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The structure of a mixed sodium-neodymium aluminate has been investigated on a single crystal. It 
reveals hexagonal symmetry (SG P&2, Z = 1) and the unit cell (a = 5.57, c = 22.25 A) is described as 
an alternate stacking of half p-alumina unit cell and half magnetoplumbite unit cell. This leads to an 
ordering between the layers of large ions Na+ and Nd’+ in the c direction. o 1986 Academic press, IIIC. 

Introduction 

P-alumina-type alkaline aluminates and 
magnetoplumbite (MP) type rare earth alu- 
minates belong to a large family of com- 
pounds, the structure of which is made of 
spinel-like blocks separated by mirror 
planes containing the big cations, alkaline 
or lanthanide. 

The space group is P6Jmmc. The main 
difference between the two structural types 
lies in the mirror planes which are, respec- 
tively, loose-packed and close-packed in p- 
alumina and in magnetoplumbite phases. 

Properties of many compounds in this 
structural family have been extensively 
studied in our laboratory, particularly for 
Na p-alumina NaAli10r7 (I), a superionic 
conductor, and for LNA, (La,Nd)Mg 
Ah1019, a high-power laser material 
(2, 3). 

The relationship between P-alumina-like 
and MP-like compounds has led us to syn- 
thesize mixed aluminates involving alkaline 
and rare earth ions. In the systems NazO- 

Ln203-MgO-Al203 and Na20-LnzO3- 
A&03, sodium/lanthanum (SLA) or so- 
dium/neodymium (SNA) aluminates have 
been prepared, either as powder samples or 
as single crystals, by high-temperature pro- 
cesses which have been previously re- 
ported (4,5) (and not by ionic exchange on 
p-alumina). 

Preliminary X-ray investigations have 
shown not only the main features of Na+ or 
Ln3+ aluminates but also a loss of symme- 
try, leading to a different space group for 
the new structure. This relationship has 
been also found in the physical properties 
of these mixed aluminates which exhibit an 
ionic conductivity, like @hunina, and op- 
tical properties similar to those of Ln3+ alu- 
minates . 

In this paper, we report the results of the 
crystallographic study of SNA, a mixed so- 
dium-neodymium aluminate, in order to 
check the consistency of this structure with 
the physical behavior of the material. Both 
Na+ and Nd3+ are concerned in these prop- 
erties . 
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Preliminary Considerations 

The X-ray powder pattern of this new 
phase reveals a hexagonal unit cell with 
nearly the same lattice constants as the par- 
ent structures of magnetoplumbite and /3- 
alumina. However, strong 001 lines with 1= 
2n + 1 are observed which are forbidden in 
the P&/mmc space group. 

This was confirmed by a comprehensive 
study on a single crystal for which the start- 
ing composition was 11.5 A120J-0.65 
Na20-0.5 Nd203. Laue, rotation and Weis- 
senberg diffraction patterns exhibit a lower 
symmetry which corresponds to the ab- 
sence of c glide plane. In the more symmet- 
ric group PtiJmmc, this particular symme- 
try element made equivalent the two mirror 
planes of the structure where the big cat- 
ions Na+ or Nd3+ were localized (Fig. la). 

As no superstructure was detected in the 
planes perpendicular to the c axis, we have 
chosen the P6m2 space group, which corre- 
sponds to the P63/mmc group, with no in- 
version center and allows a dissociated oc- 
cupation of the successive mirror planes. 
The c’ystal structure has then be refined in 
the P6m2 group which assumes an order 
between Nd3+ and Na+ ions along the c di- 
rection with no change in the unit-cell pa- 
rameters (Fig. lb). 

High-resolution electron microscopy has 
been performed in the pertinent crystallo- 
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FIG. 1. (a) Schematic structure of magnetoplumbite 
or /3-alu-nina (P6,lmmc). (b) Schematic structure of 
SNA (P6m2). 

TABLE I 

EXPERIMENTAL DATA 

crystal size 
crystal symmetry 
Lmice cOnStantS 

at297Ic 

Density 
Data collection 

Data corrections 

Refinement factor 

Atomic scattering 
factors: 

Platelet 0.3 x 0.4 x 0.1 mm 
FSm2 

a = b = 5.570 A z= 1 
c = 22.257 
y = 120” 
3.5 Mglm3 
CAD-3 Nonius diffractometer 
Graphite monochromator 
604 reflections measured 

e/28 ~0 e,, = 400 
hrka0 120 
AMOKo: = 0.7107 

Absorption corrections based on the crystal 
motphology linear absorption 
coetlicient = 27 cm-’ 

R = 0.049 R, = 0.053 with 464 reflections 

Cramer and W&r’s table in “International 
Tables for X-ray Crystallography,” Vol. IV, 
1974 

graphic directions of a crystalline sample. It 
gives evidence of successive layers of 
equivalent atoms separated by 22 A, as ex- 
pected in our model (Fig. 2). No simulation 
has been attempted but the interdistance 
between the atomic layers does not depend 
on defocus or contrast. 

