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ABSTRACT Y2Zr07 (YZO) is widely used as a host material for luminescent centers because
of its high stability and the ability to accommodate anion defects. In this work, the effects of Ce
and Tb doping on the photoluminescence (PL) properties of YZO nanoparticles (NPs) is studied
in detail to correlate the emission intensity with the dopant concentration. Herein, a two-step
synthesis method of co-precipitation and molten salt was employed to prepare the YZO:Tb, Ce
NPs. The single doped YZO:Tb (2 mol%) NPs shows a strong Tb*" emission. However, after co-
doping with Ce ions, the Tb*" emission is quenched instead of the expected sensitization. To
identify the mechanism of quenching (oxidation state/local symmetry), X-ray absorption
spectroscopy (XAS) and X-ray photoelectron spectroscopy (XPS) were performed. The Ce**
ions were observed to drive further oxidation of Tb to a non-luminescent 4+ oxidation state.

Alternatively, Eu®" was employed to probe local symmetry changes upon Ce doping. The



asymmetry ratio of the magnetic and electronic transitions indicates the Ce dopant also pushes

the system into a higher symmetry, resulting in two separate quenching mechanisms.

1. Introduction

The ability to control the oxygen vacancy concentration in A2B>07 nanoparticles (NPs) has been
the research interest of several groups owing to the interrelationship between vacancy
concentration and A-site symmetry.'® Specifically, rare earth (RE)-based binary metal oxides of
the form RE2B207 (RE = RE*" and B = smaller quadrivalent cation, for example, Zr**, Ti*", Hf*")
have been used for wide-ranging applications such as oxide ion conductors,* catalysts,>*
pigments,’ thermal barrier coatings,® and host materials for luminescence centers’'? due to their
excellent luminescence and oxygen storage properties. These compounds typically crystallize in
a disordered fluorite structure when the ratio of ionic radii of RE and B sites is less than 1.46,
under ambient conditions.!*!> Further, the equivalent cationic sites (RE, B) gives rise to a
random distribution of the oxygen vacancies and lowers the overall crystal symmetry. '
Moreover, doping trace amounts of aliovalent ions in these crystals can control the concentration
of these oxygen vacancies and manipulate the cation-oxygen bond strain, impacting the

luminescent, photocatalytic, and electrical properties of the doped system.!”-2

Among various RE-based metal oxides, the disordered Y>Zr.O7 (YZO) fluorite crystal has been
studied as a potential host material for luminescent ions (pairs) such as Eu** ! Dy*" 22 Eu*",
Ce**/Bi**,? and Tb**.>* With the inclusion of Tb*" into the YZO host, a green emission centered
at ~545 nm is reported due to the *D4-'Fs transition.?>” Typically, the intensity of these Tb**
emission peaks is enhanced via sensitization with other dopants, such as Ce*". In this regard,

28-32

Ce’* can act as a good sensitizer by facilitating energy transfer to Tb*>" ions?®2, as reported in



Y2Sn207:Ce**, TH*" 33, YPO4:Ce', Tb* 34, and LaPO4:Ce**, Tb®" *°. The sensitization of Tb**
with Ce’" is attributed to the strong Ce*" 4f-5d absorption in UV region (250-350 nm) which
couple with the intra f-f transitions of Tb.3*37 Despite this, there are no reports available for Ce
sensitization of Tb*>" in YZO host matrices. Therefore, this work aims to understanding the Ce**-
Tb** coupling mechanisms in A2B>07 hosts, with a specific focus on YZO, to enhance Tb**

