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A novel phosphate RbZnPO, was firstly developed and characteristic crystal structure of RbZnPO, was
investigated in detail, based on the Fourier transform infrared reflection spectra and the structure
refinement of X-ray Diffraction data. After doping Eu®*, RbZnPO,: Eu®" shows distinctive deep red
emission with dominated peaks at 596 and 701 nm. To provide a reasonable explanation for the
relationship between photoluminescence and structure, the photoluminescence property is discussed by
analyzing the especial local ligand environment and site occupying of Eu®" in RbZnPO, More
interestingly, the temperature sensitive emission behavior was found in RbZnPO,Eu®*. Through
synthetically analyzing the configurational coordinate diagram, the charge compensation experiment and
the CASTEP band structure calculation, a complex underlying mechanism is proposed to explain the
abnormal temperature sensitive emission behavior in RbZnPO,:Eu**. The mechanism could be helpful for
better understanding the thermal quenching process of Eu®* in RbZnPO, and also in some other

temperature sensitive phosphors as a reference.

1. Introduction

Trivalent Lanthanide ions (Ln®*) doped materials are well-
known due to their luminescent properties and have been
utilized widely in display field and fluorescent lights in the
past decades.! Among them, trivalent europium (Eu*) has played
an important role as a luminescent ion due to its narrow emission
bands mainly in the orange to red part of the visible spectrum,
originating from internal 4f%-4f° electronic transitions.>*
Moreover, these transitions can be influenced by the local
symmetry of Eu®*, so Eu®" is widely used as a structure probe to
investigate the crystallographic sites occupied by rare-earth ions
in some new hosts.® The line emission of Eu®" is more suitable for
display devices to provide highly color-pure red and nowadays,
Eu®* doped Y,0,S and (Y,Gd)VO, phosphors are used as
commercial red phosphors with stable luminescent performances.
However, they often suffer from low energy efficiency (lower
than that of the blue phosphor BaMgAl;,O;7:Eu*" and green
phosphor ZnS:Cu*, AI*") at a given temperature and unstable
chemical stability.” Therefore, it is urgent to search for a novel
and highly efficient red phosphor, and more important is to figure
out the energy transfer mechanics at elevated temperatures to
better understand the emission quenching processes. At present,
among the large number of photoluminescence material hosts
available, phosphate compounds have attracted more and more
attention for excellent thermal stability, good charge stability and
low sintering temperature. Since early in 1962, phosphates with
the general formula ABPO, (where A is a monovalent cation and
B is a divalent cation) have been of interest for their optical or
ferroelectric properties.® Recently, phosphors based on ABPO,
have also been considered to be efficient luminescent hosts due to

their excellent thermal and hydrolytic stability.2®** In 19609,
Averbuch-Pouchot firstly reported a new phosphate RbZnPO,

so and in 1991, Elammari et al. reported the crystal structure of
RbZnPO,4 (in French), but the report is not available online
now.'?*® Due to fundamental research and application demands,
we systematically investigate a novel deep red emission phosphor
RbzZnPO,: Eu®. The crystal structure is investigated through

ss analyzing the Fourier transform infrared reflection spectra and the
X-ray Diffraction structure refinement. The relationship between
the characteristic photoluminescence property and the host
structure is discussed in detail. Moreover, the temperature
sensitive emission behavior is found in RbZnPO4Eu®" and an

s0 underlying mechanism is proposed to explain the abnormal
temperature  sensitive emission behavior based on the
configurational coordinate diagram, the charge compensation
experiment and the CASTEP (Cambridge Sequential Total
Energy Package) band structure calculation.

e 2. Experimental

Samples of Eu** doped RbZnPO, were synthesized by solid state
reaction. Starting materials were Rb,CO3, ZnO, (NH,),HPO,, and
Eu,05 with a purity of 99.99 % and were supplied by Sinopharm
Co., Ltd., China. The stoichiometric raw materials (Rb: Zn: P=1:
70 2: 2, the product amount was fixed at 1 gram) were ground
thoroughly in an agate mortar for 1-2 h in alcohol. Subsequently,
the dried power mixtures were fired in an alumina crucible and
heated to 1073 K in air for 12 h. Then the preheated mixture was
ground again and fired to 1373 K for 8 h in box-type furnace.
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Finally the as-synthesized samples were slowly cooled down with
a rate of 5 K/min to room temperature.

