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An X-ray-induced F* center is used as a paramagnetic probe to study sintered powders of barium
hexaaluminates phases I and II (referred to as Ba(®;) and Ba(®y)) and mixed barium-lanthanum
hexaaluminate (referred to as BLA). This F* center was previously shown to exist only in 8-alumina-
type mirror planes containing interstitial oxygen ions as charge-compensating defects, so that its study
yields information about the local structure of this type of mirror plane. By comparison of the EPR
spectra of Ba(®)) and Ba(dy) it is shown that the latter contains only one type of F* center with a
reduced hf interaction. This indicates that there is only one type of mirror plane containing interstitial
oxygen in Ba(®;) and that the separation between spinel blocks is larger in Ba(®y;) than in Ba(®,). This
result agrees with models proposed by other authors for barium-lead hexaaluminate and barium
hexagallate. Investigation of the F* center in mixed barium-lanthanum hexaaluminate ceramics
clearly supports the hypothesis of segregation of Ba?* ions in S-alumina-type mirror planes. It is also

shown that the structure of these planes is very similar to that of Ba(®y;) defect planes.

Press, Inc.

(I) Introduction

Hexaaluminates cover two similar and
well-known classes of compounds. The first
class of the general formula MAl,,O; (M =
Na*, K*, Ag*, etc.) encompasses B-alu-
mina (B)-type structures (/). The second
class includes the compounds MAI;,O, (M
= Pb?*, Ca?*, Sr?*, etc.), “‘LnAl;Oy,”" or
LnMALOp (Ln = La** N&*,. .. M=
Mg2t, Nizt, Co?*, . . .) and is related to
magnetoplumbite (MP) structure (2). Both
B and MP structures belong to space group
P6;/mmc. Their unit cell is formed by
stacks of spinel-like blocks separated by
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two mirror planes containing the large cat-
ion. The two structures differ only by their
mirror planes (Fig. 1).

According to the above structural clas-
sification, hexagonal barium aluminate
was first considered isostructural with
CaA112019 and SI'A112019 having MP struc-
ture (3). However, several investigations in
the last 10 years have shown that the ideal
composition BaAl;;0y9 does not exist (4).
The phase relations established by Kimura
et al. (5) on sintered compounds obtained
at high temperature (about 1600°C) have
clarified the existence of two different
phases labeled phase I and phase II (hereaf-
ter referred to as Ba(®,) and Ba(®y;)) having
respectively the approximate compositions
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FiG. 1. (a) Unit cell of ideal 8-alumina compound with formula NaAl;;0,; and (b) of a mixed 8-
alumina-magnetoplumbite compound (SLnA). (¢) Ideal distribution of ions in mirror planes of
NaAl,;0,; (B-alumina) and LaMgAl,;0,5) (magnetoplumbite).

0.8Ba0, 6AL,0; and 1.3Ba0, 6ALL0;. The
lattice parameters are a; = 0.5588 nm, ¢; =
2.270 nm for Ba(®y) and ay = 0.5600 nm, ¢y
= 2.291 nm for Ba(®y). Within the range of
these two well-defined compositions, the
observation of splitting or broadening of
some reflections in X-ray diffraction pat-
terns demonstrated the presence of a mix-
ture of phases I and II (hereafter referred
to as Ba(®; + ®y)). Radiocrystallographic
studies on Ba(®) single crystals established
that this phase is of B-alumina type (6, 7).
Although mixed barium-lead hexaalumi-
nate phase II (hereafter referred to as
BaPb(®y)) single crystals have been syn-
thesized by lyi er al. (8—10), pure Ba(®yy)
crystals have not yet been obtained, and
many studies by electron microscopy and
X-ray diffraction techniques have been de-
voted to its structure (8, 1/-14). Increase in
the ¢ parameter of Ba(®y;) compared to that
of Ba(®) is due to an excess of barium ions
which has been explained by different
mechanisms:

(i) Alternating of mirror planes of ®; type
with barium-rich mirror planes (8, 12, 13).

(ii)) Only one type of mirror plane con-
taining the excess barium (11, 14).

(iii) A third mechanism proposed by lyi
et al. (9, 10) for BaPb(®)) that consists of
perfect cells (BasoAly00i40) and defect
cells ((Ban)3,0A120_0035‘0) in a 2:1 ratio.
The defect cell was shown to contain a Ba
or Pb ion in the center of the spinel block.

