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Abstract: A series of single-composition phosphors LiBaBsO1s5:Th*, Eu** have been prepared via a high-temperature solid-

state reaction process. The structure and luminescence properties of phosphors are described. LiBaByO1s5:Th>* phosphor

shows the characteristic green emission, and the peak locates at 551 nm, which corresponds to the *D4->"Fs transition of

Th*". LiBaBeO1s:Eu’" phosphor presents an obvious red emission, and the peak locates at 617 nm, which is ascribed to the

*Do=>"F, transition of Eu®. The highly intense red emission peaks of the Eu® ions were attributed to an effective energy

transfer from the Tb>* to Eu®" ions in LiBaBsO1s:Th*", Eu®*, which have been justified through the luminescence spectra and

the fluorescence decay dynamics. The results mean that LiBaByO1s5:Th>", Eu’* phosphor might have potential applications as

a red emitting phosphor for white LEDs.

1. Introduction

Tremendous attentions have been attracted to white light-emitting
diodes (white LEDs) for the advantages such as high energy
efficiency, long operation lifetime, small size and environmental
friendliness.” The majority of white-LEDs use a combination of a
blue InGaN chip and yellow-emitting Y3A|5012:Ce3+ (YAG:Ce3+)
phosphor.s‘7 They are also characterized by cool white color
temperatures, e.g., correlated color temperature (CCT) 7756 K, and
poor color rendering indices (CRI, Ra), e.g., Ra =75.2 and the lack of
red-light contribution also obstructs its extension for more vivid
application.g'10 In recent years, the near ultraviolet LEDs (n-UV LEDs,
370-410 nm) have elicited interest since they can potentially
provide improved color temperatures and Ra’s in comparison with
white-LEDs.™ This is because of their high color-rendering
properties and tuneable color temperatures by changing the R/G/B
or Y/B ratios. The n-UV excitable trichromatic phosphors have been
elucidated and investigated for many hosts. According to Chiu et al.,
a near-UV LED chip combining trichromatic CaAISiN3:Eu2+ (red),
(Ba,Sr),Si0,:Eu”*  (green), and Ca,PO,CL:EU*" (blue) emitting
phosphors provides a relatively high CRI of Ra=93.4 and low CCT of
4590 K. Kim et al. reported that Ba;MgSi,Og:Eu”’, Mn®* can be used
as a phosphor for fabrication of a warm white-LED.”?! The
generation of white light emission largely depends on the energy
transfer of excitation energy between rare-earth ions. Accordingly,
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the energy transfer from a large number of ion pairs has been

relatively bright
2-33

investigated because of room-temperature

. . . L2
fluorescence in the visible optical region.

Up to now, many researchers have reported the energy transfer
from Tb** to Eu®". For example, Mengmeng Jiao et al. reported that
the energy transfer from the Tb®* to Eu®* in CasBi(PO,)s
phosphors.34 Zhenhe Xu et al. reported that the energy transfer
from the Tb*>" to Eu** in NaY(Mo0O,), phosphors.*® Xiaoming Liu et al.
reported that the energy transfer from Tb** to Eu** jons in YNbO,
phosphors,36 and it can emit red emission through efficiently energy
transfer from Tb>* to Eu®*. Huan liao et al. reported that the
luminescent properties of Eu** and Tb* in Zn3Ta,04 phosphors.37 As
we all know, lithium barium borate LiBaByO,5 has a low cost, high
physical and chemical stability , moreover, it can be doped with a
high concentration of Eu®* without concentration quenching."’8
Therefore, LiBaBsO,5 is selected as host material for red emitting
phosphor in n-UV white LEDs. To the best of our knowledge, the

3
" has not been

luminescence properties of LiBaBQOH:Tba*, Eu
reported in the literature. In this study, we have demonstrated the
luminescence properties and energy transform of red emitting
LiBaBgols:Tb3+, Eu* phosphors. X-ray diffraction, luminescence, CIE
coordinates and decay curves were utilized to characterize the
phosphors. LiBaB9015:Tb3+, Eu®* might have potential application as
a red emitting phosphor for UV-excited white-LEDs via energy
transfer from Tb>* to Eu®".

