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X ray structural refinements are performed on a sodium /3-aluminogallate single crystal and on the 
corresponding Nd3+-exchanged compound, which presents potential laser applications. In the hexago- 
nal unit cells (a = b = 5.667 A, c = 22.663 A, Z = 2 for the Na+ compound and a = b = 5.644, c = 
22.610 A for the Nd-exchanged compound), the study of ion distribution reveals a single position for 
the rare-earth active ion, a highly disordered distribution of sodium ions in the mirror-planes of the 
structure and a nonrandom localization of gallium in the available sites. Q 1991 Academic PXSS, IK. 

Introduction 

In recent years, the fast-ionic conductor 
Na+ p-alumina has been extensively stud- 
ied for its ability for ionic exchange, which 
allows the incorporation of quite a variety 
of monovalent and divalent ions (1-3). The 
search for insertion of transition metal or 
lanthanide ions was of great interest in or- 
der to add optical properties to the well 
known electrical ones. 

The parent structural type, @‘-alumina, 
with the same kind of open structure, al- 
ready appears as an exciting host lattice, of 
great spectroscopic interest, with Nd3+, 
Ce3+, and Pr3+ ions (4, 5). In p-alumina 
however, insertion of large rare earth ions 
is not possible, probably due to the more 
rigid stacking of the lattice. Therefore, so- 
dium aluminogallate solid solutions with 
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the same p-alumina structure have been 
studied and appear to be very attractive 
host materials (6). They are able to wel- 
come not only divalent but also trivalent 
ions by ionic exchange in molten salts. Sev- 
eral features are encouraging for further 
studies: 

-Crystal growth of Na /3-aluminogallate 
is convenient and optical properties of 
doped materials are already promising (7). 

-The lattice constants can be modified 
by varying the Al : Ga ratio. 

-The presence of Ga lowers the crystal 
field around the optically active ion. 

As the starting material determines the 
ion exchange potentialities, an X ray 
structural investigation of Na p-aluminogal- 
late was undertaken. A comprehensive 
structural description of this compound 
should greatly help in the understanding of 
exchange reactions. A tentative description 
of a Nd partially exchanged crystal struc- 
ture is proposed in the second part. 
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TABLE I 

CRYSTALLOGRAPHIC DATAAND~ROCEDURE 

NadAL Gah%+,~~ p-alumina type Wa, NdW, GahQ-, @ilumina type 
Crystal symmetry hexagonal Crystal symmetry hexagonal 
Space group P6,lmmc Z= 2 Space group P6,lmmc Z= 2 
Unit cell Unit cell 

a = b = 5.667 A a=b=5.644A 
c = 22.663(l) A y= 120 c = 22.610(l) A y = 120 
c/a = 3.99 V = 630.3 A’ c/a = 4.0 V = 623.7 & 

Density pth = 3.98 Density pth = 4.10 
Crystal size 0.3 X 0.4 X 0.17 mm Crystal size 0.2 X 0.3 X 0.05 mm 
Linear absorption p = 81 cm-i Linear absorption p=9Ocm-r 

coefficient coefficient 
Data collection Nonius CAD4 diffractomoeter 

AMoKoc = 0.7107 A 
Graphite monochromator 

Theta/omega scan scanning speed: 1.5 to 6.7”/min 
O<h<lO O<k<lO 0<1<42 O<h< 10 O<k<lO 0</<40 
sin O/h,,, = 0.95 O,,, = 42.0” 
902 independent reflections of which 192 were 1354 independent reflections of which 359 unob- 

unobserved with I < 3 (T served with I < 3~ 
Ion scattering factors: International Tables for Cryst., Vol. IV 

R factor on IF(hkl)l 0.029 R factor on IF(hkl)l 0.049 
with 567 reflections (F > F,,,,,/20) with 535 independent reflections (F > F,,,/20) 
2 or 3 Na sites 2 Na sites, 1Nd site 

No improvement with extinction correction 

Structural Investigation of Na 
P- Aluminogallate 

Experimental 

Large single crystals were grown, for 
several Al/Ga ratios, by a flux evaporation 
method, using a mixture of sodium fluoride 
and polycrystalline sodium aluminogallate 
heated at 1450°C. Experimental conditions 
are described elsewhere (6). Electron mi- 
croprobe analysis of such prepared selec- 
tion of crystals provided a composition: 
Nal+.(AlI-,Ga,)l10,7+.,2 with a high sodium 
rate, x = 0.7. In these crystals, the total Al/ 
Ga ratio was about 7.713.3. 

