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ARTICLE INFO ABSTRACT

Keywords: CeF; and CeF3:Tb®™ particles have been successfully synthesized in a low temperature by the facile molten salt

CeFs synthesis (MSS) method using NaNO3 and KNOj as the reaction medium. The phase, morphology, photo-

CeFyTb** luminescence and cathodoluminescence properties of the samples were investigated systematically. The sub-

K"h_er;::elt :y“theSiS stitution of Tb®* ions in the CeF; lattice has a significant influence on the phase, microstructure and photo-
N1 nce

Energy transfer

luminescent intensity. The emission intensity of CeFs: Tb>* increases with the concentration of Tb®*, reaching a
maximum at 20%Tb mol. The excitation peaks suggest the energy transfer from Ce®>* to Tb>*, and the maximal

energy transfer rate is estimated to be 98.2%. Under the excitation of the low voltage electron beams, the
CeF5:Tb®* phosphor shows the characteristic emissions of Tb®* which is similar to the photoluminescence
properties. The outstanding luminescence properties make the as-obtained samples highly potential in displays,
sensors and telecommunications.

1. Introduction

Nature's ability of forming numerous inorganic features which are
perfectly adapted for their desired functions has inspired substantial
research in materials science [1,2]. Rare-earth (RE) ions substituted
inorganic luminescent materials have been extensively researched due
to the fascinating optical characteristic and stability [3,4], which are
highly potential in the fields of light-emitting diodes (LEDs), cathode
ray tubes (CRTs), field-emission displays (FEDs), vacuum fluorescent
displays (VFDs), plasma display panels (PDPs), and X-ray imaging
scintillators [5-7]. The interesting chemical and photophysical prop-
erties of the RE®' dopants is mainly caused by the unique 4f"
(N = 1-14) electronic configurations, which are well shielded by the
outer 5s and 5p orbitals, leading the sharp and narrow emission bands
and thus generating individual colors in multi-phosphor devices [8,9].
In particular, rare-earth fluorides have been extensively reported as an
excellent host matrix for down-conversion (DC) and up-conversion (UC)
processes due to the good coordination capability, high refractive
index, and low phonon energy [10,11].

As a category of important rare-earth fluorides, binary fluoride REF5
structures have attracted much attention because of their extra high
density, fast response, and high- radiation resistance with potential
applications in optics, optoelectronics, and fluorescent labeling
[12-14]. As a typical example of the binary fluorides, CeF3 possesses a
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hexagonal phase structure with P3|c1 (Ds4*) space group and six mo-
lecules comprised in the unit cell [15]. The Ce®** ion in the CeFj crystal
is coordinated by nine F~ and has a C, site symmetry. Additionally, CeF3
possess larger Stokes shift (10,000 cm™!) as a luminescent material with
100% activator concentration [16]. This large stokes shift value and the
resultant smaller spectral overlap prevent resonant energy transfer
among GCe®* ions, thus decreasing the probability of concentration
quenching by energy migration. Furthermore, CeF3 has high quantum
efficiency and broad emission spectrum in the ultraviolet (UV) region at
room temperature, which makes it quite suitable for development of
tunable and short-pulsed solid state lasers in this spectral region [17].
Particularly, Ce®>* ions with optically allowed d—f transitions exhibit a
larger absorption in the UV region and a shorter luminescence life time
as an excellent sensitizer [18-20]. Tb®™" is an excellent emitter for green
emissions and has been widely used for green phosphors for lighting
and biological label [21-23]. Doping Tb®* in CeF; results in a strong
green emission due to the high-efficiency energy transfer from Ce®** to
Tb®*, which is observed in the Ce** and Tb®* co-doped materials such
as LaPO,4 and NaYF, phosphors [24-26]. So far, a variety of strategies
have been designed for the synthesis of CeFs and CeF5:Tb®>* phosphors
including polyol process, hydrothermal method, ultrasound route,
micro-emulsion approach, electrospray technique, and the thermolysis
process [27-30].

