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Rare-earth ions (Sm3* or Eu?*) doped LiSryBa;_xPO4 (x=0, 0.2, 0.4, 0.6, 0.8, 1.0) f-f transition phosphor
powders were prepared by a high temperature solid-state reaction. The resulted phosphors were charac-
terized by X-ray diffraction (XRD) and photoluminescence (PL) spectroscopy. The results of XRD indicate
that the phase structure of the sample changes from LiBaPOj4 to LiSTPO4 when x changes from O to 1.0. The
excitation spectra indicate that only direct excitation of rare earth ions (Sm3* or Eu**) can be observed.
The doped rare earth ions show their characteristic emission in LiSryBa;_xPOy, i.e., Eu>* Do-F,; (J=0, 1,

Iff)/:::r:lsjist:ion 2,3,4),Sm* 4G5, — SH; (J=5/2,7/2,9/2, 11/2), respectively. The dependence of the emission intensities
Phosphor of the LiSryBa;_4PO4:Sm>* and LiSryBa;_,PO4:Eu®* phosphors on the x value and Ln** (Ln3* = Sm3*, Eu?*)
Sm3* concentration is also investigated.

Eu?* © 2011 Published by Elsevier B.V.

1. Introduction

Rare earth ions activated phosphors have attracted much atten-
tion of scientists due to their unique electronic, optical and
chemical properties resulted from the 4f shell of the ion; also the
progress in the development of the phosphors is directly related to
the understanding of the physical processes of energy absorption
and relaxation [1-3]. Thus, the f-f transition absorption and emis-
sion of the trivalent lanthanide ions in crystalline hosts is receiving
more attention due to the applications as optical materials emitting
in the visible and near-IR regions [4,5].

Phosphate compounds are known as multifunctional materials.
In particular, orthophosphate have been extensively investigated
due to their structural diversity. This makes them suitable as hosts
to accommodate active rare earth ions. The luminescence of RE-
doped phosphates usually has a high thermal stability [6], also
rare earth doped luminescent materials have considerable prac-
tical applications in devices involving the artificial production of
light, such as cathode ray tubes, lamps, X-ray detectors and LEDs,
etc. [7-11]. As an activator of red luminescent materials, Eu3* ion
is widely used in color television and lamp phosphors [12-14].
The Sm3* ion is also very important lanthanide ion for optical and
other applications. For example KBaPO4:Sm3* can be used for white
light-emitting diodes [15].

Recently, orthophosphates with general formula ABPO4 (A and
B are mono- and divalent cations, respectively) have attracted great
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attention. For example, LiSrPOg4, LiCaPO4, NaCaPO4 and KSrPO4
have been found to be the new luminescence hosts. In 2010, Yan
Chenetal.reported anintense green emitting LiSrPO4:Eu2*, Tb3* for
phosphor-converted LED [16]. According to the new reports, More
et al. [17] have studied the luminescence of LiCaPO4:Eu?* phos-
phor. Shinde et al. [18] have investigated the photoluminescence
properties of Dy3*, Mn2* or Gd3* doped NaCaPO,4 phosphors, which
have served as efficient phosphors in many industrial applications.
Additionally, Zhang et al. [19] have also reported that KSrPO4:Th3*
phosphor under vacuum ultraviolet excitation. However, to the
best of our knowledge, there is no study devoted to the photo-
luminescence properties of LiSryBa;_yPO4:RE3* (RE=Sm?3*, Eu3*)
phosphors.

In this study, the f-f transition phosphors LiSrxBa;_yPO4:RE3*
(RE=Sm3*, Eu3*) have been prepared and characterized. The emis-
sion intensity of the phosphors has been successfully adjusted by
controlling the phase structure of phosphor samples. The effects
of Sm3* and Eu3* content on the luminescence properties of the
phosphors have also been discussed.

