enhacement of PL along c axis suggesting that the 
morphology  of the PS layer affects the final performance. X-ray diffraction shows 
that the c-axis is exclusively parallel to the substrate for all films, except for for the 
one with TiO2 substrate.  
 
Keywords: Hybrid halide perovskites, photoluminescece, X-Ray Difracction, solar 
energy convertion. 
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New phosphorMgCa3Si2O8: Eu
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energy level location of Ln
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 and Ln
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 in MgCa3Si2O8 
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MgCa3Si2O8 doped with Eu2+ is a new phosphor which has been obtained by the 

solid state method.MgCa3Si2O8crystallizes in monoclinic space system in P 121/c1 

unit cell. The stoichiometric amounts of MgO, CaCO3, SiO2 and Eu2O3 were weighted 

and mixed. After that the samples were heated at different temperatures which 

ranged from 700 to 1300o C for a few hours. To reduce annealing temperature the 

small quantity of flux was added to the mixture. Subsequently, the samples were 

cooled down to room temperature and grounded to obtain a fine powder. 

To characterize the structure of obtained materials the XRD analysis were 

performed. The excitation, emission spectra and luminescence decay profiles of the 

emitting level of Eu2+ have been measured. The influence of concentration of Eu2+ on 

luminescence properties has been analyzed as well as the thermal stability of the 

emission of Eu2+ in MgCa3Si2O8.  

The spectroscopy of 4f-5d excitation bands and CT-band of Ce3+ and Eu3+, 

respectively have been also studied. A level scheme of divalent and trivalent 

lanthanides energy levels have been constructed.The knowledge about energy level 

location of Ln2+ and Ln3+ in MgCa3Si2O8 is crucial to designe new phosphors based 

on MgCa3Si2O8. 
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Cr3+-Nd3+ energy transfer in novel whitlockite phosphor 
Ca9Cr(PO4)7: Nd3+ ions 
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 Phosphate are very wide family of materials, which can be doped with optically 
active ions. Among them there are still many new or barely known hosts. One of 
them is Ca9Cr(PO4)7, which belongs to the whitlockite-type materials. Doping it with 
Nd3+ ions gives possibility for energy transfer between Cr3+ and Nd3+ ions, which is 
very useful for enhancing of solar cells efficiency. 
 In this work the series of Nd3+-doped (0.1 to 5%) Ca9Cr(PO4)7 were prepared 
by wet chemistry method. The phase purity of all samples were confirmed by the 
XRD measurements.  
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Fig. 1. The excitation (black) and emission (red) spectrum of Ca9Cr(PO4)7: 5% Nd3+ measured at 300 K. 

 The excitation (λmon = 1066 nm) and emission (λexc = 440 nm) spectrum of 
Ca9Cr(PO4)7: 5% Nd3+ ions is presented in Fig. 1. There are clearly visible absorption
bands of Cr3+ ions assigned to the 4A2g→

4T2g and 4A2g→
4T1g transition, which have 

strong dips connected with reabsorption of Nd3+ ions. They are attributed to the  
4I9/2→

2G11/2, 4I9/2→
2G7/2 + 5/2 and 4I9/2→

4S3/2 + 4F7/2 transitions with maximum at 475, 
605 and 715 nm, respectively. It confirms the energy transfer from the Cr3+ to the 
Nd3+ ions. The emission spectrum is characteristic for Nd3+ ions and consists bands 
lying in the IR region assigned to the 4F3/2→

4I9/2, 4F3/2→
4I11/2 and 4F3/2→

4I13/2 
transitions. 
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Synthesis and spectroscopic characterization of        
Ca9Al1-xCrx(PO4)7 (x = 0,1-1) powders  
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Phosphors based on the mixed metal oxides are very attractive due to their 
thermal and chemical stability and excellent luminescence performances. The 
transition metal ion Cr3+ is widely applied as a dopant for many photonic applications 
including laser crystals. The aim of this paper was to synthesize and to determine the 
spectroscopic properties of Ca9Al1-xCrx(PO4)7 (where x = 0,01-1) powders.  

Our samples were prepared by the citrate method and were characterized by 
X-ray diffraction (XRD) and spectroscopic measurement. Emission and excitation 
spectra as well as emission decay profiles were measured at 77and 300K. 

  All prepared powders have the structure of Ca9Al(PO4)7 (JCPDS card no. 00-
045-0345) without any additional phase. The luminescence band are broad and 
intense which is associated with the weak crystal field for which Dq/B < 2.3. The 
300 K emission band, centered at 770 nm, and the R-line at 682 nm correspond to 
the 4T2 → 4A2 and 2Eg → 4A2 transitions, respectively. It was found that the integrated 
intensity of the 4T2 band increases with increasing of chromium concentration and 
even stoichiometric Ca9Cr(PO4)7 sample exhibits an intense emission.   

Excitation and absorption spectra present two characteristic broad and intense band, 
centered at 651 nm and 448 nm, which are associated with the 4A2 → 4T2 and 4A2 → 
4T1 transitions, respectively. The lifetimes of Cr3+ ions emission measured at 77K 
amounts to 113μs for all samples.  

References: 
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Poster Session I -8

101



Meta-stability of silicate phosphors 
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Silicatephosphorshavemanypolymorphicstructuresdependingontheannealing 
conditionssuchaspressure,heatingtemperatureandquenchingtime[1-4].The 
rapidthermalquenchingprocessesresultedinsomemetastable-structurephosphors 
withthedifferentemissioncolorsofthenormalannealingprocesses.Itindicatesthat 
thedifferentemissioncolorsofthemetastablephosphorsareattributedtothe 
differentcrystalfieldofemissioncenterfromthedifferentcrystalstructureofthe 
reference.Themetastabilityofthefast-quenchedphosphorswasdemonstratedby 
theirphasetransformationstothestable-structurephasewithchangingemission 
colorsbytheirnormalreannealing 
processes.Inthistalk,wepresentsomemetastablephosphors; 

theorangeSr3SiO5:Eu2+waschangedtothe yellowSr2SiO4:Eu2+,theγ-

phaseyellowCa2SiO4:Ce3+waschangedtotheβ-phase blueone,the α-phasegreen 

Zn2SiO4:Mn2+was changed to theβ-phase yellowone. 
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9454 
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Single crystal phosphors for high-power laser lighting 
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Ce-doped garnetsingle crystals as a color conversion phosphor for high-power laser 
lighting were grown through a floating zone method in an image furnace. They 
showed excellent lumen maintenance, lower quantum efficiency, and broader 
photoluminescence excitation spectrum compared with the polycrystalline powder 
phosphor [1]. Thehigher lumen maintenance were explained by the less intrinsic 
defects and the less phonon generation at high temperature, confirmed by excitation 
spectra and temperature-dependent Raman spectra, respectively. To evaluate their 
feasibility for high-power laser lighting, they were applied to a 5 watt blue laser diode 
with a remote-phosphor structure, and thus they reached a lower equilibrium 
temperature after shorter operating time in comparison with the polycrystalline 
powder phosphor. Thus, the single crystal phosphors can achieve the extremely 
stable white-light emission without an efficiency loss under the high-power density of 
blue laser diode. 
 
 
 
 
Reference: 
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Strong blue absorptionin heavy Mn-doped phosphors 
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Heavily-Mn2+-doped phosphors showed an extremely enhanced photoluminescence 
excitation intensity from 6A1 → 4A1 forbidden transition of Mn2+ ions, and an intensive 
emission from 4T1 → 6A1 forbidden transitions with an excellent quantum efficiency 
and a lumen maintenance at high temperature.[1] The drastic enhancement of 
quantum efficiency under the blue light excitationwas explained in terms of the 
relaxation of selection rule on the forbidden intra-transitions in higher concentrations 
of Mn2+ ions. It results from the spin-spin and the electron-phonon interactions, 
supported by electron spin resonance and Raman spectra, respectively. The 
optimized heavily-Mn-doped phosphors can be applied to blue-based white-light-
emitting diode as a color conversion phosphors. 
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Temperature-Dependent Photoluminescence Lifetimes of 
Cu-Doped Zn-In-S Quantum Dots 
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Colloidal semiconductor quantum dots (QDs) are very promising in appllications 

of light-emitting diodes (LEDs) for the next generation display and solid-state lighting 

because of their size- and composition-tunable photoluminescence (PL) and high 

emission quantum efficiency. The working temperature of the LEDs is above room 

temperature, while their efficiency is temperature dependent. The significant high 

temperature PL quenching was observed in undoped QDs [1]. Recently almost no PL 

thermal quenching was observed in Mn:ZnS/ZnS QDs at 500 K, having high PL 

quantum yield of 50% [2]. In this work, the temperature-dependent PL spectra an 

decays of Cu:Zn-In-S QDs were studied by using steady-state and time-resolved PL 

spectra at temperature ranging from 80 to 400 K. The composition-tunable Cu:Zn-In-

S/ZnS QDs with various emissions from deep red to green were synthesized. The 

effect of shell structure and host bandgap on PL lifetime of Cu dopant emissions with 

different emission wavelengths was compared to understand mechanisms and 

origins of PL emissions as well as thermal quenching.The PL in Cu:Zn-In-S/ZnS QDs 

with green and yellow emissions were suggested to mainly come from the 

recombination of the electron in the conduction band of host semiconductor and hole 

in Cu T2 state. The origin of PL in red QDs is complex, which is probably not only 

from the recombination of the electron in the conduction band of host semiconductor 

and hole in Cu T2 state but also from donor-acceptor pair. 

 

References: 
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High density excitation with alpha particles 
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 Interest in improving performance of scintillators in industrial applications 
caused increased attention in high energy density excitation processes. While the 
luminescence processes are quite well studied, the non-radiative processes are still 
not fully understood. The latest theories on high energy density excitation explain 
observed losses by Auger and/or Förster quenching processes of excitons formed 
within a dense cloud of free charge carries. There is a lack of experimental data 
available on this topic, especially on how quenching is affected by the chemical 
composition of a material. To gain knowledge about these processes we studied the 
scintillation from alpha particles as a source of high density excitation. In this work we 
observed a correlation between the alpha particle induced light yield and the 
chemical composition of the material. We also studied the light yield due to low 
energy X-ray photons to determine the so-called alpha/beta ratio. It connects to the 
amount of non-proportional response of scintillators and is important for the intrinsic 
energy resolution of scintillators in nuclear spectroscopy application. We measured 
alpha/beta ratio for different Ce3+ concentrations in LaBr3:Ce and investigated the 
influence of co-dopants like strontium on the alpha particle light yield. 
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 Bi3+ has been extensively studied as activator and sensitizer in different 
luminescent materials. From spectroscopic data it is known that the Bi3+1S0

3P1 (A-
band) and 1S0

1P1 (C-band) transition energiesin a compound decreases with 
increasing covalency andanion polarizability [1].Such redshift is also observed for the 
transitions in the lanthanide ions and is known to follow the nephelauxetic sequence 
F-< O2-< Cl-< N3-< Br-< I-< S2-< Se2- [2]. Additional to the A- and C-band transition, 
spectroscopy of Bi3+-doped compounds show a metal-to-metal charge transfer 
(MMCT) transition, which is labelled as D-band. An empirical model was proposed by 
Boutinaudet al. to predict the MMCT energy of Bi3+ in closed shell d0 transition metal 
complex oxides [3]. However, this empirical model does not provide the absolute 
locations of the Bi3+ energy levels. From lanthanide spectroscopy it is known that 
using the Eu3+ charge transfer energies, the positions of the valance and conduction 
bands of the host compound relative to the vacuum level can be determined [4]. 
Since the D-band transition is defined as the energy required to transfer an electron 
from Bi3+ to the conduction band, the energy of the D-band can be used to position 
the Bi3+1S0 ground state relative to the conduction band. The A-band transition 
energy can then be used to position the 3P1 excited state. Based on Bi3+ 
spectroscopy data available in the archival literature, the Bi3+ ground state was found 
to vary between -9 eV in fluorides and -4.5 eV in sulphides and selenides. The 
observed trends in MMCT energy upon changing the chemical environment 
surrounding the Bi3+activator were consistent withliterature [5]. The positions of the 
Bi3+ energy levels can be used to understand and predict the luminescent properties 
of Bi3+-activated luminescent materials. 
 
 
References: 
 
[1] L. Wang, Q. Sun, Q. Liu and J. Shi, J. Solid State Chem. 191 (2012) 142 – 146 
[2] P. Dorenbos, J. Lumin. 136 (2013) 122 – 129 
[3] P. Boutinaud and E. Cavalli, Chem. Phys. Lett. 503 (2011) 239 - 243 
[4] P. Dorenbos, Phys. Rev. B 87 (2013) 035118 
[5] P. Boutinaud,Inorg. Chem. 52 (2013) 6028 – 6038 
 
 
 

 

 

 

Poster Session I -14

107



Luminescence of defective monoclinic zirconia prepared in 
a solar furnace 

 
L. Puust1, C.Monty2, V. Kiisk1 and I. Sildos1 

1Institute of Physics, University of Tartu, W. Ostwaldi 1, 50411 Tartu, Estonia  
2Procédés, Matériaux et Energie Solaire CNRS, Font-Romeu, France  

  
 

 

Monoclinic zirconia (ZrO2) nanocrystalline materials contain a complex system 
of intrinsic or extrinsic defects which are responsible for (a) the strong photo-
luminescence (PL) at 490 nm and (b) a number of traps at different depths leading to 
thermoluminescence (TL), optically stimulated luminescence (OSL) and a long 
afterglow of the PL [1]. The TL peaks within the temperature range from –100 to 
300 °C were tentatively assigned to structural defects and surface states based on 
comparative studies of various sol-gel-derived or commercial ZrO2 nanopowders. We 
propose that thermoluminescence and EPR study [2] can give supplementary 
information about defect origin of Zirconia.  

Hereby zirconia nanopowders from 
Alfa Aesar was subjected to ceramic 
sintering in Heliotron reactor (PROMES 
CNRS, France) [3]. During this process the 
samples were heated up to 3000 °C in 
different ambient conditions and cooled 
down with different rate. It was found that 
the obtained zirconia samples were 
generally highly luminescent and at the 
same time the selection of preparation 
conditions allowed a pronounced 
engineering of the defect content 
responsible for the TL and PL afterglow 
(Fig. 1). Specifically, the traps responsible 
for the afterglow at RT were most efficiently 
produced when the sample was heated in 
air and slowly cooled. On the other hand, 
the deeper traps, which are more suitable for dosimetry, were more pronounced 
when the sample was heated in vacuum, which is in agreement with our previous 
results of sol-gel-derived zirconia annealed in reducing atmosphere [1]. Scanning 
and transmission electron microscopy of the materials is being studied and the 
nanostructure correlated to the TL peaks to identify the origin of the traps. 
 
References: 
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Figure 1. TL glow curves of various zirconia 
materials, obtained after charging the sample 
with 266 nm laser. Note that the PL thermal 
quenching is not yet accounted for. 
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Recently, the attention of researchers has been focused on the developing of 
different types of display technologies. Zinc gallate spinel compound is one of the 
promising materials with possible applications in vacuum fluorescent displays and 
field emission displays. ZnGa2O4 is transparent in near UV spectral region material 
with strong host luminescence and low-voltage cathodoluminescence [1]. Doped with 
Mn2+ and Eu3+ ions spinels show excellent luminescent properties in “green” and 
“orange-red” spectral regions, respectively [2]. 
In this work, ZnGa2O4: 0,05 mol.% Mn2+ and ZnGa2O4: 0,05 mol.% Mn2+, X mol.% 
Eu3+ (X= 0-8 mol.%) ceramic samples have been synthesized via high temperature 
solid-state reaction method at ~1200 ºC in air. X-ray diffraction measurements show 
single-phase nature with spinel structure of all samples. The luminescence properties 
were investigated under different excitation wavelengths at room temperature. 
Excitation spectra of ZnGa2O4: Mn, ZnGa2O4: Mn, Eu registered at 385, 440 and 
505 nm show similar behavior in 230-380 nm spectral region. An intense excitation 
band was found in 230-270 nm region of spectrum at 385 and 440 nm registration. At 
440 nm registration the gradual increase takes a maxima around 370 nm with further 
steep decrease. The excitation of Mn2+ ions was found in 230-280 nm intense band 
at 505 nm monitoring. A number of sharp lines were found in 320-550 nm spectral 
region which correspond to f-f transitions in Eu3+ ions. The charge transfer band from 
O2- to Eu3+ ions with maximum around 270 nm was also found on the excitation 
spectra registered at 617 nm. 
A broad emission band in 325-475 nm spectral region together with an intense band 
around 505 nm was found on luminescence spectra at 235 nm excitation for samples 
with Eu3+ ions content below 4 mol.%. The broad emission band with a maximum 
around 385 nm corresponds to luminescence of host defects and decreases with 
excitation wavelength increasing. The luminescence band with a maximum around 
505 nm corresponds to Mn2+ ions emission that decreases with excitation wavelength 
increasing, as well as with increasing of Eu3+ ions concentration. Weak emission of 
Eu3+ ions takes place at 255 nm excitation and with further increase of excitation 
wavelength it becomes narrower and shapes into line spectra which corresponds to f-
f transition in Eu3+ ions. The most intense line was found at 617 nm that appropriate 

to 5D0
7F2 transitions. Concentration dependence shows that the optimal 

concentration of Eu3+ ions is around 3 mol.%. Possible energy transfer mechanisms 
between host, Eu3+ and Mn2+ ions is under discussion. 
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 A study of the dynamics of photo excited electrons at the interface of wide gap 
semiconductor – dye was performed. TiO2 films doped by molecules of xanthene 
dyes - Rhodamine 6G (R6G), Rose bengal (BR), Eosin were used as objects of 
studying. To determine the contribution of process with charge transfer to the 
luminescence of the dye the comparison of the spectral-luminescent properties of 
TiO2-dye films and dielectric SiO2 –dye films was carried out. All studied dyes have 
LUMO orbitals above the edge of conducting band of semiconductor. For dye R6G 
quantum yield of the triplet state is very small (less than 0.01). Therefore, the main 
role in the process of charge transfer in the system of R6G-TiO2 plays S1 state of the 
dye. For BR and Eosin dyes quantum yield of the triplet state has a high value. In dye 
BR S1 and T1 states are located above the conduction band of the titanium dioxide. 
Therefore, electron transfer is possible both S1 and T1 states of the dye. For the 
Eosin molecules T1 state is located lower than conducting band of semiconductor. 
Therefore electron transfer for Eosin is possible only from the S1 state of the dye. 

Sorption of dyes on the surface of TiO2 films and wide porous silica (Silufol 
UV254) was performed from ethanol solutions with a concentration of dyes C = 10-

4mol/L. Control of the number of adsorbed dye molecules is carried out by absorption 
and fluorescence spectroscopy. Titanium dioxide films were obtained by the standard 
method with using of anatase TiO2 particles having an average particle radius of 21 
nm [1]. Investigation of the effect of external magnetic field on the kinetics of 
fluorescence of the films was carried out by using of a pulsed spectrofluorometer with 
picosecond resolution (Becker &Hickl). For the formation of an external magnetic field 
a neodymium magnet was used. The magnetic field was measured by using of 
calibrated magnetic field sensor based on the Hall effect. 

The data show that the intensity and the fluorescence lifetime of the dyes are 
quenched on the surface of the semiconductor film compared to the same 
parameters in solutions and on silica. Thus there is a bathochromic shift of the 
absorption spectra and fluorescence dyes was registered. 

An external magnetic field effects on the kinetics of the luminescence of the 
dye in the dye-TiO2 films in the nanosecond time range. There is a time dependence 
of the magnetic effect. The sign of the magnetic effect on the luminescence of R6G 
and Eosin dyes is distinguish from the sign of the magnetic effect that was observed 
for BR. Analysis of the obtained data of the magnetic effect shows the participation of 
triplet states of BR within the process of charge transfer from the dye to the TiO2. The 
involving of molecular oxygen in the dynamics of photo-excited electrons at the 
interface between TiO2-BR was found. 
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Although borates are mainly known for their non-linear properties, lately they 

has drawn attention also as luminescent materials. High transparency in UV, which 
determined their usefulness as non-linear laser materials, can also be an advantage 
in the field of phosphors. Along with other features like low-temperature synthesis  
and the high number of noncentrosymmetric structures among borate family[1] make 
borate materials interesting as host for phosphors. 

Condensed borate polycrystalline powders with formula SrKB5O9 doped with 
Eu3+ ions in range 0.1 – 5% has been synthesised by citric route. The resulting 
samples are pure phase, which was confirmed by XRD measurements. 
Samples exhibit luminescent properties typical for Eu3+ ions, with emission ranging 
from 570 nm up to 850 nm with maximum at 617 nm. Intense excitation band 
attributed to charge transfer transition is at 264 nm. Luminescence intensity does not 
get quenched and increases along with dopant concentration up to 5 % of Eu3+. 

Luminescence decay curves measurements revealed that Eu3+ ions occupies 
two distinct sites in the crystal structure – most probably Sr2+ and K+ sites due to the 
fact that they both have large coordination numbers (7 and 8 respectively)[2] and 
sizes larger than Eu3+ (Sr2+ - 140 pm, K+ - 165 pm, Eu3+ - 120 pm). 

Remarkable is also the fact, that luminescence decay lifetime seems to 
increase with Eu concentration of approximately with total difference between 0.1 and 
5% Eu3+ of 800 µs, which suggests that the incorporation of dopant into the crystal 
structure may causing the contraction of the ions surrounding the Eu and resulting in 
site symmetry changes. 
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Yttrium orthoaluminate (YAlO3), called also yttrium aluminum perovskite (YAP), is 
widely known as a host material for solid-state lasers and scintillators. Mn-doped 
YAlO3 became of particular interest after its application potential has been shown for 
holographic recording and optical data storage [1] as well as for thermoluminescent 
(TL) dosimetry of ionizing radiation [2-3].  
Manganese in YAlO3 can be present as Mn4+ ions (3d3 configuration) occupying 
octahedral Al3+ sites as well as Mn2+ ions (3d5) in strongly distorted dodecahedral Y3+ 
sites. In particular, the green emission near 530 nm from Mn2+ ions can be used for 
thermoluminescent dosimetry of ionizing radiation [2-3]. In order to get a better 
insight into the recharging and trapping processes involving Mn2+ ions, detailed 
optical spectroscopy and electron paramagnetic resonance (EPR) studies of 
YAlO3:Mn2+ crystals have been performed. 
The studied Mn2+-doped YAlO3 crystals were grown by the Czochralski method in the 
Institute of Physics of the Polish Academy of Sciences. To obtain crystals with Mn 

mainly in the 2+ charge state, co-doping with Si4+ or Hf4+ ions was used. The samples 
for EPR studies were cut out from the as-grown crystal in the form of parallelepipeds 
in the directions parallel to the crystallographic axes a, b, and c in the in Pbnm 
setting.  
Indeed, in the codoped crystals, only Mn2+ ions occupying the Y3+ sites were 
observed. This center has rhombic point symmetry with one of the principal axes 
coinciding with the crystal's c-axis and the other two lying in the ab plane. There are 
two magnetically inequivalent sites, which transform into each other by reflexion in 
the ac and bc planes, referred to as A and B sites. The EPR spectra were analyzed 
with a spin Hamiltonian appropriate for rhombic symmetry.  

An effect of visible, UV and -rays irradiation on the intensity of EPR signal of Mn2+ 
ions has been analyzed and correlated with TL properties of the material. The 
obtained results are discussed and compared with the EPR and luminescence results 
reported previously for Mn-doped YAlO3. 
 
Acknowledgements: The work was partially supported by the EU within the 
European Regional Development Fund through the Innovative Economy grant 
(POIG.01.01.02-00-108/09), the Polish National Science Center (project DEC-
2012/07/B/ST5/02080), and by the NATO SfP Project NUKR.SFPP 984649. 
  
References: 
[1] G.B. Loutts et al., Phys. Rev. B 57 (1998) 3706-3709. 
[2] Ya. Zhydachevskii et al., Nucl. Instr. Meth. Phys. Res. (B) 227 (2005) 545-550. 
[3] Ya. Zhydachevskii et al., Radiat. Meas. 45 (2010) 516-518. 

Poster Session I -19

112



Optical and Electron Paramagnetic Resonance 
Spectroscopy of Yb3+:Y2SiO5 

 
 

S. Welinski1, A Ferrier1,2, Ph. Goldner1 
1PSL ResearchUniversity, Chimie ParisTech-CNRS, Institut de Recherche de Chimie Paris,  

75005 Paris, France 
2Sorbonne Universités, UPMC Université Paris 06, 75005, Paris, France 

 
 

 
 
Crystals doped with paramagnetic rare earth (RE) ions are promising materials for 
quantum information processing because they can be coupled to microwave photons 
[1] or provide large bandwidth memories [2]. We also recently demonstrated that 
coherence transfer with high fidelity was possible between electron and nuclear spins 
in these materials, opening the way to long storage time capability [3].  
 
In this paper, we report on the optical and paramagnetic spectroscopic properties of 
Yb3+:Y2SiO5at low concentration.In particular, we determined the ground state spin 
Hamiltonian (g and A tensors) for isotopes with I=0, I=1/2 and I=5/2 nuclear spins for 
ions in sites 1 and 2.As it has been done for Er3+:Y2SiO5[4], we also determined 
optically the g-tensor of theexcited state2F5/2of Yb3+:Y2SiO5. This allows one to 
determine energy level structure of both the ground state (2F7/2) and the excited state 
(2F5/2) for an arbitrary magnetic field, which may be useful to minimize decoherence 
processes caused by Yb3+-Yb3+ interactions [5]. 
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SrSi2O2N2 is an excellent host lattice for phosphors due to superior thermal and 
chemical stability as well as large energy band gap. When activated with europium, it 
exhibits an intense broadband luminescence with maximum at 540 nm, due to 
4f65d1 → 4f7 transition in Eu2+, which can be effectively excited in the near UV to blue 
spectral region, appropriate to convert the emission from InGaN or GaN chips used in 
phosphor-converted white LEDs. Apart from the fact that SrSi2O2N2:Eu2+ is an 
excellent conversion phosphor material for LED, it also exhibits persistent 
luminescence [1]. 
It had been shown that SrSi2N2O2: Eu2+ luminescence can be improved by co-doping 
[2], inter alia it was reported that co-doping with Mn ions enhance luminescence [2, 
3,4]. This phenomenon was explained in two contradictory ways: as the result of 
energy transfer from Mn2+ to Eu2+ ions [4] or as energy transfer from Eu2+ to Mn2+ 
ions [3]. The inconsistency has become a motivation for our investigations.  
Series of europium doped SrSi2O2N2 samples were prepared using the solid state 
synthesis method. In some of them MnO was added with intention of co-doping the 
material with Mn ions. Phase purity of all obtained phosphors was checked using 
standard XRD method and in all samples it was determined to be pure triclinic, 
independently of the MnO addition. Spectroscopic measurements confirmed that the 
addition of manganese in the synthesis cause enhancement of SrSi2N2O2:Eu2+ 
luminescence, however it does not influence neither the shape of the excitation and 
emission spectra nor the emission decay time. 
Moreover, samples synthesized with MnO addition reveal stronger persistent 
luminescence, lasting few tens of minutes, but the energy structure of traps relevant 
for the phenomenon of persistent luminescence (estimated from thermoluminescence 
experiment) is independent on the usage of manganese in the synthesis procedure. 
Possible reasons for these effects are discussed in this contribution. Among them 
stoichiometry changes and defect creation induced by Mn are considered. 
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 Due to the often high emission intensities, Eu2+ 5d-4f emission is of great 
interest for lighting and similar applications. Since the 5d levels are relatively 
unshielded, the luminescence properties depend strongly on the host lattice [1]. 
We studied the Eu2+ emission in ionic hydride host lattices, as for instance in LiSrH3 
and LiBaH3 [2] and observed a large red shift in comparison with corresponding 
fluorides, such as LiBaF3 [3] that we attribute to the high polarizability of the hydride 
anion.Since ionic compounds of hydride and fluoride often show structural analogies 
[4], substitution of hydride and fluoride is consequently expected to allow for tailoring 
different polarizabilities and thus, also different Eu(II) emission energies. 
In order to investigate the influence of hydride fluoride substitution, we studied 
luminescence in the solid solutions series EuHxF2-x for the fluoride rich side on which 
the compounds crystallize in the fluorite structure type [5]. Here, it could be shown 
that an increase of the hydride content leads to a red shift of the Eu(II) emission 
energies. This red shift is mainly explained by the high polarizability of the hydride 
anion that leads to a shift of the barycentre of the Eu(II) 5d levels to lower energies. 
Furthermore, we studied the solid solution series LiSrH3-xFx, LiBaH3-xFx, KMgH3-xFx 
and EAH2-xFx (EA = Ca, Sr, Ba) by first principle calculations and also prepared 
selected samples in order to study their luminescence properties. 
The present results show that the substitution of anions with different polarizabilities 
in solid solution series is a tool for tuning the emission colour of Eu2+. 
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Currently alkali halide crystals (AHC) are widely used as scintillation detectors 
in standard and very urgent experiments, such the registration of the energy of dark 
matter particles [1]. The observed effect of the alkali halide crystals luminescence 
intensity enhancement by lattice symmetry lowering makes it possible to search for a 
generation of modern scintillators [2,3]. Low-temperature uniaxial deformation, which 
lowers the crystal symmetry was carried out in the direction of<100> and <110> in a 
special cryostat [4].  

Radiation was detected directly in the compressed state of the crystal at 90K 
with irradiation by hard X-rays, which do not create radiation defects, distort the 
emission spectrum, in contrast to the characteristic X-ray radiation, i.e, excludes the 
effect of reabsorption of radiation-induced defects. 

The effect of self-trapped excitons luminescence enhancement in the regular 
lattice sites and in the field of light cation was established. On example of KI-Tl 
crystal the value of reducing of the mean free path of free excitons before self-
trapping in the regular lattice sites with the degree of low-temperature deformation 
was established. On example of KCl-Na the assembly of electron-hole pairs in the 
light cation Na field of the crystal was demonstrated, which radiative relaxation (2.8 
eV) increases more than 30 times in the temperature range 80-300K, apparently due 
to an increase in the mean free path length of hot holes before self-trapping [5]. 

