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The calcium (CaAl;0y) and lanthanide (‘‘LnAl;;O"" and LnMgAl;,0y with Ln = La;_,Nd,)
hexaaluminates form a full series of solid solutions labeled CLrA. Pure phases are prepared by solid
state reactions at high temperatures (=1550°C); however, single crystals are obtained only when CLrA
contains also Mg?* ions. These crystals can be grown by the melting zone techniques using an arc
image furnace. The structure of CLnA is of the magnetoplumbite-type, with unit cell parameters
intermediate between those of the two parent compounds. When calcium is replaced by barium, there
is no solid solution and a compound (BLrA) with different structure is formed. This difference seems
to be related to the structural difference between the two alkaline earth hexaaluminates CaAl;,O,, and
**BaAl;0y.”" Optical absorption, fluorescence, and ESR spectra of Nd** in CLnA single crystals have
been investigated for various starting compositions Ca,_,(La;_,Nd,),Mg,Al;;_,0, and compared with
those of lanthanum-neodymium hexaaluminate (LNA), which is a promising laser material. While in
LNA, Nd** ions are distributed among three almost equally populated sites; in CLnA only two of these
sites have been shown to be occupied. Furthermore, one of the two sites, with nearly axial symmetry,
is much more populated than the other one. The higher the calcium content of CLrA, the higher the
Nd** occupancy ratio in this axial site. The fluorescence spectra of LNA and CLnA are very similar.
All these results suggest that as a laser material, CLrA could present some interesting particularities
compared to LNA. © 1988 Academic Press, Inc.

Introduction

The lanthanum-neodymium hexaalumi-
nate La; ,Nd,MgAl;0i, hereafter re-
ferred to as LNA, is a promising laser mate-
rial which could potentially replace the
YAG :Nd in some of its applications (/—-4).
It has been discovered and extensively

* To whom correspondence should be addressed.

studied in this laboratory (4—6). Its struc-
ture, like other LaMgAl;;0,9 or ‘‘LnAly,
Oys,”’ is related to the magnetoplumbite Pb
Fe ;015 (MP) with space group P6:/mmc.
The unit cell is made of spinel-like blocks
separated by mirror planes perpendicular to
the ¢ axis and containing the large lan-
thanide ions. According to the regular MP
structure these last cations should occupy a
single site with axial symmetry (D;). How-
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ever in LNA, single-crystal X-ray diffrac-
tion (5) and optical investigations (6) have
shown that Nd3" is distributed among three
different sites with C,, symmetry. At
present we do not know if all three sites are
laser active. Therefore it would be of inter-
est to study similar compounds in which
one site is privileged with respect to the two
others.

In the alkaline and alkaline earth oxides—
alumina phase diagrams, there are hexag-
onal aluminates (with P6;/mmc space
group). The compounds with theoretical
formula X1Al;;0,; in which X! stands for
alkaline ion, are the well-known 8 aluminas
(7). The B and MP structures are similar but
the mirror planes containing the large cat-
ions are closely packed for MP and loosely
packed for 8. It follows that alkaline ions
can move in 8 alumina mirror planes. The
compounds with the theoretical formula X1
Al;;04 (XU = Ca?*, Sr?*) are of the MP-
type structure (8), while for XII = Ba?*
there are in fact two compounds labeled
phases I and II (9, 10) with two different
compositions and both structurally related
to B8 alumina.

Furthermore, there are also mixed alumi-
nates containing two types of large cations,
with different valencies. The structure is
made of an alternate stacking of 8 and MP
half unit cells, each containing one type of
large cation. It belongs to the P6m2 space
group. They occur in the alkaline 8 alu-
mina-lanthanide hexaaluminate and bar-
ium aluminate—lanthanide aluminates sys-
tems and have been labeled respectively
SLnA and BLnA (11, 12).

