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ABSTRACT: A detailed investigation on photoluminescence properties
and energy transfer (ET) dynamics of Ce3+, Pr3+-doped BaY2Si3O10 is
provided along with the potential X-ray excited luminescence application.
The luminescence properties of Pr3+ are studied in VUV−UV−vis spectral
range at low temperature, and the spectral profiles of Pr3+ 3P0 and 1D2
emission lines are determined using time-resolved emission spectra. Upon
230 nm excitation, the electron population from Pr3+ 4f5d state to its 4f2

excited state is discussed in detail. As Pr3+ concentration rises, Pr3+ 3P0 and
1D2 luminescence possess different concentration-related properties. The
incorporation of Ce3+ in the codoped sample produces the strong Ce3+

luminescence under 230 nm excitation, which is the combined result of
Pr3+ 4f5d → Ce3+ 5d ET and Ce3+ intrinsic excitation. On the other hand,
the increasingly strong ET of Ce3+ 5d → Pr3+ 4f2 results in the decrease of
Ce3+ emission intensity and the gradual deviation of Ce3+ luminescence decay from the single exponential in the system. By
employing the Inokuti−Hirayama model, the dipole−dipole interaction is confirmed as the predominant multipolar effect in
controlling this ET process, and the value of CDA is determined to be 9.97 × 10−47 m6·s−1. Finally, the relatively low scintillation
light yield of Ce3+-doped BaY2Si3O10 material impedes its application potential in the scintillator field, and the cosubstitution of
Pr3+ results in the observable decline of scintillation performance.

■ INTRODUCTION

Pr3+ is a lanthanide ion with 4f2 electron configuration. It is an
important activator in luminescent materials for applications in
lighting, display, detecting, thermometry, and so on. For
example, the red-emitting β-SiAlON:Pr3+ phosphor with high
thermal stability is a good candidate for light emitting diodes
(LEDs).1 The phosphor SrTiO3:Pr

3+ shows the fast optical
response; therefore, it has been recommended to be used in
color field emission displays (FEDs). The ceramic
Gd2O2S:Pr

3+-Ce3+ is a commercially available scintillator for
detecting in X-ray computed tomography (X-CT).2 Recently,
we reported the thermometric property of Pr3+ in La2MgTiO6.

3

All these applications derive from the host compound
dependent on the electronic transitions of Pr3+. To find new
luminescent materials, it is essential to clearly understand the
various electronic transitions of Pr3+ in different host
compounds.
The energy transfer (ET) has always been a crucial topic of

luminescent materials. For Ce3+ and Pr3+ codoped systems,
most literature only deals with the ET from 5d states of Ce3+ to
4f2 states of Pr3+, but the ET between 5d states of Pr3+ and
Ce3+ is seldom studied.4,5 This may relate to the high energies

of Pr3+ 4f5d states in the vacuum ultraviolet (VUV, wavelength
λ < 200 nm) region in most fluorides and complex oxides and
the lack of experimental equipment in this region. When Ce3+

and Pr3+ ions replace sites of the same type of a given host
compound, Pr3+ 4f2-4f5d transition energies are usually higher
than those of Ce3+; therefore, the ET from the Pr3+ 4f5d state
to the Ce3+ 5d state is possible. Whether this type of ET
process occurs depends on the spectral overlapping between
Pr3+ f-d emission and Ce3+ f-d excitation bands. So, it is
necessary to precisely determine the 5d energies in the VUV−
UV region, to fully understand the ET between Ce3+ and Pr3+.
In this article we study the VUV−UV−vis luminescence

properties of Pr3+ in BaY2Si3O10 by employing the synchrotron
radiation facility. The time-resolved emission spectra (TRES)
are used to determine the Pr3+ 3P0 and

1D2 emission lines, and
concentration-dependent luminescence of Pr3+ f-d/f-f tran-
sitions are systemically investigated. We focus on the
understanding of 5d energies of Pr3+ in BaY2Si3O10 and the
ET between Ce3+ and Pr3+, especially the ET from Pr3+ 4f5d
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state to Ce3+ 5d state in this compound. Finally, the X-ray
excitation luminescence (XEL) performances of Ce3+, Pr3+-
doped materials are conducted.