emission intensity and efficiency.?” %3

In this work, a two-step co-precipitation/molten salt synthetic method was employed to prepare
YZO:Tb, Ce and YZO:Eu*", Ce NPs with varying RE (Tb, Eu, Ce) doping concentrations. A
detailed structural characterization was performed using XRD, HRTEM, and Raman
spectroscopy to affirm the homogeneous doping and crystalline phase (disordered fluorite) of the
NPs. Furthermore, the effect of Ce doping on Tb luminescence intensity in the YZO host crystal
was systematically studied using photoluminescence spectroscopy (PL) to elucidate the Ce-Tb
energy transfer mechanism. Contrary to the expected sensitization of Tb luminescence with Ce,
the Tb luminescence emission intensity was quenched after introducing trace amounts of Ce into
the YZO:Tb system. While the XPS and XANES results indicate an oxidation of the
luminescence center (Tb**) to Tb*" upon Ce doping, the changes in the local symmetry around
the luminescence center were also investigated using another RE element, Eu’", due to its
symmetry-dependent luminescence. The intensity of ratio of electric (ED, *Do-'F transition at
607 nm) to magnetic (MD, *Do-'F| transition at 590 nm) dipoles, referred to as the asymmetry
ratio (R), has been applied to quantify the local crystal environment around the Eu** dopants.*®
The R value extracted from the Eu** luminescence after substitution in YZO host revealed local
symmetry changes around the luminescent center (Tb**/Eu*") due to Ce doping. Combining the

results of XPS, XANES, and PL, it can be concluded that the oxygen vacancy concentration is



inversely proportional to the Ce concentration, resulting in a high-local symmetry structure.
While this work has direct implications in controlling the luminescence of nanophosphors via
oxidation state and symmetry tuning, it can be extended to other host systems that require control

over oxygen vacancies such as oxide ion conductors, photocatalysts, and semiconductors.>**!

2. Experimental Section

2.1. Synthesis of Co-Doped Yttrium Zirconium Oxide (Y2Zr207, YZO) NPs. YZO:Tb, Ce NPs
were synthesized using a two-step co-precipitation/molten salt method.**** In this work, three
different Tb concentrations (2, 2.5, 12.5 mol%) with three different co-dopant (Ce) molar ratios
(Tb:Ce = 1:5, 1:1, 5:1) were employed. For example, the YZO:Tb (2 mol%), Ce (2 mol%) was
prepared by dissolving 7.68 mmol of yttrium(III) nitrate hexahydrate (Y(NO3)3-6H20, Alfa
Aesar, 99.9%), 0.16 mmol of terbium(III) nitrate hexahydrate (Tb(NO3)3-6H20O, Alfa Aesar,
99.99%), 0.16 mmol of cerium(III) nitrate hexahydrate (Ce(NO3)3H20, Strem Chemicals, 99.9%)
and 8.0 mmol of zirconium dinitrate oxide hydrate (ZrO(NO3),-xH>O, Beantown Chemical,
99.9%) in 400 mL of deionized (DI) water under vigorous magnetic stirring. Next, 400 mL of
ammonium hydroxide (NH4sOH, 28-30%, ACS grade) was added to the above solution dropwise
and stirred for 2 h. The precipitate was filtered and washed with DI water several times until the
pH of the solution was 7. After washing and filtering, the precipitate was dried overnight at 100
°C. The dried precipitate was then mixed and ground with a eutectic mixture of NaNOs3 (high
purity grade, VWR Amresco, 99.0%) and KNO3 (ACS grade, VWR Amresco) to form a
homogeneous powder. The mixture was heated to 650 °C for 6 h with a heating rate of 10
°C/min. After cooling to room temperature, the resultant powder was washed several times with

DI water and dried overnight at 100 °C to obtain co-doped YZO:Tb, Ce NPs. Similar synthetic



route was employed to prepare the YZO:Eu, Ce NPs with varying Eu and Ce doping

concentrations.

2.2. Powder X-ray Diffraction (XRD). The crystal structure was studied by performing powder
XRD using PANalytical X-ray diffractometer operating at 45 kV and 40 mA. The 20 radial scan

was performed using Cu Ko (A=1.54 A) radiation source from 5 to 70° with a step size of 0.03°.

