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Study on local structure around Ce and
Gd atoms in CeO ,-Gd,O, binary system

over a wider region, which is favorable to EXAFS analysis.
Objective of this work is to examine the local structures around
Gd and Ce atoms in Ce@d,O; solid solutions in a Gd-rich
region (0 < x < 0.5) with C-type crystal structure. X-ray
absorption spectra at both Ce andiGddges were mearsured for
these oxides with C-type structure.
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2. Experimental

Powders of cerium dioxide (Cg099.99%) and gadolinium
sesqui-oxide (GgD;, 99.99%) purchased from Rare Metallic
Co.,Ltd were weighed to adjust a mixing ratio and thoroughly
mixed with a set of mortar and pestle made of agate. We have
prepared mixtures of Ce@nd GdO; with various mixing ratios
X-ray absorption spectra near Ce andkGddges of binary oxide x (x = Ce/(Ce+Gd)). Each powder mixture was pressed under
of CeGdy., Oz (0 < x< 0.5) in C-type structure solid solution 310 MPa into a disk of 10-mm diameter and 1-mm thickness.
were measured by use of the beamline BLO1B1 at SPring-8The disk was heated in air at 1460for 12 hours. The disk was
Interatomic distances between rare-earth and oxygen aRags, pulverized for preparing a specimen of x-ray powder diffraction
andRce.o Were evaluated with the extended x-ray absorption fine(XRD) analysis with Cu<, radiation. After phase examination
structure analysis and found to increase witiRg4.0 was larger  with XRD, the powder was again shaped into two disks with
than Ree.o by about 0.1 A. Metal-oxygen distances estimated asproper thicknesses for Ce- and &eedge XAFS measurements.
their linear combinations{Rce.0 + (1 X)Rsq.0, Well agreed with XAFS measurements were carried out in a transmission mode at
those determined by X-ray diffraction. room temperature at the beamline BLO1B1 in SPring-8 (Uaiga
al., 1999) using Si (311) plane of double-crystal monochrometer
and a focusing mirror system. The x-ray beam was of mn?

at the sample position. Step angle of monochrometer was
0.0003 and intergration time per point was 3 seconds. Energy
resolution was 5 eV at Gd-edge (50.2 keV). The x-ray energy
of inflection point of the white line d-edge of Gd foil was set
eight oxygen atoms suwund a cerium atom. Gadolinium sesqui- 50.235 keV. In the machine-time, no deviation was observed this
oxide, GdOs, has C-type crystal structure (M type) in which preset energy although Gl-edge spectra of Gd foil were
six oxygen atoms surround a gadolinium atom. C-type structureneasured for several times. Oxygen contents in the sample after
is obtained by removing two oxygen atoms of eight in fluorite the heat was analyzed with the inert gas fusion infrared
structure in a regular manner. In Ge@d,0; binary systems, absorption method.

single phase of fluorite structure oxide appears in Ce-rich region.

C-type monophase is obtained in Gd-rich region. The diphasig. Results and discussion

region separates the fluorite solid solution from the C-type phaserigure 1 shows the oxygen contents determined by chemical
Gadolinia-doped ceria has been known as a good ionic conduct@nalysis plotted against the mixing ratto Oxygen contents
due to oxygen vacancies introduced by the doping (Kudo &increase with increasing Ce mixing ratios. The binary oxides are
Obayashi, 1975, Inaba & Tagawa, 1996). The local structuregxpressed as a chemical formulg @O ;.. Since the potted
around metal atoms in this binary oxide have been extensively
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1. Introduction
Cerium dioxide, Ce@) has fluorite structure (Caype) in which

investigated in order to study correlation with the ionic 21 i
conduction behavior. Ohashii al (1998) reported Ce- and Gd-O S0l .
interatomic distances and location of vacancy in fluorite-type . } } 1
oxide of CeGdy«O:xy2 (X = 0.7) by examining Ce and Gg- 19k } }/ ,%
edge X-ray absorption fine structure (XAFS). Inabal (1999) =] -
calculated the interatomic distances and coordination numbers of g 181 %}}/ ’
oxygen around rare-earth atoms inGe.,O+y2 (X > 0.85) by o) %%’

means of molecular dynamics simulation. However, little 1.7 £ §§
attention has been paid on the local structures in a region of .
smallerx. 1.6 —} },{’