Thus, the increase in the luminescence of AHC was demonstrated by the 
impact on the mean free path of free excitons and holes by lowering the lattice 
symmetry.  
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An upconversion luminescence material of monoclinic Y2WO6:Yb3+/Er3+ 

with various Er3+doping concentration was synthesized via both classical solid 

state and facile hydrothermal method. Therein, the sodium surfactant dodecyl 

benzene sulfonate (SDBS) was used to modify the sample to obtain the 

peculiar morphology during the hydrothermal synthesis process, and their 

crystal structure and morphology were characterized by X-ray diffraction(XRD) 

and scanning electron microscopy(SEM).Under the 980nm laser excitation, 

the emission bands of Er3+ are obtained which are respectivelycentred at 

410nm(2H9/2→
4I15/2),480nm(4F7/2→4I15/2),530nm(2H11/2→

4I15/2),550nm(4S3/2→
4I

15/2),665nm(4F9/2→
4I15/2)and 867nm(4I9/2→

4I15/2)nm. It is found that the 

luminescence intensity ratio of green and red band gradually increased with 

the increase of excitation power.Based on the energy level structure of Er3+ 

and excitation power dependence, the dominant upconversion mechanism of 

the monoclinic Y2WO6:Yb3+/Er3+ phosphor isdiscussed. 
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A series of Sr3La2(1-x)(BO3)4:xEu3+ (0.01 ≤ x ≤ 1.00) nanocrystalline 

phosphors was prepared by a novel technique which is a slight variation of 

solution combustion synthesis. The XRD analysis confirmed the formation of 

the solid solution between Sr3La2(BO3)4 and Sr3Eu2(BO3)4. The morphology 

was determined with Scanning Electron Microscope (SEM). It was found that 

the size of nanocrystallites is around 50-60 nm. The excitation, emission 

spectra and decay curves are reported. The photoluminescence spectra show 

that the samples have intense and prevailing red emission at 612 nm 

corresponding to the 5D0 → 7F2 electric dipole transition. The Eu concentration 

and different annealing temperature have an effect significantly on the 

luminescence properties. In addition, the thermal stability of phosphor was 

also investigated. The results showed that the emission intensity of 

Eu3+-activated phosphors decreases slightly no spectral shift is observed with 

increasing temperature. 
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 The present work reported a Judd-Ofelt analysis of spectroscopic and lasers 
parameters of Er3+ [1] ions in crystal hosts. Rare earth-doped fluoride single crystals 
are considered to be an important class of optical device materials due, mainly, to 
their low phonon energies. They play a very significant role in the development of 
laser amplifiers for optical communications. Among the rare earth, trivalent erbium 
ions Er3+ have potential for laser applications due to a large number of available 
energy levels in the visible and near infrared domains.  
We have studied the optical properties of  Er3+ doped BaF2 single crystals. Room 
temperature absorption spectra were recorded in order to investigate spectroscopic 
properties by using the Judd-Ofelt (JO)  analysis [2,3]. The emission spectra, 
associated to 4S3/2, 

2H11/2  and 4F9/2  to 4I15/2    level, have been also registered between 
530 and 700 nm. They have been calibrated in emission cross-sections using the 
usual Fuchtbauer-Ladenburg formula.  
Keywords: Rare-earth, laser amplifier, Judd-Ofelt analysis, emission cross-section, 
fluorescence lifetime, absorption spectra. 
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Confined Excitons in CdF2-CaF2Superlattices 
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Superlattices (SLs) are structures formed by a periodic combination of 

monolayers (MLs) of materials having different band gaps thereby representing a 
sequence of quantum wells and barriers with modified optical properties. This makes 
them useful for application in quantum devices such as resonant tunnelling diodes or 
quantum cascade lasers.In this work,we focused on spectroscopy and dynamics of 
relaxation of intrinsic electronic excitations in SLs grown using a molecular beam 
epitaxy (MBE) technique [1]. Time-resolved spectroscopic characterisation of 
emission properties was performed using UV-VUV and X-ray synchrotron radiation.  

The SLs were composed periodically layered structures of 3 or 5 monolayers 
(MLs) of CdF2 and CaF2. It was shownthat the luminescence spectroscopic 
properties of these materials are largely governed by the behaviour of the CdF2 
quantum well, due to its smaller band gap. Excitonic emission in CdF2 MLs was 
detected at temperatures lower than 200 K (Fig. 1). Excitation spectra recorded 
monitoring excitonic emission revealed significant (up to 0.85 eV) blue shift of CdF2 
fundamental absorption in SLs relative to that observed for bulk CdF2 crystals 
(Fig. 2). That was shown to be related to confinement of non-relaxed (high energy) 
excitons. In addition, for the both 3 and 5 ML superlattices confinement effects are 
well pronounced in emission spectra and luminescence decay transients. 

 
Fig. 1 Emission spectra of bulk CdF2 
crystal and SLs 

Fig. 2Excitation spectra of bulk CdF2 
crystal (from [2])and SLs. Insert shows 
decay curves for 3 and 5ML SLs. 

 
References: 
 
[1] N.S. Sokolov, S.M. Suturin, Applied Surface Science, 175–176 (2001) 619-628. 
[2] F. Fermi, C. Paracchini, N. Zema, J. Lumin. 31-32, (1984) 108. 

2.5 3.0 3.5 4.0 4.5 5.0 5.5
0.0

0.2

0.4

0.6

0.8

1.0

 3 ML,
 
E

ex
=7.8

 
eV, 8K

 5 ML,
 
E

ex
=7.8

 
eV, 8K

 bulk
 
CdF

2
,
 
X-ray

 
exc.,

 
80K

in
te

n
si

ty
 (

a
.u

.)

 

energy (eV)
6 7 8 9 10 11 12 13

0.0

0.2

0.4

0.6

0.8

1.0

in
te

n
si

ty
 (

a
.u

.)

0 10 20 30 40 50 60 70

0.1

1

  

time, ns

3
 
ML

5
 
ML

  

energy (eV)

 3 ML, E
ex

=7.8
 
eV, 8K

 5 ML, E
ex

=7.8
 
eV, 8K

 bulk
 
CdF

2
,
 
X-ray

 
exc.,

 
80K

Poster Session I -27

120



High-pressurephotoluminescence spectroscopy of 
codoped LiNbO3:Cr

3+
; W

4+
 crystals. 
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In this work the photoluminescence properties of congruent 
codopedLiNbO3:Cr3+; W4+, crystals have been systematically investigated by 
performing photoluminescence studiesat room temperature in a wide range of 
hydrostatic pressures ranging from 1 bar to 280 kbar. In particular, our study 
has focused on the influence that hydrostatic pressure has on the 2E→ 4A2(R-
lines)transitions. It has been observed that the pressure dependence of the 

spectral position of the R-lines associated with the two  and  Cr3+centres 
shows a bilinear behaviour with achange of slope near to 210 kbar. This has 
been related to the existence of a phase transition in the LiNbO3 network. From 
the experimental results obtained,and considering the crystal field theoryand 
theMurnaghan equation, the crystal field and hydrostatic pressureparameters 
have been calculated. Finally, considering the Sugano Tanabe theory, we 
propose anequation describing the pressure influence in the Racah values. 
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Luminescence properties of different Eu sites 
in Ba2K(PO3)5 doped with Eu

2+
 and Eu
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Barium potassium phosphate (Ba2K(PO3)5) doped with europium belongs 

to the hosts able to accommodate both Eu3+ and Eu2+ ions, which make it useful 
for white light emitting diodes (WLEDs) based on UV chip technology. 

In this work effects of pressure and temperature on the luminescence of Eu2+ 
and Eu3+-doped Ba2K(PO3)5 are presented. The luminescence spectra and 
luminescence decays were measured as a function of temperature and pressure. 
Depending on the excitation wavelength phosphor shows different luminescence 
spectra. The emission color was bluish green, when only Eu2+ was excited, reddish 
orange when only Eu3+ was excited or white over simultaneous excitation of both 
ions. At room temperature under excitation with near UV light, the luminescence 
spectrum consists of broad emission band peaking at 480 nm due to the 4f65d1→4f7 
(8S7/2) transitions of Eu2+ and several sharp lines between 580 and 710 nm region, 
ascribed to the 5D0 → 7FJ (J = 0, 1, 2, 3 and 4) transitions in Eu3+. At low 
temperatures, we observed three different bands related to the 4f65d1 → 4f7 
transitions in different Eu sites (at 415 nm (A), 450 nm (B) and 505 nm (C)): two Eu 
sites substituting for Ba2+ and one Eu site substituting for K+. 

Under fixed excitation wavelength the effect of increasing of the intensity 
of Eu2+ emission with respect to Eu3+ emission was observed for temperature range 
5 – 100 K. The nonradiative intersystem crossing was responsible for decreasing of 
the relative intensity of the Eu2+ luminescence for temperature range 150 – 500 K 
and causes decreasing of the Eu2+ to Eu3+ luminescence intensity ratio for 
temperature higher than 150 K. Luminescence decays were measured for selected 
temperatures and pressures. At 10 K the decays of Eu3+ luminescence were single-
exponential, with time constant being 3.6 ms. When temperature increases all 
emissions decay faster and become multiexponential. Decay times slightly decreased 
with increasing pressure. In the range of 10 – 400 K the decays of 4f65d→4f7 
emission in the Eu2+ were single-exponential, with time constant being 0.65 μs, 
0.62 μs and 0.35 μs for A, B and C emission bands, respectively, and did not depend 
on temperature. At higher temperatures (from 400 K to 500 K) the luminescence 
decays become shorter and non-exponential, as the result of thermal quenching. 
When pressure increases all emissions decay faster. 
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Luminescence Properties of Silicate Apatite Phosphors 
M2La8Si6O26:Eu (M = Mg, Ca, Sr) 
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Silicate apatites are well-known hosts for high-efficiency and stable phosphors 

which are considered in particular as possible color converters for white light 
generation using LEDs (see, e.g. [1,2]). Within the crystal structure of silicate apatites 
IXA14

VIIA26(SiO4)6O2 the alkaline earth (M2+) and rare earth (Ln3+) ions can occupy 
two crystallographic sites: a 9-coordinated tricapped trigonal prism site and a 7-
coordinated distorted pentagonal bipyramid site. Owing to the presence of two sites, 
two types of emission centers for the dopants can be expected at least, which allows 
advanced materials engineering. Taking into account the features of the apatite 
structure [3] as well as the ionic radii of the ions involved one can expect that there 
are some differences in the luminescence properties of phosphors for Mg2+-based 
and Sr2+-based matrices. The Mg2+ ion having a small ionic radius tends to occupy 
preferably the A2-type sites in the matrix, which results in IXLa4

VIILa4
VIIMg2(SiO4)6O2. 

Sr2+ ions having large ionic radii should occupy exclusively the A1-type sites, which 
corresponds to IXSr2

IXLa2
VIILa6(SiO4)6O2. However, Ca2+-based phosphors are 

expected to show the features caused by the statistical distribution of the cations 
onto both crystallographic sites.  
 The ceramic phosphors, silicate apatites M2La8(SiO4)6O2 (M = Mg, Ca or Sr) 
doped with ions of europium, were obtained by high-temperature solid-state reaction 
using the precursors synthesized under hydrothermal conditions. Some samples 
were annealed in H2/Ar reducing atmosphere in order to convert Eu3+ into Eu2+. The 
phosphors were characterized by XRD analysis and Raman spectroscopy. The 
photoluminescence under blue-to-VUV excitation as well as cathodoluminescence of 
these phosphors were studied for various concentrations of the doping ions.  
 Under excitation into the (O2- - Eu3+) charge transfer band (peaked near 275 
nm) these phosphors show red luminescence due to the intraconfigurational 4f – 4f 
transitions of Eu3+. The phosphors also exhibit a broad-band luminescence in the 
blue-to-yellow spectral region depending on the composition and treatment. The 
broad emission bands are assigned to interconfigurational 5d – 4f transitions of Eu2+ 
occupying different sites in the apatite matrix. The mechanisms of the Eu3+/Eu2+ 
luminescence excitation are discussed. 
 This research was performed within the ERA.Net RUS Plus Programme, 
project NANOLED # 361 (RFBR Grant 16-52-76028 ERA_а). 
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Optically Properties of K2SO4 Doped by Transition Metal 
Ions 
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 The absorption spectrum depending on the thickness of the crystal are 

measuring in this paper. Figure 1 shows the absorption spectrum of a single crystal 

K2SO4-Ni2+ was measured at the room temperature.  

There are three absorption bands in the spectrum (Fig. 1). The first absorption 

band starts at 5.17 eV and extends to the far ultraviolet region. The second 

absorption band has a maximum absorption near 4.13 eV. The third absorption band 

is observed only in crystals of a thickness exceeding 2.5 mm and has a maximum 

near 2.95 eV. 

 

Figure 1. Absorption spectra of K2SO4-Ni2+: 

1 – d=0.66 mm; 2 – d=1.74 mm; 3 – d=2.78 mm; 4 – d=3.59 mm 

 

Regardless of the concentration of nickel sulfate in the feed solution (0.2 mol% to 3.0 

mol%) in the optical density of impurity absorption bands are linearly dependent on 

the sample thickness. Implementation of the Bouguer-Lambert-Beer law shows that 

the observed absorption is due to absorption centers, uniformly distributed in the bulk 

of the crystal. Consequently absorbing impurity centers uniformly distributed 

throughout the sample volume. By increasing the salt content of the impurity in the 

initial solution linearity is broken. Since the new absorption bands do not appear, the 

observed previously linearity due to the deficiency of the samples.  
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Energy transfer and Spectroscopic Properties of UV Active 
Media Ce

3+
:LiCa1-xSrxAlF6 

 

A A Shavelev, A S Nizamutdinov, V V Semashko, M A Marisov 
Kazan Federal University, 420008, Kremlevskaja str., 18, Kazan, Russian Federation  

 

Fluoride crystals of colquiriite structure LiCaAlF6 and LiSrAlF6doped by Ce3+ are 
known as the most practically useful active media for generation and amplification of 
UV light despite low isomorphic capacity for Ce3+ ion and multicenter character of 
activation [1-3]. 

As it was shown earlier [4,5] changing the chemical content in mixture of 
homologous crystals give an opportunity to manage impurity ions segregation 
coefficient, optical properties and photochemical stability. Information on energy 
transfer between impurity centers of different symmetry in LiCa1-xSrxAlF6 and 
chemical content influence on this energy transfer could open the way to manage 
and improve lasing characteristics and optical properties of these crystals. Here we 
report on spectroscopic properties of series of mixed crystals Ce3+:LiCa1-xSrxAlF6 
grown by Bridgeman technique at room and low temperatures, energy transfer 
peculiarities between Ce3+ centers.  

Optical absorption spectroscopy studies have shown that mixed crystals 
Ce3+:LiCa0,2Sr0,8AlF6 exhibit more than 3 times higher absorption coefficient 
compared to Ce3+:LiCaAlF6 sample and CeF3 component content in the melt was the 
same for these two charges. We report time-resolved 5d-4f luminescence studies of 
Ce3+ in colquriite type mixture crystals at temperatures in the range 300-5K.  

Herewith mixture crystals exhibit higher relative intensity of luminescence for short 
wavelength centers, which appear to be active lasing centers mostly [3]. Our 
preliminary results are that redistribution of Ce3+ impurity centers appears in mixture 
crystals matrix in the favor of short wavelength emitting centers. And this leads 
benefits as higher gain coefficient at longer wavelengths and higher lasing efficiency 
due to lower energy transfer rates between centers in comparison to LiCaAlF6 and 
LiSrAlF6 matrices. Also we report on optical gain studies of 5d-4f transitions of Ce3+ 
ions in LiCa1-xSrxAlF6. 
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Theoretical study on photoinducednucleation dynamics 
by injection of THz optical pulses 
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Recent progress of intense optical pulse generation technology has made it possible 
to inject coherent phonons in a macroscopic scale[1], and the lattice deformation 
induced by such a process will cause electronic transitions in strongly coupled 
electron-phonon systems. Based on the analogy to the photoinduced phase 
transitions observed in various materials, we consider that cooperative interactions 
between electrons and coherent phonons will lead to the multiplication of excited 
electrons and/or growth of a transient phase, which is understood by bifurcation of 
quantum-mechanical wavepackets on adiabatic potential energy surfaces. Taking a 
model of localized electrons coupled with a quantized optical phonon mode, we have 
discussed the dynamics of the cooperative phenomena by THz pulse irradiation and, 
in particular, the role of the number and/or the initial distribution of phonons in the 
initial creation process of transient phases[2].   

In this paper, we consider “double-pulse” experimental configurations in 
whichintense THz pulsesare irradiated to the system after pump pulses with shorter 
wavelength.In this case the THz pulses instantaneously generate multiple phonons 
during relaxation processes, and hence they affect the dynamics of 
photoinducednucleation in strongly coupled electron-phonon systems. 

In order to study the effect of the creation/annihilation of phonons during nucleation, 
we employ a model of electron-phonon systemsin which each electron is localized in 
molecules arrayed on a square lattice. We have shown that this model is useful to 
reveal the nonadiabatic dynamics of photoinducednucleation[2,3]. Applying a method 
of large deviation statistics[3], we calculated the power spectra regarding the 
distortion of the molecule at each site, and show that theresonance frequency of 
molecular vibrationvaries with the progress of nucleation. In particular, these 
frequencies are different between the molecules inside and outside of photoinduced 
nuclei. Hence, the relaxation dynamics of the system changes after 
creation/annihilation of phonons by THz optical pulses. These results show that it is 
possible to modulate the nucleation dynamics by choosing an appropriate frequency 
of THz pulses which is resonant to the vibration of molecules inside or outside of the 
nuclei.  
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Ultra-short Pulse Lasing from LiLu0.7Y0.3F4:Ce3+ 
A.S.Nizamutdinov, I.I.Farukhshin, V.V.Semashko, S.L.Korableva, M.A.Marisov 
Kazan Federal University, 420008, Kremlevskaja str., 18, Kazan, Russian Federation 

 
Today new technologies express demands on lasers oscillating in ultraviolet 

(UV) spectral range and having short pulse duration [1]. One of perspective methods 
of obtaining UV lasing is using of fluoride crystals doped by Ce3+ ions as active 
media. Intercofigurational transitions of Ce3+ ions are characterized by large cross-
sections and significant broadening thus providing short pulses with duration from 
several to tens of nanoseconds and even in subnanosecond time domain directly in 
UV [2]. But this also opens the complex picture of photodynamic processes in UV 
active medium resulting in formation of color centers [2]. This gives an opportunity to 
utilize the color center losses for arrangement the modulation of Q-factor of the cavity 
or even mode-locking. Thus formation of color centers turns the UV active medium 
into multifunctional material working as gain medium and modulator at the same time. 

The aim of this work was obtaining UV laser oscillation in ultra-short pulse 
mode from LiLu0.7Y0.3F4:Ce3+ (Ce:LLYF) and modulation of dynamic processes via 
pumping radiation, additional irradiation and temperature. 

As it was investigated earlier [3] level of losses due to color centers doesn’t 
remain constant during experiment. It depends on bleaching factors i.e. amount of 
laser radiation inside the cavity, the external additional irradiation [4] and temperature 
[3,4]. We have obtained 400±50 ps single short laser pulses in Ce:LiY0.3Lu0.7F4 
crystals at 311 nm with slope efficiency as high as 6 % for low Q-factor cavity under 6 
ns pulses at 10 Hz pumping by Ce:LiCAF laser at 289 nm. Intracavity losses 
modulation alike Q-switching was demonstrated by laser color centers bleaching. 
Ce:LYLF single crystals can be operated as active media and Q-switching device at 
the same time. Thus measured contrast of losses level dependence on pump energy 
appeared to be 1.8. The results demonstrate a “saturated absorber” operation. 
Additional irradiation of active medium at 532 nm increases the slope efficiency up to 
6.2 % and it is accompanied by a 600 ps second laser pulse generated 2.5 ns after 
the first one. Bleaching of color centers is accompanied by lowering the average 
losses in the cavity and increasing the slope efficiency.  

By means of simulation fitted to experimental results some parameters of 
dynamic processes in our active medium were obtained. The significant probability of 
capture of an electron by defect from CB ((7.1±0.9)·109 s-1) speaks for high speed of 
saturated state vanishing, large color centers absorption cross section at lasing 
wavelength ((4.0±1.2)·10-18 cm2) provides significant contrast ratio of saturable 
absorber. This opens the way to manage the amount of color centers and saturable 
absorber contrast ratio and temporal distribution of laser pulses. 
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Ceramic technology offers design flexibility on a macro and micro level allowing 
development of cost effective large size scintillators and laser media as well as high-
output microchip optics. An important issue arising along is related to the need for 
better understanding of defect structure and energy transfer peculiarities in the new 
kind of optical media. Herewith, we report on synthesis and characterisation of a 
series of highly transparentYAG:Ce3+nanoceramic samples. The samples were 
prepared via solid-state reaction that is followed by aprecalcining procedure [1]. The 
characterisation included T-dependent measurements of X-ray excitedemission 
spectra, transmission spectra, thermally stimulated luminescence (TSL) glow curves 
and emission decay kinetics. The latter were taken upon excitation with synchrotron 
radiation in the range of 4-25 eV at SOLEIL facility (France).  

As expected, exciton and defect emission showed quenching upon rising 
oftemperature and Ce3+ concentration.Decay curves ofYAG:Ce3+revealed 
appearance of slow decay components and build-up upon excitation above 
fundamental absorption edge. Delayed host-to-Ce3+ energy transfer arises due to 
retrapping of electronic excitations on shallow traps of different nature. Excitonic 
energy transfer process was most effective for sample with 5% of Ce3+.The TSL 
measurements(Fig. 2) suggest that the shallow traps appeared below 100 K are 
reduced if compared to single crystals and otherkinds of ceramics reported before [2].  

Overall results indicate that the novel YAG:Ce3+ceramics have improved 
structure in terms of distribution of defects and traps being of valuable potential for 
the development of bright and fast ceramic scintillators. 

 
Fig. 1 Decay kinetics of YAG:Ce

3+
 at RT Fig. 2 X-ray excited TSL forYAG:Ce

3+ 
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Radiative and nonradiative recombination in Si-doped InN 
thin films 
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The time-integrated and time-resolved photoluminescence were measured to study 

the radiative and nonradiative recombination inInN thin films grown by molecular 

beam epitaxy on sapphire substrates with GaN buffer layers.  Using the van der 

Pauw Hall geometry, four different InN samples with mobilitiesof 757, 945, 832, and 

115 cm2/Vs and background concentrations of 6.16×1018, 8.50×1018, 2.28×1019 and 

1.27×1020 cm-3forthe undopedsampleI, Si-doped samplesII, III, and VI, respectively, 

were obtained. Carrier concentration of 1.5×1019 cm-3 was photo-generated for all 

samples. 

Radiative recombination in undoped and Si-doped InN thins films was found to be 

ineffective due to significant nonradiative recombination. The trap density and the 

Shockley-Read-Hall recombination rates were found to increase with increasing doping 

density. The SRH cross section were estimated to be 1.5~3.5× 10-16 cm.Auger 

recombination was found effective in these samples due to high background carrier 

density.  We elucidate the discrepancies of the recombination rates determined from the 

Gourdon’s model and those from the rate equation may due to the prominent 

nonradiative recombination by the Auger and Shockley-Red-Hall (SRH) recombination 

at high background concentrations. 
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Dynamics ofchanges in optical absorption induced by 
exposition to short- and long-wavelength radiation in the 

BTO:Al crystal 
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 Insistent behavior of the changes in the spectral dependences of optical 
absorption induced in the bismuth titanium oxide crystal doped by aluminum (BTO:Al) 
as a results of sequential exposition to cw laser radiation first with the wavelength λd= 
532 nm and then with the longer wavelength λl,has been recently discovered [1]. To 
account for observed dependence of an achievable bleaching of the BTO:Al crystal 
preliminary darkened by radiation with λd = 532 nm on the wavelength λlthe model 
based on configuration coordinate diagram for deep-level defects characterized by 
large lattice relaxation is appropriate. We report here on the experimental study and 
the theoretical consideration of the dynamics of the changes in absorption induced by 
laser beams with the wavelengths λd = 532 nm and λl = 655 nm in the (100)-cut 
BTO:Al crystalwith a thickness of 6.6 mm. 
  We study experimentally the absorption-coefficient dynamics in the BTO:Al crystal 
by using two techniques. First, the photoinduced absorption variations were caused 
by a strong light beam with the darkening wavelengths λd = 532 nm, while the 
changes in absorption were monitored by the sample transmission of weak radiation 
with another wavelengthλl = 655 nm. Second, we measured the temporal behaviour 
of the changes for inherentabsorption induced by a single laser beam with the 
wavelengthλd = 532 nmor λl = 655 nm. In this case the enhanced transmittance of the 
crystalwith monotonic time dependences were observed for λl = 655 nm, whereas for 
light with λd = 532 nm the crystal darkening was characterized by more complicated 
dynamics. In particular, we observed the time oscillations of the changes in light 
absorption for λd = 532 nm, which had been described previously [2] for Bi12SiO20:Al 
crystals in the absorption bands with λmax = 1590 and 397 nm. 
For a theoretical interpretation of experimental results we have considered the 
photoinduced electronic transitions between the ground and excited states of the 
deep-level defects characterized by large lattice relaxation in the frame ofthe model 
based on configuration coordinate diagram[3].The changes in light absorption at 
these transitions result from different cross-sections of photoexcitation for such 
defects occupied the ground and excited states. 
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Basic Principles of Ion Beam Induced Luminescence and 
its Application to the Study of Electronic Excitation in 
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Luminescence is a very sensitive technique to identify and investigate 

optically-active point defects (color centers) in dielectric materials.As an example, for 

SiO2 the correlation between optical absorption and photoluminescence has allowed 

to identify a number of relevant color centers [1]. On the other hand, luminescence 

during irradiation is a useful tool to investigate the generation of point defects by the 

irradiation and to reveal the operative mechanisms. An increasing number of papers 

is recently being devoted to understand the defects produced by irradiation with high-

energy ion-beams on SiO2 and their correlation with the associated luminescence 

processes (ionoluminescence)[2,3]. The light emission mechanisms are, indeed, of 

an electronic nature and so they may help to clarify the processes induced by the 

electronic excitation and stand out the differences with the elastic collision processes. 

One main intrinsic advantage of the ionoluminescence technique over other 

spectroscopic methods (optical absorption, Raman, Electronic Paramagnetic 

Resonance) is that spectra are obtained in situ, not requiring interruption of the 

irradiation and so avoiding the influence of possible recovery effects. 

This poster presents the basic principles of the ionoluminescence technique as a 
support to the oral presentation: “Ionoluminescence as a Tool to Investigate the 
Dynamics of Electronic Excitations in Dielectrics: the Case of SiO2”. We present also 
some examples of how external factors (e.g., temperature, stopping power of the 
incident ions, impurities in the sample) can affect the electronic processes and, 
therefore, the ionoluminescence signal. 
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 Tetroxoanions XO4
2- of hexavalent transition metals are toxic industrial 

pollutants and their removal from industrial wastes is a topical technological problem 
[1]. Carbon nano-structured materials, in particular carbon nanotubes (CNTs) and 
their assemblies are intensively studied at present as materials for efficient removal 
and storage of various toxic molecules. The XO4

2- anions are characterized by well-
distinguished bands of optical absorption, observed in particular when the anions 
exist in gaseous phase or are solved in aqueous solutions. The optical absorption 
bands of XO4

2- anions can be independently predicted in the electronic structure-
related computational modeling by calculations of the energies of their excited 
electronic states and corresponding transition probabilities. Such prediction can 
contribute to development of novel optical methods for monitoring the XO4

2- anions 
adsorption on carbon nano-structured materials and this can be particularly important 
for the toxic waste remediation task. 

In this work, adsorption of XO4
2- molecular oxyanions on the surfaces of 

undoped, B(N)-doped carbon nanotubes is analyzed in computational studies. A 
geometry-optimized calculations of the electronic structure of undoped, B- or N-
doped CNTs of (3,3) and (5,5) chiralities with adsorbed XO4

2- oxyanions of various 
hexavalent transition metals are carried out within molecular cluster approach by 
Gaussian 03 program package [2]. Relaxed geometries, binding energies between 
the adsorbates and the nanotubes, charge states of the adsorbates, energies of 
excited states of absorbed XO4

2- anions are calculated and analyzed. The optical 
absorption spectra of XO4

2- anions adsorbed on the CNTs surfaces are calculated 
and compared with corresponding experimental data. Obtained results are 
supplemented by calculations of adsorption of XO4

2- oxyanions on B(N)-doped 
graphene sheets which are considered as model approximation for large-diameter 
CNTs. 

Obtained results are analyzed together with existing experimental data on the 
optical and luminescence properties of carbon/oxide composites. The influence of the 
B(N) doping on the type of chemical bonding between XO4

2- anions and CNTs is 
revealed. Possibilities for spectroscopic monitoring of the XO4

2- anions removal from 
industrial wastes by carbon nano-structured materials are outlined.  
 
References: 
[1] N. Tarutani, Ya. Tokudome, M. Fukui, et al. // RSC Adv. 5 (2015) 57187. 
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 In the last decades, nano-structured garnets are being used in different 
applications in the field of the nano-technology since recent works have 
demonstrated that they conserve the great chemical and physical properties of their 
analogous bulk garnet crystals [1, 2]. Therefore, the combination of the great 
luminescence properties of rare earth (RE3+)-doped nano-garnets and the high 
optical transparency and mechanical and chemical stability of these nano-garnets 
make them extremely useful as solid-state lasers, scintillators and also as 
temperature and pressure NIR optical sensors.Moreover, there is considerable 
interest in upconversion emission from lanthanide (Ln3+)-doped nano-crystals 
becauseoffers an attractive optical labeling technique in biological studies without 
many of the constraints associated with organic fluorophores and quantum dots. The 
Upconversion technique utilizes near infrared (NIR) excitation, thereby significantly 
minimizing background autofluorescence, photobleaching, and photodamage to 
biological specimens [3]. 
Concretely, our work is based in stokes and anti-stokes luminescence of the 
Er3+doped  and Er3+,Yb3+ co-doped Y3Ga5O12nano-garnets for comparison. These 
nano-garnets have been synthesized by sol-gel method as nano-powders and they 
crystallize in the bcc structure (Ia-3d) and have 160 atoms in the unit cell. The garnet 
crystal structure can be described as a network of GaO6octahedra, GaO4tetrahedra 
and YO8 dodecahedra. The Stark levels in luminescence spectra, with an intense 
green emission and weak emissions in the red and NIR regions, confirm that Er3+ and 
Yb3+ ions are incorporated to dodecahedra with D2 symmetry of the garnet structure. 
When the Yb3+ ions are excited at 970 nm, a very bright green luminescence of the 
Er3+ ions is observed by the naked eyes, even for low laser power as 15 mW. The 
red upconverted emission increases compared to that found under direct excitation of 
the Er3+ ions. The power dependency and the dynamics of the infrared-to-visible 
upconverted luminescence show the existence of different two-photon ETU 
processes for the green and the red upconverted emission.These results make 
thisnano-material interesting for its use as an upconversion phosphors, upconverted 
lasers and optical labels for biological studies in the green and red region under NIR 
excitation. 
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Blue upconversion emission of Cu2+ ions sensitized by Yb3+-trimers in 
CaF2 

Weiping Qinand Tuerxun·Aidilibike 

State Key Laboratory on Integrated Optoelectronics, College of Electronic Science and Engineering, 

Jilin University, Changchun, Jilin 130012, China. 

Under 978 nm near-infrared (NIR) excitation, blue upconversion (UC) emissions from CaF2:Cu
2+

, Yb
3+

 was 

first observed at ~420 nm. It was ascribed to the 3d
8
4s

1
 → 3d

9
 transition of Cu

2+
 ions. From transient 

measurements, the UC process was found to be dominated by the energy transfer process that three excited 

Yb
3+

 ions simultaneously transfer their energy to one Cu
2+

 ion. The influence of Cu
2+

 concentration and 

temperature on the UC emission as well as Jahn-Teller effect was also investigated. 

Fig.1. (a) Emission spectra (300-450 nm) of CaF2: x%Yb
3+

, y%Cu
2+

 

(x=0, 1; y=0.03, 0.05, 0.08, 0.1, 0.8, 1, 2) upon 978 nm excitation 

at room temperature. (b) Emission spectra (450-600 nm) of 

CaF2:1%Yb
3+

, y%Cu
2+

 (y=0, 0.005, 0.01, 0.3, 0.5, 0.8, 1, 2) with 

various Cu
2+

 doping upon 978 nm excitation at room temperature. 

(c) Schematic energy level diagram of Yb
3+

 and Cu
2+

. The 

cooperative energy transfer from three excited Yb
3+

 ions to one 

Cu
2+

 ion is exhibited by using dash black arrows. (d) Integrated 

intensity dependences of 343 nm, 420 nm, and 500 nm UC 

emissions on the doping concentration of Cu
2+

. 

Fig.2. (a) Emission spectra of CaF2:1% Yb
3+

, 0.05% Cu
2+

powder 

taken at different temperature upon 978 nm excitation. (b) 

Integrated emission intensity of CaF2:1%Yb
3+

, 0.05% Cu
2+

 at various 

temperatures during heating. (c) Schematic configurational 

coordinate diagram of Cu
2+

 ions. 

