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A series of Eu?* and Mn?* activated novel SroLu(PO,4); phosphors has been prepared through a high tem-
perature solid state reaction. The obtained samples show a strong excitation band between 250 and 450
nm, which is in good agreement with near-ultraviolet (NUV) LED chips. Upon excitation at 365 nm, the
SrgLu(PO4)7:Eu2+ phosphor exhibits a broad yellowish-green emission band which peaks at 530 nm. In
the Eu?* and Mn?* ions co-doped phosphors SroLu(PO,);:Eu?*, Mn?*, tunable colors from yellowish-green
to yellow can be obtained by varying the content of the Mn?" ion. Additionally, energy transfer from the
Eu?* to Mn?"* ions is proven to follow a dipole-quadrupole mechanism according to the decay curves.
These results indicate that the SrgLu(PO,);:Eu?*, Mn?* phosphors could applicable for NUV based white
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1. Introduction

White light-emitting diodes (W-LEDs) have received increasing
attention not only in scientific areas but also in the technical indus-
try due to their outstanding advantages, such high brightness, low
power consumption, great stability, long operating and good envi-
ronmentally friendly traits [1-4]. At present, the mainstream com-
mercial W-LEDs in the market are fabricated by combining InGaN
LED chips and yellow emitting Y3Als04,:Ce>* phosphors. Neverthe-
less, this kind of white light suffers from a low color rendering
index and a high correlated color temperature due to the lack of
a red spectral component in the visible region [5,6]. At present,
W-LEDs fabricated using NUV chips (380-420 nm) coupled with
a blend of yellow- and blue-emitting phosphors have revealed out-
standing properties, such as tunable correlated color temperature,
tunable Commission International de I’Eclairage (CIE) chromaticity
coordinates and an excellent color rendering index [7]. As a result,
it is still necessary to develop novel phosphors that can be effec-
tively excited in the NUV range.

Recently, phosphate has attracted more and more attention as a
luminescent host material due to its great thermal and charge sta-
bilization. At present, a variety of compounds that are structurally
similar to SrgA(PO4); have been reported in the literature, such as
SroSc(PO4); [8], SrgMgSc(PO4); [9], SrgMgGd(PO4); [10] and
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SrgZnSc(PO4); [11]. Herein, we propose that the SrgLu(PO,4); host
will be an excellent host for phosphor materials. To the best of
our knowledge, there is no report on SrgLu(PO,);:Eu®*, Mn?* as a
LED phosphor. Therefore, we prepared SroLu(PO,);:Eu?*, Mn2?*
phosphor by a conventional high temperature solid state reaction.
The luminescence properties and energy transfer mechanism from
the Eu?* to Mn?* ions in SreLu(PO,); host have been studied.

2. Experimental approach
2.1. Sample preparation

The Srg_x_yLu(PO4)7:xEu2*, yMn?* (x, y represent the concentra-
tion of Eu?* and Mn?" ions, respectively) phosphors were prepared
by a high temperature solid state reaction. The starting materials
were SI'CO3 (99%), LU203 (99%), NH4H2PO4 (99%), EU203 (9999%)
and MnO, (85%), 5 wt% of H3BO3 (99%) was added as a flux. The
starting reagents were thoroughly mixed in stoichiometric propor-
tions and ground for 1 h in an agate mortar. The mixture was pre-
heated in air at 600 °C for 3 h, reground and then sintered at 1290
°C for 3 h in a reducing CO atmosphere.

2.2. Characterization

The X-ray diffraction (XRD) pattern was collected on an X-ray
diffractometer (Japan, Shimadzu, XRD-6000) with Cu Ko radiation
(4 =0.15406 nm) over the angular range 10° < 20 < 60°, operating
at 40 kV and 30 mA. Diffuse reflection spectra were obtained by a


http://crossmark.crossref.org/dialog/?doi=10.1016/j.poly.2017.11.055&domain=pdf
https://doi.org/10.1016/j.poly.2017.11.055
mailto:m18535127165@126.com
mailto:tytgcejy@sina.com            
https://doi.org/10.1016/j.poly.2017.11.055
http://www.sciencedirect.com/science/journal/02775387
http://www.elsevier.com/locate/poly

J. Cui et al./ Polyhedron 141 (2018) 284-288 285

UV-Vis spectrophotometer (Shimadzu, UV-2600) using the white
powder BaSO, as a reference. The photoluminescence excitation/
emission spectra were measured using an Edinburgh FLS-980 fluo-
rescence spectrophotometer equipped with a 450 W xenon lamp
as an excitation light source. The luminescence decay curves of
the samples were measured using a Fluorescence lifetime mea-
surement system (Horiba DeltaPro) with a NanoLED source (/.=
370 nm).