■ SAMPLES PREPARATION AND MEASUREMENTS
Several series of Ce3+, Pr3+-doped/codoped BaY2Si3O10
samples were prepared by a high temperature solid-state
reaction technique. The detailed information on sample
preparation and measurement are given in the Supporting
Information (SI).

■ RESULTS AND DISCUSSIONS
Structure Characteristic. BaY2Si3O10, with the monoclinic

structure, possesses only one kind of lanthanide (Ln3+)-
substitutable Y3+ site with 6-fold coordination.6 Herein, X-ray
diffraction (XRD) patterns of representative samples at room
temperature (RT) are displayed in Figure S1. No significant
second phase can be detected, and all patterns are in accord
with the standard pattern, indicating that the dopant Ce3+ and
Pr3+ ions occupy Y3+ sites and this substitution has little
influence on the crystal structure of studied compounds.
Luminescence of Pr3+ in Ba(Y1−xPrx)2Si3O10. Figure 1a gives

the VUV−UV excitation spectrum of Ba(Y0.995Pr0.005)2Si3O10
with 280 nm (4.43 eV) emission at 15 K. Two intense
excitation bands [A (5.35 eV) and B (5.78 eV)] in the low-
energy region (<6.5 eV) and a weak excitation C with the
maximum at 6.95 eV are observed. Besides, a broad absorption
D can be detected in the high-energy region (>7.5 eV). These
bands are attributed to the 4f2−4f5d transitions of Pr3+ and the
host-related absorption. Five main 4f5d bands are expected to
occur in the excitation spectrum of Pr3+ in the Y3+ site of
BaY2Si3O10 to a first approximation, but the f−d transitions of
Pr3+ are actually a little complicated in comparison with those
of Ce3+. This is because the interactions between the 4f
electron and the 5d electron in the Pr3+ ion will give rise to
many fd energy levels in addition to vibrionic lines.7 As a rough
estimation, we just discuss the energies of the main bands.
Because of the approximate crystal field strength and
nephelauxetic effect of different Ln3+ ions in sites of the

same type of a given host compound,8 the 4f5d energy splitting
of Pr3+ is generally consistent with that of Ce3+ in BaY2Si3O10
at first glance. Two intense bands are observed above 250 nm
in the excitation spectrum of Ba(Y0.99Ce0.01)2Si3O10 as
displayed in Figure S2, which actually contain three excitation
bands and can be assigned to electronic transitions from the
Ce3+ 4f ground state to its first (5d1), second (5d2), and third
(5d3) 5d excited states (denoted as 4f−5d1−3 transitions).6,9−11
Accordingly, bands A and B in Figure 1a should be attributed
to the superposition of Pr3+ 4f2−4f5d1−3 transitions. To
estimate the energies of Pr3+ 4f2−4f5d1−5 transitions, the 4f−
5dJ (J = 1, 2, 3, 4, 5) transitions of Ce3+ are shifted toward the
high-energy direction about 1.51 eV, considering the energy
difference between the lowest 5d states of free Ce3+ (6.12 eV)
and Pr3+ (7.63 eV).12 The predicated five 4f2−4f5d1−5
transition energies of Pr3+ are plotted as black bars in Figure
1, which show that the predicated Pr3+ 4f2−4f5d1−3 energies
are in accord with the experimental findings, confirming the
attributions of excitation bands given above. Because of the
overlap to host-related absorption, the 4f2−4f5d4,5 transitions
of Pr3+ are not observed in the spectrum.
Under 230 nm (5.38 eV) excitation, the sample shows a

broad emission band from 250 to 400 nm as displayed in
Figure 1b, corresponding to Pr3+ 4f5d1−3H4−6 parity-allowed
emissions. Given that the energy differences between adjacent
3HJ (J = 4, 5, 6) states of Pr3+ are about 2000 cm−1 (0.25 eV)
and given the significant coupling of the Pr3+ 4f5d orbit with
the surrounding coordination environment, multiple emission
progressions are obscured in the spectrum. Figure S3 presents
Pr3+ f−d luminescence decay in Ba(Y0.995Pr0.005)2Si3O10 at RT.
The decay signal of the sample is somewhat blurred by the
impulse response function (IRF) of the excitation source
before 25 ns. After deconvolution of the experimental curve
using IRF, the decay signal of Pr3+ is extracted, and the decay
time is roughly estimated within the 10−15 ns region. Since
the decay time shortens with the third power of the
wavelength, the emission of Pr3+ at a shorter wavelength
leads to a faster decay in comparison with that of Ce3+ (33.5
ns).