The present study deals with the mixed
compounds between calcium hexaalumi-
nate and lanthanide hexaaluminates
(CLnA). We report here the synthesis,
crystal growth, and characterization of
CLnA for Ln = La;_,Nd,. The structural
behavior of this phase is compared to that
of BLrnA and the results of its spectroscopic
studies are discussed with reference to
LNA.
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Synthesis and Characterization of CLnA

(1) Compounds Obtained by Solid
State Reaction

Mixed phases between XUAl;,Op and
“LnAl“O]g” or LﬂMgAl“Olg (Ln = Laj_,
Nd,, 0 = « = 1) have been synthesized for
XU = Ca?t and Sr?*, but the present paper
will be concerned only with the compounds
obtained for X' = Ca?*, hereafter referred
to as CLnA or Ca;_,Ln, to emphasize the
lanthanide—calcium ratio of a particular
phase.

CLnA compounds, with the general for-
mula Ca,_,Ln,Al;_,Oy-_, or Ca;_,Ln Mg,
Alj;,Oy9 are obtained by heating at high
temperatures a mixture of the following
starting materials in the appropriate
amounts: CaCO;, Lny0i, a-AlLO;, and
eventually MgO. About 2 g of an intimate
mixture of the starting compounds are cold
pressed and the pellets prereacted by heat-
ing at 1200°C in air for 2 days. The samples
are crushed, pressed again, and annealed
for 2 days at 1550°C or 15 hr at 1600°C.

For all values of x, the X-ray powder pat-
terns of CLnA compounds contain diffrac-
tion lines characteristic of 8 or MP only,
whose patterns exhibit 00/ and hhl lines
with [ always even (Fig. 1). This behavior is
different from those of SLnA and BLnA
which exhibit also 00/ and hhl lines with [
odd. Such lines are forbidden in the 8 and
MP P6;/mmc space group but not in the
SLnA P6m2 space group. This indicates
that in CLnrA all the mirror planes perpen-
dicular to the ¢ axis are equivalent, Ca?*
and Ln** ions being distributed in the same
planes. This situation is different for the
SLnA or BLnA structure in which the two
types of large cations are localized in differ-
ent and alternating mirror planes.

When CLnA compounds are melted in a
high-temperature image arc furnace, two
cases must be distinguished:

—For the series Ca,_,Ln,Alj,_,O9_,
the melting is incongruent, like the parent
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Fi1G. 1. X-ray powder diffraction pattern of CLnA (CoKea radiation) with starting composition

Cag sLng sMgo sAl; sOs.

compounds CaAl;;0 and “‘LnAl;O”°
(13, 14).

—For the series Ca,_.LnMg.Al;;_,
Oy the melting is congruent, like LNA (5).
Crystal growth experiments have been un-
dertaken on this second series of com-
pounds.

(2) Crystal Growth of CLnA by the
Floating Zone Method

CLnA crystals are grown in air by the
floating zone method using a focused 6.5-
kW xenon arc lamp as the heat source (15).
The crystal translation rate is chosen be-
tween 3 mm/hr and 7 mm/hr. The starting
materials are identical with those used in
the solid state reaction for the MgO-con-
taining series. Before melting, samples in
the form of parallelepipedic rungs are sin-
tered at 1550°C for 24 hr.

The crystal growth of CLrA is relatively
easy and leads to single crystal rods 5 mm

in diameter and 5 cm in length. The crystals
exhibit some cracks probably due to ther-
mal shock, but generally they are transpar-
ent and can be easily cleaved parallel to the
growth axis. Transparent platelets are iso-
lated from the crystals, and their Laue pat-
terns indicate that they are parallel to (a, b)
planes and that the growth axis is the a di-
rection of the unit cell. The higher the neo-
dymium content of the crystals, the deeper
their purple coloration.

Electron probe microanalysis has been
performed on cleavage platelets for several
members of the series Ca;_,Ln Mg, Alp—,
Oy (Cay_.Ln,). The results are given in Ta-
ble 1. It appears that there is a slight loss of
calcium and magnesium oxides during the
crystal growth.