2.3. Raman Spectroscopy. Raman spectroscopy was performed with Renishaw inVia Reflex
Raman Spectrometer. A 0.05 mW diode laser was used with an excitation wavelength of 532 nm,
exposure time of 0.5 s, and spectral resolution of 1 cm™ in the measurements. The diameter of
the focused laser spot on the sample at 50x magnification was approximately 5 um. The spectra

reported here are obtained after averaging the data from three scans.

2.4. Photoluminescence (PL) Spectroscopy. The photoluminescence and lifetime measurements
were performed on an Edinburgh FLS1000 PL spectrometer equipped with a PMT detector and a
450 W ozone-free xenon arc lamp as light source. For PL measurements, the powder samples
were placed into a quartz spectrophotometer cell (Starna Cells, Inc). The excitation and emission
scans were collected with a bandwidth of 3 nm, dwell time of 0.5 s, and a step size of 1 nm in the
range of 220-400 nm and 450-750 nm, respectively. The lifetime measurements were performed
with a microsecond flash lamp (frequency: 25 kHz, 1-2 ps pulse) over the range of 10 ms with a
2 ms delay time, resulting in a 5 ps detector response (2000 channels). For all the measurements,
a 250-380 nm excitation filter was used to reduce the baseline noise due to the lamp. The
emission peak intensities are quantified to calculate the asymmetry ratio (R), which is the peak
intensity ratio of the electric dipole (ED) to the magnetic dipole (MD) transition of Tb** and Eu**

(see Table 1).



2.5. X-ray Photoelectron Spectroscopy (XPS). XPS measurements were performed on a Scienta
Omicron ESCA 2SR XPS system equipped with a monochromatic Al Ka (hv-1486.6eV) x-ray
source and a hemispherical analyzer with a 128-channel detector. The inherent Gaussian width of
the photon source was 0.2 eV and the pressure inside the chamber was maintained at 1.5 x 10~
Torr. The XPS spectra were calibrated to adventitious C 1s peak at 284.6 eV. Peak quantification
was performed using Voigt function (70% Gaussian and 30% Lorentzian) in CasaXPS software**

after subtracting the Shirley background.

2.6. X-Ray Absorption Spectroscopy (XAS). The local electronic structure was probed via soft-
XAS. O K edge and Ce M edge spectra were collected at varied line space plane grating
monochromator (VLSPGM: 0.2-1.2 keV) beam line.** The samples were prepared on a carbon
tape and were placed inside vacuum chamber using a load-lock. Total electron yield (TEY)
detection mode with higher grating and 100 pm slit width was used for these low energy XAS

measurements. The obtained XANES data is analyzed using Athena software.*®

3. Results and Discussion

YZO:Tb, Ce NPs were synthesized via a two-step co-precipitation/molten salt procedure using
an equimolar Y to Zr precursor ratio, 2 mol% Tb, and varying Ce concentrations (0, 0.5, 2, and
10 mol%).**** All the diffraction peaks shown in the XRD pattern of YZO:Tb, Ce NPs (Figure
1(a)) are indexed to the cubic Y»Zr,O7 (ICDD 81-8080, space group Fm-3m), which prove the
absence of any impurity phases in the as-synthesized NPs. Furthermore, a lattice parameter of
5.20 A was calculated (Bragg’s law), and slightly increased with Ce doping due to the ionic radii
of the cations (Tb*" < Ce*" < Y3* < Tb* < Ce**).*”>* The increasing lattice parameters with

doping agree with the effective ionic radii of metal ions. To further determine the local structure