Figure 1. (a) VUV−UV excitation spectrum of Ba(Y0.995Pr0.005)2Si3O10 with 280 nm (4.43 eV) emission at 15 K; (b) emission spectrum under 230
nm (5.38 eV) excitation.
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Apart from Pr3+ f-d emissions, the sample also shows f−f
emissions under 230 nm excitation. As depicted in Figure 2a,
these f−f transitions are assigned to transitions arising from
Pr3+ 3P0 (mainly around 500 nm, the strongest line at 498 nm)
and 1D2 excited states (around 600 nm, the strongest line at
616 nm).13,14 After 230 nm excitation, the 5d electrons may
radiatively return to the ground state by f−d emissions; at the
same time they can also populate the next lower-lying 4f
excited states through the crossover pathway as shown in the
configurational coordinate diagram of Figure 2b. That is to say,
the 5d electrons can overcome the energy barrier ECross with the
contribution of vibrionic coupling and give rise to the
population from the Pr3+ emitting-4f5d1 state to its 4f2 states,
and finally result in f−f emissions.
Figure 2c represents the 3D color-filled contour of TRES

under 435 nm 3H4−3P2 excitation at RT, and spectral slices at

different delay times are shown in Figure 2d. Generally, the
selection rule mainly controls the transition possibilities of 4f−
4f emissions of Ln3+; therefore, the decays of 3P0−3H4−6
transitions are usually faster than those of 1D2−3H4−6
transitions.3 Several emission lines arising from the 3P0 state
are observed within the short delay time (tdelay ∼ 56 μs), and
no significant 1D2−3H4 emission can be detected. With a
gradual rise in tdelay to 62 μs, the emission intensity of 3P0

decreases and 1D2 luminescence emerges out around 600 nm
as marked by red arrows in the figure. Further increasing tdelay
(to 75 μs) results in a significant drop of 3P0 emission, and its
intensity is weaker than that of 1D2. When tdelay increases to
100 μs, 1D2 emission becomes dominant and the contribution
of 3P0 emission is almost negligible. The results demonstrate
that the electrons in the 3P0 excited state may nonradiatively

Figure 2. (a) Normalized emission spectrum of Ba(Y0.995Pr0.005)2Si3O10 under 230 nm (4.43 eV) excitation at 15 K in the 450−700 nm wavelength
region; (b) the configurational coordinate diagram of Pr3+ and possible electron population pathway from the 4f5d1 state to 4f2 states; (c) the 3D
color-filled contour of TRES of sample under 435 nm excitation at RT; (d) spectral slices of sample at different delay times.

Figure 3. (a) Normalized f−f emission spectra of Ba(Y1−xPrx)2Si3O10 (x = 0.005−0.05) under 230 nm excitation; (b) 1D2 luminescence decays in
samples with different concentrations at RT; the red lines denote the fitting results by the Inokuti−Hirayama model, and the inset represents the
fitting results of the multipolar mechanism.
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populate the next lower-lying 1D2 state besides the radiative
transition back to 3HJ ground states.
The population from 3P0 to 1D2 states is usually through

cross relaxation (CR) and multiphonon relaxation (MPR)
processes. Because of the extremely low Pr3+ concentration in
Ba(Y0.995Pr0.005)2Si3O10, Pr

3+ is regarded as an isolated ion and
the possible CR between different Pr3+ is negligible. So only
MPR is considered herein, and its rate can be estimated by the
modified exponential energy gap equation:15