Structure Refinement 

A platelet-shaped single crystal was 
mounted on a CAD-3 Nonius diffractome- 
ter on which data collection was per- 
formed; 604 independent reflections were 
measured in the conditions given in Table I 
and corrected for Lorentz polarization and 
absorption effects. 

The starting parameters for refining the 
structure of SNA in P6m2 were those of 
MP lanthanum hexaaluminate (2) trans- 
posed in the new space group, with a split- 
ting due to the lack of inversion center (for 
instance, 12 Al (124 give 6 Ali + 6 Alibis 
(64, see Table II). 

A few refinement steps gave out the posi- 
tional parameters of the spinel-block atoms 
and the localization of Nd3+ in the mirror 
plane at z = 0.5. This ion has three oxygen 
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FIG. 2. Electron microscope image of SNA. (Performed on a JEOL 200 CX microscope equipped 
with an ultra-high-resolution polar piece and goniometer stage.) (a) Visualization of atomic planes, 
with incident beam normal to the (100) plane, and showing periodic distances of 22 A between similar 
atomic layers. (b) Corresponding electron diffraction pattern showing [Ml] rows with all values of 1. 

neighbors. With the four Al atoms at the 
“corners” of this unit cell section, they 
constitute a close-packed layer (Fig. 3). 
(Notice that the real position of AlSbis is 
slightly shifted out of the mirror plane.) 

A Fourier difference map provided the 
location of Na+ ions in the other mirror 
plane (z = 0) (Fig. 4). This ion is spread 
over two different sites with partial occu- 
pancy and high values of thermal factors. 
One oxygen ion only is found in this plane; 
therefore this layer is loosely packed with 
high disorder. The final R value is 0.049 
with isotropic thermal factors and corre- 
sponds to the set of atomic parameters of 
Table II. Utilization of anisotropic thermal 
factors would decrease the large uncertain- 
ties on Na and O5 positions, but requires 
more variable parameters (and more data). 
Both descriptions account for the same dy- 
namic disorder (cf. Table II). 

planes induces some differences in the 
spine1 blocks too; for instance, the coor- 
dinance of Al3 is tetrahedral near the z = 0 
mirror plane, whereas AlJbis is in an octahe- 
dral environment (Fig. 5). Table III gives 
the main interatomic distances around the 
cations. 

The difference between the two mirror 
FIG. 3. Fourier map, section z = 0.5: neodymium 

organization. 
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TABLE II 
FINALATOMICPARAMETERSANDISOTROPICTHERMALFACTORSFOR R = 0.049 

Independent atoms 

Wyckoff position 
x = -y 

P6m2 P6,immc corresp. occup. (1W Z B 

-41, 6n 12k 1 - 1686(8) 1470(l) 0.48(3) 
AlIbis 6n 1 1685(5) -6390(l) O.OO(3) 
Ah 2h 4f 1 3334(O) 2284(O) O.lO(6) 
Ahir 2h 1 6667(O) 7203(2) 0.05(6) 
Al3 2h 4f 1 3334(O) 755(2) 0.39(6) 
Aljbis 2h 1 6667(O) 5595(2) O.OO(6) 
A4 2s 2a 1 WV 2533(2) 0.13(6) 
AlSbis WY2g (2b)/4e 1 O(O) 5086(4) 0.17(16) 
01 6n 12k 1 1564(9) 2043(2) 0.25(8) 
0 Ib,s 6n 1 - 1557(10) 6936(2) 0.23(8) 
02 6n 12k 1 -4986(12) 1053(3) 0.40(8) 
OZbis 6n 1 -5050(9) 5971(3) 0.20(8) 
03 2i 4f 1 6667(O) 2001(5) 0.20(10) 
03bis 2i 1 3334(O) 6907(4) 0.00(10) 
04 2.8 4e 1 O(O) 1104(6) 0.28(15) 
odbis 2g 1 O(O) 5986(6) 0.30(18) 
05 (lc)/3j (2c)/6h 1.15 2880(30) O(O) 0.86(50) 
O5bis 

Nd ($3k 
6h 1 - 1803(14) 5000(O) 0.28(13) 

(2d)/6h 0.9 3197(3) 5000(O) 0.48(3) 
Na, 3 6h 0.77 - 1931(37) O(O) 2.00(47) 
Na2 (le)/3j (2b)/6h 0.53 9494(50) O(O) 2.00(70) 

Note. The Wyckoff positions in parentheses correspond to the expected theoretical site. Occupancy gives the 
total amount over one split site. Anisotropic thermal factors would reduce the errors on Na and 05 positions, but 
it is well known that, in such compounds, high thermal factors or delocalized atomic positions account for the 
same dynamic disorder. 

