ANALYTICAL SCIENCE & TECHNOLOGY

(Journal of the Korean Society of Analytical Sciences)
Vol. 6, No. 3, 1993

Printed in the Republic of Korea

ENERGY TRANSFER PROCESS BETWEEN Ce*tAND Tb*' IN LaOCI
HOST

Taesam Kim, Hakje Sung, Kunhan Kim
(Korea Institute of Geology, Mining and Materials, Daejon 305 350, Korea)

Younggu Ha

(Department of Chemistry, Seoul National U niversity, Seoul 151 —741, Korea)

Joowhan Chang, Sunho Song

(Department of Chemisiry, Hannam U niversity, Daejon 300—791, Korea)
(Received Jul. 14, 1993)

ABSTRACT : Energy transfer process between Th*! and Ce®* has been studied in LaOCl

host. The energy absorbed by Ce™ transfers to Tb*" which has levels emitting strong fluor-
escence. The probability of energy transfer depends strongly on the concentration or the dis-
tance of activator ions. While the energy transferred on Th*" emits from °Ds level at low con-
centration of Ce’", the energy goes back to Ce*" (Back Transfer) and then emits from low lev-
els of Ce** and Tb*" at the high concentration. The Back Transfer process has been identified
by the experiment with varying the concentration of the activator, Ce®*. The relaxation is
more effective if Ce®' intermediates than if not.
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INTRODUCTION

Luminescence properties of rare-earth activated
material have been studied by many investigators.
1~5 High operating efficiency and high color render-
ing property are required for application of lumi-
nescence material. The 3-band light emitting type
fouorescence lamp® utilizes & mixture of three kind

of phosphors which emit light in blue, green and
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red, each having a narrow band of the light
emission. Tb*" activated phosphor is knwon to be
one of green-emitting materials and has been stud-
ied in various aspect for the improvement in the
properties.”

The energy transfer mechanism from energy do-
nor(a sensitizer) to energy acceptor{an activator)
has become an important subject to be studied for

phosphor development, because the light emitting
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efficiency of the phosphor can be improved by
adding a kind of ion as a sensitizer in the phosphor.
Ce’" ion was used as a sensitizer in serveral
paper®~1° and the energy transfer mechanism be-
tween Ce®*{a sensitizer) and Tb% (an activator) in
various host has been studied.

Fluorescence quenching and enhencement mechan-
ism can be explained mainly by ion-ion interaction
and ion-lattice interaction. Dexter' studied a fluor-
escence quenching mechanism in inorganic phosphor
and revealed that the concentration and tempera-
ture are important factor of fluorescence yield. The
influence of energy transfer on fluorescence yield
was studied by Inokuti, et. at.!'? by exchange mech-
anism between energy donor and acceptor.

In the case of HOST : Ce, Tb system, the energy
absorbed by Ce’* degrades to low state or transfers
to "Dy of Tb3", of which energy emit fluorescence or
relaxes to Dy level. Enven though several relax-
ation can be involved in these process, Cross
Relexation can give a main role for the process
under the specific condition such as concentrations
of activator and sensitizer.!®~!'% In these case, the
relaxation rate is mcuh higher than fluorescence
emitting one. Green emission from *D, level, accord-
ingly, increases while D3 blue emission quenches.

Among the several hosts, oxychloride has not yet
used commercially but has been studied widely by
spectroscopic methods because it is very useful for
understanding the properties of lanthanide
elements.'® The studies have been focused on the
optimum condition for green emission under as-
sumption that the energy transfer is one direc-
tional i. e., from donor to acceptor.

In the present paper, luminescence properties of
LaOCl activated with terbium and cerium have
been studied in detail. A new energy transfer pro-
cess has also been studied with the optimum

conditions for Tb3* emission in green and blue.