The crystal structure was identified by using a Rigaku D/Max-
2400 X-ray diffractometer (XRD) with Ni-filtered Cu Ko
radiation and Fourier transform infrared spectroscopy (FTIR,
Nicolet NEXUS 670). The photoluminescence (PL) and PL
excitation (PLE) spectra of the samples at room temperatures
were measured by using an FL-1039 (Horiba Jobin Yvon)
fluorescence spectrophotometer equipped with a 450 W xenon
light source. The PL decay curves were measured by a FLS-920T
fluorescence spectrophotometer with an nF900 ms Flashlamp as
the light source. All of the measurements were performed at room
temperature. High-temperature luminescence intensity
measurements were carried out by using an aluminum plaque
with cartridge heaters; the temperature was measured by
thermocouples inside the plaque and controlled by a standard
TAP-02 high-temperature fluorescence controller. The emission
spectra and decay curves at low temperatures (form 10 K to 280
K) were measured by using FLS-920T fluorescence
20 spectrophotometer under the protection of liquid nitrogen.
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3. Results and Discussion
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Figure 1 The experimental (crosses), calculated (solid line) and difference
(bottom) results of XRD refinement of RbZnPO, host. The inset shows
the FTIR spectrum of as-prepared RbZnPO, sample
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The inset in Figure 1 shows the FTIR spectrum of as-prepared
RbZnPO, host, which clearly displays several characteristic
absorption bands of PO,* at 1138, 613 and 569 cm™.** The other
two absorption bands at 3437 and 1630 cm™ can be attributed to
OH vibrations (bending and stretching, respectively) of the
adsorbed water on the surface of the phosphors. Figure 1 plots
Rietveld structural refinements of powder diffraction patterns of
RbZnPO, host at room temperature by General Structure
Analysis System (GSAS).'® The black short vertical lines show
the position of Bragg reflections of the calculated pattern. The
difference between the experimental and calculated patterns is
plotted by blue line at the bottom. The structure parameters
reported on RbMnPO, were used as initial parameters in the
Rietveld analysis.'® All the observed peaks satisfy the reflection
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condition and the final residual factors are also shown in Figure 1.

The results indicate that the powder sample is crystallized in
monoclinic symmetry with space group P121. The lattice

parameters are a=8.8533 A, b=5.4093 A and ¢=8.9588 A
a5 respectively.

Figure 2 (a) The structural framework and coordination environments for
all independent metal atoms in RbZnPO, view along [112] direction; (b)
s0 Structural views of RbZnPO, along [010] direction; (c) Partial projection
of the structure of RbZnPO, with ZnOs/Zn0O, polyhedra. (d) Partial
projection of the structure of RbZnPO, with RbOs and RbOg polyhedra.
Green and blue polyhedral are ZnOs/ZnO,4 and PO,. Yellow spheres are
Rb*. Oxygen atoms at polyhedra vertices are not explicitly shown.

ss  Figure 2a and 2b show the projections of the structures of
RbZnPO, along [112] and [010] directions. All the bond
distances and angles are in the normal range, and the detailed
atomic coordinate information are given in Table 1 and the
interatomic distances of Rb-O and Zn-O are shown in Table S1 of
60 the supporting information. As shown in Figure 2a, the crystal
structure of RbZnPO, is a three-dimensional framework
consisting of RbOg/RbOg, PO, and ZnOs/ZnO, polyhedra. In
order to afford clear views of the structure, only PO, (blue part)
and ZnOs/ZnO, (green part) are presented as polyhedra in Figure
s 2a and 2b. The view from [112] direction clearly shows that the
Zn0s/ZnO,4 and PO, polyhedron form polyhedra rings around the
a-axis to form layers which are interconnected and this stacking
induces tunnels perpendicular to the a-axis with large cavities in
which the Rb atoms are located, with six and eight coordinations.
70 Figure 2¢ and 2d clearly show the coordination environment of
Zn and Rb atoms in RbZnPO,. The two different zinc positions of
Znl and Zn2 are located in square-pyramid (ZnOs) and
tetrahedral (ZnO,) coordination polyhedra, respectively. The Rb1
and Rb2 are also corner-sharing with PO, tetrahedron to form
75 contorted octahedron and dodecahedron, as shown in Figure 2d.
The effective ionic radii of the cations in RbZnPO, are listed in
Table S2 in the supporting information.'” Based on the effective
ionic radius and the similar electric charge, when Eu®* enter into
the lattice matrix, they are expected to randomly enter into Zn?*
g0 Sites and experience specific local symmetry environment, that is,
the non-centrosymmetrical Znl site and the centrosymmetrical
Zn2 site. According to the Judd - Ofelt theory,™® the electric
dipole transition *Dy—'F, of Eu®* is hypersensitive, and the
emission intensity is strongly influenced by ligand ions in the
s crystals. If Eu®" occupy an inversion symmetry site, a dominant
reddish orange emission will be obtained according to the
magnetic transition °Dy—'F;. Conversely, an electric dipole
transition Dy—'F, with red emission will predominate in the
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emission spectra. It is interested that Eu*" may occupy both the
two Zn sites with different local symmetry environments in
RbzZnPO, No report has been focused on such situation thus the
photoluminescence property is of great anticipation.

