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The lanthanum b-alumina phase doped with europium was investigated by X-ray diffraction 
and fluorescence. This nonstoichiometric phase exists over the composition range: 1 JA1203/1Laz03 
to 14AI,O,/lLa,O,. The unit cell is hexagonal with n = 5.560 + 0.003 A, c = 22.001 ? 0.003 A and 
belongs to the P63/mmc space group. X-ray diffraction patterns do not vary between both boundary 
compositions, but fluorescence spectra show that the structure of the mirror plane in which the 
lanthanide ions are located is deeply modified. The atomic structure of the mirror plane is of 
“b-type” (like /I(Na) or /I(Ag)) for the lower alumina contents; it gradually changes to a “magneto- 
plumbite type” for higher alumina contents. 

Introduction 

A j&alumina type phase was first identified 
by Roth et al. in 1958 in the system Al,O,/ 
La,O, (I). Rollin et al. (2) established a phase 
diagram for this system and Goldberg (3) 
established diagrams for the systems A1,03/ 
Ln,O, (Ln = Nd, Sm). They checked the 
existence of a noncongruent-melting-point 
compound between the corundum cr-Al,Oj 
and the perovskiteLnAlO,(P), of approximate 
composition 10-l lAl,O,/lLn,O,. We have 
undertaken the structural analysis of this 
phase, denoted hereafter by /3(La), by X-ray 
diffraction and spectroscopy using europium 
substituted for lanthanum. 

We shall describe the structure of P(La) by 
comparing it with BaAl,,O,, (isomorphous 
with PbFe,,O,, and BaFe,,O,,, both of 
which exhibit the magnetoplumbite structure) 
and with B-alumina (Na):NaAl,,O,, These 
compounds also may be written as: [Al,,O,,]+ 
[BaAlO,]- and [Al,,O,,]+[NaO]-. The atom- 
ic arrangementoftheblocks with a spine1 struc- 
ture [All,O,.$ is practically the same in both 
cases (4,5). On the contrary, the mirror planes 
(at z = 0.25 and 0.75 in the hexagonal unit 
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cell)aredifferentlyoccupied. The ion positions, 
perfectly defined for magnetoplumbite, are 
shown in Fig. 1: Ba (2d), Al (26), 0 (6h) 
(x = 0.186). In j?(M) the position of the OXY- 
gen ions is in or near (2c), but the 
M+ are differently located according to 
the nature of the metal ion Na+ (6) or Ag+ 
(7). The partial occupancy of the mirror plane 
allows for a great mobility of the metal ions 
which explains the high conductivity of the 
b-aluminas of monovalent ions. 

In the case of the P(La) phase we assume that 
the spine1 blocks remain unchanged. Our 
problem consists of determining the atomic 
composition and arrangement in the mirror 
plane taking into account the trivalent char- 
acter of the cation Ln3+ = La3+ + Eu3+. We 
mainly used two complementary methods of 
investigation : X-ray diffraction and optical 
spectroscopy. The first enables us to determine 
the position of the heavy atoms Ln3+ and gives 
information about the position of the light 
atoms. The second is sensitive to the point site 
symmetry of the lanthanide ion and enables US, 
in the present case, to locate the anions with 
respect to Ln 3f The Eu3+ ion, which is optic- . 
ally active, is partially substituted for lan- 
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HaAl ,p,,) po.*, 
FIG. 1. Structure in the mirror plane (z = $) for B(Na), B(Ag), BaA1,,019, and /3(La). Space group, J%,/mmc. 

thanum as a local structural probe, since the 
fluorescence spectrum of this ion is character- 
istic of its coordination polyhedron. Optical 
spectroscopy is also a method of qualitative 
analysis: For instance, the fluorescence spec- 
trum of Eu3+ in LaAlO, is well known (8) and 
allows this compound to be identified in a 
phase mixture. 

I. Preparation of Samples and Analysis 

Two types of synthesis were attempted: the 
fusion in a solar furnace and the solid phase 
reaction of the oxide mixture. We established 
that the samplesquenched from the melt always 
exhibit two or three phases, depending on the 
initial composition, whereas by solid-state 
reaction it was possible to obtain diphasic and 
monophasic samples. This result is significant 
since it enabled us to define the exact composi- 
tion of the fl phase and to obtain its fluores- 
cence spectrum. Indeed, we noticed that the 
optically active Eu3+ ions present in a /I + P 
mixture occupy preferentially the La3+ sites 
in the perovskite (so that they completely hide 
the presence of the p phase for fluorescence 
study). 

