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A series of hyperstoichiometric, stoichiometric, and hypostoichiometric U-La mixed oxides with
fluorite-type structures has been prepared in air at 1673 K in the composition range (U,_,La)0,.,,
0.33 = y = 0.67, by a mixed organic precursor/ceramic procedure. The oxidation state of uranium in
these materials has been examined by XPS and near FT-IR spectroscopy, uranium ions existing within
each sample either as U** and U®* (0.33 < y =< 0.50) or U®* and U** (0.56 < y =< 0.67). Electron
diffraction studies reveal two sets of patterns with diffuse scattering phenomena depending on composi-
tion. The diffuse scattering for specimens with 0.56 < y = 0.67 is discussed in terms of microdomain
formation of a rhombohedral Ry; phase, that is obtained as a single phase when samples with these

compositions were annealed at 1373 K for 100 hr.

Introduction

Research into the fundamentals and prop-
erties of nonstoichiometric fluorite-type ma-
terials has attracted the attention of many
solid state chemists and physicists due to
their technological interest. Many of them
exhibit anionic conductivity properties
making them potentially important in the
material context as electrolytes or elec-
trodes for solid state batteries and fuel cells,
oxygen sensors, lasers, etc. (I-4). Experi-
mental studies carried out during the last
few years have revealed the structural com-
plexity of these materials, in which the vary-
ing states of defects ordering both in the
anionic and cationic sublattices give rise to
the formation of clusters, short-range order
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throughout the structure, ordered microdo-
mains, etc., and finally can lead to the for-
mation of new structures (5—-10).

Fluorite phase formed in the UO,-Ln,0,
systems constitutes a group of urania-based
mixed oxides that are able to support large
deviations from stoichiometry. Among
them, the U-La~O system has been exten-
sively studied because of its interest in nu-
clear fuel technology (11-14). The phase di-
agram for the pseudobinary UO,-LaO,
system indicates the formation of the fluo-
rite phase (U, _,La,)O,. , in the composition
range 0.26 < y =< 0.80 at temperatures higher
than 1623 K, as well as the existence of three
rhombohedral ordered phases, R;, Ry, and
Ry (I5, 16). The crystal structure of the R;
phase La,UOQ,,, isostructural to YsUO,, and
Lu,UO,;, has been determined by X-ray
powder diffraction technique (I7). The or-
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TABLE |

CELL PARAMETER VALUES FOR THE Ry PHASE

Hexagonal cell Rhombohedral y value in

parameters cell parameters U..,La0,., Ref.
ay = 1.573 nm ag = 1.104 nm 0.60 18)
cg = 1.881 nm a = 90.90°
ag = 1.580 nm ag = 1.109 nm 0.61 (15)
cy = 1.891 nm a = 90.87°
ay = 0.394 nm ag = 0.667 nm 0.57 (19)
cy = 1.880 nm a = 34.38°
ay = 0.393 nm ag = 0.386 nm 0.60 (12)
cy = 0.938 nm a = 61.18°
ay = 0.393(1) nm ag = 0.669 nm 0.60 This work
cy = 1.890(4) nm a = 34.10°

dered Ry; phase, stable up to 1593 K, exists
in a narrow range of composition, 0.73 =y
= (.76, and its phase width decreased with
temperature. The X-ray powder pattern can
be indexed on the hexagonal system, with
cell parameters very close to the R, phase.
A third ordered Ry phase is found below
1493 K, with phase width ranging from 0.55
= y = 0.67. The X-ray diffraction diagram
of this phase has been indexed on the basis
of a hexagonal cell, but different cell param-
eters have been reported (Table 1).

Within the scope of the reinvestigation we
are currently carrying out on the U-La-0O
system, we have undertaken the microstruc-
tural study of the fluorite phase formed in
the (U,_,La )O,. , mixed oxide at 1673 K in
air, in the composition range 0.33 = y =
0.67, in which hyper, nearly stoichiometric
and slightly hypostoichiometric phases are
formed. The evolution of the oxidation state
of uranium with composition determined by
X-ray photoelectron and near FT-IR spec-
troscopy seems to be closely related to the
formation of microdomains detected by
TEM in these materials.