The X-ray powder patterns of crushed
single crystals of CLnA are similar to those
of sintered compounds shown in Fig. 1.
Unit cell parameters determined from these
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TABLE 1

CHEMICAL COMPOSITIONS AND LATTICE PARAMETERS OF CLnA SINGLE CRYSTALS
AND PARENT COMPOUNDS (I.n = LaygNdy )

Lattice
parameters

Starting Electron probe
compositions microanalysis ad) cA) cla Ref.
CaoanoJ CaoogLnonMgouAl“ 70]9 5.57 21.92 3.94 This work
CaousL"o'S Caoqu"o,gng.qul“ 33019 5.58 21.92 3.93 This work
CaMLnM, Cao.gsL"o,ﬂMgo,“Al]|'430|9 5.58 21.94 39 This work
Cao,,an Cao,qu"oAmMgo_u,Al]|_JO|9 5.58 21.94 3.93 This work
CaAl;0y 5.56 21.89 3.94 (22)
LnMgAl, Oy 5.58 2197 3.93 5)

(LNA)

patterns for some Ca,_,Ln, compositions
are gathered in Table I. These parameters
are intermediate between those of the MP-
type parent compounds CaAl;;O;y and
LnMgAl;,0y. Usually for magnetoplumbite
compounds the c/a ratio is close to 3.93
(16), while it is close to 3.99 for SLnA (17)
and to 4.03 for 8 aluminas (/6). All the c¢/a
values derived from Table I are very close
to 3.93 which seems to indicate that the
CLnA is of magnetoplumbite type, the
same as its parent compounds.

Optical Investigations of Nd** in CLnA

(1) Optical Absorption

Preliminary studies at room temperature
have demonstrated that the optical absorp-
tion spectra of CLnA were independent of
the lanthanum-neodymium ratio in these
materials. Therefore this ratio has been ad-
Jjusted for each particular compound in or-
der to obtain sufficiently intense absorption
bands.

The low temperature optical absorption
of two single crystals with composition
Cag7Ndo3Mgo3Al 709 and  Cags(Lage
Ndo.07)Mgo,Al;130)9 respectively labeled
(Cag 7Lng3) and (Cay 3Lng ;) have been stud-
ied down to 4 K. The spectra were recorded

on a Beckmann UV 5270 spectrometer fit-
ted with an Oxford Instrument helium flow
cryostat, in the wavelength range 200 to
1200 nm. In both cases the light beam was
directed along the ¢ crystal axis.

Among the 41 electronic states of the
Nd3* (413 configuration, one, the 2P,
level, is of special interest. Indeed the tran-
sition between the ground state Iy, and
P\, state is situated in a spectral range
(~427 nm) in which it can be easily identi-
fied. Furthermore the %Py, level is not split
by the crystal field (J + 1/2 = 1). Therefore,
for each neodymium site and for the *Io;, —
2P|, transition at room temperature at most
five lines are observed corresponding to the
transition originating from the five Stark
levels of *Iy,. Decreasing the temperature
depopulates the highest Iy, Stark levels,
and the number of lines in the spectrum de-
creases. Figure 2 depicts the evolution with
temperature of the absorption spectrum of
CagsNdg 3. It can be noticed that the lines
situated on the long wavelength edge of the
spectrum vanish as the temperature de-
creases. The similarity between the 30 and
4 K spectra (Figs. 2d and 2e) indicates
that the depopulation process is already
achieved at 30 K. At liquid helium tempera-
ture only the lowest Stark level of /o, re-
mains populated. It follows that only one
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F1G. 2. Optical absorption spectra showing the temperature dependence of Nd3+ I, — 2P, transi-
tion. The CLnA single crystal (Ca,y;Ndg ;) has its ¢ axis along the spectrometer beam: (a) 297 K, (b) 120

K,©) 70K, d) 30K, (e) 4 K.

line is expected for the *Iy; — 2Py, transi-
tion of one neodymium site. Experimen-
tally (Fig. 2e) only one strong line remains
at 426 nm (labeled A line) and a much
weaker one (B line) at 428 nm. Therefore in
this compound Nd3* is distributed among
two sites, the first one corresponding to the

A line being much more populated than the
second.