Our samples were obtained by physical 
mixture of the oxides (about 2 g) pressed in 
thin plates of 0.7 x 7 cm at 500 kg/cm2, then 
fired in a lime-stabilized zirconia heating 

element operating at 1750-1860°C during 
24-48 hr in oxidizing atmosphere (9). 

The X-ray diffraction pattern of fi(La), very 
similar to that of B(Na), is very easy to identify. 
According to the initial composition we could 
detect the phases which are reported in column 
3 of Table I. In this table, as in the following, 
the compositions are given as the ratio: 
Al,O,/Ln,O,. From X-ray results, a pure 
/3(La) phase seems to correspond to a defined 
compound 12.2Al,03/1Ln,03 (sample c). We 
shall see that it is not quite true. In sample b, 
subjected to a special high and long heat treat- 
ment (1850-1900°C for 70 hr), a circular, high 
density translucent zone appeared surrounded 
by a narrow porous zone. From X-ray diffrac- 
tion and fluorescence analysis, these two zones 
could be identified as /?(La) and LaAlO, 
(perovskite), respectively. Samples c and b 
“translucent” have the same fluorescence 
spectrum, which will be discussed in detail in 
Section II and referred to as spectrum of type 1. 

Samples d, e, f produce X-ray diffraction 
patterns similar to those of c and b “translu- 
cent” (with the exception of additional lines 
attributed to a-A1,03), whereas they give 
different fluorescence spectra. These spectra 
exhibit a continuous evolution until the 
appearance denoted by type 2. 

The Castaing microprobe analysis of the 
percentage of Al, La, and Eu in samples b, 
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TABLE I. 
Identified phases with respect to sample composition 

Identified phases 
FlUO~~SC~llC~ 

IdenCif ied phases 

P + i?(type I) 

c, e displays a fairly large range of composition 
of the pure /3(La) phase, the measured limits of 
which are reported in Fig. 2 (10.3-14.7/l). 

The separation in two regions observed in 
sample b is confirmed by analysis. Inclusions 
of composition LaA103 are to be seen within 
the narrow porous band. However, inclusions 
of a size below the limit of sensibility of the 
microprobe (1 pm”) are likely to occur even 
in the translucent zone. The error caused by 
these inclusions explains that the experimental 
lowest value of Al,O,/Ln,O, is smaller than 
1 l/l, which is theoretically impossible, as will 
be discussed further. In the same way, for 
higher aluminum content (sample P), cx-Al,O, 
inclusions are observed. It is highly probable 
that small unobserved inclusions present in 
sample e alter the analysis and make the 
apparent Al,O, content in P(AI) too high. 
The real existence range of the p phase will 
then be reduced in unknown proportions but 
it seems unlikely, with respect to the fluor- 

41/l.,! : 14 7/I II/l 10 3/l 

1 I I I 

I 

MO& Lap, 

t loogAl,o, lao/Ld,o, - 

FIG. 2. Composition range of the pure j?(La) phase. 

escence spectra, that the j3 phase is a well- 
defined compound. 

II. Spectroscopy 

(a) Experimental Methods 
Fluorescence. The fluorescence spectra are 

recorded by means of an HRS spectrometer 
followed by a Hamamatsu R 374 photomulti- 
plier and a synchronous detector. Exciting 
light at 2500 A is provided by an OSRAM 
HBO 150-W lamp equipped with a Wood 
filter. The spectral range investigated, between 
5700 and 6300 A, includes the ‘Do + 7F0,1.2 
transitions. In the case of a low-point sym- 
metry, these transitions are split into a maxi- 
mum of one, three, and five lines, respectively. 
We shall consider later on, several types of 
highly symmetrical point sites as D,, or less 
symmetrical as C,. In these two cases, the 
theoretical number of lines is for 5D0 --f 
‘F,:O and I, and for 5D0 --f ‘F,:l and 5, 
respectively (IO). In our spectra the “Do + ‘F, 
transition is weak and confused; we shall not 
take it into account for the discussion. 