An attempt was made to refine the cation 
occupancy factors in order to get the effec- 
tive composition of our sample: a defi- 
ciency of Nd3+ (0.9 instead of 1) is detected. 

FIG. 4. Fourier map, section z = 0: sodium organiza- 
tion. (Electron density scale is different from that of 
Fig. 3.) 

FIG. 5. Schematic projection of SNA structure on 
(a,c) plane (along b), showing the layers of oxygen and 
the correspondence between the two parts of the unit 
cell. 
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TABLE III 
MAIN INTERATOMIC DISTANCES (IN ANGSTROMS) IN SNA WITH CORRESPONDING DISTANCES IN Na 

P-ALUMINA AND Nd MAGNETOPLIJMBITE 

Bond lengths in 
NaA1db (7) 

2.022 
1.837 
I .970 
1.819 

I.801 
1.809 

I.768 
1.677 

I .a95 

Sodium-neodymium aluminate 

Half p-alumina unit cell Half magnetoplumbite unit cell 

Al, 01 x 2 2.024 AlIbis Olbis X 2 1.983 
octa 02 x 2 1.842 O2bis X 2 I .830 

03x1 1.979 0 3blS I .963 
04 x I 1.819 04bis I .858 

Ah 01 x 3 1.789 &us olbis X 3 I.815 
tetra 03bis I.801 03 1.744 

Al3 02 x 3 1.752 Alzbis OZbis x 3 1.855 
tetra 05 I .736 octa 05bir x 3 1.986 

A4 0, x 3 1.862 
common to 0 lb,s x 3 I.911 
both unit 

cells 

Bond lengths in 
NdAl,& (6) 

1.996 
1.839 
I .960 
1.856 

1.819 
1.792 

1 I350 
2.ooo 

1.889 

AlSb,s OS& x 3 1.748 1.732 
0 4blS 2.005 2.004 
0 4b,s 2.384 2.494 

Na, 05 2.791 Nd 03&s X 2 2.681 2.783 
05 x 2 2.447 OSbjs X 2 2.785 
02 x 4 2.778 OSbis X 2 2.903 
04 x 2 3.085 02bis X 4 2.630 2.714 

Naz 04 2.501 0 2blr X 2 2.742 
05 3.200 

For Na+, the total amount exceeds 1 and is 
allowed by the several available sites for 
Na+, as it is in p-alumina (7). 

Refinement of A13+ occupancy factors 
gave no improved value for the R factor, 
and the absolute composition of our SNA 
phase could not be deduced. 

Assuming an ideal Al/O ratio in the spine1 
blocks, this compound would be close to 
Ndo.~Na&123036.15. A balanced composi- 
tion would be Ndo.9Nai.3A123036.5. 

But Na+ and O*- are not clearly discern- 
able by X-ray study. Moreover, vacancies 
or interstitial atoms (AP+ or O*-) are not 
easily detected in the structure and it is not 
yet possible to establish clearly the charge 
compensation mechanism required by an 

excess of Na+ and the trivalent charge of 
Nd3+. 

Crystal analyses by electron microprobe 
and neutron activation give rather consis- 
tent results for the composition, as far as 
the ratio Na/Nd is concerned. 

Description of SNA Structure 

The unit cell of SNA may then be de- 
scribed as an alternate stacking of a half p- 
alumina-like unit cell and a half magneto- 
plumbite-like unit cell. This is illustrated by 
the different occupation of the two mirror 
planes and by the environment of atoms 
which are in the neighborhood of these 
planes (z = 0 and 0.5) (Table III). Around 
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FIG. 6. (a) Theoretical (open circles) and actual (solid circles) distribution of Na+ ions in the mirror 
plane at z = 0. (b) Distribution of ions in the mirror plane at z. = 0.50. Small open circles are theoretical 
sites. 

Nd3+, the stacking is quite similar to that of 
Nd3+ hexaaluminate (NdAlrrO,s (6)). 
Around Na+, the interatomic distances are 
close to those found in Na+ /?-alumina (7). 
But if Na+ ions are still disordered and 
loosely packed they show a different ar- 
rangement (Fig. 6): in p-alumina (297 K), 
the crystallographic sites (2~) and (6h), cor- 
responding to (le) and (3j) Wyckoff posi- 
tions in P6m2, are predominantly occupied 
(i.e., 3, g, 0 and x, X, 0). Here, in SNA, the 
(le) site is empty and (la) and (3j) positions 
which are 2b and 6h in P63/mmc are partly 
occupied with a rather high disorder (the 
(la) site is in fact split into a (3j) type of 
site). 

The description of this mixed hexaalumi- 

allows an optical behavior similar to that 
observed in Ln3+ hexaaluminates contain- 
ing some Nd3+ (UV-visible spectroscopy). 

These observations fit well with the 
model of two half unit cells of /3-alumina 
and magnetoplumbite, in which the struc- 
ture of sodium-neodymium aluminate was 
refined. 
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