However, the synthesis methods mentioned above are restricted by
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the large-scale preparation or complicated technology/equipment.
Moreover, the development of mass production and environmentally
friendly synthetic methods is of paramount importance for realizing the
full potential of these materials. The molten-salt synthesis (MSS)
method is one of the simplest, cost-effective approaches available for
obtaining highly crystalline, chemically purified, single phase materials
and often in overall short reaction time with little residual impurities
[31-33]. These molten salts are usually used as a highly reactive
medium which has higher oxidizing potential, high mass transfer, high
thermal conductivity, as well as relatively lower viscosities and den-
sities [34]. In this paper, a facile molten salt method has been devel-
oped to fabricate CeF; and CeF5:Tb®* phosphors in a short reaction
time using NaNO3;-KNO; as molten salt medium, which provide
homogeneous fluid phase in the crystalline phase of metal fluorides.
The optical properties of as-obtained fluorides under UV light and low
voltage electron excitation were well investigated. The development of
molten salt route will serve as the complementary method of previous
studies and open up the possibility to meet the increasing commercial
demand. Furthermore, the unique luminescence properties of CeF; and
CeF3:Tb®* phosphors make these crystals promising for applications in
display, sensors and telecommunications.

2. Experimental section
2.1. Materials and synthesis

Tb40; and Ce(NOs3)36H>O (99.99%) were purchased from
Sinopharm Chemical Reagent Co., Ltd, China. Tb(NO3); was prepared
by dissolving Tb40, in dilute HNO; solution at elevated temperature
followed by evaporating superfluous HNO3; and the solvent under va-
cuum. Other chemicals were analytical-grade reagents purchased from
Beijing Chemical Corporation.

In a typical synthesis for CeFs, stoichiometric amounts of Ce
(NO3)3'6H,0, NaF, NaNO3, KNO; with molar ratio of 1:3:50:25 were
thoroughly mixed with an appropriate amount of ethanol in an agate
mort and ground for 30 min. This mixture was then transferred to an
alumina crucible and heated to 350 °C and kept at this temperature for
4 h. After cooling down to room temperature, the product was obtained
by washing with deionized water for several times, and dried at 100 °C
overnight. CeF5:Tb®>* sample was prepared through a similar process
except for adding different amount of Tb>*. We can easily and routi-
nely scale up this process to produce large amounts of CeF; and
CeF4:Tb®* phosphors. For comparison, bulk CeF; phosphors were
prepared by solid state reaction and annealed at 800 °C for 6 h.

2.2. Characterization

X-ray powder diffraction (XRD) measurements were performed on a
Rigaku TTR III diffractometer at a scanning rate of 10°/min in the 26
range from 10° to 80°, with graphite monochromatic Cu Ka radiation
(A = 0.15405 nm). X-ray photoelectron spectra (XPS) were taken on a
VG ESCALABMK II electron energy spectrometer using Mg KR
(1253.6 eV) as the X-ray excitation source. SEM micrographs were ob-
tained using a field emission scanning electron microscope (FE-SEM, S-
4800, Hitachi). Transmission electron microscopy (TEM) and high-re-
solution transmission electron microscopy (HRTEM) images were re-
corded using a FEI Tecnai G> S-Twin with a field emission gun oper-
ating at 200 kV. Images were acquired digitally on a Gatan multiple
CCD camera. The photoluminescence (PL) measurements were re-
corded with a Hitachi F-7000 spectrophotometer equipped with a
150 W xenon lamp as the excitation source. The cathodoluminescence
(CL) measurements were conducted in an ultra-high-vacuum chamber
(< 1078 Torr), where the phosphors were excited by an electron beam
at a voltage range of 2-6 kV with different filament currents 80-96 mA,
and the spectra were recorded using an F-7000 spectrophotometer. All
the measurements were performed at room-temperature (RT).
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Fig. 1. XRD patterns of as-prepared CeF5 (A), CeF3:5%Tb>" (B), CeF5:10%Tb>*
(C), CeF5:20%Tb>* (D), CeF5:40%Tb** (E) CeF3:80%Tb>* (F), and pure TbFs
(G). The standard data for CeF3 (JCPDS No. 08-0045) and TbF3 (JCPDS No.
37-1487) are shown as references.