and ensure the formation of the desired disordered fluorite phase, Raman spectroscopy was
performed (Figure 1(b)). For the as-synthesized YZO:Tb, Ce NPs, a clear cubic fluorite structure
is observed based on the appearance of the T, peak located near 665 cm™! for all doping
conditions.>* Moreover, a red-shift is observed in the peak position with increasing Tb and Ce
concentration (Figure 1(b) and S1), which is indicative of an increase in the RE-O bond length.
This is consistent with the results of XRD which shows a slight expansion in the lattice
parameter upon doping. Additionally, to further confirm the crystallinity of the YZO NPs and
identify the crystallite size, HRTEM images were taken. Figure 1(c) shows that the YZO NPs are
spherical with ~10 nm diameter with a calculated d-spacing of 3.00 A ((111) lattice plane),
which agrees with the cubic Y2Zr207 structure (ICDD 81-8080). The HRTEM image shows that
the as-synthesized NPs have crystallized in single phase without the formation of impurity
phases such as ZrO; nanoclusters. Overall, the structural characterization shows that the Tb, Ce
doping influences the lattice parameters and RE-O bond length of the disordered fluorite

Y2Zr,07 NPs, which is especially critical for local symmetry and photoluminescence.
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Figure 1. Structural properties of YZO and YZO:Tb, Ce NPs: (a) XRD patterns of as-
synthesized samples and Y>Zr,O7 stoichiometric reference (ICDD 81-8080, space group
Fm-3m), which indicates the 2-step synthesis method can create a homogeneous cubic
structure and these sample match the stoichiometry of Y:Zr:0=2:2:7. (b) Raman spectra
which indicates the as-synthesized samples have cubic fluorite structure and do not change
with dopant concentration. (c) HR-TEM of YZO shows a lattice parameter of ~3A which
agrees with the d spacing calculated from XRD.



To investigate the luminescent
behavior of the as-synthesized
YZO:Tb, Ce NPs, PL spectroscopy
was performed. Figure 2(a) shows
the PL excitation and emission
spectra of YZO:Tb NPs with
increasing Tb concentration (2-12.5
mol%). The broad excitation band
centered at 258 nm is related to the
Tb 4f-5d transition. The 47-4f
excitations were not detected in
these measurements as they are
outside of the excitation filter
window (250~380 nm) and the

weak intensity of those forbidden

transitions. Upon 258 nm excitation,

the characteristic Tb*"°Ds-"F) (J =
3-6) radiative transitions are
observed. The emission intensity of
these Tb*" peaks is self-quenched
with increasing concentration, as is

reported with smaller NPs,> with 2
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Figure 2. PL measurement of YZO:Tb, Ce NPs: (a) PL
spectra of YZO:Tb which show that emission intensity
decreases with increasing Tb concentration. (b) PL
spectra of YZO:Tb, Ce show reduced intensity with
increasing Ce concentration. The emission spectra were
excited at Aex=258 nm. (c) Decay curves of YZO: Tb,
Ce at Aem=542 nm emission and Aex=258 nm excitation.



mol% having the highest emission intensity. Due to this fact, YZO:Tb (2 mol%) was chosen as
the reference system for subsequent doping. Opposite of expectations, a systematic decrease in
the luminescence intensity is observed after introducing Ce into the YZO:Tb (2 mol%) system
(Figure 2(b)). Even with low Ce co-doping (0.5 mol%), the intensity of the *Ds-Fs (542 nm)
transition peak is quenched by 80%, with further quenching up to 95% at 10 mol% Ce co-doping
(Figure S2, Supporting Information). This phenomenon of luminescence quenching with Ce
doping was corroborated from the lifetimes of the *Das-Fs transition in YZO:Tb, Ce co-doped
NPs and comparable to a Y,Os reference (Table 1).°° The Tb>" lifetimes were extracted using a
second order exponential decay function and showed a decreasing trend with increasing Ce
concentration (Figure 2(c)). Introducing up to 2 mol% Ce into the YZO:Tb (2 mol%) system
decreases the Tb lifetime, indicating no effective energy transfer from Ce to Tb.>” The lifetime of
YZO:Tb (2 mol%), Ce (10 mol%) was not measured due to its extremely low emission intensity.
Therefore, these results show that introducing Ce into YZO:Tb system reduces the Tb*" emission

intensity, contrary to the expected Ce sensitization phenomenon,?3-34 38

Table 1. PL lifetimes of the Tb** °D4-"Fs (542 nm) and Eu** *Do-'F, (608
nm) transitions of doped YZO:Tb/Eu**, Ce NPs. Tb*" doped Y»05°° and
Eu*" doped La»Zr,07°%! are included as references. The asymmetry ratio
(R) was calculated from the Eu*" Igp(607 nm)/Imp(590 nm) and Tb*
Iep(542 nm)/Imp(488 nm) transitions.