2. Experimental

2.1. Materials and synthesis

J. Name., 2013, 00, 1-3 | 1
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A series of LiBa BgolslTb3+, Eu’* powder samples were prepared by a
high temperature solid-state reaction process. The starting
materials H;BO; (analytical reagents, A.R.), BaCO; (A.R.), Li,CO;
(A.R.), ThyO; (99.99%) and Eu,0; (99.99%) were weighed by an
electronics scales with a 0.0001g accuracy. The doping contents of
Eu®* and Tb® were selected as 0.001-0.0lmol in LiBaByOys,
respectively. Typically, stoichiometric amounts of H3;BO;, BaCOs;,
Li,CO3, Th,0, and Eu,0; were thoroughly mixed in an agate mortar
for 30 min. The as-obtained mixing solid powders was transferred
into an alumina crucible, and the sintered at 850 °C for 2 h in air.
After firing, the samples were cooled to room temperature in the
furnace and ground again into powder for subsequent use.

2.2. Materials characterization

The crystal structure of the as-synthesized samples was determined
by using X-Ray Powder Diffraction (XRD) (D/max-rA, Cu Ka, 40 kV,
and 30 mA); the Findit software and Crystalmaker software were
used for the phase information. The photoluminescence (PL) and PL
excitation (PLE) spectra of the samples were analyzed by using a
F4600 Spectrofluorometer equipped with a 450-W Xe light source.
The Commission International de I’Eclairage (CIE) chromaticity
coordinates for all samples were measured by a PMS-80 UV-VIS-
NEAR IR spectra analysis system. The decay curves were recorded
using a 450-W Xe lamp was used as the excitation source
(HORIBA, FL-1057).  Photoluminescence  absolute  quantum
efficiency (QE) was measured by an absolute PL quantum yield
measurement system (HORIBA, FL-1057). All the luminescent
characteristics of the phosphors were investigated at room
temperature.

3. Results and discussion

3.1. Crystal structure of LiBaBsO,s5:Tb**, Eu*"

The XRD patterns of as-prepared LiBaBoO;s:xTb>", 0.02Eu*" and
LiBaB9015:0.02Tb3+, yEu3+ samples are measured, and the similar
results are observed. As a representative, Figure 1 shows the XRD
patterns of LiBaB9015:XTb3+, 0.02Eu”" and the standard data for
LiBaByO45 (JCPDS#47-0341). All of the diffraction peaks of the XRD
patterns can be indexed as pure phase, and coincide well with the
standard data of LiBaByO;s. The absence of any detectable peak
shift or other phase in the XRD patterns indicates that the pure
LiBaByO45 phase can be obtained under the above conditions by this
simple method. The strong and sharp diffraction peaks of the
samples indicate that the as-obtained LiBaByO;5 samples are well
crystallized. The results show that different dopant concentrations
do not result in any other phase except the main phase.

LiBaB4O;5 crystallizes in a trigonal/rhombohedral system with space
group R-3c:H and with four chemical formula units per unit cell. The
dimensions of the unit cell are a=11.02230 A, b=11.02230 A, ¢
=17.10600 A and V=1782.59 A°. Figure 2 shows the crystal structure
of LiBaByO;s, the basic structural features of the LiBaBygOy5 crystal
include Li* ions, (BOs)EL groups, and Ba-O groups. The cations
together with the Tb*" and Eu®" ions are distributed in a statistical
manner on the 6a sites, while the B atoms are fixed on 18b sites.
The doped rare earth ions substituting for the Ba®* ions occupy a
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distorted dodecahedron of oxygen ions. The ionic radii for Li*
(coordination number (CN) = 2), Ba>* (CN=4), and B** (CN=4) are
0.59 A, 1.34 A and 0.2 A, respectively.®® The ionic radii of dopant
T (CN=4) and Eu* (CN=4) are 0.923 A and 0.950 A, respectively.
The ionic radii of Tb®*, Eu®" are both close to the ionic radii of Ba”".
It is believed that Tb®* and Eu®" ions are substituted in the sites of
Ba’" in the LiBaBy0O;5 host.

(a) I LiBaB,0,,:0.02Tb™, 0.02Eu*"
(b) LiBaB,0,,:0.05Tb*", 0.02Eu’"
(© I LiBaB,0,,0.07Tb™, :0.02Eu™

(d) LiBaB,0,,:0.10Tb>", 0.02Eu™

N T

JCPDS#47-0341

Intensity/(a.u.)