Experimental

Sample preparation. A series of U-La-
mixed oxides (U;_,La)0,., (0.33 =y =

0.67) were prepared by a mixed ceramic/
organic precursor method (20). Stoichio-
metric amounts of lanthanum uranyl propio-
nate and uranium trioxide or lanthanum ses-
quioxide were ground together and ignited
at 1073 K. The mixtures were then calcined
at 1673 K in air in platinum containers for
150 hr and quenched on a metalic plate.
Samples quenched from 1673 K were subse-
quently annealed at 1373 K for 100 hr and
then quenched by rapidly removing them
from the furnace. A batch of the annealed
P-7 sample was also heated at 1673 K for 14
hr and then quenched.

X-ray diffraction. X-ray powder diffrac-
tion patterns were recorded on a Siemens D-
500 diffractometer with monochromatized
CuKa radiation and W as iniernal standard.
Diagrams were scanned at 1/5° 26 - min~!
and lattice parameters determined by a rou-
tine least-squares procedure applied to the
diffraction lines above 20 = 40°.

Determination of the oxygen content. The
oxygen content of these samples was deter-
mined by a back-titration method (27, 22).
About 50 mg of sample was dissolved in a
pipetted excess of cerium (1V) sulfate solu-
tion to which several milliliters of 3 M H,SO,
were added. The excess Ce (IV) was titrated
against standard iron (II) ammonium sulfate
solution with ferroin indicator.
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Thermal analysis. Thermal stability of
these materials up to 1673 K was investi-
gated using Stanton STA 781 equipment. A
programmed heating/cooling rate of 10° -
min~! and still or dynamic air (50 ml - min 1)
were used. About a 70-mg sample was used
in each run and sensitivities of 80 wV and 10
mg for differential thermal analysis (DTA)
and thermogravimetric (TG) curves, respec-
tively, were selected.

Infrared spectroscopy. FT-IR spectra
were recorded on a Nicolet 60 SX spectrom-
eter, in the near IR region (4000-10,000
cm~Y) in the diffuse reflectance mode, and
5000 spectra accumulations.

Magnetic susceptibility. Magnetic sus-
ceptibility was measured by the Faraday
method in the temperature range 5 K to
room temperature. The apparatus was cali-
brated with Hg[Co(CN),] as standard. The
diamagnetic contributions were corrected
as follows (23): La’*, 20 x 107% cgs; 0?7,
12 x 10 %cgs; U**, 35 x 10~ cgs; U+, 26
x 107% cgs; U**, 19 x 107° cgs.

X-ray photoelectron spectroscopy. X-ray
photoelectron spectra were recorded in an
ESCA Leybold-Heraeus Model LHS-10
photoelectron spectrometer with MgKa ra-
diation, in the pass energy mode at 50 eV.
Calibration was achieved using the Cls peak
at 284.6 eV and samples were examined in
the form of pellets.

Electron microscopy. Electron diffraction
and microscopy were carried out on a Sie-
mens Elmiskop 102 and Jeol 200 FX micro-
scopes, both equipped with a +45° goniome-
ter stage. Samples for study were crushed in
an agate mortar and suspended in acetone,
then transferred to holey carbon-coated
copper grids.

Results

X-ray diffraction and O/M ratio. X-ray
diffraction analysis revealed that the U-La-
mixed oxides quenched from 1673 K are
single phase compounds having the fluorite-

333

type structure over the whole composition
range. Composition and lattice parameters
are gathered in columns 2 and 3 of Table
II. Cell parameters increased linearly from
samples P-1 to P-4 and P-6 to P-9, as shown
in Fig. 1.