Fig.3. (a) Fluorescence decay curves of 520 nm and 343 nm CLs. (b) 

Fluorescence decay curve of the UC luminescence at 420 nm from 

Cu
2+

 ions upon 978 nm excitation (c) Fluorescence decay curves of 

343 nm cooperative luminescence (CL) from Yb
3+

-trimers with 

different Cu
2+

 concentrations under 978 nm excitation in CaF2: 

1%Yb
3+

, y%Cu
2+

 (y=0.03, 0.05, 0.08, 0.1 mol) at 10 K, respectively. 

(d) Decay curves of Cu
2+

 emission of CaF2: 1% Yb
3+

, 0.05% Cu
2+

at 

various temperatures (10-250 K). 

Fig.4. (a) Life times of Cu
2+

 ions as a function of temperature (b) 

Double-logarithmic plots of the pump-power dependent UC 

emission intensity recorded under 978 nm excitation. 
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Energy migration in doped crystals 
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Crystals doped with luminescent ions are widely used as phosphors in light emitting 
diodes, fluorescent tubes, displays, as gain medium in solid-state lasers, or as 
nanosize biolabels. The luminescent ions act as discrete optical centers that can 
absorb or emit photons. After the absorption of a photon, the energy is usually 
partially dissipated by internal relaxation on the absorber ion and/or by energy 
transfer to other types of dopant ions. Eventually, light with a lower photon energy is 
emitted. In some materials, upconversion is possible: the material can emit photons 
of higher energy than it absorbs, following energy transfer steps between dopant ions 
in which the absorption energy is collected on one type of ion. 
 
In these materials, the active ions usually substitute non-luminescent cations of the 
host. One would naively expect that in order to make the emission brighter, the 
dopant concentration in the host must simply be increased because this enhances 
the absorption and emission rates. However, high dopant concentrations bring along 
the possibility that the absorbed energy migrates by hopping from dopant to dopant. 
This phenomenon is advantages for some applications if the energy reaches an 
intentional acceptor ion eventually [1]. On the other hand, it leads to “concentration 
quenching” if the energy reaches a quenching site [2]. 
 
We will present Monte Carlo simulations of energy migration, energy transfer and 
concentration quenching. The commonly employed diffusion model for energy 
migration by Yokota & Tanimoto [3; 651 citations] gives a very poor match to our 
Monte Carlo results. Energy migration affects the decay dynamics less strongly than 
predicted by the Yokota–Tanimoto model. The difference arises because the model 
neglects the discreteness of the crystal host and the randomness of dopant 
substitution. Our results imply that Yokota–Tanimoto fitting of photoluminescence 
decay curves cannot provide accurate estimates for energy diffusion constants and 
that Monte Carlo simulations are required to provide insight in the dynamics of 
energy migration and concentration quenching. 
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Luminescent properties of Ce
3+

-doped  

germanate scintillating glasses 

Shan Qian, Lihui Huang, Kangying Shu, Shiqing Xu 

 Hangzhou 310018, China 

With respect to scintillating crystals, scintillating glasses have the advantages 

including low production cost, easy shaping of elements, possibility to incorporate 

activator ions at high concentrations and in the ease of manufacture in different sizes 

and shapes [1-4]. Scintillating glasses could have applications in high-energy physics, 

industrial and medical imaging fields. Compared to RE-doped silicate glasses, 

RE-doped germanate glasses exhibit lower phonon energy and consequently could 

have higher luminescence efficiency. Recently, RE-doped germanate glasses were 

developed successfully by melt-quenching method. In this paper, the luminescent 

properties of Ce3+-doped germanate glasses were investigated. 
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 The energy levels of gallium and arsenic vacancies as well as silicon 
impurities in the band gap of InxGa1– xAs have been calculated as functions of the 
indium content. The calculation was conducted in the framework of density functional 
theory with the hybrid functionals B3LYP. The influence of defects on the lasing 
output power, spectral peculiarities and the optimal reflection coefficient of output 
mirrors of laser diode arrays (the lasing wavelength is about 940 nm) based on the 
In0.11Ga0.89As/AlGaAs heterostructures has been estimated.  

It has been shown that the lasing output power of laser diode arrays with 
active level containing defects with deep energy levels (charged and uncharged, 
exited and in the ground state) in the band gap is substantially lower (all other 
conditions being the same) than that of laser diode arrays with shallow level defects 
in their active layers. The influence of indium content in the InGaAs compound on the 
indium atoms clustering in the presence of point defects was estimated also. 
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The Exited States of Gallium and Nitrogen Vacancies in the 
GaN/AlN Heterointerface and Its Relaxation 
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 The influence of gallium, nitrogen and aluminum vacancies on GaN/AlN 
heterointerface characteristics as well as its exited states were calculated. The 
density functional theory calculations with the hybrid functionals B3LYP [1] with Hay-
Wadt effective core potentials [2] for all the heavy atoms in a combination with Hay-
Wadt valence basis were used. All the calculations were performed using 
PC GAMESS-FireFly software [3]. The model cluster of GaN/AlN heterointerface with 
the mixing of gallium and aluminum atoms in the range of 0 - 100 % was under 
consideration.  

The energy dependence of GaN/AlN clusters on different extent of gallium and 
aluminum atoms mixing in the interface was calculated. It was ascertain that the 
presence in the interface of nitrogen vacancy for cluster with 40% and more atom 
mixing facilitates the mixing of Ga and Al atoms in the AlN/GaN interface. It is known 
that the isolated nitrogen vacancies are formed in the GaN compounds under 
electron beam irradiation. So, the irradiation of GaN/AlN interface facilitates gallium 
and aluminum atoms mixing.  

The exited states of complex defects such as gallium vacancy + interstitial 
gallium atom in the first and second coordinate sphere were calculated. The 
relaxation processes of the exited states relaxation are discussed in the report also. 
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Photonic Effects on Magnetic Dipole Transition 
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Abstract:   
The radiative transition probability, also known as spontaneously emission rate, 
is a fundamental property for an optical transition. In the past extensive 
research, both theoretical and experimental, has been conducted to establish 
the relation between the local density of states and electric dipole (ED) 
transition probabilities [1, 2]. Nanocrystals doped with luminescent ions are 
ideal as probes to test theoretical models. Recent work has established that 
the nanocrystal cavity model accurately describes the influence of the 
refractive index n of surrounding medium on ED transition rates for emitters in 
nanocrystals [2].  
For magnetic dipole (MD) transitions theory predicts a simple n3 dependence 
of the MD transition rate. However, experimental evidence is difficult to obtain 
[3]. In the present study, we use hydrophobic Eu3+-doped core and core-shell 
nanocrystals (NC) (fluoride and tungstate NCs) suspended in apolar solvents 
with different refractive index n. As Eu3+ shows both pure ED and pure MD 
transitions, the influence of the refractive index on the ED and MD transition 
probabilities can be experimentally investigated. The ratio between the ED and 
MD transition rates and the total transition rate is in excellent agreement with 
the NC-cavity model for ED transitions and a n3 dependence for MD transitions 
thus providing evidence for the theoretically predicted n3 dependence. 
 

Keywords:   
Rare-earth, Magnetic Dipole transition, Electric Dipole transition, Refractive 
index 
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Carbon segregation phenomena on Fe0.85Al0.15(110) : a STM, LEED and XPS study

Surface structure of Fe0.85Al0.15 (110) single crystal in the ferritic phase is significantly influenced

by carbon impurities inside the bulk. By combining Scanning Tunneling Microscopy (STM), Low

Energy Electron Diffraction (LEED) and X-ray Photoelectron Spectroscopy (XPS), it was found that

carbon impurities segregate on top of the reconstructed bare surface in the form of parallel

stripes, spaced by approximately 8.6 nm. These stripes run along the [001] direction and have a

temperature dependent coverage; terraces on surface are aligned in shape at higher

temperatures, while the dominant step edges are parallel to the stripes at lower annealing

temperatures. However, such kind of carbon segregation and self-organization phenomena along

with regular terraces formation disappear after intensive sputtering/annealing cycles. The carbon

free areas of the substrate show superstructure LEED diffraction spots which correspond to a

local pseudo-hexagonal arrangement as imaged by STM (periodicity of 3 nm). This observation

matches a FeAl2 reconstruction model, which remains after disappearance of C segregation

phenomena.

Authors: Z. Dai, P. Borghetti, G. Cabailh, J. Jupille, R. Lazzari.
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Abstract 
 
This work reports a visualization of interface optical anisotropies in III-V semiconductor 
based coupled double quantum wells (CDQWs) by extending the standard 
photoreflectance spectroscopy (PR) modulation technique through a contrast in 
polarization along [110] and [010] crystallographic directions.[1] 
 
By probing the in-plane interfacial optical anisotropies, we demonstrate that polarized 
PR spectroscopy (also termed photoreflectance anisotropy, PRA) has the capability to 
detect and distinguish buried layers with quantum dimensions at room temperature 
based on a linear electro-optic effect (LEO) through a piezoelectric shear strain. In this 
work, the observed quantum levels are associated to 11H and 22H transitions, both 
with a heavy hole character for each one analysed CDQWs structures. The notation 
mnH indicates transitions from the mth conduction to the nth valence subbands.[2] 
 
We propose to use photoreflectance anisotropy as a simple, fast, non-destructive and 
complementary tool for analysing anisotropic quantum structures with polarizable 
defects or anti-symmetries such as quantum dots, wells and wires; or even more 
complicated systems such as quantum cascade lasers or high electron mobility 
transistors. 
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Narrowing of excitation band in nanophosphors 
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Nanophosphors were prepared through a high-energy planetary milling of its bulk 
phosphor: D50< 200 nm. They showed the drastic narrowing of photoluminescence 
excitation spectra [1] withslight blueshifting of emission bands[2], that is, smaller 
spectral overlap between the excitation and emission bands compared with the bulk 
phosphor. It leads to reducing the reabsorption rate. It results from significant 
quenching of all Raman scattering modes, implying the restriction of electron-phonon 
coupling. Finally the simulation of white LED based on the nanophosphors showed a 
higher luminous efficiency for their smaller concentrations. 
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 Rare earth ions doped into solids provide outstanding optical and spin 
coherence properties, which renders them as promising candidates for quantum 
optical applications ranging from quantum memories to quantum-nonlinear optics. 
However, due to the dipole-forbidden nature of the coherent transitions, they couple 
only weakly to optical fields. This limits most experiments to macroscopic ensembles, 
where inhomogeneous broadening complicates and limits quantum control.  

Here, we first present an approach to get efficient access to individual ions or 
small ensembles by coupling them to a high-Finesse optical microcavity. We employ 
fiber-based Fabry-Perot cavities [1] with high finesse and a free-space mode volume 

as small as a few ³ to achieve substantial Purcell enhancement. This offers the 
potential to boost the spontaneous emission rate by several orders of magnitude (up 
to 104), thereby making the weak transitions bright. Finally, we present the current 
status of the experiment and we discuss further steps towards our goal. 
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Rare-earth-ion-doped crystals have been extensively studied for quantum information 
applications because of their excellent coherence properties. Despite the very 
promising properties of the materials, development of quantum hardware is hindered 
by difficulties to access single ions and to couple several interacting units together, to 
create a scalable system in a bulk crystal.  
 
Nanoparticles containing rare-earth ions open up opportunities for high contrast 
single-ion optical detection [1, 2], and optical coupling to ensembles through access 
to optical cavities with low mode volumes [3]. One key question is to what extent it is 
possible for the linewidths in nanocrystals to approach the sub-kHz linewidths 
achieved in bulk crystals. 

 
Optical homogeneous linewidths of Eu3+ dopants in Y2O3 nanoparticles below 100 
kHz have been previously reported for 60 nm crystallites [4,5], and we now present 
homogeneous linewidths below 50 kHz for 100 nm crystallites.  
 
By performing hole burning and coherent spectroscopy on powdered nanoparticle 
samples we determine the broadening contributions of interactions between 
europium ions and dynamic disorder modes, phonons, and magnetic fluctuations 
within the host lattice. We explore the possibilities to extend the coherence times of 
sub-micron particles towards the bulk crystal values. 
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A reverse micelle is formed by self-assembly of surfactant molecules in a 

nonpolar solvent, and becomes a nanometer-scale spherical cage filled with water 

(Fig.1). Excellent properties of reverse micelles are that their size can be controlled 

experimentally, and that various molecules, such as proteins and DNA, can be 

dissolved in them. These properties allow us to study the confinement effect on the 

properties of water and molecules, under the condition similar to that in a cell [1]. 

Recently, we have found that the surrounding waterof a dye molecule in 

AOT/isooctane reverse micelles with a radius of ~1 nm is glass-like, that is, shows no 

diffusional motions even at room temperature, and that the lattice relaxation energy is 

small owing to a small number of water molecules in the reverse micelle[2]. These 

properties are considered to be appropriate for persistent hole-burning spectroscopy 

of dye molecules in reverse micelles at room temperature. Further, nanometer-sized 

functional elements could be created using reverse micelles in liquids, because the 

efficiency will be enhanced owing to suppression of relaxation processes. In the 

present study, we explore the properties of persistent hole-burning spectra of dye 

molecules in reverse micelles, and compare the results with those in bulk. 

   

     
   
Fig.1. Schematic cross-section diagrams of dye-molecule-containing reverse micelles 
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Organic-inorganic lead halide perovskites CH3NH3PbI3 have attracted much 

attention in last several years as very promising materials for solar cells, light-emitting 
diodes and laser devices. Organo-metal halide perovskites possess properties of 
traditional inorganic semiconductors, combined with the great advantage of low-cost 
solution processing. Their exceptional solar energy conversion and emission 
performance are driven by long carrier lifetimes, high carrier mobility, strong 
broadband optical absorption and high fluorescence quantum yield with possibility to 
tune the emission wavelength. Recent structural and photophysical studies 
concluded that CH3NH3PbI3 has two accessible crystal forms below room 
temperature: a tetragonal phase from 160 K to room temperature and an 
orthorhombic phase for temperatures T below 160 K. The purpose of this work is to 
investigate effect of crystal-phase transition on luminescence properties of 
CH3NH3PbI3perovskites using optical microscopy techniques. 

We studied CH3NH3PbI3 nanowires (NWs) grown by a surface-initiated 
solution fabrication method. Scanning electron microscopy has shown that resulting 

NWs had length up to 4 m and diameter varying from 100 to 500 nm with flat 

rectangular end facets indicating high-quality single crystal structure. Temperature-
depended steady-state and time-dependent micro-photoluminescence 
measurements on the individual NWs were performed in temperature range of 77 – 
295 K. Photoluminescence microscopy combined with spectroscopy allows us to 
study the local variations of photophysical properties in a single NW with high spatial 
resolution. 

Fluorescence microscopy of single CH3NH3PbI3 NWs at different temperatures 
reveals the coexistence of the tetragonal and orthorhombic phases in 120 K < T < 
160 K. For the first time, temperature-dependent luminescence intensity variation 
along NW axis induced by crystal phase transition was observed. Emersion of bright 
areas characterized by the red-shifted luminescencespectra at the temperature 
region of the phase transition may be attributed to small inclusions of domains of the 
room-temperature phase with the narrower band gap, in which a large fraction of 
photoexcited carriers agglomerate. Processes of carrier migration between domains 
of different phases and spatial carrier localization are discussed. 

This effect can be potentially beneficial for optoelectronic device applications 
for emission enhancement in LEDs and decrease of the gain threshold in lasers. 
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Metal nanoparticles are able to enhance the luminescence of nearby emitters such 
as single molecules or quantum dots (QDs). This is why these nanoparticles are also 
often referred to as optical nanoantennas. While the ability of the enhancement is 
already known [1], the mechanisms behind this effect however are still partially 
unclear. In order to gain more understanding of this effect, we placed single QDs on 
the tips of gold nanocones using a self-aligned technique similar to the one we 
recently described in literature [2]. To obtain efficient coupling, the resonance of the 
nanocones was adjusted to coincide with the emission maximum of the QDs. To 
compare the results obtained from coupled QDs, we investigated single QDs on 
glass as well.  
We observed a distinct enhancement in spectral intensity of a single QD in a hybrid 
structure along with a red-shift of the emission as well as a dramatic reduction in 
lifetime compared to the QDs on glass. Intensity trajectories were also recorded, 
which are shown in Figure 1. They clearly demonstrate that the QD on the cone apex 
(right) shows longer on-times with significantly higher intensities than the quantum 
dot on glass (left) [3]. 
 
  
 
 
 
 
 
 
 
Figure 1: Left: Intensity trajectory of a single QD on glass. Right: QD on a gold cone 
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Polarized photoluminescence of carbon dots 
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 In recent years carbon nanodots (CDs) have attracted a great attention due to 
their remarkable fluorescent properties. CDs photoluminescence covers all visible 
region of the spectrum, the spectral position of the emission band being easily 
controlled via the excitation wavelength. CDs could compete with semiconductor 
quantum dots in many applications, especially in biological and medical ones having 
the advantage of their low toxicity, biocompatibility, low cost and chemical inertness. 
The effective use of CDs in the applications invites detailed investigations of their 
optical properties and finding out feasible mechanisms of the photoluminescence. 
Despite of a number of papers devoted to the study of photophysical properties of 
CDs these mechanisms still remain unclear [1]. In this connection a study of CDs 
fluorescence anisotropy could be a powerful tool in investigating processes of 
electron energy relaxation and light emission in this material [2]. 
 The carbon dots under study were prepared in mesoporous silica particles 
whose pores were used as nanoreactors [3]. A number of organic materials, such as 
paraffin and APTES, were used as precursors. By etching the silica matrix in HF a 
transparent colloid solution of the carbon dots could be obtained. In our experiments 
both types of samples were used – carbon dots in mesoporous silica particles and 
carbon dots colloid solution. In the latter case an essential CDs fluorescence 
anisotropy was revealed: upon excitation with polarized light the CDs emission was 
also polarized. The origin of the anisotropy is the existence of transition moments for 
absorption and emission that lie along specific directions within the CDs. The 
polarized photoluminescence of the carbon dots was investigated under different 
excitation conditions and over a wide temperature region – from room to liquid helium 
temperatures. It was found that the degree of the CDs fluorescence polarization 
depends on the excitation and emission wavelengths, on the type of precursor used 
for synthesis, on the sample temperature, and on the type of matrix in which CDs 
were embedded. 
 The influence of different factors (angular displacement between the 
absorption and emission moments, CDs rotations, various mechanisms of energy 
transfer in an ensemble of the CDs) on the polarization characteristics of the CDs 
emission are discussed. 
The authors are grateful to the RFBR for the financial support (gr. 16-03-00472 ). 
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Semiconducting single wall carbon nanotubes (Swcnts) are promising nanoobjects in particular 
for optoelectronics applications. Thanks to surfactant molecules, they can be easily dispersed in 
water phase while preserving their excitonic luminescence properties. Moreover, due to their 
carbon sp² surface, Swcnts can be easily coupled to organic molecules. In this context, we 
designed a nondestructive functionalization method to couple porphyrin molecules to nanotubes 
while preserving the nanotubes optical properties.  
 

We evidenced that such porphyrins interact strongly with nanotubes, creating stable 
nano-assemblies with remarkable optical properties. Their spectroscopic properties change 
dramatically with a 200 meV red shift in absorption, 100 % quenching of their fluorescence, 
leading to a 100% efficient ultrafast energy transfer from the molecule to the nanotube [1-3].  
 
  Finally, we have also investigated the adsorption mechanism of the molecules onto the 
wall of the nanotube. In particular, we unveil a cooperative adsorption thermodynamical 
behavior that matches with a classical adsorption Hill model. We extract the Gibbs energy of 
this reaction and monitor its evolution with nanotube diameter. On 16 nanotube chiral species 
[4] we show that such energy increases with diameter in good agreement with recent DFT 
calculations. 
 
In this poster, we will focus on the influence of the cylindrical shape of the nanotube on the 
angular dependence of the energy transfer by means of anisotropy measurements both on 
ensemble and at the single compound level. The main feature is that the energy transfer is 
driven by the anisotropy of the nanotube [5]. Finally, the influence of the geometry of the 
molecule on the anisotropy of the energy transfer has been investigated.  
 
Figure : (left) “in micelle” stacking reaction in progress,  (right) “anisotropic transfer resonance” 

.                    
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 In the last decade, research on graphene has been extensively developed. It 
is now well established that graphene shows unique physical properties such as high 
carriers’ mobility, which promises a wealth of applications in nanoelectronics. 
However, graphene is a zero-bandgap semiconductor. Different possibilities are 
explored to obtain semiconducting graphene-like structures such as the use of 
transition-metal dichalcogenides. Here we explore an original route consisting in 
opening a gap directly in graphene. This is achieved through quantum confinement 
by reducing the size of graphene. The reduction of one dimension of graphene leads 
to graphene nanoribbons (GNRs) and nanotubes (CNTs) while the reduction of the 
two dimensions leads to graphene quantum dots (GQDs).  
 
The easiest way to obtain GNRs and GQDs is to use top-down physical synthesis 
methods. For instance, GQDs can be obtained by oxidation cutting of commercial 
carbon fibers. It leads to small pieces of graphene of ~3 nm [1]. Nevertheless, this 
fabrication technique does not allow to control accurately neither the lateral size nor 
the number of layers. Moreover, the edges of these objects are not controlled at all 
[1]. The consequence is that their electronic and optical properties are dominated by 
defective states located on these edges [2]. Concerning the fabrication of GNRs, an 
historical route is the unzipping of carbon nanotubes [3]. Once again, the very nature 
of the edges is poorly controlled. Fortunately, a new approach for the building of 
nanographenes is emerging. ‘Bottom-up’ synthesis of GQDs and GNRs has been 
recently reported [4, 5]. Depending on the nature of the chemical precursor, one can 
in principle control the shape, the width, the length and the nature of the edges of the 
graphene nano pieces. 
 
In this poster, we will present our recent work on the optical properties on GNRs 
synthesized by the bottom-up approach. In particular, we report on the emission 
properties of GNRs in solution by means of photoluminescence and time-resolved 
photoluminescence experiments. Finally, the influence of inter-chain interactions on 
the luminescence spectrum of GNRs has been investigated [6]. 
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New inorganic nanoprobes, upconversion nanoparticles (UCNPs) based on fluoride matrices doped by 

lanthanide ions, have attracted a great attention due to unique features. They absorb light in the near 

infrared region and exhibit anti-Stokes luminescence in the visible and UV region. It enables evading 

high tissue absorption and high-contrast optical biomedical imaging by suppressing the background of 

biological tissue autofluorescence. In comparison with organic dye molecules and quantum dots UCNPs 

have additional advantages such as an excellent photostability, no blinking and bleaching, a large anti-

Stokes shift etc. The crucial advantage of UPCNs is long enough lifetimes (in submillisecond region) for 

the most levels and rich energy structure. It enables upconversion of NIR emission of CW diode laser of 

modest power with wavelength about 980 nm into visible and even UV light. It is important that an 

excitation light and a shifted red emission are coincided with the window of transparence for the most 

biological tissues (the so-called therapeutic window). It makes UCNPs very promising for “transfer” 

visible and UV light into biological tissue by introducing them in subsurface tissue layer and is a basis for 

a high-contrast optical biological imaging (by suppressing the crowded background of biological tissue 

autofluorescence) and for photodynamic therapy. 

The nonlinear dependence of the UCNPs luminescence on the excitation intensity and small volumes of 

these particles results in dramatic reduction of observed signals and difficulties with a detection. One 

more problem in detection and imaging of single UCNPs is how to distinguish single and aggregated 

particles. 

Here, we report the results of our experimental spectral studies of single nanoparticles based on 

hexagonal-phase NaYF4 crystalline matrix codoped with trivalent Yb
3+

, Tm
3+

 and Er
3+

 ions. Results of 

our studies have shown that spectra of single and aggregated UCNPs under study differ markedly. The 

observed difference can be used to answer one of the basic questions: is the observed object single 

nanoparticle or cluster consisted of two or more particles? 
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Poly(3-hexylthiophene) (P3HT) is a model semiconducting conjugated 

polymer. P3HT is used for producing of organic solar cells with bulk heterojunction. 
This interest is conditioned by the fact that P3HT posess high hole conductivity and 
high absorption capability in the visible spectrum. 

Spectral and luminescent properties of semiconductor polymer films of Р3НТ 
on the surface of Ag island films were studied. Films were deposited onto quartz 
substrates with thermal evaporation of metal silver in vacuum chamber at residual 

pressure equal to Р=510-4 mm Hg. Further films were annealed in muffle furnace at 
temperatures between 600С and 240 0С.The growth of temperature leads to 
decreasing of size and increasing in number of Ag islands. The size of island ranges 
from 40 up to 90 nm. Absorption spectra of silver films shows that at thermal 
treatments short-wavelength shift of maximum plasmon resonance band, significant 
decreasing of half-bandwidth and increasing of intensity of absorption band occurs 
with increasing in annealing temperature from 60 0C up to 240 0C. 

P3HTpolymer films were prepared by spin-coating. Increasing in optical 
density P3HT takes place in the polymer film deposited onto Ag films. Maximumal 
increasing in optical density of P3HT film (in ~ 4 times) was observed on silver film 
that was annealed at 240 0C.  

Fluorescence spectrum of P3HT polymer is a broad band with a maximum at 
wavelengths at 572, 642 and 708 nm [1]. Сhange in the spectrum shape and 
redistributionintensity of fluorescence peaks is observed in the P3HT films on the 
surface of Ag film. The fluorescence intensity at 572 nm increases and the intensity 
of other peaks is significantly reduced. Increasing of absorption and fluorescence 
intensity of P3HT is associated with increased rate of intramolecular electronic 
transitions in the polymer under the influence of the local electromagnetic field near 
the surface of the Ag nanoparticles. 

Fluorescence decay kinetics of P3HT polymer films was measured at pulsed 
spectrofluorimeter with picosecond resolution and registration with time-correlated 
photon counting mode.The lifetime of the excited state of P3HT is equal 0.33 ns. It 
was calculated from the luminescence decay curve at a wavelength of 572 nm. 
Luminescence duration of polymer is reduced for P3HT films on the Ag island films. 

As has showed by spectral-luminescent properties of P3HT films the formation 
of disordered polymer film takes place on the surface of the Ag films. The increase in 
temperature annealing of Ag films leads to an increase in the degree of disorder of 
P3HT films. Influence of molecular resonance of P3HT polymer to the intensity of the 
surface plasmon resonance of Ag island films was found. 
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 Excitons are elementary excitations of solids responsible for the charge-less 
energy transport. Low-dimensional objects, such as molecular aggregates (light 
harvesters), conjugated polymers (solar cell units) and many others hold a prominent 
role among these excitonic systems. 

Disorder is an attributive feature of solids, leading to the appearance of a tail 
in the density of states (DOS) below the bare exciton band edge, the so-called 
Lifshits tail [1]. The states of the tail are well localized and have a (hidden) energy 
structure [2,3]. This part of the DOS is responsible for the exciton transport at 
temperatures smaller that the characteristic tail extension. The states above the bare 
exciton band edge are more extended and become crucial in accelerating the exciton 
migration at higher temperatures [4]. 

We investigate theoretically the random walk in underlined materials and 
uncover different regimes of exciton motion depending on the temperature: diffusive 
and super-diffusive. The exciton migration is considered as incoherent hoppings 
between localized states due to a weak coupling of excitons to vibrations of the host 
into which the system is embedded. We argue that the extension of the Lifshits tail, 
which depends on the disorder strength, provides the characteristic energy scale ΔE 
for the exciton transport. At temperatures T < ΔE, the exciton transport is of a 
diffusive nature, involving only the states of the Lifshits tail of the DOS, with a 
characteristic length given by the typical tail state localization length N*. Contrary to 
that,  the motion at T > ΔE  is determined by hops via higher-energy band states of 
the system,whose typical extension depends on the energy. The distribution function 
of the localization length of these states has a heavy tail so, when they are involved 
into play, the exciton transport turns into a super-diffusive regime, known as Lévy 
flights [5]. Our findings can be relevant for the adequate interpretation of the energy 
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 Photodynamic antimicrobial chemotherapy (PACT) is one of the promising 

technique to address the prevalent challenge of antibiotic resistance. It is based on 

an initial photosensitization of the infected area, followed by irradiation with visible 

light, producing singlet oxygen which is cytotoxic to bacteria. Here, we conjugated 

mono-substituted ZnPc-COOH with a series of oligolysine moiety with different 

number of lysine residues (ZnPc-(Lys)n(n=1, 3, 5, 7, 9)) to improve the water 

solubility of the ZnPc conjugates. We measured the photosensitizing efficacies and 

the cellular uptakes of this series of conjugates on several different types of bacteria. 

Our results showed that ZnPc-(Lys)5 has the highest photodynamic efficacy 

compared to the other conjugates investigated. 
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 Since the advent of nanotechnology, many discoveries have demonstrated 
that nanometer-sized objects exhibit physical properties not shared by bulk materials. 
In particular, theoretical predictions and experiments pointed out that thermoelectric 
properties at the nanoscale are strongly enhanced. Efficient thermoelectric bulk 
materials display values of the figure of merit ZT lower than unity. However, 
Venkatasubramanian et al. reported ZT = 2.4 in thin-film superlattices at room 
temperature [1]. Similarly, Harman et al. studied a quantum dot superlattice and 
found ZT = 1.6 [2]. Therefore, nanostructures pave the way to achieve large ZT and 
consequently more efficient thermoelectric devices as refrigerators and generators. 
 
In this work we report on the non-equilibrium electron transport through a molecular 
wire with N molecules, each one coupled to a vibronic degree of freedom. We 
assume that each vibron has a different temperature, leading to a temperature 
gradient in the system. In addition, disorder in the chain is modelled by an Anderson 
Hamiltonian. The lattice is tunnel coupled to two leads, as shown schematically in 
figure 1. 
 

 
Figure 1. Schematic diagram of the molecular wire with N molecules coupled to 
vibronic degrees of freedom. The temperature of each molecule Ti is different and 
presents a linear profile along the wire. The electron-vibron coupling is assumed to 
be Holstein-type. 
 
Using the Keldysh non-equilibrium Green’s function formalism [3], we compute the 
electric current and energy flux through the molecular wire for a number of disorder 
realisations. We find that the thermopower and the figure of merit ZT are greatly 
affected by the disorder. 
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Study of the thermal stability of the GFP in the range
20-100ºC

T. P.J. Han1, L. M. Maestro2, M. I. Marqués2, 3,  F. Jaque2

1. Department of Physics, University of Strathclyde, Glasgow, Scotland, UK.
2. Departamento de Física de Materiales, Universidad Autónoma de Madrid, Madrid,
Spain.
3. Condensed  Matter  Physics  Center  (IFIMAC)  and  Instituto  Nicolás  Cabrera,
Universidad Autónoma de Madrid, Madrid, Spain

The temperature dependence luminescence of green fluorescent protein (GFP)
in  pure  liquid  water  is  studied  in  the  temperature  range  0-100  °C.  The
luminescence intensity measured, by the total area of the emission spectrum,
presents three different stages, growth in the  range 20-40 °C, followed by a
linear decrease until ~70 °C and then a  marked drop above this temperature.
This quenching of the luminescence above 70 °C is irreversible even when the
samples are returned to 20 ºC.

Similar  behaviour  has  also  been  reported  in  the  thermal  stability  study  of
lyzosyme  protein  in  pure  liquid  water  using  NMR  technique  [1]  and  has
described the three temperature ranges as native (0-40 °C), reversible (40-70
°C) and irreversible (≥70 ºC).   The high temperature region is related with the
protein  denaturation  due  to  its  dehydration  processes..  These  results  are
discussed in consideration of the anomaly in the dielectric constant about 60 ° C
recently reported and associated with the existence of two phases in pure liquid
water with different dipole moments [2].