3. Results and discussion
3.1. Phase, morphology and structure

The composition and phase purity of the as-prepared samples were
first investigated by XRD. Fig. 1A shows the typical XRD patterns of the
as-obtained CeF3, which can be well indexed to the hexagonal phase of
bulk CeF5 with cell constants of a = 7.112 and ¢ = 7.279 (JCPDS No.
08-0045; space group: P63/mcm (193)). No impurity peaks can be de-
tected, indicating the pure phase of CeF; under such experimental
conditions. Fig. 1B-E show the XRD patterns of CeF3:5%Tb>",
CeF5:10% Tb®*, CeF3:20%Tb>*, CeF3:40%Tb>* samples, respectively.
All four samples exhibit the characteristic peaks of pure hexagonal CeF;
except for a right shift. Considering that the ionic radii of Tb®* is
smaller than that of Ce®*, it is natural that the crystal lattice shrinks to
some extent and causes the diffraction signals shift to higher degree
[20]. The shrink of the lattice constants and the peak shifts as a function
of the Tb®* ion concentration indicate that the Tb*>* have been effec-
tively built into the CeF3 host lattice by substituting Ce>*. As for
CeF5:80%Tb®* (Fig. 1F), the diffraction peaks are basically consistent
with orthorhombic TbF3 phase (JCPDS No. 37-1487) apart from several
small peaks of CeF3 phase. Pure TbF3 sample with high crystallinity can
also been obtained under the same conditions when the doping con-
centration of Tb®* ions is 100 mol% (Fig. 1G).

In the process of synthesis of CeF3; phosphors, NaNO3-KNO3; was
used as a molten salt medium. However, such a medium is strong
oxidizing due to the existence of NO;~ which may oxidizes Ce** par-
tially to Ce*™*. In order to solve the problem, we used N, protective
atmosphere to protect the system. To further confirm the absence of
Ce*™*, the CeF; phosphor is subjected to XPS analysis and shown in
Fig. 2. XPS is a very useful analytical technique for investigating the
elementary states on the surfaces. The binding energies at 883.1 and
903.3 eV are attributed to Ce 3ds,, and 3ds,» peaks, respectively. The
binding energy at 685.7 eV is attributed to the F peaks. The oxygen and
carbon detected in the XPS measurement may come from the atmo-
sphere. Furthermore, low amounts of oxygen and carbon are frequently
observed in the XPS spectra. No peaks from the Ce** are detected in-
dicted no Ce** exist in the system.

As illustrated before, doping is of fundamental importance in sta-
bilizing the crystallographic phase, size of the products [1]. Thus, high
concentration of Tb®™ in CeF3 nanocrystals should greatly influence the
morphologies and sizes of the samples. Fig. 3 depicts the representative
SEM images of CeF3:xTb®* with different Tb®* concentration. In
Fig. 3A, the as-prepared sample without doping Tb** ion (pure CeF3)
consists of numerous hexagonal prisms with the size of 50-300 nm and
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Fig. 2. XPS spectra of CeFs.

some small cubic nanoparticles. The hexagonal microprisms occupy
most of the product. When the Tb®* concentration is increased to 5 mol
% (Fig. 3B) and 40 mol% (Fig. 3C), and the morphology evolution as a
ranging from 60 to 300nm and small amount of hexagonal micro/
prisms are obtained. With further increasing the Tb®* content to 100%
(pure TbF3), some octahedrons are achieved (Fig. 3D). Close observa-
tion of the image reveals that most of the small particles are still oc-
tahedral-like which are similar to the large one except for different
particle size. A possible phase and morphology evolution mechanism is
proposed in Fig. 3E. At the beginning, Ce(NO3)36H,O and NaF are
mixed with the desired amount of NaNO3/KNO3 salts to form a pre-
cursor, which is then fired at 350 °C to produce a molten flux. During
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the process, the precursor molecules disperse, dissociate, rearrange, and
then diffuse rapidly throughout the molten salts to form small nuclei. As
the reaction time increases, these nuclei grow into hexagonal-phased
CeF3, which are some hexagonal prism nanoparticles (Fig. 3A). The
seeds have isotropic unit cell structures, inducing an isotropic growth of
particles. When Tb(NO3)36H,O was added as raw materials, similar
reaction proceeded and Tb>* may substitute for Ce** in the CeFj lat-
tice. With the increasing of Tb®* content, the morphology changed
(Fig. 3B, C). When the concentration of Tb®* increased to 100%, some
orthorhombic phase octahedrons TbF; achieved (Fig. 3D). The SEM
images also reveal the similar results. The shape and size evolution may
be caused by the different crystal structures between CeF3 (hexagonal
phase) and TbF3 (orthorhombic phase) with different amount of Tbe+
ions doped in the CeFj5 structure.