Lifetimes measurements. The l/e lifetime of 
the emitting level of the rare-earth ion depends 
on the surroundings of the latter (II). Thus 
we proceeded in lifetime measurements for the 
main spectral lines of 5D, + ‘F,, and 5D0 -+ 
‘F2 transitions. The light pulses are produced 
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by a General Radio Strobotac flash lamp and 
the detection unit is a Schlumberger oscillo- 
graph. We notice that the measured lifetimes 
unfortunately display quite close values. 
However, by careful inspection, they give 
some information about the number of 
different Eu3+ sites and corresponding lines in 
both transitions. 

(b) Results 

The fluorescence spectra are presented in 
Fig. 3 and Table II. Contrary to the observa- 
tions made on X-ray patterns, the aspect of 
the fluorescence spectrum changes progressive- 
ly with the initial composition of the samples. 
The upper spectrum on Fig. 3 was produced 
by sample c (see Table I), the middle one by 
sample d, and the lower one by e. 

17CXI <,““I 6x* 6~ h(A) 

FIG. 3. Fluorescence spectra of /l&a) at 300%. 

Line No 

u 

TABLE II. 
Spectroscopical data 

Transition Wavelength Ener 
(RI (cm 5) 

'DoJFo 
5748 

5767 Ll 5771 

5783 

‘Dti7F2 

%&ii- I fi;o 
6065 

6090 

6120 

6143 

6196 

6212 

6228 

6255 

6310 

30011 

0.75 0.76 

1.29 1.38 

1.39 

1.37 

1.23 

1.26 

1.66 

1.25 

0.85 

0.85 

1.43 

1.00 

1 .oh 

0.91 
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(c) Comments 

The following information can be derived 
from the recorded spectra. 

The ‘DO lez,eI positions. Lines I, 2, 3, 4, 5 
in 5D, --f ‘F, imply the presence of at least 
fir>e d@erent cristallographic sites for the 
europium atom in the range of composition 
under study. The position of the 5D, levels in 
the 4f6 configuration energy levels scale de- 
pends on the Racah parameter values. Those 
are different for each site and depend on the 
europium to ligand distance and on the 
geometry of the ligand arrangement (12). As 
a matter of fact, the positions of the 5D0 levels 
recorded here are very high in the neph- 
elauxetic scale for Eu3+compounds. Foralarge 
number of compounds (12), the 5D, levels are 
situated between 17,200 and 17,300 cm-r 
above the ground ‘F,, level. Here the lower 
level (line 5) is situated at 17,292 cm-’ and 
the higher one (line 1) at 17,482 cm-‘. Because 
of their high energy position, there is no doubt 
that the observed fluorescence lines are 
‘DO + ‘F,, transitions. (On the contrary, if 
the ‘0, + ‘F,, line is on the low energy side of 
the nephelauxetic scale, there is always the 
problem of confusion with a 5D, + ‘Fl 
transition.) 

The high energy values for the 5D0 level 
may be the indication that the europium to 
ligand distances are quite large (because in 
most cases the 5D0 level position is lowered if 
the distance decreases). However, a high 
energy position also can be due to a larger 
decrease of the E2 and E3 Racah’s parameters 
versus the E, parameter for some geometrical 
arrangements of ligands. In other words, it 
can be due to a larger decrease of the F2 Slater 
integral versus F4 and F6 decreases with 
respect to the free ion values. This is the case 
for the Eu3+ site in perovskites structures (12). 

It should also be noted that the 5D, --+ ‘FO 
transitions exhibit very strong, sharp lines. 
This implies that the europium ion is located 
in quite well-defined sites, displaying(only some 
minor variations in distance or geometry. If 
the sites were not quite distinct we should 
observe a broad band spreading over the 
wavelength range between 5700 and 5800 A. 