The same procedure has already been
followed for LNA (6), which demonstrated
that in this compound neodymium is dis-
tributed among three different sites, two of
which (giving a doublet) are very similar
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FiG. 3. Influence of the Ca/Ln ratio on the optical
absorption spectrum of Nd** “I;, — 2P, transition at 4
K. The beam is parallel to the ¢ axis of the crystals.
Starting compositions: (a) Cag;Ndg;Mgg3Al; 701
(CLnA), (b) Cay;1.a06Ndg sMgo 1Al 3019 (CLRA), (€)
Lao_gNdo,lMgAl“O]g (LNA after (6))

and the third which is rather different from
the other two.

The liquid helium temperature spectra of
the 4o, — 2P, transition for LNA (6), Cag;
Lng 3 and Cag3Lng 7, are gathered in Fig. 3.
From comparison of the three spectra it ap-
pears that the A line of CLrA is in the same
spectral range as the doublet (A{, Aj) of
LNA. In fact, although its wavelength is
intermediate between the doublet of LNA,
the linewidth at half height of the A line
(~0.5 nm) is just about one-half of that of
the LNA doublet. This seems to indicate
that the A line is not the envelop of the
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LLNA doublet but rather corresponds to one
of its two components and therefore to a
well-defined Nd site. The small shift of the
CLnA line compared to that of LNA may
arise for instance from the difference in
composition between the two compounds.
Concerning the B line, it must be noticed
that its intensity corresponds to 1/10 of that
of the A line in Cag7Lngy3, 1/5 in CagsLng 7,
and approximately 1/2 in LNA. Therefore
the population of the second site increases
when the calcium content of the CLnA
phase decreases.

A comparison of the liquid helium tem-
perature of CLrA and LNA absorption
spectra can be done also for the other lines.
It appears that for some transitions in
which the multisite character of the neo-
dymium in LNA is not obvious, ‘I, —
4F35, for instance, which contains only two
lines (6), the spectra are identical. On the
contrary, for the transitions which present
in LNA more lines than allowed by the de-
generacy of the state, the lines located on
the long wavelength side of the LNA spec-
trum are always weaker or missing in
CLnrA. This can be exemplified for the so-
called hypersensitive transition *loy, —
4Gsi, 2Gq (7 lines) depicted in Fig. 4. So
increasing the amount of lanthanide ions in
CLnA makes the spectra resemble those of
LNA and populates the second neodymium
site.

(2) Neodymium Fluorescence

The fluorescence of the CLnA crystals
was performed on a home-built spectrome-
ter using a Jobin-Yvon HR 1000 mono-
chromator and a filtered mercury arc lamp,
A = 577 nm, as excitation source. The PbS
cell detector associated with a lock-in am-
plifier ensures the obtention of a good sig-
nal-to-noise ratio in the near infrared spec-
tral range.

We have focused our attention on the *Fs;,
— 4I11,> neodymium transition which is the
most intense and corresponds to the usual



Nd IN CALCIUM LANTHANIDE HEXAALUMINATES

(o)
(b)
(c)
70 580 5%
A(nm)

F1G. 4. Influence of the Ca/Ln ratio on the optical
absorption spectrum of Nd** Iy, — *Gs;,, *Gs, hyper-
sensitive transition at 4 K. The beam is parallel to the ¢
axis of the crystals. Starting compositions: (a) Cag-
Ndg3Mgg3Al;; 7019 (CLRA), (b) CagsLageNdoesMego.s
Al”'3019 (CL”A), (C) Lao_gNdo_lMgAI“O]g (LNA after
(6)).

laser transition, around 1.06 um, of Nd**
activated materials. The spectra of four
crystals Ca;_,Ln, (x = 0.3, 0.5, 0.6, 0.7)
have been recorded at room temperature.
Figure S5a gives the spectrum of a Cay7Ndg ;
crystal which can be accurately simulated
as a sum of five Gaussian shaped lines as
depicted in Figure 5b. The corresponding
line positions and relative intensities are
given in Table II. This spectrum, like the
other crystals, looks very similar to that of
LNA (I). However, neglecting the first two
weak lines whose positions are not known
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TABLE II