T1(1s) T2(1s) R

Y,0,:Tb* 130 780 -
YZO:Tb (2 mol%) 273 911 7.69
YZO:Tb (2 mol%), Ce (0.5 mol%) 246 840 7.14
YZO:Tb (2 mol%), Ce (2 mol%) 234 776 5.56
YZO:Tb (2 mol%), Ce (10 mol%) - - 2.78

La,Zr,0,:Eu*" 1930 -
YZO:Eu’* (2 mol%) 1320 - 2.82
YZO:Eu’ (2 mol%), Ce (0.5 mol%) 1536 - 2.73
YZO:Eu’* (2 mol%), Ce (2 mol%) 1577 - 2.61
YZO:Eu’* (2 mol%), Ce (10 mol%) - - 2.56

10
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Ce doping, Eu** was introduced as a
luminescent probe into the crystal due to its symmetry-dependent transitions.> The Eu**

asymmetry ratio (R) has been used as a probe to determine the local environment around Eu’" in
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the YZO lattice. Figure 3(a) shows the emission and excitation spectra of YZO:Eu** (2 mol%),
Ce (0-10 mol%) with the main excitation and emission peaks labelled.®® The calculated
asymmetry ratios of YZO:Eu®", Ce NPs are shown in Table 1 which is based on the intensity
ratio of ED (°Do-'F2 transition, 607 nm) to MD (°Do-"F; transition, 590 nm). The R ratio
decreases with increasing Ce concentration, suggesting there is higher local crystal symmetry
with Ce incorporation (Table 1). This high symmetry further proves that the oxygen vacancy
concentration is decreasing and thereby, transforms the disordered fluorite (low symmetry) a
more ordered fluorite phase. Meanwhile, the Eu** lifetime was also measured (Figure 3(b)). The
decay curve shows an increasing lifetime with higher Ce doping and is attributed to the
symmetry dependent breakdown in the parity selection rules. The Eu*" emission lifetimes were
extracted with a single exponential decay and the results are comparable with the those reported

for a LaxZr>07 host.®!

Similarly, an R ratio can also be defined for the Tb** system using the ED and MD transitions. In
this case, the ratio would be the intensities of the Ds-'Fs transition band (542 nm, ED transition)
and the °D4-"Fs transition band (488 nm, MD transition).%* Taking the R ratio for the YZO:Tb,
Ce samples resulted in a similar trend as with the Eu** doped materials (Table 1). Additionally,
the YZO:Tb (2 mol%) was annealed at 800 °C for 6 h to study the effect of annealing (i.e.,
oxygen incorporation) on the luminescence performance and lifetime. Both the intensity (Figure
S3(a)) and lifetime (Figure S3 (b) and Table S1) decreased after annealing. For comparison, the
lifetime of YZO:Tb (5 mol%, Figure S3(b)) was also measured to separate Tb oxidation from
self-quenching. Interestingly, the luminescent lifetime of the self-quenching mechanism (YZO:
Tb (5 mol%)) has a shorter lifetime than the co-doped sample. Based on this trend, the lifetime

measurements suggesting the annealing process increases intraparticle energy transfer and

12



surface quenching as opposed to oxidation. Furthermore, the Tb*" R ratio does not change upon

annealing indicting energy transfer is the sole quenching mechanism. Effectively, both the Eu**

and Tb>" asymmetry ratios in the YZO:Tb/Eu’**, Ce NPs indicate that the Ce doping increases the

symmetry around the luminescent centers, which leads to a higher possibility of vibrational

relaxation and therefore, contributes to the observed reduction in the fluorescence intensity.