The ‘FL crJvstal,fieldsplittings. The ‘F2 levels 

barycenter position with respect to ‘F, depends 
on the value of the spin-orbit coupling con- 
stant, which does not vary very much from 
compound to compound. As a matter of fact, 
the barycenter is always located in a rather 
narrow energy range, for instance: in EuF,, 
1059 cm-’ (13); Eu in Y,OzS, 1033 cm-’ (14); 
Eu(C,H,SO,),, 9H20, 1058 cm-’ (15), Eu in 
LaCl,, 1037 cm-’ (16) ; Eu in La,O,, I047 cm-’ 
(17); Eu in Lu,O,, 1061 cm-i (18); Eu in 
KY,Fm 1041 cm-’ (19); Eu in LaAlO,, 
1021 cm-l (8); EuScO,, 1065 cm-l (20); 
EuOF, 1044 cm-’ (21). 

This observation relative to the ‘F, bary- 
center, together with the observation of en- 
hancement or weakening of spectral lines with 
composition and lifetime measurements, en- 
able us to find the position of some 7F2 Stark 
levels with respect to the unsplit ‘F, ground 
state. 

This analysis leads us to the following 
associations. 

I. Line 2 in 5D0 + ‘FO as well as 7 and 9 in 
5D0 --f ‘F, should be associated. All of these 
lines weaken as the alumina content in the 
sample increases and their lifetime is about 0.9 
msec. Moreover, since the 7F2 barycenter 
must be located near 1050 cm-‘, these lines 
also must be associated with two lines of the 
weak unresolved group M. 

II. Line 3 in 5D, + ‘F,, and 1, 2, 6, 8 in 
5 D, --f ‘F2 behave in the same way as the 
former but their lifetime is somewhat higher: 
1.30 msec. 

III. Line 5 in 5D, + ‘F, may be associated 
with one or two weak lines in the group of lines 
z We have not selected the corresponding 
‘DO z ‘FO line; it does not seem to be 1, which 
is too low in the nephelauxetic scale. 

IV and V. Lines 4 and 5 in 5 D, + ‘F,, as well 
as 3 and 4 in 5D, -p ‘F2 are enhanced when 
the alumina content increases. We cannot find 
more accurately how these lines are coupled. 

The fluorescence spectra are complex and 
we cannot avoid the presence of unresolved 
lines. However, they are consistent with the 
following assumptions. The last three groups 
of lines above may be due to DJh point sites. 
Indeed, for each one of them, one strong line is 
observed in the 5D, -> ‘F, transition, possibly 
accompanied by one or two weak theoretically 
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forbidden lines, due to a slight distortion of the The observed extinctions agree well with the 
site symmetry. P6Jmmc space group. It is important to point 

On the other hand, the two first groups out that no change is observed in lattice para- 
cannot be produced by a high symmetry site meters with respect to the initial content of 
but rather by Eu 3+ in a C, or C,, point site for the sample. 
instance. 

III. X-Ray Patterns 

(a) Interplanar Spacings 
X-ray diffraction patterns were recorded 

with a Guinier-de Wolff camera using CUKCY 
radiation and N-quartz as internal standard. 

Table III lists the observed values of dhkl. 
The refined parameters of the hexagonal unit 
cell are: a= 5.560 + 0.003 A, c =22.001 f 
0.003 A. 

(b) Intensity Measurements 
X-ray intensity measurements were recorded 

on powder patterns. Since grinding is likely 
to promote preferred orientations, a small 
amount of the powder used for intensity 
measurements was spread on an electron 
microscope grid and a series of single-crystal 
diffraction patterns was performed. In this 
way, we stated no preferred orientation of the 
grains since, on the whole, all the spots relative 

TABLE III. 

Observed and calculated interplanar spacings and observed relative intensities for pure /?(La) 

g alumina (La) 

a = 5.560 i c = 22.001 i 

d obs. G) 

II.10 
4.71 
4.41 
4.01 
3.68 
3.62 
3.25 
2.773 
2.753 
2.633 
2.482 
2.402 
2.285 

2.202 

2.182 
2.112 
2.010 
I .847 
I .6Ol 

1.573 

I .389 
I .345 

1.237 
1.230 

d talc. G, hkl I/IO obs. 

