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Crystal Structure of the Magnetoplumbite-Type Oxide NaFe;V,0,,
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The crystal structure of NaFe;V,0,5 (hexagonal, P6,/mmc, a = 5.8388(1}, ¢ = 22.8017(3) A) was
determined by Rietveld refinements of both neutron and X-ray powder diffraction data. NaFe;V,0,,
crystallizes in the magnetoplumbite-type structure (AM ;0 A = Na, M = Fe and V). The M(3)
site, which corresponds to the tetrahedral site of the spinel structure, is occupied exclusively by
Fe. The rest of the Fe cations are nol concentrated at any particular M{n) sites. Structural details
and cation distribution in NaFe,V40,, are discussed in comparison with those in related com-

pounds. © 1993 Academic Press, Ing,

Introduction

Magnetoplumbite ferrites (hexagonal,
Poimmce), BaFe ;0 (1) and LaFe ;0,5 (2),
show uniaxial ferrimagnetisms (3-9) with
the easy axes of magnetization parallel to
[001]. Their magnetic structures have been
described on the basis of localized 4-elec-
tron models (-9}, NaV,0,, and Srv,0O,,
(hexagonal, P6;/mmc) (10) have been re-
vealed to be structurally related to magneto-
plumbite. NaV,0,, shows spontaneous
magnetization (T, = 64.2 K) with the easy
axis of magnetization parallel to [001] (/7).
We indicated that itinerant d-electrons play
important roles in its magnetism (/ 1), in con-
trast to BaFe ;0. and LaFe; 0, (3-9). T
cations in SrT. V,_,O,, (T = Ti, Cr, and Fe)
are not concenirated in particular V sites but
distributed randomly, which suggests that
SV 0,, contains itinerant d-electrons also
(12).

NaFe;V0yp (I13) is isomorphous with
magnetoplumbite. It shows spontaneous
magnetization (7, = 240 K) with the easy

t To whom correspondence should be addressed.
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axis of magnetization parallel to [001] (/3).
Whether or not NaFe,V,0,, contains itiner-
ant d-electrons is of great interest in connec-
tion with its magnetic and electric proper-
ties. We have now determined the crystal
structure of NaFe;V 0, by Rietveld re-
finements of both neutron and X-ray diffrac-
tion data. In this paper, structural details
and cation distribution in NaFe,V,0,, are
discussed in comparison with those in re-
lated compounds.

Experiment and Refinement

V,0,; was obtained by reducing V.0,
(99.9%) in hydrogen at 1073 K, V,0, was
prepared by heating an equimolar mixture
of V,0; and V,0; in a sealed silica tube at
1273 K for 3 days. Another starting material,
B-NaFeO,, was prepared by heating an
equimolar mixture of Na,CO; (99.9%) and
Fe, (3, (99.9%) at 1073 K for 1 day with an
intermediate grinding.

The starting materials, 8-NaFeQO,, Fe,0,,
V,04,and V,0,,. were mixedinal:1:0.5:4
molar ratio. About 10 g of the mixture was
placed in a platinum capsule, sealed in an
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TABLE 1
STRUCTURAL PARAMETERs IN NaFe, V0,

Hexagonal, P8/mmc, Z = 2, a = 5.83884(7),7 ¢ = 22.8017(3)° A
(7 = 5.8380(2).% ¢ = 22.8020(6)* A).

Sites Positions© g(Fe(m))! X ¥ z BiAZ
M(1) 2a 0.07¢2)¢ 0 0 0 0.44(15)°
MQ) 2b 0.13(2) 0 0 ¥ 0.53(15)
M(3) af 1¢ i 3 0.5281(4)° 0.65(13)°
M4 4 0.185(15)° 3 3 0.6933(2) 0.51(11)"
M(5) 12k 0.071F 0.1699(4) 2% 0.10993(10)? 0.41(6)%
o) de 0 0 0.1579(6)° 0.6(2)
G2) 4f E E 0.0565(5)* 0.6(2)"
0O3) 6h 0.1779(10)° 2x 3 0.68(17)¢
0(4) 12k 0.1511(6)® 2r 0.5551(3) 0.56(13)°
o(5) 12k 0.4996(6)° 2x 0.1508(3)° 0.51(12)"
Na Zc 3 3 i 3.4(8)*

Ry, = 7.38%, R,=3.52%, R,=564%, R, =637% (neutron diffraction)
Ry, = 8.55%, R.=4.11%, R,=649%, R =4.17% (X-ray diffraction)

Note. Estimated standard deviations given in parentheses refer to the least significant digit(s).
2 Refined using the neutron powder diffraction data.

