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MAGNETIC BEHAVIOUR OF THE CUBIC La(Fe,AI)I3 COMPOUNDS 
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The magnetic properties of the cubic NaZnl3 type pseudobinary 
compounds LaFexAll3-x were studied in the temperature range 
T=4.2 - 300 K by means of 57Fe-MSssbauer spectroscopy, magneti- 
zation and zero-field susceptibility measurements. The compounds 
LaFexAll3_.. show a rather peculiar concentration dependence of 
the type o~ magnetic ordering as well as of the ordering temperature. 
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i. Introduction 

LaCOl$, which is strongly ferromagnetic, is the only compound 
among 45 blnary systems consisting of a rare earth element (R) and 
one of the metals Fe,Co or Ni (TJ with the cubic NaZnl3 type of 
structure. Kripyakevich et al.[l] showed that the cubic NaZnl3 type 
of structure can be stabilized in other binary rare earth transition 
metal systems (R-T) by substitution of Si for part of the transition 
metal T in RTI3. Previously we have studied LaFe~Sil3_ x [2] in the 
concentration region 10.5 ~ x ~ 11.5. Only in thls region single 
phase samples were obtained. In the present investigation we show 
that the structure stabilization occurs over a much wider concentra- 
tion range when part of the transition metal T is substituted by AI. 
We have studied the magnetic properties of LaFexAl I by means of 3-x 
57Fe-M~ssbauer spectroscopy, magnetization and temperature-dependent 
zero-field susceptibility measurements. 

2. Experimental 

The samples of the compounds LaFexAll3_ x were prepared by argon 
arc melting of the appropriate amounts of the starting materials and 
vacuum annealed for about i0 days at T=1200 K. The samples were in- 
vestigated by means of X-ray diffraction. Single phase samples of the 
cubic NaZnl3 type of structure were obtained in the concentration 
range 6 ~ x < 12. For x < 6 a contamination with compounds of the 
tetragonal ThMnl2 structure is observed in the samples. Microscopic 
measurements indicate besides the NaZnl3 type of structure a so far 
unidentified second phase for x ~ 12. 

The magnetic properties of these samples were determined by means 
of an adapted Faraday method in the range T=4.2 - 300 K using magnetic 
field strengths up to 1.8 T. The temperature dependence of the zero- 
field susceptibility has been determined with a sensitive pendulum 
magnetometer in the same T-range. 

The 57Fe-MSssbauer spectra were obtained by means of a standard 
constant-acceleration type spectrometer by using a 57Co-Rh source. 

3. Results 

The shape of the magnetization versus temperature curve for 
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x ~ 11.2 is typical for a ferromagnet. The values for the saturation 
moment per iron atom at T=4.2 K (Hs) and the values of the Curie 
temperature (Tc) are listed for the various compounds in Table 1 and 
plotted in fig. I. 

Table ] 
The lattice constant a, T c and Ps determined from magnetization measure- 
ments and T~ and Hef f determined from M~ssbauer spectrometry of the 
compounds LaFexAll3_x. 

x a(R) Te(K) ~s(~8/Fe) T~(K) Heff(T ) 

6 11.93 - 0 65 12.0 
7 J l . 8 6  - 0 55 12.0 
7 .5  - - - 70 - 
8 ] 1 . 8 0  138 1.02 126 14.5 
9 11.74 237 1.47 238 19.0 

I0  11.67 250 1.66 250 22 .0  
I I  1 ] .61  195 2 .00  190 26 .5  
11.8 - - 0.1 - - 
12.0 - - 1.0 235 26 .0  

The saturation moment increases from Ps = 0 PB for x = 7 to 
Ps ~ 2.0 ~8 for x = ii. For x > ii the magnetization is strongly 
decreasing to about Ps = 0.1 Hs/Fe for x = 11.8. However for x = 12.0 
s ~ 1 ~8/Fe is measured. The Curie temperature (Tc) determined from 

magnetization measurement increases with increasing x and after 
reaching a maximum for x = 9.5 it decreases. For x > ii it was im- 
possible to determine T c in this way. 
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Fig. l. Concentration dependence of the Curie temperature, satura- 
tion moment Ps and mean magnetic hyperfine field Hef f inLaFexAl]3_x 

In fig.2we have plotted the temperature dependence of the zero- 
field susceptibility for x = 11.2, 11.5, 11.8 and 12.0 respectively. 
The shape of the curve as found for x = 11.2 is characteristic for 
x < 11.2, indicating a sharp transition from ferromagnetic to para- 
magnetic behaviour. However a drastic change in the temperature 
dependence of the susceptibility is observed for x > 11.2. 

The M~ssbauer spectra obtained at T=4.2 K are shown in fig.3. 
The contribution of the unidentified second phase in the spectrum of 
LaFeI2AI is clearly observed and the outermost lines of this contri- 
bution are indicated by arrows in fig.3. The unidentified phase 
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(= 40% of the sample) remains magnetically ordered at T=238 K as is 
shown in fig.4, while the other part of the sample is in the paramag- 
netic region. It is obvious that the spectrum of the sample with a 
nominal composition LaFe4Al9really belongs to the compound LaFe4AI 8 
which crystallizes in the ThMnl2 type of structure [3]. The mean 
hyperfine fields deduced are listed in Table 1 and have been plotted 
in fig.l. The mean hyperfine field shows the same concentration de- 
pendence as the saturation magnetization from x = ii to x = 8. How- 
ever, for lower values of x, the mean hyperfine field levels off to 
the value observed for LaFe4AI 8 (ThMnl2 structure), which compound 
orders antiferromagnetically [3]. The values of the magnetic ordering 
temperature (T~) defined as the temperature at which the hyperfine 
splitting of the M~ssbauer spectrum disappears are listed in Table 1 
and also plotted in fig.l. A remarkable increase of T~ for x = 12 has 
been observed after a decrease from T~ = 250 K for x = i0 to T~=190 K 
for x = II. 
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Fig.2. Temperature dependence of the zero field susceptibility 

Xo in LaFexAll3_x. 