11 .oo 00.2 30 
4.704 10.1 30 
4.41 I 10.2 20 
4.025 10.3 5 
3.667 00.6 12 
3.623 10.4 10 
3.248 10.5 5 
2.780 I I .o 49 
2.750 11.2 20 
2.632 10.7 95 
2.481 I I .4 100 
2.407 20.0 (5 
2.287 20.3 30 

I 2.200 00. IO 
2.205 20.4 

20 

2.180 10.9 <5 
2.112 20 *5 60 
2.012 20.6 40 
I .847 IC.II II 

1 I .605 30.0 
I .6Ol 30. I 

IO 

I I .575 21.7 
I.571 00.14 IO 

I .390 22 .o 71 
1 I .347 22.4 

1.342 30.9 <5 

I .24l 22.8 <5 
1 I.232 II.16 

I .229 31.7 <5 
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to allowed (hkl) planes appeared without any 
significant preference. 

The intensity of the Jilfraction lines on the 
Guinier pattern is recorded by means of a 
microdensitometer (Joyce-Loebl MK III CS) 
by graphical measurement of the line surface 
(height x half - value width), planimetry, and 
numerical output followed by a surface in- 
tegration. The results in Table III have been 
averaged from the relative intensities obtained 
by these different methods. 

Under these measurement conditions, no 
significant variation of the relative intensities 
as a function of the phase composition is 
found. The values of the observed factors, 
F,, are deduced from that of the relative 
intensities after correction for the sample film 
distance, Lorentz polarization factors and 
multiplicity of the (hkl) planes. We used two 
computer programs for the interpretation of 
the observed intensities: a program of simula- 
tion of the intensities based on a given hypo- 
thesis (22); and a program of refinement of 
the F, by minimizing A2 = (FO - F)2 (23). 

The atomic scattering factors used are 
directly taken from the tables (24) or extra- 
polated from atoms or ions with the same 
number of electrons. By Ln3+ we mean the 
totality of the lanthanide ions present (La3+ + 
Eu3+). But the atomic scattering factors used 
are those of La3+. 

(c) X-Ray Calculations 

lhe structure determination was made step 
by step by means of simple intensity calcula- 
tions based on a priori assumptions at first, 
then by refinement of two or three parameters 
at a time when we believed we were near the 
solution. As it is, we think it represents nearly 
quantitatively the mirror plane structure, and 
this is supported by the comparisons we shall 
make later on with /3(Na), /?(Ag), and magneto- 
plumbite mirror plane structures. 

In view of the very small variations in 
atomic positions found by different authors 
within the spine1 blocks, the number of lines 
detected is not sufficient to allow us to 
reconsider the structure of these blocks. We 
make the assumption that the P(La) spine1 
blocks are identical to those of P(Na) de- 
scribed by Wyckoff (4). Besides, the possibility 
of a nonstoichiometry due to the mixture of two 
phases p (c z 22 A) and /3” (c z 33 A) as was 
shown by Bevan et al. (25) in P(Na) samples 
was ruled out. Indeed, we can see in Fig. 4 a 
regular sequence of metallic planes every 1 I A 
over a distance of 1000 A at least for our P(La) 
samples. The high-resolution microscopy 
image was obtained with a Jeol, JEM 1OOC 
microscope. 

As a first step we have assumed that the 
mirror plane has the exact formula [Ln02]- 

FIG. 4. Imaging of (002) planes in B(La). 
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which takes into account the electrical neu- by a cation, i.e., by Ln3+ or, as will be seen 
trality. The three simplest hypotheses which, later, by A13+. Therefore, we have carried out 
in fact, amount to displacing the same pattern refinements with this new hypothesis and have 
in the mirror plane, are: obtained the two sets of values (Tables IV.2 

(1) Ln in (2b) 0 in (2~) and (2d) R= j/F,\ - lFli/lFol =25x 

(2) Ln in (2~) 0 in (2b) and (2d) R=40% 
(3) Ln in (2~9 0 in (26) and (2~) R = 15 % 

Hypotheses (2) and (3) seem a priori rather 
unprobable, because of the presence of 
oxygen atoms in (2b) located at 2.33 A 
between two oxygens (4e). 

Intensity calculations based on these three 
possibilities show, however, that experi- 
mental data are best represented by the third 
assumption (R = 1.5 %). This is highly signi- 
ficant as far as location of the major part of 
lanthanum atoms in the unit cell is concerned. 
It means that nearly all Ln3+ are located at the 
(2d) position, or quite near it. 

By varying the occupation factor of Ln 
(2d), R falls from 15 to 11% (for f [Ln (2d)] 
= 0.77, i.e., 1.55 Ln (2d) per unit cell). 