Next, to determine the oxidation state of RE dopants and quantify the oxygen vacancy
concentration, XPS and XANES were performed on the YZO:Tb, Ce NPs. The Y 3d peak was
deconvoluted into two different doublet peaks corresponding to the Y 3ds2 and Y 3d3/2 peaks
(Figure 4(a)). The doublet at 156.0 eV and 158.1 eV can be attributed to Y**ions. Furthermore

the sharp peak located at 149.2 eV, corresponds to Tb 4d of Tb** ion.*> However, after

introducing Ce into this system, i.e. in YZO:Tb (2 mol%), Ce (2 mol%), the Tb 4d peak at 149.

eV disappears and another peak (157.7 eV) appears within the Y 3d peak, corresponding to the

presence of Tb*" ions.®*%> The fact that the YZO:Tb (2 mol%), Ce (2 mol%) still results in

3

2

emission suggests that Tb*" is still present in the sample; however, lack of a Tb** signature in the
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XPS can be attributed to the concentration
being below the instrument detection limit.
Therefore, the change in Tb 4d peak reveals
that the incorporation of Ce into the YZO
host drives the Tb>" to the non-luminescent
Tb*" state, reducing the luminescent centers
in the host. On the other hand, Zr 3d spectra
show two different species of Zr (Zr*" and
reduced Zr ions) in the doped YZO NPs
(Figure 4(b)). The Zr 3d peaks were also
deconvoluted into two doublet peaks. The
doublet peaks at 180.9 eV (Zr 3ds2) and
183.3 eV (Zr 3ds12) correspond to Zr**, and
the doublet at 178.9 eV and 181.4 eV
indicate the presence of reduced Zr ions.*
To corroborate the reduction in the oxygen
vacancies with increasing Ce concentration
as observed from the PL spectra, the O 1s
detailed spectra was collected (Figure 4(c)).
The main O 1s peak centered at ~529 eV is
attributed to the lattice O% ion, a weak peak
centered at ~530 eV is due to the O-H

surface groups, and a peak at ~532 eV is
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Figure 4. Deconvoluted XPS spectra for the
different YZO:Tb, Ce NPs compositions. (a) Y
3d/Tb 4d (b) Zr 3d and (¢) O Is peaks.
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ascribed to the under coordinated cations or oxygen vacancies.’” The area under the oxygen

vacancy peak is observed to decrease with Ce doping, which agrees with the decreasing trend of

the reduced Zr ion peaks in Zr 3d spectra and the oxidization of Tb** to Tb*", as well as the

higher symmetry from the asymmetry ratios of Eu** and Tb*".

Owing to the lower concentrations of Ce, the oxidation state of Ce was quantified using the Ce

M edge XANES spectra due to higher sensitivity than XPS at these concentrations. The Ce

oxidation state in YZO:Tb (2 mol%), Ce (x mol%) (x=0.5, 2, 10) samples was determined to be

4+ based on the standard CeO> (Figure 5).% The O K edge XANES were also measured (Figure

S4, Supporting Information). The hybridization peaks are identified in Table S2 (Supporting

Information). Since the O 2p orbitals hybridize with the cation (Y>*, Zt**, Tb>"**, Ce*"*") d

orbitals,® it was difficult to decipher the distribution of oxygen vacancies from the O K edge

XANES spectra. However, by comparing the doped samples O K edge with the CeO; reference,

a peak begins to form for higher (>2 mol%) Ce doping concentrations at 529.7 eV (labeled (a))

and matches well to the reference.”® Coupling this
with the previous results indicating that the Ce**
oxidation state begins to be prominent at higher
concentrations but plays a role in all samples.
Overall, the XPS and XANES results indicate that
the Ce is in 4+ oxidation state in the YZO:Tb, Ce
NPs, resulting in the oxidation of Tb from 3+ to 4+
and removes excess oxygen vacancies within the

crystals.