β α υ υ= [− Δ − ][ − − ]−W E h h kT( 2 ) 1 exp( / )MPR
T p( )

max

where constants β and α are 107 s−1 and 4.5(±1) × 10−3 cm,16

ΔE is the energy gap between 3P0 and 1D2 (∼3450 cm−1),
hυmax is the highest vibrational energy in the silicate lattice
(∼1050 cm−1)17 after comparing with the energy of the Pr−O
stretching vibration mode (usually below 500 cm−1),18−21 p is
the number of phonons to bridge the ΔE (p = ΔE/hυmax), and
k is the Boltzmann constant (6.958 × 10−1 cm−1·K−1).
Accordingly, the MPR rate from 3P0 to

1D2 states at 300 K is
approximately 2.35 × 104 s−1, which is slightly slower than the
radiative transition rate of 3P0 luminescence (for example ∼9.1
× 104 s−1 in Y3Al5O12:Pr

3+ and 2.7 × 105 s−1 in La2O3:Pr
3+),22

implying that the decrease of 3P0 intensities in Figure 2d is due
to collaborations of two processes: radiative to 3HJ ground
states and nonradiative to 1D2 intermediate level by MPR. The
radiative process seems to have a slightly larger contribution
than the MPR process.
Figure S4a gives the normalized f−d emission spectra of

Ba(Y1−xPrx)2Si3O10 (x = 0.005−0.05) under 230 nm excitation
at RT. With rising doping concentration, the spectral profile
does not significantly change, and its intensity increases
gradually to become maximum at x = 0.03 as plotted in the
inset. On the contrary, concentration-dependent f−f lumines-
cence exhibits a strong change as displayed in Figure 3a. When
changing the excitation to the 435 nm 3H4−3P2 transition, an
analogous phenomenon is observed and shown in Figure S4b.
As displayed in Figure S4c, emission intensity from the 3P0
state increases gradually with rising concentration, while that
from the 1D2 decreases.

Because the electron population efficiency from the Pr3+

4f5d state to the 4f2 excited states remains constant with the
increase of Pr3+ concentration at a fixed temperature, the
results demonstrate different concentration-related lumines-
cence properties of 3P0 and

1D2 states. Figure 3b gives the 1D2
luminescence decay in samples with different Pr3+ concen-
trations at RT. The curves deviate from the single exponential
gradually with increasing Pr3+ concentration. This deviation is
mainly caused by the possible CR between Pr3+ ions. As
previously reported,3 the predominant CR channel for
electrons in the 1D2 state is ascribed to be [1D2,

3H4]-[
1G4,

3F4], and that in 3P0 is [
3P0,

3H4]-[
1G4,

1G4], respectively. The
small energy mismatch (∼12 cm−1) of the former channel
results in a quite efficient CR process from the 1D2 state.

22 As a
result, the experimental findings in Figure 3a and Figure S4b
were observed. Herein, the Inokuti−Hirayama model23 is
employed to analyze the decay of 1D2 luminescence:
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where s determines the type of multipolar effect and PSA
denotes the ET rate. The physical meanings of other
parameters in the equations have been defined elsewhere.24

On the basis of the fitting results, the dominant multipolar
mechanism is found to be dipole−dipole interaction, and the
kinetic microparameter CDA is about 5.962 × 10−51 m6·s−1.

ET in Ce3+, Pr3+-Codoped BaY2Si3O10. ET of Pr
3+ 4f5d→

Ce3+ 5d. Figure 4a represents the normalized excitation spectra
of Ba(Y0.99−xCe0.01Prx)2Si3O10 (x = 0.005−0.05) at RT. The
excitation spectrum of Ce3+ single-doped sample is given as
well for comparison. When monitoring 400 nm Ce3+ emission,
Pr3+ 4f2−4f5d transition bands are observed in the spectra in