.I'.I N I'I I‘ T A

L
10 20 30 40 50 60
20/(Degree)

Figure 1 XRD patterns of as-prepared LiBaBgOss: xTb*, 0.02Eu® samples
and the standard data for LiBaByO1s (JCPDS#47-0341)

Figure 2 Crystal structure of LiBaBgO;s in a trigonal/rhombohedral
system with space group R-3c:H.

3.2. Luminescence properties and energy transfer of
LiBaByO;5:Tb*", Eu®'

Figure 3 shows the PL and PLE spectra of LiBaBgOlS:O.OZEu3+ (a) and
LiBaB9015:0.02Tb3+ (b), inset (a) and inset (b) show the intensity
changes with concentration in LiBaByO;5:xTh*" and LiBaBoO:5:yEu’",
respectively. It can be seen from the inset (b), LiBaBg,Ol_r,:be3+
shows the maximum intensity, so the optimal concentration of T
is 0.02. In order to facilitate research, we also determined Eu® as
0.02 although LiBaBg,Ol_r,:xEu3+ has no optimum concentration,
which can be seen from the inset (a). For LiBaBgols:O.OZEu3+, the
excitation spectrum of the samples consists of a broad band from

This journal is © The Royal Society of Chemistry 20xx
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240 to 260 nm with a maximum at 255 nm and numbers of line
excitation peaks among which 395 nm is a very sharp one assigned
to the f-f transitions of Eu®" 4f° configuration. ¥4 The broad
excitation bands peaking at 255 nm is corresponds to charge
transfer state. Under optimal excitation wavelength at 395 nm, the
sample exhibits a red emission band with maximum emission at 617
nm, which originates from the intra-4f transitions of Eu** ion. The
sharp lines at 594 nm and 617 nm are assigned to the 5D097F1 and
*Dy>"F, transitions of Eu®*, respectively. For LiBaByO15:0.02Tb>" (b),
the excitation spectrum of the samples consist of numbers of line
excitation peaks (260 nm, 240 nm, 350 nm, 377 nm) among which
377 nm is the maximum, one assigned to the f-f transitions of T
4 configuration. Under optimal excitation wavelength at 377 nm,
the sample exhibits a green emission band with maximum emission
at 551 nm, which originates from the 5d-4f transition of Tb*" ions.
The sharp lines at 491 nm, 551 nm, 590 nm and 623 nm are
assigned to the 5D4 97F6, 5D4 97F5, 5D4 97F4 and 5D397F3 transitions
of Tb** ions, respectively.

A, =39%5mm
o

inset(a)

A, =617nm
e

00 006 010
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T T T T T T T T T
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igure e an spectrao 1BaBg015:0. u a)an 1BaBgU15:0.
Figure 3 The PL and PLE f LiBaBs015:0.02Eu®" (a) and LiBaBs0;5:0.02Th*"

Intensity(a.u.)
Intensity(a.u.)

@ (0)

(b); inset (a) shows the changes intensity with concentration in LiBaBgOys:yEu®*,

and inset (b) shows that in LiBaBsO15:xTh>*

Figure 4(a) depicts the PLE spectrum of the Eu* ions singly doped
phosphor, as well as the PL spectrum of the Tb*" ions singly doped
phosphor. To prove the probility of energy transfer from T to
Eu3+, the rang of the PLE spectrum of the Eu®* ions singly doped
phosphor is strenched to 550 nm. While monitoring at 617 nm, a
broad band ranging from 240 to 260 nm and some distinct peaks
peaked at 377, 384, 395, and 460 nm exist in the excitation
spectrum, which are attributed to Eu* absorption transitions. The
PL spectrum of LiBaBgols:O.OZTb3+ is also shown in Figure 4(a). The
spectral overlap between the PL spectrum of LiBaBgolssz3+ and the
PLE spectrum of LiBaBgolszEu3+ is observed, which indicates that the
energy transfer from the Tb** to Eu*" ions may be expected in Tb*"
and Eu* codoped LiBaBsO4s. According to Dexter’s theory,39 the
effective resonance type energy transfer is expected to take place
from Tb*>" to Eu** ions. This can be further confirmed by Figure 4 (b)
(c) and (d), which shows the comparison of PLE spectra of
LiBaBg0;5:0.02Tb*>" monitored at 551 nm, LiBaByO,5:0.02Eu>"
monitored at 617 nm and LiBaBy0;5:0.02Tb>", 0.02Eu*" monitored
at 617 nm, respectively. Compare Figure 4(c) with (d), the intensity
ratio of 255 nm and 395 nm in LiBaBy0,5:0.02Tb>", 0.02Eu*" is larger