CeO, Reference

—— YZO:Tb (2 mol%), Ce (10 mol%)
YZO:Tb (2 mol%), Ce (2 mol%)

—— YZO:Tb (2 mol%), Ce (0.5 mol%)

M,
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norm p (E)

880 890 900 910 920
Photon Energy (eV)

Figure 5. XANES Ce M Edge of
YZO:Tb, Ce NPs: Ce M;s (884.6 eV)
and M4 (903.0 eV) edge of the samples
containing Ce and CeO; reference. The
satellite peaks located at 890 eV and
908.4 eV are characteristic to Ce*'.
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From the results of PL, XPS, and XANES, it can be concluded that the YZO:Tb has the typical
Tb*" emission, which disappears after introducing Ce due to the oxidation of Tb** to Tb*". The
PL spectra of the YZO:Eu®*, Ce reveals that the Ce incorporation in the host changes the local
structure surrounding luminescence center, reducing the degree of disorder in the YZO:Tb, Ce
NPs. Furthermore, XPS spectra of Zr 3d suggests that Ce and Tb dopants oxidize the reduced Zr
ions. Additionally, the O 1s XPS spectra shows decreasing concentration of oxygen vacancy
with increasing Ce doping. As shown in Figure 6(a) and (b), incorporation of Ce as Ce*" fully
oxidizes the other cations (Y, Zr and Tb) through the incorporation of more oxygen ions into the
lattice resulting in a more symmetric structure (ordered fluorite). This higher level of local
symmetry surrounding the Tb sites increases the possibility of vibrational relaxation, and thereby
reduces the fluorescence intensity. Figure 6(c) shows the energy diagram of the sensitizer pair of
Ce*"-Tb*", the sensitizing effect is mainly created by the broad absorption cross section of Ce*
from ground state to 5d level. In the case of this work, Ce exists as Ce* in YZO host, which
does not have electron transfer to 5d level. As a result, there is no energy transfer exist in
YZO:Ce, Tb NPs. In addition, the luminescence is further inhibited by the oxidation of the Tb

from 3+ to 4+ state.
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Figure 6. (a) Local structure of YZO:Tb NPs with oxygen vacancies (grey balls) randomly
occupying anion sites. (b) After introducing Ce (olive green ball) into NPs, the oxygen
vacancies surrounding the luminescence center (Tb, blue ball) are filled with oxygen atoms (red
balls), furthermore, improve the symmetry level of the local environment surrounding Tb. (c)
Energy level diagram of the sensitizer pair Ce**-Tb*" highlighting radiative and non-radiative
processes.

4. Summary

In summary, YZO:Tb, Ce and YZO:Eu**, Ce NPs were synthesized using a two-step co-
precipitation and molten salt synthesis method. XPS, Raman and HRTEM show that the as
synthesized RE doped YZO samples crystallized into a cubic disordered fluorite phase. The
emission and excitation intensity of Tb in YZO host was quenched after introducing Ce, which is
contrary to the expected Ce sensitization effect. This anomaly is explained from both the change
in the local symmetry and oxidation state of the luminescent center. First, introducing Ce into the
YZO:Tb samples increases the local symmetry surrounding the luminescent centers (Tb), which
is probed using the transitions of the Eu®* that are sensitive to local symmetry. Furthermore, XPS

and XANES spectra show that Ce*" drives the Tb*" to Tb**, reducing the concentration of
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luminescent centers. Ultimately, this work demonstrates that host materials can result in
quenching with common sensitization ions and careful selection of the materials is needed to

ensure high intensity luminescence for phosphors.
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Ce was found to quench Tb>" PL emission
intensity in a Y2Zr207 host. The quenching
mechanism was studied to separate
oxidation and structural effects on the
luminescence centers. These results show
that the rare earth dopants are susceptible to
the crystal lattice and care must be taken to
ensure the system does not significantly
change oxidation or structure.

26