4. Discussion 

The heat of alloying between La and Fe is positive [4]. As a con- 
sequence a stable La-Fe intermetallic does not exist. A minimum amount 
of A1 will be required to lead to a pseudo-binary compound of a nega- 
tive heat of formation and in addition form a suitable structure to 
accomodate the size of each of the three constituent atomic species. 

In the compounds LaFexAll3_ x the moment per Fe atom decreases 
with decreasing Fe concentration and behaves according to expectation 
for 8 ~ x ~ ii. However, for x K 7 no net magnetization has been found 
at T=4.2 K while a magnetic hyperfine splitting is still observed in 
the MSssbauer spectrum. We believe that the loss of the net magneti- 
zation for x ~ 7 is due to formation of a spin glass, which means 
that for decreasing Fe concentration the ferromagnetic exchange inter- 
action is decreasing faster than the antiferromagnetic one. For x < 6 
the ThMnl2 type of structure becomes favoured. The composition of the 
compound formed is LaFe4AI 8, which orders antiferromagnetically [3]. 
It is interesting that at s low Fe concentration region not only 
the antiferromagnetic exchange interaction becomes relatively strong, 
as in LaFe4AI8, but also the magnetic hyperfine field approaches the 
value observed for LaFe4AI 8 [3]. 

In the high Fe concentration region the susceptibility measure- 
ments indicate that the pseudo binary compound is changing from 
entirely ferromagnetic ordering for x = 11.2 to an antiferromagnetic 
ordering for x ~ 11.5. This picture is qualitatively consistent with 
the very low magnetic moment observed for x = 11.8 while still a 
large hyperfine field is observed at the Fe-site. The increase of the 



7 2 0  A.M.  van der Kraan et al., Cubic La(Fe, AI)la Compounds 

3,50" x-,~ 

3.40~ 1 '~ 

9 

\.AAA 

T - 4 .  " . , . . . .  I 

-8 -6 -4 -2 0 2 4 6 8 

Doppler velocity(m.s -l ) 

% 

o . a s -  

I -I0 -8 -6 -4 -2 O 2 4 6 8 I0 
Doppler ve loc[ ty(mm.s - I  ) 

Fig.3. Mossbauer spectra at T=4.2 K for LaFexAll3_ x. 
Fig,4. M~ssbauer spectrum at T=238 K for LaFe]2AI I. 

magnetic moment for x = 12 is due to the large contamination of the 
sample with the so far unidentified second phase, 

The opposite concentration dependencies of T c and magnetic moment 
(as observed for i0 ~ x ~ 11.2) were claimed to be associated with 
the anomalous thermal expansion below T c found in Invar type alloysE5] 
and is also observed earlier by us in the compounds LaFexSil3_x[2]. 
In these latter compounds we have observed a cusp like anomaly near 
T c in their temperature dependence of the resistivity. Similar measu- 
rements on the present samples are in progress. The weakening of the 
overall ferromagnetic coupling for the compounds in the range i0 ~ x 
x ~ 11.2 can be understood in terms of the site occupation of the Fe 
atoms in the NaZnl3 crystal structure in conjunction with the lattice 
constant decreasing with increasing iron content. Denoting the two Fe 
sites by Fe(1)and Fe(2)in the hypothetical compound LaFel2(1)Fel (2), 
an increasing Fe concentration in LaFexAll3 x will lead to a larger 
occupation of both sites and hence to a larger occupation of the 
Fe(2) site. This site is characterized by a rather low Fe-Fe nearest 
neighbour separation and by a nearest neighbour configuration consis- 
tin9 of 12 Fe atoms. The Fe(2) nearest neighbour configuration is in 
several respects not much different from that of Fe atoms in y-Fe. In 
the latter antiferromagnetism prevails and this may explain why one 
can expect an increasing antiferromagnetic interactioh by filling 
more of the Fe(2) sites in LaFexAll3_ x. 

The increase of the ordering temperature for x > 11.2 is not yet 
understood. 

References 

[i] P.I. Kripyakevich, O.S. Zarechnyuk, E.I. Gladyshevsky and 0.I. Bodak, 
Z. Anorg. Chem. 358(1968)90. 

[2] T.T.M. Palstra, J~ Mydosh, G.J. Nieuwenhuys, A.M. van der Kraan and 
K.H.J. Busehow, J. Magn. Magn. Mat. 36(]983)290. 

[3] K.H.J. Busehow and A.M. van der Kraan, J. Phys. F: Metal Phys. 8(1977)92|. 
[4] A.R. Miedema, P.F. de Ch~tel and F.R. de Boer, Physica 100(1981)I. 
[5] H. Masumoto, Sci. Rep, Tohocu Imp. Univ. 20(]931)10. 