X-ray data recorded on the annealed ma-
terials indicate that for samples P-1 to P-4
the fluorite structure is preserved, although
alarge broadening of the Bragg peaks occurs
on annealing (Figs. 2a and b). Diagrams of
annealed P-6 to P-9 could be indexed on the
basis of the rhombohedral R;;; phase (15),
with cell parameters ranging from ay =
1.576(3) nm, ¢y = 1.881(5) nm (P-6) to ay
= 1.577(1) nm, ¢y = 1.897(2) nm (P-9). The
corresponding rhombohedral parameters
are ag = 1.105 nm, ¢ = 90.97° and ay =
1.108 nm, @ = 91.08°, respectively, which
implies that the Ry phase could be consid-
ered as a double distorted fluorite structure.
However, the X-ray patterns can also be
indexed with smaller cell parameters, ay =
.393(1) nm, ¢y = 1.890(4) nm (P-7), ag =
.669 nm, o = 34.10° (Fig. 3b) close to those
reported by Kovba (19). This cell may also
be referred to a rhombohedral unit cell de-
rived from a double fluorite (40). Parameters
reported by Tagawa et al. (12) do not allow
the indexing of the weaker reflections ob-
served in our diagrams. The X-ray dia-
gram of sample P-5, with composition
(UgysLag 5)0,. ,, indicates that a mixture of
both fluorite and R;;; phases is formed after
annealing.

Oxygen content as deduced from back-
titration data is indicated in column 2 of
Table II. The oxygen to metal ratio O/M (M
= U + La), (Fig. 4) decreases dramatically
with increasing y for samples P-1 to P-6,
but diminishes less rapidly for samples with
higher lanthanum content. At the same time,
the mean valency of uranium increases with
the lanthanum concentration y, as shown
in Fig. 5. From these data it follows that
uranium in these mixed oxides has to be in
at least two different oxidation states, most
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TABLE 11
CELL PARAMETERS AND PROPOSED FORMULATION FOR THE FLUORITE PHASES
QUENCHED FROM 1673 K
Cell parameter
Sample Composition a(nm) Formulation

P-1 Ujp.e729 3530420 0.54844(1) UP*) U 005139 35022

p-2 Ugsalg 302,18 0.54920(2) U ,56U%* 0 0sL2g 360,18

P-3 Ujp.soL2g.4002.14 0.55021(2) U3 52U 082 4007 14

P-4 Up.seL2g 440211 0.55125(3) U5+0.43U6+o.08Lao44402.11

P-5 Ug.s0L29.502.04 0.55212(3) U U g L2y 5002

P-6 Up.al2g 560199 0.55284(1) U 7US" 02780 5601 56

p-7 Uj.a0L2g6001 98 0.55385(2) Ug.10US g28La0,600 1 08

P-8 Ug 36806001 97 0.55477(4) Ut 07U 429120 401 7

P-9 Ug.31a9.670, 96 0.55533(4) Ut 05U 2512 670 06
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Fi1G. 5. Mean valency of uranium as a function of y,
in (U,_,La,)O;., quenched from 1673 K in air.

probably U(IV) or (V) and U(VI). The exis-
tence of U(V) in these materials cannot be
discarded since it is stabilized in solid com-
pounds, specially ternary mixed oxides
(24-26). In order to elucidate oxidation
states of uranium in these materials, XPS
and near FT-IR spectra were recorded.
XPS and near FT-IR spectroscopy. X-
ray photoelectron spectra of 4f and valence
band regions, recorded on samples P-1, P-
5, P-7, and P-9, are depicted in Figs. 6 and
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F1G. 6. X-ray photoelectron spectra of fluorite sam-
ples (P-1): (a) U4f, (b) valence band region; (P-2): (c)
U4f, (d) valence band region.
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F1G. 7. X-ray photoelectron spectra of fluorite sam-
ples (P-7): (a) U4f, (b) valence band region; (P-9): (c)
U4f, (d) valence band region.

7. Binding energies measured for the
U4f)5.7,» and USf photoelectron peaks are
gathered in Table III, in which our mea-
surements are compared with those re-
ported for some analogous materials. Bind-
ing energies for UO,, UQ;, and U,04 have
also been listed. A close correspondence
cannot be assumed since values reported
by different authors differ for a given com-
pound by about 1 eV (27). Moreover there
are a number of factors that contribute to
measured binding energies, not the least of
which are changes in uranium coordination
number and consequently changes in struc-
ture and bond lengths (28). Nevertheless,
binding energies measured for samples P-
1, P-5, and P-7 are within the values re-
ported for some related compounds in
which the existence of U(V) has been
claimed (25, 27, 29). For sample P-9, the
U4f core levels are slightly shifted to
higher energies, being identical to the re-
ported values for U;0q4 (28-30). A satellite
structure at 7.9 eV to the high binding
energy side of the U4fs,;, doublet is
clearly observed in spectra recorded on
samples P-1 and P-5. Similar satellite struc-
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TABLE Iil

