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Structure and luminescence properties of Eu?*
doped Lu,Sr,_,SiN,O4_, phosphors evolved from
chemical unit cosubstitution

Zhiguo Xia,** Shihai Miao,” Maxim S. Molokeev,“® Mingyue Chen? and Quanlin Liu®

The design scheme of the chemical unit cosubstitution of [Lu**—=N3~] for [Sr**—0%7] in Sr,Si0O4:Eu®" has
been put into practice to discover the new phosphor systems with tunable luminescence properties, and
the structures and photoluminescence tuning of yellow-emitting LuXSrz_XSiNXOA;_x:Eu2+ phosphors have
been investigated. Crystal structures of LuXSrZ,X,ySiNXO4,X:yEu2+ samples were resolved using the Rietveld
method, suggesting that the as-prepared Sr,SiO4 belonged to monoclinic symmetry (P2;/n) of B-phase
SrSi04, while Sryg7EUQ 03SiO4 and SrygesEUp 03U 005Si103.995N0.005 belonged to orthorhombic symmetry
(Pnma) of a-Sr,Si0y4. The emission peaks of LueSr 97 xSiNyO4_»:0.03Eu?" phosphors were red-shifted from

5+_N3

563 to 583 nm upon increasing the [Lu 7] substitution content from x = 0 to x = 0.005, furthermore,

* also showed a red-shift from 583 nm to

the PL emission peaks of Luo,005$r1v965,y5iN0.005O3v995:yEu2
595 nm with increasing Eu®* concentration (y = 0.03, 0.07, 0.10 and 0.15), and their corresponding
red-shift mechanism has been discussed. The temperature dependent luminescence results further
verified that the introduction of [Lu**=N>37] for [Sr**—=027] in Sr,SiO4:Eu?* can improve the thermal

stability of the photoluminescence, which indicated that the LuXSrz,X,ySiNXO4,X:yEu2+ phosphors have

www.rsc.org/MaterialsC

1. Introduction

The discovery of new inorganic materials is always a hot issue
in solid-state materials chemistry and is an important objective
highlighted by the “Materials Genome Initiative”."” To establish
suitable strategies discovering new host materials for advanced
optical materials, many conventional or modified approaches
have been developed, such as cation/anion replacement in the
single site of the inorganic phases,* prototype substitution from
an original “old” phase to find out a “new” one,> combinatorial
chemistry screening via the phase diagram,”® the single-particle-
diagnosis approach along with the advanced measurement
devices,’ and our recently reported chemical unit cosubstitu-
tion strategy for photoluminescence tuning,'® and so on. These
strategies used for the discovery of the new phosphors demonstrated
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potential applications in white light-emitting diodes (WLEDs).

great success, and many important phosphors have been reported
and used finally. Nevertheless, increasingly demanded by newly
developed optical materials and devices, phosphors with tunable
optical properties are continuously pursued by chemists or
material scientists.

Recently, the exploration of new materials for white light-
emitting diodes (WLEDs) has become a hot issue.""'*> Among
them, silicate phosphors represented by Eu*" or Ce*" doped
orthosilicates A,SiO, (A = Ca, Sr, Ba) have drawn much attention
owing to their versatile polymorphs and chemical compositions,
broad excitation/emission bands and tunable optical properties.'®**
As we know, crystal site engineering can be used to tune the
luminescence properties by changing the coordination environ-
ment for phosphors employing Ce** or Eu** ions characterized
by d-f transitions. Therefore, the nitridation of the orthosilicate
phosphors has demonstrated great potential.*>* For example,
Sohn reported the Sr,Si04_,N,,/3:Eu®" phosphors.'® Gu reported
the N doped Sr,SiO,:Eu*" phosphors.’® Lee reported the
(S1r,M),Si(0;_,N,),:Eu*" (M: Mg**, Ca*>*, Ba>") phosphors."” Zhao
found the red-emitting oxonitridosilicate phosphors Sr,SiN,O,_4 5,:
Eu”"."® Park reported the effects of N°~, Eu**, and Ca®" substitutions
on the structural and luminescence properties of Sr,Si0,:Eu**."®
Ju reported the modification of the coordination environment of
Eu”" in Sr,Si04:Eu”* phosphors to achieve full color emission.” Li
reported the luminescence properties and the crystal structure of