Figure 4. (a) Normalized excitation spectra of Ba(Y0.99−xCe0.01Prx)2Si3O10 (x = 0.005−0.05) samples with 400 nm Ce3+ f-d emission as well as the
excitation spectrum of Ba(Y0.99Ce0.01)2Si3O10; (b) emission spectra of samples under 230 nm Pr3+ excitation; the inset (black dots) displays the
enlargement of the spectrum (x = 0.005) in the 250−350 nm region.
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addition to Ce3+ f−d excitations. Considering that no Pr3+

emission can be detected at 400 nm, the phenomenon implies
that the ET takes place from Pr3+ 4f5d to Ce3+ 5d states. With
t h e i n c r e a s e o f P r 3 + c o n c e n t r a t i o n i n B a -
(Y0.99−xCe0.01Prx)2Si3O10, the relative contributions of Pr3+ f−
d excitation bands in the spectra increase and those of Ce3+

excitation bands decrease. Under 230 nm Pr3+ f−d excitation,
the emission spectra of samples are shown in Figure 4b. The
relatively weak Pr3+ f−d emission is observed in the high-
energy region, and its spectral profile in the codoped sample
exhibits a significant change compared with that in Pr3+ single-
doped sample in Figure 1b. The enlargement (black dots) is
displayed in the inset, and two dips at 293 and 330 nm are
detected in the spectrum as marked by blue arrows. As
displayed in Figure S2, two strong excitation bands are seen in

the excitation spectrum of Ce3+ doped sample at about 293
and 330 nm, respectively. It is reasonable to assign the two dips
to the absorption of Ce3+ because of the spectral overlap
between Pr3+ f−d emission and Ce3+ excitation, confirming the
ET from Pr3+ 4f5d to Ce3+ 5d states. With the increase of Pr3+

concentration, the intensity of Pr3+ f−d emission rises
gradually to the maximum at x = 0.03. Meanwhile, the strong
Ce3+ emission is observed, while its intensity decreases
stepwise. This may relate to another type of ET from Ce3+

5d to Pr3+ 4f2 states, which will be discussed later.
W h e n r i s i n g C e 3 + c o n c e n t r a t i o n i n B a -

(Y0.99−xCexPr0.01)2Si3O10 (x = 0.005−0.05) with a fixed Pr3+

doping concentration, the normalized excitation spectra with
400 nm emission are provided in Figure 5a. Like the results in
Figure 4a, the relative intensities of Pr3+ f−d excitations

Figure 5. (a) Normalized excitation spectra of Ba(Y0.99−xCexPr0.01)2Si3O10 (x = 0.005−0.05) samples with 400 nm emission; (b) normalized
emission spectra of samples under 230 nm excitation.

Figure 6. (a) Excitation spectra of Ba(Y0.985Ce0.01Pr0.005)2Si3O10 and Ba(Y0.995Pr0.005)2Si3O10 with 616 nm Pr3+ 1D2−3H4 emission; (b) emission
spectra of Ba(Y0.99−xCe0.01Prx)2Si3O10 (x = 0.005−0.05) under 330 nm excitation at RT; the inset represents the enlargement of Pr3+ 1D2−3H4
emission; (c) the partial enlargement of spectra b in the 460−525 nm region; (d) excitation spectrum of Ba(Y0.995Pr0.005)2Si3O10 with 616 nm
emission for comparison.

Inorganic Chemistry Article

DOI: 10.1021/acs.inorgchem.8b01084
Inorg. Chem. 2018, 57, 8414−8421

8418

http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.8b01084/suppl_file/ic8b01084_si_001.pdf
http://dx.doi.org/10.1021/acs.inorgchem.8b01084


increase along with those of Ce3+ excitations decreasing
gradually as Ce3+ concentration rises. Upon 230 nm excitation,
the normalized emission spectra of Ba(Y0.99−xCexPr0.01)2Si3O10
(x = 0−0.05) at RT are shown in Figure 5b. In Pr3+ single-
doped sample (x = 0), the spectrum shows only Pr3+ f−d and
f−f emissions. The incorporation of a very small amount of
Ce3+ (x = 0.005) produces the strong Ce3+ luminescence, and
further rising Ce3+ concentration in samples causes the
decrease of Pr3+ f−d relative emission intensity and the
increase of that of Ce3+. Indeed, Pr3+ 4f5d → Ce3+ 5d ET gives
rise to the increase in Ce3+ emission intensity; the contribution
of simultaneous excitation of Ce3+ should not be neglected. In
Ba(Y0.99Ce0.01)2Si3O10, the sample shows the 4f−5d4 absorp-
tion around 230 nm as displayed in Figure 4a. Therefore,
besides the possible Pr3+ → Ce3+ ET, we consider that Ce3+