¢ Refined using the X-ray powder diffraction data.

¢ Multiplicity m and Wyckoff letter. Number of atoms per unit cell = m x g.

4 Occupancy of Fe(n) at M(n) sites. g{V¥(n)) = | — g(Fe(n)).

¢ Fixed (sce text}).

£ Constrained as follows: g(Fe(5) = {1 — g(Fe(1)) — g(Fe(2)) — 2g(Fe(d)}/6.

evacuated silica tube, and then heated at  procedure was repeated until its X-ray pow-
993 K for 1 day. Alter cooling to room tem-  der pattern no longer changed. Three heat-
perature, the product was ground and identi-  ing runs (1 + 3 + 3 days) were required to
fied by X-ray powder diffraction with graph-  obtain pure NaFe;V Q. Its chemical com-
ite-monochromatized CuK« radiation. This  position was confirmed to be Na:Fe:V =
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F1G. 1. Observed (4 marks), calculated (upper solid line), and difference (lower solid line) neutron
powder diffraction patterns of NaFe,;V40,5. Background has been subtracted to show net intensities.
Vertical marks indicate the positions of possible Bragg reflections (A = 1.823 A).
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Fic. 2. Observed, calculated, and difference X-ray powder diffraction patterns of NaFe,V,Op

(CuKa),

1:2:8(2):9.0(4) by X-ray microanalysis
{13).

X-ray powder diffraction data were col-
lected at room temperature on a Rigaku
RAD-2B diffractometer (graphite-mono-
chromatized CuKw) with a 2¢ step width
of 0.04°, To minimize preferred orientation,
the specimen was dispersed in an acetone

FiG. 3. Crystal structure of NaFe,V;0y drawn with
ATQOMS (Shape Software). Broken lines represent
unit-cell edges. Fe and V cations are located within
coordination polyhedra. M{(|) octahedra and M(3) tetra-
hedra form S-blocks. The M(2) site is a trigonal bipyra-
midal position. M(4) octahedra form face-shared di-
mers. M(5) octahedra form edge-shared networks.

solution of a cellulose resin, and the solid
obtained by evaporation was ground to a
powder, which was mounted on a glass
holder.

Neutron powder diffraction data were
coltected at room temperature on the
HRPD angle-dispersive type diffractometer
instalied at the JRR-3 reactor at JAERI
(/4). The incident neutron beam was mono-
chromatized to give a wavelength of 1.823
A using the 331 reflection of Ge. The
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F16G. 4, [110] sectional views of the magnetoplumbite-
type and ATy, structures. S and R represent the spinel
and R blocks. Vertical lines indicate threefold axes.
Broken lines denote mirror planes vertical to [001].
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TABLE 11

LATTICE PARAMETERS, THICKNESSES OF THE R AND § BLOCKS, AND INTERATOMIC DISTANCES IN
NaFe, VO3 AND RELATED OX1DES (UNIT: A}