BINDING ENERGIES (EV) FOR THE Udf5), 7, AND U5f PEAKS OF SAMPLES P-1, P-5,
P-7, AND P-9 AND REPORTED BINDING ENERGIES FOR UO,, UQ;, U;04, AND SOME

URANIUM MIXED OXIDES

Sample 4fsn Satellite  4f, Satellite  5f Refs.
UpgrL2g 3,022 (P-1) 917 79 3808 7.9 1.3 This work
U0,50La0.5002_04 (P'S) 391.2 7.9 380.4 7.9 1.0 This work
UgsolagsO1.98 (P-7) 391.5 — 380.7 — 1.3 This work
Uj13Lag60; .96 (P-9) 391.9 — 381.1 — — This work
uo, 390.95 — 380.15 — — (£7))
U,04 391.9 — 381.1 7.8 1.3 (28, 30)
y-UO, 392.95 — 382.0 — — 35
UYSby04q 392.3 7.9 381.3 — — 29)
UYNb,0,q — — 380.0 — — (36)
UYILa,0 - — 381.9 — — 27)
UVl 40La,400, — — 381.0 — — (27)
UY, soLlag 550, — — 380.9 — — (27)
UYy5Lag 550, — — 380.9 — — 27)

ture has been considered by several au-
thors as an argument for U(V) (24, 25, 29)
and it would be in favor of the existence
of uranium in this oxidation state in sam-
ples with 0.33 = y = 0.50.

The valence region shows a steady de-
crease in USf intensity compared to the
U-0O2p “*bonding band’’ (37) ongoing from
sample P-1 to P-9, where the US5f signal is
hardly observed.

From both the core level and satellite
position, significant amounts of U(V) can
be recognized in samples P-1 and P-§,
whereas in sample P-7, without appreciable
satellite structure, the USf signal would be
originated by a certain amount of uranium
(IV). On the other hand, the systematic
decrease of the USf intensity (31) clearly
indicates that the oxidation state of
uranium increases from sample P-1 to
P-9 in which most uranium would be as
U(VI), 5f° outer electronic configura-
tion.

Near FT-IR spectra recorded in the
5000-7000 cm ™! range are depicted in
Fig. 8. They provide more conclusive evi-
dence about the oxidation state of uranium

in these materials. A band centered at 6610
cm~! is clearly seen in the reflectance
spectra corresponding to samples P-1 to
P-5, while spectra recorded on samples P-
6 to P-9 do not show any significant feature
in this region. A band at almost the same
frequency has been observed in the re-
flectance spectra of some uranium (V)
mixed oxides with fluorite- or perovskite-
type structures (32) that seem to be charac-
teristic of uranium (V) (33). Therefore, it
can be inferred that samples with composi-
tion ranging between 0.33 = y =< 0.50
(P-1 to P-5) have a significant amount of
U(V), while oxidation states of uranium in
samples P-6 to P-9 (0.56 = y = (.67) have
to be another than U(V). These results
agree with plots shown in Figs. 1, 4, and
5 from which it is evident that samples can
be grouped together in two different sets:
P-1 to P-4 and P-6 to P-9; whereas sample
P-5 does not fit within either of these two
sets. It would indicate that this particular
sample constitutes a singular point in the
series, that it is stated by its characteristic
behavior on annealing. From all the above
indicated, the formulation listed in column
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F16. 8. Near FT-IR spectra of fluorite samples: (A) P-1, (B) P-3, (C) P-5, (D) P-7, (E) P-9.

4 of Table II is proposed for mixed U-La
oxides with fluorite-type structure, in
which hyperstoichiometric, nearly stoi-
chiometric, and hypostoichiometric com-
positions occur.

Magnetic measurements. Magnetic sus-
ceptibility vs temperature curves for sam-
ples P-1, P-3, and P-8 are presented in Fig.
9.