Another forward step is made by locating 
oxygens in (6h) (X = &) sites, and this allows 
the reliability factor to drop to 8 % (Table IV. 1). 

Obviously, this distribution results in an 
excessive amount of oxygen in the mirror plane 
and the nature of the atoms present within it 
must be discussed. In particular, it has been 
noticed above that the (2b) site is not suitable 
for oxygen atoms, but this site may be occupied 

and IV.3) for which R is at a minimum (7.8 %). 
At this stage we could not improve R any 

more in a significant manner. However, it was 
suggested to us that a certain amount of 
lanthanum atoms could be located in a (6h) 
position near (2d) and not exactly in it. A 
refinement carried out with the x variable near 
(2d) (X z 0.67) leads to a minimum R factor 
of 7.5 % for x = 0.71 (Tables IV.4 and IV.5). 
Finally, the information given by the intensity 
calculations is the following: 

The major part ofLn3+ is located in or in the 
vicinity of (2d) (the so-called “B.R.” position 
in the literature). Indeed, the filling up of (24 
positions by another sort of atom could never 
give a satisfactory result in view of the enor- 
mous difference between atomic scattering 
factors of Ln3+ on one side and 02- or AP+ 
on the other side (Fddiff (Ln3+)/Fdi,, (A13+ or 
O’-) N 5). 

The other conclusions we shall draw are 
only tentative : 

Oxygens occupy (2~) and (6h) (x = 4) sites, 
which are obviously anionic sites. 

TABLES IV AND V. 

Results of X-ray intensity refinement calculations with respect to site occupancy in themirror plane 



ELI-DOPEDLANTHANUM~~ALUMINA 201 

The (2b) position is occupied by a cation, 
Ln3+ or A13+. 

These conclusions relative to the location of 
cations in the mirror plane are confirmed by 
comparison with single-crystal data of P(Na), 
/?(Ag), and magnetoplumbite (Fig. 1). If 
there are cations in the so-called “m.0.” 
position (6h) (x = d), it is in a low proportion, 
which cannot be detected with our powder 
data. As in /?(Ag) and magnetoplumbite 
structures, in /?(La) some cations are located 
in (2b), the “a.B.R.” position. 

IV. Discussion 

If we associate information given by both 
X-rays and optical study, we can make 
further comments on the structure. We have 
pointed out the complete insensibility of X-ray 
line intensities on the phase composition of 
P(La). All the X-ray calculations give a high 
occupancy factor for Ln (2d), which cannot 
be replaced by something else. So we believe 
that the whole range of compositions of 
B(La) is ruled by the nature of the (2b) cations. 

Our structural hypotheses are: 
For high lanthanum contents, the (26) 

position is occupied by Ln3+. This occupation 
of the mirror plane will be referred to as of 
“P-type.” The (2b)-(2d) = 3.20 A and the 

(6h) (x = 0.71)-(26) = 2.80 A distances are 
much lower than the La-La distance in the 
metal (3.80 A). Thus, a stmultaneous occupa- 
tion by Ln3+ of (2b) and (2d) or (615) (x = 0.71) 
is unacceptable and the maximum number of 
lanthanum per unit cell is 2, the corresponding 
limit composition is 1 l/l. If Ln3+ is located in 
(26), the (6h) (x = A) cannot be occupied 
and neighbor oxygens are in (2~). The point 
site in this ideal position is D,,; the coordin- 
ation number C, = 5 (Fig. 5a). The Ln-0 
(2~) distances in the mirror plane are 3.20 A 
which are large, but above and beneath the 
lanthanide ion are located two oxygens (4e) 
at 2.33 A. This small distance may induce a 
slight displacement of Ln3+ in the mirror 
plane and a distortion of the site. 

Jf the (2b) position is empty (which is 
realized for about three-fourths of the unit 
cells) and if oxygens are located in or near 
(2c), then the Ln3+ (24 can be removed easily 
from this position in (6h) (x = 0.71). The 
point site around Ln3+ is then of the C’, type. 
Our spectroscopical data display two fairly 
well defined C, type point sites, which could be 
associated for instance with two values for 
x (6/z), but this has not been shown by X-ray 
calculations. The Ln-0 (2~) distances in the 
mirror plane = 3.62 and 2.95 8, and Ln-0 
(12k) = 3.08 and 2.12 A are large and agree 

-A- 

-D- 

FE. 5. Ln3+ point sites in ,&La). 
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TABLE V 

with the 5D, level experimental position (line 
2 or 3), which is high in the nephelauxetic 
scale (see section 11.~) CN = 12 (Fig. 5~). Note 
that under this hypothesis the oxygen atoms 
are probably removed from the true (2~) 
position. 