[1]. F. Mallamace,  C. Corsaro,  D. Mallamace,  S. Vasi,  H. E. Stanley J. Chem.
Phys. 141 (2014) 18C504.

[2]. J. C. del Valle, C. Camarillo, L. M. Maestro, J. A. Gonzalo, C. Arago,  M: I.
Marqués,  D.  Jacque,  G.  Lifante,  J.  G.  Solé,  K.  Santacruz-Gomez,  R.  C.
Carrillo-Torres, F. Jacque.  Phil. Mag. 95, 7 (2015) 683-690.
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Dephasing mechanisms in transparent ceramics with 
narrow optical linewidths 
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nathalie.kunkel@chimie-paristech.fr 
2Sorbonnes Universités, UPMC Univ Paris06, 75005 Paris, France; 
3 World Laboratory, Mutsuno, Atsuta-ku, Nagoya 456-0023, Japan 

 
 

 
 Rare earth doped materials are of great interest for applications in quantum 
information technology [1] or highly stable laser locking[2], because optical transitions 
of trivalent rare earth ions can exhibit very narrow linewidths. 
In the past mostly single crystals were used and thus, applications have been limited. 
Only recently, coherence properties in transparent ceramics were studied [3] and 
homogeneous linewidths below 10 kHz were found in Eu3+ doped Y2O3 ceramics [4]. 
In the present work we investigate the coherence properties of Eu3+:Y2O3 transparent 
ceramics with 2- and 3-pulse photon echo techniques and spectral hole burning, also 
in high magnetic fields up to 3 Tesla. In some samples homogeneous linewidths of 
below 3 kHz can be found, which is in the range of high quality single crystals [5]. In 
order to shed light on the dephasing mechanisms in such systems, we also relate the 
coherence properties with the materials properties that may be influenced by different 
processing and annealing procedures and are investigated using for instance EPR, 
XRD, luminescence and thermoluminescence as well as vibrational spectroscopy. 
Consequently, these studies will lead to a better understanding and therefore the 
possibility to improve the preparation of rare earth doped ceramic samples with 
regard to obtaining extremely narrow optical linewidths. 
 
 
 
 
References: 
 
[1] W. Tittel, T. Chanelière, R. L. Cone, S. Kröll, S. A. Moitseev, M. J. Sellars Laser & 
Photon.Rev. 4 (2010) 244. 
[2] M. J. Thorpe, L. Rippe, T. Fortier, M. S. Kirchner and T. Rosenband, Nat. 
Photonics 44 (2011) 699. 
[3] A. Ferrier, C. W. Thiel, B. Tumino, M. O. Ramirez, L. E. Bausá, R. L. Cone, A. 
Ikesue, and Ph. GoldnerPhys. Rev. B 49 (2013) 5821. 
[4] N. Kunkel, A. Ferrier, C. W. Thiel, M. O. Ramírez, L. E. Bausá, R. L. Cone, A. 
Ikesue, Ph. Goldner, Appl. Phys. Lett. Mat. 3 (2015) 096103. 
[5] G. P. Flinn, K. W. Jang, J. Ganem, M. L. Jones, R. S. Meltzer, R. M. Macfarlane, 
Phys. Rev. B: Condens. Matter Mat. 49 (1994) 5821. 
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An Infrared Pump-Probe Measurement of the 
6
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 We have used a short pulsed, infrared free electron laser (FEL) to perform a 
three beam, balanced pump-probe experimenton Sm3+ ions doped into LiYF4. For 

resonant excitation of the Z1(6)Y2(7) transition at 1079 cm-1 [1], a weak pump-
probe transient is observed due to absorption saturation by the sub-picosecond FEL 

pulses having a T/T of approximately 10-3 for pump pulse energies of 1 J. 
 
From a rate equation analysis, we infer lifetimes as long as 9 picoseconds for 
samples cooled to 10 K in a cold finger cryostat. These lifetimes are substantially 
faster than would be predicted by the commonly used exponential energy gap law. 
 
 
References: 
 
[1] J.-P.R. Wells, M. Yamaga, T.P.J. Han, H.G. Gallagher and M. Honda.Polarized 
Laser Excitation, Electron Paramagnetic Resonance and Crystal-Field Analyses of 
Sm3+ - Doped LiYF4Phys. Rev. B.60, 3849 (1999). 
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Time Evolution of Softening of Coherent Phonon in 
Antimony 

 
Sho Nakayama, Masato Maruyama, Hideaki Kumagai, Tomobumi Mishina 

Department of Physics, Faculty of Science, Hokkaido University, Sapporo 060-0810, Japan 
 

 

Up to now coherent phonon have been studied by using a femtosecond pump-probe 
technique in various materials, including semiconductor and semi-metal. Under the 
high excitation, an obvious reduction of the frequency of coherent phonon, so to 
called softening of coherent phonon have been observed. So far, softening 
mechanism have been discussed and not been resolved. 
On the other hand, from the experimental results of the time-resolved electron 

diffraction and X-ray diffraction [1], lattice contracts when the solid surface is strongly 
excited by the laser pulse. Also it is known that strain due to lattice contraction is 
propagated into the crystal interior as a wave (Strain pulse) [2]. Such a lattice 
contraction would be expected even in the case of coherent phonon. The frequency 
will be changed depending on the contraction of the lattice. Therefore, we simulate 
the time evolution of the coherent phonon by considering the modulation effect due to 
strain. 

 
Fig.1. Time evolution of frequency of coherent phonon (a) simulation result  

(b) experimental result, measured by changing the fluence. 
 

Figure.1 shows the simulation and experimental result. From the simulation 
result,the time evolution of frequency of coherent phonon clearly shows irregular time 
evolution. On the other hand, analysing the experimental result in the same way, 
similar time evolution can be seen. 
 We will report the detailed simulation of the time evolution of coherent phonon. 

References: 
[1] F. Carbone et al., PRL 100, 035501 (2008) 
[2] J. J. Baumberg et al., PRL 78, 3358 (1997) 
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Robust photon-echo generation in quantum dots 
using a pair of chirp pulses 

Y. Sato1, N. Aonuma1, K. Akahane2, and J. Ishi-Hayase1,* 
1School of Fundamental Science and Technology, Keio University,  

Yokohama, Kanagawa 223-8522, Japan 
2National Institute of Information and Communications Technology (NICT),  

Tokyo 184-8795, Japan 
*hayase@appi.keio.ac.jp 

 
 Excitons in a quantum dot (QD) ensemble in conjunction with photon echo 
(PE) technique is one of the candidates for broadband (~10 THz) light-matter 
quantum interface. However, this protocol is not suitable for transferring single 
photons, because the intense rephrasing pulse causes the large population inversion 
resulting in the degradation of the single photon state due to the amplification of PE 
signal [1]. Although, PE-based quantum interface using controlled reversible 
inhomogeneous broadening (CRIB) can overcome this problem, the acceptable 
bandwidth is limited. Alternatively, PE-based quantum interface via adiabatic rapid 
passage (ARP) using a pair of frequency-chirped controlled pulses was proposed to 
generate PE signal without residual population inversion [2]. This also enables us to 
generate PE robustly against inhomogeneity of pulse area and detuning inherent to 
QDs. In this study, we theoretically and experimentally demonstrate and evaluate PE 
generation in QDs using a pair of chirp pulses. 
          We calculated time evolution of polarization and population in the two-level 
under excitation by first incident pulse (data pulse) and following a pair of chirp 
pulses (read pulses). The calculations were done by solving von-Neumann equation 
in the semi-classical region taking into account inhomogeneity of pulse area and 
detuning. In the calculation, we used the material parameters for InAs QDs fabricated 
by strain compensation [3]. Figure 1 shows an example of calculated results under 
excitation by 1.3-ps data pulse and a pair of chirped pulses. As a result, we confirm 
PE generation at the expected time without any degeneration of temporal profile of 
data pulse. The ratio of pulse area of data pulse to PE is 0.8. This result is much 
different from the result for conventional two-pulse PE using transform limited 
rephrasing pulse. We also found that most population can transfer to ground state 
after irradiating a pair of chirped pulse. This means that amplification of PE by 
population inversion can be significantly suppressed by using a pair of chirped pulses. 
         This works was partially supported by MEXT KAKENHI Grand Number 
(15H05868), Advanced Photon Science Alliance (APSA), JSPS core-to-core Program, 
and Photonic Device Laboratory at NICT. 
References: 
[1] J. Ruggiero et al., Phys. Rev. A 79, 053851 (2009). 
[2] M.F.Pascual et al., New. J. Phys. 15, 21 (2013). 

[3] K.Akahane et al., J.Crystal Growth 245, 31 (2002). 
 

 

 
Fig.1. Time evolution of (a) polarization and (b) population  

in an inhomogeneous two-level system. 
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Complex Quantum Beats of Excitons  
in Quantum Dots observed using Three-Pulse Photon Echo 
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Yokohama, Kanagawa 223-8522, Japan 
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 Excitons in semiconductor quantum dots (QDs) have been subjects for 
ultrafast coherent control and quantum information processing, since they exhibit 
long coherence times and large dipole moment. Recently, our group observed 
complex, previously unreported quantum beats of excitons in InAs QDs using three-
pulse photon echo (3PE) technique[1]. In this presentation, we show that three 
different inhomogeneities of physical quantities play important roles in determining 
behaviour of excitonic quantum beats in QDs. 

The QD used in this study was 150-layer-stacked InAs QDs on InP(311) 
substrate fabricated using strain compensation[2]. Because of the antisymmetric 
shape and/or strain of QDs, exciton ground states split into two orthogonal linearly 
polarized states with the fine-structure splitting. In a 3PE experiment, we used 1.1-ps 
optical pulses whose wavelength was tuned to the resonant wavelength of exciton 

ground states (1530 nm). The 3PE signals with the wavevector −𝒌𝟏 + 𝒌𝟐 + 𝒌𝟑 was 
measured using optical heterodyne technique for three incident pulses with the 

wavevectors 𝒌𝟏, 𝒌𝟐, 𝒌𝟑 at the temperature of 5 K (Fig. 1(a)).  

Figure 1(c) shows time delay  dependence of 3PE signal amplitude by 

varying the polarization angles 𝜑 of the excitation pulses 𝒌𝟏, 𝒌𝟐 with respect to the 
crystal axis (Fig. 1(b)). By varying 𝜑 , we observe exciton fine-structure quantum 

beats whose visibilities are complexly modulated depending on  and 𝜑. The complex 
behaviors of quantum beats can be explained by analytical calculation using the 
density matrix semi-classical theory taking into account three inhomogeneities of 
QDs, i.e., inhomogeneous distribution of exciton energy, exciton fine-structure energy, 
and directions of quantized axes (Fig. 1(d)). We found that these inhomogeneities 
cause the large differences of dephasing rate of 2-level and 3-level processes 
attributed to 3PE signals, which results in complex behaviors of quantum beats.  

This work was partially supported by MEXT KAKENHI Grant Number (15H05868), Advanced Photon 
Science Alliance (APSA), JSPS core-to-core Program, and Photonic Device Laboratory at NICT. 
References: 
[1] W. Langbein, et al., Phys. Rev., (2004) B 69, 161301. [2] K. Akahane, et al., J. Crystal Growth, (2002) 245, 31. 

 
Fig.1 (a) Pulse sequence and (b) polarization directions of excitation pulses used in 3PE. (c) Experimental results 

and (d) analytical calculations of time delay  dependence of amplitude of 3PE signals for various polarization 
directions of excitation pulses 𝒌𝟏, 𝒌𝟐. 
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Appearance of coherent LO phonons during the decay of 
LO-phonon‒plasmon coupled mode  

in an undoped GaAs/n-type GaAs epitaxial structure 
 

Takahiro Sumioka, Hideo Takeuchi, and Masaaki Nakayama 
Department of Applied Physics, Graduate School of Engineering, Osaka City University, 

Japan 
  
 

 In polar semiconductors, It is well known that the longitudinal optical (LO) 
phonon couples with plasmon, which results in formation of LO-phonon‒plasmon 
coupled (LOPC) modes with lower and upper branches (L- and L+). In our previous 
work, we demonstrated that the coherent LOPC modes emit frequency-tunable 
terahertz (THz) electromagnetic waves in undoped GaAs/n-type GaAs 
(i-GaAs/n-GaAs) epitaxial structures [1]. In the i-GaAs/n-GaAs structure, surface 
Fermi-level pinning produces a considerable built-in electric field in the i-GaAs layer 
[1]. The built-in electric field enhances the polarization of the coherent LO phonon and 
the surge current of photogenerated carriers. Thus, the i-GaAs/n-GaAs structure is 
advantageous in the generation of the THz electromagnetic waves from the coherent 
LOPC modes. In this work, we have investigated the dynamical properties of the 
coherent LOPC modes using short time Fourier transform (STFT) analysis of 
time-domain THz signals to reveal the characteristics of the decay process. 
 The sample of the i-GaAs/n-GaAs epitaxial structure was grown on an n-type 
(001) GaAs substrate by metalorganic vapor phase epitaxy. The thickness of the 
i-GaAs (n-GaAs) layer was 200 nm (3.0 μm), and the doping concentration in the 
n-GaAs layer was 3.0×1018 cm-3. The built-in electric field in the i-GaAs layer was 
estimated to be 28 kV/cm. The surface of the sample was covered with an aluminium 
thin film having an optical window with a diameter of 50 μm, which results in spatially 
homogeneous excitation and THz radiation. The excitation light source was a 
mode-locked Ti:sapphire laser with a pulse duration of 50 fs and center wavelength of 
800 nm. Time-domain THz signals were detected at room temperature using an 
optical gating method with a photoconductive dipole antenna.  
 We confirmed that the frequencies of the L- and L+ modes observed at various 
excitation powers can be fitted by the electron-type LOPC-mode dispersions as a 
function of photogenerated carrier density. Figure 
1 shows the time-frequency image map of STFT 
spectra at an excitation power of 30 mW. Here, 
we used the Gaussian function as a time window 
with a time resolution of 0.18 ps and frequency 
resolution of 0.45 THz in the STFT analysis. The 
sharp (broad) THz band originates from the 
coherent LO phonon (L- mode). The prominent 
result is that the coherent LO phonon appears 
during the decay process of the L- mode. This fact 
suggests that the disappearance of the LOPC 
mode regenerates the coherent LO phonon. 
 
References: 
[1] H. Takeuchi et al., J. Appl. Phys. 110 (2011) 013515. 

Fig. 1: Time-frequency image map of 
STFT spectra at 30 mW, where the 
sharp (broad) THz band corresponds to 
the coherent LO phonon (L- mode). 
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Compact ultrafast X-ray and gamma-ray sources driven by 
intense femtosecond laser pulses 

 
Ruxin Li, Wentao Wang, Jiansheng Liu, and Zhizhan Xu 

State Key Laboratory of High Field Laser Physics, Shanghai Institute of Optics and Fine 
Mechanics, Chinese Academy of Sciences (SIOM, CAS) 

 
 

 

 
Compact ultrafast X-ray and gamma-ray sourcesare very useful in the detection of 
dynamics of material under extreme conditions. The short-pulse gamma-ray source 
driven by intense femtosecond laser pulses based on Compton scattering is a 
promising approach towards compact ultrafast high brightness gamma-ray sources 
[1].We will report the generation of compact gamma-ray sources based on the laser 
wake-field electron accelerators driven by a 5Hz 200TW laser facility. We have 
demonstrated a MeV gamma-ray source of high brightness 

(1022photons/smm2mrad2 per 0.1% bandwidth), based on the Compton scattering 
of laser accelerated high quality quasi-mono-energetic electron beams with intense 
femtosecond laser pulses. Meanwhile, a compact XUV-free electron laser (FEL) at 
30nm based on a 0.5GeV level laser wake-fieldelectron accelerator is at the final 
stage of experiments. 
 
 
 
References: 
 
[1] Ta Phuoc, K. et al. All-optical compton gamma-ray source. Nat. Photonics6, 308-311 

(2012) 

[2] Changhai Yu et al., submitted. 
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Role of dynamical symmetry in an effective time-
independent Hamiltonian for a laser-driven system 

 
Jun-ichi Inoue 

National Institute for Materials Science, Tsukuba, Japan 305-0044 
 
 
 

Symmetries lie at the heart of physics and materials science.  In static cases, point- 
and space-group symmetries govern physical properties of molecular and solid-state 
systems.  When a problem is time-dependent, othertypes of symmetrieswould 
manifest themselves in many forms.  One of those symmetries is a dynamical 
symmetry, which works in conjunction with an operation along time axis.  Dynamical 
process in solid states is an ideal platform to study effects of the dynamical 
symmetry.  Here, one of them is discussed.  
 
Time reversal symmetry is recognized as, even in static systems,a crucial element, 
and constraint imposed by that can be seen in, for instance, an energy band 
structure of solids as, to name a few, Kramers degeneracies and band sticking 
together[1].  In particular, the former has tight link with novel phenomena expected in 
topological insulators.  Once driven by a laser field, the solid system is considered to 
lose conventional time reversal symmetry[2], and thus, Kramers degeneracies are 
lifted by the dynamical stimulus.  However, the band sticking together in an energy 
band is found to be robust against the broken time reversal symmetry.  In this sense, 
this feature of band structures falls into a class of symmetry-protected states, which 
are nowadays highlighted in topological condensed matter physics.   
 
To demonstrate this, we consider a two-dimensional lattice system driven by 
circularly polarized light.  Dynamical symmetry in thetime-dependent problem was 
addressedin [3].  In this work, albeit inspired by this work, we take another route:  we 
rely on a scheme [4] to construct an effective time-independent Hamiltonian from a 
time-periodic one.  By examining energy band structures of the newly obtained 
Hamiltonian, we found that band sticking together remains unchanged even though 
an electron hopping with complex amplitude has been induced, and identified origin 
of the degeneracies along the Brillouin-zone boundaries with a dynamical symmetry 
inherent to the system.   
 
 
References: 
 
[1]V. Heine, Group Theory in Quantum Mechanics, (Dover, 1993). 
[2]F. Haake, Quantum signatures of chaos, (Springer, 2010). 
[3] O. E. Alon, Phys. Rev. A66, (2002)013414. 
[4]N. Goldman and J. Dalibard, Phys. Rev. X4, (2014)031027. 
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 The important characteristic for practical use such sillenite photorefractive 
crystals as bismuth silicon Bi12SiO20 (BSO) and bismuth titanium Bi12TiO20 (BTO) 
oxide crystals is obtaining stable characteristics of optical switches, which are mostly 
determined by the structure of impurity and defect centers. Therefore, it is actual to 
develop a unified theoretical model able to describe and range the basic processes 
of charge transfer between the various defect centers characterizing by energy levels 
in the band gap. 

The paper presents the theoretical analysis of photoconductivity and light-
induced absorption variation kinetics induced in mentioned photorefractive crystals by 
nanosecond laser exposure. The model of charge transfer describing the kinetics of 
photoconductivity and light-induced absorption is presented. 

The attempts to describe the experimental data of photoconductivity and light-
absorption variation kinetics in photorefractive BSO and BTO crystals by the 
previously reviewed models [1, 2] haven’t led to satisfactory results. The main 
contradiction in the behaviour of compared experimental and numerical calculated 
dependencies is a strong relaxation time difference of mentioned kinetics. To wit 
relaxation kinetics of the crystals are characterized by complex exponential and 
hyperbolic functions. Typical lifetimes of trapping levels can be dozens and hundreds 
of nanoseconds and dozens of microseconds (for photoconductivity kinetics) and 
dozens of microseconds and milliseconds (for kinetics of light-absorption variations). 
 Two-level model of charge transfer have been used as the basis. Its model 
have been become more complex by addition shallow defect center located near the 
bottom of the conduction band, and each of two basic model levels present pairs of 
donor and acceptor deep centers describing temperature dependences of optical 
absorption and light-induced changes by variation of tunneling probability between 
centers [2]. In our model electrons are thermally generated from mentioned shallow 
trap to conduction band and are captured from conduction band to this center with 
different probability. Thermal transitions between conduction band and the donor and 
acceptor levels are impossible because above pairs of levels characterize deep-lying 
centers. 

Thus the numerical analysis has shown the ability to describe the experimental 
kinetics of photoconductivity and light-induced absorption by the theoretical model 
which takes into account five centers to the complex structure of the energy levels in 
the band gap of the real photorefractive crystal: shallow trap and two pairs of deep 
donor and deep acceptor centers. 
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Chemistry, 42, 7 (2008), p. 49–51. 
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Abstract 

Vaterite Eu:GdBO3 nonopowders were successfully synthesized using a sol-gel 

method, followed by subsequent annealing at different temperatures, between 

600 °C and 1200 °C. The powders were characterized by X-ray diffraction (XRD), 

field emission scanning electron microscopy (FE-SEM) and photoluminescence 

(PL) spectroscopy. Effects of annealing treatment on structural, morphological and 

photoluminescence properties of Eu3+ doped GdBO3 are studied and discussed. 

The VUV-PL properties of the prepared phosphors with different concentrations of 

Eu3+ showed that the optimum luminescence output was obtained at a doping rate 

of 10 at.% and pH=10. The emission spectra, characteristics of the Eu3+: 5D0
7FJ 

(J=0-4) radiative de-excitation, are dominated by the 5D0
7F1 DM- transition. Fine 

analysis of the spectral repartition of this DM-transition shows clearly that the Eu3+ 

ions lie on more than one crystallographic site. The energy transfer mechanisms 

are studied at room temperature (T = 300 K) using a laser excitation source. The 

decay curve shapes of 5D0:Eu3+ emissions confirm the energy transfer between 

Gd3+ to Eu3+. The non-exponential character of the decay curves of the 5D0 

emissions are discussed and analyzed considering the possible mixing of two 

crystallographic forms (vaterite and calcite) and possible energy transfer between 

the Eu3+ ions in the framework of Inokuti–Hirayama model. 

 

Keywords: 

GdBO3:Eu3+; Sol–gel; Annealing; Luminescence; Energy transfer; laser excitation 

Poster Session II -2

174



Energy relaxation processes in ZnxMg1-xWO4 
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The enhancement of the light output inZnxMg1-xWO4 mixed crystals for 
intermediate values of x(with the maximum at x = 0.5)allows to consider these 
crystals as new and promising scintillating materials [1]. The modification of structural 
and optical properties demonstrates a linear dependence on x [2], while the efficiency 
of energy transfer is the highest at the intermediate values of x. Here we present new 
data on the modification of the energy relaxation processes in ZnxMg1-xWO4 mixed 
crystals.The studies were performed using optical and luminescence spectroscopy as 
well as EPR method. 

The set of ZnxMg1-xWO4(x= 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1) single crystals 
were grown by Czochralski techniquefrom platinum crucibles using high-frequency 
heating. MgWO4 single crystal was grown from the melted flux solution by pulling on 
arotating seed from the platinum crucible. All the grown crystals belong to the 
wolframite structural type.Luminescence excitation spectra were measured in the UV-
VUV region at a VUV setup (Institute of Physics, UT) in the 3-8 eV energy region and 
the LOCUS station at RRC “KurchatovInstitute” in the 4-18 eV energy region. 
Absorption spectra were measured using a Perkin Elmer Lambda 950 
Spectrophotometer. EPR measurements were performed on a Bruker X-/Q-band 
E580 FT/CW ELEXSYS spectrometer at X-band with the microwave frequencies 9.3-
9.5 GHz within the 10-296 K temperature range. The TSL glow curves were obtained 
using an ARS DE-204AE cryostat with a LakeShore 335 temperature controller by 
linear heating from 10 K to 270 K after X-ray irradiation for 15 minutes. The emission 
of samples was detected by an R9110 Hamamatsu photomultiplier tube. 

Absorption spectra demonstrated a gradual shift of the optical bandgap to 
higher energies with the decrease of x.The presence of defects was revealed as well 
by the presence of an absorption band below the bandgap. However, the defect-
related luminescence was not detected and we observed a single emission band 
related to self-trapped excitons. The excitation spectra were measured in a wide 
energy region from the fundamental absorption edge up to photon multiplication 
region, which allowed to study the processes controlling the efficiency of self-trapped 
exciton creation from separated electrons and holes.The modification of energy 
relaxation processes with temperature, in particular the self-trapping of holes, was 
analysed using the data of TSL and EPR.  
 
References: 
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 Solid-state lithium ion conductors have recently drawn much attention due to 
their potential application in solid-state rechargeable batteries and other solid-state 
electrochemical devices. The garnet-type ceramic Li5La3Nb2O12 shows potential 
application in this field that can be improved by doping with low levels of In, V and K 
to increase density and Li ion conductivity and storage[1-2]  
 
On the other hand, compounds with ideal garnet-type structure exhibit technologically 
related physical and chemical properties, which make them ideal materials for 
magnetic and optical devices. The presence of La ions in the Li5La3Nb2O12 structure 
allows their substitution by other rare-earth ions.  Erbium ions can be introduced in 
Li5La3Nb2O12 garnet-type system, and can be used in both directions, to characterize 
the material in energy storage applications and also to explore the capabilities of the 
compound as optical active media. Due to its unique electronic properties, erbium is 
an interesting probe for a large variety of physical effects. In particular, using Er3+ as 
active ions it is possible to obtain efficient (up-converted) emission under infrared 
pumping suitable for different applications [3-4] 
 
The optical spectroscopy of this new Er3+ activated garnet-type system is presented. 
The absorption and photoluminescence spectra have been obtained both at room 
and low temperatures. In addition, life time measurements have been made in order 
to investigate the several luminescence resulting channels.  
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The results are presented of a comparative study of photoluminescence (PL) 

properties of unalloyed and alloyed anodic alumina (AA) subjected to annealing at 

temperatures in the range of Тa=200–1300 С. AA specimens were formed in oxalic acid-
based electrolytes with the addition of alloying element into the electrolyte, namely, 
manganese in the form of potassium permanganate KMnO4 (0.8g/l). Luminescence 
spectra were measured by means of an SDL-2 automated spectrofluorometer.It is found 
that luminescence spectra taken from original specimens and unalloyed and alloyed 
specimens annealed at up to 600 °C are characterized by the presence of broad bands in 
the wavelength range of 350–650 nm with a maximum at 450-500 nm which are 
determined by oxygen vacancies (F- and F2-type centers) in various charge states. With 
the spectra being generally similar, the PL intensity rise with increasing Тa for unalloyed 
specimens is significantly higher due to a large number of oxygen vacancies formed 
during annealing as a result of dehydration and dehydroxylation.For Тa≥800 оС, a 
dissimilarity in the PL spectra is observed which occurs due to changing of amorphous AA 

structure to the crystalline one: for annealing at 900 and 1000 С it is a mixture of γ- and δ-

phases, for Тa=1300 С it is α-phase. The luminescence spectra of α-phases are 
characterized by bands at 677 nm and 694 nm, which are attributable to impurity ions 
Mn4+ and Сr3+ (2Е→4А2) located in the octahedral sites. The spectra obtained are similar to 
those taken from corundum crystals, proving that Mn4+ and Сr3+ ions are embedded in the 
AA lattice. The occurrence of these bands was unexpected and is due to the presence of 
the above impurities in the original aluminum and contamination of specimens in the 
process of formation. The alloyed AA specimens have a high intensity of Mn4+ R-line. The 
observed decrease in the PL intensity under a prolonged UV radiation exposure is well 
described by a two-component exponential decay. The decline in intensity of the R-line of 
Mn4+ ions is due to a decrease in the concentration of F-type centers in complex defects. 
This is the result of variation of the valence state of manganese ions and the charge states 
of oxygen vacancies due to charge transfer in the process of UV radiation absorption, for 

example, according to the scheme   43 MnFMn →   4

0

2 MnVMn , as well as due to 

decreased concentration of F+-centers (480 nm) that excite Mn4+ ions in the absorption 
band at 470 nm. A decrease in intensity of the R-line of Сr3+ ions under prolonged (up to 
20 min) UV irradiation and the constant intensity value in case of excitation at λex=405 nm 
is explained by decreased concentration of F-(415 nm), F2

+-(380 nm) and F2
2+-(560 nm) 

centers whose radiations excite Сr3+ ions in the absorption bands at 410 nm and 
560 nm.For the first time ever it is established that metastable phases (annealed at 900 

and 1000 С) have different spectral properties. In contrast to α-phase, chromium bands 
occur only under direct excitation of Сr3+ ions at λex=405 nm and the bands of manganese 
ions are not observed. R-lines are not separated and two new lines occur at 666 nm and 
707 nm. These bands cannot be caused by interaction of the neighboring chromium 
atoms that form paired centers. The 666 nm band corresponds to unseparated R'-lines 
while 707 nm to vibrational replicas of R-line. 
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Technology, National Taipei University of Technology, Taipei 106, Taiwan 
 

In this work we present the influence of pressure on optical properties of 
KNaSiF6:Mn4+ which is an efficient red phosphor emitting in 600 – 650 nm spectral 
range. KNaSiF6 host has orthorhombic crystal structure (Pnma space group) where 
Mn4+ replaces Si4+ forming distorted MnF6

2-
 octahedra. High pressure spectroscopy 

allows to examine the impact of crystal field strength and symmetry distortion on 
Mn4+ emission allowing to fine tune the material for use in warm white LED lighting. 
 
Photoluminescence excitation (PLE) and emission (PL) spectra as well as 
luminescence decay profiles have been measured at ambient conditions and high 
pressure up to 30 GPa. Ambient pressure PLE spectra consist of two broad bands 
centred at 460 and 355 nm ascribed to 4A2g → 4T2g and  4A2g → 4T1g transitions, 
respectively. Luminescence spectra consist of several lines attributed to 2Eg → 4A2g 
zero phonon line (620 nm) and phonon assisted 2Eg → 4A2g transitions. Under 
influence of pressure 4A2g → 4T2g and 4A2g → 4T1g excitation bands shift towards 
shorter wavelengths reaching 406 and 320 nm at 30 GPa, respectively. 2Eg → 4A2g 
emission band shifts towards longer wavelengths reaching 640 nm at 30 GPa. 
Energies of the 2Eg, 

4T2g and 4T1g states obtained from PLE an PL spectra allowed to 
calculate the Racah parameters B, C and crystal field strength parameter Dq as well 
as their dependence on pressure. Obtained values  and their pressure rates are: 
Dq = 1925 cm-1, dDq/dp = 9.4 cm-1/GPa, B = 646 cm-1, dB/dp =  -0.8 cm-1/GPa, 
C = 4065 cm-1, dC/dp = -7.1 cm-1/GPa.  
 
Luminescence related to 2Eg → 4A2g decays exponentially with the lifetime which 
increases with pressure  (from 6.2 ms at ambient pressure to 12.5 ms at 27 GPa.) 
Perturbation theory has been used to analyze the pressure dependence of 
2Eg → 4A2g decay probability by considering the admixture of 4T2g quartet state into 
2Eg due to spin-orbit interaction. Calculated formula for radiative decay probability of 
the mixed state gives approximately quadratic dependence of 2Eg → 4A2g decay time 
on energy difference Δ=E(4T2)-E(2Eg). Fitting the experimental data yielded the ratio 

between spin orbit coupling constant 
2

OSV   and 4T2g → 4A2g decay time T : 
21

OS

T

V 


 = 1.91·10
-7

 cm
-2 

s
-1

.  
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Influence of the compensation defects on the 
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3+
 andSr2SiO4:Eu

2+
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Institute of Experimental Physics, University of Gdańsk, WitaStwosza 57, 80-952 Gdańsk, 
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 In this contribution the influence of Na+, Li+, Al3+, B3+ co-dopants on the 

luminescence of Sr2SiO4:Eu3+ and Sr2SiO4:Eu2+ is studied. The samples were 

synthesized via solid state method using neutral and reductive atmosphere. During 

the calcination process realized under H2/N2 the Eu3+ introduced into the Sr2SiO4 can 

be easily reduced to form of Eu2+ doped phosphor. Due to the presence of the two 

different Sr2+ sites available for the europium substitution the emission spectrum of 

Sr2SiO4:Eu2+ consists of two strong and board emission bands attributed to the d-f 

transitions located at blue-green (max. 490 nm) and yellow-orange (max. 570 nm) 

region of spectra. The relative intensities of the bands can be easily controlled by the 

excitation wavelength. 