luminescence in codoped samples can be also obtained under
the intrinsic f−d excitation to some extent. Accordingly, the
strong Ce3+ emissions in codoped samples are the combined
results of Pr3+ 4f5d → Ce3+ 5d ET and Ce3+ intrinsic
excitation, and the gradual-enhanced ET leads to the further
increase in Ce3+ emission when Ce3+ concentration rises from
0.005 to 0.05.
ET of Ce3+ 5d → Pr3+ 4f2. Figure 6a shows the excitation

spectra of Ba(Y0 . 985Ce0 . 01Pr0 . 005)2Si3O10 and Ba-
(Y0.995Pr0.005)2Si3O10 with 616 nm Pr3+ 1D2−3H4 emission at
RT. Besides Pr3+ intrinsic f−f excitation lines, intense Ce3+ f−d
excitations are clearly observed in the spectrum of the codoped
sample, implying that ET from the 5d state of Ce3+ to the 4f
levels of Pr3+ occurs. Figure 6b shows the emission spectra of
Ba(Y0.99−xCe0.01Prx)2Si3O10 (x = 0.005−0.05) under 330 nm
excitation at RT. Emission intensities of Ce3+ decrease
significantly (from 100% to 47%) with the increase of Pr3+

concentration, and gradually weak Pr3+ 1D2−3H4 emissions are
observed as shown in the inset. Figure 6c shows the
enlargement of spectra b in the 460−525 nm region. An
increasingly strong dip at 480 nm is observed in the spectra,
which is caused by Pr3+ 3H4−3P1 reabsorption because of the
clear overlap between Pr3+ f−f excitation and Ce3+ emission.
Moreover, a peak at 498 nm corresponding to Pr3+ 3P0−3H4
emission is present, and its intensity increases as Pr3+

concentration rises. Because Pr3+ cannot be excited at 330
nm, the above-mentioned phenomena indicate that Ce3+ 5d →
Pr3+ 4f2 ET is active in codoped samples. Ce3+ luminescence
decays in representative Ba(Y0.99−xCe0.01Prx)2Si3O10 (x = 0,
0.01, 0.03, and 0.05) samples are plotted in Figure 7. With the
increase of Pr3+ concentrations, the decay curves deviate
gradually from the monoexponential, demonstrating that the
ET of Ce3+ 5d state to Pr3+ 4f2 states becomes more efficient.
The Inokuti−Hirayama model23 is applied in analysis of the
involved ET mechanism, and the fitting results indicate that
the dipole−dipole interaction is the predominant multipolar
effect in the system (sAveraged ∼ 5.75) and the value of CDA is
about 9.97 × 10−47 m6·s−1. As Pr3+ concentration rises, the PSA
for this Ce3+ 5d→ Pr3+ 4f2 ET increases from 3.01 × 105 s−1 (x
= 0.01) to 6.59 × 106 s−1 (x = 0.05), resulting in the decrease
of Ce3+ emission intensity as shown in Figure 6b.
XEL Performance. Figure 8 presents the XEL spectra of

representative Ce3+, Pr3+-doped/codoped samples at RT. The
BaF2 powder was measured under the same experimental
condition as a reference to obtain the total light yield of our
samples. Upon X-ray excitation, BaF2 possesses the typical self-
trapped exciton luminescence around 300 nm. Ba-
(Y0.99Ce0.01)2Si3O10 excited by X-ray presents a broad emission

centered at 400 nm corresponding to Ce3+ f−d luminescence.
Pr3+ f−d and f−f emissions are detected in the spectrum of
Ba(Y0.98Pr0.02)2Si3O10. Pr