If oxygens are located in (6h) (X = A), Ln3+ 
will more likely occupy the true (2d) position. 
The corresponding point site is D3h.d [Ln-0 
(6/r)] = 2.77 A and d [Ln-0 (12k)] = 2.83 A, 
C, = 12 (Fig. 5b). 

To summarize, the mirror plane structure of 
“P-type” promote nonsymmetrical C, (or 
distorted D3h) environments for Ln3+ and 
quite large lanthanide to ligand distances (all 
but one). This is rather consistent with the I, 
II, and III groups of fluorescence lines (Section 
II), which vanish as the lanthanum content 
decreases. 

For high aluminium contents, A13+ is 
located in (2b). The 02- content of the mirror 
plane must be higher and more likely of the 
(6h) (x = &) type. Note that the total occupa- 
tion of oxygen (6h) (x=&) site leads to a 
theoretical boundary formula [Ln,,, A1,,6 O,]- 
for the mirror plane, i.e., an overall limit 
composition of 14.2/l. This mirror plane 
structure of “magnetoplumbite type” is 
characterized by a highly symmetrical DJh 
point site for Ln3+ (Fig. 5d). The mirror plane 
occupation is more dense and the Ln-0 
distances are short: d[Ln-0 (12k)] = 2.83 A 
and d[Ln-0 (6/z)] = 2.77 A, C, = 12. 

The magnetoplumbite type mirror plane 
structure promotes a symmetrical environ- 
ment for Ln3* and shorter &z-O distances. 
This is consistent with the groups of fluor- 

escence lines denoted by IV and V in Section II. 
At this stage we have carried out a series of 

calculations. The f [Ln (2d)] being fixed at 
different values, the other occupation factors 
are allowed to move. When f [Ln (2d)] de- 
creases (which, in our hypothesis, means that 
the proportion of magnetoplumbite type 
diminishes), f [Ln (6h) (x = 0.71)] increases, 
and the R value is only slightly modified 
(Table V). Moreover, f [0 (2c)] +f [0 (6h) 
(X = +,)I decreases, which is consistent with 
the hypothesis of a lower cationic content in 
the unit cell. 

In Table V, the stoichiometry is not main- 
tained but one has to keep in mind that our 
samples are in fact mixtures of several com- 
pounds in various proportions. In particular, 
“Ln (2b)” must be understood as : y Ln (2b) + 
zAl(2b) with unknown y and z. 

The complete solution is undoubtedly more 
complex than the description we have at- 
tempted. For instance, we cannot ascribe a 
precise environment to each set of spectral 
lines. Other point sites, which have not been 
considered, may exist. 

It is simply noteworthy that fluorescence 
data are rather consistent with the hypothesis 
of quite well-defined point sites; the structural 
meaning of this is the juxtaposition of small 
ordered domains. It is not possible at this stage 
to detail more features of the different domains 
and a fortiori the linking of domains together. 

Coaclusioa 

To conclude, the phase referred to by 
other authors as p-alumina (La) would be, in 
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fact, a structural intermediate between the 
p-aluminas of monovalent ions (“AgAl,,O1,” 
for instance); and the complex aluminates of 
divalent ions (BaAl,,0r9), of magnetoplum- 
bite type. Some authors (26) succeeded in 
partially substituting La3+ for Ba2+ in this last 
set of compounds. The microprobe analysis 
and structural considerations lead us to 
suggest a range of compositions lying between 
1 IAl,O,/lLn,O, and 14Al,03/lGz,03. 

analysis on the lanthanum B alumina samples. The 
high-resolution microscopy images and diffraction 
patterns were obtained by Dr. G. Schiffmacher. 
Dr. J. P. Coutures furnished us with several 
samples which had been melted in the Odeillo solar 
furnace. 
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