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Lattice constants have been measured for several lithium ferrites-aluminates of the
series described by the formula Li, ;Fe, 5—:Al,O,. It was found that Vegard’s rule is adhered
to in this system. The possibility of anion-anion contact appearing in these compounds
also considered.

1. Introduction

Lithium ferrites-aluminates of the formula Li, sFe, s_,AlLO, have been studied by
many authors, e.g., Refs [1-6]. Their results concerning changes in lattice constants with
changes in chemical composition are compiled in Fig. 1. It is seen here that in the region
of low aluminum content the lattice constants given by Blasse and Schulkes [1] distinctly
exhibit a positive shift relative to the straight line expressing Vegard’s rule. The data
published by Strickler and Roy [2] appear to corroborate this dependence, although the
large scatter of experimental points does not permit a definite conclusion to be reached.
In contrast with these results, in his paper presenting the results of researches concerning
lithium ferrites-aluminates, Zhilyakov [3] finds that the lattice constants in this system
are in conformity with Vegard’s rule. Unfortunately, the author did not give the values
of lattice constants measured, limiting himself only to the initial and end values for the
series of samples he investigated (f = 0 ‘and ¢ = 1.00).

The run of the dependence of lattice constant on chemical composition of lithium
ferrites-aluminates is quoted as an argument for the occurrence of an anion-anion contact
in these compounds [1]. It was reasonable, therefore, to examine this dependence once
again, especially in the region of low aluminium content, for which the found deviations
from Vegard’s rule are the largest.
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2. Experimental

The method of sintering Fe,0,, Al,O; and Li,CO; powders was used in this work
to obtain five samples of compositions with # = 0, 0.4, 0.8, 1.6 and 2.5.

An X-ray analysis of these samples showed that pure ferrite phases without impurities
were obtained, except for a very small Al,O; peak for the # = 2.5 sample. Chemical analysis
did'not reveal any essential deviations from the. pre-assumed compositions. In particular,
no loss of lithium was found to occur during the sintering.

Lattice constant measurements were performed with a diffractometer incorporating
G-M counter with the use of K, Co radiation passed through an iron filter. The obtained
results are given in Table L The error of measurement was estimated on the basis of the

TABLE I

t Lattice constant [A]
0 8.330
0.4 8.268
0.8 8.201 £0.003
1.6 8.060
{ 2.5 7.911

maximum accuracy of Bragg angle measurements. The values of lattice constants determined
from the various reflection maxima for the examined samples lie within the quoted error
limits.

Supplementary measurements made for a check with an aluminum standard revealed
excellent agreement with the value of 4.0496 A quoted in the literature [7]. Results for the
t = 0 sample are also in excellent agreement with values given by other authors.

L]
3. Discussion of results

As is seen in Fig. 1, the results obtained in this experiment lie along a straight line,
thus corroborating the results of Zhilyakov. It seems, therefore, that the dependence
of lattice constant on composition in lithium ferrites-aluminates cannot be taken as an
indication of the existence of an anion-anion contact in these compounds.

This kind of contact may occur in a spinel-type structure between the oxygen ions in
the octahedrons. In most spinel compounds the oxygen parameter « describing the positions
of the oxygen ions in the elementary cell is greater than 0.375. The oxygen octahedrons
then have edges of two different lengths,

d =a \/2(1 —2u) @
d, =a —3u+4u? )]

where a is the lattice constant. The anion-anion contact will appear in the case when the
shorter of these edges, d;, will be smaller than double the oxygen ion radius. If we accept
the oxygen ion radius after Goldschmidt, this value is 2.64 A. By substituting this value
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Fig. 1. Dependence of lattice constant on\composition in Liy sFe, 5 sAl;0, compounds; a — this work,
b—1], c—[2), d—[3}, e— [4), f— 5], g—[6]
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O - anion e-—cation ..
Fig. 2. Tetrahedral (a), (b) and octahedral (c) systems of oxygen ions in spinel structure. Arrows in figures
(a) and (b) indicate shift of oxygen ions from “ideal” positions (oxygen parameter u = 0.375)
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in the place of d1 it is possible to plot an a(x) curve, being the boundary of the occurrence
of the anion-anion contact.

