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ABSTRACT

Phosphor compound, lithium lanthanum borate doped with Eu** (Eu,0O3 0.10 — 10.00 mol%)
were prepared by a solid state reaction to study the structure and photoluminescence properties. X-ray
diffraction indicated phase of the LisLay(BOs)s host structure appearing in all samples. Absorption
spectra show that compound absorbs more photons with increasing of Eu,O3 concentration. Emission
and excitation spectra exhibit the strongest emission at 613 nm wavelength with 394 nm excitation.
The optimum concentration of Eu,Os for this compound is 2.50 mol% which possess the highest
intensity of emission via photo excitation. Color of emission was determined as the reddish orange by
CIE 1931 chromaticity system. Lithium lanthanum borate doped with Eu** phosphor performs the
interesting properties to be developed for using as the reddish orange-emitting material in screen and

lamp.
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INTRODUCTION

Phosphor materials, luminescence powder,
have been used in the important applications such
as medical imaging, display, light source, light
emitting diode and detector. Especially, lithium
rare-earth (Gd, Y, Lu) borate doped with
lanthanide ion (Ln*") have been widely studied
and developed [1-4] because of their low-
temperature synthesis and high anisotropic
crystalline structure of host material [5]. The
interesting applications of these compound are
neutron imaging and neutron detector due to a
high thermal-neutron capture cross section of
lithium, boron and gadolinium (Gd) [6].
Therefore, lithium gadolinium (Gd) borate
compound such as LigGd(BO3); was early
researched but it shows some disadvantages. Gd
element releases gamma ray when it captures
neutron and this compound is high sensitive with
gamma ray background from the neutron source
[6]. This problem can be moderated by changing

Gd in compound to be others rare-earth element.
Lithium yttrium (Y)/lutetium (Lu) borate then
were presented. Lanthanum (La) is one of the
rare-earth element group which also have a wide
energy band gap close to Gd and Lu [7].
Furthermore, the lower atomic mass of La than
Gd and Lu can reduce a compound sensitivity
with gamma ray background from neutron
source. However, Ln*" doped lithium lanthanum
borate has still not been comprehensively studied.
In addition to neutron detector, this chemical also
need to be more investigated about a potential to
use in the other applications such as imaging,
display and light source. For Ln** that have a role
as luminescence center in the phosphor material,
an europium ion (Eu®") is very attractive. The
intra 4f-4f transition of Eu®" can generate the
strong emission of visible light with red color and
long decay time in the various phosphor [3,
8-10]. Therefore, Eu®*" should be doped in
lithium lanthanum borate phosphor to study the
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luminescence  properties and
application potential.

In this work, Eu®" doped lithium lanthanum
borate phosphor were synthesized to study the
structure, optical and luminescence properties.
Influence of Eu®* concentration on the phosphor
properties was also investigated to find the
optimum condition of phosphor for using in
luminescence application.

analyze its

MATERIALS AND METHODS

Sample preparation

Phosphor samples were prepared by a
solid state reaction. The high purity chemicals
such as Li,COjs, La,O;, H3BO; and Eu,O5; were
mixed thoroughly via the appropriate
stoichiometric amounts in agate mortar. The
Eu,0O3 concentration was varied between 0.10 —
10.00 mol%. The batches of sample were put in
the alumina crucible and then sintered in an
electrical furnace with temperature of 600 °C for
6 hr. Finally, phosphors were left to be cool to
room temperature in the furnace.

Measurements

All obtained powders were investigated
the crystalline structure by using the Xx-ray
diffractometer (XRD-6001, Shimadzu) with CuK,
radiation (wavelength 0.154 nm). Absorption
spectra of samples were studied by UV-VIS-NIR
spectrophotometer (Shimadzu, UV-3600).
Emission and excitation spectra were monitored by
using a fluorescence spectrophotometer (Cary
Eclipse) with xenon lamp as a light source. Color
of photoluminescence was evaluated by using the
Commission of International de L’Eclairage (CIE)
1931 chromaticity system.