(iv) Another model was recently pro-
posed by Wagner and O’Keefte (/5) for bar-
ium hexagallate of phase II type, which
bears some similarities with the preceding
one except that there are no Ba ions in the
center of the spinel blocks. In this model,
two Ba ions are positioned in the oxygen
layers directly on either side of an anti-BR
(aBR) site in alternating mirror planes in
one of every three unit cells proposed by
Iyi et al. (9, 10).

In a previous paper (/16) we reported the
synthesis by solid-state reaction and the
characterization by Nd3* spectroscopy of
mixed barium-lanthanide hexaaluminate
compounds (BLnA) with approximate com-
position x/2Ba0O, x/6Ln,0s, 6A1L0; (1.2 < x
< 1.5; Ln La, Nd). Its structure was
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shown to be of SLnA type (mixed sodium-
lanthanide hexaaluminate) (/7). In this type
of compound, Ba?* and Ln3* ions are
thought to be in two kinds of mirror planes
of 8 and MP types, respectively. In BLnA,
which is obtained as a pure phase only in
the powder state, this assumption is based
on the observation of odd (00L) reflections
in X-ray diffraction patterns and of well-
defined compositions for Ba?* and Ln** cat-
ions.

We report in this work the EPR study of
various barium hexaaluminates using a
paramagnetic probe. It is now well-estab-
lished that X-ray irradiation of B-aluminate
single crystals generates paramagnetic de-
fects, essentially F* centers (a single elec-
tron trapped at a vacant oxygen site) and
oxygen centers localized in the mirror
planes. These have been observed in so-
dium, potassium, and lithium M-alumina
(18-20). The F* center lies in a site sharing
two tetrahedral A3+ sites, the two possible
oxygen sites being O(5) and the interstitial
mO positions.

We recently observed this defect in
Ba(®)) single crystals. More precisely we
distinguished two different centers, labeled
(F*), and (F*)g. The results, including the
defect structures and their thermal stability
studied by optical absorption, thermally
stimulated luminescence, and EPR, have
been reported separately (21). The behavior
of hexaaluminates with MP structure is
significantly different. Investigation of
LaMgAl; 1O single crystals (22) have
shown that the X-ray-induced defects are
located in the spinel blocks and are mainly
holes trapped at cationic defects (V-type
centers). We also observed similar defects
in other MP compounds such as CaAl;,Oyq
and SrAl,Oyg ceramics (23).

The F* centers in mirror planes of 8-alu-
mina thus constitute ‘‘fingerprints’’ for the
identification of B-alumina structure. More-
over the potential which traps the electron
is essentially spherical, which means that
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the electronic state can be considered hy-
drogenoid-like. Consequently the EPR
spectrum is not sensitive to the orientation
of the magnetic field By with respect to the
crystallographic axes and should be easily
observable in powders and ceramics.

With these considerations in mind, we
performed a systematic EPR study of sin-
tered powders of barium hexaaluminates
with starting compositions xBaO, 6Al,0;
(0.8 = x = 1.3) and of BLA compound with
compositions x/2Ba0, x/6La,0;, 6ALO;
(1.2 = x = 1.55). The purpose was to obtain
additional information concerning the local
structure of mirror planes.

(II) Experimental

The sintered samples (about 2 g in
weight) were obtained at high temperature
(1600°C) by usual solid-state reaction tech-
niques. The starting materials were BaCO;,
AlLQO;, and LayO; in appropriate propor-
tions. The phases obtained after heating
were characterized by X-ray powder dif-
fraction. We prepared the following compo-
sitions: xBaO, 6AL,0; (x = 0.80, 0.85, 0.90,
0.95, 1.00, 1.05, 1.10, 1.15, 1.20, 1.25, 1.30)
and x/2Ba0, x/6La,03;, 6AL0; (x = 1.25,
1.30, 1.40, 1.50, 1.55). A reference sample
was also prepared by grinding single crys-
tals of pure Ba(®;) with x = 0.75, grown by
zone melting in an arc image furnace (24).

Irradiation of the samples was performed
at room temperature using 40-kV, 20-mA
X-rays from a copper target tube. The beam
consists of unfiltered X radiations of Ka
(0.154 nm) and KB (0.139 nm) emissions of
copper. All the samples were irradiated for
16 hr. The irradiated samples were studied
in slices or powder form, the results being
the same in both cases.