The magnetic susceptibility obeys the
Curie-Weiss law in the whole temperature
range, i.e., from 5 K to room temperature.
The effective Bohr magneton number esti-
mated from reciprocal magnetic suscepti-
bility vs temperature plots ranges from 1.38
g for sample P-1 to 0.73 uy for a sample
with composition Ujysclag 0,47 (P-8).
These values are lower than those ob-
served in some uranates of alkaline-earth
elements with fluorite structure MU,O4 (M
= Ca, Sr, Ba) (1.68-1.82 ujg) in which the
uranium is supposed to be as U(V) (34);
nevertheless our values are close, up to

sample P-5 (1.06 wg), to those recently
reported for CaU,Oq (1.3 pg). CdU,O; (1.2
pp), and YUO, (1.1-0.9 uy) (25). The
compound with y 0.67 (P-9) exhibits
very small magnetic susceptibiiity, suggest-
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F1G. 9. Magnetic susceptibilities of fluorite samples:
(©) P-1, (V) P-5, (L)) P-8.
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ing that uranium ion exists in the diamag-
netic Rn (5f°) hexavalent state.

Antiferromagnetic interaction is not ob-
served either for the mixed oxides having
excess oxygen (P-1 to P-5) or for the
slightly hypostoichiometric compositions
(P-6 to P-8). In the former case it can be
explained if the excess oxygen would be
located at intersticial sites of the fluorite
structure, weakening or hindering magnetic
interactions between paramagnetic ions
(/4). For lanthanum richer samples (0.56
< y =< 0.64) it is likely that diamagnetic
La’* cations intercept the magnetic inter-
actions (25), and in this way dilute the
paramagnetic cationic lattice, since ura-
nium is the minor component in these
P-6 to P-8 mixed oxides.

Thermal stability. When samples were
submitted to programmed heating and cool-
ing cycle, from room temperature up to
1673 K, in dynamic or still air atmospheres,
differential thermal analysis (DTA) curves
did not show any endothermal or exother-
mal effect. Significant weight variations
were not observed in the thermogravimet-
ric (TG) curves (20). Moreover, X-ray
powder diagrams recorded on each sample
after and before thermal analyses were
almost identical. However, X-ray data of
annealed materials indicated that samples
P-6 to P-9 experiment a cubic = rhombo-
hedral transformation on annealing. It fol-
lows that this transformation must be a
slow process that requires long annealing
periods in order to achieve a complete
reordering of the lattice.

Electron diffraction and microscopy.
Representative selected area diffraction
patterns for nonannealed samples in the
[110] zone axis are presented in Fig. 10.
They clearly show, in addition to the dif-
fraction maxima corresponding to the re-
ciprocal lattice of the fluorite cell, a number
of diffuse scattering phenomena. Three
sets of patterns can be distinguished:

(a) diffuse spots lying at about 1/3 and
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2/3 of the (111) fluorite direction and equiv-
alent ones. They also present diffuse max-
ima at (011) and (100). Samples P-1 to P-
3 (Fig. 10a).

(b) diffuse spots also lying along the
{111) direction and equivalent ones but
located at (1/2 1/2 1/2). Samples P-6 to
P-9 (Fig. 10b).

(¢) without any significant diffuse fea-
tures. Samples P-4 and P-5 (Fig. 10c).

Diffuse maxima are also present in other
zone axes; Figure 10d shows a pattern
corresponding to sample P-1 in the [112]
zone axis. Other zones show so weak
diffuse phenomena that it is not possible
to build up a complete geometric reciprocal
lattice. Figure 11a shows the direct image
corresponding to sample P-7 (La, (U 0O, g
along the (110);. Fringes corresponding to
the (111)r planes of the fluorite can be
observed with a certain disorder character-
istic of this material. Areas marked A and
B, where a doubling along the (I11); is
observed, do not exactly correspond to the
fluorite phase, and they could be inter-
preted as microdomains of a new phase
coherently intergrown within the fluorite
matrix. In the image shown in Fig. 11b,
obtained on sample P-7 after 14 hr annealed
at 1373 K, well-defined microdomains of
the Ry phase could be identified. From
this picture, the hexagonal cy parameter
of the Ry cell can be unequivocally deter-
mined, being ¢y = 1.890(4) nm. From the
measured d(010) = 0.34 nm interplanar
space, ay = 0.393(1) nm is obtained; the
X-ray pattern being completely indexed
with these parameters (Fig. 3b). However,
the resolution of the image is not good
enough to assure the true ay value; addi-
tional HRTEM imaging work is currently
being done.