In the case of the materials co-doped with Na+, Li+, Al3+and obtained under neutral 

atmosphere the emission intensity of Eu3+ increases with increasing concentration of 

co-dopants. This phenomenon is usually explained by the charge compensation 

effect. The emission spectra of Al3+ and B3+ co-doped materials obtained after 

reduction process, excited at 325 nm show, besides of typical broad band with 

maximum at 490 nm, also the narrow bands attributed to the f-f transitions in 

Eu3+.The emission intensity of Eu3+ increases with increasing of co-dopants 

concentration to compare with emission intensity of Eu2+. It means that Al3+ and B3+ 

co-dopant acts as a stabilizer of Eu3+ under reduction process applied. This situation 

is not observed in the case of Na+, Li+ co-doped samples. 

The concentration ratio of europium ions incorporated into the inorganic matrix in 

both oxidation states can be easily controlled by the changing of the Al3+ and B3+ 

concentration. Taking into account that in a typical synthesis of materials doped with 

lanthanide ions introduced in both oxidation states the only parameter influencing on 

the concentration ratio of lanthanide ions on the appropriate oxidation state is a 

heating time of the material under a suitable atmosphere, the control of the 

concentration ratio by co-doping is much more effective. The precision of the control 

of the [Ln2+]/[Ln3+] ratio via co-doping is incomparable better. The observed 

stabilization process is perspective from point of view of phosphors designing that 

can be used in White-LEDs. 

 
 
The work has been partially supported by the National Science Centre, Poland, agreement number: 
UMO-2014/13/D/ST3/04032 and POIG.01.01.02-02-006/09 project co-funded by European Regional 
Development Fund within the Innovative Economy Program. Priority I, Activity 1.1. Sub-activity 1.1.2. 
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White light generation using solid state devices can be achieved via three different 

techniques namely,(a) UV LED chip with combination of red, green and blue emitting 

phosphors; (b) multiple LED chips emitting at different wavelengths in a single 

device, and (c) a blue LED chip with yellow emitting phosphor, where, the emission 

from blue and yellow combines to form white light. Ce doped hosts (especially YAG) 

has found wide applicability for solid state lighting application due to their high 

quantum efficiency despite it has low colour rendering index (<80) and high colour 

coordinate temperature (>4500 K). YAG can be easily coated on 450nm emitting 

InGaN chips to produce white light. The scientific community has been continuously 

searching for new phosphors to overcome such issues. 

Various parameters which can affect the performance of phosphor converted LEDs 

are physical parameters like particle size, geometry, concentration, thickness and 

uniformity; and the optical parameters like luminous flux, colour temperature, colour 

uniformity and the thermal stability of emission (intensity & lifetime).In the present 

work, we thoroughly investigate the thermal stability of different Ce doped phosphors 

possessing cubic structure (for example- Y3Al5O12, Ca3Sc2Si3O12 and Sr3Y2Si3O12). 

Suggestions are made to develop new phosphors suitable for coatingInGaN chips 

(which emits in blue) to overcome the present drawbacks of w-LEDs.   
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Up-conversion luminescence – a new property in 
tenebrescent Hackmanites 

 
Isabella Norrboa, Mika Lastusaaria 

a) University of Turku, Department of Chemistry, FI-20014 Turku, Finland 

 
Hackmanites (Na8Al6Si6O24(Cl,S)2) are minerals that belong to the sodalite group. They 
have many optical properties including tenebrescence, luminescence and persistent 
luminescence [1]. In the present work we doped Hackmanites with ytterbium and 
erbium to obtain up-conversion luminescence. In up-conversion luminescence, the 
sensitizer ion (here Yb3+) is first excited. Then the energy is transferred to the activator 
ion (here Er3+) which then emits the output photon (Figure 1a). [2] 

Hackmanite consists of AlO4 and SiO4 tetrahedra that construct a three 
dimensional network of cages [3]. Normally in Hackmanite the cages are filled with four 
Na+ cations and one anion (Cl- or S2

-/S2
2-). When Hackmanites are doped with 

ytterbium and erbium they are expected to replace some of the Na+ in the caves, 
because the trivalent Al3+ site is too small for them. Occupying the Na+ site requires 
charge compensation, which limits the amount of Yb3+ and Er3+ that can be doped. 

The up-conversion emission spectra show that green up-conversion emission was 
obtained (Figure 1 b). By adding up-conversion luminescence into Hackmanites 
multiple optical properties we have produced a material with four different optical 
properties that can be excited with different wavelengths. This material can find 
potential uses in optical multiplexing. However, additional work is still needed to 
intensify the up-conversion luminescence intensity. 

 

 
Figure 1 Up-conversion luminescence in Hackmanites. a) Simple mechanism for up-conversion 
luminescence in Hackmanites doped with ytterbium and erbium. b) Green up-conversion luminescence 
in Hackmanites doped with ytterbium and erbium. Laser excitation with 976 nm.  

 
References: 
 
[1] I. Norrbo, P. Gluchowski, P. Paturi, J. Sinkkonen and M. Lastusaari, Inorg. Chem. 
54, (2015), 7717-7724. 
[2] F. Auzel, Chem. Rev. 104, (2004), 139-173. 
[3] E. Williams, A. Simmonds, Armstrong J. and Weller M., J. Mater. Chem. 20, 
(2010), 10883-10887. 
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Research the centers of electron capture in K2SO4  
 

Koketai T.A., Tussupbekova A.K., Baltabekov A.S., Salkeyeva A.K.  
Ye.A. Buketov Karaganda State University, Karaganda, Kazakhstan 

 
 
 

 
 The influence of ions Co2+, Ni2+ and Mn2+ on radiation and stimulated 

processes in crystal К2SО4 is similar. It can be proved by means of dependence 
curves of speeds of accumulation lightsum on the radiation dose in TSL peak at the 
temperature 190 K (Fig. 1). From Fig. 1. it is clear that the impurity ions Co2+, Ni2+ 
and Mn2+ increase the speed of lightsum accumulation in the TSL peak. Therefore, 
the impurity ions Co2+, Ni2+ and Mn2+  in crystals of potassium sulphate are the 
efficient centers of capture for electrons. 

 

 
1 – K2SO4; 2 – K2SO4-Со2+; 3 – K2SO4-Ni2+; 4 - K2SO4-Mn2+ 

 
Fig. 1. The dependence curves of speeds of accumulation lightsum on the 

radiation dose in TSL peak at the temperature 190 K 
 
The emergence of absorption bands in the crystals of potassium sulphate 

activated by Co2+, Ni2+ and Mn2+ in the field of  the matrix transparence according to 
[1] can be connected to the individual impurity centers. Exaltation of exemplars in 
these strips does not lead to emergence of photoluminescence. The activated Co2+, 
K2SO4-Ni2+ and K2SO4-Mn2+ the absorption spectra (Figures 1, 3, 5) measured at 
ambient temperature are qualitatively similar. 

Thus, the impurity ions of the transitional metals Ме2+ (Со, Ni, Mn) are the 
centers of electron capture in K2SO4. These impurity ions influence emergence of 
padding cationic vacancies in a crystal. The impurity anions (SO4

2-and NO3
-) in 

potassium sulphate are also traps for electrons. 
 

References: 
 
[1] Baltabekov A.S., Koketaitegi T.A., Kim L.M. Eurasian Physical Technical Journal. 
V. 7 (2010). - p.12-17. 
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 The first commercially available white LED based phosphor combines a blue 
light-emitting (In,Ga)N with a yellow (Y1−xGdx)3 (Al1−yGay)5O12:Ce3+ [1]. However, this 
type of white light has a poor color-rendering index (CRI), because of the color 
deficiency in the red region.  

To solve this problem, green and red phosphors in combination with a blue 
LED and red, green, and blue phosphors with a UV LED were introduced [2]. Both 
these methods need efficient green phosphors. Several phosphors such as 
SrGa2S4:Eu2+, (Sr,Ba)SiO4:Eu2+ have been suggested in the past as green 
components. However, there are issues of sensitivity and stability of such phosphors. 
Here, we describe synthesis of europium doped Ca3SiO4Cl2 phosphor as a green 
emitter and fabrication of white LED using blue chip coated with this as green and 
SrS:Eu as red phosphors[3,4]. 

Green emitting Ca3SiO4Cl2: Eu2+ phosphor was prepared by solid state 
reaction.  Ca3SiO4Cl2: Eu2+ was characterized by XRD and excellent match was 
found with standard JCPDS file no. 24-0032. Photoluminescence excitation and 
emission spectra recorded on Hitachi F-7000 spectrophotometer show broad 
excitation extending from 250 nm to 480 nm and intense emission at 505 nm. Eu2+ 
concentration in Ca3SiO4Cl2 was optimized to be at 1 mol%. 

The phosphor in desired quantity was then dispersed in a transparent silicone 
resin (Wells Electronic Materials Company, 5012-2A and 5012-2B), and LED was 
then fabricated by coating the blue LED chip (CREE 450nm, 300 mm) with the epoxy 
resin. The electroluminescence (EL) spectra, colour temperature, CIE chromaticity 
coordinates, CRI and lumen output at room temperature were measured using a 300 
mm integrating sphere and lumen meter (Hangzhou Zhongwei Photoelectricity 
Company ZVision ZW 3900). 

White LEDs were fabricated by coating mixtures of Ca3SiO4Cl2: Eu2+ and 
SrS:Eu phosphors on blue chip. All the phosphors can be excited by blue light. The 
phosphor combination along with blue chip provides all three emissions viz. blue, 
green, and red. Colour coordinates obtained were  (0.3593, 0.2901) and CRI 75 for 
optimized phosphor concentration. These coordinates lie close to centre of the colour 
triangle.  Thus Ca3SiO4Cl2: Eu2+ is a suitable phosphor for blue converted white LED. 
 
References: 
 [1] S. Nakamura and G. Fasol, The Blue Laser Diode: GaN Based Light Emitters and 
Lasers (Springer, Berlin) 1997, 216.  
[2] Y. Xu, L. Chen, Y. Li, G. Song, Y. Wang, W. Zhuang, Z. Long, Appl. Phys. Lett. 92 
(2008) 021129 
[3] T. Yamashita, N Nada, H Onishi, S Kitamura, Health Phys. 21 (1971) 295.  
[4] R.P. Rao, J. Mater. Sci. 21 (1986) 4117 
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Scintillation properties of alkaline metal doped LiCaAlF6 
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    Scintillator is one of the luminescent materials which typically emit 1-6 eV photons 
when they are excited by ionizing radiations [1-2]. Many industries utilize scintillators, 
and most common applications are medical imaging and border security inspections. 
Recently, due to the internationally decreasing supply of 3He gas, development of 
alternative scintillator materials for thermal neutron detectors is of increasing 
demand. For this purpose, we have developed rare earth and transitional metal 
doped LiCaAlF6 crystalline scintillators and scintillation detectors using LiCaAlF6(e.g., 
[3]). Among developed scintillators, Eu-doped LiCaAlF6 showed the best 
performance and became a commercial product [4]. In order to improve the 
scintillation properties, we have carried out many experiments mainly in optimizing 
chemical compositions and synthesis processes. Throughout the course of R&D, we 
discovered Na co-doping improved the scintillation light yield [5]. Following this 
discovery, we found that alkaline metal co-doping improves scintillation light yield of 
Eu-doped LiCaAlF6 and LiSrAlF6 (e.g., [6]). However, the mechanism of the 
improvement is still unclear. In order to understand this phenomenon more deeply, in 
this work, we synthesized only alkaline earth elements (Na, K, Rb, Cs) doped 
LiCaAlF6 crystals and investigated their optical and scintillation properties.  

    The sample crystals were synthesized by the -PD method in Tokuyama Corp. X-
ray induced scintillation spectra and decay time profiles were compared with the 
nondoped LiCaAlF6 sample. Then, emission/excitation spectra and decay time under 
vacuum ultra violet (VUV) photon irradiation at a synchrotron facility (UVSOR, Japan) 
were observed.  
    The synthesized crystals were in a typical size of 2 × 7 × 1 mm3. Scintillation was 
observed from 300 to 500 nm with a broad band in all the samples. In K and Cs 
doped LiCaAlF6, very fast scintillation decay of a few ns was observed while we did 
not observe such fast signal in the other samples. Under VUV excitation using 
synchrotron radiation, alkaline earth doped LiCaAlF6 showed a new band around 80-
100 nm in addition to those in the nondoped LiCaAlF6. Further, very fast 
luminescence similar with X-ray excitation was observed under VUV excitation. 
Therefore we propose one hypothesis that a new stable band is created by alkaline 
earth co-doping and energy migration efficiency at excitation processes may by 
improved. In the conference, further results will be presented and discussed in more 
detail.  
 
References: 
[1] T. Yanagida, J. Lumin., 169 544 (2016). 
[2] T. Yanagida, Opt. Mater., 35 1987 (2013). 
[3] K. Watanabe, T. Yanagida, K. Fukuda, et al., Sens.Mater., 27 269 (2015). 
[4] T. Yanagida, N. Kawaguchi, Y. Fujimoto, et al., Opt. Mater., 33 1243 (2011). 
[5] T. Yanagida, A. Yamaji, N. Kawaguchi, et al., Appl. Phys. Exp. 4 106401 (2011). 
[6] S. Wakahara, T. Yanagida, Y. Yokota, et al., phys. status solidi (c) 9 2235 (2012). 

Poster Session II -12

184



 
ZnGa2O4:Cr and ZnGa2O4:Cr,Bi as new temperature 

sensing phosphors  
 

Estelle Glaisa,b, Morgane Pellerina,b, Corinne Chanéaca, Bruno Vianab 
 

aSorbonne Universités, UPMC Univ Paris 06, CNRS, Collège de France, Laboratoire de 
Chimie de la Matière Condensée de Paris, 4 Place Jussieu, 75005 Paris, France 

estelle.glais@etu.upmc.fr, corinne.chaneac@upmc.fr 
bPSL Research University, Chimie ParisTech − CNRS, Institut de Recherche de  

Chimie Paris, 11 Rue Pierre et Marie Curie, 75005 Paris, France 
bruno.viana@chimie-paristech.fr 

 
 

 
   

Chromium (III) doped nanomaterials are investigated as new thermographic 
phosphors.[1] ZnGa2O4: Cr3+ (ZGO:Cr) are synthesized by a new microwave way in 
aqueous medium and characterized by X-ray diffraction, transmission electron 
microscopy, scanning electron microscopy and optical spectroscopy.  

The obtained 10 nm diameter nanoparticles synthesized by a soft chemistry 
method crystallize with normal spinel structure. They exhibit, after annealing at 
1000°C, a high brightness persistent luminescence centered at 695 nm when doped 
with Cr3+ ions. 

 In this work the fluorescence emission decay is studied in a large temperature 
range (10 K-700 K), in order to investigate the ability of the host to be a wide 
temperature sensor. ZGO:Cr exhibits a high sensitivity versus temperature between 
200 K and 500 K since the decay lifetime dramatically decreases with the temperature 
increase in that temperature range. [2-4] Persistent luminescence decay is also studied, 
showing a significant change of the profile by varying the temperature.  

 
Finally, comparison with co-doped chromium (III) and bismuth (III) zinc gallate 

oxide nanoparticles presenting enhanced persistent luminescent properties [5] is 
presented. The obtained results could be used to determine the optimal design 
parameters for “nanothermometer” development. This kind of nanoprobe could allow 
a local temperature measurement for various applications in medicine (hyperthermia), 
marine, aeronautic or in the understanding of catalysis mechanisms. 
 
References: 
 
[1] Jaque D. and Vetrone F. Nanoscale, 4 (2012) 4301-4326  
[2] Sharma S. et al. Proceedings SPIE, 9749 (2016) 974922  
[3] Chen D. et al. Journal of the European Ceramic Society, 35, (2015) 4211-4216 
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[5] Zhuang, Y. et al. Journal of Materials Chemistry C 1 47, (2013) 7849-7855  
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Phosphor converted white LEDs (pc-wLEDs) are considered as promising systems for 
overall lighting applications.1 A dominant majority of wLED devices are based on the 
blue LED encapsulated with a yellow emitting YAG:Ce phosphor, giving rise to the 
white light output. YAG:Ce, due to its high luminescence quantum yield, strong 
absorption coefficient in blue region and high thermal stability is highly favourable 
phosphor for wLEDs. However, the low color rendering index (CRI ~ 81) of YAG:Ce 
based wLEDs limits their wide scale use in specific applications requiring high color 
rendering lighting. Several efforts are being made to improve the wLED properties, 
such as the use of mixed phosphors (YAG:Ce + K2SiF6:Mn4+), multiple LEDs (blue + 
green + red), broadband phosphors, etc.1  

Recently, we observed that the amorphous yttrium-alumino-borate (g-YAB) 
phosphors synthesized by the polymeric precursor (Pechini) method exhibit intense 
broadband emission from 400 nm to 750 nm generated by paramagnetic centers.2 The 
luminescence covers whole visible spectrum with favorable CIE color coordinates for 
white light, exhibits high luminescence quantum yield (i-QY ~ 90%), excellent CRI (~ 
94) and good stability over temperature and time under continuous excitation, which is 
ideal for the wLED phosphors. We further investigated the luminescence relaxation 
kinetics of the g-YAB phosphors. It has been observed that the broadband 
luminescence exhibits a fast nanosecond decay with decay lifetime τ ˂ 10 ns, as well 
as a slow persistence decay lasting for few seconds. Moreover, the time resolved 
spectroscopy revealed that the blue region emission exhibits relatively faster relaxation 
than the green-red region emission for both fast (ns) as well as slow persistence (s) 
decay kinetics.  A systematic analysis suggests that the fast nanosecond component 
may be due to the intrinsic fluorescence decay of luminescent centers, whereas the 
slow persistence emission may be a result of thermal relaxation of trapped electrons 
at ambient temperature, as evidenced from the thermo-luminescence spectroscopy 
revealing the presence of a wide trap distribution in g-YAB phosphors.  
 
 
References: 
 
[1] J. McKittrick, and L. E. Shea-Rohwer, J. Am. Ceram. Soc., 97, 132, 2014. 
[2] V. F. Guimarães, L. J. Q. Maia, I. Gautier-Luneau, C. Bouchard, A. C. Hernandes, F. 
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Dynamics of Sensitization in (Cr,Nd,Yb):YAG Ceramics 
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 Sensitization of emission of the weakly absorbing Nd3+ laser ion with strongly 
absorbing 3d ions such as Cr3+ is currently considered of prospect for improvement of 
the laser performances under broad-band (lamp or solar radiation) pumping [1, 2]. 
Essential conditions for the efficient sensitization are good absorption of pump by 
sensitizer and highly efficient energy transfer ET to the active ion. Relevant 
information on the ET is provided by investigation of dependence of the emission 
decay of sensitizer and of temporal evolution of the acceptor excited population 
under excitation in sensitizer for different Cr and Nd concentrations CCr and CNd. 
Investigation and utilization of these processes in single crystals is restricted by the 
difficulties to control the doping due to the large differences between the segregation 
coefficients of these ions; however, the compositional versatility of the transparent 
ceramic materials [3] would enable tailoring of composition to grant the relevant 
information and maximum of performance This paper extends the investigation [4] of 
ET in (x at.% Cr, y at.% Nd):YAG ceramics (x = 1, 2, y = 0, 1, 3) produced by sold-
state synthesis. High-resolution decay of Cr3+ emission at 300K after 10 ns 445 nm 
pulse excitation in the 4T1 band of Cr3+ evidences, besides the known non-
exponential decay determined by electric dipole interaction with Nd3+ a very fast initial 
drop proportional to CNd , which can be attributed to superexchange coupling 
dominating ET to the n.n. and n.n.n. Nd3+ ions. These characteristics are confirmed 
by the evolution of Nd emission after excitation in Cr3+, which shows a sudden initial 
jump, consistent with the dominance of superexchange inside the near Cr-Nd pairs. 
Calculation of ET efficiency indicates increase from 52% for 1 at.% Nd to 77% for 2 
at.% Nd. Modeling of CW laser emission under solar pumping evidences the positive 
role of sensitization; at the same time it indicates enhancement of heat generation 
compared with the materials without sensitization, caused by the larger quantum 
defect. It is found that the higher ET efficiency when increasing CNd within certain 
limits would be beneficial in improving the laser parameters (threshold, slope 
efficiency) but this will be accompanied by enhanced heat generation caused both by 
the increased contribution of the quantum defect between the Cr3+ luminescence and 
the Nd3+ emission and due to the self-quenching of Nd3+ emission.  The possibility to 
avid this last effect by subsequent energy transfer from Nd3+ to Yb3+ is considered 
and the characteristics of this process by co-doping the (Cr, Nd):YAG ceramics with 
Yb are reported; contribution of direct ET from Cr3+ to Yb3+ is also evidenced. 
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The advent of RE3+-doped transparent ceramics and the comparative 
investigation of these materials with single crystals enables deepening the 
knowledge of their properties and applicative potential. This paper investigates 
comparatively the optical spectral characteristics of several less investigated 
RE3+ ions (Pr3+, Sm3+) in YAG, Czochralski crystals or ceramics, in the to attempt 
to elucidate the electron-phonon interactions effects in these systems. Common 
features in the spectra of crystals and ceramics can be associated to main 
centers - RE3+ in Y3+ dodecahedral sites, vibronic satellites or RE-RE pairs (with 
quadratic dependence on RE content). Similar to the previous studies on 
Nd:YAG [1], for a major difference is the small intensity in ceramics of the 
satellites connected to the perturbing effects of nearby nonstoichiometric defects 
– Y3+ in Al3+ octahedral sites. The new data of this work enable clarification of 
many aspects reported but, not explained in previous papers on Pr:YAG crystals 
or ceramics (for references see [2]).  
Possible electron -phonon coupling effects in some transitions of Pr3+ [3] or Sm3+ 
[4] spectra of YAG crystals have been invoked previously, especially in 
connection with the elucidation of main centers electronic structure, but no 
analysis has been reported, due to interferences with multicenter structure. This 
work reports new spectral features associated to vibronic sidebands in Pr3+ 
3H4

1D2 10 K absorption or Pr3+ 3P0
3H4, 

1D2 
3H4 emission spectra of YAG 

crystals and ceramics, and different mechanisms determining these spectral 
characteristics, involving especially intense IR sharp peaks of phonon spectra, 

are discussed [5, 6]. Several lines in the Sm:YAG 4G5/2
4H5/2,7/2,9/2 emission 

spectra at 10K in ceramics show doublet structure similar to crystals [4]. A 
modeling in terms of quasi-resonant electron-phonon interaction between a 
vibronic and a pure electronic state [5] is presented. From the shapes of the lines 
and degree of resonance with peaks in Raman spectra, an estimation of the 
electron-phonon coupling strengths and the shifts of the electronic lines are 
done.  
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Effects of Si Codoping on Optical Properties of Ce-doped 
Ca6BaP4O17 from First-Principles Calculations 

 
Lixin Ning,† Xiaoxiao Huang,† Zhiguo Xia,‡ 

 
† Center for Nano Science and Technology, Department of Physics, Anhui Normal University, 

Wuhu, Anhui 241000, China 
‡ School of Materials Sciences and Engineering, University of Science and Technology of 

Beijing, Beijing 100083, China  
  

It was recently reported that Ce-doped Ca6BaP4O17 displayed blue-green emission 

under excitation in the near-ultraviolet (UV) region and luminescence intensities can 

be greatly improved by codoping with Si. Here, a combination of hybrid density 

functional theory (DFT) and wave function-based CASSCF/CASPT2 calculations at 

the spin-orbit level has been performed on geometric and electronic structures of the 

material to gain insights into effects of Si codoping on its optical properties. It is found 

that the observed luminescence arises from 4f−5d transitions of Ce3+ occupying the 

two crystallograhically distinct Ca1 and Ca2 sites of the host compound with 

comparable probabilities, with the energy of the lowest 4f → 5d transition of CeCa1 

being slightly higher than that of Ceca2. The codopant Si prefers to substitute for the 

nearest-neighbor (NN) P1 atom over the NN P2 atom around Ce3+, and this 

preference induces a blueshift of the lowest-energy 4f → 5d transition, consistent 

with experimental observations. The blueshift originates from a reduction in 5d crystal 

field splitting of Ce3+ associated mainly with electronic effects of the NN SiP1 

substitution, while the contribution from the change in 5d centroid energy is 

negligible. On the basis of calculated results, the energy-level diagram for the 4f 

ground states and the lowest 5d states of all trivalent and divalent lanthanide ions on 

the Ca2+ sites of Ca6BaP4O17 is constructed and discussed in connection with 

experimental findings. 
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Ponderomotive forces mediate 
UV solid-state laser operation   
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1Kazan Federal University, 18  Kremlin str., Kazan, 420008, Russia 
 2National Hellenic Research Foundation,  Theoretical and Physical Chemistry Institute, 48 

Vassileos Constantinou Avenue, Athens 11635, Greece 
 
  
 

 

 
 The effects  of ponderomotive  forces [1]   following interaction of light with 
optical materials and interfaces are now  best exploited in a wide range of scientific 
and technological applications such as atomic optics, nanotechnologies, isotope 
separation and laser cooling of atoms and molecules  [2-4]. However, nowadays, 
there is a limited number of data demonstrating either solid-state surface modification   
from both enhanced bulk diffusion and surface adsorption of ambient atoms and 
molecules  via ponderomotive forces [5], or  mediated optical responses of nonlinear 
optical elements. 

In this study, the impact of ponderomotive forces on the efficiency of UV solid-
state lasers based on Ce:LiCaAlF6 and Ce:LiLuF4 single crystals are presented and 
discussed. 

It is found that high power UV laser pumping accelerates diffusion of 
environmental molecules, dust or impurities, leading to molecular adsorption on the 
laser optical surfaces, causing thus inevitable degradation of laser performance. In 
contrast, the all the way transmitted optical pumping radiation through the laser active 
medium, cleans the exit aperture of the pumping radiation. 
 
This work was performed under the financial assistance from the  Russian Scientific 
Foundation grant (project №15-12-10026) and the Competitive Growth of Kazan 
Federal University among World’s Leading Academic Centers. 
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Propagating, Confined and Interface Acoustic Phonon 

Modes in GaN/AlN Quantum Wells 

Y. H. Zan, Q. Yuan and S. L. Ban 

School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, 

China 

Dispersion relations and phonon modes of propagating, confined and interface acoustic 

phonons have been solved theoretically for symmetric AlN/GaN quantum wells (QWs). Contrary 

to the previous conclusion in an early year for a real QW structure
[1]

, some regular patterns for the 

existence of interface acoustic phonons are revealed. Numerical computation is performed for a 

AlN/GaN/AlN (25nm/20nm/25nm) QW, all the dispersion relations and phonon modes are 

obtained by using an elastic continuum model
[2]

. The transition conditions between different 

phonon modes and the existence conditions of the three kinds of phonons especially for the 

interface phonon modes are discussed. With increase of wave vector, the dispersion relations split 

into four sections. Phonons in section one and three, from bottom to top, are confined in the GaN 

layer, and in section two and four are confined in AlN layers. Furthermore, the tangent of the 

dispersion relation at bottom of these sections approaches to the velocities of longitudinal and 

transverse acoustic phonons propagating in bulk materials in turns. 

This work is supported by the National Natural Science Foundation of China (Grant No. 

61274098). 
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Luminescence Properties of Organic-Inorganic Layered 
Perovskite-Type Compounds under Vacuum Ultraviolet 

Irradiation 
 

Naoki Kawano, Masanori Koshimizu, Yutaka Fujimoto, and Keisuke Asai 
Department of Applied Chemistry, Graduate School of Engineering, Tohoku University, 

Sendai 980-8579, Japan 
  
 

 Quantum confinement in semiconductors has been a subject of great interest 
from the viewpoint of the applications for optical devices as well as basic science. 
Among various materials having low-dimensional quantum confinement structure, Pb-
based organic-inorganic perovskite-type compounds have attracted much attention 
due to their unique optical properties. We have been developing scintillation materials 
using these compounds. In recent years, the demand for fast scintillation materials has 
increased owing to their application in radiation detectors with excellent timing property 
and their ability to operate at a high counting rate. The large binding energy and 
oscillator strength of the exciton enables us to fabricate scintillation materials with an 
excellent timing response [1]. During the course of development, we found that the 
scintillation properties largely depend on the amine molecules used in the organic layer, 
in which no luminescence occurs. In order to reveal the origin of this dependence, the 
luminescence decay characteristics should be obtained under excitation (1) only in the 
inorganic layers and (2) both in the inorganic and the organic layers. In this report, we 
show that the excitation in the organic layers has little influence on the luminescence 
behavior. 
The chemical formula of the sample compound is (C6H5C2H4NH3)2PbBr4. Single 
crystals of the compound were grown by the solvent diffusion technique. The 
photoluminescence spectra and time 
profiles were measured using vacuum 
ultraviolet (VUV) light as an excitation 
source at UVSOR BL7B operated in single 
bunch mode.  
Figure 1 shows the photoluminescence 
time profiles at 410 nm with excitation at 
300 nm and 180 nm. In the case of the 
excitation at 180 nm, both the inorganic 
and the organic layers were excited. The 
decay characteristics were quite similar. 
Hence, these results indicate that the 
excitation in the organic layer has little 
influence on the luminescence and 
scintillation behavior.  
  
References: 
[1] K. Shibuya, et al., Appl. Phys. Lett. 84 
(2004) 4370; K. Shibuya, et al., Jpn. J. 
Appl. Phys. 43 (2004) L1333; S. 
Kishimoto, et al., Appl. Phys. Lett., 93 
(2008) 261901. 

 
Fig. 2 Luminescence time profiles at 410 nm. 
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Cyclical Changes in Optical Properties of SrTiO3 Structure

V.Gorbenko1, G.Gorbenko2

1Zaporizhe National University, Ukraine
2Classical Private University, Ukraine

Such  process  conditions  as  high  temperature, pressure  and  pulsed  laser
acting are the causes of defects forming in the SrTiO3  crystal structure one of which
is oxygen vacancy. It has been good established the high concentration of oxygen
vacancies  can  to  change both  optical  and  dielectric  properties  of  samples.  The
Vis/UV spectroscopy and high vacuum system has been used for study of absorption
spectrum changes that caused by cyclic consecution of annealing treatments under
vacuum and  oxygen  enriched  environment.  Additionally  the  PCGAMESS  [1]  has
been  used  for  ab-initio  calculations  of  Vis/UV  absorption  specters  both  ideal
perovskite structure SrTiO3 and oxygen vacancies with. 

It has been established that the annealing of strontium titanate samples under
vacuum leads to the appearing of new spectrum lines at 400-600 nm (fig.1). The lines
intensity  has  been  controlled  by  both  the  duration  and  the  temperature  of  the
annealing  process.  After  the  annealing  of  the  samples  in  oxygen-enriched
environment the strength of new lines were decreasing. The ab-initio calculations by
Hartree-Fock (HF) and time dependent density functional theory methods (TDDFT)
has  shown  the  essential  changes  of  crystal  structure  caused  by  the  forming  of
oxygen vacancy. It has been obtained from the simulation the both oxygen vacancies
and the changes of crystal structure are influencing on the Vis/UV spectrum and the
appearing of lines at 300-600 nm range (fig.2).