EPR spectra were recorded at room
temperature using a Bruker ER 220 D
spectrometer working at X-band and
equipped with a gaussmeter and a fre-
quency meter.
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(111} Results

Figure 2a shows the EPR spectrum, re-
corded at room temperature and 10 mW mi-
crowave power, of a sample of pure Ba(®;)
with composition x = 0.80. It exhibits the
11-line hyperfine pattern of the F* center
typical of 8-alumina phases. The line inten-
sities are in the ratios 1:2:3:4:5:6:5:
4:3:2:1, indicating that the unpaired elec-
tron at the vacant oxygen site of the mirror
plane interacts with two equivalent ’ Al nu-
clei with spin 5/2. This EPR spectrum is
very similar to that of Ba(®y) single crystals
(21), except that the anisotropy cannot be
observed since we are dealing wiih a poly-
crystalline sample. The good spectral reso-
lution is due to the very small anisotropy of
the hf interaction, which amounts to b =
0.1 MHz, a value much smaller than that of
the dipolar contribution bgj, = 4.2 MHz ex-
pected from the classical point dipole-di-
pole interaction (2/). As a result the hf in-

A VLA L] | O V4 (8.0}

teraction measured in the powder sample
(A) = 1.40 mT is close to the values a =
1.49 and 1.45 mT measured, respectively,
for the isotropic interaction of (F*), and
(F*)g centers in Ba(®y) single crystals. The
experimental g value (g} = 2.0035 mea-
sured in powder samples is also very close
to the mean value g, = (g + g, + gJ)/3 =
2.0033 obtained for (F*), and (F*)s centers
in Ba(®;) crystals. Control experiment
single crystals of Ba(®)) is rigorously identi-
cal with that of the powder synthesized by
solid-state reactions.

The EPR spectrum of a pure Ba(dy)
powder (corresponding to x = 1.3), re-
corded under the same conditions as that of
Ba(®y), is shown in Fig. 2d. It also exhibits
the 11-line hf pattern which immediately in-
dicates that the structure of Ba(®y) is of 8-
alumina type. For a magnetoplumbite
structure we expect only a broad aniso-
tropic line due to V-type centers located in
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spinel blocks of the structure (22). It should
be noted, however, that the EPR spectrum
is not identical with that of Ba(®,), which
reveals some differences in the structure of
the mirror planes. The spectrum is slightly
disymmetrical, which might be due to a
larger anisotropy of the g factor and (or) the
hf interaction. The experimental parame-
ters are (g); = 2.0057 and (A);; = 1.12 mT,
the latter being significantly smaller than
the value measured in Ba(®;) powder.
Another difference with Ba(®;) concerns
the EPR intensity and the saturation behav-
ior. Figure 3 shows the saturation plots at
room temperature for two equal amounts of
Ba(®)) (x = 0.8) and Ba(®y) (x = 1.3) pow-
ders. The striking feature is that the F* cen-
ter saturates more readily in Ba(®y;) than in
Ba(®)). In the former case, saturation oc-
curs at a moderate microwave power P =
20 mW, while in the latter the maximum
intensity is not yet reached at P = 200 mW.
This indicates that the spin lattice relax-
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FiG. 3. Variation of the peak-to-peak EPR amplitude
at room temperature versus the square root of the mi-
crowave power P for Ba(®;) (x = 0.80) and Ba(®y)
(x = 1.3) ceramics.
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ation time 7, of F* centers is longer in
Ba(®y;) than in Ba(®,). Furthermore the sat-
uration plot of Ba(®dy;) exhibits a decreasing
intensity at P > 20 mW, which shows that
the EPR lines are homogeneously broad-
ened. For a magnetic resonance absorption
Y with Lorentzian lineshape, the first deriv-
ative Y' depends on the spin lattice relax-
ation time T, on the spin—spin relaxation
time T, and on the microwave amplitude
H,. Below the saturation level, i.e., when
H3yT\T, < 1, Y' does not depend on T,
and it varies linearly with H,,
Y = 16 (B — Bo)yhhymf:

332 [1 + (B ~ Bo)*y*T3*
where y,, is the amplitude below saturation.
Knowing that the incident power is pro-
portional to H} and with the two spectra
having very similar linewidths AH,, =
2/(3V2yT,), the ratio of the slopes of the
curves giving the peak-to-peak amplitude A
as a function of P2 below saturation de-
pends only on y,,, which is proportional to
the concentration of F* centers:

dA/dH, _ (ymh _ [F']
dAw/dHy  (you [F'ln’