2. Experimental

The LiSryBa;_xPO4:RE3** (RE=Sm?3*, Eu?*) phosphors were synthesized through
the solid-state reaction technique. Stoichiometric amounts of SrCO3 (AR), BaCO3
(AR), Li;CO3 (AR), NH4H,PO4 (AR), Sm;03 (99.99%) and Eu, 05 (99.99%) were mixed
and grounded thoroughly, and then the resulting mixture was sintered at 1200°C
for 5h in the air.

The crystal structures of products were recorded with Japan D/Max-3B X-ray
diffraction (XRD) with Cu Ko (A=1.5418A) radiation generated at 30kV/30Ma,
the powder diffraction patterns were collected within the 26 range 10-70°, at the
stepped scan rate of 0.001° per step and the count time of 0.05s per step. The
excitation and emission spectra were taken on a FluoroMax-4p spectrofluorometer
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Fig. 1. X-ray powder diffraction patterns of phosphor samples LiSryBa;_,PO,4:Sm3*
(x=0,0.2,0.4,0.6,0.8,1.0): (a) x=0, (b)x=0.2,(c)x=0.4, (d) x=0.6, (e) x=0.8 and (f)
x=1.0.

Table 1
The shift of the strongest diffraction peak of LiBaPO4 to higher diffraction angle with
the increase of x in phosphor samples LiSryBa;_,PO4:Sm3*.

X=0.2
28.946

X=04
29.255

X=0.6
29.535

X=0.8
29.815

X=1.0
30.115

Samples X=0
28.846

20 value

equipped with a 150 W xenon lamp as the excitation source. All the measurements
were performed at room temperature.

3. Results and discussion

Fig. 1 shows the XRD patterns of LiSryBa;_xP04:Sm3* (x=0, 0.2,
0.4, 0.6, 0.8, 1.0) phosphor samples and JCPDS Card 14-0270 for
LiBaPO4 (a) and 14-0202 for LiSrPO4 (f) as references. With the
addition of Sr, some new peaks appear due to the orthorhombic
phase of LiSrPO4 (Fig. 1(b)-(e)), indicating LiSrPO4 phase is formed.
With the increase of the value of x, the diffraction peaks of LiSTPO4
phase become sharper and stronger, whereas the diffraction peaks
of LiBaPO,4 phase become weaker. Note that the diffraction peaks
shift to higher angles with the increase of the Sr content, indicat-
ing that the size of the crystalline grains in the LiSrPO4 phase is
smaller than that in the LiBaPO,4 phase. As we all know, the ionic
radius of Sr2* (0.126 nm) is smaller than that of Ba2* (0.142 nm), the
replacement of BaZ* by Sr2* should decrease the lattice parameter
of LiBaPOy. Table 1 summaries the strongest diffraction peak of the
LiSrxBaj_xPOg4. The 26 values of these peaks change from 28.846°
to 30.115° when x change from 0 to 1.0.

Photoluminescence excitation and emission spectra of
LiSrogBag,P04:Sm3* powder phosphors are shown in Fig. 2.
The excitation spectrum of Sm3*-doped LiSrygBag,P04 (Fig. 2(a))
monitored at 595 nm consists of several bands centered at 360,
373, 401 and 467 nm, which is the characteristic f-f transi-
tions of Sm3* ions. The strongest peak at 401 nm is attributed
to the SHs; — 4Gy transition of Sm3*. There is no obvious
charge-transfer absorption of Sm3*-02- interaction or host
absorption band as usual. This is because Sm3* ions interaction
with the host lattice is very weak, and no energy transfer occurs
between Sm3* and host [11]. Upon the excitation at 401 nm,
the emission spectrum of Sm3*-doped phosphor consists of the
characteristic emission lines of Sm3*, i.e., 559 nm (*Gsj, — ®Hs)),
595nm (4Gs;, —SHypp), 641nm (Gs;, —OSHgp) and 707nm
(“Gsj, — ®Hyqp2) with the strongest peak at 595nm (Fig. 2(b)).
The effect of doped concentration of Sm3* on the luminescent
intensity is also investigated. Five different amounts, 1, 3, 5, 7,
9mol% of Sm3* are introduced into LiSrggBag>P04. The emission
spectra of phosphors with different Sm3* concentrations (shown
in Fig. 3) indicate that the luminescent intensity increases with the
increment of doping concentration, and reaches the maximum at
the doping concentration of 5mol%. At 7 mol%, the luminescence
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Fig. 2. Photoluminescence emission and excitation spectra of LiSrogBag,P04:Sm3*
powder phosphor.
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Fig. 3. Photoluminescence emission spectra of LiSrogBap2P04:Sm?* with different
Sm3* concentration.