s Figure 3a shows the PLE spectra of RbZnPO,xEu®*
(0.005<x<0.06) monitored at 698 nm. It is clearly seen that the
PLE spectra consists of a broad band centered at about 270 nm
and several sharp peaks ranging from 300 to 500 nm. The former
band excitation can be assigned to the charge transfer band (CTB),

10 resulting from an electron transfer from the ligand 0%

Table 1 The detailed atomic coordintes of RbZnO, according to the XRD
refinement results

Atom Wyck.  x/a y/b zlc Occu. U [A2]
Rbl 22 (o079 02073 01943 100 0.0525
Rb2  2a 04974 06779 06933  1.00 0.0282
Znl 22 08262 07100 04229 100 0.0297
Zn2 28 3299 06827 00894 100 0.0240

P1 22 08072 02092 05810 100 0.0000
P2 28 06863 06632 00970 100 0.0210
o1 28 05325 07232 01746 100 0.0350
02 22 07936 07905 02091 100 0.0005
o3 28 07444 03880 00514 100 0.0833
o4 22 7085 08170 e 1.00 01717
05 22 09808 02414 05002 100 0.1158
o6 28 06566 09344 05325 100 0.1642
o7 22 07570 04073 05093 100 0.0229
o8 28 0go37 02288 07367 100 0.0491

(2P®) orbital to the empty state of 4f° in the Eu®* ion and the
latter line peaks should related to the characteristic 4f-4f
15 transitions of Eu®*, as depicted in Figure 3a.%° It should be noted
that in the current phosphor RbZnPO,Eu®*, the Eu-O CTB
locates at short wavelength, which may have an effect on its
thermal stability and will be discussed later. Figure 3b presents
the PL emission spectra of RbZnPO4XEu®* (0.005<x<0.06)
20 phosphors excited at 393 nm. The spectra consist of a number of
sharp lines ranging from 500 to 750 nm, which are associated
with the transitions from the excited state °Dy; to ’F; (J=0, 1, 2, 3,
4) levels of Eu**.* The small emission peak at 580 nm is
attributed to *Dy—'F, transition. The peaks around 590 and 612
25 nm are resulted from the magnetic dipole transition °Dy—'F; and
the electric dipole transition °Dy—F,, respectively. The weak
emission located at 647 nm is due to the °Dy—'F; transition and
the multi-emissions with main components peaking at 680, 691
and 701 nm are caused by the °Dy—'F, transition. The line shape
w0 of emission does not change with the variation of Eu®*

concentrations. Because most of the valence electrons of trivalent
rare-earth elements are shielded by 5s and 5p outer electrons, and
f-f transitions of trivalent lanthanides are weakly affected by
ligand ions in the crystals. However, a few transitions of the
trivalent lanthanides are sensitive to the environment of the
crystal, and these have been called hypersensitive transitions.?
As mentioned above, the electric dipole transition Dy—'F, of
Eu®* is hypersensitive and can be used as a probe to detect the
occupying situation of Eu®* in a host. The intensity ratio of
10 °Dy—"F, to °Dy—F; is usually regarded as a measure of site
symmetry around the Eu®". In this case, the dominated orange
emission at 594 nm is attributed to the magnetic transition
*Do—Fy, and the ratio of °Dy—'F, to *Dy—'F; transitions is 0.68,
which is quite smaller than that of common red phosphors,
typically Y,05:Eu®* (3.8), and is closed to that in YPO,: Eu®*
(0.978), GAPOLEU® (0.715). %% The ratio of *Dy—'F, to
°Dy—'F, transitions indicates that the local symmetry around
most Eu®* is centrosymmetric, indicating that most Eu®" are more
inclined to occupy the Zn2 sites with tetrahedral coordination.
so However, we think there are still some Eu®* occupy the Zn1 sites
with five oxygen coordinations because the abnormal higher
intensity of the Dy—F, transition at 699 nm is also observed
and as strong as the °Dy—'F; transition. Generally, the abnormal
phenomenon may due to the distortion of Eu®" local symmetry
group, and the electronegativity and ionic radius of cations in a
matrix structure.”? Thus, the reason of the observed unusual
strong transition of *Dy—'F, is complicated; however, it is clear
that it should be related to the environment around Eu®* because
there are diverse contorted polyhedra, such as RbOg, RbOg and
s0 ZnOs and when Eu®* occupy Zn2 sites, the *Do—'F, transition
will be strong due to the disordered local environment.® 2426