RESULTS AND DISCUSSION

X-ray diffraction

Results of x-ray diffraction (XRD) are
shown in Fig.1l. The LisLay,(BOs3); with
monoclinic structure (JCPD 00-054-1117) was
formed dominantly in all samples mixing with
few orthorhombic structure of LaBO3 (JCPD 00-
012-0762). Samples doped with Eu,O3 in low
concentration such as 0.10 and 2.50 mol%
perform a good formation of LizLa,(BOs)s
without Eu-composite structure. Adding Eu,O;
higher than 2.50 mol% results to the perturbation
in crystal structure which can be indicated from
fluctuation of XRD pattern. Most of pattern are
degraded with increasing of Eu,0; content from
5.00 to 10.00 mol% but some regions marking

with o and B symbol are promoted. Rising of a
represents the Eu,O5 cubic structure (JCPD 00-
034-0392) extending in compound. While, B
region is possibly the evidence of some other Eu
or Eu-oxide configuration in the structure but
cannot be definitely determined with database.

elila (BO )s: 00-054-1117

‘[3 A LaBO,: 00-012-0762

h \ /|
] [T I 1
”\.quV‘ ‘ w “ J’JI hl" (1 R “’4\\ \./A‘”Mw“\n

m’h\f‘u u’h W ,‘}\‘WJNW\NN_\‘UVM\“EUTSO
MWMWMMMMS e
* ‘|0’ A 4, o .,
| M‘" MJ“ | o aet

il M‘ ﬁwp\’ "”\' N V“\‘V mug\ .\’f\lw
Eu2.50

RN P

A

T T T T T T T T T T T T M T
15 20 25 30 35 40 45 50 55 60
2-theta (degree)

Eu10. UO

Intensity (arb. unil)

Fig. 1 X-ray diffraction result of Eu®* lithium
lanthanum borate phosphor.
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Fig. 2 Absorption spectra of LisLa,(BOs)s:Eu**

phosphor in VIS (a) and NIR (b) region.

Absorption spectra
The  Absorption  spectra of all
LisLa,(BOs)s:Eu* phosphors are shown in Fig. 2 (a)
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and 2 (b). Powders absorb photon in the visible light
region (VIS) with 364, 382, 394, 416, 466, 536 and
591 nm and in the near infrared (NIR) region with
2062 and 2181 nm. These absorption bands are the
result of Eu** energy transition from ‘F, and 'F,
ground state to upper state such as 'Fo—°D,
7Fo-’“r)Gz, 7Fo—>5|-5, 7|:1—>5Da, 7Fo—’5Dz, 7F1—>5D1,
"Fi—°Dy, 'Fo—°F¢ and 'F,—'Fg, respectively
[11,12]. AIll band sharpness increases with
increasing of Eu,05 concentration that indicates the
more photo-absorption ability with higher Eu®
amount in the powder. Photon with wavelength 394
nm (‘Fo—°Ls) and 2062 nm (‘Fo—°Fs) were
maximum absorbed in VIS and NIR region,
respectively. The 'Fe—°D, transition s
hypersensitive  with a ligand  positioning-
arrangement around Eu®*. Asymmetric environment
of Eu®*" make this transition/absorption band to be
strong [11].