3. Results and discussion

Fig. 1 shows the typically XRD patterns of the SrgLu(PO,4); host
and the SrgLu(PO4);:0.05Eu?*, SroLu(PO,4);:0.20Eu®* and SroLu
(PO4)7:0.05Eu?*, 0.15Mn?* samples, as well as the standard pat-
terns of SrgIn(PO4); (COD-ID 53-179). It is obviously that no extra
phase was observed. The results indicate that the SrgLu(PO4); host
was a single phase and that doping with a small amounts of Eu?*
and Mn?* ions did not induce any significant changes of the crystal
structure.

The reflectance spectra of the SrgLu(PO4);, SroLu(PO4);:0.1Eu?*
and SrgLu(PO,4);:0.1Eu?*, 0.1Mn?* phosphors are shown in Fig. 2.
Apparently, the SroLu(PO4); host material exhibits an absorption
band from 200 to 400 nm, which is the host absorption. When
Eu?" ions are doped in the SrgLu(PO,4); host, two obvious absorp-
tion bands from 230 to 450 nm can be observed. Moreover, with
the introduction of Mn?* ions in the former SroLu(PO,4);:0.1Eu?*
phosphor, the shape of the reflectance spectrum remained
unchanged, only the intensity increased a little. Fig. 2 indicates
the SroLu(P0O,4);:Eu?*, Mn?" phosphor has a strong absorption band
from the ultraviolet to blue region, which is in good agreement
with commercial NUV LEDs (360-410 nm) [12].

The band gap of the SrgLu(PO4); host can be calculated from Eq.
(1) [13]:

F(Rohv)" = A(hv — Ey) (1)

where hv is the photon energy, A is a constant that depends on the
properties of the material, [F(R..)hv)* =0 is the Kubelka-Munk

function which is defined as [14]:
F(R.)=(1—-R)?/2R=K/S (2)

where K, R and S are the absorption, reflection and scattering coef-
ficients, respectively. The linear extrapolation in the inset of Fig. 2
shows a band gap value of about 3.91 eV.
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Fig. 1. XRD profiles of the SroLu(PO4); host and the SrgLu(PO4)7:0.05Eu*, SroLu
(PO4)7:0.20Eu?* and SroLu(P0O4)7:0.05Eu?*, 0.15Mn?* phosphors.
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Fig. 2. Diffuse reflectance spectra of the SrgLu(PO,4); host and the SroLu(PO4)7:0.1-
Eu?* and SroLu(PO,4);:0.1Eu?*, 0.1Mn?* phosphors; the inset shows the extrapola-
tion of the band gap energy for the host.
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Fig. 3. Excitation (/em =530nm) and emission (/ex = 365 nm) spectra for SroLu
(PO4)7:0.10Eu?".

Fig. 3 shows the excitation and emission spectra of the SroLu
(P0O4)7:0.05Eu?* phosphor. On monitoring the emission at 530
nm, the excitation spectrum shows broad absorption bands rang-
ing from 250 to 450 nm due to the 4f’ — 4f°5d! transitions of
the Eu?* ions. The excitation spectrum indicates that the phosphor
matches well with the commercial NUV LED chips (360-410 nm)
[15]. Under excitation at 365 nm, the SroLu(PO,);:0.05Eu?* phos-
phor shows a bright yellowish-green emission and the emission
spectrum exhibits a wide emission band covering 410-725 nm,
with the maximum at around 530 nm, which is assigned to the
4f%5d — 4f’ transition of the Eu* ions.

To study the influence of the doping concentration of the Eu?*
ions on the emission intensity of the phosphors, a series of SrgLu
(PO4)7:xEu?* (0.005 < x < 0.20) phosphors have been synthesized.
Fig. 4 shows the emission spectra of the samples under radiation
of 365 nm. By comparing the emission spectra, there are no obvi-
ous differences for the spectral profiles and positions except for
the intensity. It is obvious that the optimal Eu®* ion concentration
is when x = 0.05, and the emission intensity of the samples starts to
decay beyond this Eu?" ion concentration due to concentration
quenching [16].
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