The rare-eartiK-edge XAFS measurements can provide more I

reliable data for the EXAFS (Extended X-ray Absorption Fine 1.5?: 0'2 0'.4 (').6 '0.8 1
Structure) analysis, because an energy separation between (Gd,0,) x = Ce/(Ce+Gd) (Ce0,)
adjacent element&-edges is far larger than that betwdej- Figure 1

andL-edges of the relevant rare-earth element (Nakagaab,

Oxygen contents determined with chemical analysisi as a function of

1999). The wider energy separation leads to wave-number datarare-earth composition in the reactant powder.
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Figure 2 )
Crystal structures of fluorite- and C-types. Figure 4

Raw Gd K-edge XAFS spectrum of G#h.,Ogye (X = 0.05),

points agree with a straight line drawn between the points-df incident and transmitted x-ray intensitigsaid I

(GdO,) andx = 1 (CeQ). X-ray diffraction peaks due to C-type  geyeral hundreds eV limited by the subsequéptedge.

and fluorite-type of C&Sd,.,Oa+x2 @ppear at almost same angles jonitoredl, and! vs E curves had no discontinuity as shown in
because the C-type structure is a superstructure of fluorite withyis figure. This fact indicates that the present measurement
double the cell edge of the latter as shown in Fig. 2. The phasegstem has been well tuned and worked for providing reliable x-
occurring in these binary oxides were determined by examining,y spectra of GK-edge in all the specimens prepared in this
the peaks of lattice planes, C-type (844) and fluorite type (422)york. We have obtained data of same quality also ifK@ege
Lattice parameters of these oxides as a functionasé shown in | aasurements on the specimens:a0.2. In Fig. 5k-weighted

Fig. 3, which indicates that monophase of C-type oxide occurs ifexaAFs function above the GH-edge of CgGdy,Ogen (X =

a compositional regiorx < 0.6. AsXx increases, the lattice 0.05) is shown, which demonstrates that the present

expar_1ds in the monophase region. _ _ measurements have provided EXAFS oscillation with good S/N
In Fig. 4, GdK-edge x-ray absorption spectrum obtained at  yatios even in a widk region, from 3.0 to 16.0. Figure 6 shows

0.05 is shown together with x-ray intensities of incident &AM  the ragdial distribution function (RDF) obtained by Fourier
and of the transmitted, which were monitored by ionization i ansform of the EXAFS function in Fig. 5, in which the phase
chambers with flowing Kr25%-Ar75% and static Xe gases, ghjfis have not been considered. In this RDF corresponding to C-
respectively. It should be noticed first that a spectrum is observeg,pe crystal structure, the peak at 1.8 A should be due to the
over an energy range, about 1500 eV, and it is far wider than,iaratomic distance of Gd-O (first shell).

those obtained by, -edge measurements which is at most over The interatomic distances of Gd-O and Ce-O were obtained by
least-square fitting with fixed coordination numbers of oxygen

| o C-type oxidel | o Fluorite-type oxidel atoms (CN = 2(3+x)) using theoretical data including information
of phase shifts calculated from FEFF (7.02) code (Zabinsky,

_1o.ss 5.440< 1995). In fitting process, we assumed that oxygen atoms
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Figure 3

Lattice parameters of C-type and fluorite structures found in,Ceo ~ Fioure 5 _ _ o
Gd,0; binary oxides. Two phases coexists when Ce/(Ce=Gd) > 0.6. k* weighted EXAFS function obtained from the data shown in Fig. 4.
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(Gd,Ce) like C-type. Details are in under consideration in terms of cluster
_ models.
Summary of the present work is given as follows. X-ray
absorption spectra near Ce and Ksddges in wide energy range
(1.5 keV above K-edge energies) of binary oxide of
CeGd1, Oz (0 < x < 0.5) with C-type structure were
measured. The interatomic distances of Gd-O and (&z;6,
and Rce.o increased with cerium contents aRgh.o were larger
thanRce.0 The linear combination valuesRee.0 + (1X)Rgd.0
well agreed with the average metal-oxygen interatomic distances
obtained by XRD.
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Figure 6

Fourier transform of the EXAFS function shown in Fig. 5. Acknowledgments
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Ce-O and Gd-O interatomic distancese.Rand Ry.o, determined
with EXAFS analyses.

The linear combination values ot& and R0 well agree with the
average metal-oxygen distanced determined by XRD analyses.
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