NaFe, V0,4 SrFe,;0) StFe;;0y  BaFe,0;,, BaFe,0, CaAl,0,;  SrAl,0p
a 5.83884(7)  5.8844(6) 5.8836(1)  5.893 S.B920(1)  5.558T(1)  5.5666(2)
¢ 2286173)  23.050(3) 23.0376(9  23.194 2LIR31)  20.8929(3F  22.0018(E)
R 6.389(3) 6.486(3) 6.48B8(3)  6.573(3) 6.5724(3)  6.1677(3)  6.2335(9)
s 5.012(3) 5.039(3) 5.0300() 50243 5.0191(3)  4.7788(3)  4.7674(9)
M(D)-04) (x6) 19797 2.005(2) 2.001(2) 1.995(6)  2.000(2) 1.879 1.876(2)
M@)-0(1) (X2 209914 2171(7) 2.157(4) 210 2.128(3) 2.041 2.025(4)
2.365(7) 2.384(4) 247210 2.468(3) 2378 2.450(4)
M(2)~0(3) (x3) 179910} 1.854(1) 1.858(3) 1.BB6(10)  1.B67(2) 1.751 1.765(3)
Mean M(2)-0 1919 2.020 2.013 2.060 2.039 1,934 1.954
M(3)~0(2) (x1 192915 1.899(3) 1.901(4) 1.897(11)  1.894(3) 1.810 1.813¢4)
M)~ 0(3) (x3) 193D 1.896(2) 1.896(2) 1.936(9) 1.894(2) 1.795 1.798(2)
Mean M(3}-O 1.940 L&YT 1.897 1.926 1.894 1.799 1.802
M(d)-0(3) (X3 2.036(8) 2.060(2) 2.058(2) 206007 2.07%D) 1.954 1.963(3)
M{)-O(54) (x3)  1.9477) 1.976(2) 1.963(2) 1.975(8) 1.96%(2) 1.876 1.8772)
Mean M(4)-0 1.992 2.018 2.011 2.018 2.021 1.915 1.920
M5)-01) (x1y  2.038(8 1.978(23 1.977(2) 1.577(5) 1.985¢2) 1.843 1.847(2)
M(5)-0(2) (x1)  2.053(8) 2.08%(2) 2.085(2) 2.091(6) 2.092(2) 1.986 1.985(2)
M(5)-0(4%) (x2)  2.056(8) 213D 2.112(2) 2.106(4)  2.114(3) 1.999 1.999(2)
M(51-0(57) (x2)  1.900(7) 1.919(2) 1.923(3) 1.928(5) 1.932(3) 1.806 1.813(3)
Mean M(5)}-0 2.004 2022 2.022 2.023 2.028 1,907 1.909
Na, Ba-0(3¥) (x6)  2.922(8) 2.946(1) 2.946(3) 2952(1)  2.950(2) 2.783 2.787(3)
Na, Ba-0(5) {(x6 28187 28200 1.821(2) 2.865(6) 2.868(2) 2712 2.746(2)
Mean Na, Ba-0 2.870 2.883 2.884 2.909 2.909 2.748 2.767
2y, 0 0.194(10) 0.227(4) 0,312(20)  0.340(1) 0.338 0.424(9)
I 2.587(6) 2,725(3) L706(7) 2T 2.768(1) 2.582 2.618(2)
Ref. This work i8) @ 0] (7 i9) 2n
HRPD has a bank of 64 counters placed in ils asymmetric unit: M(1)-M(5),

in 2.5 intervals apd Soller collimators of
6' divergence. A scan moves each one of
the multicounters at a step width of 0.05°
over a relatively small porticn of the whole
scan range. About 6.4 g of the sample was
contained in a cylindrical vanadium cell,
which was.-rotated on its axis during
data collection.

Both neutron diffraction data (17.5° =
260 = 157.5% and X-ray diffraction data (20.0°
= 26 = 140.0°) were analyzed by the Riet-
veld method with RIETAN (/5). The coher-
ent scattering lengths, b, used for refinement
of the neutron diffraction data were 3.63 fm
(Na), 9.54 fm (Fe), —0.3824 fm (V), and
5.803 fm (O) (16).

Rietveld refinements were started using
the following crystallographic information:
space group P6;/mme (No. 194), lattice
parameters determined by X-ray powder
diffraction, and fractional coordinates of
BaFe,,0,, (/). Eleven sites are contained

O(1)-0(5), and Na, where M is Fe and/
or V (cf. Table I). Isotropic thermal param-
cters, B, were assigned for all the atoms.
The occupancies, g, of the O and Na sites
were fixed at 1. On the other hand, the
occupancies of the five M sites were re-
fined by imposing constraints that the total
occupancies, g(Fe(n)) + g(V(n)), for all
the M sites are 1 and that g(Fe(5)) is equal
to {3 — g(Fe(D)}) — g(Fe2)) — 2g(Fe(3))
— 2g(Fe(d)}/6.

At the initial stage, the lattice parame-
ters, the occupancies of Fe atoms in all
the M(n) sites, and all the structura! param-
eters of Na and O atoms were refined
using the neutron diffraction data, while
the positional and thermal parameters of
Fe and V atoms were fixed, At the second
stage, the lattice parameters and the posi-
tional and thermal parameters of the Fe
and V atoms were refined using X-ray
diffraction data, while the remaining struc-



CRYSTAL STRUCTURE OF NaFe,V,0,

323

TABLE {1—Continued

PbAl ;0 5rGap(yy  NaVve0, 8rv,0,, BaTi,Fe,0,, BaSn;Fe,0,; BaSn,Fe,0,,
a 5.5711(% 5.792%(1) 5.7123(1) 5.7716(1) 5.84701(2) 5.9624(5) 5.96%(2)
[4 22.045(2) 22.8123(7)  13.0974(43  13.0793(5) 13.6116(9) 13,7468(14) 13.764(3)
R 6.261(3) 6.4176(3) 6.5487(2} 6.5397(3) 6.8058(5) 6.8734(7) 6.882(2)
§ 4.762(3) 4.9886(3)
M(1)-0(4) (x6) 1.879(6) 1.967(7)
M{(2)-0(1) (x2) 2.044(14) 2.128(5) 2.086(1) 2.11(1) 2.098(14) 2.044010) 2.028(11)