EXPERIMENTAL

Apparatus : A 300 W Xenon arc lamp was used for
excitation light source. The excitation wavelength
was turned with a monochromator having 25 cm fo-
cal length. Sample holder is a brass button which
have a shallow hole of Imm depth and lmm diam-
eter in the center of its front face(Fig. 1(a)). The
button is introduced in button holder(Fig. 1(b))
which can be optically aligned. The tuned light
source through the excitation monochromator is fo-
cused on the sample face with a concave mirror.
The illuminating area of the sample is about 0.5 x
2 mm. The fluorescence emitted from the sample
goes through emission monochromator and PMT
and Amplifier. The signals are collected on personal
computer through digital interface(Standford Re-
SR465).

emission monochromator has 1800gr /mm grating

search System The home-made

Inc,
and 0.75m focal length, and its bandpath was
adjusted to 0.5 nm which gives sufficient wave-
length resolution for room temperature fluor-

escence. The block diagram of the system is shown

D 0

in Fig. 2.

FL

- <>
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Fig. 1. Schematic diagram of sample button and button
holder.
B: Brass sample button, BH: Button Holder,
BR: Button Remover, FL: Fluorescence, EX:
Excitation Light, L.: Collimating Lenz.
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Fig. 2. Schematic diagram of the experimental setup.
B: sample button, M:concave mirror, PM:

photomultiplier.

Reagents : Appropriate amounts of three lantha-
nide oxides(Laz0s (NH¢):Ce(NO3)s and TbyO7 : 99.
99%, Wako Pure Chemical Industry LTD) were
dissolved in hydrochloric acid, respectively. The
lanthanum solution was diluted to (.1M and other
two solutions to 0.01M as stock solution. These sol-
ution were standardized by EDTA titration
method.

Procedure : 20m/ of each lanthanum solution was
pipetted into a 100mi beaker and appropriate
amount of the cerium solution was added in it to
make cerium concentration of 0.0002mol% ~1mol%.
The mixture solution of lanthanum and terbium
was prepared similarly with the above to make ter-
bium concentration of 0.003mmol% ~10M%. The
mixture solution of three lanthanides was also pre-

pared to make 0.1mol% terbium with 0.0002mel% ~
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1 mol% of cerium and 0.01mol% terbium with 0.
002mol%~ 1mol% of cerium. Each mixture solution
evaporated to dryness on hot plate. Adding a few
m/ of deionized water, the mixture evaporated
again to dryness. This evaporation was repeated
three times. The residue was ignited in a small por-
celain crucible in a furnace at 600 for 2 hours.
The powder was ground in a agate mortar and was
placed in a hole on the sample holder with the flat

end of a glass rod.

RESULT AND DISCUSSIONS

Lanthanide chloride(LnCl;) has been investigated
frequently for spectroscopic propery of lanthanide
elements. It is well known'® that lantanide chloride
compounds are very hygroscopic and unstable in
atmospheric environment but lanthanide oxychlor-
ide(LnOC]1) is very stable. During the ignition, lan-
thanide chloride is oxydized and the displacement
of oxygen in the compounds can be occurred. These
reactions are strongly depended on ignition tem
perature. As shown in Fig. 3, if lanthanum chloride
is ignited at 3007, some of the compound are oxid-
ized, and both of LaCl; and LaOCl coexist. If the
temperature goes up to 600, all of LaCl; convert
to LaOCl. But LaCl; is oxidized fully to La:0; at
1000°C. Therefore, the temperature should be kept
below 1000 to prevent full oxidation of LaCl: to
La,0s.

The spectra and the related energy levels of Tb*!
are shown in Fig. 4. When the sample is excited by
320nm, the transitions from 5D to "Fesas level are
clearly resolved, and the strong threshold peak of
the second order scattering on excitation mono-
chromator appeares at 640nm(Fig. 4(a)). The lower
levels, "Fz210 are weak not to be found in the spec-
trum exited by 320nm, but can be resolved when
exicted by 305nm(Fig. 4(b)). The emission from *D;
level can not be found in the two spectra, because

the emission should be found at shorter wavelength
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Fig. 3. X-ray powder diffraction pattern of LaCls, LaOC}, La20a.

region and is also not intense. concentration of activator.'®> For terbium-activ-
It is well known that total emission of a lumi-  ated compound, excitation energy transfers to two

nescence compound is linearly dependent upon the energy levels of ®°Dj; and Dy, mainly by internal con-
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Fig. 4. Fluorescence spectra of Tb®* originating from sD4 level in LaOCl: Tb** 0.1mol%, Ce** 0.02mol%. Marks in
Fig. are j value of 7F,

* is second order scattering of excitation monochromator.
(a) excitation by 320nm.
(b) excitation by 305nm.