This journal is © The Royal Society of Chemistry 2016
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0-S1,Si3,/40,N,:Eu®" phosphors with different concentrations of
N* ions.*! Tian reported the optical spectrum adjustment of
yellow-green Sty 69810, 3,/2N,:0.01Eu** phosphor.>*

Recently, Black found the new LaSrSiO;N and LaBaSiO;N
phases, and these compounds activated with Eu®>" showed
orange-red emission.”® Such an example is in accord with our
previously reported chemical unit cosubstitution strategy,'® so
that the [La**-N*"] chemical unit can be used to cosubstitute
for the [Sr**/Ba**~0*"] couple in the (Sr,Ba),Si0,:Eu”* phosphors.
This is also the main topic highlighted in the present paper,
and it is believed that such a strategy can be successfully used
to discover the new phosphor materials and tune the lumines-
cence properties. Therefore, the usage and verification of the
design scheme of chemical unit cosubstitution will be significant
in discovering other new solid state materials. Herein, the
chemical unit cosubstitution of [Lu**-N*7] for [Sr**-0*"] in
S1,Si0,4:Eu®" has been proposed in this paper, and the yellow-
emitting Lu,Sr, ,SiN,0,_Eu* phosphors with tunable photo-
luminescence have been studied. As also mentioned above,
the nitridation of the orthosilicate phosphors brings us some
opportunities to search for new phosphors. In this work, we
studied the phase structure evolution and luminescence properties
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of yellow-emitting LuxSrZ,,(,ySiNxO4,x:3)Eu2+ phosphors, and the
observed spectral red-shift with increasing [Lu**-N°"] and Eu®*
content has been discussed in detail.

2. Experimental

The designed LuxSr1.97,x,ySiNxO4,x:yEu2+ phosphors were
synthesized by a conventional high temperature solid-state
reaction. The starting materials were as follows: SrCO; (A.R.),
Si0, (A.R.), Lu,0; (A.R.), SisN, (99.99%), and Eu,0; (99.99%).
After mixing and grinding in an agate mortar for 20 min, the
mixture was placed in a crucible and then sintered at 1500 °C
for 4 h in a H,(10%)/N,(90%) reducing atmosphere to produce
the final samples. Finally, the prepared phosphors were cooled
to room temperature and reground for further measurements.

The powder X-ray diffraction (XRD) measurements were
performed on a D8 Advance diffractometer (Bruker Corporation,
Germany) operating at 40 kV and 40 mA with Cu Ka radiation
(/. = 1.5406 A). The scanning rate for phase identification was
fixed at 4° min~" with 20 ranges from 10° to 70° and the data for
Rietveld analysis were collected in a step-scanning mode with
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Fig.1 Full range XRD patterns (a) and the magnified range between 25° and 35° (b) of as-prepared Sr,SiO4, LUg.0055r1.9955IN0.00503.995,
Sr1.675104:0.03EU2" and Lug 00551.0655iN0 00503.905:0.03EU™ samples, and full range XRD patterns (c) and the magnified range between 25° and 35°
(d) of LUO_oossrl_ggs,ySiN0_00503995:}/EU2+ (y = 0.03 (1), 0.05 (I1), 0.07 (i), 0.10 (IV), 0.15 (V) and 0.20 (VI)) phosphors. The standard data for a-Sr,SiO4

(JCPDS 39-1256) and B-Sr,SiO4 (JCPDS 38-271) are shown as a reference.
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the step size of 0.02° and 10 s counting time per step over the
20 range from 10° to 120°. The morphology and chemical
compositions have been detected by using the scanning electron
microscopy (SEM, JEOL JSM-6510A) and the attached energy
disperse spectroscopy (EDS) techniques. The PL and photo-
luminescence excitation (PLE) spectra were recorded using a
Hitachi F-4600 spectrophotometer (HITACHI, Tokyo, Japan)
equipped with a 150 W xenon lamp as the excitation source.
The temperature-dependent luminescence properties were also
measured on the same spectrophotometer, and it was combined
with a self-made heating attachment and a computer-controlled
electric furnace (Tianjin Orient KOJI Co., Ltd, TAP-02). The decay
curves were recorded on an instrument (Edinburgh Instruments
Ltd, UK) (FLSP920) with an F900 flash lamp as the excitation source.