Saturation plots of Fig. 3 give [F*]/[F*In
== 3. Comparison of the EPR spectra of
Ba(®d;) powder with that of Ba(®;) single
crystal shows that the concentration of F*
centers is of the order of one F* center for
10* unit cells. Consequently the concentra-
tion of F* centers in phases I and II are
both very small, and if they are supposed to
be randomly distributed in the matrices,
they cannot interact. However, a signifi-
cant shortening of 7} can occur if there is
some defect clustering, as shown for optical
bleaching experiments of F centers in KCl
(25). We thus propose that F* centers are
partially clustered in Ba(®,) and more sta-
tistically distributed to Ba(®y). Recently X-
ray and electron diffuse scattering in Ba(®y)
single crystals gave evidence of local order-
ing of Ba2* and vacancies (24). The short-

(1)

)
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range order covers about 60 A and the or-
dered domains are limited by zones which
contain barium vacancies, interstitial oxy-
gen ions, and barium clusters. Moreover
we recently showed that F* centers are
most probably located at sites normally oc-
cupied by interstitial oxygen ions (27). In
view of these results, short 7' could likely
be due to a partial clustering of F* centers
at the boundary of ordered domains in
Ba(®;). On the contrary, the long T; of F*
centers in Ba(®y) reflects a random distri-
bution of these defects which could result
from the lack of short-range ordering.

We also investigated F* centers in bar-
ium hexaaluminate powders with composi-
tions in the range 0.8 < x < 1.3 containing
Ba(®; + ®p). The EPR spectra are domi-
nated in this case by F* centers of Ba(®y)
since this phase contains a higher concen-
tration of defects than Ba(®y). Two repre-
sentative spectra are shown in Figs. 2b and
2c. In the range 0.8 < x = 1.05 the spectra
are completely independent of the composi-
tion (except for their intensity) and are typi-
cal of Ba(®;). Intherange 1.05=x=1.20a
slight anisotropy appears at the low field
side, due to the contribution of the F* cen-
ter of Ba(®y). However, the F* center of
Ba(®)) is still predominant and the hf pa-
rameter {(A) is that of Ba(®;) as shown in
Fig. 4. In the range 1.25 = x = 1.30 the
lineshape, g, and hf parameters are those of
Ba(®y). The evolution of (4) with composi-
tion is shown in Fig. 4. The hf parameter
does not vary in the composition range 0.8
< x < 1.2, which indicates that Ba(®;) has a
well-defined composition and that there is
no intermediate phase between Ba(d;) and
Ba(®y).

Another interesting behavior concerns
the evolution with x of the concentration of
F* centers in Ba(®)). This measure is possi-
ble in the range 0.8 =< x < 1.10 and at high
microwave power because these centers al-
most dominate the EPR spectrum. For ex-
ample at P = 100 mW the EPR intensity of
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F1G. 4. Variation of the hf parameter (4) of F* cen-
ter according to the barium content x in xBaO, 6Al,0,
(rectangies) and in x/2Ba0, x/6La,0;, 6Al,04 (solid cir-
cles) powders. The triangle represents the value mea-
sured in ground Ba(®,) single crystals.

F* in Ba(®)) is 13 times that measured in
Ba(®y){x = 1.3). In order to obtain this in-
formation, we need the variation with x of
Py, which is the proportion of phase I in
the powder. P4; can be determined from
powder X-ray diffraction patterns by moni-
toring the diffraction peak 20.14 occurring
at d = 0.1346 nm in Ba(®y) and d = 0.1355
nm in Ba(®y). Figure 5 shows the variation
with x of the quantity P@I = Iq;]/(]q;[ + Iq>[[)
where Ig; and Ipy represent the intensity of
the 20.14 diffraction peak for Ba(®;) and
Ba(®y), respectively. This figure also
shows the variation of the quantity Cg; =
Igpr/Pyy, Which is proportional to the con-
centration of F* centers in Ba(®). Igpg is
the intensity of the EPR transition m; = 1.
We choose this transition instead of the
central one (m; = 0) because the latter is
generally superimposed on the EPR line of
O~ centers, an extra signal well-character-
ized in our study of Ba(®;) single crystals
(21). Cqy is in arbitrary units and the value
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F1G. 5. Variation of the proportion Pg, of Ba(®,) and
the F* concentration Cg; (arbitrary unit) in Ba(®)) ac-
cording to the x value in barium aluminates with start-
ing composition xBa0, 6Al,0;.