TEM studies on samples annealed at
1373 K indicate that significant differences
occur in their electron diffraction patterns:
diffuse spots convert into sharp reflections
occupying the same positions. This effect
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F1G. 10. Representative selected area electron diffraction patterns for samples with the fluorite-type
structure. (a, b, and c) along the [110] zone axis; (d) along the [112] zone axis.

is illustrated in Figs. 12a and 12b that show
the electron diffraction patterns corre-
sponding to samples P-7 and P-2, respec-
tively. For sample P-7, the pattern can be
indexed on the basis of a double fluorite
cell with a = 2a; or, more accurately and
according to X-ray and TEM results, on
the basis of the R, rhombohedral cell with
the hexagonal parameters above indicated.

Figure 12b, case of sample P-2, shows
a more complicated situation. X-ray data
indicates that the fluorite-type structure is
preserved after annealing (see Fig. 2b); how-
ever, electron diffraction diagrams indicate
a possible tripling of the original cell. We
are actually performing a more detailed

structural study on annealed P-1 to P-3
samples.

Discussion

Although a random distribution of lantha-
num and uranium ions occupying eight coor-
dinated sites at the fluorite lattice may be
deduced from X-ray data, the presence of
diffuse maxima in electron diffraction pat-
terns indicate the existence of some kind of
structural alterations in which both cations
would be involved. In general, diffuse scat-
tering phenomena observed in fluorite-re-
lated systems (7, 37-39) has been inter-
preted with crystallographic models ranging
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FiG. 11. Electron micrograph of the fluorite sample P-7 along the [TIO] zone axis: (a) showing fringes
corresponding to (111)g planes and irregular features in periodicity, areas A and B; (b) after 14 hr of

annealing.

from statistical descriptions of homoge-
neous short-range order of ions or vacancies
to the concept of fully ordered microdo-
mains that exit coherently within a disor-
dered matrix and which allow a slightly het-
erogencous distribution of ions.

The diffuse scattering detected in the

U-La-0O series is characteristic of oxides
with defect fluorite structure and closely re-
sembles that found in the (Tb,Gd, _,),ZrO,, ,
(7)or Ca,M,_.0,_ (M = Zr, Hf) (38) sys-
tem. In both cases it has been attributed to
the existence of microdomains of pyro-
chlore structure in the former case, or of
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Fig. 12. Electron diffraction patterns corresponding
to annealed samples: (a) P-7, zone axis [110]|| [100]y;
and (b) P-2 along [110]¢; C and H stand for cubic and
hexagonal, respectively.

CaZr,O, in the latter, embedded coherently
within the cubic matrix. A prolonged an-
nealing of these materials gave place to en-
tirely ordered structures; their electron dif-
fraction diagrams showing sharp spots lying
at the same positions that were occupied by
diffuse maxima. It is also worth mentioning
that those diffuse maxima do not change
their geometrical features (position, size,
and form) with variation in the composition.
In our case, as we already noted, two sets
of patterns with diffuse phenomena can be
distinguished and within each set the geo-
metric features keep practically unaltered.
This could indicate two different types of
ions ordering on both groups.
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According to X-ray and TEM results, dif-
fuse scattering in fluorite samples P-6 to
P-9 may then be explained by the formation
of ordered zones of R, microdomains resid-
ing in a coherent way within the fluorite
matrix. The images depicted in Fig. 11 sup-
port this assumption and areas A and B in
Fig. 11a may therefore be interpreted as
zones of material in different stages of the
fluorite = Ry, transformation, that proba-
bly implies a doubling of the fluorite cell as
an intermediate step in such a transforma-
tion. On annealing, microdomains keep
growing till the ordered Ry; phase is ob-
tained as a single phase.