3. Results and discussion

The full range XRD patterns and the magnified range between
25° and 35° of as-prepared Sr,SiOy, LU, 0055T1.99551N0.00503.995,
Sr;.975104:0.03Eu*" and LU 005ST1.06551 No.00503.995:0.03Eu>"
samples are given in Fig. 1a and b, respectively. The standard
data for o-Sr,SiO, (JCPDS 39-1256) and B-Sr,SiO, (JCPDS
38-271) are also shown as a reference. From Fig. 1a and b, we
can see that the as-obtained Sr,SiO, and Luy 495ST1.99551N¢.00503.995
samples can be indexed to the B-Sr,SiO, phase (JCPDS 38-271)
suggesting that the introduction of the [Lu**-N*"] chemical unit
in a small amount (x = 0.005) will not affect the phase transition.
Moreover, we can find that diffraction peaks of the as-prepared
LU0,0055I1.00551N0.00503.995 sample shift to the high-angle direction
compared to that of the as-obtained Sr,SiO, phase, which
verified that the Lu-N dopant can enter the structural frame-
work of the B-Sr,SiO, phase leading to the shrinkage of the unit
cell. However, the impurities appear when the contents of the
[Lu**~N*"] chemical unit exceed x = 0.005 from our experimental
results. So that we select the content of x = 0.005 for the following
discussion. Furthermore, Fig. 1c and d displays the full range
XRD patterns and the magnified range between 25° and 35° for the
as-prepared Lu0_0055r1_995,ySiN0_00503_995:yEu2+ (y = 0.03, 0.05, 0.07,
0.10, 0.15 and 0.20) phosphors. The standard data for o-Sr,SiO,
(JCPDS 39-1256) are shown as a reference. The six samples exhibit
the same diffraction peaks, which can be indexed to the o-Sr,SiO,
phase (JCPDS 39-1256), and no other polymorphs, or other
impurities were detected. It is believed that the introduction
of Eu** on the Sr** sites will induce the phase transition from
the B-Sr,SiO, phase to the o-Sr,SiO, phase, so that Eu®" will further
stabilize the o-Sr,SiO, phase, which agree with the previous report.>*

In order to further compare the difference of the phase
structure evolution depending on the introduction of the Eu**
and [Lu®*-N°"] chemical unit, the detailed Rietveld structure
analysis of the selected Sr,SiO,, Sr;.97EU( 35104 and Sry og5EUg o3-
LU 0055103.095N0 005 Samples has been performed. Fig. 2 displays
the difference Rietveld plots of Sr,SiO,4, Sr;¢;Eug03SiO, and
Sr1.965EU0.03LU0.0055103.995N0 005- It is found that all the peaks of
the as-prepared Sr,SiO, compound were indexed by a mono-
clinic unit cell (P2,/n) with parameters close to B-phase Sr,SiO,.
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Fig. 2 Powder XRD patterns for Rietveld structural analysis of the selected
SroSi04 (a), Sr1g7EU0.035I04 (b), and Sry gesEU 03LU0.0055103 995N0 005 (C) samples.
The solid black lines are calculated intensities, and the red dots are the observed
intensities. The short vertical green lines show the position of Bragg reflections

of the calculated pattern. The gray solid lines below the profiles stand for the
difference between the observed and calculated intensities.

In contrast, all the peaks of Sr; 97EU( 03510, and Sr; g65EU0 03"
LU.0055103.995Ng 05 are well fitted by orthorhombic cell (Pnma)
corresponding to a-phase Sr,SiO,. During the Rietveld struc-
tural analysis, sites of Sr and O atoms were occupied by Eu/Lu
and N atoms with fixed occupations, respectively, according to
suggested chemical formula. Refinement was stable and gives
low R-factors as shown in Table 1. Moreover, the coordinates
of atoms are shown in Table 2, which verified the proposed
chemical unit cosubstitution model.

This journal is © The Royal Society of Chemistry 2016
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Table 1 Main parameters of processing and refinement of the samples
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Compound Sr,Si0, Sr1.07EU0,035104 S11.965EU0.03LU0.0055103.995N0.005
Sp. gr. P2,y/n Pnma Pnma

a, A 5.66012(9) 7.07515(9) 7.07370(7)
b, A 7.0808(1) 5.66437(8) 5.66778(6)
¢ A 9.7547(2) 9.7314(1) 9.7363(1)
B, 92.594(8) — —