Intensity measurements were performed 
at room temperature, on a crystal having 
dimensions 0.17 x 0.33 x 0.4 mm. All ex- 
perimental data are presented in Table I. 
No diffuse scattering was detected on this 
crystal, so the “mean” structure was re- 

fined with the P6Jmmc space group, which 
had been previously assigned for similar 
compounds with p-alumina type structure. 

Let us recall that p-alumina consists of . . 
spmel-hke blocks, A11i0i6, separated by 
loosely packed planes in which are found 
the mobile sodium ions. These are occupy- 
ing several sites statistically, with a dy- 
namic disorder, leading to an apparent par- 
tial occupancy of several Wyckoff positions 
and very high temperature factors (8). As 
the compound contains an excess of Na+ 
ions, these charges have to be balanced by 
some excess oxygen, the location of which 
has been evidenced previously in basic p- 
alumina (9). 

Rejinement and Description of 
the Structure 

This crystal structure was refined in the 
P63immc space group, using as initial 
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FIG. I. Sodium conduction sublattice in Na+ p-alu- 
minate or -gallate. 

atomic coordinates those of basic sodium 
p-alumina (8). Scattering factors were 
taken for fully ionized ions from “Interna- 
tional Tables for X Ray Crystallography” 
(f0). 

The main purposes of this investigation 
were: 

-to characterize the nonstoichiometry, 
-to determine the exact distribution of 

gallium and aluminum on the available sites 
of the structure. 

Therefore particular attention was set on 
occupancy and thermal factors, keeping in 
mind that minimizing the R factor is not the 
only criterion of good fit, since the resulting 
values should keep a physical meaning. 

Successive steps of refinement were per- 
formed with a VAX private adaptation of 
Busing and Levy’s OXFLS routine. No 

weighting scheme was applied but very 
weak reflections with F,M < F,,,/20 were 
neglected (together with two very intense 
reflections with high primary extinction 
such as 2,4,0). The refinement led to well- 
defined atomic coordinates with variations 
less than l/10 of the error. Further refine- 
ment of occupancy factors allowed a tenta- 
tive assignment of gallium/aluminum distri- 
bution on the four sites available for these 
atoms. 

Afterwards anisotropic temperature fac- 
tors were introduced for the atoms of the 
mirror planes which exhibited very high vi- 
brational amplitudes. Sodium appeared to 
be highly disordered on several partially oc- 
cupied positions, as it is in sodium p-alu- 
mina. Several assignments were tried, in- 
volving either two or three different sites 
for the sodium ion, with no significant im- 
provement of the R agreement factor: this 
clearly shows the dynamic disorder of Na+ 
ions, which are in fact not localized on their 
available positions, building the conduction 
sublattice (Fig. 1) 

The final set of atomic parameters corre- 
sponding to an agreement factor R = 0.029, 
is given in Table II. The temperature fac- 
tors are in Table III and the distribution of 

TABLE II 

FINAL SET OF ATOMIC COORDINATES IN Na’ fi-Aluminogallate (R = 0.029) 

Type of 
atom 

Coordinates 
Wyckoff Coordination Thermal isotropic 
position polyhedra x Y z B coefficient 

Ml Al 2a 
M3 Ga 4f 
M4 0.3 Ga + 0.7 Al 4f 
M5 0.2 Ga + 0.8 AI 12k 
Mm, Al 12k 
01 4e 
02 4f 
03 6h 
04 l2k 
05 l2k 
Na (BR) 0.72iplane 2d 
Na (m0) 0.63/plane 6h 
Na or O,., O.l2/plane 6h 

Octahedron 0 0 0 0.24 
Tetrahedron 0.3334 0.6667 0.0248(O) 0.33 
Tetrahedron 0.3334 0.6667 0.1758(l) 0.3s 
Octahedron -0.1676(l) -0.3353 0.1079(O) 0.38 
Tetrahedron -0.1667 -0.3334 0.1745(O) 0.10 

0 0 0.1441(2) 0.52 
0.6667 0.3334 0.0573(2) 0.41 
0.3023(27) 0.6045 0.250 (0) 3.60 
0.1531(3) 0.3062 0.051 l(l) 0.44 
0.5038(4) 0.0076 0.1475(l) 0.56 
0.6667 0.3334 0.250 12.0 
0.9003(30) 0.8006 0.250 10.0 
0.7703(27) 0.5405 0.250 1.0 
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TABLE III 

MEAN SQUARE AMPLITUDES OF VIBRATIONS (X IO5 A*) FOR ATOMS IN THE CON- 
DUCTION PLANE AND EQUIVALENT ISOTROPIC THERMAL FACTORS FOR 
NA ALUMINOGALLATE 

Atomic site u22 Beq 

Nal (2d) 2258 2258 260 1129 0 0 12.0 
Na2 (6h) 1151 2600 130 1300 0 0 10.0 
Na3 or 0 (6h) 1.0 
03 (6h) 462 452 52 226 0 0 3.6 

ions leading to the refined composition is 
presented in Table IV. 