2.458(14) 2.459(5) 2.583(14) 2.603(10) 2.613(11)
M(2)-0(3%) (x3 177111 1.831(4) 1.7869%(6) 1.832(6) 1.867(5) 1.967(5) £.909(8})
Mean M(1H-O 1.963 1016 1.947 1.94 2.056 2474 1.074
M@3)-002y (x1) 1.812(10) 1.901(4}
M(3)}-O44) (x3) 1.804(7) 1.870(2}
Mean M(3)-0 1.806 1.878
Mi4)-0(3) (%3} 1.966(8) 2.047(3) 2.0210(2) 2.026(1) 2.105(8) 2.163(4) 2.142(6)
M{4)-0(5%) {(x3) 1.BBO(T) 1.944(3) 1.9024(3} 1.945%(2) 1.933(7) 1.998(5) 2.018(7)
Mean M(4)-0 1.923 1.996 1.9617 1.088 2.019 2.081 2.080
M(5)-0(1) (x1) 1.847(5) 1.921{2) 2.0327(6) 2.029(6) 1.997(4} 2.052(3) 2.055(5)
M(5)-0(2) (x1) 1.987(5) 2.064(2) 2.0327(6) 2.029(6) 1.997(4) 2.052(3) 2.055(5)
M(5)-0(4") (x2)  1.9927) 2.082(2) 1.5410(4)  1.945(3) 1.997(4) 2.010(3) 2.007(2)
M(5)-0(5%) (x2) LBLIT) 1.885(3) 1.9410(4) 1.945(3) 1.997(4) 2.010(3) 2.007(2)
Mean M{5)-O 1.907 1.987 1.9716 1.973 1.997 2.024 2.023
Na, Ba-0Q(3") {x8) 2.790(9) 2.900(4) 2.8595(5) 2.891(4) 2.928(4) 2.987(4) 2.989(1)
Na, Ba-0(5) { X6} 2.772(5) 2.803(3) 2.7436(5) 2.697(3) 2.8280(4) 2.842{(4) 2.844(5)
Mean Na, Ba-O 2.781 2.852 2.8016 2.794 2.878 2.915 2917
24, 0.414(16)  0.3303) 0 0 0.485(24) 0.559(17) 0.586(6}
I 2.640(6) UL 2.6840()  2.721(3) 2.904(22) 3.002(8) 2.937018)
Ref. (20) 2n (10) (10 24) 24} (25)

Note, Symmetry codes: (D x, v, 3 — (0 —x, =, 1 — ;10 — e,y -3 + (W y, o, b+ vl —», 1 —x, o3
(vi) x, ¥, # — z. These codes are not applicable 10 AT,0, -type compounds.

tural parameters were fixed at the values
obtained in the initial stage. At the third
stage, the parameters refined in the first
stage were re-refined using the neutron
diffraction data, with the remaining param-
eters fixed at the values obtained in the
second stage. The occupancy, g(V(3)),
converged to a negative value, —0.04(2),
showing that the M(3) site, which corre-
sponds 1o the tetrahedral site of the spinel
structure, is occupied exclusively by Fe.
Then refinements using the X-ray and neu-
tron diffraction data were repeated alter-
nately in the same way as above with
2(V(3)) fixed at zero until variable struc-
tural parameters were virtually unchanged
except for the lattice parameters.

The M(2) site is trigonal bipyramidal and
generally shifts from an ideal 2b position
(0, 0, 1) to a de position {0, 0, + = Az) in
magnetoplumbite phases (I, 17-2f). The
validity of the model with M(2) at the
4¢ position was checked using the X-ray
diffraction data., However, the resulting

shift (Az) was essentially zero (0.00008
+ 0.08), and changes in R factors were
negligible (AR,, = +0.01%, AR, =
+0.01%, AR, = —0.08%). Thus, the M(2)
atom proved to be at the ideal 2b posi-
tion.

The final profile fit and difference patterns
of NaFe; V40, are shown in Fig. | (neutron
diffraction) and Fig. 2 (X-ray diffraction).
Final structural parameters are listed in
Table 1.