v, A3 390.55(1) 389.998(9) 390.348(7)
zZ 4 4 4
20-interval, ° 5-120 5-90 5-120

No. of reflections 584 183 326

No. of refined parameters 54 56 59

Ryp, % 6.76 6.10 7.14

Ry, % 4.94 4.59 5.32

Rexpy % 4.38 4.27 4.44

7 1.54 1.43 1.61

Ry, % 2.34 1.88 2.09

Therefore, the above results verified that the [Lu**-N>7]
chemical unit and the Eu”* ions entered into the crystal lattice
of Sr,Si0, can maintain the same phase structures. In the
present study, the chemical unit cosubstitution takes place at
the cation and coordination anion’s sites of the polyhedra
simultaneously, not the central tetrahedral sites, which are
different from our previous study.'® The substitution on such
a site will have the direct effect on the crystal field environment
of doped Eu®", so that we can possibly find the tunable photo-

luminescence even if the content of the substituted [Lu®

+_N37]

Table 2 Fractional atomic coordinates and isotropic displacement para-
meters (A?) of the samples

X y 4 Biso Occ.
Sr,Si0,
Sr1 0.2624 (3) 0.3429 (2) 0.5783 (2) 1.1 (2) 1
Sr2 0.2699 (3) 0.0009 (2) 0.3021 (2) 1.1 (2) 1
Si 0.2459 (9) 0.7783 (5) 0.5819 (6) 1.0 (2) 1
o1 0.273 (2) 0.005 (1) 0.5739 (8) 1.5 (2) 1
02 0.196 (2) 0.679 (2) 0.430 (1) 1.5 (2) 1
03 0.492 (2) 0.682 (2) 0.646 (1) 1.5 (2) 1
04 0.017 (2) 0.729 (1) 0.673 (1) 1.5 (2) 1
Sry.67EU0,035104
Sr1 0.3409 (2) 0.269 (2) 0.5786 (2) 1.4 (3) 0.4925
Eul 0.3409 (2) 0.269 (2) 0.5786 (2) 1.4 (3) 0.0075
Sr2 0.9989 (2) 0.271 (1) 0.3036 (1) 0.9 (3) 0.4925
Eu2 0.9989 (2) 0.271 (1) 0.3036 (1) 0.9 (3) 0.0075
Si 0.7780 (6) 0.25 0.5831 (7) 1.5 (3) 1
o1 1.005 (1) 0.300 (3) 0.5657 (9) 1.5 (3) 0.5
02 0.732 (3) 0.025 (4) 0.674 (2) 1.5 (3) 0.5
03 0.670 (2) 0.208 (3) 0.433 (1) 1.5 (3) 0.5
04 0.689 (3) 0.492 (4) 0.647 (2) 1.5 (3) 0.5
Sr1.965EU0.03LU0.0055103.995N0.005
Sr1 0.3403 (2) 0.268 (1) 0.5794 (2) 1.2 (2) 0.49125
Eul 0.3403 (2) 0.268 (1) 0.5794 (2) 1.2 (2) 0.0075
Lul 0.3403 (2) 0.268 (1) 0.5794 (2) 1.2 (2) 0.00125
Sr2 0.9993 (2) 0.230 (1) 0.3023 (2) 0.8 (2) 0.49125
Eu2 0.9993 (2) 0.230 (1) 0.3023 (2) 0.8 (2) 0.0075
Lu2 0.9993 (2) 0.230 (1) 0.3023 (2) 0.8 (2) 0.00125
Si 0.7775 (6) 0.25 0.5828 (7) 1.2 (2) 1
o1 1.005 (1) 0.303 (2) 0.569 (1) 1.5 (2) 0.5
02 0.736 (3) 0.024 (3) 0.677 (2) 1.5 (2) 0.5
03 0.670 (2) 0.207 (3) 0.430 (1) 1.5 (2) 0.5
04 0.685 (3) 0.493 (3) 0.647 (2) 1.5 (2) 0.5