The main features of the structure are as 
follows: 

-Gallium atoms are mainly found on 
both tetrahedral sites (4f Wyckoff posi- 
tions) as expected from previous study of 
similar compounds, with predominance on 
the tetrahedron located in the middle of the 
spine1 blocks (II). A small amount is also 
located in the octahedral site 12k. 

-Sodium is more difficult to localize 
(Fig. 2). One solution consists of 2 Na+ po- 
sitions, partially occupied, one on a fixed 
2d site (so-called BR), and one near the 2b 
position (aBR site), which gives a more rea- 
sonable thermal factor than a mO(6h) loca- 
tion. A tentative set of three sodium ions 
close to BR, m0, aBR sites does not result 

in a better description of the “true” situa- 
tion, but it still looks like a good way to 
account for the high amplitudes of vibration 
of sodium ions. 

-The very strong correlations between 
positions and vibration amplitudes are the 
predominant limiting factor for a correct as- 
signment of ion positions in the mirror 
planes of the structure. 

-The total amount is about 1.47(Na + 
interstitial oxygen) per plane. As generally 
admitted in p-alumina type of compounds, 
the presence of more than one Na+ per 
plane requires an excess of oxygen for the 
charge balance; these supplementary oxy- 
gens are expected to be in the “m0” 6h 
positions of Na. As Na+ and 02- are iso- 
electronic, they cannot be discriminated by 
X-Ray investigation, especially in nonstoi- 

TABLE IV 

ACTUAL OCCUPANCY OF CATIONIC SITES IN Na P-ALUMINOGALLATE 

Multiplicity Occupancy 
Type of Nb 

site Theoretical Refined per site Ga Al Na 

All 2a octahedral 0.083 0.099 1.19 0.10 0.90 
Ga3 4f tetrahedral 0.167 0.163 0.98 0.97 0.03 
Al4 4f tetrahedral 0.167 0.26 1.55 0.33 0.67 
Al512k octahedral 0.5 0.664 0.34 0.19 0.81 
Nal 2d 0.083 0.060 0.72 
Na2 6h 0 0.052 0.6313 z = 1.47 
Na3 6h 0 0.010 0.1213 

Note. Composltron: Na, ~~A17.2Ga3.8017.16. 
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chiometric compounds. Therefore, it is diffi- 
cult to detect interstitial oxygen in the mir- 
ror-planes of the structure to balance the 
sodium excess. However, small amounts of 
aluminum (or gallium) are detected on an 
interstitial site (difference Fourier map) and 
this corresponds to the occurrence of the 
well-known Frenkel defect of p-alumina, 
assuming the existence of interstitial oxy- 
gen in the mirror plane on the 6h m0 posi- 
tions (9). 

The difference Fourier map exhibits val- 
ues of residual electron density for the final 
set of coordinates, corresponding to 1.9 
electron/A3, located on position 0, 0, b. 

The final distribution of ions leads to the 
refined composition Nal,33A17,2Ga3.p0,7.16 
(the total of Na + Oint is 1.47 atom per 
plane; as xNa in excess are balanced by x/2 
oxygen, this corresponds to 1 + 0.32 Na 
and 0.16 0 in excess, from which is drawn 
the final composition here above). 

This formula differs from the composi- 
tion determined by electron microprobe 
analysis, on the batch of crystals where the 
studied sample comes from. In both cases, 
the methods have inherent systematic er- 
rors which leave some uncertainty on the 
true composition. Some extra sodium could 
have been found outside of the crystals in 
the crystal bulk on which the EPMA was 
performed. However, the ratio Al/Ga has 
the same magnitude in both evaluations. 