Fig. 4A displays the low-resolution TEM image of the as-prepared
CeF3 sample, which is composed of hexagonal microprisms and some
small grain-like particles, basically corresponding to the SEM observa-
tion. The HRTEM image (Fig. 4B) shows obvious lattice fringes, in-
dicating the highly crystalline nature of the CeF; sample. The inter-
planar distance between the adjacent lattice planes is determined to be
0.33 nm, agreeing well with the d-spacing value of the (111) planes for
the hexagonal phase CeFs. A hexagonal array of spots given in the
corresponding fast Fourier- transform diffractogram (FFT) (Fig. 4C) also
indicates the hexagonal phase of the CeFs. The chemical composition
was scrutinized by EDS analysis (Fig. 4D), which suggests the Ce, F
elements in the sample.

3.2. Photoluminescence properties

The luminescent spectra of trivalent lanthanide ions in phosphors
mainly compose two types of electronic transitions: 4-4f and 5d—4f

Fig. 3. FE-SEM images of CeF3 (A), CeF5:5%Tb3 " (B), CeF5:40%Tb3* (C), TbF; (D) and the schematic illustration showing the evolution process (E).
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Fig. 4. Low-resolution TEM image (A), HRTEM image (B), corresponding FFT image (C), and the EDS spectrum (D) of the CeF3 sample.

Fig. 5. The excitation (left) and emission (right) spectra of CeF3 sample.

transitions. The former generally shows sharp emission line which is
less influenced by the surroundings while the latter has a broad band
character. The 4f configuration of Ce>" ion has only one electron, and
the irradiation of UV photon will excite this 4f electron into a d orbital,
leaving the 4f shell empty. The non-shield outer shell of Ce®™ is very
sensitive to the host lattices and the emission wavelength depends
much on the surroundings. Fig. 5 gives the excitation and emission
spectra of CeF3 sample. The excitation (Fig. 5A, right) monitored at
253 nm, a broad band ranging from 340 to 500 nm with a maximum at
375nm is observed which is 2000 cm ™! due to the ground-state split-
ting (°Fs,, and %F;,,) which induces two resolved emission peaks. But
current split for Ce>* can not be obtained, which may be due to the
broadening of spectral lines induced by the small size effects [17].

As the CeF; phosphors are doped with Tb®* ions, they exhibit
strong green emissions of Tb®* under UV excitation. Fig. 6 shows the
excitation and emission spectra of CeF5:20%Tb>" sample. The excita-
tion spectrum monitored with the 543 nm emission (°D4~"Fs) of Tb®* is
identical to that of CeF3 sample with a maximum at 253 nm. The pre-
sence of the Ce®* excitation band suggests the energy transfer from
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Fig. 6. The excitation (left) and emission (right) spectra of CeF5:20%Tb>*
sample.

Ce®* to Tb®*. Excitation into the Ce®>* band at 253 nm yields the
characteristic °D4~"F¢ (489 nm), °D4~Fs (543 nm), °D4—F4 (583 nm),
and ®D,~’F5 (620 nm) transitions of Tb®>*, which originate from the f-f
transitions within the Tb®* 4f® electron.

Fig. 7 shows the photoluminescence decay curve of the
CeF3:20%Tb3" sample prepared at 350 °C. The decay curve can be
fitted to single exponential functions as I= I, exp(-t/7), (I, is the initial
intensity at t = 0, 7 is the 1/e lifetime of the Tb* ion), from which the
lifetime of CeFs: 20%Tb%" was determined to be 5.78 ms.

The emission intensity of the GeF3:xTb>* sample is strongly affected
by the doped Tb®* concentration. The emission intensity as a function
of the concentration of the doped Tb®* ions is given in Fig. 8. We can
see that the emission intensity of Tb®* increases gradually with the
Tb®* concentration, reaching a maximum at the doping concentration
of 20 mol%. The intensity then decreases, which is opposite to the
emission intensity of Ce>". The doping concentration for Tb®* green
emission is optimized to be 20% in CeF5:xTb®>* samples prepared by
molten salt route.
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Fig. 7. The luminescence decay curve for CeFs: 20% Tb®* phosphor.

Fig. 8. Effect of Tb®* concentration on the emission intensity of CeF5:xTb>*
samples.

Fig. 9. Energy level scheme of CeF5:Tb®* with electronic transitions and energy
transfer processes.