WAVELENGTHS AND RELATIVE INTENSITIES OF THE
INDIVIDUAL Nd** FLUORESCENCE LINES OF THE
4F3, — 41,12 TRANSITION IN Cay;Nd, ; (SEE F1G. 5b)

Wavelength (nm) 1041 1046 1054 1063 1076

Relative intensity 0.03 0.06 0.36 0.17 0.38

with great accuracy, it can be noticed that
the wavelengths of the lines slightly depend
on the composition of the crystals. While
the lines at ~1054 and 1063 nm are almost

(Q)

1060

(b)

1020 1100

F1G. 5. Nd** fluorescence spectrum at 300 K (*F;, —
“I,1» transition) in CLnA crystal with starting composi-
tion Cag;Ndy ;Mg 3Al;; ;09 (excitation A = 577 nm).
(a) Experimental spectrum. (b) Simulated spectrum.
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F1G. 6. 20 K ESR spectra of Nd** in single-crystalline CLnA (Cay;Lao ,7Ndg ;sMgo3Al; 7010. (2) Byl €
for two values (1 and 10) of the spectrometer gain. (b) By L ¢.

insensitive to the calcium content of the
crystals, the line around 1076 nm shifts to-
ward the long wavelengths when the x
value increases. For example, this line ap-
pears at ~1080 nm for CagiLng;. Once
again when the calcium content decreases
the spectrum joins that of LNA one whose
main lines appear at ~1054 and 1082 nm.

ESR Investigations of Nd** in CLnA

This study has been performed on single
crystals of Ca,_,Ln,Mg,Al;;_,0 and only
on powders of Ca,_,Ln,Al;;_,O;5_, be-
cause, as already pointed out, it is not pos-
sible to grow single crystals of phases with-
out magnesium. The neodymium content of
the CLnA samples was chosen so that Ln =
LagsNdo,. This ensures that dilution of
Nd3* is sufficient to prevent any magnetic
interaction between necodymium centers
which could broaden the ESR lines. The
spectra were obtained on a Bruker ER 220
D spectrometer operating at X band, fitted
with an Oxford Instrument ESR 9 helium
flow cryostat. Cryogenic temperatures
were required to lengthen the spin lattice
relaxation time sufficiently to avoid lifetime
broadening of the ESR spectra (6). Usually,
the spectra were run at 20 K.

(I) ESR of Single Crystals

Angular variations of the ESR spectra
were performed by rotating the crystal with
respect to the static magnetic field By, in
such a way that B, is either in a plane con-
taining the ¢ crystal direction, or in a plane
perpendicular to ¢ ((a, b) or cleavage
plane).

When By is along ¢ the spectrum is domi-
nated by a strong line at ~170 mT which
broadens and then disappears when the
temperature is raised above 50 K. This line
is the narrowest (~10 mT) for this orienta-
tion, its intensity is maximum, and its field
position is minimum (Fig. 6a). This indi-
cates that c¢ is one of the principal axes of
the g tensor of Nd** ions which behave as
an § = 1/2 system because at 20 K only the
lowest Kramers doublet is populated. Addi-
tional hyperfine lines flanking the central
line can be seen (Fig. 6a). They arise from
interactions with the nuclei of the *Nd and
145Nd isotopes (natural abundance 12.2 and
8.3%, respectively) both with I = 7/2. The
ratio of the hyperfine constants associated
with the two isotopes are in good agree-
ment with the ratio of their nuclear g fac-
tors (gi4s/gias = 0.626).

When the magnetic field rotates from ¢ to
a direction of the (a, b) plane, the line
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F1G. 7. Angular dependence of the ESR line position
and peak-to-peak linewidth in single-crystalline CLnA
(CaojLa()_nNd()_oj;Mgo_}All1_70]9) at 20 K. The magnetic
field B, rotates in a plane containing the ¢ axis (B, || ¢
for 6 = 0).

moves toward higher fields and broadens
markedly (Fig. 7). For B, perpendicular to ¢
(Fig. 6b) the line reaches its higher field po-
sition (~470 mT) and its peak line width is
in the range 80—-100 mT.