The main difference due to the presence 
of gallium in this p-alumina structure lies in 
the larger bond lengths (Table V) apart from 
the mirror-planes, and results from the 
presence of a certain amount of gallium in 
the tetrahedra close to the conduction 
planes (Fig. 3). The sodium ion in this envi- 
ronment is probably less constrained within 
the mirror plane, and it can be easily ex- 
changed by a rare earth ion, which was not 
possible in pure Na p-aluminate. 

FIG. 2. Electron density map in the mirror-plane (z = 0.25) of Na+ P-aluminogallate. 
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TABLE V 

MAIN INTERATOMIC DISTANCES IN Na’ Aluminogallate 

Atomic Coordination M-O bond-lengths Type of 
site number in Na compound atom 

Ml(2a) 
M3(4f) 

M4(4f) 

M5( 12k) 

Mind 12k) 

NalQd) 

Na2(6h) 

Na3(6h) 
or Ox int 

6 x 04 1.897(3) 0.1 Ga + 0.9 Al 
3 x 04 1.858(4) Ga 
I x 02 1.868(3) 
I x OS 1.714(4) 0.33 Ga + 0.67 Al 
3 x 03 1.792(3) 
I x 01 1X39(3) 0.19 Ga + 0.81 Al 
2 x 0.5 1.84512) 
1 x 02 1.992(2) 
2 x 04 2.036(2) 
01 1.683(20) Al 
2 x 05 1.808(20) 
03 2.217(30) 
6 x 05 2.823(2) 
3 x 03 3.12(l) 
2 x 01 2.59(l) 
3 x 03 2.62(2)-2.99(2)-3.13(2) 
4 x 05 3.09(l) 
2 x 01 3.29(3) 
3 x 03 2.69(7)-2.8X7)-3.18(6) 
4 x 05 2.71(3) 

Nd3+-Exchanged Aluminogallate 

Ionic exchange has been performed in 
this Na+ j%aluminogallate, leading to more 

? 

Al or se 

half Splnel block, 0.25 S 2 ( 0.5 

80 

FIG. 3. Localization of gallium in the aluminogallate 
lattice. 

or less complete substitution. Rare earth in- 
sertion seems quite interesting in this com- 
pound, for it could provide both optical and 
electrical properties. 

The normal structure expected for Ln3+ 
hexagallates or aluminates, prepared by 
solid state reaction at high temperatures, is 
of the magnetoplumbite type (11-14). For 
mixed NaiLn aluminates, a new type of 
stacking was established, with alternate /3- 
alumina and magnetoplumbite blocks. 

The first point, then, was to check the 
structure of crystals resulting from Na sub- 
stitution for Ln in the P-aluminogallate 
structure and to see if the p structure is 
retained in such crystals obtained by ionic 
exchange: 

-The characteristic diffraction spots of 
P63lmmc are present with changes in inten- 
sities according to the amount of Nd3+ in- 
troduced in the lattice (6, 7). 

-The c/a ratio (close to 4) in the ex- 
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changed compound is consistent with 
loosely packed mirror-planes (hexagonal 
packing), as they occur in P-alumina-like 
lattice. 

-The spectroscopic behavior of Nd3+ is 
quite different from that observed in the 
magnetoplumbite lattice (where its coordi- 
nation number is 12) and rather similar to 
that of Nd3+ in /3” aluminas (coordination 
number lower than 9 (5, 14)). 

However, even after annealing treat- 
ments at -700°C the diffusion of neodym- 
ium in the inner part of the crystal is not 
achieved (6). Furthermore, as 3 Na+ are re- 
placed by 1 Ln3+ ion + 2 vacancies, some 
local ordering between Na, Ln, and vacant 
sites may occur on their sublattice; we are 
not concerned with local order here and, in 
this part, we only report an average struc- 
tural description of a Nd3+ partly substi- 
tuted compound. This will be the basis for 
further interpretation of short and long 
range ordering detected by X ray diffuse 
scattering in this compound. Actually, this 
local order strongly depends on the thermal 
history of the sample (ionic exchange tem- 
perature, annealing temperature etc.). 

Besides the strictly structural interest, 
the average structure of such a Nd-ex- 
changed p-alumina was sought for several 
reasons: 

-To explain or confirm the optical be- 
havior of Nd3+ in this p-alumina host-lattice 
and to compare it to the case of a MP ma- 
trix. 

-To find whether Nd3+ is spread or not 
on several crystallographic sites, which 
would be of importance in the potential la- 
ser application. 

-To see the variations in the crystal field 
around the lanthanide ion, owing to the 
presence of gallium (see introduction). 