This journal is © The Royal Society of Chemistry 2016
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[Sr?*—0?7] to highlight the possible atoms' transfer between Sryg7EUg 35i04
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chemical unit is relatively low. In order to clearly demonstrate
the proposed chemical unit cosubstitution, the possible atoms’
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Fig. 4 SEM image (a) and EDS (b) analysis of the selected sample of
Sr1.965EU0.3LU0 0055103.995Np.005 to check the presence of existed elements.
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transfer between Sr; 47EU,3Si0,4 and Sry g65EU( 3LU0,0055103.995N0.005
can be clearly seen in Fig. 3. Two ions Sr”* and O>~, which together
have zero sum of charge, are substituted by two ions Lu®** and
N*7, which also have zero sum of charge. The scheme can be
presented as: St”* + 0>~ — Lu*" + N*". From Fig. 3 we can know
that the component replacement affects the lattice environment
of the luminescence center, and further impacts the spectrum
emission of phosphors.>>?® In order to demonstrate the chemical
composition information of the typical samples, SEM-EDS analysis
of the typical Lug 005ST1.06551N0.00503.905:0.03Eu>" phosphor for
a semi-quantitative measurement has been performed and
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Fig.5 The as-measured (a) and normalized (b) PL spectra of Lu,.
Sr1o7-xSIN,O4_,:0.03EU* (x = 0, 0.0025, 0.00375 and 0.005) phosphors
under 365 nm excitation. (c) Comparative images of Lu,Sri g7 xSiNO4_:
0.03Eu®* phosphors under natural light and a 365 nm UV lamp.
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demonstrated in Fig. 4. As shown in Fig. 4a, the sample has
irregular morphology, and when we focused on one minor
aggregate for the EDS analysis, we can find that all the elements
can be detected, and the contents in the same order of magnitude
are in agreement with the designed ones in the chemical formula.
Since the doped contents of the Lu/N are very minor, it is difficult
to be measured by using the chemical method, so that the present
result can also support the successful substitution of the
[Lu®*-N*"] couple for [Sr**~0>"] in the Sr,SiO4Eu®".

The as-measured and normalized PL spectra of Lu,Sr; o7,
SiN,0,_,:0.03Eu>" (x = 0, 0.0025, 0.00375, 0.005) phosphors under
365 nm excitation are shown in Fig. 5a and b, respectively.
The emission spectra consist of an asymmetric broad band
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—y=0.03
—y=0.07
—yy=0.10
—y=0.15

S:yEu“

Intensity (a.u.)

LA LA B B B B BN B B B B B
200 250 300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Lu _Sr

0.005 " 1.995-y

Normalized Intensity (a.u.) @

T T T T T T T T T
450 500 550 600 650 700 750

Wavelength (nm)

Natural light

©

Fig. 6 The as-measured PL and PLE spectra (a) and the normalized PL
spectra of Lu0‘0055r1,965,y5iNo_00503_995:yEu2+ (y = 0.03, 0.07, 0.10 and
0.15) phosphors under 365 nm excitation. (c) Comparative images of
LUoloossrl_ggs,ySiNo_005O3_995:yEU2+ phosphors under natural light and a
365 nm UV lamp.

This journal is © The Royal Society of Chemistry 2016
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centered at around 570 nm, which is ascribed to the electric
dipole allowing the transition of the Eu®" ions from the lowest
level of the 5d excited state to the 4f ground state.?” As shown in
Fig. 5b (with increasing) [Lu**~-N®"] content, the emission peaks
give a red-shift from 563 nm to 583 nm. Fig. 5¢ comparatively gives
the typical images of Lu,St, o;_,SiN,O,_,:0.03Eu”" (x = 0, 0.0025,
0.00375 and 0.005) phosphors under a 365 nm UV lamp and
natural light, respectively. We can clearly find the emission
color evolution from yellow green to yellow with increasing
[Lu**-N*"] content for the cosubstitution of [Sr**-0*>"]. As we
know, the N°~ is less electronegative and more polarizable than
0> and its introduction in Sr;¢,Eug¢3SiO, increases the
covalent character of the bonds with the Sr**/Eu®', and we
can infer that some of the Eu*" ions in the Lu,Sr; 97 xSiN,O4_:
0.03Eu”" phosphor are coordinated with nitrogen, so that we
can find the obvious red-shift behavior.