Doping is an efficient way to improve the emission efficiency for
solid-state luminescent materials by energy transfer. The 4f" config-
urations of Tb®*- related excitation is not efficient due to its spin- and
parity-forbidden transitions that the excitation efficiency for Tb®™ itself
is very low. However, high-light output can be dramatically performed
by exciting another ion (sensitizer) with an allowed electronic
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Fig. 10. Room temperature luminescent integral intensity as a function of the
Tb** concentration.

transition which transfers the excitation energy to the rare earth acti-
vator. The optically allowed d-f transitions of Ce>" ion serve as an
excellent sensitizer for pumping Tb®" emission. Therefore, the strong
Tb>* emission peaks can be obtained by excitation of Ce** ion via an
efficient energy transfer from Ce* to the high excitation levels of Tb®*
(4f%), followed by cross relaxation (Tb®*) can be expressed as the equal
of electronic transitions (Ce3*, Tb®*) and energy-transfer processes
(Ce®* -Tb®") are schematically shown in Fig. 9.

Generally, the energy transfer efficiency from a sensitizer to an
activator varies with the concentration of activator for the same sen-
sitizer concentration. In our case, Ce®* is the sensitizer and Tb®* is the
activator. Fig. 10 shows the results of energy transfer efficiency from
Ce®** to Tb®* calculated by above equation at different Th®>* contents.
As shown, the energy transfer efficiency increases with increasing Tb*™*
from 5% to 20%, while the increscent rate of the emission intensity
gradually decreases with the increase of Tb®". The result reveals that
the energy transfer from Ce®* to Tb®* tends to saturation with a
continuous increase of Tb®* concentration. The decreases with further
raise of the Tb®* concentration may be due to the closely spaced ions
which lead to deleterious energy migration among Tb®>*-Tb** ions at
high concentration. In the energy migration process, the excitation
energy will be lost at a killer or quenching site, resulting in the decrease
of luminescence efficiency. For CeF5:20%Tb>*, the estimated energy
transfer rate is 98.2%, indicating that the energy transfer from Ce®* to
Tb®* in CeF3:20%Tb>" is very efficient.

Two main factors are responsible for the resonant energy-transfer
from a sensitizer to an activator: one is exchange interaction and the
other is multipolar interaction [35]. Exchange interaction needs a large
direct or indirect overlap between donor and acceptor orbitals to lead to
easy electronic exchange. Although both Ce®** and Tb®* ions are re-
ducing ions, such an exchange would require high energies [36].
Therefore it is impossible for energy transfer to occur through exchange
interaction. Thus, in our current system, the energy transfer may take
place by means of an electric multipolar interaction. The transition of
the Ce®*ions from the 5d excited state to the *Fs,, and *F;,, ground
states are pure electric dipolar transitions, but the 4f°-4f® Tb®>* tran-
sitions have simultaneously dipolar and quadrupolar character. There-
fore, both dipole-dipole and dipole-quadrupole mechanisms may be
involved in the energy- transfer from the Ce®* to Tb®™ ions [37]. Ac-
cording to Dexter's transfer formula of multipolar interaction and Re-
isfeld's approximation, the following equation can be given [38,39]:

Mo ~n/3
;0‘ Céeim

in which 7, and 7 are the luminescence quantum efficiency of Ge** in
the absence and presence of Tb®*; the values of 5, /4 can be approxi-
mately calculated by the ratio of related luminescence intensities (Io/1);
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Cce+1p is the total dopant concentration of Ce®* and Tb®™; and the
n =6, 8 and 10, are dipole-dipole, dipole-quadrupole, and quad-
rupole—quadrupole interactions, respectively. A linear relationship was
only observed when n = 8. This clearly indicates that the energy
transfer from the Ce®* to the Tb®* ions is the dipole—quadrupole type
interaction. Therefore, the electric dipole-quadrupole interaction pre-
dominates in the energy-transfer mechanism from the Ce>* to the Tb**
ions in this system. Considering the dipole-quadrupole interaction, the
critical distance from sensitizer to acceptor can also be calculated by
the spectral overlap method, as expressed as follows [40]:

Fs(E)FA(E)dE

8 _ 1272
RE = 3.024 x 102, [ s

where f is the oscillator strength of the involved absorption transition
of the acceptor (Tb3*"). However, there is no concrete value of fq for
Tb®* up to now. It was suggested by Verstegen et al. that the ratio fo/fa
is about 10 ~3-10~2 when f, is applied to a forbidden dipole transition.
fa is the oscillator strength of the Tb®>* electric dipole transition which
is in the order of 107°. Ag (in ;\) is the wavelength position of the
sensitizer's emission. Fs(E) represents the normalized emission shape
function of the sensitizer, F5(E) is the normalized absorption shape
function of the activator, and E is the energy involved in the energy
transfer process (in eV). j' Fs(E)FA(E)dE/E* represents the spectral
overlap between the normalized shapes of the Ce>* emission Fg(E) and
the Tb®* excitation FA(E), and in our case it is calculated to be about
0.0154eV~* and the critical distance Rc was estimated to be
12.65-16.86 A.