This journal is © The Royal Society of Chemistry 20xx

that of in LiBaByO;5:0.02Eu>", which is the influence of Tb*". Also,
the intensity ratio of 377 nm and 384 nm in LiBaBgols:O.Osz3+,
0.02Eu® is larger that of in LiBaByO,5:0.02Eu>*, which is the
influence of Tb*". In addition, we can easily see that there is a peak
at 350 nm in LiBaBg045:0.02Th*, 0.02Eu®" and LiBaBy0;5:0.02Tb™,
which can not be seen from LiBaBgols:O.OZEU3+. In conclusion,
compare Figure 4 (b), (c) and (d), the excitation spectrum (detected
by the Eu* emission) has T peaks, which demonstrating the
occurrence of energy transfer from T to Eu*. However, the
energy transfer efficient is not so high that the influence of Th**
excitation is not obvious.

LiBaB,0,;:0.02Eu" LiBaB,0,:0.02Tb™
1,= 377 nm
E b= 617 nm g (c)  LBaBO 00E" n
© ~
= 2] ’
:’% g 2,617 nm
3 g /)
£ = M
(d)LiBaB,0,;0.02TH",0.02Eu™ )
(@) 3, =617 nm
~
T T v
200 400 600 N
200 300
Wavelength(nm) Wavelength (nm)

Figure 4 (a) The PL spectra of LiBaBsOys5:0.02Tb* and the PLE spectra of
LiBaBs0;5:0.02Eu*"; the comparison of PLE spectra of LiBaBgO;5:0.02Tb*"
monitored at 551 nm (b), LiBaBsOy5:0.02Eu®* monitored at 617 nm (c) and
LiBaBs0;5:0.02Tb*", 0.02Eu® monitored at 617nm (d).
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Figure 5 (a) The PL spectra of LiBaBs015:0.02 Tb**, yEu®"; inset is the
enlarged figure from 530 nm to 570 nm; (b) the intensity of Tb** and Eu®*
in LiBaBg015:0.02 Tb*, yEu®* depending on Eu®* concentration.
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To deeply investigate the tunable PL properties of the LiBaBqOjs
phosphor, we have codoped Eu®* and Tb>* ions with different
relative concentrations into the LiBaByO,5 host lattice. The emission
spectra of the Eu®* and Tb*' codoped LiBaByO;5 samples under the
excitation at 377 nm are shown in Figure 5(a) and the inset,
respectively. The codoped phosphor shows a green emission band
of Tb* ions and a red emission band of Eu®" ions at the irradiation
of 377 nm. In principle, the color of the codoped phosphor should
change from green to red with increase the concentration of Eu3+,
the fact is that it changes from pink to red. Also,
the intrinsic emission from

however,
compared with the emission of Eu3+,
> groups is very weak, suggesting that an efficient energy
transfer from Tb** to Eu®* occurred in the LiBaBy0,5:0.02Tb>*, yEu®*
phosphors. Figure 5(b) show the intensity of Tb>* and Eu® in
LiBaBy045:0.02 Tb**, yEU** depending on Eu** concentration. The
intensity of Tb>* reduced with the increasing Eu®*
contrast, the intensity of Eu® increased with the increasing Eu*
concentration. The reason that the intensity of Tb* is reduced
is a fixed value should be the

concentration. In

when the concentration of Th*'
energy transfer from Tbh*>* to Eu®*. The intensity of Eu**
quickly with the increasing Eu®* concentration proved the energy
transfer from Tb*>* to Eu®* laterally. Moreover, the energy transfer
process is shown in Figure 6.
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Figure 6 Energy transfer process

3.3. Energy transfer mechanism of LiBaByO;5:Tb**, Eu®*

To support the spectrum analysis above, Figure 7 gives the
fluorescence decay curves of Tb*" and Eu** emissions by monitoring
different emissions corresponding to the wavelengths at 551 nm
and 617 nm in the LiBaByO,5:xTh>", 0.02Eu** and LiBaByO,5: 0.02
Tb3+, yEu3+ phosphors. It is found that all of the decay curves show a
second-order exponential decay, which can be fitted by the
equation 41-43

I(t) =g+ Aje /™ + Ae™V/2 (1)

The decay process of these samples is characterized by an average
lifetime T, which can be calculated using equation 2 as follows