For a rotation of By in the (a, b) plane,
the line position exhibits a very small angu-
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lar dependence (amplitude ~10 mT) with a
60° periodicity. This indicates that Nd** oc-
cupies a nearly axial site, probably very
close to the theoretical D3, large cation site
of the magnetoplumbite structure.

The experimental spin Hamiltonian pa-
rameters for the four crystals studied are
gathered in Tabte III. One observes a very
small and regular variation of these parame-
ters with composition. The higher the lan-
thanide content of the phase, the closer the
parallel parameters to those of LNA. Ow-
ing to the large linewidth of the perpendicu-
lar spectrum, the hyperfine satellites are
not resolved. Therefore the A, parameter
has been computed from the spectrum ob-
tained at 60° from c¢; using the usual formu-
la (6):

g3A} = gfA?} cos’d + gi AT sin’6.

It ranges between 390 x 10~* and 370 X
1074 cm™! for CaysLng; and CagsLng7, re-
spectively.

It can be seen that in CLnA, the g)/g.
ratio (~2.6) is very different from the A;/A |
ratio (~1.2). This indicates that the wave
functions of the two components of the
ground state Kramers doublet contain ap-
preciable contributions of higher energy
states (I8).

TABLE III

20 K EXPERIMENTAL SPIN HAMILTONIAN PARAMETERS OF CLnA SINGLE
CRYSTALS (Ln = LayyNd,,)

Starting compositions of crystals

ESR LnMgAl; O
parameters CagsLngs  Cayslngs  Cagelngs  Cagilngs (LNA)
4.18¢

‘ 3.8 . . .
g 8 3.87 4.00 4.04 4.04
g, 1.58 1.55 1.49 1.43 1.28
434, 449 455 459 465 478
(10~* cm™1)

Note. For comparison, the LNA parameters taken from Ref. (6) are also given

in this table.
@ For LNA paralle! line is a doublet.
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Fi1G. 8. Comparison of the powder ESR spectra of
Nd3* for two CLnA compounds with starting composi-
tions (a) Cag sLag.+sNdo.esAl 15014 5, (b) Cag sLag 4sNdy os
Mg, sAly; sOy9. Each spectrum has been recorded at 20
and 50 K. @ Denotes impurities signals. Notice that
magnesium content of CLrA has no influence on the
spectra.

It should be mentioned for completeness
that for some samples, when By lies close to
the (a, b) plane, the spectra contain addi-
tional weak features which disappear when
the temperature increases above 50 K; they
are ascribed to Nd3* in a second site. It was
not possible io obtain accurate parameters
for this second Nd3* spectrum. However
the associated site with low occupancy ra-
tio seems to be of low symmetry with the
principal axis in the (a, b) plane and not
along c.

(2) ESR of Powder Samples

In order to obtain also information con-
cerning the neodymium localization in
the magnesium-free Ca;_.Ln,Al;_;O19_;
phases, their ESR spectra were recorded
and compared to those obtained on pow-
dered crystals of CLnA (containing Mg).

Figure 8 presents the powder ESR spec-
tra of CagsLngsAlysOiss and CagsLngs
Mg, sAly; sO19 recorded at 20 and 50 K. The
two spectra consist of a sharp parallel line
(with hyperfine satellites) peaking at g ~ 4,
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and a broad perpendicular line crossing the
baseline at g ~ 1.6. There are also weak
impurity lines (Fig. 8) which are easily iden-
tified because, contrary to the neodymium
lines, they remain sharp when the tempera-
ture goes from 20 to 50 K.

It is clear from Fig. 8 that the spectra of
the two phases are identical. This indicates
that, with the resolution allowed by the
powder ESR spectra, the sites occupied by
Nd** ions in the two series of compounds
are identical.