3+ 1D2−3H4 emission becomes pre-
dominant in the spectrum upon X-ray excitation, which differs
from the spectrum of sample obtained under VUV excitation.
It may arise by the different electron population mechanisms
because X-ray can excite core electrons to different bound or
continuum states, which results in the multiple population
pathways returning back to Ln3+ 4f/5d states.25,26 Comparing
the integrated intensity of the studied samples with that of
BaF2 reference (8880 ph·MeV−1), the total scintillation light
yields of Ba(Y0.99Ce0.01)2Si3O10, Ba(Y0.98Pr0.02)2Si3O10, and
Ba(Y0.97Ce0.01Pr0.02)2Si3O10 are approximately 7540, 1690,
and 5170 ph·MeV−1, respectively. Due to the relatively low
light yield under X-ray excitation, Ce3+-doped BaY2Si3O10 may
be not suitable for the potential scintillator material, and the
cosubstitution of Pr3+ dissipates Ce3+ XEL instead of the
improvement, resulting in the decline of scintillation perform-
ance of studied materials.

Figure 7. Ce3+ luminescence decays in representative Ba-
(Y0.99−xCe0.01Prx)2Si3O10 (x = 0, 0.01, 0.03, and 0.05) samples; the
red lines denote the fitting results by the Inokuti−Hirayama model;
the inset represents the fitting results of the multipolar mechanism.

Figure 8. XEL spectra of Ba(Y0 . 99Ce0 .01)2Si3O10, Ba-
(Y0.98Pr0.02)2Si3O10, Ba(Y0.97Ce0.01Pr0.02)2Si3O10, and the reference
BaF2 powder at RT.
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■ CONCLUSION
Ce3+, Pr3+-doped BaY2Si3O10, prepared by a high temperature
solid-state reaction technique, generates attractive optical
properties. Pr3+ 4f2-4f5d1−3 transition energies are determined
in the VUV−UV excitation spectrum, and intense Pr3+

4f5d1-
3H4−6 parity-allowed emissions are observed in Ba-

(Y1−xPrx)2Si3O10 samples. Upon 230 nm excitation, the
samples also show the 4f−4f emissions, which are mainly the
result of electron population from the Pr3+ 4f5d state to the
next lower-lying 4f excited states through a configuration-
coordinate crossover pathway. The TRES technique is
employed to determine the 3P0 and

1D2 emission lines in the
spectra, and the contribution of MPR on intraconfigurational
electron population between Pr3+ 3P0 and 1D2 states is
discussed. As Pr3+ concentration rises, Pr3+ 3P0 and 1D2
luminescence possesses different concentration-related proper-
ties. Concentration-quenching mechanism of 1D2 lumines-
cence is confirmed, and the result indicates that the dominant
multipolar mechanism involved is dipole−dipole interaction
and the CDA is approximately 5.962 × 10−51 m6·s−1.
When monitoring 400 nm Ce3+ emission, Pr3+ 4f2-4f5d

transition bands are clearly observed in the excitation spectra
of Ce3+, Pr3+ codoped samples, and their relative contributions
become larger with the increase of Pr3+ concentration,
demonstrating the more efficient ET in the system. Two
visible dips on Pr3+ f-d emission profile in the spectra of
codoped samples confirm the ET from Pr3+ 4f5d to Ce3+ 5d
states in the system. In addition, the incorporation of Ce3+ in
the codoped sample produces the strong Ce3+ luminescence
under 230 nm excitation, which is the combined result of Pr3+

4f5d→ Ce3+ 5d ET and Ce3+ intrinsic excitation. Changing the
excitation to 330 nm, the increasingly strong ET of Ce3+ 5d →
Pr3+ 4f2 leads to the decrease of Ce3+ emission intensity and
the gradual deviation of Ce3+ luminescence decay. The dipole−
dipole interaction is attributed to the predominant multipolar
effect in controlling this ET process, and the value of CDA is
determined to be 9.97 × 10−47 m6·s−1. Finally, the relatively
low scintillation light yield of Ce3+-doped BaY2Si3O10 impedes
its application potential in the scintillator field, and the
cosubstitution of Pr3+ results in the decline of scintillation
performance instead of the improvement as contrary to
expectation.
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