4| J. Name., 2012, 00, 1-3

T=A1* 12+ A2+ D) /(A1+ T + A+ 1) (2)

where I(t) is the luminous intensity at time t. On the basis of
equation 2, the luminescence lifetimes of Tb®" in LiBaBgOy5:xTh>",
0.02 Eu*" for different Eu®" concentrations is shown in Figure 8(a).
However, the luminescence lifetimes of Eu®* in LiBaBy0;5:0.02Tb*",

Eu® for different Tb>* concentrations is shown in Figure 8(b). The
decrease in the lifetimes of Tb>" with increasing Eu®* concentration
strongly demonstrates an energy transfer from T* to Eu*. In
addition, the energy transfer efficiency (n;) from T to Eu*
calculated by the following equation44

n=1-t/to (3)

where Ty and T, represent the lifetime of Tb*" in the absence and
presence of Eu*, respectively. As shown in Figure 8(c), the energy
transfer efficiencies increasing Eu*

to Eu" is efficient

increase gradually with
concentration and the energy transfer from T
in the LiBaByO;;5 host.
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Figure 7 Decay curves of Eu*" in LiBaBsO15:xTb**,0.02Eu™* (a) and decay curves of

Tb** in LiBaBs015:0.02Tb*>* yEu*.
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Figure 8 (a)The average decay time of Tb*" in LiBaBy0;5:0.02Tb*",
yEu*; (b)the average decay time of Eu** in LiBaBsOys5:xTh>*, 0.02Eu® ;
(c) the energy transfer efficiencies of LiBaBg015:0.02Tb**, yEu®*.

In general, energy transfer from the sensitizer to activator in a
phosphor may take place via a multipolar interaction or an
exchange In order to
determine the energy transfer mechanism in LiBaByO,5 samples, it

interaction at higher concentrations.

is necessary to know the critical distance (R.) between activator and
and Tb®" here. With the increase of Tb**
* and Tb*" ions becomes shorter,

sensitizer such as Eu**
content, the distance between Eu

This journal is © The Royal Society of Chemistry 20xx
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thus the probability of energy migration increases constantly. When
the distance is small enough, the concentration quenching occurs
and the energy migration is hindered. Therefore, the calculation of

Rc has been pointed out by Blasse®™™’
_ 3v 1/
Re=20551" @)

where V corresponds to the volume of the unit cell, N is the number
of host cations in the unit cell, and X, is the total concentration of
Th*" and Eu®" ions when the emission intensity of Tb** ions is half of
that in the same host in the absence of Eu*" ions. For the LiBaBgO;5
host, N=6, V=1782.59 A?, and X_. is 0.04 for Eu*" and Tb>".
Accordingly, the R, was estimated to be about 24.2 A. Moreover,
when the value of Eu®* takes 0.10, that is to say, X, is 0.12 for Eu>"
and Tb*, the R. was estimated to be about 16.8 A. The results
obtained above indicate the little possibility of exchange interaction
since the exchange interaction is predominant only for about 5 A
indicating that the exchange interaction is not dominant. Thus the
energy transfer from b to Eu®* may take place via the multipolar
interaction.
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= 2 e
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Figure 9 Dependence of (Is/ls) of Tb** on (a) €3 1,>*,e.>, (b)
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C% 1 heu and (€) C70mp e -

On the basis of Dexter’s energy transfer formula of multipolar
interactions and Reisfeld’s approximation, the following
relationship can be given48

no C n/3
ns Th3*t+Eu3t

(5)

where ng and ns are the luminescence quantum efficiencies of T
in the absence and presence of Eu3+, respectively; the value of ng/ng
can be approximately calculated by the
luminescence intensities as follows

ratio of related

Io C n/3
I Tb3* +Eu+

(6)

where CTb"’J',,Eu?’+ is the total doped concentration of Tb* and Eu**
ions and n=6, 8, and 10, corresponding to dipole-dipole, dipole-

This journal is © The Royal Society of Chemistry 20xx

quadrupole, and quadrupole-quadrupole interactions. The plots of
(ISO/IS)—C"/STb3++Eu3+ are further illustrated in Figure 9(a)-(c). The linear
relationship is observed only as n=6, indicating that the dipole—
dipole interaction is mainly responsible for the energy transfer from
Tb* to Eu®* in LiBaBy0,5:0.02Th™", yEu™".