(¢) Schematic representation of Tb®" energy level.
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version process, but most of the energy transfers to
°D; level. The emission, therefore, comes mainly
from °D;. As energy gap between “D; and Dy levels
is similar to the with of the "Dj.s multiplet, the en-
ergy transfer can be permitted from SDs to D, bew-
een ions. This process is called Cross Relaxation
(indicated by arrows in Fig. 4(c)), which has close
relation with the distance between terbium ions,
the concentration. As the concentration increases,
the probability that Cross Relaxation is permitted
increagses compared with the probability of internal
conversion, resulted in increasing the rate of relax-
ation from °Djs to D4 This phenomenum is explain-
ed by the result shown in Fig. 9(a). The emission
intensity ratio of °D; / 5Dy is decreasing as the con-

centration of Th* is increasing. This phenomenum

has been reported in the Tb*" activate compounds.

14~16

The excitation and emission spectra for Ce’t in
LaOCl are shown in Fig. 5(a) and (b). Although
Ce®* has 4f! configuration and excited to 4f%5d, two
absorption bands are shown in the region between
250nm~350nm in Fig. 5(a) due to the crystal field

splitting of 4f5d(2D) state of Ce**. The tran-
sition of 4f to 6s or Charge Transfer State
(CTS) exist at the higher energy region
(about 40,000cm~!) and can not be found in the
Fig., because excitation source of xenon lamp used
in this experiment can not cover this range. Fig. 5
(b) shows a emission spectrum of LaOCl doped
only Ce®* in which have a broad peak in long ultra-
violet region. As Ce’" has 4f' configuration, the
ground state have doublet(?Fs,, and 2F;,;) and Ce*"
emission is due to a bd~4f transition which is an
allowed electric dipole transition as quantum mech-
anical selection rule. The emission, therefore, should
have two peaks. The broad peak can be ressolved
into two Gaussian shaped peaks at 400 and 420nm.
Fig. 6 shows two excitation spectra of LaOC]
monitored at 543nm(the emission wavelenght of the
D level of Th3*), one of which is doped only with
Th" and another is codoped with both of Tb** and
Ce’*. In the first spectrum obtained with LaOCl
doped only with Tb>", three peaks are found at
about 250, 350 and 370nm, among which the first
peak is the peaks of high level of Th*t, the second is

200 250 300

(a)

Iso 400

400 450

500 550

Fig. 5. Excitation spectrum(a) and emission spectrum(b) of Ce®* in LaOCl, Ce=0.1mol%.
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Fig. 6. Excitation spectra of LaQCl: Tb, Ce monitored at 543nm.

hard line: excitation of LaOCl: Tb, Tb=10mol%., Ce=0mol%.
broken line: excitation of LaOCl: Tb, Ce Th=0.1mol%, Ce=0.01mol%.

500 600 nm
Fig. 7. The fluorescence spectra of the Th3t, Ce®" in LaOCL Excitation at 320nm, Tb=0.1mol%, Ce=0.1~0.
00025mol%s.
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one of °D: and the third one of Da. But the peak
can not be found at about 320nm, which is the exci-
tation wavelenght of Ce*". On the other hand, in
the second one from codoped with Ce and Tb, the
peak is found at 320nm, which is the biggest peak
and the excitation peak of Ce’**. It is explained
from the above fact that at the existance of Ce, the
most energy is used to the excitation of Ce®" and
the energy transfers to 5D: of Th**.

