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Abstract

The BisTizO4, (BIT) is a well known ferroelectric ceramic within the family of so called Aurivillius phases. The present work shows that when
bismuth (Bi**, r=0.96 A) is substituted by trivalent europium (r=0.95 A), a solid solution, Bis_,Eu,Ti;0;, (BIET), is formed. This solid solution
was obtained by coprecipitation and characterized by X-ray diffraction, electron microscopy and density measurements. The solubility limit x was
determined, and the variation of the lattice parameters was measured through profile fitting of the whole pattern. In order to establish the europium
substitution site, we studied the luminescent properties of the material. The excitation spectra, at room temperature, show a broad band associated
with a charge transfer state and with the intrinsic absorption of Bi**. We found at least two Eu®* sites, selectively excited. The Eu** emission spectra

reveal a significant rising of the point symmetry at the rare earth site with respect to the Bi C;, deduced from the crystallographic analysis.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The ever-increasing demand for nonvolatile memories'-> has
led to the search for a new material with large spontaneous polar-
ization and fatigue-resistant features. Among ferroelectrics,
Bis_,La,Ti3012 (BLT) is currently regarded as one of the
most promising materials® for nonvolatile ferroelectric random
access memories (NoFRAM). BLT consists of a layered struc-
ture of (Bi202)2+ and (Biz_xLaxTigolo)z’ pseudo-perovskite
layers stacked along the c-axis direction. Recent works report
this structure has been modified by the lanthanide substitu-
tion by Bi in the pseudo-perovskite layer, thus enhancing the
ferroelectricity.? This property of lanthanum naturally suggests
further studies on the substitution of Bi by other rare earth ions.
On the other hand, some ferroelectric materials show excellent
optical properties. Thus, given these characteristics, it is interest-
ing to investigate the doping effect of Eu**, known as activator
ion in phosphors. In fact, the Eu* has a double advantage; it
is a structural probe and a structural modifier. Finally, the crys-
tal structure determination of a ferroelectric material leads to a
better understanding of electrical properties.
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In the present paper, Big—Eu, Ti3O01, (BIET) solid solution
was prepared by coprecipitation and characterized by X-ray
diffraction and photoluminescence spectroscopy.

2. Experimental

The BIET samples were obtained by coprecipitation, start-
ing from a solution consisting of a mixture of bismuth nitrate,
europium oxide (dissolved in nitric acid solution at 50% (v/v))
and titanium isopropoxide (dissolved in a nitric acid and iso-
propanol (20/80) mixture), the precipitation was produced
increasing the pH with NH4OH. The precipitate was filtered and
washed with isopropanol until reach neutral pH. The powder was
dried at 80 °C overnight. After grinding in attrition milling, the
powders were pressed into pellets, which were synthesized and
sinterized at 1000 °C for 2 h.

X-ray analysis was performed in a D8 Advance, Bruker
Instruments diffractometer, with Cu Ko radiation at 40kV and
35 mA. For phase identification, the angle step and the counting
time were 0.05° (260) and 1 s respectively; the acquisition condi-
tions for profile fitting were: step 0.02° (26) and counting time
of 9s. Densities were measured in a specific gravity bottle using
CCly as displacement liquid.

The photoluminescence spectra were acquired using a FLU-
OROLOG (SPEX) spectrofluorometer FL111, equipped with
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a 450 W Xenon lamp. The time resolved spectra and the life-
time measurements were acquired with the same apparatus, but
attaching the phosphorimeter 1934 D and a pulse Xenon lamp,
with 40 s pulse width pulses. The excitation and emission
wavelengths were selected by two 0.34 m SPEX spectrometer.
The signal detection was performed with a R928 Hamamatsu
PMT.

Samples were observed in a Scanning Electron Microscopy
Leica Cambridge Stereo Scan 440 with accelerating 20kV and
500 pA of beam current.

3. Results and discussion
3.1. Analysis by X-ray diffraction

The powder X-ray diffraction patterns exhibit the character-
istic Bragg reflections corresponding to the BisTizO1, over the
solid solution range Bis—,Eu,Ti3O1 (0 <x<1.2) and a little
amount of Bi;TipO7 is presented in all the diffractograms due
to the Bi deficiency in the samples, produced by the annealing
treatment.

BisTi3O1; crystallizes in the monoclinic system4 whose devi-
ation to orthorhombic symmetry is too small to be detectable
with neutron diffraction data.’ If the amount of Eu>* is increased,
the a and b parameters become similar, being practically equal
in the solubility limit composition, x= 1.2, at this composition
a tetragonal distortion is probably presented. Fig. 1 shows the
increasing overlap of the 200 and 02 O reflections for different
amounts of Eu—Bi substitution (x).

Fig. 2 is a plot of the unit cell parameters obtained from
profile fitting analysis of the whole pattern as a function of the
Eu3* content parameter x. The substitution of Bi** (r;=0.96 A)
by Eu**(r;=0.95A)% is accompanied by a decrease of the a
and b parameters (more pronounced for a), and a decreasing
tendency of c. Although both ions radius are very similar, the
Bi environment will be more asymmetric than Eu, because Bi3*
ion has a lone pair 6s.
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Fig. 1. Overlapping behavior of 200 and 020 Bragg reflections in
Bis_Eu,TizO15.
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Fig. 2. Variation of the unit cell parameters a, b and ¢ vs. x for the solid solution
Bis—yEu,Tiz 0.

The solid solution formation mechanism was confirmed by
density measurements. The density variation of the solid solution
specimens was measured within the range of compositions of the
solid solution. The results obtained are given in Fig. 3. In the
same figure the calculated values of p using the solid solution
substitution mechanism Bi3* <> Eu3*, in which the total number
of cations is constrained to remain constant, are also included
for comparison purposes. The reasonable agreement between
the experimental and calculated p confirms the mechanism of
solid solution formation in which Bi** ions is substituted by
Eu’* ions.