Emission and excitation spectra

The most absorbed photon in VIS
region, light with 394 nm wavelength, was used
to excite all LisLay(BOs)s:Eu®* phosphors to
investigate the emission spectra as show in Fig. 3
(a). Four emission bands centered at 590, 613,
650 and 700 nm wavelength relates to the Eu®*
energy transition, *Do—'F;, *Dg—'F,, *Do—'Fs3
and °Dy—'F4, respectively [11,12]. The strongest
emission belongs to the light with 613 nm. This
emission intensity increases with increasing of
Eu®* concentration from 0.10 to 2.50 mol% after
that it decreases by a concentration quenching
effect, the emitting photon re-absorption by near
neighbor ion. The optimum concentration of
Eu,0; for LizLa,(BOs)s phosphor for the light
excitation is therefore 2.50 mol%. From very
sharp band of emission spectra at 590 and 613
nm, the light signal emitted from this phosphor is
so strong and has good resolution.
LisLay(BO3)s:Eu®* phosphor, therefore, perform
an interesting potential for detecting and imaging
application. Comparison between the magnetic
dipole (MD) °Dy—'F; transition and the °Dy—'F,
induced electric dipole (ED) transition indicates
that ED is stronger than MD for all samples. ED
is hypersensitive transition which shows the high
strength for asymmetric environment of Eu®,
while MD is not. Therefore, it can be said that
Eu** was surround by the asymmetric particle
arrangement in monoclinic structure of the main
LisLay(BOs); host. To confirm and find another
excitation wavelengths for the strongest emission
of 613 nm, the excitation spectra were then
monitored as show in Fig 3 (b). It is realized that
613 nm emission of this phosphor can be
occurred by the photo excitation with 362, 382,

394 (best excitation), 415, 465 and 535 nm
corresponding to Eu®" transition, ‘Fo—°Dy,
'Fo—°G,, 'Fo—o’Le, 'F1—°Ds, 'Fo—°D, and
'Fi—°Dy, respectively [11,12]. Eu®" energy
transition process of the emission and excitation
spectra are discussed in Fig. 4. Start from Eu®*
were excited and changed the energy level from
ground state, ‘Fo or 'F;, up to various initial
excited states. Non-radiative relaxation (NR)
process then decay the Eu®* energy states down to
the same °D, stable excited state for all
excitation. This NR decay didn’t emit photon but
it releases energy as the thermal phonon. After
that, emission of Eu®* occurred by energy
transition from the °Dy stable excited state.
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Fig. 3 Emission (a) and excitation (b) spectra of
LisLay(BO3)s:Eu* phosphor.

CIE 1931 chromaticity
Emission spectrum with 394 nm
excitation wavelength of 2.50 mol% doped
phosphor was used to analyze the color of
emission by CIE 1931 chromaticity system as
show in Fig.5. Calculated color coordinate (X, y)
is (0.63, 0.37) which locates at a blue star symbol
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on the right region of diagram. It indicates that
this powder can emit the reddish orange (rO)
light under an excitation by energy comparable
with 394 nm wavelength of photon. Therefore,
this phosphor performs a potential for using as
the reddish orange luminescence material which
is coated on the screen/display and contained in
the lamp devices.
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Fig. 4 Energy diagram for emission and
excitation of LisLa,(BOs)s:Eu® phosphor [11,12].
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Fig. 5 CIE 1931 chromaticity diagram for
emission of LisLay(BO3)s:Eu2.50 phosphor with

394 nm excitation wavelength [13].

CONCLUSION

Eu®* doped lithium lanthanum borate
phosphors exhibit a dominant host structure of
LisLa,(BO3); and minor LaBO; structure.
Monoclinic  structure of LizLa,(BOs); was
degraded with the increasing of Eu,0;
concentration over 2.50 mol% due to Eu-
composite formation. Phosphor absorbs more
photons in VIS and NIR region with the higher
amount of Eu®*. Emission bands of phosphor are
very sharp and the strongest emission at 613 nm
can be occurred by 394 nm excitation wavelength.
The optimum concentration of Eu,O; for this
phosphor is 2.50 mol% which results to the highest
intensity of emitting. Since ED emission is higher
than MD emission, Eu®" is surrounded by the
asymmetric  environment in  LisLay(BOs3)3
structure. The emitted light from phosphor with
394 nm excitation wavelength was found to be
reddish orange. Therefore, this powder performs
an interesting potential for wusing as the
luminescence material in screen/display, including
detector and imaging technology.
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