3

&

4

o

5!

@

ax10®
(a)

10"
ue] ——0.005
5x10°

ax10' 0.0

o’ —005

Intensity (a.u.)

Wavelength(nm)

Figure 3 (a) The PLE spectra of RbZnPO,:xEu®* (0.005<x<0.06)
monitored at 698 nm; (b) the PL emission spectra of RbZnPO,:xEu®*
65 (0.005<x<0.06). Inset shows the magnified transitions from upper energy
levels of Eu* in RbZnPO, host.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 3



3

1

1S}

1

a

CREATED USING THE RSC ARTICLE TEMPREHGFR- TP ERWHHRFS ORG/ELECTRONICFILES FOR DETAILS

ARTICLE TYPE

WWW.TFSC.Org/Xxxxxx | XXXXXXXX

Some rare weak emissions from upper level °D; of Eu®" are
shown in the magnified inset of Figure 3b. According to the
related reports, it is related to the multiphonon relaxation process
of Eu® in different matrix structure.””?® The nonradiative
transitions rate between levels of a 4f" configuration of rare-earth
ions is given by?®

Whr =Whr(0) eXp (—aniiax)

Where a depends on the electron-phonon interaction, W,y is the
relaxation rate, hayp is the highest available vibrational phonon
energy. n=AE/hap is the number of phonons to fill the energy
gap and AE is the energy difference between the levels. The
presence of emission lines from higher excited state °D; is
attributed to the low vibration energy A, of (PO»)> groups.
The vibration energy of the (PO,)* groups in RbZnO, structure is
around 500~1100 cm™ according to the FTIR results in the inset
of Figure 1. The multiphonon relaxation by (PO,)* is not enough
to bridge the gaps between the higher energy levels °D; and °Dq,
resulting in weak emissions from these levels. To investigate the
concentration dependent luminescence properties of Eu®* doped
host, the luminescence properties of RbzZnO, xEu®
(0.005<x<0.06) samples were measured as shown in Figure 3b.
With the increase of Eu®*, the intensity of Eu** emission increases
rapidly and reaches a maximum at x=0.05 and then remarkably
decreases when Eu®" content is further increased due to the
concentration quenching effect, that is, when the Eu®* content
increases, more and more Eu®* pair or aggregate with others,
efficient resonant energy transfers between Eu® and a fraction of
Eu®* migrates to distant luminescent killer, leading to the
luminescence  quenching. The quantum efficiency of
RbZnP0O,:0.05Eu®" phosphor was also measured to be 41.6%
through the integrating sphere method.
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Figure 4 The decay curves of RbZn0,:0.05Eu® phosphor excited at 393
nm and monitored at (a) 556 nm, (b) 594 nm, (c) 612 nm and (d) 699 nm.

Figure 4a-4d shows the luminescence decay curves of
RbZn0,:0.05Eu®* phosphor excited at 393 nm. All the curves can
be well fitted by exponential function and the lifetime value can
be given to the average lifetime defined as: 1*%
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Generally, the higher energy level is more metastable than the
lower energy level, and the electron at the higher energy level
would like to either transition to the ground (7FJ, J=1,2,3,4) state
or relax to the low energy level nonradiatively by multiphonon
emission.®! As a result, luminescence decay curves can also be
used to distinguish the lower level °D, with upper levels, such as
°D,, °D, or °D; of Eu®*. According to the fitting data, the lifetimes
of the emission at 592 nm (*Dg—F,), 612 nm (°Dy—'F,) and 699
nm (°Dy—'F,) are calculated to be 2.93, 3.02, 3.06 ms,
respectively (Figure 4b-d). There is almost no difference between
the lifetimes of the above three emissions because they are all
derived from the same energy level °D,. However, the lifetime of
the emission at 556 nm (°D;—'F,) is calculated to be 0.019 ms
(Figure 4a), which is much shorter than those of °Dj energy levels.
The lifetimes of Eu®* in the current host are short enough for
application in displays and lighting.