Experimental 

The crystals were obtained, as described 
in Ref. (6), by immersion of Na p-alumino- 
gallate, with a composition close to the pre- 

ceding study (Al/Ga = a> in a melting 
NdC13-NaCl mixture, at 650°C. A small 
corner-edge of a Nd-exchanged crystal was 
selected for X-ray structural study, to en- 
sure a Nd diffusion as homogeneous as pos- 
sible (size: 0.2 x 0.3 x 0.05 mm) Intensities 
were collected on a four-circle diffractome- 
ter with operating conditions described in 
Table I. 

Empirical absorption corrections were 
performed by the I,!J scan. The distribution 
of AI/Ga on the sites of the spine1 blocks 
was checked and confirmed to be similar to 
that of the starting Na crystal. Several ten- 
tative refinement cycles led to the localiza- 
tion of cations in the mirror-planes; atomic 
parameters for Nd are stable and well de- 
fined: neodymium is found quite close to 
the fixed 2d positions, whereas Na seems 
more disordered, distributed among two 
sites, with very high thermal factors (see 
Tables VI and VII). 

Description of the Aueruge Structure 

This partly exchanged compound seems 
to retain the p-alumina type of structure. 
The high thermal vibrations for Na ions, 
shared between two sites, suggests a high 
disorder due either to an inhomogeneous 
structure or to the mobility of Na+ ions, as 
previously observed in Na+ fast ionic con- 
ductors. Main bond lengths are given in Ta- 
ble VII. Residual electron density is about 
0.8e/A3 lying near the aBR site (0, 0, 4). 

The coordinates of the 03 ion should be 
noticed, as this atom is shifted out of its 
expected 2c Wyckoff position but toward 
the “BR” site occupied by Na+ or Nd”+. 
The presence of extra charges due to Nd3+ 
could explain this electrostatic attraction 
effect (Fig. 4). 

Rather bad agreement is observed be- 
tween experimental and computed 001 in- 
tensities; this can be due to disorder along 
the c axis. Successive mirror-planes may 
have different content or organization, with 
variable Nd/Na ratio or variable occupancy 
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TABLE VI 

FINAL SET OF ATOMIC COORDINATES IN Na-Ndp-ALUMINOGALLATE (R = 0.049) 

Type of 
atom 

Coordinates 
Wyckoff Coordination Thermal factor 
position polyhedra x Y z (isotropic B) 

MI Al 2a Octahedron 
M3 Ga 4f Tetrahedron 
M4 0.3Ga + 0.7AI 4f Tetrahedron 
MS 0.17Ga + 0.83Al 12k Octahedron 
01 4e 
02 4f 
04 12k 
03 6h 
05 12k 
Nd 6h (0.26) per plane 
Nal (aBR) 2b (0.20) per plane 
Na2 or 0 (m0) 6h (0.84) per plane 

0 0 0 0.33 
0.3334 0.6667 0.0246(l) 0.23 
0.3334 0.6667 0.1774(l) 0.39 

-0.1675(2) -0.3349 0.1083(l) 0.46 
0 0 0.1433(3) 0.40 
0.6667 0.3334 0.0573(3) 0.29 
0.1530(5) 0.3061 0.0506(2) 0.22 
0.3790(30) 0.7590 0.250 3.2 
0.5043(6) 0.0086 0.1477(2) 0.45 
0.6892(6) 0.3784 0.250 2.5 
0 0 0.250 5.8 
0.8009(34) 0.6018 0.240(43) 14.0 

Note. Resulting total composition: NdO.Z,N% 77A17.4Ga3 6O17 27, determined as follows: 0.26 Nd3+ represent 0.78 
positive charges. From the total of (0.84 + 0.20)Na+, 0.22 Na added to Nd will balance the oxygen in the mirror- 
plane (p-alumina stoichiometric composition). The remaining “Na” corresponds to an excess of (x Na + x/2 0): 
0.84 + 0.20 - 0.22 = 0.82 (Na + 0), of which 9 is Na(0.55) and f is O(0.27). 1.03 site cationic site occupied 
(0.26Nd + 0.77 Na); 1.55 positive charge in mirror plane: [(0.26 X 3) + 0.771; 0.27 excess oxygen in mirror plane. 

