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SPIN AND CHARGE DENSITY TRANSFER 
IN THE SERIES Dy(Fe,Al, - ,), 

H. MALETTA, G. CRECELIUS and W. ZINN 

Institut fiir Festkorperforschung der Kernforschungsanlage Jiilich, D-517 Jiilich, Germany 

RBsum6. - La variation des densites de charge et de spin pour les noyaux '61Dy el jlFe a ete 
etudiee au moyen des transitions de 14 keV (pour 1e j7Fe) et de 26 keV (pour le 16'Dy) en allant du 
DyA12 au DyFe2. 

Pour le noyau Dy les densites de charge et de spin croissent de fa~on monotone avec la substitu- 
tion en fer. En ce qui concerne le noyau Fe les deux quantitks croissent avec le nombre des plus 
proches voisins. Cependant pour x 5 0,5 et pour un nombre constant de plus proches voisins les 
interactions hyperfines B I'emplacement du fer decroissent avec x. 

Ces resultats peuvent $tre dus au transfert des electrons 5d du Dy au Fe. A cela s'ajoute une 
augmentation des densites moyennes de charge et de spin pour le noyau Fe avec x, resultant d'un 
accroissement de la magnetisation 3d et des interactions d'Cchange dans le sous-reseau du fer. 

Abstract. - The changes in charge and spin densities at the 161Dy and 57Fenuclei in passing 
from DyA12 to DyFe2 are studied using the 14 keV - and 26 keV - transitions in 57Fe and l6lDy, 
respectively. 

The charge and spin density at the Dy nuclei increase monotonically with the Fe-substitution x. At 
the Fe nucleus both quantities increase with the number of the Fe-n. n. For x ;5 0.5 and for constant 
number of Fe-n. n., however, the h. f. interactions at the Fe-site decrease with x. 

These results are suggested to be due to a transfer of 5d-electrons from Dy to Fe. Superimposed is 
an increase of the averaged charge and spin densities at the Fe nuclei with x, which is due to the 
growing 3d-magnetization and the exchange interactions within the Fe-sublattice. 

1. Introduction. - As has been known for some 
time [I] the magnetic hyperfine fields at the Dy nucleus 
in several Dy intermetallic compounds are nearly equal 
in value of about 5.8 MOe. This is especially the case 
for DyAl,, DyPt,, DyNi,, and Dy metal. As discussed 
recently by G. J. Bowden et al. [2] and for the analo- 
gous Er compounds by W. Zinn [3], this may be under- 
stood from crystal field theory. The nearly constant 
Dyl6l hyperfine fields indicate that in all of these cases 
and despite of somewhat different reasons the magnetic 
groundstate of the Dy3+-4f-shell approaches its satu- 
rated J-value, i. e. J, = J = 1512. 

In DyFe,, however, the hyperfine field exceeds the 
measured values in those compounds by approximately 
10 %. As a consequence, the additional increase of 
H(Dyl6') between DyAl, and DyFe, must be attribut- 
ed to transferred hyperfine interactions between the 
rare-earth and iron neighbours. This is assumed to be 
due to bod, spin polarization and orbital polarization 
effects of the d- and s-electrons in the outer shells of the 
R- and Fe-ions (covalency effects), and spin polariza- 
tion effects of the conduction electrons (RKKY-spin- 
polarization). The latter mechanism is well-known and 
discussed extensively in the literature [4]. In this paper 
the covalency effects will be discussed following a very 
recent theoretical treatment by D. M. Eagles [5], who 

considered the transfer of d-electrons from the Dy- to 
the Fe-ions. 

Oesterreicher and Pitts [6] have demonstrated the 
existence of the series Dy(Fe,All-,),. A Mossbauer 
study of the concentration dependence of the hyperfine 
parameter in this series thereby should be able to 
answer the question whether d-electron transfer may be 
responsible for the increase in hyperfine fields on pass- 
ing from DyAl, to DyFe,, as one observes changes in 
spin and charge densities at both, the Dy and the Fe 
nuclei. 

Oesterreicher and Wallace [7] have interpreted their 
magnetization data in such alloys suggesting a model of 
filling up the iron d-band by A1 s-p electrons. This 
results in quenching of the Fe moment at a certain 
critical concentration. Our experiments are expected to 
give additional information on the electronic structure 
of these pseudobinary Laves compounds. 

2. Experiments and results. - Experimental details 
on our Mijssbauer studies at 161Dy and 57Fe and on 
sample preparation will be given elsewhere. 