A plausible explanation for the formation
of microdomains of the rhombohedral phase
in samples P-6 to P-9 can be made if we pay
attention to the amount of U®" present in
the fluorite phase (Table II) and the ionic
radii of the cationic species (39):

VI 23% = 0,116 nm Y™MU** = 0.100 nm
VIIgS*+ = 0.096 nm  YMU®* = 0.088 nm

It is evident that U®" is too small to be
accommodated within an undistorted cubic
surrounding of oxygens (4/). Therefore, it
is not unlikely to suppose that a readjust-
ment of the nearest and next-nearest neigh-
bors occurs, resulting in a distortion of the
coordination polyhedra around U®* in an
ordered way. This would give rise to the
formation of microdomains with trigonal
symmetry, that cause the observed diffuse
scattering. A prolonged annealing leads to
the total arrangement of the ions giving
place to the formation of the R, superstruc-
ture. Nevertheless the reverse R;; = fluo-
rite (order => disorder) transformation that
would give place to a truly randomly disor-
dered structure cannot be completely at-
tained on heating at 1673 K, and microdo-
mains of the Ry, phase are always present,
causing the diffuse scattering observed on
samples P-6 to P-9 quenched from 1673 K.

For samples P-1 to P-3 a similar but not
identical situation must occur since diffuse
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maxima differ in number and position indi-
cating a possible tripling of the fluorite cell.
Moreover, in this case we are dealing with
hypostoichiometric fluorite phases and the
anion excess must also play a significant
role. The absence in these compounds of
significant amounts of U®" as well as lower
lanthanum contents would prevent the dis-
tortion of the coordination polyhedra and
consequently favors, according to the X-
ray results, the apparent stabilization of the
fluorite phase.

In samples P-4 and P-5 where no diffuse
phenomena are detected, the situation must
correspond to a statistical disordered lattice
with La and U ions occupying random posi-
tions.

Acknowledgments

We thank Dr. Gonzalez Calbet for his valuable com-
ments and Mr. Garcia Delgado for technical assistance
with electron microscopes. We also acknowledge Dr.
A. R. Gonzilez-Elipe and the University of Sevilla for
the facilities in recording the XPS spectra.

References

1. T. H. EsTELL AND S. N. FLENGAS, Chem. Rev.
70, 339 (1970).

2. T. TakaHasHI, in “‘Physics of Electrolytes” (J.
Hladik, Ed.), Vol. 2, Academic Press, London
(1972).

3. R. M. DELL AND A. HOOPER, ir ‘‘Solid Electro-
lytes’” (P. Hagenmuller and W. van Gool, Eds.),
p- 291, Academic Press, San Diego (1978).

4. J. M. REAU AND J. PORTIER, in ‘‘Solid Electro-
lytes’” (P. Hagenmuller and W. van Gool, Eds.),
p- 312, Academic Press, San Diego. (1978).

5. D.J. M. BEVAN AND S. E. LAWTON, Acta Crystal-
logr. B 42, 55 (1986).

6. J. P. LavaL, A. Mikou, B. FriT, AND J. PANNE-
TIER, J. Solid State Chem. 61, 359 (1986).

7. M. P. van Duk, F. C. MULHOFF, AND A. J. BURG-
GRAAF, J. Solid State Chem. 62, 377 (1986).

8. P. D. BartLE, C. R. A. CaTLOW, AND L.
MORONEY, J. Solid State Chem. 67, 42 (1987).

9. 1. P. LavaL, A. Mixou, B. FriT, AND G. ROULT,
Solid State Ionics 28-30, 1300 (1988).

10. T. UEHARA, K. KoTo, S. EMURA, AND F. KANA-
MARU, Solid State Ionics 23, 331 (1987).

11. C. KELLER, in **‘MTP International Review of Sci-
ence’’ (K. W. Bagnall, Ed.), Vol. 7, Ser. 2, p. 1,
Butterworths, London (1975).

HERRERO, GARCIA-CHAIN, AND ROJAS

12. H. Tacawa, T. Funno, K. QucHi, K. WaTa-
NABE, K. Sarta, AND T. MoriMOTO, J. Nucl. Sci.

Technol. 20, 467 (1983).
13. T. B. LINDEMER AND J. BRYNESTAD, J. Amer.

Ceram. Soc. 69, 8678 (1986).
14. Y. HINATSU AND T. FuJiNo, J. Solid State Chem.

68, 255 (1987).