3.2. Microstructure: SEM images and density
measurements

Fig. 4 shows SEM micrographs of the sintered Bisy_ Eu,-
TizO17 for x=0.05, 1.0 and 1.2. The grain size increases with
the Eu content and sintering temperature, the plaque shape mor-
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Fig. 3. Experimental and calculated densities of the Bis—,Eu, TizO1; solid solu-
tion.
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Fig. 4. SEM images at Skx of sintered Big—yEu,Ti3O1, samples for: (a) x=0.4 (1000 C), (b) x=1 (900 C) and (c) x=1.2 (850 C).

phology is compatible with a texture revealed also by the XRD
patterns.

3.3. Optical spectroscopy

Fig. 5 displays the RT excitation spectra of Bis—,Eu,TizO12
pellets. The spectra were taken for the *Dg—'F, Eu-emission
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Fig. 5. Excitation spectra of the Do—’F? Eu>* emission transition peaking at
615 nm.

peak at 615 nm, and consist of several lines associated with tran-
sitions from the ground state ’Fy to the excited state components
of the 4f° configuration of the Eu®*. In addition to the absorption
lines, a broad band is observed in the region of 200—425 nm. This
band might be associated with both, the Eu—O charge transfer
transition’ and the absorption of Bi’*.
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Fig. 6. Emission spectra under continuous excitation at 525 nm ("Fo—Dy).
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Fig. 7. Intensity ratio R (a) and lifetimes (b) of Bis—,Eu,Ti3O, pellets.

Fig. 6 portrays the RT emission spectra of Big—Eu,TizO12
pellets, under continuous excitation at 525 nm ("Fo-"Dy). In the
range of 570-720 nm the strongest bands correspond to radiative
transitions from the Dy to the ’F i =0-4) levels of the Eu?*.
The spectra shape is explained considering that. Whenever the
Euions occupy sites with low symmetry, their emission spectrum
may include dipole-electric lines such as the SDy-"Fy,2,4. The
fluorescence intensity of the >Do—’F, transition is determined
only by the Q5 (|[U®||) in the expression for the strength of tran-
sition in Judd—Ofelt theory.® Where €2, is one phenomenological
parameter and (IUD@|y is one of the reduced tensor operators
in Judd—Ofelt theory.>!? The *Dy—’F, transition is very sen-
sitive to the variation of environment of Eu** ions.!!'? And
their relative intensity gives the asymmetry degree of Eu>* ion
environment.!3 The 5D0—7F1 transition, which is a magnetic
dipole, is always observed and its intensity is almost independent
of the symmetry site. Therefore, it is generally admitted that the
fluorescence intensity ratioR = ICDy-"F, )/I(5 Do-"F;)indicates
the degree of asymmetry in the vicinity of europium ions. How-
ever, it must be underlined that the covalence degree of Eu—O
bond brings its own contribution to the Dg—'F; transition inten-
sity by modulating the admixture of the 4f°5d odd states in the
419 states.!3 Values for R in Bis—,Eu, Tiz012 pellets are shown in
Fig. 7(a). The fluorescence intensity ratio (R) gives information
on the Big_,Eu,TizO1; structure, and its variation is related to
the structural changes in the vicinity of the Eu ions. Specifically
it is possible to use the Eu* ion as a probe of the crystalline
structure average as a function of x. Then, our spectroscopic
data shown in Fig. 7(a) seem to reveal that the Eu* ions occupy
different crystallographic sites in the Bis_,Eu,TizOj; series.
Lifetime measurements performed in Bis—_,Eu,Ti3O1, pellets,
revealed that Eu3* luminescence decay was purely exponen-
tial. The results obtained are shown in Fig. 7(b). From the data
presented in this figure, we observed that the value, for the char-
acteristic decay time 7, reaches its maximum excitation at x = 0.8
via the "Fo—>D; transition (525 nm). Also, the europium ions are
located in sites selectively excited at 370 and 525 nm with dif-

ferent lifetimes (Fig. 7(b)). Moreover, as expected, each site has
a different environment as the R ratio suggests in Fig. 7(a), i.e.
the difference in lifetime for each x (x> 0.05), confirms the exis-
tence of different crystallographic sites for the Eu3*, probably
these different sites correspond to the substitution at both Bi**
sites: the (B1202)2+ and the (Bip T i3010)2’ pseudo-perovskite
layers.

Currently, time resolved spectroscopy experiments are being
conducted in our laboratory in order to get a better understanding
on the crystallographic Eu3* substitution sites. Time resolved
spectra give information on the energy transfer process between
ions. Itis, then possible, to determine the first order environment
of Eu. We expect that each site will have a specific environment
and thus assign univocally each of them to specific positions in
the crystalline structure of the Big_,Eu,Ti3O15.

4. Conclusions

A solid solution with formula Biy_,Eu,Ti3O12 (0<x<1.2)
was synthesized by coprecipitation route, lattice parameters a
and b become similar as the Eu>* content increases in the solid
solution, being practically equal in the solubility limit composi-
tion at x=1.2.

An exponential behavior of the Eu** luminescence decay
was observed in the lifetime measurements performed in
Biy_Eu,TizO1, pellets. This fact corresponds to a non-energy
transfer decay process.

The lifetime behavior and the R factor suggest that the Eu>*
ions occupy at least two crystallographic sites with different
point symmetry in the Bis_,Eu,Ti3O1y series, generating an
important global change in the structure of the solid solution
from x=0.6. Further high resolution spectroscopy work should
been done in order to know which sites are occupied by Eu?* in
the structure.
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