Typical 16'Dy - 26 keV - spectra are given in 
figure 1 for x = 0, 0.5, and 1. The solid lines are the 
results of least squares fits which assume the existence 
of only one Dy site. 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1974642

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1974642


C6-280 HA MALETTA, G. CREC :ELIUS AND W. ZINN 

FIG. 1. - Relative transmission of 26 keV y-rays from 
l6lDy2Ti207, 150 K, through absorbers of Dy(Fe,A11-z)2 at 

4.2 K with x = 1.0, 0.55, and 0. 

The results of the Dy-Mossbauer measurements are 
shown in figure 2. It should be noted that for 
0 < x < 0.4 the hyperfine field at the 16'Dy nuclei in 
Dy(Fe,Al,-,), stays constant, and then increases by 
11 % up to the value of 6.47 MOe in DyFe,. The 
increase in isomer shift by about 1.5 mm/s measured at 
the Dy nuclei in going from DyAl, to DyFe, is propor- 
tional to an increase in electron charge density at the Dy 
nucleus which, for comparison, is lower than the effect 
due to the removal of one 4f electron by a factor of 4 
to 5. 

Typical iron spectra are shown in figure 3. Regarding 
these spectta it is obvious that they cannot be fitted 
assuming one equivalent i ~ o n  site only (with the 
exception of x = 1 [8]), As the resolution of the 57Fe 
Mossbauer spectra is rather high, one is able to resolve 
even small changes in the Fe hyperfine parameters. 

FIG. 2. - Concentration dependence of hyperfine field Hhf and 
isomer shift 6E at 161Dy nuclei in Dy(FezAIl-,)p. 

Remembering the electronic structure of the alloys 
under investigation the existence of different iron sites 
should be expected due to varying neighbour confi- 
gurations. This point will be referred to in the discus- 
sion. 

The spectra of the AB,-type compounds were ana- 
lyzed assuming a statistical occupation of the B-sites by 
iron and aluminium which produce changing numbers 
of equivalent first nearest neighbours. The results of 
these calculations are given in figures 4 + 5. Reducing 
the number of iron nearest neighbours by one pro- 
duces a decrease in hyperfine field at the iron nucleus 
by about 30 kOe. Within a given number of iron nearest 
neighbours the hyperfine field starting from DyFe, 
(x = I), first decreases with increasing A1 content and 
then slightly reincreases for higher A1 concentration. 
The behaviour of the electron density at the iron 
nucleus is qualitatively the same as that of the hyperfine 
field. 

3. Discussion. - In this chapter we offer a qualita- 
tive interpretation of the concentration dependence of 
the hyperfine parameters observed at the 16'Dy and 
57Fe nuclei. The increase of the magnetic hyperfine 
field at the Dy nucleus on passing from DyA1, to DyFe, 
by 700 kOe is suggested to be due partly to a transfer of 
Dy-5d electrons to the iron site as recently proposed 
and discussed by Eagles [5] and partly due to the 
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FIG. 3. - Relative transmission of 14.4 keV y-rays from 
Rh(57Fe), 300 K, through absorbers of Dy(FezA11-%)2 at 4.2 K 

with x = 1 .O, 0.85, and 0.205. 

RKKY-polarization of conduction electrons by the 
iron moments. The series Dy(Fe,Al, -,), offers the 
possibility to investigate the concentration dependence 
of this assumed transfer of d-electrons at two different 
nuclear sites. The initial constancy of the hyperfine 
field as shown in figure 2 may be understood by the 
chemical bond in our system which is of predominant 
covalent instead of metallic character. Therefore at low 
iron concentration, i. e. a high ratio of Dy to Fe ions, 
the d-electron transfer is nearly insensitive to the Dy 
hyperfine field but strongly reflected at the iron nuclei, 
opposite to lower Dy to Fe ratio. Covalent character of 
the bond should result in the formation of magneti- 
cally inequivalent Dy sites due to different neighbour 
configuration as has been observed in Ho(Fe,Co, -,), 
alloys by NMR [9]. A realistic estimate for such effects 

FIG. 4. - Concentration dependence of hyperfine field Hhf and 
isomer shift 6E at 57Fe nuclei in Dy(FexAl~-,)2 at 4.2 K. The 

parameters give the number of iron nearest neighbours. 

- Number ofneorest ne~ghbours 

FIG. 5. - Hyperline field Hhp and isomer shift 6E at 
the 57Fe nuclei as a function of the iron nearest neighbours in 
Dy(FeXAl1-,)2 at 4.2 K. The parameters give iron content x. 
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yields about 50 kOe. In our case we are not able to 
resolve such small effects due to the large orbital 
hyperfine field of about 6 MOe in Dy. 

The mechanism of d-electron transfer suggested to 
partly account for the change in hyperfine field is 
supported by the observed concentration dependence 
of the electron density at the Dy nucleus being propor- 
tional to the isomer shift shown in figure 2. The 
increase of the electron density consistently is due to 
the removal of 5d-electrons which lowers the s-electron 
shielding and therefore increases the electron density. 
In addition one obselves a dramatic variation of the 
magnetostriction between DyAl, and DyFe, which 
may cause changes in spin and charge densities, too, 
an effect which we are not able to estimate. 