3.3. Cathodoluminescence properties

Under low-voltage electron beam excitation, the cathodolumines-
cence properties of the CeF3:Tb®* samples are similar to their photo-
luminescence properties. In Fig. 11, the representative CL spectra of the
CeF5:20%Tb** sample shows the characteristic Th>* emission at
543nm and 489nm, which correspond to the Tb®* transitions of
5D4~"Fs, and °D,~"Fg, respectively. The CL emission intensities of
CeF5:20%Tb** phosphor has been representatively investigated as a
function of the filament current and the accelerating voltage, as shown
in Fig. 12. When the filament current is fixed at 85 mA, the CL intensity
increases with increasing the accelerating voltage from 2.0 to 4.0kV
(Fig. 12A). Similarly, under a 4.0kV electron-beam excitation, the CL
intensity also increases with increasing the filament current from 85 to
93 mA (Fig. 12B). The increase in CL brightness with an increase in
electron energy and filament current is attributed to the deeper pene-
tration of the electrons into the phosphor body and the larger electron-
beam current density. The electron penetration depth can be estimated

Fig. 11. Typical cathodoluminescence spectrum of CeFs:20%Tb** (accel-
erating voltage, 4 kV; filament current, 85 mA).
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Fig. 12. CL intensity of the CeF5:20%Tb>*sample as a function of accelerating
voltage (A) and filament current (B).

using the empirical formula: L[A(0)]= 250 (A/p) (E/Z*)", where
n = 1.2/(1-0.29logZ) and A is the atomic or molecular weight of the
material, F is the bulk density, Z is the atomic number or the number of
electrons per molecule in the case compounds, and E is the accelerating
voltage (kV) [41]. For CeFs: 20%Tb>*, Z = 85, A = 197.1,p = 6.16 g/
cm?®, the estimated electron penetration depth at 4 kV is about 82.2 nm.
For cathodoluminescence, the Tb®* ions are excited by the plasma
produced by the incident electrons. The deeper the electron penetration
depth, the more the plasma will be produced, which resulted in more
Tb®" ions being excited and thus the CL intensity increased.

In accordance with the previously describe, the molten-salt synth-
esis (MSS) method need lower temperatures and often in overall shorter
reaction times with little residual impurities as compared with con-
ventional solid-state reactions. As far as we know, few reports describe
the process of preparation of rare-earth fluorides in solid reaction may
be due to the strict experimental conditions such as fluoride atmo-
sphere. We try to prepare it using solid state method at 800 °C in the N5
atmosphere. The corresponding XRD pattern in Fig. S1 validates the bad
crystallization the product, the impurity phase of CeO, occupy the
major part. Our group have prepared the CeF; phosphors by hydro-
thermal/solvothermal process [42], however, they usually suffers from
the low yield and long reaction time reaction. In addition, the required
toxic organometallic precursors and/or the corrosive acid used in the
thermolysis method have become matters of substantial environmental
concern. Due to the different synthesis condition, different shape and
size of samples, it dose not make much sense to compare the lumines-
cence properties and the results are not shown here.
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4. Conclusions

Well crystalline CeF3 and CeF5:Tb®* phosphors were prepared by a
facile and mass-production low temperature molten salt process. The
substitution of Tb®* for Ce®>* in the CeFj lattice induces the transfor-
mation of the phase, size, morphology and also affects the luminescent
properties of the samples. CeF; phosphors have a strong UV emission
from Ce®* and CeF3.Tb®* show strong green emissions from Tb® ™. The
energy transfer mechanism from Ce®** to Tb®* in CeF3:Tb®" was well
investigated and the critical distance was estimated. The calculated
data reveal that the transfer is very efficient. The optimal doping con-
centration for Tb®* green emission is 20%Tb** in CeF5:xTb®" parti-
cles. The cathodoluminescence property of CeF3:Tb®* phosphor shows
the characteristic emissions of Tb®* which is similar to the photo-
luminescence properties. The outstanding luminescence intensity and
efficient energy transfer make it highly potential in the field of solid
state light emitting materials.
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