Discussion and Conclusions

The preceding results lead us at first to
compare the structure of mixed alkaline
earth-lanthanide hexaaluminates according
to the nature of their large divalent cation:
Ca?* or Ba?* (CLnA or BLnA phases, re-
spectively).

There is a continuous solid solution be-
tween CaAl;;O; and the lanthanide hexa-
aluminates (“LnAl“Olg” or LnMgAl“019,
Ln = La,_,Nd,) all with magnetoplumbite-
type structure. This solid solution labeled
CLnA belongs to the P6;/mmc space group
and is also of magnetoplumbite type. Ca2*
and Ln3* are distributed in the same (001)
mirror planes, all these planes being equiv-
alent. In contrast to this behavior, there is
no solid solution between ‘‘phase I’ or
“‘phase II’’ barium hexaaluminates and lan-
thanide hexaaluminates whose structures
are respectively close to 8 alumina and
magnetoplumbite. However, in their phase
diagram a new compound labeled BLrA oc-
curs in a narrow homogeneity domain (12).
In this compound, whose structure belongs
to the SLnA type with P6m2 space group,
the (001) mirror planes are not equivalent
and they are alternatively occupied by Ba?*
and Lr** ions. It follows that the influence
of the alkaline earth ion on the behavior of
the lanthanide one is more likely to occur in
CLnA than in BLrA.

Generally speaking it appears that SLrA-
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type phases are formed only when one of
the parent compounds is of the magneto-
plumbite type and the other of the 8 one.
This is true for alkaline—ianthanide (17, 19),
barium—lanthanide (/2), and also probably
sodium—calcium (20, 21) mixed hexaalumi-
nates. On the contrary when the two parent
compounds are of the same type, they form
a solid solution which belongs to the same
structure. This is the case of calcium and
lanthanide hexaaluminates which form
CLnA, a continuous series of solid solu-
tions.

Returning to the aim of this work, one
must discuss the influence of calcium on the
lanthanide ions in CLrA.

At first the calcium-free CLnA is LNA,
an interesting new laser material (I, 4). In
this compound Nd** ions are distributed
among three types of sites, corresponding
tothe Aj, A3, and B’ lines of the *Iy, — Py,
transition depicted in Fig. 3c. According to
the relative intensity of the three lines, it
could be inferred that the occupancy ratios
of the three sites are rather similar. With
partial substitution of calcium for lan-
thanide ions in LNA, the relative occu-
pancy of the third site decreases (B lines,
Figs. 3b and 3a); simultaneously one of the
two first sites, responsible for the AjA; dou-
blet, disappears, the remaining Nd3* site
giving a strong singlet line A intermediate
between A} and Aj. According to its wave-
length the A line originates from neodym-
fum in high coordination (6) in good agree-
ment with its quasi-axial symmetry
demonstrated by ESR. This suggests a lo-
calization of neodymium in the regular
large cation site of the magnetoplumbite
structure with D, symmetry and 12-fold
coordination. In all the samples investi-
gated Nd** is mainly localized in this site
and this is more and more true when the
calcium content increases. As a conse-
quence it will become possible to go deeper
in the study of absorption spectra of LNA
(6) by separating the contributions of the
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three sites which actually overlap, thus
gaining a better knowledge of the local
structure of LNA. However the main point
is that the fluorescence spectra of CLrnA
and LNA are very similar; therefore this
fluorescence is dominated by contribution
of the quasi regular Nd>* site.

These results prompt us to undertake an
investigation of the laser properties of this
material, which finds justification in the fol-
lowing observations: (i) In CLrA laser al-
most all the neodymium would contribute
to the estimated emission of the material.
(ii) According to the crystal growth results
reported here, it seems feasible to elaborate
large single-crystalline rods necessary for
such a study. (iii) The neodymium dilution,
which is necessary to prevent concentra-
tion quenching of fluorescence, could be
achieved by varying simultaneously the
lanthanum and calcium content of the mate-
rial. This is one more degree of freedom
with respect to LNA and could be impor-
tant for optimizing laser properties.
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