Fig.1 Experimental spectrum             Fig.2 Spectrum obtained by ab-initio simulation

References:
[1] A.V.Nemukhin, B.L.Grigorenko, A.A.Granovsky, Moscow University Chemistry 
Bulletin, 2004, vol.45, No.2, P.75.
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Polariton-like propagation of photoluminescence  
from exciton-exciton scattering  

in a GaAs/AlAs multiple-quantum-well structure 
 

Yoshiaki Furukawa and Masaaki Nakayama 
Department of Applied Physics, Graduate School of Engineering, Osaka City University, Japan 

 
 

 

 Exciton-exciton scattering is one of the prominent phenomena in optical 
properties of semiconductors under intense excitation condition [1]. The exciton-
exciton scattering has mainly observed in wide band-gap semiconductors such as 
CdS, GaN, ZnO, and cupper halides because the large exciton binding energies lead 
to the high stability of excitons. The exciton-exciton scattering in a GaAs bulk crystal, 
the exciton binding energy of which is 4 meV, has not been reported. Nakayama et 
al., reported occurrence of the exciton-exciton scattering resulting from enhancement 
of the exciton binding energy by the quantum size effect in GaAs/AlAs multiple-
quantum-well structures (MQWs) from an aspect of steady-state photoluminescence 
(PL) spectra [2]. In the present work, we have focused on the polariton-like PL 
dynamics of the exciton-exciton scattering in a GaAs/AlAs MQW. 
 The sample used was a GaAs (10 nm)/AlAs (10 nm) MQW grown on a (001) 
GaAs substrate by molecular beam epitaxy. For PL measurements, the excitation 
light source was a mode-locked Ti:sapphire laser with a pulse duration of 110 fs and 
a repetition rate of 76 MHz. The excitation energy was fixed at 1.640 eV. A streak-
camera systemwith a time resolution of 15 ps was used for the detection of time-
resolved PL spectra. All the optical measurements were performed at 10 K. 
 We confirmed from steady-state PL measurements that the exciton-exciton 
scattering appears with a threshold-like nature at an excitation fluence of 0.3P0, 
where the maximum excitation fluence P0 is 0.10 mJ/cm2. Figure 1 shows the energy 
dependence of the decay rate of the exciton-exciton scattering at various excitation 
fluences. The decay rate was estimated from line-shape analysis of PL decay profiles 
using convolution of the system response and double 
exponential function. The decay rate of the exciton-
exciton scattering systematically decreases with an 
increase in photon energy. In addition, the decay rate 
hardly depends on excitation fluence. This fact 
suggests that the decay rate is dominated by the final 
state of the exciton-exciton scattering process, which 
corresponds to the photon-like polariton in the lower 
polariton branch (LPB). The solid curve indicates the 
scaled group velocity of the photon-like polariton in 
the LPB calculated using a polariton equation. The 
energy dependence of the decay rate is consistently 
scaled by the polariton group velocity. This fact 
demonstrates that the exciton-exciton scattering 
reflects the polariton characteristics. 
 
References: 
[1] For a review, see C. Klingshirn and H. Haug, Phys. Rep. 70 (1981) 315. 
[2] M. Nakayama, T. Hirao, and T. Hasegawa, J. Appl. Phys.105 (2009) 123525. 

Fig. 1 : Energy dependence of the 
decay rate of the exciton-exciton 
scattering at various excitation 
fluences, where the solid curve 
depicts the scaled group velocity of 
the photon-like polariton. 
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X-ray excited luminescence of Ba2MgSi2O7:Eu2+ 
 

Jing Yana, Chunmeng Liua, Jianbang Zhoua, Pieter Dorenbosb, Bingbing Zhangc, 
Yan Huangc, Ye Taoc, Hongbin Lianga,* 
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Faculty of Applied Sciences, Delft University of Technology, Mekelweg 15, 2629 JB Delft, The 

Netherlands 
c 
Beijing Synchrotron Radiation Facility, Institute of High Energy Physics, Chinese Academy of 

Sciences, Beijing 100039, China 

 
 Eu2+ shows 5d-4f emission in a specific host when the energy of the relaxed 
lowest 5d state is below that of the 4f7 6PJ states. Its fluorescence decay constant is 
usually in the range of 0.2−2.0 μs and the emission band is tunable in the entire 
visible range, depending on the type of host. On the basis of these features, a variety 
of Eu2+-activated luminescent materials have been investigated widely as phosphors 
in LED lighting and 3D displays as well as scintillators in detection devices [1-3]. 
Ba2MgSi2O7 is an important host compound for luminescence of lanthanides and 
transition metal ions [2, 4]. In this paper, Ba2MgSi2O7 phosphors activated with Eu2+ 
ions were prepared by a solid state reaction technique at high temperature. The 
excitation spectra in VUV–UV range, the emission spectra in UV–vis range, the 
decay time spectra and the temperature-dependent luminescence under X-ray and 
370 nm UV light excitation together with the thermoluminescence spectra were 
investigated and discussed. The results demonstrated that the light yield of the 
optimal Ba1.93Eu0.07MgSi2O7 sample under X-ray excitation is more than three times 
higher in comparison with that of commercial BaF2, showing that a further optimized 
sample Ba1.93Eu0.07MgSi2O7 could be a potential scintillation material for X-ray 
detecting [5, 6].  
 
References: 
 
[1] Chunmeng Liu, Zeming Qi, Chong-Geng Ma, Pieter Dorenbos, Dejian Hou, Su 
Zhang, Xiaojun Kuang, Jianhui Zhang, Hongbin Liang, Chem. Mater. 26 (2014) 3709. 
[2] Jing Yan, Lixin Ning, Yucheng Huang, Chunmeng Liu, Dejian Hou, Bingbing 
Zhang, Yan Huang, Ye Tao, Hongbin Liang, J. Mater. Chem. C 2 (2014) 8328. 
[3] Chunmeng Liu, Su Zhang, Zhiyu Liu, Hongbin Liang, Shuaishuai Sun, Ye Tao, J. 
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Huang, Ye Tao, Hongbin Liang, J. Mater. Chem. C 3 (2015) 9161. 
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Ce3+ to Tb3+ Energy Transfer in Ce2(SO4) 
 

Aarti Iyer Muley, S.V. Moharil 
 

SIES College of Arts, Science and Commerce, Sion (West), Mumbai-22, India 
Department of Physics, RTM Nagpur University, Nagpur, India 

 
 

Abstract: Energy transfer from Ce3+ to Tb3+ is observed in several luminescent 
materials and studied extensively during the last decades. The main interest is in the 
development of new and high efficient green energy phosphor used as a green 
component in the low pressure mercury vapor lamps. Lanthanum phosphate finds the 
application of Ce3+ to Tb3+ energy transfer and use as a commercial phosphor. The 
nano particles of cerium phosphate have also prepared and find intense green 
emission due to transfer of energy in Ce3+ to Tb3+. The stiochiometric compound 
Ce2(SO4) shows intense luminescence. It has been observed that when the Ce2(SO4) 
has synthesized by controlled precipitation method the emission changes from 
double humped spectra which has been observed at 335nm and the shoulder around 
324nm to  single emission at 344nm. The shift is due to the change of phase. 
However negligible energy transfer is observed for this compound. Also It is observed 
that doping of PO4 during the synthesis process gives the efficient energy transfer 
from Ce3+ to Tb3+. The synthesis process to achieve this and the systematic study of 
Ce3+ to Tb3+ energy transfer is described in this paper. 
 
References: 
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Luminescence Study of SrB4O7: Sm
2+

as Multimode 

Temperature Sensor with High Sensitivity 

 

Zhongmin Cao, Yonghu Chen, Xiantao Wei, ChangkuiDuan*, Min Yin 

Department of Physics, University of Science and Technology of China, Hefei, Anhui 

230026, P.R. China 

 

 

 

Abstract 

 Sm2+ doped SrB4O7 was synthesized for the exploring high thermometry 

sensitivity. Highly thermal sensitive fluorescence intensity ratio and 

fluorescence lifetime were achieved in a wide range of temperatures. At 500 K, 

the relative sensitivities of temperature sensing are determined to be as high 

as 2.33% K-1 for fluorescence intensity ratio and 3.36% K-1 for fluorescence 

lifetime. Furthermore, the fluorescence color turns dramatically from deep red 

at room temperature to green at 700 K. Based on this color appearance, a 

visible temperature field was realized on a quartz glass covered with our 

sample, which could make thermal conduction and distribution visible with 

human eyes. These outstanding properties combined with the high thermal 

and chemical stability of the borate host make SrB4O7: Sm2+ a promising 

material for high sensitive thermometry applications. 

 

                                                             
Corresponding authors: ckduan@ustc.edu.cn (C.K. Duan) and yinmin@ustc.edu.cn (M. Yin). 
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Pathways of relaxation excited states of Pr
3+

 in  
Y2Si2O7: Pr

3+
, Yb

3+
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Excited States,  Polish Academy of Sciences, Wroclaw, Poland  
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A growing number of materials doped with rare-earth ions is extensively 

studied for quantum computation due to long coherence times of their optical and 
hyperfine transitions and the strong electric dipole–dipole coupling [1]. One of them is  
praseodymium doped yttrium orthosilicate (Y2SiO5:Pr3+) which hyperfine interaction 
for the ground 3H4 and excited 1D2 states has been characterized in [2] .The impact of 
energy transfer on quantum computing schemes has been presented for Pr3+-Ce3+ 
pair in the same lattice by Serrano et.al. [3]. All these studies indicate the importance 
for the understanding of the course of energy transfer processes as well as the paths 
of depopulation of excited states of RE ions, especially in applications as a qubit and 
readout ions for quantum computing.  

In this work yttrium disilicate co-doped with praseodymium and ytterbium ions 
(Y2Si2O7: Pr3+,Yb3+ ) has been investigated due to characterization of energy transfer 

pathways occurred in the 
system. Based on the 
spectroscopic techniques such 
as excitation and emission 
spectra measurements and on 
obtained luminescence decay 
times, a model of relaxation of 
3Pj and 1D2 excited states of Pr3+ 
after Vis excitation has been 
proposed and verified. This work 
is a direct extension of research 
on downconversion mechanism 
in this material. 
 
 

Fig.1 Pathways of relaxation of 3P0 excited state of Pr3+ . 
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Chromium Pairs in Combustion Synthesized -Alumina 
 

Sarah Robitaille, J.K. Krebs, N. Dixon, and L. Fritz 
Department of Physics and Astronomy, Franklin & Marshall College, Lancaster, PA 17603 

 
 
 

 
 High surface area alumina has gained much attention as a support structure 
for a number of possible biological and biomedical applications [1]. Combustion 
synthesis provides a simple route to produce large quantities of nano-crystalline 
alumina with optically active impurities after liquid phase mixing [2]. In this report, we 
present results on chromium ion separation in combustion-synthesized highly-doped 
ruby. The liquid phase mixing is achieved by dissolving stoichiometric ratios of 
aluminium and chromium nitrates in water/urea solutions. The solutions are then 
heated above 550 degrees, at which point they undergo a self-propagating 
combustion reaction converting them to high surface area solids. The structure is 

confirmed by X-ray diffraction to be that of single phase -alumina. Optically excited 
fluorescence (excited at 473 nm) spectra were used to measure the ratio of the fourth 
nearest neighbour emission peak to that of the single ion peak [3] to quantify impurity 
clustering as a function of chromium concentration. Whereas the clustering in melt-
grown single crystal ruby is observed to increase super linearly [4], the impurity 
clustering in the combustion synthesized materials is observed to increase linearly 
over a concentration range up to four atomic percent. The observed reduction in 
exchange coupling of ions is discussed in the context of the increased porosity of the 
high surface area materials.  
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Energy Transfer between Different Transitions within Rare-
earth Ions 

 
Jiuping ZHONG,1,2,*Hongbin LIANG,1Qiang SU1 

1.MOE Laboratory of Bioinorganic and Synthetic Chemistry, State Key Laboratory of 
Optoelectronic Materials and Technologies, School of Chemistry and Chemical 
Engineering, Sun Yat-sen University, Guangzhou 510275, China 

2.Center for Rare-earth Optoelectronic Materials, School of Metallurgy and Chemical 
Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China 

Energy transfer between donor and acceptor is a common physical phenomenon, 
and the luminescence performance of optical materials is influenced directly by the 
energy transfer efficiency. In this work, the luminescence decay curves of energy 
transfer from f-f transition to d-f transition, from f-f transition to f-f transition, and from 
f-d transition to f-f transition within rare-earth ions were determined. Andthe 
luminescence dynamical formulas of the above energy transfer processes were 
provided according to the experimental results. In order to improve the luminescence 
performance of rare-earth phosphors using energy transfer mechanism between 
rare-earth ions, the competitive absorption of rare-earth activators codoped in one 
host were also investigated. It was found that the energy transfer efficiency is relative 
to the overlap of acceptor’s absorption with the donor’s emission. 

 

 
Figure 1 The Luminescence decay curves of energy transfer between different transitions 
within rare-earth ions. 
 
* To whom correspondence should be addressed: zhongjp@mail.sysu.edu.cn 
Tel: +86 20 8411 1037; fax: +86 20 8411 1038 
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Peculiarities of Er
3+
Yb

3+
 energy transfer in CaSc2O4:Er:Yb 

A. Stefan1,2, S. Georgescu1, O. Toma1 

1 National Institute for Laser, Plasma and Radiation Physics, Magurele, Jud. Ilfov, 077125, 

Romania, 

2 University of Bucharest, Faculty of Physics, Magurele, Jud. Ilfov, 077125, Romania 

The calcium scandate ceramic samples doped with Er3+ and Yb3+ were synthesized by 

the solid state reaction method (at 1500ᵒC for 4 h) from stoichiometric quantities of high 

purity oxides (Sc2O3, Er2O3, Yb2O3) and CaCO3.  

The calcium scandate (CaSc2O4) is a new and promising host for efficient upconversion 

[1] due to low energy phonons (540 cm-1), short distances between positions that can 

be occupied by the dopants (yielding an efficient energy-transfer) and high solubility of 

ytterbium ions. The room-temperature luminescence spectra were excited at 488 nm 

and 980 nm and recorded in the wavelength domain 500–1700 nm. Yb3+ → Er3+ energy 

transfer processes of the emitting levels of Er3+ are discussed and the back-transfer Er3+ 

→ Yb3+ was evidenced. The decay curves of metastable levels (2H11/2, 
4S3/2), 

4F9/2 of 

Er3+ and 2F5/2 of Yb3+ were analyzed and the lifetimes of the metastable levels were 

measured. The upconversion luminescence is analyzed using luminescence spectra, 

power dependence of the emission intensity, and lifetime measurements. 

Concentration-optimized CaSc2O4: Er3+/Yb3+ phosphor presents efficient Yb3+  Er3+ 

energy transfer and strong green ((2H11/2, 
4S3/2)(Er3+)  4I15/2(Er3+)) and red ((4F9/2)(Er3+) 

 4I15/2(Er3+)) luminescence. The red/green intensity ratio is found to be mainly 

influenced by the energy back-transfer process ((2H11/2, 
4S3/2) (Er3+), 2F7/2 (Yb3+))  

(4I13/2 (Er3+), 2F5/2 (Yb3+)). 

 

Acknowledgment: This work was supported by (UEFISCDI), in the frame of the Project 

IDEI 82/06.10.2011 
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Initial process of photoluminescence dynamics  
in a β-Ga2O3 single crystal  

 
Suguru Yamaoka, Yoshiaki Furukawa, and Masaaki Nakayama 

Department of Applied Physics, Graduate School of Engineering, Osaka City University, 
Japan 

  
 
 

 Recently, one of wide-gap group-III oxides, β-Ga2O3, has attracted much 
attentions in applications for high-power field effect transistors and optical functional 
materials in a deep ultraviolet region. In the previous work, we demonstrate that self-
trapped excitons (STEs) in a β-Ga2O3 single crystal are stable states relative to free 
excitons and the broad UV photoluminescence (PL) band is attributed to the STE 
emission [1]. In this work, we have investigated the initial process of the PL dynamics 
in a β-Ga2O3 single crystal from the viewpoint of the transformation process from free 
excitons to STEs. 
 The sample used was a (010)-oriented undoped 
β-Ga2O3 single crystal with a thickness of 0.60 mm. In 
the PL measurements, the excitation light source was a 
mode-locked Ti:sapphire laser with a pulse duration of 
110 fs and a repetition rate of 4.8 MHz. The central 
energy of the fundamental laser light was doubled for 
two-photon excitation at 2.87 eV. A streak-camera 
system with a time resolution of 18 ps was used to 
detect time-resolved PL spectra.  
 Figure 1(a) shows the temporal PL profiles 
(circles) of the STE emission at temperatures from 10 to 
250 K. The solid curves indicate the fitted results using 
convolution of system response and two exponential 
functions consisting of the PL rise and decay 
components. From the fitted results, the PL rise time at 
each temperature is almost constant and its value is 
obtained to be 23±1 ps. Figure 1(b) shows the 
schematic diagram of the exciton and STE energy 
states. The PL rise time is mainly determined by the rate 
of tunnelling or thermal activation from the free exciton 
state to the STE state [2]. The result that there is no 
temperature dependence of the PL rise time indicates 
that the STEs in β-Ga2O3 are dominantly formed by the 
tunnelling process. Furthermore, it is expected that the 
barrier height Eb between the exciton state and self-
trapped state is sufficiently higher than thermal energy 
at room temperature. This estimation is consistent with 
the theoretical value of Eb = 0.10 eV [3]. 
 
References: 
[1] S. Yamaoka and M. Nakayama, Phys. Status Solidi C 13 (2016) 93. 
[2] K. Nasu and Y. Toyozawa, J. Phys. Soc. Jpn. 50 (1981) 235. 
[3] J. B. Varley, et al., Phys. Rev. B 85 (2012) 081109(R). 

 profiles 
(circles) of the STE 
emission at temperatures 
from 10 to 250 K, where 
the solid curves depict the 
fitted result. (b) Schematic 
diagram of the free exciton 
and STE energy states. 
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Luminescence of Ce
3+

 ion Activated Potassium Gadolinium 
Pyrosilicates Phosphor under Vacuum Ultraviolet and X-

Rays Excitation 
 

                 Haiyong NI1,2   Hongbin LIANG3  Lingli WANG1,2  Qiuhong ZHANG1,2 

 
 

1(Guangdong Province Key Laboratory of Rare Earth Development and Application, 

GuangZhou,China，510650） 
2(The Institute of Rare Metals, GuangZhou Research Institute of Nonferrous Metals 

GuangZhou,China，510650） 
3(School of Chemistry and Chemical Engineering, Sun Yat-sen University, Guangzhou 
510275, P. R. China) 

 
 

 
 

Abstract: The phosphors, Ce3+ doped with Potassium gadolinium pyrosilicates 
K3Gd1-xCexSi2O7 were prepared through a high-temperature solid-state reaction 
technique. The excitation and emission spectra in range of vacuum-ultraviolet-vis at 
55 k, fluorescent decays and X-rays excitation luminescence (XEL) of Ce3+ in two 
sites both 6-fold octahedron coordination (trigonal antiprism tap) (Gd(1)3+)and 6-fold 
trigonal prism coordination (tp) (Gd(2)3+) were investigated, and the 5d centroid εc 
were calculated in view of crystal structure and an improved ligand polarization 
model. The results show that the emission spectra of phosphors K3Gd1-xCexSi2O7 are 
composed of broad band with the strongest intensity at ~518 nm and color 
coordination(x=0.318,y=0.473), fluorescent lifetime τ1/e and light yields are 98.1ns 
and 3760 ph/MeV when Ce3+ concentration is 0.04 (mol/mol), respectively. 
Keywords: Rare earth; Vacuum Ultraviolet; XEL; Potassium gadolinium 
pyrosilicates; phosphor; 

 

 

References: 
 

[1] Alexander B., Kristin A. D., Nathan C. G., et al. Chem. Mater., 2012, 24, 
1198−1204. 
[2] Li X.J., Jiao H., Wang X.M., J. Rare Earth, 2010,28(4): 504 -508. 
[3] Yang P. P., Quan Z.W., Li C.X. et al. J. Solid State Chem., 2009,182(5): 1045–
1054. 
[4] Men D., Patel M.K., Usov I.O. et al. J. Am. Ceramic Soc.,2013,96(10):3325-3332. 
[5] Ingole D K , Joshi C P, Moharil S V , et al. Lumin. 2012, 27:24-27. 
[6] Shah K S, Cirignano L, Grazioso R, et al., IEEE Trans. Nuclear Sci., 
2002,49:1655-1660  
 

 

Poster Session II -31

204



Near-infrared Spectroscopy of Lattice Defects in Anion-
defective Sapphire at 4-300K 

 
Zh.K.Mamytbekov1,3*,I.I. Milman1, M.N. Sarychev1, A.I. Syurdo2,  

R.M. Abashev1,2, V.S. Voinov1 
 

1Ural Federal University, Russia 
2Institute of Industrial Ecology UrB RAS, Russia 

3Institute of Physical and Technical Problems and Material ScienceNAS KR, Kyrgyzstan 
*zzhayloo@gmail.com 

 
 

Due to its unique properties, corundum (α-Al2O3) is widely investigated with 
different methods but many questions concerning its own color centers (F-type 
defects, interstitial Al atoms and their agglomeration) are still opened. Luminescence 
of corundum in the near infrared region does not have an adequately comprehensive 
description yet. In literature different methods are reported to induce complex defects 
in corundum by stoichiometric crystals, as for example high fluence irradiation, fast 
neutrons or high-energy 
electrons [1]. 

Here we present an 
optical spectroscopy 
investigation (200 - 2200 
nm) as a function of 
temperature (4-300 K) on 
the effects induced by 
thermo-optical treatment 
(TOT) at 920 K on the 
color centers of anion-
defective corundum. The 
complex color centers 
were created by irradiation 
of anion-defective 
corundum (α-Al2O3-δ) by 
using a mercury lamp at 
high temperatures [2]. 
Photoluminescence band 
centered at 1,01eV has been detected only for anion-defective samples; the zero-
phonon line at ~ 1.154 eV and phonon repetitions were observed in its excitation 
spectrum at temperatures below 200 K. This features were not seen in the 
stoichiometric and neutrons irradiated samples [3]. Moreover, TOT at 920 K or 
annealing to 1250 K did not have a noticeable effect on this band. All these findings 
indicate that the emission band of ~ 1 eV is related to color centers due to oxygen 
deficiency in the lattice different from F-type defects. 

 
References: 
[1] A.Z.M.S. Rahman et. al.Phys. Stat Sol A, 211, 1535 (2014). 
[2] S.V.Solovyev et al.Solid-state physics, 54, 683(2012). 
[3] B. D. Evans. Journal of Nuclear Materials, 219, 2029 (1995). 

 
Fig 1. IR photoluminescence anion - defective 

corundumbefore TOT (1) and after (2). On (b) shows a 
fine structure before TOT. 
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Influence of synthesis parameters on the spectroscopic 

properties of Ca9Y(PO4)7  doped with Eu3+,Eu2+ 

 
N. Gorecka, K. Szczodrowski, J. Barzowska, M. Grinberg 

Institute of Experimental Physics, University of Gdansk, Wita Stwosza 57, 80-952 Gdansk, 
Poland, natalia.gorecka@ug.edu.pl 

   

 

The main goal of the research was to investigate the spectral properties of the 

europium doped phosphate (Ca9Y(PO4)7) which belongs to whitlockite-like family of 

phosphate minerals. Due to the presence of two different cations in the studied matrix 

(Ca2+ and Y3+) that are available for europium substitution [2] the synthesis parameters 

were selected for incorporation of europium ions into the calcium sites (Sample 1), 

yttrium sites (sample 2) and equally (50/50) into the calcium  and yttrium sites (sample 

3).   

The single phase phosphors were obtained using Pechini synthesis method. 

The method is based on a mixing of positive ions in a solution, controlled 

transformation of the solution into a polymer gel, removal of the polymer matrix and 

calcination of an oxide precursor with a high degree of homogeneity. A two-step 

strategy of synthesis was applied. This strategy involved an initial annealing of mixture 

of reagents under inert gas atmosphere and then, after cooling and grinding the 

product, the reduction - under hydrogen/nitrogen atmosphere. The phase composition 

analysis as well as spectroscopic measurements of products,  were performed to 

characterize the obtained phosphors. The XRD patterns show, that  we obtained the 

100% pure Ca9Y(PO4)7 in all cases. Emission spectra of materials obtained after first 

step of the synthesis consist of narrow bands, which are characteristic for 5D0->7FJ 

transitions in Eu3+ ion. However in 450 nm-550 nm spectral range we can also see a 

broad band originating from europium ion on +2 oxidation states. The emission spectra 

of materials, which were  obtained after reduction process, are characterized by the 

intensive, broad band attributed to the d-f transitions in Eu2+ and slight line at 619 nm 

attribute for the europium 3+ ion [1,3]. The time resolved emission spectrum 

measurement were carried out to confirm the transition nature.  

 

 

Reference to a journal publication:  
[1] O.Liu, Y.Liu, Z.Yang, X.Li, Y.Han,Spectrochemica Acta Part A 87 (2012) 190-193  
[2] Y.Lu, C.H.Huang, T.M.Chen, J.H.Lin, Y.R.Ma, J.L.Chen, C.C.Hsu, C.L.Chen, 
C.L.Dong, T.S. Chan, Chemical Physics Letters 515 (2011) 245-248 
[3] B.Wang, Y.Lin , H.Ju, Journal of Alloys and Compounds 584 (2014) 167-170 
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Photoemission Calculations using Projection Operator 
Method  for Metals and Semiconductors. 
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1 Department of Physics, Govt. Zirtiri Residential Science College, Aizawl. Mizoram. India 
2 Department of Physics, Mizoram University, Aizawl, Mizoram. India. 
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Key words: photocurrent, Kronig-Penney model, projection operator method of group 
theory, initial state wavefunction, surface state. 

 
Photoemission spectroscopy has been used as an investigative method   for the 

conceptual understanding of the behaviour of electrons in the surface and bulk of a 
solid.  Theoretically photocurrent is calculated by evaluating the matrix element 

if ΨΗΨ   involved in the photocurrent density formula as given by Fermi golden rule. 

Due to the presence of the surface, the calculations of electronic states iΨ  is a 

complicated problem. A model wave function 𝛹𝑖  has been developed for calculation of 
photocurrent from Cu (110) surface where surface states were found to be existing in 

the band gap L L
12
  and in our calculations we have considered the surface state at 

symmetry point 2L  . A projection operator method of group theory has been used in 

deriving the initialwavefunction 𝛹𝑖  and the wavefunction was deduced for a periodic 
crystal potential which was defined by Kronig -Penney  - function type. The final state 

wavefunction 𝛹𝑓  is the scattering state of step potential which is encountered by the 

electron. This model derivation of  𝛹𝑖  is further applied to semiconductors and the 
photocurrent data showed interesting features conforming to experimentally measured 
results for semiconductor  as well. 
 
Reference: 
[1].  E Bertel, Phys. Rev. B50, (1995) 4925 
[2]. J.F.Cornwell, Group Theory and Electronic Energy Bands in Solids, Amsterdam- 

 London (North Holland,1969), p.54 
[3]. S. L. Weng, T. Gustaffson and E. W. Plummer, Phys. Rev. B18,  (1978) 1718 

[4]. B.Zoliana, Ph.D. thesis- Theoretical Formulation of Initial State wavefunction using 
Porjection Operator Method of Group Theory, North Eastern Hill University, 
Shillong, India (2004). 
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Luminescence properties and energy transfer of 

GdBO3:Ce3+,Tb3+ phosphor 

Qiuhong Zhang, Haiyong Ni, Lingli Wang, Fangming Xiao 

Guangdong Provence Key Laboratory of Rare earth development and 

Application, Guangdong Research Institute of Rare Metals, Guangzhou 510650, 

China 

Abstract: Ce3+ and Tb3+ singly doped and co-doped GdBO3 phosphors were 

synthesized by solid state reaction. The crystal structure, luminescent 

properties, the lifetimes and the temperature-dependent luminescence 

characteristic of the phosphors were investigated. Through an effective energy 

transfer, the emission spectra of GdBO3:Ce3+,Tb3+ phosphor contains both a 

broad band in the range of 340-450 nm originated from Ce3+ ions and a series 

of sharp peaks at 487, 542, 587 and 625 nm due to Tb3+ ions. The energy 

transfer mechmism from Ce3+ to Tb3+ in GdBO3 host is also investigated. 

Based on the principle of energy transfer, the emision intensity ratio of Ce3+ 

and Tb3+ could be appropriately tuned by adjusting the contents of activators. 

References: 

[1] C.F. Guo, X.Ding, H.J. Seo, Z.Y. Ren, J.T. Bai, Opt. Laser Technol. 43 (2011) 

1351–1354.  

[2] G. Zhu, Y.H. Wang, Z.P. Ci, B.T. Liu, Y.R. Shi, S.Y. Xin, J.Lumin. 132 (2012) 

531–536. 
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MREI-model Calculation of Two-mode Property of Bulk 

Transverse Optical Phonons and Its Influence on 

Electronic Mobility in AlxGa1-xN/GaN Quantum Well 

Z. Gu, Y. Qu, and S. L. Ban 

School of Physical Science and Technology, Inner Mongolia University, Hohhot 

010021, China 

Two-mode property of bulk transverse optical phonons (TO1,TO2) has been 

calculated using modified random element isodisplacement (MREI) model in ternary 

mixed crystals of wurtzite AlxGa1-xN. The influence of the two-mode property on the 

interface (IF) phonon modes and confined (CO) phonon modes in AlxGa1-xN/GaN 

quantum wells (QWs) is considered by a method of probability. Based on the dielectric 

continuous model, uniaxial model and Lei-Ding balance equation
[1]

, electrostatic 

potentials of IF modes and CO modes and their influence on electronic mobility in QWs 

are discussed. The results show that the total electron mobility decreases with increase of 

Al component and symmetric IF modes plays a major role on electronic mobility. 

Electronic scattering of IF and CO phonons influenced by TO1 of AlxGa1-xN becomes 

stronger than that influenced by TO2 with increase of Al component in a AlxGa1-xN/GaN 

QW. As a comparison, the electron mobility is calculated for a Al0.58Ga0.42N/GaN QW at 

room temperature and our result is 1222.3cm
2
/Vs which is 1.4 times of the experimental 

value
[2]

. Our result is expected since the difference between our theory and the 

experiment is mainly due to the neglect of interface roughness and other secondary 

scattering mechanism. Furthermore, a comparison with the previous approximation of 

bulk transverse optical phonons is given to show the reasonability of our model.  

This work is supported by the National Natural Science Foundation of China (Grant 

No. 61274098). 
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Anomalous Polaritonic Luminescence from Rare-Gas 
Solids 

 
A. N. Ogurtsov, N. F. Kleshchev, O. N. Bliznjuk  

National Technical University "KhPI", Frunse Str. 21, Kharkov, 61002, Ukraine 
 
 
 

 
Polaritonic phenomena interconnected with excitonic spatial dispersion were 

extensively explored theoretically and experimentally. The exciton-photon interaction 
leads to the formation of polaritonic states energetically positioned at both sides of 
the initial exciton. In a large ideal crystal of cubic symmetry, where the interval of the 
longitudinal-transverse splitting does not contain excitonic levels, the polaritonic 
dispersion branches lie beyond this interval at both sides of its boundaries. On the 
contrary, in a crystalline grain comparable or less in size than the wavelength in the 
substance, the interval of the longitudinal-transverse splitting is filled in continuously 
by excitonic states intercepting a significant part of the oscillator strength of the 
excitonic transition. In the previous experiments with polycrystalline samples of solid 
Kr and Xe the formation of the lower polaritonic state was traced by the red shift of 
the luminescence spectrum relative to the bottom E1 of the lowest excitonic band 
(E1

Kr=10.14 eV;E1
Xe=8.36 eV).  