Fig. 6a shows the as-measured PL and PLE spectra of
LU0.0055T1.965-ySIN0.00503.905yEU>" (y = 0.03, 0.07, 0.10 and
0.15) phosphors, and the normalized PL spectra are shown
in Fig. 6b. Broad emission bands were clearly observed in the
450-750 nm range for LuO.OOSSrl,965_J,SiNO.OOSOS_995:3)Eu2+ phos-
phors. From Fig. 6b (we can clearly see that) (with increasing)
Eu®" concentration, the PL emission peaks show a red-shift
from 583 nm to 595 nm. Fig. 6¢ also presents the images of
LUo.0055T1.905yS1No.00503.905:EU" (y = 0.03, 0.07, 0.10 and 0.15)
phosphors under a 365 nm UV lamp and natural light, respectively.
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We can see that the emission color evolves from light yellow to
deep yellow with increasing Eu** doping content. The main
reason for this red-shift is an increase of crystal field splitting,
which in turn decreases the 5d-4f transition energy.*®

The temperature dependence of the emission spectra and
the relative PL intensity of Sty ,5104:0.03Eu®" and Lug 05T+ 065
SiNyg.00503.005:0.03Eu>" were comparatively investigated and are
given in Fig. 7a and b. Furthermore, as shown in Fig. 7c, the
emission intensity at 100 °C is about 30% of that measured at
room temperature for the Sr;o,Si04:0.03Eu** phosphor while
this value is about 51% for Lug, 00551 065S1No 00503.995:0.03Eu>
phosphor. The improved thermal stability depending on the
introduced [Lu**-N°7] chemical unit can be clearly found,
which should be ascribed to the enhanced chemical bond effect
with a rigid structure originating from the incorporated N atoms
and the charge balance originating from such a cosubstitution.
In order to better understand the temperature dependence of
the luminescence, the activation energy AE can be calculated
using the following equation:*’

Iy
AR\ 1)
1+ cexp T

where T is the temperature and ¢ is a constant, k is the
Boltzmann constant (8.629 x 107> eV K '). I, and I are the
initial PL intensity of the phosphor at room temperature and

It =

. 2+
Sr, .Si0,:0.03Eu
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Fig. 7 The temperature dependent emission spectra of Sy 575104:0.03Eu?* (a) and Luo 0055r1.9655iN0 00503.095:0.03EU* (b). The temperature dependence of
relative PL intensity (c) and the plot of Inllo// — 1] versus 1/KT (d) for Sry4,5104:0.03EU** and Lug 005511 6655iN0.00503.995:0.03EU>+ samples.
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different temperatures, respectively. A plot of In[Iy/I — 1] versus 1/kT
for the Sr; ¢,510,:0.03Eu>" and L, 005ST1.06551N0.00503.005:0.03Eu>"
samples is depicted in Fig. 7d. On the basis of eqn (1), AE values
of Sr;.4,810,:0.03Eu>" and Lug 00sST1.06551Np.00503.995:0.03Eu>
samples were estimated to be 0.31 eV and 0.34 eV, respectively.
The result further confirms the good thermal stability of
LUo.0055T1.06551N0.00503.005:0.03Eu”* phosphors.

Decay curves of Eu*" emission in Lu,St;.o;_SiNO4_:0.03Eu>"
and Luo,OOSSrl,%5,ySiNO,OOSOS,,g%:yEu2+ phosphors under excitation
at 365 nm, monitored at 563 nm, are shown in Fig. 8. As depicted
in Fig. 8a and b, we can find that all the decay curves of Eu®*
emission in Lu,Sr; o;_,SiN,O4_,:0.03Eu”" (x = 0, 0.00125, 0.0025,
0.00375 and 0.005) phosphors and Lu,0osST1.995SiNo,.00503.005VEu”"
(x = 0.03, 0.05, 0.07, 0.10 and 0.15) phosphors demonstrate a
second-order exponential decay and they can be fitted by this
formula:*°

I(t) = Iy + Ay exp(—t/t1) + Ay exp(—t/1,) 2)

where ¢ is the time, I(¢) is the luminescence intensity at time ¢,
A, and A, are constants, and 7, and 7, are rapid and slow time

10000
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Fig. 8 Decay curves of Eu?* emission in Lu,Sry 7 xSiN,O4_,:0.03Eu>" (a),
Luo,OOSSrlbggs,ySiN0,00503,995:yEu2+ (b) phosphors monitored at corres-
ponding emission peaks under excitation at 365 nm.
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for the exponential components. Then we can calculate the
average lifetime t* by using the formula as follows:

™ = (417> + Ay 2)/(ArTy + AsTy) (3)