Discussion

Figure 3 shows the configurations of coor-
dination polyhedra and Na* cations in Na
Fe,V 0. The M(1) and the M (3} sites cor-
respond to octahedral and tetrahedral sites
in the spinel structure. The M2} site, lo-
cated in the mirror plane perpendicular to
[001], is a trigonal bipyramidal site. Two
M{4) octahedra adjoin each other across this
mimror plane and form a face-shared dimer.
The M(5) octahedra form edge-shared net-
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works parallel to (001). In NaFe; V0. ev-
ery polyhedron shares corners with adjacent
nonequivalent polyhedra. The magneto-
plumbite-type structure is usuatly described
as an alternating stack of S-blocks (spinel
blocks) and R-blocks (22). The S-block con-
tains the polyhedra of M(l) and M(3), and
the R-block those of A(2) and M(4). In what
follows, the thicknesses of the S- and
R-blocks will be denoted as R and S. The
layer of M(5) forms the boundary shared
by the two blocks. On the other hand, the
ATO,, structure consists exclusively of
R-blocks. As Fig. 4 shows, the unit cells of
the magnetoplumbite-type and AT,0,,
structures are expressed as (RS), and R, | re-
spectively.

Table 1I shows lattice parameters, R, §,
and interatomic distances in NaFe,V 0,
and its related compounds. The M(2) sites
of the V-free phases deviate from the mirror
plane and split into a pair of equivalent posi-
tions. The M(2) cation occupies one of the
paired positions randomly. Taking into ac-
count the differences in the crystat struc-
tures and kinds of M, we classify these
phases except for SrGa,,0,, into the follow-
ing three groups: (i) NaFe;V,0,, Sr
Fe,;0,3, and BaFe,,0,, (ii}) CaAl,0,,,
SrAl;;0,y,and PbAl,;0,,, and (iii)) NaV0,,,
Srv,0,;, BaTi,Fe,0,, and BaSn,Fe,0,,.
Whereas 5 and the shorter M(2)-O(1) and
mean M(n)—0 distances (# # 2) are almost
constant within each group, R and the longer
M(2}-0(1), M(2)-M(2), and M(4)-M{4) dis-
tances change considerably from compound
to compound. The M(4)-M(4) distance
(hereafter denoted as /) and R are shown as
functions of the M(2)-mirror plane distance
(hereafter denoted as /) in Figs. 5 and 6,
respectively. We have already pointed out
that the differences in both [, and R are
attributable merely to those in {,;, among
the group (ii1) compounds ({(). That is, both
lines for group (iii) in Figs. 5 and 6 are linear
with slopes approximately equal to 1. These
figures show that the same correlation exists
also in group (i), and that NaFe,V 0,4 really
belongs to this ferrite group. The structure
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group (iii)

group (i) .
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@ KNaFeV

F1G. 5. M(4)-M(4) distance (/4) versus M(2)-mirror
plane distance (f,;) in magnetoplumbite-type and
AT.O,, phases. The slopes of straight lines are fixed at
I. Group (i): NaFeV: NaFe,V,04 (this work); SrFel:
SrFe;;0,4 (18); SrFe2: SrFe,0y (21): BaFel: Ba
Fe 30y (7); BaFel: BaFe|,0, (17). Group (ii}: CaAl:
CaAl;Oy (19); SrAl: SrAl,0s (21); PbAL PbALOy
(20). Group (iii): NaV: NaV,0,, (10); SrV: SrV,0
(10}, BaTiFe: BaTi;Fe,0,,(24); BaSnFel: BaSn,Fe, 0,
(24); BaSnFe2: BaSn,Fe 0, (25). SrGa: SrGa;Op
2hn.

of the unit composed of the network of M{5)
octahedra and the adjacent M(4) layer as
well as the structure of the S-block are
nearly the same throughout group (i) com- -
pounds,

If we extrapolate the lines in Figs. 5 and
6 to the zero point of the abscissa, we can
obtain ideal [,, and R distances for each
compound group that are not affected by
the splitting of the M (3) sites. Group (ii) has
by far the smallest /,, and R values of the
three groups, which reflects the small ionic
radius of the AI** cation. However, the or-
der, group (iii) > group (1), is in conflict with
the order of ionic radii of the M cations
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Fig. 6. Thickness of the R block (R} versus
M(2)—mirror plane distance {/,;) for magnetoplumbite-
type and AT O -type phases. The slopes of straight
lines are fixed at 1.