Caq1 = 1 has been taken for the pure Ba(d))
phase (x = 0.8). For a concentration of F*
centers in Ba(®;) independent of x, we ex-
pect Cg; = 1 in all the composition range.
Surprisingly, we observe a strong increase
in Cg; by afactor 2.7 in the range 0.80 < x =
0.90, and Cqy is constant for x = 0.95. We
have not yet found a satisfactory explana-
tion for this behavior. The fact that the hf
parameter is constant shows that the in-
crease in F* concentration is not due to a
variation of the composition of the mirror
planes (see Section IV). It is, however, pos-
sible that a change with x of the size of the
ordered domains modifies the number of
available sites for the oxygen vacancies.
Figure 6 shows the EPR spectra of BLA
powders with compositions x = 1.4, It is
very similar in shape to that of Ba(®y;), with
the same (g) and (A) parameters. Since this
F* center can be considered as a ‘‘finger-
print’’ of the 8 structure, its occurrence in
BL A phase indicates that the local environ-
ment of the defect in the mirror plane is of

GBEHI ET AL.

B-alumina type. The hf parameters of BLA
compounds with starting compositions in
the range 1.2 = x = 1.55 are reported in Fig.
4. It is noteworthy that (A) in BLA follows
the variation obtained for Ba(d, + &) mix-
tures in the range x = 1.2 to x = 1.3. The
results show that barium planes of BLA
with x > 1.3 have barium composition very
similar to Ba(®y). On the contrary the -
alumina-type mirror plane of BLA with x =
1.2 seems to be very similar to that of
Ba(®) since their EPR spectra are almost
identical. It might also be possible that this
F* center in BLA for x = 1.2 arises from
traces of Ba(®;) phase in addition to BLA.
However, X-ray diffraction on this BLA
does not reveal the presence of any addi-
tional phase (except a-Al;O;) while the as-
sociated EPR spectrum is intense.

(IV) Discussion

It is now well established that the 11-line
hf pattern of F* centers is a fingerprint of
the B-alumina phase (/8-22). Recent work
has shown that the F* center is not pro-
duced in either stoichiometric B-alumina
(26) or B"-alumina (27). This defect thus ex-
ists only in B-alumina having interstitial ox-
ygen ions. This behavior leads us to inter-
pret the defect as being an electron trapped

1 1 1
330 338 340
B(mT)

L
325

Fi1G. 6. EPR spectrum at room temperature of a
mixed barium—lanthanum aluminate ceramics with
starting composition x/2Ba0, x/6L.a,0;, 6AL0; (x =
1.4). Irradiation time: 16 hr. Microwave power: 10
mW.
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at the site of an interstitial oxygen and delo-
calized on the alumium ions of two adjacent
Frenkel defects (21). We may thus use this
defect to identify mirror planes possessing
interstitial oxygen ions.

The second point is that the hf interaction
is sensitive to the local structure of the mir-
ror plane, more precisely to the distance
between aluminum ions of the two Frenkel
defects. The dramatic change of the hf pa-
rameter, namely {(A); = 1.40 mT and {A);; =
1.12 mT in Ba(®;) and Ba(®y), respec-
tively, indicates that the mirror planes do
not have the same composition. In Section
111, we pointed out that the experimental
value of (A); is very close to the isotropic
interaction g measured in Ba(®;) single
crystals. The value a is related to the
square of the wave function |¥(0)]? of the
unpaired electron at the Al nucleus by

a= %71 gBenBn|P(0))%. 3)

In the point ion theory of Gourary and
Adrian (28) for F centers, the wave function
¥ is made of a smoothly varying envelop
function W centered at the vacancy, which
is orthogonalized to the ion core orbitals ¥,
of the two AP* ions. Gourary and Adrian
have shown that the result is equivalent to
replacing |W(0)]> in Eq. 3 by Ag|Vr(R)]
where Ay is an amplification factor for the
nucleus at distance R from the vacancy
center. Ag is almost independent of dis-
tance (29) and the envelope function was
found to vary as R~? so that we may write

A _a _ [YeRIP _ (Ru)’
A an (R,) 4)

where R; and Ry represent the ‘“‘oxygen
vacancy”’ —APP* distances in Ba(d,) and
Ba(®;). From the experimental values of
{A) and (A); we get Ry/R; = 1.08. EPR
results show that the separation between
spinel blocks is larger in Ba(®;) than in
Ba(®). Several workers observed that an
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increasing cation concentration in mirror
planes results in decreasing separation be-
tween spinel blocks (30). This might indi-
cate that the barium concentration in mirror
planes (containing interstitial oxygen) of
Ba(®yy) is smaller than that in Ba(®)).