Figure 3 presents such a curve together with the experimental data for a certain number
of compounds of spinel structure. It shows that for a majority of compounds the experi-
mental points lie beyond the region in which anion-anion contact is possible.l.

It can also be seen from the plotted accessible data that almost all compounds con-
taining aluminum lie within the contact region. . This may mean there is deformation of
anions due to their contact in these compounds. Notwithstanding, our Liy sFe, 50,
ferrite lies fairly well beyond the c_ontact*"rc;gion.

For atransition into the region where anion-anion contact exists to be feasible in
lithium ferrites- dluminates of high iron content, the oxygen parameter would have
to increase qulckly to about 0.385 at the parameter ¢ increasing from zero. This can be
concluded when taking any of the present lattice constant versus composition relations
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Fig. 3. Dependence of lattice constant @ on oxygen parameter u for 37 compounds possessing spinel structure.
Full line is boundary below which anion-anion contact exists at an assumed oxygen ion radius of 1.32 A
1-Ge Fe,0, {21], 2-GeCo,0, [22], 3-GeNi,Q, [22], 4-Fe 0, [23], 5-Liy 5 Fe, 50, [8], 6-MgGa,0, [24],
7-SbyjsC0q/30, [25], 8-TiZn,0, [221, 9-Ga, ;Fe; 40, [9], 10-MgFe, 0, [10], I-NiAL,O, [22], 12-VMn,0,
[26], 13-NiFe,0, [11], 14-NiMn,0, [27], 15-NiGa,0, [28], 16-MnFe,0 [17], 17-CdV,0, [29], 18-MgV,0,
[30], 19-MgCr,0, [29], 20-Liy sAl, ;04 [29], 21-ZnFe,0, [12}, 22-VMg,0, [31], 23-FeCr,0, [13], 24-CoAl,0,
[201, 25-ZnCryQ4 [12], 26-CoCr,0, [14], 27-MgAl,0, [32], 28-C0;0, [15], 29-MnGa,0, [16], 30-FeAl,0,
[20], 31-MnFeCrO, [18], 32-MnCr;0, [19], 33-CdFe,0, {33], 34-Sby;yZn,;,0, [25], 35-TiFe,0, [34),
36-TiMg,0, [22], 37-MnALO, [20]

11t must be remembered that the error in x found from rentgenographicél data is of the order of
0.003. Neutronographical data are several times more accurate.
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into account. Our unpublished estimative calculations indicate that such a situation may
_indeed occur in the compound with # = 0.8. Hence, any possible anion-anion contact
in lithium ferrites-aluminates may be achieved in the low aluminum content region only
when the value of the oxygen parameter is appropriate. Incidentally, these ferrites possess
additional ordering in the octahedral sub-lattice and a single oxygen parameter can therefore
only approximately describe the positions of the oxygen ions. It seems, however, that the
additional deformation of the octahedrons dué to this ordering is rather insignificant
for the matter on hand. ‘

4. Conclusions

These measurements of the lattice constants of Li, sFe, s.,Al,O, compounds testify
that Vegard’s rule is adhered to. No conclusions regarding the existence of anion-anion
contact in these compounds can be arrived at from the shape of the lattice constant versus
composition curve. Such contact may occur only when oxygen parameter takes on appro-
priate values.

The authors express their thanks to Professor L. Koztowski for discussions and valuable
hints during the performance of this work, and to Docent A. Ole$ for permitting the use
of data concerning some of the ferrites utilized in Fig. 3 from his collection of crystallo-
graphic data before their publication. The authors also wish to voice their appreciation
to Dr A. Szwaja of the Institute of Chemistry of Solids for performing the chemical
analyses.
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