intensity decreases, which indicates concentration quenching
effect occurs when the concentration of lanthanide ion is higher
than 5 mol%.

Fig. 4 shows the photoluminescence excitation and emission
spectra of LiSrggBag,P04:Eu3* powder phosphor. The excitation
spectrum of LiSrggBag,P04:Eu3* phosphor by monitoring the
emission at 614 nm (Fig. 4(a)) consists of a weak broad band from
200 to 300 nm, which is caused by the oxygen-to-europium charge-
transfer (C-T) transition, and sharp lines in the 350-500 nm range
peaking at 361 nm (’Fp—°D4), 381 nm (’Fo—>G;), 393 nm (?Fp—Ls)
and 464 nm (’Fy->D;) caused by the f-f transitions between the
ground level 7Fp and the excited levels >Dy, Gy, °Lg, °D; of Eu3*
ions. The emission spectrum (Fig. 4(b)) consists of a series of typical
linear emission peaks of Eu3* ascribed to the transition of °Dg — 7Fg
(577nm), °Dg— ’F; (587nm), °Dg— ’F, (614nm), °Dy— ’F3
(651 nm) and °Dg — “F4 (695 nm). °Dg — ’F; lines originate from
the magnetic dipole transition and the *Dg — ’F; lines arise from
the electric dipole transition and its intensity is very sensitive to
the site symmetry of the Eu3* ions. The Eu3* ions generally occupy
the substitution sites of Sr2* ions in LiSryBa;_xPO4:Eu3* phosphors,
making the °>Dg — ’F; and °Dg — ’F, transitions allowed. In this
situation, the °Dy — 7Fy transition is in principle forbidden due to
the same total angular momentum. Thus, the corresponding peak
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Fig. 4. Photoluminescence emission and excitation spectra of LiSrggBag2PO4:Eu*
powder phosphor.

Ae=393 nm

Relative Intensity (a.u.)

~—"1%

L3%

5“/0
N v
A4

9%

L]

550 600 650 700
Wavelength (nm)

Fig. 5. Photoluminescence emission spectra of LiSrggBag,P04:Eu3* with different
Eu3* concentration.

should be inexistent or very weak in the PL emission spectrum
[20-22]. The emission spectra of phosphors LiSrxBaj_yPO4:Eu3*
with different Eu3* concentrations are illustrated in Fig. 5. The
emission intensity of Eu3* first increases with increasing doping
concentration, reaching a maximum at 3 mol%, and then decreases
with further increasing Eu3* concentration due to concentration
quenching. Thus the optimum concentration for Eu3* red emission
is 3 mol%.