As shown in figure 4 the situation at the 57Fe is 
much more complicated. In this case for a special value 
of the concentration x we observe a superposition of 
several different hyperfine fields and isomer shifts. This 
clearly indicates an appreciable amount of covalent 
instead of long range metallic bond in our material. In 
such a compound on the first sight the hyperfine para- 
meters change by steps if we change the number of iron 
nearest neighbours of a certain iron ion regarded on 
changing the concentration x. In the Laves phases 
Dy(Fe,Al, -,), removal of one of the six iron nearest 
neighbours on going from DyFe, to DyAl, means a 
reduction of the hyperfine field of about 30 kOe as can 
also be seen in figure 4. As shown in the same figure, 
the isomer shift also changes by steps. 

On the other hand long range metallic bond must be 
present to a certain degree in our compounds too, as 
there is a superposition of continuously changing 
contributions to the hyperfine field. This contribution 
is attributed to the polarization of the conduction 
electrons by the iron moments. Removal of polarizing 
iron moments then results in a decrease of induced spin 
density. This contribution transfers the polarization of 
shells farther away to the ions regarded. At the very 
beginning, this mechanism increases the slope of the 
spin density produced by conduction electron polari- 
zation as observed. Extrapolation of the initial slope of 
this contribution (as indicated by the dotted line on the 
right of Fig. 4) then allows an estimate of the concen- 
tration dependence of the ordering temperature. The 
extrapolation to zero hyperfine field may also give an 
idea of the critical concentration for vanishing iron 
sublattice magnetization. 

The concentration dependence of the hyperfine 
parameters of dysprosium have partly been related 
above to a d-electron transfer to the iron. Conse- 
quently this transferred d-electron density should also 
change spin and charge density contlibutions at the 
iron site. The presence of additional electrons of 
d-character would result in an orbital and dipolar 
contribution to the hyperfine field, which both are 
expected to have positive sign ; in addition adecrease 
of s-electron density at the nucleus should appear due 
to the additional shielding. The hyperfine field contri- 

butions mentioned so far are negative ; hence this third 
contribution must increase the absolute value of the 
hyperfine field on going from DyFe, to DyA1,. Assum- 
ing the d-transfer from Dy to Fe to be linear with 
concentration (this assumption might not be consistent 
with our conclusions concerning the nature of che- 
mical bond in this compound), and taking the slope of 
the hyperfine field dependence at the A1 rich side of the 
series, one obtains 40 kOe/O.l x = 40 1<0e/0.2 Fe ions. 
This means 200 kOe per Fe ion, a value which should be 
compared with the total orbital and dipolar contribu- 
tion of one additional 3d-electron on going from Fe3+ 
to Fe2+, each being of the order of + 100 kOe [lo]. 
So we are left with the conclusion that t he~e  might 
occur the transfer of about one 5d-electron from Dy 
to Fe, according to Gschneidner [I]] this means a 
transfer of nearly the whole d-character of the conduc- 
tion band on passing from DyAl, to DyFe,. 

Regarding the isomer shift dependence in figure 4 
we observe a slope corresponding that due to conduc- 
tion electron polarization in hyperfine field dependence., 
Estimates on sign and magnitude of charge density 
variation (one should note that in iron increasing iso- 
mer shift means decreasing electron density) in this 
connection are impossible due to superposition of 
diffe~ent effects : change of the atomic volume due to 
varying lattice constant, varying electronic band struc- 
ture of the alloy, change of the host 2. 

Transfer of d-electrons should increase the s-electron 
shielding, and this results in a decrease of charge den- 
sity or an increase of isomer shift as it is revealed by the 
lowest curve in figure 4. 

For a final illustration of the concentration depen- 
dence of the hyperfine field as shown in figure 4, we 

FIG. 6 .  - Approximate concentration dependence of the three 
contributions of the 57Fe hyperfine field in Dy(FezAll-z)n. 
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have plotted the approximate dependence of the three 
contributions to the hyperfine field in figure 6. 

4. Conclusion. - Taking the concentration depen- 
dence of the spin and charge density at the l 6 ' ~ y  and 
"Fe nuclei in Dy(Fe,Al, -,), we find, that the model 
of a d-electron transfer from Dy to Fe is suited to 
explain the experiments consistently. In addition, we 
conclude that the chemical bond of the alloys inves- 
tigated contains an appreciable amount of covalent 

instead of a pure long range metallic character. This in 
particular might result in the breakdown of 
the iron sublattice magnetization observed at about 
Dy(Fe0 AA1O . 6 )2-  
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