In the present report we explore the new crystal growing technique, which 
allowed to obtain the solid Kr and Xe samples with essentially improved 
crystallographic properties and to resolve the internal structure of the luminescence 
bands at the edge of exciton absorption.The photoluminescence experiments were 
carried out at the SUPERLUMI experimental station at HASYLAB, DESY, Hamburg. 
Unlike previous works, where the observed red polaritonic shift was small 
commensurably with a weak inelastic polariton-photon scattering, a large polaritonic 
shift of luminescence is not due to energy dissipation, the energy conservation law 
being met due to equal probabilities for opposite-sign energy shifts. Such effect is 
possible if the crystalline grains are comparable in size with light wavelength, which 
provides the filling in the interval of the longitudinal-transverse splitting by excitons 
with sufficient oscillator strength. And the sample structure must be perfect enough to 
lowering the exciton scattering rate with respect to the rate of the polariton formation 
through exciton-photon coupling.  

For the first time the excitation spectra of free-exciton luminescence band 
were recorded simultaneously below E1 and within the interval of the longitudinal-
transverse splitting. The luminescence of non-equilibrium polaritons was observed 
both within the longitudinal-transverse splitting interval and at photoexcitation below 
the bottom of the excitonic band. The excitation spectrum below E1 is determined by 
competition of two processes. The first one is the creation of excitons by photons with 
energy E1 at the Lorenz tail of excitonic absorption. The second process is a 
competing absorption related to the direct formation of two-site excitonic polarons 
(self-trapped excitons). Both excitation spectra of polaritonic luminescence below E1 
and within the longitudinal-transverse splitting interval show high sensitivity to crystal 
quality of the samples. 
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Nonlinear composition dependent optical spectroscopy of 

Ba2xSr2-2xV2O7 

Hongwei Fang, Yonghu Chen, Changkui Duan & Min Yin 

Department of Physics, University of Science and Technology of China, Hefei 230026, 

China 

 

Abstract: 

In general, changing the composition of fluorescent materials is an effective 

way to adjust luminescent properties such as emission peak’s shift. In most 

solid-solutions, this shift is usually linearly dependent on the material 

composition, which is referred to as Vegard’s Law. However, we found 

extraordinary variations in our samples Ba2xSr2-2xV2O7 (BSVO), i.e., both the 

excitation and the emission peaks show nonlinear  dependence on the 

composition x, and the same are true for the spectral bandwidths. The 

nonlinearities are not due to structural anomaly as all the samples are 

confirmed to be solid-solutions by XRD measurements. To explain this 

phenomenon, we proposed a model by considering the disorder of Ba2+ and 

Sr2+ distributions in solid-solutions and the changes of configurations between 

the ground and excited electronic states. This novel phenomenon could be 

applied in color-tunable photoluminescence, and may be further exploited for 

new fluorescent materials. 

 

Reference: 
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The environmental factor model: a tool for the design 
of Eu

2+
-doped orthophosphate phosphors? 

 

Mariam Amera, Philippe Boutinaudb 
Université Clermont Auvergne, aUBP / bSIGMA Clermont, Institut de Chimie de Clermont-

Ferrand,BP 10448, F-63000 Clermont-Ferrand 
 
 

Developed in the late 60’s, the dielectric theory of chemical bondinghas been 

successfully applied in a wide variety of physical problems before being extended to 

phosphors as a possible predictive tool1-3. One aspect of interest is the use of this 

semi-empirical model to evaluate relationships between the host environment and the 

crystal field splitting (CFS) or the centroid energy (Ec) of the 4fn-15d1 electron 

configuration of ions like Eu2+ 1,2. Following the model, it is assumed (1) that Ec is 

determined mostly by the fractional covalence of the chemical bonds between the 

central ion and the nearby anions, the effective charge Q of the neighboring anions 

and the chemical bond volume polarizability and (2) that the magnitude of the CFS is 

determined mostly by the homopolar part of the average energy gap, the 

coordination number of the central ion, the fractional bond ionicity between the 

central ion and the nearby anions and Q. The above parameters are combined in the 

calculation of “environmental factors”. They can be obtained from the knowledge of 

the crystal structure of the host lattice. The first motivation of this work is to evaluate 

the relevancy of this model on the case of the phosphates ABPO4:Eu2+ with A = Li+, 

Na+, K+ and B =Mg2+, Ca2+, Sr2+, Ba2+. These lattices are known to show interesting 

luminescence properties upon blue and near-UV excitations but they present many 

possible crystal structures and a variety of possible sites for Eu2+ which makes the 

rationalization of the situation rather difficult. A good illustration of this issue is the 

member NaMgPO4:Eu2+ that shows either blue of red emission depending on the 

preparation method4,5. The second motivation of this paper is to evaluate 

therelevancy of the environmental factor model to be used as a tool for the design of 

orthophosphate lattices doped with Eu2+.  

 
References 
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Relaxation through conical intersection: quantum friction 
of pseudorotation and Slonczewki resonances  

 
Kaja Pae and Vladimir Hizhnyakov 

Institute of Physics, University of Tartu, W.Ostwaldi 1, 50411 Tartu, Estonia 
e-mail: kaja.pae@gmail.com 

  
To the best of our knowledge first time a rigorous quantum-theoretical 

description of the relaxation of a vibronic system (impurity center or impurity molecule 
in a crystal or in solution) through the conical intersection of the potential surfaces is 
given with taking into account the motion of the system around the intersection. The 
process under consideration determines the speed of chemical and photochemical 
reactions and the rate of non-radiative de-excitation transitions from excited 
electronic states to the ground electronic state. We present here a novel theoretical 
study of the conceptually important Exe-type Jahn-Teller effect with taking into 
account that phonons with non-zero momentum are causing the relaxation.  

The dependence of the relaxation 
through the conical intersection on the 
rotational momentum of the vibronic system is 
elucidated for the first time. Also an analytical 
description of the quantum states of the conical 
intersection (Slonczewski resonances) is given. 
It is found that there is a finite probability of the 
speeding-up of the pseudorotation of the 
system at the intermediate stage of relaxation. 
In particular, this probability increases close to 
the Slonczewski resonances. During the 
relaxation, the system may change the direction 
of the pseudomoment; the probability of such a 
change also increases near the resonances. 

A number of features of the relaxation 
through the conical intersection of quantum 
origin resulting from these resonances are 
found. Although only the effects of phonons in 
Exe-problem were considered here, our method 
[1-2] is quite general and it can be used for 
consideration of relaxation and other effects 
caused by phonons in any vibronic system with 
a finite number of degenerate or quasi-
degenerate electronic levels. 
 

 References: 
[1] Hizhnyakov, V.; Pae, K.; Vaikjärv, T. (2012). Optical Jahn-Teller effect in the case 
of local modes and phonons. Chem. Phys. Lett., 525–526, 64−68. 
[2] Pae, K.; Hizhnyakov, V. (2014). Time-dependent Jahn-Teller problem: Phonon-
induced relaxation through conical intersection. J. Chem. Phys., 141 (23). 
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 This work presents the results of an investigation on the temperature dependence of 

the electroluminescence intensity IEL and its relationship with integral characteristics of the 

polarization switching in PLZT9/65/35 ceramics under the influence of unipolar high voltage 

pulses supplied at a controlled rate.The sample was of plate shape with dimensions of 10 × 9 

× 1.1 mm, on which silver electrodes were applied by fusion without edge protrusions. The 

experiments have been performed on a high voltage setup providing the rate of an electric 

field buildupof E = 0.1 kV/(mmμs).The emission pulses were detected by a photomultiplier 

with maximum spectral sensitivity in the 420–550 nm wavelength interval. The sample was 

oriented so that its rear side was facing the photomultiplier entrance window. The 

measurements were performed at sample temperatures in the 0–60°C interval, which included 

the point (Tm ≈ 60°C) corresponding to the maximum permittivity of ceramics. 

          Figure 1 presents the temperature dependences of a critical field E
/
с (dynamic coercive 

field) for the start of domain reorientation, which corresponds to the onset of emission 

buildup, and the emission intensity amplitude IEL (approximately determined by averaging the 

amplitude of separate peaks). A growth in the integral emission intensity IEL with the 

temperature is related to the increase in both the amplitudes of separate flashes and their 

number during the switching time. The emission pulses also consisted of a discrete set of 

spectral lines and had multistep shapes related to a cascade growth and transformation of 

separate polar regions switched in strong increasing electric fields.  

           Similarly to the case of classical ferroelectrics, E
/
сin PLZT 9/65/35 ceramics decreases 

when increasing the temperature, which is indicative of a decrease in the internal bias fields. 

An increase in the integral emission intensity IEL is not proportional to a change in the value. 
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Moreover, the time of establishment of a polarized state in a strong field (at a switching time 

of ts≈ 50 μs) determined from the duration of emission, shortens with  temperature fall that is 

the formation and evolution of the domain structure gains strength (what, in turn, enhances 

the emission intensity). 

It can be suggested thatunder the influence of a rapidly growing external field, 

separate microscopic regions with individual characteristic critical start fields are sequentially 

involved in the process of domain structure formation and rearrangement. The spread of these 

regions with respect to the internal and coercive fields determines the temporal scatter of 

separate emission peaks. The duration of each emission peak is about 0.1– 0.5 μm. If these 

periods correspond to the switching of nanodomains or nanopolar regions in ceramic grains, 

then we can speak for a domain mechanism of polarization switching, the dynamics of which 

is controlled by the nucleation rate. 

 

 

  a    b        c 

Fig. 1.Waveforms showing correlation of the electroluminescencepulses (lower 

curves) with the applied voltage (upper curves-green) and switching current (middle curves-

blue) for PLZT 9/65/35 ceramics at 0°C(a),  40°C(b)and 60°C (c). Time (abscissa) scale, 10 

μs/div; voltage (ordinate) scale, 0.8 kV/mm. 

 

Our experiments show that the electroluminescence intensity in relaxor ferroelectric 

ceramics increases with the period of time between sequential polarizing voltage pulses until 

reaching the initial level. Therefore a residual depolarizing field that is created by the charges 

bound at interfaces leads to a spontaneous decay of the polydomain state. The relaxation time 

of this process, as determined from measurements of the electroluminescence intensity and 

dielectric permittivity, amounts to ~5 min. 
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Green Emission of U
6+

 activated Lithium based 
Tungstates  
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E-mail:swapnilspote@gmail.com,swap_pote@yahoo.com 

 

ABSTRACT 

Rare earth activated lithium compounds with rocksalt lattice structure 
have received attention of several research workers specially working in the 
area of Solid state lighting. In this paper we have reported several hosts of 
Lithium based tungstates activated with various concentrations of uranium  
and photoluminescence spectra of  U6+  was studied with reference to their 
crystal structure and X- ray diffraction studies of the prepared hosts.. The title 
compounds were prepared by usual high temperature ceramic procedures[1] 
with  two step thermal annealing at 4000 and 9500 C. In the octahedral 
symmetry, the U(VI) luminescence originates from the 4γ7u→

12γ8u transition 
[2].For 0.5  and 1 mol% U, highest intensity  green emission was observed 
with a maximum at 524 and 517 nm respectively corresponding to near-UV 
excitation.  

Therefore it is suggested that these characteristics can be useful for 
obtaining a low cost, green phosphor for the solid state lighting using near UV 
LEDs and Blue LEDs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References: 

                                                                            

1 J.Th.W.de Hair, G. Blasse J. Lumin. 1(1976)  307-323  

2. H.0. Britfain and W.A. Mcallister J.Lumin. 101(1984) 29  

Poster Session II -42

216



I prefer  √☐poster presentation       ☐oral communication 

 

Tunable and White-Light Emission nitride phosphors 

Ca2Si5N8:Ce
3+

,Na
+
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2+
 

Huan Jiao1, Chao Li1, Shijie Qiu1, Kun Li1 

School of Chemistry & Chemical Engineering, Shaanxi Normal University, Xi’an,  

710119, PR China. 

E-mail: jiaohuan@snnu.edu.cn 

Abstract:  

Rare earth activated (oxy) nitride phosphors have been greatly attracted interest 

because of their structural diversity, chemical stability, small Stokes shift, small 

thermal quenching, and high conversion efficiency. For nitrids phosphors, most 

researches focuse on monocolored phosphors and only few reports about different 

earth ions co-doping phosphors. M2Si5N8 (M=Ca, Sr, Ba) is one of the most important 

host material in nitride phosphors. Realizing white light emission via energy transfer 

between different erath ions through down conversion in M2Si5N8 (M=Ca, Sr, Ba) host 

has’t been reported. Ca2Si5N8:Eu2+ phosphor emits orange red broad band light and 

Ca2Si5N8:Ce3+ gives blulish broad band light under the excitation of UV light. We 

co-doped Eu2+ with Ce3+ in Ca2Si5N8 host in order to realize adjusting corlour of 

nitride phosphors Ca2Si5N8:Ce3+,Na+, Eu2+ and emiting white light. 

 

References: 
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TDDFT study of thiocarbonyl compounds in RAFT polymerization 
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Abstract:  

In the present study we analyze the reaction mechanisms involved by thionocarbonates (O-

(C=S)-O) and thionoesters (Z-(C=S)-O) compounds in reversible addition fragmentation 

chain transfer (RAFT) polymerization. For the purpose, theoretical calculations have been 

performed by means of density functional theory (DFT), using B3LYP and 6-31G* basis sets.  

Absorption spectra have been simulated using the Time dependent density functional theory 

(TDDFT) calculations; to investigate their electronic structure and excited state properties. 

The two kinds of compounds detected different CT band and absorption spectra especially in 

M7. The lowest excitation energies (Egap) and the maximal absorption wavelength (max) of 

molecules are carried out at the optimized geometries of the ground states. 

Key words: Thiocarbonyls Compounds, Density Functional Theory, Time-Dependant 

Density Functional Theory, Absorption Spectra. 
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Thermoluminescence of Novel Lanthanum Oxide Obtained 
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 It is well known, in a solution combustion process, that glycine fulfills two 
principal purposes: first, complexes with metal cations formed, which increases their 
solubility and prevents selective precipitation as water is evaporated; and second, it 
serves as fuel for the combustion reaction, being oxidized by the nitrate ions. The 
glycine molecule has a carboxylic acid group at one end and an amine group at the 
other end, both of which can participate in a selective complexation of metal ions of 
different ionic size [1]. Thus, novel La2O3 phosphor was obtained for the very first 
time by a glycine-based solution combustion synthesis (SCS) in which a redox 
combustion process between lanthanum nitrate and glycine at 500 °C was 
accomplished. The powder samples obtained were annealed at 900 °C during 2 h in 
air. X-ray diffraction (XRD) results showed the hexagonal phase of La2O3 for 
annealed powder samples. Thermoluminescence (TL) glow curves obtained after 
exposure to beta radiation of these samples, displayed three maxima located at~ 112 
°C, ~ 203 °C, and ~ 247 °C. Results from experiments such as dose response and 
thermoluminescence fading showed that annealed La2O3 powder obtained by SCS is 
a promising material for radiation dosimetry applications. 
 
Keywords: Lanthanum oxide, thermoluminescence, glycine. 
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 High-dose thermoluminescence dosimetry properties of novel zinc oxide 
nanophosphors synthesized by a solution combustion method in a glycine-nitrate 
process are presented for the very first time in this work. Sintered particles with sizes 

ranging between ∼500 nm and ∼2 𝜇m were obtained by annealing the synthesized 
ZnO at 900 °C during 2h in air. X-ray diffraction patterns indicate the presence of the 
ZnO hexagonal phase, without any remaining nitrate peaks observed. 
Thermoluminescence glow curves of ZnO obtained after being exposed to beta 

radiation consists of two maxima: one located at ∼ 149 °C and another at ∼ 308 °C, 
the latter being the dosimetric component of the curve. Thermoluminescence decay 
curve fading displays an asymptotic behaviour for times longer than 16 h between 
irradiation and the corresponding TL readout, as well as a linear behaviour of the 
dose response without saturation in the studied dose interval (from 12.5 up to 400 
Gy). Such features place synthesized ZnO as a promising material for high-dose 
radiation dosimetry applications. 
 
Keywords: Lanthanum oxide, thermoluminescence, glycine. 
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Plasmon-assisted upconversion energy-transfer in 
Er3+,Yb3+:LiNbO3  

 
D. Hernández-Pinilla, P. Molina, J. L. Plaza, M. O. Ramírez and L.E. Bausá 

Dept. Física de Materiales Universidad Autónoma de Madrid, 28049-Madrid, Spain 
 

 
Plasmon-assisted luminescence enhancement and nanoscale laser operation of a 
trivalent rare earth (RE3+)-based solid-state gain medium have been reported on 
RE3+:LiNbO3 crystals [1,2]. 
 
Here we analyze the effect of arrays of silver nanoparticles deposited on the polar 
surface of LiNbO3 on the upconversion energy transfer between pairs of optically active 
RE3+ ions embedded in the host crystal. In particular, the effect of the localized surface 

plasmons supported by the plasmonic nanostructures on the Yb3+Er3+ energy 
transfer upconversion is investigated.   
  
The results reveal that under excitation in the f-f transition of Yb3+ ions located in the 
proximities of the metallic arrangements, the green upconverted Er3+ emission is 
enhanced by around 30%. The observed intensification can be explained by 
considering both the plasmonic spectral response supported by the metallic 

nanostructures and the two-photon character of the upconverted Yb3+Er3+ energy 
transfer process, which results into a quadratic boost on the local absorption under the 
influence of the metallic arrangements.  
 
The results are of interest for different applications involving plasmon enhanced 
luminescence upconversion such as sensing, solar energy conversion, biological 
imaging or solid state nanolasers. 
 
 
  
References: 
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Investigation on Emission and Topological Phase 
Transition of Individual NaREF4 Nanoparticle 

 
Chun-Hua Yan, Wei Feng, Ling-Dong Sun 
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and Bioinorganic Chemistry, Peking University, Beijing 100871, China 
 
 

Upconversion luminescence of NaREF4 (RE, rare earth elements) are supposed to 
close related to the phase and size of the nanoparticles. A lot of efforts has been 
devoted in obtaining different sized nanoparticle but the same crystal structure. In 
these studies, it is still challenge to obtain the nanoparticle with the same size but 
different structure.  We selected two phased NaREF4, hexagonal and cubic structure, 
which are typical for NaREF4and widely studied and imaged as upconversion 
nanocrystals. With electron beam irradiation, the in-situ hexagonal to cubic phase 
transition of NaREF4(RE=Y, Gd or Yb) nanocrystals were observed. Confirmed by 
the indexing of electron diffraction patterns and the central dark field images, the 
obtained cubic phase nanoparticles have three domains with different lattice 
orientations. The results show that the topological phase transition including two 
orientation relationships, [0001]hex || [110]cubic and [10-10]hex || [200]cubic, occurs under 
electron beam irradiation.  

The upconversion emission of individual nanoparticle (NaY/YbF4: Yb, Er) was studied 
with dark field image correlated emission spectra. It is interesting that not all of the 
nanoparticle with the similar size gave out emission on the same level, and a few 
smaller nanoparticles gave out even brighter emission. The upconversion emission of 
individual single nanoparticle is measured before and after the phase transition. The 
emission branch ratio remainedfor a nanoparticle experienced hexagonal to cubic 
phase transition, but the emission intensity droppeda lot after the electron beam 
irradiation.A phase transition model and emission mechanism were proposed, and 
this phase transition process and single particle luminescence measurement provide 
a good model to figure out the emission behaviors of nanoparticles with different 
phases but the same size and luminescent centers. 
 
  
 
 
 
References: 
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Photon avalanche upconversion in rare-earth doped
nanoparticles

Thomas Kornher, Roman Kolesov, Kangwei Xia, Rolf Reuter, Jörg
Wrachtrup

3. Physikalisches Institut, University of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart,
Germany

 

Since the discovery of photon avalanche upconversion in rare-earth doped crystals [1], it
has been demonstrated in various materials [2,3], however, so far in bulk systems only.
We present the first nanoscale photon avalanche upconversion study, conducted with
Tm:YAG and Er:YAG nanoparticles.
In the experiment, Tm:YAG (5%) nanoparticles were pumped with 616.4 nm and their
upconverted fluorescence was detected around 350 nm and between 450 nm and 500
nm. Er:YAG (20%) nanoparticles were pumped with 586.5 nm and their  upconverted
fluorescence  was  detected  between  515  nm  and  580  nm.  Photon  avalanche
upconversion was confirmed by measuring characteristic avalanche curves featuring a
delayed rise, shown in FIG. 1 (a). Additional ground state pumping at low powers down
to  19  nW  triggered  the  avalanche  measurably  for  single  shot  measurements.  The
detected  photon  number  up  to  a  constant,  avalanche  specific  rise  time  is  used  to
distinguish between triggered and untriggered avalanches as shown in FIG. 1 (b).
These results suggest a low light detection scheme at nanoscale or even single photon
detection to become feasible in such systems, provided the triggering mechanism can
be  enhanced  further  by  utilizing  optical  cavities  or  by  low  temperature  resonant
excitation  for  example.  Also,  their  application  as  upconverting  biomarkers  can  be
considered. 

(a)           (b)

FIG. 1: (a) Measured avalanche process in Tm:YAG nanoparticles. (b) Average counts of
300 independent single shot read-outs with and without triggering beam of 19 nW power
for Er:YAG nanoparticles at room temperature.
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At the nanoscale, the ZnGa2O4 spinel doped with chromium (III) is an 

interesting material for in vivo optical imaging due to its bright near infrared persistent 
luminescence after UV and visible excitation.[1]Moreover its persistent luminescent 
properties can be improved with the incorporation of bismuth (III) as a co-dopant 
without any structure or morphology changes.[2] 

The nanoparticles are synthesized by soft chemistry using microwave heating 
in aqueous media. These very small size nanophosphors (around 9nm) present 
interesting long lasting persistent luminescence after annealing at 1000°C and they 
can be excited both under UV and under visible LED excitation. After heating, the 
nanoparticles keep their small size as they are coated with a silica layer which limits 
the sintering and can then be removed by a chemical etching. 

In this work we try to understand the origin of the persistent luminescent 
properties of the nanomaterial. First the chromium local environment is studied by 
electron paramagnetic resonance.[3]Second, 71Ga nuclear magnetic resonance is 
used to get information on the gallium ions repartition (tetrahedral or octahedral site) 
in the structure.[4] Finally, thermoluminescence is performed to investigate trapping 
and detrapping processesas well as trap distribution. 

Comparison of these properties versus local structure increases the 
understanding of the persistent luminescence mechanism and gives insights to the 
new modalities for their used as nanoprobes for in vivo imaging. 
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Influence of optical phonons on the electronic mobility in Al2O3/AlGaN/GaN double 

heterojunctions 

Zhou Xiaojuan, Qu Yuan, Gu Zhuo, Zan Yuhai, Ban Shiliang, Wang Zhiping 

Department of Physics, School of Physical Science and Technology, Inner Mongolia University, Hohhot 

010021,China 

Abstract: Based on the theory of force balance equation, a finite difference method and modified 

random-element-isodisplacement model, the mobility of the two dimensional electron gas in 

Al2O3/AlGaN/GaN heterojunctions is discussed in consideration of scattering from interface and 

half-space optical phonons. Considering the effect of ternary mixed crystals and built-in electric fields, 

the profiles of conduction bands and electronic wave function are obtained by solving Schrödinger 

equations. The results show that the interface optical phonons play a leading role for the mobility when 

Al component is small, the half-space optical phonons in GaN material become the main influence with 

the increasing of Al component, whereas the half-space phonons in AlGaN material are always a 

smaller factor. At the same time, the size effect on the mobility is also analyzed. It is found that the 

electron mobility decreases with the thickness of Al2O3 material, but increases with the thickness of 

AlGaN material. The contribution from the fixed charges at the Al2O3/AlGaN interface is also 

considered, the result shows that the mobility increases as the fixed charge density increases, and the 

expression of the two dimensional electron gas is given taking account of the fixed and the polarization 

charges. Some of our results are compared with the experimental data and this is helpful for designing 

HEMTs. 

Key words: electronic mobility; optical-phonon scattering; Al2O3/AlGaN/GaN double- 

heterojunction 
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Optical Properties of CdTe Quantum Dot Superlattices  
Self-Organized with Electrostatic Interaction  

 
Taichi Watanabe, Yong-Sin Lee, Kohji Takahashi, and DaeGwi Kim 

Department of Applied Physics, Graduate School of Engineering, Osaka City University, 
Japan  

 
 

So far, semiconductor quantum dots (QDs) have been intensively investigated to 
understand the size dependence of their physical and/or chemical properties [1, 2]. 
Randomly-dispersed QDs were samples in most of the studies so far. The periodic 
array structures of QDs, the so-called QD superlattices (QDSLs), have attracted 
much attention from the viewpoint of the fundamental physics and from the interest in 
the application to functional materials [3]. In the present work, we have investigated 
optical properties of QDSLs of CdTe self-organized with electrostatic interaction.  

QDSLs of CdTe were prepared by mixing solutions of positively- and negatively-
charged CdTe QDs. Charged CdTe QDs were obtained by modifying the QD surface 
with cationic and anionic thiol compounds. Cysteamine (CA) and thioglycolic acid 
(TGA) were used for the preparation of positively-charged CdTe (p-CdTe) and 
negatively-charged CdTe (n-CdTe) QDs, respectively.  

From X-ray diffraction measurements, existence of the periodical ordering of QDs, 
that is, the formation of the three dimensional periodic QD superlattice was confirmed. 
Absorption spectra of p- and n-CdTe QDs exhibit clear peak structures at ~2.27 eV, 
indicating the formation of CdTe QDs with ~3.0 nm and the agreement of the mean 
diameter of both p- and n-CdTe QDs. We note 
that the agreement of the mean diameter and the 
uniformity of the size of p- and n-CdTe QDs are 
advantageous to the formation of ordered QDSLs. 
The absorption peak of the mixed solutions of p- 
and n-CdTe QDs is observed at ~2.23 eV and is 
red-shifted compared with the peak energy of p- 
and n-CdTe QDs. The red-shift of the absorption 
peak originates from the quantum resonance 
between the CdTe QDs which mutually interact 
[4]. Figure 1 shows PL decay profiles of CdTe 
QDSLs and of p- and n-CdTe QDs. It is noted 
that the PL decay profile of QDSLs exhibits a 
slower decay compared with that for p- and n-
CdTe QDs. In QDSLs, the wave function is 
spatially extended by the quantum resonance, 
and the decrease in exciton oscillator strength 
would cause the prolonged decay of QDSLs.  
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Single Donor-Acceptor Pair Attached to a Protein Molecule 
as a Tool for Studying Folding/Unfolding Fluctuations in 

the Protein 
 

I.S.Osad’ko 
Institute for spectroscopy, Russian Academy of Sciences, Troitsk, Moscow,Russia 

  
 

 
 Single donor-acceptor (D-A) pairs attached to a single protein molecule can be used 

for studying folding/unfolding processes in the protein molecule. Fig.1 shows scheme of such  

                                    
Fig.1 Fluctuations of single donor - acceptor pair fluorescence (panels) resulting from 

folding/unfolding processes in a protein molecule shown by black arrows.. 

experiment for a single protein molecule with attached D-A pair. Although CW-laser light 

excites only D-molecule we observe both D and A-fluorescence JD,A. A-fluorescence emerges 

due to Fӧrster resonance energy transfer (FRET) in the D-A pair. Efficiency 

                               ])(/[)()( 0DRFRFRE DADADA  )      (1) 

of FRET depends on the distance DAR  between D- and A-molecule in accordance with the 

equation: 6

0 )//()( FDADA RRDRF   for Fӧrster rate. Here D0 is rate of deactivation of the 

excitation in D-molecule without presence of A-molecule and RF is the Fӧrster radius. Since 

folding/unfolding processes in the protein molecule change the distance, DAR , the intensity of 

D- and A-fluorescence fluctuate as two panels in Fig.1 show. These fluctuations are the 

source of information about folding/unfolding processes in a protein molecule. 

 As a rule FRET efficiency is measured in an experiment with the help of the formula 

                                 ]/[ DDDAAAAAA IIIE        (2) 

Here 
AD,  are quantum yields of the donor and acceptor molecules, 

AD,  are efficiencies of 

photon detection in D and A channels and 
ADI ,

 are fluorescence intensities measured in the 

experiment. However eq.(2) will not coinside with the eq.(1) for real FRET efficiency 

because measured intensities 
ADI ,

 includes background fluorescence nI  and detection of a 

number of D-photons in A-channel (cross talk). The way the amlitude E1.2 of FRET efficiency 

fluctuations and rate R of these fluctuations can be measured in real experiments with the help 

of fluctuating D- and A-fluorescence is discussed in the present talk. 