A comprehensive understanding of the thermal quenching
mechanism in phosphors is indispensable because many devices
suffer from thermal problems, whether they are applied in solid
state lighting or in temperature sensing. Till now, numerous
investigations about the thermal quenching property in phosphors
have been discussed and the thermal quenching behavior can be
resumptively summarized as the following rules: (a) increases
with increasing energy separation of the ground and excited state;
(b) increases with increasing phonon frequencies (thus most
organic compounds exhibit luminescence only at low
temperatures); (c) increases with Ar = r, — ry; where r means the
average distance between the low point of the excited state and
the ground state; (d) thermal quenching due to photoionization
concerns luminescent materials, where the excited state is located
close to the conduction band.®? Generally, for the distance Ar for
trivalent rare earth ions with f-f transitions, such as Eu®, is
approximately equal to 0, which leads to the higher energy barrier
from the excited states to ground state, and further results in the
better thermal stability. Figure 5a shows the temperature
dependent emission spectra of RbZnPO,:0.05Eu**. The result
indicates that RbZnPO,:0.05Eu*" shows extraordinarily
temperature sensitive emission and the relative emission intensity
has dropped by a factor of 90 % from the initial intensity at
230 <C. The unexpected result is interesting and it is significant to
find out the mechanism for the temperature sensitive thermal
quenching process of Eu®" in RbZnPO, Numbers of works
discussed the thermal quenching process of Eu®* through a
crossover from the 5D, excited state to the CTB because in these
cases the Eu-O CTB locates at longer wavelength (above 300 nm)
and such located O% to Eu** CTB can provide a path to relaxation
of the excited state via a nonradiative process.**** The crossover
process can be described by the an Arrhenius-type activation
model as*®

1(t) = 1,1+ Aexp(—%)]l

where 1 is the intensity at a given temperature, Iy is the initial
intensity, k is the Boltzmann’s constant, T is temperature, and AE
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is the activation energy from the D, state to the CTB and can be
regarded as a constant because the shape of the emission curve
did not change significantly. As displayed in Figure 5b, the

experimental data can be fitted by a linear fit, indicating that the
s temperature quenching process complies well with the Arrhenius-
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Figure 5 (a) The temperature dependent emission spectra of RbZn0,:0.05Eu® phosphor. The magnifying part reveals the usual thermal properties of the
emission from higher °D; energy; (b) the calculated activation energy for thermal quenching of RbZn0,:0.05Eu** phosphor; (c) Schematic illustration of a
10 configurational coordinate diagram of the thermal quenching process and abnormal thermal luminescence property in RbZn04:0.05Eu®"; (d) the calculated
CASTEP band structure based on density functional theory.

type activation model. The activation energy of
RbZnP0O,:0.05Eu®" phosphor is calculated to be 0.31 eV, which is
much larger than those of Eu" reported in other works. It is
15 interesting but reasonable because it can be seen from Figure 2a
that in RbZnP0O,:0.05Eu**, the O% to Eu®* CTB locates at much
shorter wavelength (~260 nm), which results in a large energy
difference between the Eu-O CTB and the °Dj energy level, as
depicted in the configurational coordination diagram as shown in
20 Figure 5¢ . Generally, the °Dy is relaxed by cross-relaxation to the
°D state (via pathway (D) and then some electrons can overcome
the activation energy assisted by phonons as the temperature

increases through the pathway @ (Eu®-0% CTB) and feed to the
"F, state, providing the nonradiative process, and the remaining
2 electrons are contributed to the Dy—’F; emission (via pathway
@ ). However, the Arrhenius-type activation model can
reasonably interpret one of the thermal quenching paths of Eu®*
but cannot explain why it is so temperature sensitive in the
current host RbZnPO, It should be noted that due to the large
20 activation energy value of AE in RbZnPO,:0.05Eu®*, it is difficult
for all the electrons return to the ground state through a crossover
from the ®Dy excited state to the CTB. Thus, other paths must be
taken into account to interpret the temperature sensitive emission