The substitution of Sr into Ba site also leads to the remark-
able enhancement of the fluorescent emission intensity of the
LiBaPO4:Sm3* (5%) and LiBaPO4:Eu3* (5%) phosphors, as shown in
Fig. 6, the emission intensity increases with increasing the value
of x. When x equal to 1.0, the luminescence intensity reaches
maximum, 4.5 times higher than that of the Sr-free materials
for LiSryBa;_,P04:Sm3* and 2.7 times for LiSryBa;_xPO4:Eu3*. The
ABPO4 (A: alkaline metals, B: alkaline earth metals) phosphates
with A cations and B in tetrahedral environment belong to a
wide structural family in which the BPO4~ tetrahedra framework
shows four-, six- and eight-membered rings, like some silica or
silicate forms. The tunnels perpendicular to the six-membered
rings form irregular open cavities that host the monovalent cation
[23]. Depending on the small ionic radius of Li* (0.059 nm), the
orthorhombic phase of LiBaPO, is observed in Fig. 1(a). At the
same time, it should be realized that LiBaPO4 structure contains
two inequivalent barium sites [24]. It is often assumed that in
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Fig. 6. Photoluminescence emission spectra of phosphor samples: (a)
LiSryBa;_xP04:Sm3* (5%) and (b) LiSryBa;_xPO4:Eu3* (5%) (x=0, 0.2, 0.4, 0.6,
0.8, 1.0).

such systems substitution into both sites occurs randomly. How-
ever, if we assume that due to the large difference in ionic sizes of
BaZ* (0.142nm) and SrZ* (0.126 nm), strontium ions would enter
preferentially into one site, and the whole structure would accom-
modate the distortion. As a consequence, Sm3* and Eu3* would
prefer to Sr site due to the similarity of ionic radius (Sm3* ionic
radius 0.104nm, Eu3* ionic radius 0.109 nm) [25]. Thus, the flu-
orescence intensity shown by the synthesized materials should
enhance with the increase of Sr fraction in Ba sites. In addition,
the least radius (0.059 nm) of Li* ion is helpful for Sm3* and Eu3*
ions entering the host material [26]. The emission peak shifts a
little, from 614 to 616 nm with the x value in LiSryBa;_,PO4:Eu3*
increases, which may be ascribed to the increase of the crystal field
strength.

Fig. 7 shows the Commission International de I’Eclairage (CIE)
chromaticity coordinates at 293 K for LiSryBa;_xP04:Sm3* (x=0,
0.2, 0.8, 1.0) and LiSryBa;_xPO4:Eu3* (x=0, 0.2, 0.8, 1.0). The (x,
y) coordinates vary systematically from (0.453, 0.368), (0.486,
0.371), (0.510, 0.389) to (0.540, 0.397), corresponding to hues of
white, white, orange, orange for LiSryBa;_xP04:Sm3* (x=0, 0.2,
0.8, 1.0); while for LiSrxBaj_,P04:Eu3* (x=0, 0.2, 0.8, 1.0), the
(x, y) coordinates vary from (0.603, 0.361), (0.609, 0.360), (0.623,
0.362) to (0.628, 0.362), all corresponding to hues of reddish
orange. The above results indicate that LiSryBa;_xPO4:Sm3* and
LiSryBa;_xP0O4:Eu3* may be good candidates for the application of
white LEDs.
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Fig. 7. The Commission International de I’Eclairage (CIE) chromaticity coordinates
for LiSryBa;_xPO4:Sm3* (5%) and LiSryBa;_xPO4:Eu3* (5%) (x=0, 0.2, 0.8, 1.0).

4. Conclusions

LiSrxBa;_xPO4:Sm3* and LiSryBa;_4PO4:Eu3* f-f transition
phosphors were successfully prepared by the high temperature
solid state reaction. The XRD data suggested the host phase changed
from LiBaPOy4 to LiSrPO4 phase when the value of x changed from 0
to 1.0. The substitution of Sr2* ions for Ba2* ions occurred in LiBaPO4
structure. The doped rare earth ions (Sm3* and Eu3*) showed their
characteristic emission in LiSryBa;_yPO4. The emission intensity
can be tuned by the doping concentration of Ln3* ions and the value
of x. The optimum concentrations for Sm3* and Eu3* were deter-
mined to be 5 and 3 mol% in LiSrxBa;_xPOy4, respectively. All the
results indicated that LiSryBa;_xPO4:Sm3* and LiSryBa;_,PO4:Eu3*
phosphors had potential application in the LED field.
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