In Section I, we considered four different
mechanisms invoked to explain the excess
barium ions. The existence of only one type
of F* center in Ba(®y) with small hf inter-
action shows that this compound possesses
only one type of mirror plane with defect
oxygen, also characterized by a reduced
barium content (with respect to Ba(®y)). If
Ba(®dy) contains two types of mirror planes,
the other one should be “‘ideal,”’ i.e., with-
out defect oxygen. This ideal mirror plane
is similar to that of stoichiometric g-alu-
mina and is thus expected to exhibit no F*
centers. These considerations allow us to
eliminate mechanisms (i) and (i1) because
the former should imply the existence of
two different F* centers, one of them being
of Ba(®)) type. Mechanism (ii) would be
characterized by only one type of F* cen-
ter, but since the barium concentration in
mirror planes of Ba(®y) should be higher
than that in Ba(®,), the former should ex-
hibit a larger hf coupling than the latter,
which is not the case. Models (iii) and (iv)
differ by the site of the spinel blocks con-
taining excess barium, but they are similar
in the sense that they both postulate the
existence of two different types of mirror
planes, one having only one barium ion and
no defect oxygen ion. This ideal plane
should be undetectable by EPR. The other
plane, which contains interstitial oxygen
ions and a reduced barium content, has a
structure compatible with the existence of
F* centers with reduced hf interaction de-
tected by EPR. The F* concentration,
which is smaller in Ba(®y) than in Ba(®y),
also agrees with the existence of these ideal
planes. It should be noted however that
paramagnetic centers are only sensitive to
short-range interactions, which implies that
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we cannot determine the localization of the
excess barium.

This discussion is also valid for BLA
compound. The existence of F* centers
clearly demonstrates that barium ions are
located in B-alumina-type mirror planes.
Moreover the complete similitude of the
EPR spectra of BLA and Ba(®y) forx = 1.3
shows that lanthanum and barium tons are
located in different mirror planes so that the
EPR spectrum is not sensitive to the pres-
ence of La’* in the lattice. A localization of
La’* and Ba’' ions in the same plane
should be detectabie on the EPR spectrum
of the F* center, which is not the case. The
hypothesis of a segregation of Ba?" and
La** ions in different mirror planes of 8 and
MP types, respectively (I6), is thus fully
supported. This similitude also indicates
that the B-alumina mirror planes of BLA
(x > 1.3) are of ®y; type and not of P, type,
which seems to indicate that the barium
content of these planes in BLA is smaller
than that of Ba(®dy). The hf parameter (4)
does not depend on x in this composition
range, which indicates that BLA has a well-
defined barium content. Thus for x = 1.3, a
phase separation should occur leading to
BLA and another phase identified as
LnAlO; (16). The similitude of BLA and
Ba(®;) F* centers also indicates that the
compensation mechanisms for the excess
barium are probably identical in these two
compounds. The case of BLA (x = 1.2) is
more problematic since we are not certain
whether the hf parameter (4) = 1.40 mT is
due to the presence of small quantities of
Ba(®)) or to the existence of another BLA
phase with 8-type mirror planes of @, type.
Studies on powders with compositions x <
1.2 are necessary to determine the nature of
the phase containing the ®-type F* center.

(V) Conclusions

We used X-ray-induced F* centers to
identify B-alumina-type mirror planes in
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barium hexaaluminate (Ba(®;) and Ba(®y))
and in barium-lanthanum hexaaluminate
(BLA) phases. The following conclusions
can be drawn from this work:

(i) Ba(®y) possesses only one type of
mirror plane containing defect oxygen ions,
and the barium content of these planes
seems to be lower than that in Ba(dy).
These findings suggest that the F* center in
Ba(®y) lies in “‘defect mirror planes’ simi-
lar to those proposed in the models of lyi et
al. (9, 10) (for BaPb(®y)) and of Wagner
and O’Keeffe (15) (for barium hexagallate
phase II).

(ii) For BLA compound, we confirm the
hypothesis of a segregation of Ba?" and
La’** in different mirror planes of 8- and
MP-types, respectively.

(iii) The structure of B-alumina-type mir-
ror planes of BLA (x > 1.3) is very similar
to that of the defect mirror planes of
Ba(®y).
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