(23). This can be attributed to the different
strengths of electrostatic repulsions be-
tween the M(4) cations in face-shared octa-
hedra. Such repulsions are stronger in group
(tii) than in group (i) because the M(4) sites
in the group (iii) compounds are occupied to
a considerable extent by tetravalent cations
(10, 12, 24, 25) while M(4) cations in the
group (1) compounds are generally trivalent.
It is rather noticeable that NaFe,V,0,, be-
longs to group (i) in spite of the inclusion of
tetravalent cations, V4",

Madelung energies of NaFe,V,0,, were
calculated by the Fourier method for several
cation distributions on the assumption that
all Fe cations are trivalent (Table III). The
results suggest that the M(2) and M(4) sites
prefer cations with higher oxidation states
while the M(1) and M(3) sites prefer cations
with lower ones. Both Fe?* and Fe** cat-
ions are well known to enter tetrahedral or
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trigenal bipyramidal sites (26-37). How-
ever, V** cations do not prefer to occupy
them. Tetrahedrally coordinated V3T has
not been reported. Tetrahedrally coordi-
nated V4 exists only in Sr,VIYO, (32). V*+
can be situated in five-coordinated sites (33,
34). Thus, in NaFe;V 0, (which becomes
either NaFel'VIIVIYO,, or NaFelvil
Vi¥0,, on perfect disproportionation), Fe
cations are expected to occupy the M(1),
M(2), or M(3) sites, and V cations the M(2)
or M(4) sites. Table I shows, however, that
the M(n) sites do not really accommodate
cations as expected above. Though the M(3)
site is fully occupied by Fe, the rest of Fe
cations are not concentrated at any particu-
lar M (n) sites. Moreover, g(Fe(1)) is smaller
than g(Fe(4)) in conflict with the above ex-
pectation, On the other hand, Fe?* cations
in LaFe"Fe{{O,, are located in the M(1)
sites (3, 6=9), and more than 90% of Zn?~
cations in LaZn'FellO,, are concentrated
in the M(3) sites (35). The cations in La
Fe,;0,y and LaZnFe, 0,4 are distributed in
such a way as to achieve electrostatic stabil-
ity and to obey the order of preference for
the tetrahedral site: Zn®* > Fe** > Fel™,
The 34 orbitals of cations in the first tran-
sition series contract with increasing atomic
number (36). Numbers of 3d electrons are
small for V** (3d? and V** (3d!) cations
but relatively large for Fe!* (34%) and Fe*
(3d°) cations, Therefore, electrostatic repul-
sions among the 3d electrons within an atom
are weak for V** and V** cations but strong
for Fe2* and Fe** cations. Thus, the 3d elec-
trons in VI-V1V¥ pxides are expected to be
delocalized while those in Fel'-Fe!'! oxides
ar¢ expected to be localized. Indeed,
Liv'VIYQ, (normal spinel) behaves as a
metallic conductor independently of tem-
perature (37) whereas Fe!'Fell'Q, (inverse
spinel) shows a metal—insulator transition
at around 120 K (38). The octahedral site
in LiV,0, accommodates equal amounts of
v** and V** cations. The corresponding
site in Fe;0, also contains equal amounts
of Fe?* and Fe’* cations, but they separate
into Fe?* and Fe** sites below the transition
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TABLE III

ELECTROSTATIC POTENTIALS {¢}) OF THE M(n) SITES AND MADELUNG ENERGIES (Ey) FOR FIVE TyPICAL
CHARGE DISTRIBUTIONS 1IN NaFe, VO,

M +4% +4 +3 +3 +3 +3
M(2) +4 +3 +4 +3 +3 +3
M(3) +# +3 +3 +3.5 +3 +3
M(4) +# +3 +3 +3 +3.5 +3
M(5) + +3 +3 +3 +3 ¥
SMIN/V —28.93 -32.7 —31.03 —26.35 —30.64 —28.24
M2V —44.99 ~46.39 —48.07 —46.32 —42.34 —44.69
S(M3)N/V —27.64 —-24.96 —129.57 —28.45 -29.04 -27.03
dMAN/Y —42.22 —43.36 —39.70 -43.15 —-42.98 - 41,88
MGV -13.71 —32.80 —~33.90 - 32,98 -33.72 — 1408
En/MI-mol ™! —9.082 -9.052 -9.176 -9.030 —9.145 —9.076
temperature (26, 39). The disordered distri- {2. Y. Kanke, F. lzumi, E. TARAYAMA-MUROMACHI,

bution of Fe cations, coupled with the above
discussion, suggests the possible existence
of itinerant 3d electrons in NaFe; V0.
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