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Photoluminescence properties of Eu?t-activated Sr;SiOs phosphors

SOON-DUK JEE

The Technology Education Department, Korea National University of Education, Chongwon, Chungbok 363-791,

South Korea

JOUNG KYU PARK*

Advanced Materials Division, Korea Research Institute of Chemical Technology, Daejeon 305-600, South Korea

E-mail: parkjk@krict.re.kr

SANG-HYUK LEE

The Technology Education Department, Korea National University of Education, Chongwon, Chungbok 363-791,

South Korea

Published online: 10 March 2006

The fluorescence of Eu?*-activated compounds is usually
broadened and depends on the surrounding Eu** ions.
Eu’"-activated phosphors have been widely used in fluo-
rescent and duplication lamps, as well as display devices,
as the emission of Eu?>* can vary in a wide range from
red to ultraviolet [1-3]. Eu?>* ions have complex energy
levels and the first excited 4f°5d! configuration lies close
to the lowest excited 4f” levels [4]. The transitions be-
tween the first excited 4f°5d' configuration and the 4f’
ground state are dipole allowed [5]. Moreover, absorption
and emission due to the transition between 4f7 and 4f°5d"
states of Eu?* strongly depend on the crystal field acting
on Eu?* [6]. Therefore, the choice of host materials is a
critical parameter for determining the optical properties
of Eu?" ions.

The silicate system is a useful luminescent host material
with a stable crystal structure and high thermal stability
as such, many studies on phosphors with silicate as a
host have been conducted and numerous practical appli-
cations have been developed [7-9]. The Sr3SiO5 phosphor
has recently been developed. This silicate phosphor is a
yellow phosphor material that has applicability in white
light-emitting diodes (LEDs) [10]. In this work, we re-
port on the interesting photoluminescence properties of
an Eu”*-activated Sr3SiOs compound.

All samples were prepared by a conventional
solid-state reaction method. The starting materials used
in the preparation of these phosphors were SrCO3, SiO;,
and Eu,O; powders of purity greater than 99.9%. Stoi-
chiometric amounts of the starting materials were thor-
oughly mixed in acetone in an agate mortar and dried
to 130 °C for about 24 hr to evaporate the solvent and
successively heat-treated at several different temperature
conditions, followed by an additional grinding and firing
in a reduction atmosphere (5% H;/95% N;). The result-
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ing powder samples were confirmed to be single phase
by a RIGAKU D/MAX-2200V X-ray diffraction (XRD)
system with CuKo radiation (Ni filter) and a diffracted
beam graphite monochromator.

The excitation and emission spectra of the fired sam-
ples were measured using a Perkin-Elmer LS-50 lumi-
nescence spectrometer with a xenon flash lamp. The de-
cay measurement was performed using a Nd: YAG laser at
570 nm emission for radiative recombination of Eu>* ions
in the Sr3SiO5 host matrix.

The excitation and emission spectra of Sr3SiO5:Eu sam-
ple are shown in Fig. 1. The strong absorption above
350 nm is consistent with the observed energy level
scheme for absorption by Eu>* having a 4f” electronic
configuration [11] and the tail of the excitation band is
extended to longer wavelength, thus making possible ef-
ficient emission from the Sr3SiOs:Eu phosphor under the
450-470 nm excitation range.

The 570 nm emission band is ascribed to a radiation
recombination of Eu?>* impurity ions in the Sr3SiOs host
matrix. The broadness of the emission band indicates an
interaction between the host and the activator, which can
be attributed to the presence of an excited electron in an
outer shell of the Eu?* ions. The transitions correspond
to 4f—5d transitions.

In order to investigate the concentration quenching be-
havior of 570 nm emission, the fluorescence decay curves
are examined in terms of Eu?* concentration. As can be
observed in Figs 2 and 3 Concentration quenching begins
at 0.07 mol of Eu>*. The decay curves are nonexponential,
and their nonexponentiality increase in accordance with
the increasing Eu?>* concentration. The nonexponentiality
of the decay curves indicates that the probability of energy
transfer among Eu?" ions increases with increasing Eu**
concentration. When there is no interaction between rare
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Figure 1 Excitation spectrum (dotted line) of the 0.07 mol Eu?* in the
Sr3SiOs5 system (Aem =570 nm) and emission spectrum (solid line) of
0.07 mol Eu?" in the Sr3SiOs system (Aex =470 nm).

earth ions, the emission decay curve is a single exponential
[12]. Energy transfer is generally associated with mul-
tipolar interactions, radiation reabsorption, or exchange
interaction. In the Eu?" ion, the 4f”—4f°5d! transition is
allowed, while the exchange interaction is responsible for
the energy transfer of forbidden transitions and the typi-
cal critical distance, which is about 5 A [13]. It is thought
that the exchange interaction plays no role in the energy
transfer in the present case and will occur only as a result
of an electric multipolar interaction.