 The work was supported by the Russian Science Foundation via Grant No. 14-12-

01415 
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 The cage-like SrAl2O4:Eu2+ microspheres has been synthesized via a rapid 
sol-gel process by epoxide adding method. AlCl3·6H2O,SrCl2·6H2OandEuCl3·6H2O 
dissolved in water and ethanol were used as inorganic source, then epoxide was 
added as trigger to initiate the sol-gel transition. All of the sol-gel transition completed 
within several minutes and no complicated facilities were essential. The obtained 
SrAl2O4:Eu2+ microspheres precursor have homogeneous spherical morphology with 
a diameter of 1~2um. The diameter of the SrAl2O4:Eu2+ precursor could be adjusted 
through varying different H2O/ethanol ratio, AlCl3·6H2O, SrCl2·6H2O and epoxide 
molar ratio. The cage-like SrAl2O4:Eu2+ microspheres formed in a tube furnace heat-
treated at 1200°C for only 2 hoursunder the flow of NH3.Compared with traditional 
solid phase reaction method, decarburization process was unnecessaryby this 
means.Thecage-like SrAl2O4:Eu2+ microspheresexhibit excellent spectrum with a 
strong luminescence peak at 520nm under a broad band excitation peak at 
315nm.Luminescence quantum yields of the samples weredetermined for excitation 
at 315 nm, among which the highest value was nearly 95%.The 
mechanoluminescence property was also studied in this work with a significant peak 
at 520nmobserved. In summary, the whole fabrication of the cage-like SrAl2O4:Eu2+ 
microspheres was fast, cheap, convenient and energy saving, the synthesized 
SrAl2O4:Eu2+ microspheres have homogeneous cage-like morphology and excellent 
optical properties. 
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Au Islands Enhanced Luminescence of Er3+/Yb3+ 

Co-Doped Gd2(MoO4)3 Thin Films and Application in 

Temperature Sensing 

Haoyue Haoa,Yuxiao Wanga, Xueru Zhanga 

aDepartment of Physics, Harbin Institude of Technology, Harbin 150001, PR China 

 

In our researches, Au modified Gd2(MoO4)3:Er3+/Yb3+ thin films have been 

fabricated using the electrostatic layer-by-layer(LBL) technique. The analysisof 

luminescence intensity indicate that Au islands can greatly enhance the 

upconversion luminescence intensity of Gd2(MoO4)3 thin films at 522 nm, 550 

nm, and 660 nm. The corresponding results about the fluorescence lifetime 

and the number of photon responsible for the upconversion process confirm 

the luminescence intensity enhancement is induced by increased radiative 

decay rate andexcitation rate. Furthermore, we study the temperature 

dependence ofthe luminescence intensity of Gd2(MoO4)3 thin films. The 

sensitivity derived from the fluorescence intensity ratio(FIR) technique of of 

Gd2(MoO4)3:Er3+/Yb3+/Au thin films is approximately 0.017 K-1at 312 K, which 

is relatively higher than the sensitivity of thin films without Au island(0.009 

K-1).This result indict that the fluorescent thin films with Au islandsare more 

sensitive than those without Au islandsin thermal sensing and thermal 

imaging. 
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Enhance the sensitivity of optical thermometer based 

on non-thermally coupled levels of Tm
3+ 
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Department of Physics, Harbin Institute of Technology, Harbin 150001, PR China 

 

Abstract 

 

A innovation for enhancing the sensitivity of optical temperature sensor is 

reported by using non-thermally coupled levels of Tm3+. Under 980 nm laser 

excitation, the temperature-dependent luminescence of NaLuF4: Yb3+, Er3+, 

Tm3+ phosphor was investigated. The corresponding 1D2 and 1G4 level of Tm3+ 

were non-thermally coupled levels. Based on FIR method which is fitting bya 

polynomial function, the temperature sensing behavior is studied in the range 

of 300 - 600K. The obtained maximum sensitivity is 60.4 × 10-3 K-1 at 300 

K.Meanwhile, luminescent colors can be precisely modulated by changing 

temperature. The Yb3+, Er3+, Tm3+ co-doped NaLuF4 material with the high 

sensitivity and themulticolor emissions indicated that it is promising for 

applications in optical temperature sensor and light display systems, 

respectively. 
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Metal transition ion implantation on Ga2O3 nanowires  
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 Undopedβ-Ga2O3 nanowires have been obtained by a thermal evaporation 
method at 1100 ºC under dynamic argon conditions. In order to get Cr and Mn doped 
Ga2O3 nanowires, an ion implantation process and subsequent thermal 
annealingwere carried out. We have previously reported on the rare-earth ions 
implantation of Ga2O3and GeO2 nanowires and no significant damage appears in the 
nanowire morphology after the implantation process [1]. The metal transition ions 
used now are of interest because of their optical and magnetic properties. In this 
work, the structural and luminescence properties of the implanted nanowires were 
characterized by Raman and Cathodoluminescence (CL), which enables to study the 
evolution of the crystal lattice recovery and luminescence bands. The measurements 
have been conducted on as implanted samples as well as on 700 ºC, 900ºC and 
1100ºC annealed samples. For comparison, ion implantation and further annealing 
have also been carried out on bulk Ga2O3crystals. The results show a nice 
correlation of the optical activation of luminescence centres with the sharpening of 
the Raman peaks of the beta-gallia structure. In the case of Cr doping, partial 
recrystallization occurs at 700 ºC while 900 ºC is needed to get the fully optical 
activation of Cr3+ ions. Even though Mn characteristic emission lines have not been 
resolved, the Raman spectra evolution has been used to monitor the recrystallization 
of the Ga2O3lattice. In addition, the results show that the composed UV-blue band 
characteristic of native defects in bulk Ga2O3experience changes when it comes to 
nanowires. CL measurements of Ga2O3 bulk and nanowiresthat have undergone the 
same ion implantation and annealing processes show a red-shift of the blue 
component and a blue-shift of the UV component in the case of nanowires. This 
suggests that the nanowire shape affects the native defect structure in the 
recrystallization process.  
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Formation of chelated rare earth clusters in porous sol-gel silicate materials 
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Chelation of rare earth (RE) ions provides a way to enhance emission in RE-based 
phosphors. Chelates absorb strongly in the near uv, and energy transfer (ET) to RE 
ions can yield bright RE emission in the visible. In this work we have incorporated a 
DPA(pyridinedicarboxylic acid)-RE complex into sol-gel glass using post-annealing-
immersion (PAI). With the PAI technique, annealed porous glass is immersed in a 
solution containing RE(DPA)3. The solution diffuses into the glass; subsequent drying 
results in transparent glass containing the chelated complexes. Emission spectra 
confirm that RE ions remain associated with the DPA molecules. Fluorescence decay 
dynamics indicate that chelation provides an isolated environment from the 
vibrational environment of the glass matrix which would quench fluorescence.  
  
Single crystals of fully chelated Eu(DPA)3 complexes were grown and incorporated 
into silicate glass. Excitation spectroscopy (monitoring 614nm; 5D0→

7F2 emission) 
proved to be a sensitive probe of the distribution of dopants in the porous network, 
i.e. whether the glasses contain 1) single isolated centers in individual pores, or 2) 
clusters of Eu(DPA)3 in pores. For the former, a strong excitation signal (peak 
intensity is ~200x the strongest peak excitation within the Eu 4f6 configuration) 
matches the broad DPA absorption between 250 and 350nm, indicating effective 
excitation of the Eu3+ ions via ET from excited DPA molecules. For the latter, 
excitation of Eu3+ fluorescence by chelate→RE ET diminishes markedly as dopant 
concentration increases, approaching the behavior of a Eu(DPA)3 stoichiometric 
crystal: complete absence of ET from the chelate to Eu3+. In particular, for PAI 
concentrations ≤0.05M, doped sol-gels have pores with individual dopants. Above 
that cut-off concentration, the pores contain clusters of Eu(DPA)3. The strikingly 
different optical behavior in the two regimes indicates that the PAI technique with 
chelated RE’s can be a sensitive probe of pore size. 
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 Dye-sensitized solar cells (DSSCs) have attracted great attention of 
researchers in the recent last years [1-3]. Fabrication technology of DSSCs is much 
easier and cost-effective than solar cells based on p-n junction [4]. The power 
conversion efficiency (PCE) of DSSCs has reached a value of more than 10% [4], 
and the PCE of organic-inorganic perovskite solar cells, which are similar to DSSCs, 
has exceeded 20% [4]. 

One of the key components of the DSSCs is a metal oxide high energy-gap 
semiconductor which performs a double function: (1) It is a scaffold with a large 
specific surface needed for the dye loading, and (2) at the same time it is an electron 
transport material. In the DSSCs, the majority of electrons photo-injected from dyes 
to a semiconductor are located in trap states in the semiconductor film [4], leading to 
a trapped electron density that greatly exceeds the conduction electron density. 
Through these trapped states of semiconductors such as TiO2 or ZnO photo-injected 
electrons can recombine with electrolyte species [3] and as result deteriorate 
photovoltaics performance of device. 

In our work, we have studied an effect of the morphology and the defect 
density of ZnO on the transport and recombination of photo-injected electrons in ZnO 
nanostructured films. We obtained two different ZnO nanostructures, nanorods and 
nanosheets (Figure 1) and by Electrochemical Impendence Spectroscopy (EIS) 
technique investigated transport and recombination dynamics of photo-injected 
electrons. 

  
Figure 1. Arrays of ZnO nanorod (on the left) and nanosheet (on the right). 
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Study of surface effect on photoassisted field emission from Ta(112) 
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We will present here a model calculation of 
photoassisted field emission current 
(PFEC) by using transfer Hamiltonian 
method. Photoassisted field emission is a 
technique in which a metal is irradiated by 
an incident laser radiation of photon energy 
 . Photon energy is usually less than the 

work function ( )  of the metal under 

investigation. The incident radiation photo 
excites the electrons to a final state which 
lies below the vacuum level; hence these 
electrons are confined within the metal 
surface. A strong static electric field 

11( 10 / )V m , is then applied to the surface 

of the metal which causes the photoexcited 
electrons to tunnel through the surface 
potential barrier into the vacuum region and 
constitutes the photoassisted field emission 
current (PFEC). The incident radiation is 
usually a laser beam, causes the transition 

of electrons from the initial state i  to the 

final state f  and the matrix element for 

this transition can be written as

. .fiM f p A A p i  . PFEC is calculated in 

the case of Ta and Ti. The applied high 
static field causes the reduction of the work 
function of the metal causing Schottky 
effect which brings in the image potential 
effect. The formula used for calculation of 
PFEC as deduced by using transfer 
Hamiltonian method is given by 

     
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D(W) is the quantum mechanical 
transmission probability and W is the 
normal component of kinetic energy. We 
intend to calculate the initial state 
wavefunction for use in Eq. (1) by using 
Kronig-Penney potential model.  
 
An appropriate dielectric model for the 
surface region of the metal will be used for 
the evaluation of vector potential A. PFEC 
will be calculated as a function of applied 
static field, photon energy, and the effect of 

the matrix element 
fiM will also be studied. 

FORTRAN programme is written for the 
calculation of PFEC. The results will be 
checked with experimental data and the 
published theoretical results. 
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Light induced toxicity of rare earth doped trifluoride 
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 In recent years, great effort has been devoted to investigation of different 
properties of rare earth doped nanoparticles (REF3 doped NPs) driven primarily by 
their potential biological application [1]. REF3 doped NPs can be used in the field of 
bioimagining and in photodynamic therapy (PDT)[2]. For example infrared-emitting 
REF3 doped CeF3:Yb,Er and KY3F10:Er NPs are used in diagnostics and deep tissue 
imaging [3,4] because their emission in IR spectral range. There is also another class 
of NPs (TiO2, ZnO) which can produce Reactive Oxygen Species (ROS)[4,5]. The 
ROS are very toxic for cells and those NPs can be used in PDT and waste water 
treatment. But REF3 doped NPs can also produce ROS in water [2]. They can 
release  their absorbed energy as luminescence and transfer the energy in molecular 
oxygen, generating ROS. So those NPs can be toxic and information about toxicity 
and about the mechanism of toxicity of those REF3 doped NPs can be useful to 
create an optimal and safety method of bioimagining. Also the result of interaction 
between  NPs and bacteria can reveal new physical properties of nanomaterials. In 
this work we present results of studying  light induced toxicity of REF3 doped NPs 
(under laser irradiation) toward bacteria. LaF3, PrF3, LaF3:Pr, CeF3, CeF3:Yb,Er and 
KY3F10:Er NPs PrF3 were synthesized by co-precipitation and hydrothermal methods. 
Microparticles of were synthesized by mechanical synthesis method. Then the 
experiments of light induced toxicity against bacteria (Salmonella typhimurium TA 98 
bacteria) were conducted. The experiments showed that PrF3 microparticles  are not 
toxic toward Salmonella typhimurium TA 98 bacteria. But PrF3 NPs are toxic toward 
Salmonella typhimurium TA 98 bacteria under the laser irradiation. Survival of the 
bacteria reduces while the power density of laser irradiation increases.  Without laser 
irradiation the NPs don’t demonstrate significant toxicity also NPs themselves are not 
toxic significantly. LaF3 NPs  are not toxic toward Salmonella typhimurium TA 98 
bacteria. Previous experiments confirming presence of ROS showed presence of 
ROS. The presence of ROS was determined by special dye which illuminates light in 
presence of ROS. Photoconductivity experiments also were carried out and the 
results are being discussed. 
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Er3+-doped transparent NaYb2F7 glass-ceramics (GC) were successfully 

fabricated using a conventional melt-quenching technique and subsequent 

heat treatment for the first time. The X-ray Diffraction patterns (XRD), 

transmission electron microscopy (TEM) images and stark splitting of Er3+ 

emissions indicate NaYb2F7 nanocrystals were well-formed. The decay curves 

and enhanced emission spectra after crystallization of the Er3+-doped NaYb2F7 

GC upon 980 nm indicates more efficient spectra conversion in GC than 

precursor glass (PG). Furthermore, the temperature dependence green 

emissions of Er3+ doped GC were studied by the fluorescence intensity ratio of 

thermally coupled emitting states (4S3/2, 
2H11/2) at 980 nm and 408 nm. The 

sensitivity is 1.35%K-1 at 300 K and the obtained high energy difference (∆E) is 

843 cm-1. This result suggests that the Er3+-doped GC may be a promising 

candidate for sensitive optical temperature sensor with high resolution and 

good accuracy. 
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Green and renewable energy is the only source capable of generating sufficient 
energy in order to meet the long-term energy demand world-wide, since the energy 
production from fossils fuels increasing the greenhouse gases[1]. The photovoltaic cells 
are the prime candidates for this task, since it has capacity to convert the sunlight into 
electricity. Currently the commercial crystalline silicon solar cells with the conversion 
efficiency just above 15%[2] although, theoretically the maximum efficiency can be 
reached upto 30%; this is known as Shockley-Queisser limit[3]. Majority of the energy 
losses (over 70%) are related to the spectral mismatch of the incident solar photons 
energies to the energy gap (Eg=1.12eV for c-Si solar cell) of a solar cell[4]. 
 The possibility of using luminescent materials for spectral modification can 
greatly eliminate the spectral mismatch phenomenon by improving the utilization of 
sunlight, thereby indirectly improving the efficiency and performance of solar cell[4]. 

In the present work, we explored the efficient down-shifting phenomenon in 
YVO4:Bi3+, Ln3+ (Ln = Yb & Nd)  phosphors through efficient energy transfer.  

An efficient ultraviolet to near infrared emitting YVO4:Bi3+, Ln3+ (Ln = Yb & Nd) 
phosphors has been prepared by novel co-precipitation method followed by heat 
treatment. The prepared phosphors possesses a broadband absorption in the ultraviolet 
region of 250-400 nm and exhibits intense near-infrared emission around 1000 nm, 
which can be absorbed by crystalline silicon solar cells to overcome the thermalization 
losses. In YVO4:Bi3+, Yb3+, the dependences of visible and NIR emissions, decay 
lifetime, energy transfer efficiency (ηETE) and quantum efficiency were investigated in 
detail. As a result, it was found that the NIR emission of Ln3+ (Yb or Nd) was greatly 
enhanced through downconversion process, due to efficient energy transfer from Bi3+ to 
Ln3+ (Ln = Yb and Nd) in the YVO4 phosphors. Photoluminescence excitation spectra 
revels that incorporation of Nd3+ in YVO4:Bi3+ phosphors red-shifted the excitation band 
by about 10 nm. Furthermore, excitation band can be easily tuned with partial 
replacement of VO4

3- with PO4
3- was also observed. This work shows the potential 

application of Bi3+, Ln3+ (Ln = Yb & Nd) co-doped yttrium vanadate as promising 
downconversion phosphors for the enhancement of performance and the efficiency of c-
Si solar cells. 
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 The recent development of lead halide (MAPbI3) perovskite solar cells is 

remarkable after the first report by Miyasaka and co-workers in 2009 [1]. The 
performance of perovskite cells strongly depends on the crystallinity of the perovskite 
layer. Recent results show that only a minority of the perovskite in a mesoporous 
nanostructure has medium range crystalline order. It is considered that the grain 
structures have a major impact on the carrier diffusion and recombination in MAPbI3. 
Physical and electrical characteristics of lead halide perovskites for solar cells were 
recently updated by Bretschneider et al. [2]. In this study, we reports results from 
studies on spin-coated lead halide perovskite thin films by using temperature 
dependent photoluminescence spectroscopy and x-ray diffraction techniques. The 
photoexcited emission peak positions, intensity, and full width at half maximum 
(FWHM) were recorded when the temperature was scanned from 300 K to 10 K. 

From the XRD spectra, a phase transition from the tetragonal phase (at room 
temperature) to the orthorhombic phase begin to take place when the temperature of 
perovskite was cooled down to ~ 150 K. Clear PL signals originated from the 
orthorhombic phase were observed around 110 K ~ 120 K. 

With increased temperature, the luminescence peak of the tetragonal phase first 
showed slightly blue-shifted from 1.596 eV to 1.598 eV at 40 K and then was red-
shifted to 1.57 eV at 130 K. Above 130 K, the energy peak was again blue-shifted to 
1.61 eV with temperature increased toward 300 K. The luminescence peak of the 
orthorhombic phase showed only slightly blue-shifted from 1.66 eV to 1.67 eV with 
temperature increased from 10 K to 120 K. Narrowing of the FWHM of the 
luminescence peak of the tetragonal phase from 105 meV to 49 meV was observed 
with increased temperature from 10 K to 120 K. Above 120 K, the FWHM began to 
broaden and reached 94 meV at 300 K. The FWHM of the luminescence peak of the 
orthorhombic phase decreased from 43 meV to 38 meV with decreased temperature 
from 100 K to 10 K. 

In the scanning electron microscope images, nano scale grains with an average 
size of ~ 10 nm were observed in the MAPbI3 thin film. We speculate that, due to the 
presence of the nano grains, localized states were induced within the energy gap of 
MAPbI3 due to the quantum confinement effect. The observed temperature 
dependent behavior in photoluminescence spectra, which is similar to those 
observed in the self-assembly semiconductor quantum dots [3,4], can be attributed to 
the presence of localized states induced by the MAPbI3 nano scale grains. 
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[1] A. Kojima, K. Teshima, Y. Shirai, T. Miyasaka, J. AM. Chem. Soc. 131 (2009), 
6050-6051. 
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Frequency selective transient and permanent spectral hole 
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Because of their long coherence times[1] rare-earth-ion-doped crystals are an 
interesting route for quantum information and quantum computing hardware. 
Although single ensemble qubits have been realized [2], scalability of the system 
requires going towards the single ion level.  
 
High-fidelity single ion readout is here a necessary requirement and the present work 
concerns a scheme relying on a dedicated readout ion, which can couple to nearby 
qubit ionsthrough the permanent dipole-dipole interaction (dipole blockade effect) [3]. 
Due to a short excited state lifetime of the readout ion, fluorescence can rapidly be 
collected and the qubit state can thereby be determined.  
 
Progress towards realizing such a scheme has been made by analysing cerium as a 
potential readout ion. To reach the required spatial and spectral resolution of single 
ion detection, a homebuilt scanning confocal microscope setup [4] and a 371 nm 
external cavity diode laser with a kHz-linewidth [5] is used.  
 
So far, work has been carried out on a very low concentration Ce3+:Y2SiO5 crystal at 
the few-ion level.Spectral hole burning processes in the groundstate Zeeman levels 
of cerium has been analysed using an applied magnetic field[6]. Moreover, a 
permanent trapping mechanism is currently investigated[6, 7, 8].  
 
This contribution will describe our work towards single Ce ion detection and our plans 
and continuing progress toward state selective qubit measurements.  
 
References: 
[1] Zhong et al., Nature 517, 177-180 (2015). 
[2]  Rippe et al., Phys. Rev. A 77, 022307 (2008). 
[3] Walther et al., Phys. Rev. A 92, 022319 (2015).  
[4]  Karlsson et al.“A confocal optical microscope for detection of single impurities 

in a bulk crystal at cryogenic temperatures”, Accepted for publication in Rev. 
Sci. Instr. (2016).  

[5] Zhao, Master thesis, Lund University, Lund Reports on Atomic Physics, LRAP-
473 (2013). 

[6]  Karlsson et al. “Narrow transient and permanent spectral hole burning in 
Ce3+:Y2SiO5 at liquid helium temperatures”, Manuscript in preparation.  

[7]  Xia et al., Phys. Rev. Lett. 115, 093602 (2015).  
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Intersubband optical absorption between multi energy 
levels in InGaN/GaN spherical core-shell quantum dots 
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Quasi zero-dimensional quantum dots (QDs), namely artificial atoms have exhibited 
unique quantum size effects on properties such as atom-like energy levels, tunable 
bandgap, etc.[1, 2] Benefitting from the improvement of fabrication, core-shell quantum 
dots (CSQDs) can be realized and applied to many opto-electronic applications.[3] 
Optical absorption coefficients (ACs) and refractive index changes (RICs) are 
important physical parameters characterizing the sensitive spectral range of opto-
devices. 
 
 The intersubband optical absorption between multi energy levels in InxGa1-

xN/GaN spherical core-shell quantum dots (CSQDs) and ternary mixed crystal and 
size effects have been investigated by using the principle of density matrix. [4] 
Electronic eigenstates have been calculated by a finite element method. It is found 
that total optical absorption coefficients (ACs) and refractive index changes (RICs) 
decrease as increasing incident light intensity I. When I surpasses a certain value, 
the saturation of total AC and secondary peaks of RIC appears. For a given I, the 
maximum AC and zero RIC positions in InxGa1-xN/GaN CSQDs with a fixed shell size 
have a blue-shift when x increases or the radius R1 of core InxGa1-xN decreases. The 
saturation of ACs or secondary peaks of RICs appears more likely in CSQDs with 
smaller x or larger R1.  
 
 These results are expected to be helpful both in the further theoretical and 
experimental study on optic devices consisting of CSQDs.  
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Directionally solidified Ce:LaBr3/ CaBr2 eutectic scintillator 
for radiation imaging applications 
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Recently submicron-diameter phase-separated scintillator fibers (PSSFs) 

were reported and they possessed both the properties of an optical fiber and a 
radiation-to-light conversion. The PSSFs were fabricated using a directionally 
solidified eutectic (DSE) system. The DSE systems have been discovered in various 
materials for many applications. Up to now, CsI/NaCl and GdAlO3/Al2O3[1] have been 
already reported as PSSFs for high resolution X-ray imaging application. Ce:LaBr3 
has attracted attention due to its high light yield of 61000photons/MeV and fast decay 
time of 25 ns with enough density of 5.1 g/cm3 for x-ray and g-ray detection [2]. In 
this research, exploration of PSSFs by directional crystal growth method will be 
reported. In this study, Ce doped LaBr3/CaBr2 eutectics were explored. Crystal 
growth was performed by Bridgeman (BZ) method at the eutectic point. Investigations 
of their crystal structure and eutectic phase were performed. Luminescence and 
scintillation properties were also evaluated. 

Ce doped LaBr3/CaBr2 eutectics were grown by the BZ method in a quartz 
ampoule with 8mm inner diameter. Mixed powders were induced into the ampoule 
under high purity Ar atmosphere in a glove box. Growth rate was 0.3 mm/min. 
Circular samples with 1-mm thickness were obtained from the grown crystal. Fig.1 
shows photographs of as-grown eutectic (a) and 1mm thick polished sample along 
transverse cross-section (b).  The eutectic showed well aligned eutectic structure 
(Fig.2) with around 5 mm diameter Ce:LaBr3 fibers and optically transparent like 
bundled optical fibers. Grown Ce doped LaBr3/CaBr2 eutectic shows 360 nm 
emission ascribed to Ce3+ 4f-5d transition under X-ray excitation. Pulse height 
spectra of the sample was showed in Fig.3. The light yield was around  60% of 
Ce:Lu2SiO4 (LYSO) scintillator standard and 20000 photon/MeV. Scintillation decay 
time under 662keV g -ray was 21.9 ns (61%) 175 ns 39%)  

 
a)                   b) 
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Fig. 2. Back scattered electron 
image of longtudial cross-section. 
(White:LaBr3, Black:CaCl2) 

 
Fig. 1.Photographs of grown eutectic (a), 
as-grown (b) and 1mm thick polished 
sample along transverse cross-section. 
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Fig. 3. Radioluminescence spectra 
of the grown eutectic. (x-ray from 
CuKa, 40mV 40mA) 
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Solid state reaction in vacuum for the preparation of rare earth sulfide 

upconversion luminescent materials is proposed in this paper. Influence of 

vacuum on crystal growth and the formation mechanisms of impurity phase are 

investigated. The solid solution is formed by the host and impurity phase i.e. rare 

earth oxide which is ready to be produced in the solid-state reaction process in 

certain range, to realize wide band absorption, cooperative luminescence and 

highly enhanced upconversion efficiency. Thus, the choice of the host matrix is 

very crucial. Not only its structure should be amenable to accommodating the 

rare earth ion, but also, the local site symmetry should be appropriate for it to 

efficiently receive energy from host (in case if energy transfer) and show 

luminescence. It should also have wide band gap and low phonon energy to 

minimise the non-radiative energy loss. In this paper, we simulate geometry, 

electronic structure and spectroscopic properties of rare earth ions activated 

gadolinium oxysulfide and gadolinium oxide on the basis of substitution of 

oxygen and sulfur atoms, from the standpoint of the first-principles calculation to 

demonstrate effect of impurity atmos on microstructure of host, luminescence 

properties and internal energy transfer mechanism theoretically.The calculation 

has pointed out the theoretical basis and experimental possibility for 

luminescence regulation and enhancement, to explore the he behavior of micro-

structure change on internal energy transfer mechanism.Meanwhile,the results 

aforementioned will be employed to guide the preparation and improvement of 

novel and high-efficiency upconversion luminescence materials.  

 

Email:fei.wang@kuleuven.be 
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Giant negative magnetoresistance in oxygen-deficient Mn-
substituted ZnO  
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Magnetic thin films change their resistance under the application of a magnetic 

field. This magnetoresistive effect can be engineered to become giant by resorting to 
metallic multilayer devices [1,2]. An alternative route is the magnetically induced 
metal-insulator transition shown by strongly correlated semiconductors like mixed-
valence manganites [3]. Yet, the application of these materials is limited by the 
difficulty and cost of fabrication. We here show that a negative magnetoresistance as 
large as several hundreds percent can be induced in simple zinc oxide (ZnO) doped 
with manganese (Mn) [4]. This anomalous effect was found to appear in oxygen-
deficient films and to increase with the concentration of dopant. By combining 
magnetoresistive measurements with magneto-photoluminescence, we demonstrate 
that the effect can be explained as the result of a magnetically induced transition from 
hopping-type to metallic-type band conduction where the activation energy is caused 
by the sp-d exchange interaction. 

The study was carried out on films of Zn1-xMnxO with x = 0 (pure ZnO), 0.02, 0.04 
and 0.08. Oxygen vacancies (VO’s) were introduced in the films by increasing the 
temperature of the substrate and decreasing the oxygen partial pressure during 
growth. A detailed characterization of our films showed that all the Mn is in valence 
2+, therefore Mn-O-Mn double-exchange interaction can be ruled out [5]. As the 
temperature is reduced, the resistivity of the films increases with distinct signatures of 
a transition from band- to hopping-conduction. A sharp decrease of resistance of the 
Mn-substituted films was measured when an external magnetic field was applied The 
change of resistivity was found to increase with the concentration of Mn. 

Since ZnO is a transparent semiconductor, the magnetic activation of electrons to 
the band conduction can be probed by resorting to magneto-photoluminescence 
measurements. In fact, VO’s are optically active defect centers that can form mono 
centric or pair exciton complexes at low temperatures. In our films, the oxygen 
vacancies form deep-level F-centres, where electrons are localized when the 
temperature is reduced. Electrons can hop between Mn-VOcomplexes under the 
application of an electric field. An applied magnetic field reactivates the electrons in 
the conduction band, resulting in a sharp drop of resistivity.  
 
References: 
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Epitaxial Seeded Growth of Rare Earth Nanocrystals with Efficient 800 nm 

Near-Infrared to 1525 nm Short-Wavelength Infrared Downconversion 

Photoluminescence for in vivo Bioimaging 
Rui Wang, Xiaomin Li, Lei Zhou and Fan Zhang* 
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zhang_fan@fudan.edu.cn, (+86)21-51630322 

Abstract 

Photoluminescent (PL) labels have been widely used for biological applications, 

primarily in bioimaging and assays. Recently, much attention has been focused on the 

development of PL nanoprobes with excitation/emission maxima falling in the region between 

650 and 1000 nm, an “imaging window”. However, the penetration depth of light in this 

“biological transparency window” only reaches several millimetres. Thus, a new imaging 

method incorporating high spatial resolution, fast feedback, and deep tissue penetration depth 

is desired to optimize the accuracy and sensitivity of PL-based biomedical imaging. Herein, 

we fabricated a novel kind of β-NaGdF4/Na(Gd,Yb)F4:Er/NaYF4:Yb/NaNdF4:Yb 

core/shell1/shell2/shell3 (C/S1/S2/S3) multi-shell nanocrystals (NCs) as an efficient 800 nm 

NIR to 1525 nm Short-Wavelength Infrared (SWIR) probe for in vivo bioimaging. 800 nm 

excitation is located in the “biological transparency window” with low water absorption and 

heat generation, and is considered to be the ideal excitation wavelength with the least impact 

on biological tissues. After phospholipids coating, the water soluble NCs showed good 

biocompatibility and low toxicity. With efficient SWIR 1525 nm emission, the probe is 

detectable in deep tissues up to 18 mm with low detection threshold concentration (5 nM for 

stomach of nude mice and 100 nM for stomach of SD rats). These results highlight the 

potential of the probe for specific detection and therapy monitoring of hard-to-detect areas. 

 

Figure 1 (A) Schematic design of the C/S1/S2/S3 NCs for 1525 nm luminescence. (B) 

Proposed energy transfer mechanisms in the multi-layer core/shell NCs. 
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molecular mapping of cancer biomarkers 
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Abstract 

The identification of potential diagnostic markers and target molecules among the 

plethora of tumour oncoproteins for cancer diagnosis requires facile technology that is 

capable of quantitatively analysing multiple biomarkers in tumour cells and tissues. 

Diagnostic and prognostic classifications of human tumours are currently based on the 

western blotting and single-colour immunohistochemical methods that are not suitable for 

multiplexed detection. Herein, we report a general and novel method to prepare single-band 

upconversion nanoparticles with different colours. The expression levels of three biomarkers 

in breast cancer cells were determined using single-band upconversion nanoparticles, western 

blotting and immunohistochemical technologies with excellent correlation. Significantly, the 

application of antibody-conjugated single-band upconversion nanoparticle molecular profiling 

technology can achieve the multiplexed simultaneous in situ biodetection of biomarkers in 

breast cancer cells and tissue specimens and produce more accurate results for the 

simultaneous quantification of proteins present at low levels compared with classical 

immunohistochemical technology. 

 

Figure 1 Schematic diagram of the single band upconversion nanoprobes fabrication for 

multiplexed in situ molecular mapping of breast cancer biomarkers. 
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We demonstrate methodological notes that are essential in the theory of light 
emission by a single quantum system when dynamics of its excited states and 
radiative properties are strongly dependent on both – its macroscopic host and the 
nearby environment on the nanoscale. Although most experimental data suggest that 
the properties of a light emitter are determined by its interaction with other quantum 
objects and the host medium at the micro, meso and macro scales the existing 
theories have been either model dependent or limited to some particular situations. 
The majority of the theoretical approaches are aimed at determining the change in 
the rate of spontaneous decay of an excited single particle in a given environment 
compared to its spontaneous emission in a vacuum. In the literature, these 
approaches are conventionally divided into "microscopic" and "macroscopic" models. 
The common points in the models are to take into account the following: 
modifications of intrinsic properties of the emitting center, the structure of the local 
field and the change in density of photonic states. 

Of particular interest is the problem of studying the properties of optical centers in 
a host medium in the presence of an external laser radiation. The mathematical 
apparatus used in laser physics, nonlinear and quantum optics, and other research in 
the area of interaction of radiation with the matter is largely based on an analysis of 
Maxwell-Bloch (MB) equations. To date, there is limited number of papers giving MB 
equations, which take into account in a consistent manner the effective values of all 
parameters: Rabi frequency, frequency shifts and the rates of relaxation/excitation 
mechanisms (including spontaneous emission and energy transfer in pairs). In this 
work, we derived a generalized master equation emitters forming an ensemble of 
motionless optical centers in a dielectric medium, transparent for the external light. 
The master equation was used to build the material part of MB, i.e., the system of 
optical Bloch equations. It takes into account the effective rates of individual and 
collective radiative damping of optical centers, the Rabi frequencies, and frequency 
shifts of the optical transitions caused by the presence of a dielectric host and other 
quantum objects. The MB parameters were found to be functions of the real and 
imaginary parts of the host permittivity. The lifetimes of the excited state of the 
emitterswere shown to be functions of the effective refractive index n of the host 
around the emitter and be in agreement with the experimental data. 

Finally, we discuss the possibility of nanoscale mapping of effective n-values in 
frozen dye-doped solutions by single-molecule spectromicroscopy. 

This work was supported by RFBR (14-29-07270; 16-02-01174). 
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