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Ozet: Liitesyum ortoborat (LuBOs) ve lantan, gadolinyum fosfat (LaGdPO.)
malzemeleri, borat ve fosfat bilesikleri arasindan, sergiledikleri iistiin liiminesans
ozelliklerinden dolayi, optoelektronik cihazlarda kullanilabilecek yeni nesil ev
sahibi malzemelerdir. Hidrotermal yontem ile sentezlenen nano yapilarda, mikro
boyuta gore, fiziksel ve kimyasal farkliliklar meydana gelmektedir. Farkli nadir
toprak elementleri ile katkilandirilarak yapilan nano yapilarin optik 6zellikleri de
degistirilebilmektedir. Hidrotermal sentez yontemi, disiik sicaklik ve yiiksek
basing altinda, yliksek saflikta ve nano boyutlarda tek kristal iiretimini saglayan bir
sentezleme tiriidiir. Bu ¢alismada, LuBO3:NTE ve La,GdPO4: NTE (NTE:Eu, Tb)
orneklerinin X-1s1n1  kirinimi  (XRD) ve radyoliiminesans (RL) ozellikleri
incelenmistir. Eu ve Tb icin tipik elektronik gecisleri gézlenmistir.
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Abstract: In the family of borate and phosphate, orthoborate lutetium (LuBO3),
and lanthanum gadolinium phosphate (LaGdPO4) materials are the new generation
materials in optoelectronic devices due to their superior luminescence properties.
Some physical and chemical differences occur in nanostructures synthesized by
hydrothermal method according to micro-sized structure. Optical properties of
nano-sized structures can be changed owing to different doping with rare earth
element in to the host material. The hydrothermal synthesis method is a type of
synthesis that allowing the production of nano-sized single crystal in high purity
under low temperature and high pressure. In this study, radiolumnescence and
XRD properties of LuBO3:REE and La,GdPO4: REE (REE: Eu, Tb) materials are
investigated. It is observed that typical electronic transition for Eu and Tb.

1. Introduction

phosphors are very often used materials in
optoelectronic devices and its application due to their

Today, nanoparticles or nano-sized materials
can be produced by various methods, in particularly;
they play an important role in the production of
optoelectronic and photonic materials. The physical
properties of nano-sized material can be changed in
quantum mechanical, for example, a semiconductor
material can show conductor behavior in the nano-
scale [Yang et.al 2008] or their luminescence peaks
can shift that blue range [Zhang etal 1999]. The
nano-sized powder with high purity material can be
obtained using autoclaves by hydrothermal synthesis
method. The metal salts that used in synthesis solve
in the liquid form under the high pressure. The nano-
sized crystals have been occurred while the solved
metal salts are switching between cold zone and hot
zone of the autoclave. Nowadays, the orthoborate
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high ultraviolet and optical threshold damage, low
synthesis temperature, continuity of characterization
[Zhang 1999; Balcerzyk2000]. The orthoborates that
doped with variety rare earth element (REE) have
good luminescence efficiency. Especially, they can
use in mercury-free fluorescent lamp and various
projection devices [Li 2006; Kim 2002].

In recent years, it has been promising due to
the orthoborate and orthophosphate compositions
can be used in scintillator, phosphor, laser, compact
fluorescent lamp etc. that have high density, damage
threshold and green emitting [Sabikoglu 2011;
Balcerzyk 2000].
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In this study, Europium (Eu) and Terbium
(Tb) doped LuBOz and La,GdPO. phosphors are )
synthesized using hydrothermal synthesis method. s -
The crystal structure of all material has been
investigated and radioluminescence (RL) properties
of these materials have been obtained.
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Lu203,Tb407 , EUZO3 ,Gd203, La203oxides and W\WJMWJ
(NH4)2HPO4(Sigma Aldrich) compositions are used R
for Eu and Tb doped LuBO3 and La,GdPOsphosphors. » % o 60
The oxides are mixed with HCl or HNOs then
H3;BOsand deionized water are added into the
solution. For control of the pH level, NH3_H,0
solution is added in to the solution drop by drop. The
solution is mixed on the magnetic stirrer until
gelation occurs. Finally, all solution is transferred to
the 50ml autoclave and heated 200°C at 24-32 hours.
After the synthesis procedure, all material is washed
several times with water and alcohol and filtered.
Last procedure, all material is dried in the furnace at : '
100°C. 2000 - | ‘
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2. Material Method
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Figure 1.The XRD graph of La,GdPO4:Eu.
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The XRD measurement of the materials are R GUWUR § NV N | S S
measured on Izmir Institute of Technology at Philips o ‘ o
X-pert Pro. The radioluminescence properties of the ® * R °

materials are measured in Celal Bayar University

Fi 2. The XRD h of LuBO3:Eu.
Luminescence Laboratory on room temperature. lgure € Sraph of Lubls:bu