In order to investigate the multipolar interaction scheme
between Eu’* ions, the decay behavior is analyzed using
a direct quenching scheme [14]. Assuming that the in-
teraction scheme is multipolar type, Inokuti-Hirayama’s
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Figure 2 Emission intensities of Eu?* fluorescence as a function of Eu>*
concentration of several sets of Sr3SiOs:Eu phosphor. The emission inten-
sities were measured under UV excitation at 470 nm.
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Figure 3 Normalized decay curves of yellow emission for several Eu?*
concentrations. The unit of decay time is microseconds.

formula [15] could be applied to the emission of Eu*.
() t C 3\ [t\”*
—=exp|—(—-)—-(=—)T(1—=)(-
Io T C() S T

where 7 is the intrinsic lifetime of a single ion, C is
the number of acceptors (quenching sites) per unit vol-
ume, Cy = 3/(4m Rg ); where R, is the critical interaction
distance between Eu?* and Eu* ions, and I'(1 — 3/S)
is the gamma function. S is an indication of electric
multipolar character; S=6, 8, and 10 for dipoledipole
(d—-d), dipole—quadrupole (d—¢q), and quadrupole—
quadrupole (g—g) interactions, respectively. In order to
obtain a correct S value, the decay curves were plotted
using Equation 2.
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This plot should yield a straight line with a slope
equal to 1 /S. The fitting results of 570 nm emission
of Sr3Si05:Eu with respect to the Eu?>* concentration are
shown in Fig. 4. As can be seen from Fig. 4, most of the
S values are determined at about 6. This indicates that the
dominant interaction character of Eu?* is d—d coupling in
the present case.

According to Blasse [16], the critical concentration of
activator should be determined where the measured decay
time becomes half of the radiative lifetime by revoking
the definition of the critical energy transfer distance (R.).
Therefore, it is necessary to know the critical distance
value for energy transfer by the electric d—d interaction.
The concentration quenching can be attributed, in many
cases, to energy transfer from one activator to another ion
until an energy sink in the lattice is reached [17]. It is
thought that the concentration quenching is related to an
interaction between an activator and another ion. This kind
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Figure 4 A plot of the experimental data in terms of Eu?t concentrations
according to Equation 2.

of interaction allows the absorbed excitation energy to
reach a particular quenching center, and as such the critical
concentration depends on the probability of transfer. For
that reason, the critical concentration of concentration
quenching can be used as a measure of the critical distance
of energy transfer. It is thus possible to obtain the value of
the critical distance from the fitting results of the following
relationship.

C 4nC 3)
R VS PR
Co 3

The definition of C and Cy has already been given in
Equation 1. The C/Cy value was obtained from the decay
curve fitting using Equation 1. The slope of the straight
line in Fig. 5, represents the critical distance R (in this
case, R.=7.1 A).

In summary, we have synthesized a Eu’*-doped
Sr3SiOs yellow phosphor, and investigated its pho-
toluminescence properties. The emission band of the
Sr3Si0s:Eu phosphor is observed and this phosphor emits
efficiently under the 450-470 nm excitation range. The
critical distance value of energy transfer between Eu’*
ions and the electric multipolar character were obtained
experimentally from the decay fitting results.
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Figure 5 A plot of (C/Cp) vs. (4 C/3) analyzed using linear curve fit.

References

1. G. BLASSE, W. L. WANMAKER, J.
A. BRIL, Philips Res. Repts. 23 (1968) 201.

2. S. H. M. POORT, W. P. BLOKPOEL and G. BLASSE, Chem.
Mater. 7 (1991) 1547.

3. A. AKELLA and D. A. KESZLER, Mater. Res. Bull. 30 (1995)
105.

4. M. NOGAMI, T. YAMAZAKI and Y. ABE, J. Lumin. 78 (1998)
63.

5. Y. AMEMIYA and J. MIYAHARA, Nature 336 (1988) 89.

6. G. BLASSE and B. C. GRABMAIER, “Luminescent Materials,”
(Springer Verlag, Berlin, 1994).

7. T. L. BARRY, J. Electrochem. Soc. 115 (1968) 733.

. Idem., ibid. 115 (1971) 1181.

Y. LIN, Z. ZHANG, Z. TANG, X. WANG, J. ZHANG and

Z. ZHENG, J. Eur. Ceram. Soc. 21 (2001) 683.

10. J. K. PARK, C. H. KIM, S. H. PARK, H. D. PARK and
S
G

W. TER VRUGT and

oo

. Y. CHOI, Appl. Phys. Lett. 84 (2004) 1647.
. H. DIEKE and H. M. CROSSWHITE, Appl. Optics. 3 (1963)
675.
12. L. G. VAN UITERT,J. Electrochem. Soc. 114 (1967) 1048.
13. D. L. DEXTER,J. Chem. Phys. 21 (1953) 836.
14. M. BUIJS, A. MEYERINK and G. BLASSE, J. Lumin. 37
(1987) 9.
15. M. INOKUTI andF. HIRAYAMA,J. Chem. Phys. 43 (1965) 1978.
16. G. BLASSE, Philips. Res. Repts. 24 (1969) 131.
17. D. L. DEXTER and J. H. SCHULMAN, J. Chem. Phys. 22
(1954) 1063.

Received 26 July
and accepted 15 September 2005

11.

3141