15. H. G. DieHL AND C. KELLER, J. Solid State Chem.
3, 621 (1971).

16. C. KELLER, in ‘“‘Gmelin Handbuch der Anorga-
nishen Chemie,”” System-NrSS, U, TeilC, pp.
213-221, Springer-Verlag, Berlin/New York
(1975).

17. Y. HinaTsU, N. Masaki, anD T. Funno, J. Solid
State Chem. 73, 567 (1988).

18. W. RuDporF, H. ERFURTH, AND S. KEMMLER-
SAck, Z. Anorg. Allg. Chem. 354, 273 (1967).

19. L. M. KovBa, Vestn. Mosk. Univ., Khim. 13, 341
(1972); C. A. 77, 119202x (1972).

20. P. HERRERO, R. M. Rojas, AND P. GARCIA, Inorg.
Chim. Acta 140, 159 (1987).

21. S. R. DHARWADKAR AND M. S. CHANDRASEKHA-
RAIAH, Anal. Chim. Acta 45, 545 (1969).

22. T. FuniNo AND T. YAMASHITA, Fresenius’ Z.
Anal. Chem. 314, 156 (1983).

23. C.J. O’CONNOR, in ‘‘Progress in Inorganic Chem-
istry’’ (S. J. Lippard, Ed.), Vol. 29, p. 203, Wiley,
New York (1982).

24. C. KELLER AND C. K. JORGENSEN, Chem. Phys.
Lett. 32, 397 (1975).

25. C.Mryakk, T. IsoBE, Y. YONEDA, AND S. IMoToO,
Inorg. Chim. Acta 140, 137 (1987).

26. A. M. CHIPPINDALE, P. G. DickeNs, AND W. T.
A. Harrison, J. Solid State Chem. 718, 256
(1989).

27. B.W.VEALANDD.J. LaM, in ““Gmelin Handbuch
der Anorganishen Chemie,”” System-Nr55, U, Teil
A, p. 176, Springer-Verlag, Berlin (1980).

28. G. C. ALLEN, P. M. TUCKER, AND G. W. TYLER,
Vacuum 32, 481 (1982).

29. R. DELOBEL, H. BAUSSART, J. M. LEROY, J. GRIM-
BLOT, AND L. GENGEMBRE, J. Chem Soc., Fara-
day Trans. 1, 79, 879 (1983).

30. G. ALLEN, J. A. CroFT1s, M. T. CURTIS, AND
P. M. Tucker, D. CHADWICK, AND P. J.
HampsoN, J. Chem. Soc., Dalton Trans., 1296
(1974).

31. G. C. ALLEN, P. A. TEMPEST, AND J. W. TYLER,
J. Chem. Soc., Faraday Trans. 1 84, 4049
(1988).

32. S. KEMMLER-SACK, Z. Anorg. Allg. Chem. 363,
295 (1968).

33. G. GRITZER AND J. SELBIN, J. Inorg. Nucl. Chem.
30, 1799 (1968).

34. R. BRoCHU AND J. Lucas, Bull. Soc. Chim. Fr.
12, 4764 (1967).



FLUORITE PHASE IN THE U-La-O SYSTEM 343

35. G. C. ALLEN AND N. R. HoLMEs, J. Chem. Soc.,
Dalton Trans., 3009 (1987).

36. C. M1YAakE, S. OHANA, AND S. IMoTO, Inorg.
Chim. Acta 140, 133 (1987).

37. L. H. ScHwaRTz AND J. B. CoHEN, in “‘Diffrac-
tion from Material,”” Chap. 7, Academic Press,
New York (1977).

38. J. G. ALLPrEsS AND H. J. RosseLL, J. Solid State
Chem. 15, 68 (1975).

39.

40.

41.

S. P. SiNHA, in ‘‘Structure and Bonding,”” Vol.
25, p. 69, Springer-Verlag, Berlin/New York
(1976).

A. F. WELLS, in ‘‘Structural Inorganic Chemis-
try,”’ Sthed., p. 482, Oxford Univ. Press, London/
New York (1984).

A. F. WELLs, in ‘“*Structural Inorganic Chemis-
try,”’ Sth ed., pp. 1268-1270, Oxford Univ. Press,
London/New York (1984).