The calculated average decay lifetime values of Eu** ions in
LU,ST1.97_SiN,O4_,:0.03Eu*" (x = 0, 0.00125, 0.0025, 0.00375,
0.005) are determined to be 6.98, 6.84, 6.66, 6.48 and 6.24 s,
respectively, depending on the different [Lu®**-N>"] contents.
From Fig. 8b we can find that the lifetime values of Eu** ions
are determined to be 6.24, 5.23, 4.27, 3.31 and 1.67 us for the
LU.0055T1.965ySiNo.00503.905:3yEu”" phosphors with y = 0.03,
0.05, 0.07, 0.10 and 0.15, respectively. Obviously the decay time
decreases gradually with increasing Eu®* concentration. It is
proposed that the nonradiative and self-absorption rate of the
internal doped ions evidently increases when activators cross the
critical separation between the acceptor (quenching site) and the
donor (activator ion) with increasing Eu*" concentration.*'~*>

Fig. 9 shows the CIE chromaticity diagram of the select
Lu,ST; 97— ,SIN, O, :0.03Eu>" and Lug,0osST1 89551N0.00503.905:0. 10EU>
phosphors (4ex = 365 nm). The CIE results are listed in Table 3.
From Fig. 9, one can see that the emission colors of Lu,
Srz_x_ySiNxO4_x:yEu2+ phosphors can be shifted from yellowish
green to deep yellow by the chemical unit cosubstitution
of [Lu**-N*7] and the increasing Eu** doping concentration

0.9
0.8
0.7
0.6
500
0.5
04
0.3

0.2

0.1

00 01 02 03 04,05 06 07 08

X

Fig. 9 CIE chromaticity diagram of the select LuXSr1,97,XSiNXO4,X:O.03Eu2+
(x = 0, 0.0025, 0.005) and Luo 0055r1895SiN0 ()0503995:0.:|.OEUZ+ phOSphOrS
(lex = 365 nm).

Table 3 Comparison of the CIE chromaticity coordinates (x, y) for
|_l.l)<sl'1_97,)<siN)<()4,X:O.03EUZ+ (x = 0, 0.0025, 0.005) and Lu0‘0055r1_8955i—
No.00503.995:0.10EUZ* phosphors (iex = 365 nm)

Sample no. CIE coordinates (x, y)
1 (0.396, 0.537)
2 (0.428, 0.501)
3 (0.462, 0.488)
4 (0.482, 0.473)
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compared to the initial phosphor Sr,Si0O4:Eu®". Accordingly, the
corresponding CIE coordinates of LuxSrz,,(,ySiNxOLI,x:yEu2+
phosphors can be changed from (0.396, 0.537) to (0.482,
0.473). Also on the right side, we can clearly find the red shift
trend. The internal quantum efficiency (QE) of the selected
Lu,ST; o7_,SiN,O4_,:0.03Eu”" (x = 0, 0.005) phosphors were
measured, and the internal QE values of Sry ¢,Si0,4:0.03Eu®"
and Lug,005ST1.06551N0.00503.005:0.03Eu*" phosphors under 365 nm
excitation are determined to be 81.8% and 24.7%, respectively.
We can find that the QE values decreased sharply with the
introduction of the [Lu®**-N®7] couple, however, it could be
improved via controlling the particle size, size distribution,
morphology and crystalline defects in the future work. Therefore,
this series of LuxSrz,,(,ySiN,¢O4,x:yEu2+ phosphors may be
promising candidates as color tunable luminescence materials
for application in wLEDs.

4. Conclusions

The effects of [Lu**-N>"] chemical unit cosubstitution on the
phase structures and luminescence properties of Lu,Sr,__,SINO,_:
YEUu”>" phosphors were investigated in this paper. The crystal
chemistry analysis, also combining with the XRD patterns and
PL spectral results, revealed that the [Lu**-N*"] couple could
be incorporated into the Sr,SiO, host via cosubstitution with
[Sr**-0>7], which further affects the crystal field environment
of doped Eu”* and further tunes the photoluminescence of the
as-obtained phosphor. The PL emission reveals a red-shift and
the emission color evolution from yellow green to deep yellow
with increasing [Lu®**-N>"] substitution content. Accordingly,
the CIE coordinates of LuxSrZ,x,ySiNxO4,x:yEu2+ phosphors
can be changed from (0.396, 0.537) to (0.482, 0.473). The
tunable luminescence properties and high thermal stability
demonstrate that LuxSrZ,x,ySiNxO4,x:yEu2+ phosphors can be
applied as potential yellow phosphors for wLEDs. The demonstrated
chemical unit cosubstitution strategy will also be significant in
discovering new systems for advanced optical materials.
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