3.4. Quantum efficiency and CIE
coordinates of LiBaBy0,5:Th>", Eu®*

chromaticity

LiBaBy0,5:0.02Tb**

LiBaBg0,5:0.02Eu®*

Figure 10 the CIE chromaticity coordinates (x, y) and photos for
LiBaBy015:0.02Tb*, yEu** phosphors.

Table 1 CIE (x, y) for LiBaByOy5:xTh>", 0.02Eu’* phosphors

Samples  LiBaByO;5:xTh>", 0.02Eu** CIE (x, )

1 x=0.001 (0.6373, 0.3302)
2 x=0.005 (0.6416, 0.3336)
3 x=0.01 (0.6445, 0.3361)
4 x=0.02 (0.6379, 0.3342)
5 x=0.03 (0.6427, 0.3383)
6 x=0.05 (0.6408, 0.3405)
7 x=0.07 (0.6492, 0.3407)
8 x=0.10 (0.6432, 0.3412)

Figure 10 shows the CIE chromaticity coordinates (x, y) and photos
for LiBaBQOIS:O.OZTb3+, yEu3+ phosphors. The CIE coordinates vary
systematically from pink (x=0.4262, y=0.2370) to red (x=0.6478,
y=0.3362) for LiBaBy0,5:0.02Tb**, yEu®* with the changes of Eu®'
ions concentration. Thus, the light color emission for
LiBaBQOIS:O.OZTb3+, yEu3+ can be tuned from pink to red by
adjusting the concentration of Tb> and Eu*'. The CIE coordinates
for LiBaBgols:be3+, 0.02Eu* phosphors is so close to the changes of
Tb> ions concentration that we can’t distinguish the points with
each other in a chromaticity diagram, so we shows the CIE
chromaticity coordinates (x, y) for LiBaBQOIS:be3+, 0.02eu*
phosphors in Table 1. When the value of x increases to 0.02 and y
increases to 0.05, a red light can be obtained with good CIE
coordinates of (0.6458, 0.3357). On the of the
photoluminescence properties and energy transfer from > to

basis

J. Name., 2013, 00, 1-3 | §
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3+ 3+

Eu™, the LiBaBgols:Tb3+, Eu phosphor might have potential
applications as a red emitting phosphor for UV-excited white-LEDs.

Under 377 nm UV excitation, the quantum vyields (QYs) of
LiBaBgols:be3+, yEu"’+ samples have been measured and listed in
Table 2. The QE value can be calculated by the following equation:
Ls
MNqe = m (7)
where L is the emission spectrum of the studied sample, Es is the
spectrum of the light used for exciting the sample, and Eg is the
spectrum of the excitation light without the sample in the sphere.
As we can see in Table 2, the maximum value can reach 45.0% for
LiBaBy045:0.02Tb>*, 0.05Eu® and 51.5% for LiBaBy045:0.03Th,
0.02Eu3+, respectively.

Table 2 The quantum efficiency (QE) of LiBaBgOys: xTb>*, yEU**

samples

LiBaBg0,5:0.02Tb>", QE LiBaBgO45:XTh>", QE
yEu®* (%) 0.02Eu*" (%)
y=0.02 293  x=0.02 44.2
y=0.03 39.0  x=0.03 51.5
y=0.05 450  x=0.05 39.4
y=0.10 362  x=0.10 15.9

4. Conclusions

In summary, a series of novel phosphor LiBaBQOIS:Tb3+, Eu® has
been synthesized by a conventional high-temperature solid-state
method at 850 °C for 2 h. Under 377 nm excitation, there is an
efficient energy transfer from > to Eu® via a dipole-dipole
interaction mechanism. The critical distance of energy transfer from
Tb** to Eu® is calculated to be 24.2 A, and in this work the
maximum efficiency of energy transfer in this concentration interval
is about 58.60%. The emission color of phosphor LiBaBgolssz3+,
Eu®* can be tuned from pink to red by adjusting the concentration
of Eu®. Moreover, the maximum value can reach 45.0% for
LiBaBy0;5:0.02Tb*", 0.05Eu® and 51.5% for LiBaBy0;5:0.03Tb>,
0.02Eu3+, respectively. On the basis of luminescence properties and
energy transfer from Tb®>" to Eu®*, LiBaByOys:Tb*", Eu®* phosphor
might have potential applications as a red emitting phosphor for
UV-excited white-LEDs.
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