TABLE VII 

MAIN INTERATOMIC DISTANCES IN Nd-EXCHANGED ALUMINOGALLATE 

Atomic 
site 

Coordination 
number 

Type of 
atom 

M-O 
bond-lengths 

in A 

Ml(2a) 6 0.1 Ga + 0.9 Al 6 x 04 1.887(3) 
M3(4f) 4 Ga 3 x 04 1.858(3) 

I x 02 1.852(9) 
M4(4f) 4 0.33 Ga + 0.67 Al 1 x 05 1.700(5) 

3 x 03 1.803(4) 
MS(12k) 6 0.17 Ga + 0.83 Al I x 01 1.824(4) 

2 x 05 1.832(4) 
2 x 02 1.991(5) 
I x 04 2.041(4) 

Nal(6h) 8 2 x 03 2.44(3) 
4 x 05 2.74(l) 
2 x 01 3.09(l) 

Na2(2b) 8 2 x 01 2.40(l) 
3 x 03 3.12(l) 
3 x 03 3.06(2) 

Nd(2d) 9 4 x 05 2.75(l) 
2 x 05 2.94(l) 
2 x 03 2.71(l) 
1 x 03 3.04(l) 
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FIG. 4. Electron density map in the mirror-plane (z = 0.25) of Nd-exchanged Na+ aluminogallate. 

in the 2b (aBR) site: Na or vacancy may 
take this place in the lattice, with a disor- 
dered occurrence along c. Then, refinement 
cannot provide a satisfactory answer for a 
nonperiodic arrangement. 

The composition of the studied crystal is 
drawn from the refined occupancy factors 
(described in Table VI): Nd0.26Na0.77 
(A17.3Ga3.7)0r7.27; 1.03 site cationic site oc- 
cupied in the mirror-plane; 1.55 positive 
charge in the mirror-plane [(0.26 x 3) + 
0.771; 0.27 excess oxygen in the mirror- 
plane. 

Heating treatments were performed to 
improve the homogeneity of our samples 
and to check their stability. They revealed 
that the structure is progressively modified 
upon heating; however, the crystal lattice is 
not destroyed and diffraction pictures are 
still of good quality: 

-between 800 and lOOO”C, a 2D local or- 
der is detected by X-ray diffuse scattering 

in the mirror-planes of the structure (Fig. 
51, 

-then, above 12Oo”C, ordering occurs in 
the third dimension, along the c axis, 

-finally, over 14OO”C, the crystals are 
decomposed. 

The short-range order detected by X ray 
diffuse scattering could then be taken as the 
premise of a reorganization: first, Na/Nd/ 
vat. ordering occurs in the mirror planes 
where ionic exchange takes place (and this 
might be easier for certain exchange rates), 
then order appears along the c axis, be- 
tween mirrors having different types of ar- 
rangement, still to be determined. 

As reported above (M), a mixed Na/Nd 
aluminate has been prepared at high tem- 
perature, by direct solid state reaction and 
melting. Under these conditions of elabora- 
tion, its structure is made of alternate p- 
alumina- and magnetoplumbite blocks 
(loosely packed mirror-planes with Na and 
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FIG. 5. X ray diffuse scattering in (00.1) planes of Nd-exchanged aluminogallate. Same orientation, 
same scale: left, just after Nd exchange (at 650°C) 
1200°C. 

one 0, or close-packed layers with Ln, Al, 
and 30). 

When ionic exchanges are performed on 
compounds with an initial structure of p- 
alumina type, the p-structure is first re- 
tained, as shown in the present paper. 
Then, one may assume that heating at 
higher temperatures could result either in a 
mixed structure or in a magnetoplumbite 
structure, according to the Nd content. 

Conclusion 

In both compounds having similar Al/Ga 
ratios, gallium is located mainly in fourfold 
coordination. In particular, Ga is found in 
tetrahedral sites close to the mirror planes 
of the structure, where Na ions lie. This 
probably favors the Na+ mobility in these 
planes by further separating the neighbor- 
ing oxygen layers and makes possible the 
partial ionic exchange by Nd3+, which was 
not possible in pure Na p-aluminate. 

As far as Nd-exchanged aluminogallate is 
concerned, this structural investigation 
brings the following conclusions: 

right, after heating in the temperature range SOO- 

-Exchanged crystals are of rather poor 
quality but clearly retain the p-alumina 
structure at the exchange temperature 
(650”). 

-Nd3+ is located in a single position, 
slightly shifted from the theoretical one (X 
= 0.687 instead of 0.667), whereas Na+ is 
highly disordered and scattered on two 
sites. Short-range order occurs in the loose- 
packed planes of the structure when the 
crystals are annealed at higher tempera- 
ture.’ 
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