The fluorescence spectra of LaOCl codoped with
Tbi* and Ce
obtained with a fixed concentration of Th%" and in-

* are shown in Fig. 7 which is

creasing the concentration of Ce** from 0.00025 to
0.1lmol%. The peake are found at 385, 418, 440, 493,
545 and 585nm in all the spectrum, among which
the first three peak are emitted from *Ds of Th and
the last three from “Da. As the sample is excited at
320nm of the main excitation wavelenght of Ce3*,
all of the fluorescence peaks can be concluded to be
originated from Ce’*, not from Th*". In addition, as
the concentration of Ce*" Increases, the fluorescence

peaks from °Ds level decrease but those from *Dy in-
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Fig. 8. Intensity of Tb%" emission with Ce*"coneen-
tration in LaOCl. Emissioms of D3, D4 and Ce were

measured at 418, 545, 400nm respectively.
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crease. To understand more easily, these trends are
shown in Fig. 8 for the fluorescence intensities of
Ds, and "D« of Tb* and Ce3t as a function of Ce
concentration. The emission intensities of *Ds of
Tb*" and Cet increase as the concentration in-
crease. On the other hand, that of 5Ds also increase
at low concentration but decrease at the high con-
centration.

The intensity ratio of D3/ °Ds are shown for the
samples doped only with Tb**(Fig. 9(a)) and codoped
with Tb** and Ce®*(Fig. 9(b)), in which the ratio
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Fig. 9. Intensity ratio (5D3/%D4} vs. activator concen-

tration.
(a) LaOCl: Tb, Tb = 0.002~10mol%s

(b) LaOCl: Tb, Ce, Tb = 0.1moi%, Ce**=0.
005~0.5mol%
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shows almost constant value but decreases at
higher concentration of Th*t than 0.05mol% in the
system doped with Tb3 and increases at first time
but decreases at higher concentration of Ce*" than
(.005mol% in the codoped system. In the system
doped only with Tbh®" as shown in Fig.9(a), the in-
tensity ratio is almost constant but decreases at
higher concentration of Th** than 0.05mol%. This
reduction can be explained to be caused by Cross
Relaxation between Tb ions but does not give sig-
nificant meaning at the low concentration. In the
codoped system, in which the concentration of Th**
is fixed and that of Ce*" is varied, the absolute in-
tensity of *Ds and the ratio also increase but de-
crease, unexpectedly, at higher concentration of
Ce** than 0.005mol% as shown in Fig.8 and 9(b). It
has been well known that the absolute intensity
and the ratio should not reduce by Cross Relax-
ation under the condition of a fixed concentration
of Tb**. It can be, therfore concluded that other en-
ergy loss mechanism for °Ds quenching should be
involved except Cross Relaxation under the present
experimental condition and that the excitation en-
ergy of D3 of Tb*" apparently move again (Back
Transfer) to Ce** by Tb-Ce interaction.

This Back Transfer mechanism can be identified
by the curvature of Ce®t emission intentsity curve
in Fig. §. The increasing rate of Ce* emission in-
tensity increase at the concentration of 0.005mol%, at
which the emission intensity of 5D decrease. Other-
wise, If there were only one directional transfer, the
probability of energy loss would increase linearly
with Ce concentration and the curve would be con-
vex to upper. But in the present result in Fig. 8, the
curve is convex to lower. This is another evidence
of Back Transfer mechanism. The path of energy
transfer is represented in Fig. 10 including Back
Transfer, and in this mechanism Th** may serve as
a energy donor and an acceptor at different energy
levels.

As conclusions, The excited energy absorbed by
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Fig. 10. Energy transfer scheme between Ce’t and
Tb** in LaOCl.

BT: back transfer process.

Ce® relaxes gradually and emits from itself or
transfer to Th*" in the host codoped with Tb* and
Ce**. The transition from °D: to ground state can
be possible at low concentration of Ce¥*, but the en-
ergy move to Ce®" egain(Back Transfer) and the
intensity from 5Ds therefore becomes week. The en-
ergy Back-Transferred to low level of Ce’" decays
to ground state °F; of Ce*" or moves to °Di level of
Th**. Therefore, the emission from °Ds increases as
the emission from °Du decrease. The relaxation of
Tb*" intermediated by Ce®" is more effective than

the cross relaxation of pure Th**
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