3. Results and Discussion
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3.1. XRD Results

It can see that according to XRD results
(Figure 1-4), all material have crystallite shape that
made by Hydrothermal synthesis system. La,GdPO. 2000 -
composition has complex crystal structure and it is - ﬂ .
hard to synthesis this composition. According to 1000 - ‘ \
Figure 1 and 3, there is difference between two D;«J\M . J
La.GdPO4 materials. It can see that in Figure 3, the L
La.GdPO4 material has been occurred, unless the * * T *
eaks those seen in Figure 1 are very weak in .
Eomparison to the othelig material. TheyEu doped Figure 3. The XRD graph of La,GdPO4:Tb.
La.GdPOs phosphor material was not obtained
exactly.
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(Figure 2, 4). As seen in Figure 2, Eu doped LuBO3
material has been synthesized. However, it can see
that there is a difference situation in Figure 4. Some
impurities have been occurred in this material

o
because of the last washing and drying procedure 200 - M\W “U‘W\n Jj\w |
may not have been very well. ! “L\WWWM &’M‘WM‘MWM
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Figure 4. The XRD graph of LuBO3:Tb.
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3.2. RL Results

Eu and Tb lanthanides have most electronic
transition [Gruber 2011; Taikar 2012]. In generally,
4f-4f lines are distinctive arising from electronic
transition of trivalent lanthanides. The 650nm peak is
the most characteristic peak of the LaGdPO4:Eu
(Figure 5). All peak are overlapped arise form
lanthanum (La), gadolinium (Gd) and europium (Eu).
Especially, La and Gd have typical electronic
transition between at 600-650nm, the Gd has two
electronic transition at quadratic 4f-4f at 602nm and
628nm that arise from ®P7,2—8S7,2 and °P5,,—8S7,2
[Wu etal 2007]. Including the fact that the Eu
characteristic electronic transition, there are
specific/complex electronic transitions in this range.
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Figure 5. The RL spectrum of La,GdPO4:Eu.
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The vaterite type material is composed for
LuBOs3:Eu according to Figure 2. The RL spectrum of
the LuBO3:Eu can be shown in Figure 6. The typical
5Do—7F3 transition is seen at 650nm and 675nm, also
low intensity the 5D;—7Fs that energy splitting
transition is seen at 750nm nearby infrared region
[Gruber 2011; Dwivedi 2013].

The RL spectrum of the LuBO3:Tb is shown in
Figure 7. Four different peaks can be seen at 485,
545, 580 and 625nm. These electronic transitions are
allowed and have 4f-4f arise from 5D4—7Fg, SD4—7F5,
5D4—7F4, and5D4—7F3 respectively.
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Figure 6. The RL spectrum of LuBOs:Eu.
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Figure 7. The RL spectrum of LuBO3:Tb.
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Figure 8. The RL spectrum of La,GdPO4:Tb.
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As seen in Figure 8, Tb doped LaGdPO.
material has 4 peaks at ~490, 545, 585 and 620nm.
All peaks accommodate with characteristic peaks of
Tb at 4f-4f, 5D4 — 7F; [Wu et.al 2007; Wu et.al 2002].

4. Conclusion

In this study, Eu and Tb doped La,GdPO4 and
LuBOs materials have been synthesized and
investigated properties of RL. The XRD results of the
some composites are not expected; nevertheless they
have glow peaks in visible region. The process of the
washing with water and alcohol and drying may have
influenced to the XRD results during the synthesizing,
so the new procedure of the washing (longer
washing) or more filtering ( 4-5 times) can be apply
during the synthesizing for the better results of the
XRD. As seen in RL figures, all materials have glow
peak at visible region. Eu and Tb doped LaGdPO4
have complex electronic transition because of include
another lanthanide Gd. This means, some electronic
transition can be occurred from Gd to other
lanthanides (Eu, Tb). Likewise, LuBO3 composites
have glow peaks at visible region. Especially, Eu
doped LuBO3 material has energy splitting transition
at nearby infrared region.

This study is supported by Celal Bayar
University, Coordinator of Scientific Research
Projects, and the Project number is 2012-02.
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