This journal is © The Royal Society of Chemistry [year]
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spectra. Firstly, the charge compensation mechanism is proposed
for the current host. When trivalent Eu®* are doped into RbZnPO,,
they would non-equivalently replace the Zn?". In order to keep
the charge balance, two Eu®* would be needed to substitute for
three Zn®" (the total charge of two trivalent Eu®* is equal to that
of three Zn**) and generate one vacancy defect of V" with two
negative charges, and two positive defects of Euz, would be
created by each substitution of every two Eu®* in the compound.
The vacancy Vz,” would act as a “kill center”, which means
impurity trapped excitation state and some electrons may enter in
to these “kill centers” under the thermal stimulation, causing the
temperature quenching process.®® To verify this viewpoint, a
common charge compensation agent Li,CO; is added to
RbZnP0,:0.05Eu%" and the thermal quenching property is also
shown in the Figure S1 of the supporting information. It is clear
that the thermal quenching property decreases after doping the
charge compensation agent Li,COs, indicating that the charge
compensation experiment is available in the thermal quenching
process of Eu** in RbZnPO,. Secondly, thermally activated ions
photoionization process should be considered. In some other
temperature sensitive phosphors, the thermally activated ions
photoionization also plays an important effect on the thermal
quenching process.®** Generally, the photoionization is
complicated and it is difficult to find the direct evidence to prove
it in the current host. In this work, the density functional theory
calculations of RbZnPQO,4 based on refined crystal structure data
are performed and the CASTEP band structure is shown in Figure
5d. The local density approximation (LDA) was chosen as the
theoretical basis of the density function. The result shows that
this compound possesses a direct band gap of 3.648 eV with the
valence band (VB) maximum and the conduction band (CB)
minimum at G point of the Brillouin zone. Due to the direct band
gap with such narrow band gap value, some electrons on the
excited state may enter into the conduction band under the
thermal stimulated effect and also promote the temperature
sensitive thermal quenching process in RbZnPO,:0.05Eu*. Apart
from the temperature sensitive emission spectra, another
interesting phenomenon also draws our attention, that is, the
emission intensity of °D; was found to increase gradually with
increasing the temperature, which is contrary to that of °D,
energy level. The unusual ®D; emission can be explained as
following: under the thermal stimulation effect, the electrons are
activated from °Dj state to cross the point of intersection of the
°D; and °D, curves (from @ to ); then the °D;—'F, at 556 nm
is promoted via ®. Similar phenomenon has also been discussed
in our previous work.* In addition, as shown in Figure S1, the
thermal quenching behavior appears linear change from room
temperature to 110 °C, indicating that it may have potential to be
used in luminescence-based thermometer.*
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Figure 6 (a) The temperature dependent emission spectra measured from

10 K to 280 K; (b) the decay times of °D, energy level under different
temperatures.
Additionally, in order to further investigate the unusual
ss thermal behaviour, the luminescence property at low temperature
from 77 K to 280 K was measured, as illustrated in Figure 6a. As
increasing the temperature, the emission intensity of the upper
energy level °D; was found to be tardily increased while that of
°D, energy level was found to be decreased, which showed
60 Similar property with the emission spectra measured at high
temperature and indicated that the unusual behaviour as discussed
in Figure 5c also took effect at low temperature. The decay times
of °D, energy level was measured excited at 393 nm and
monitored at 612 nm. The decay curves can be well fitted by
es exponential function and the lifetime values were calculated to be
3.46, 3.41, 3.31, 3.25 and 3.10 ms, respectively. The decreased
decay times can be attributed to increased interaction between
Eu®* ions when rising the temperature.

2 4. Conclusions

In summary, a novel phosphate phosphor RbZnPO,: Eu®* was
developed and the crystal structure was investigated based on the
FT-IR spectrum and XRD structure refinement. The abnormal
photoluminescence properties of RbZnPO,: Eu** were studied
s and the relationship between the structure and the characteristic
emission of Eu®* in RbZnPO, were provided. Under 393 nm
excitation, RbZnPO,; Eu®* showed red emission peaking at 594,
612 and 699 nm, corresponding to the °Dgy to 'Fy (J=1, 2, 4)
transitions of Eu®* occupying both of the centrosymmetric Zn1l
g and the non-centrosymmetrical Zn2 sites. Upon the thermal

2 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]
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stimulus, RbZnPO,: Eu** exhibited unusual temperature sensitive
emission spectra. The underlying mechanisms were proposed and
proved to explain the temperature sensitive emission behavior, by
using the Arrhenius-type model in the configurational coordinate
diagram, the charge compensation experiment and the CASTEP
band structure calculation.
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