N
N

N

HAL

open science

57Fe MOSSBAUER STUDY OF RE2Fel4B
P. Dalmas de Réotier, Daniel Fruchart, P. Wolfers, R. Guillen, P. Vulliet, A.
Yaouanc, R. Fruchart, P. L’Héritier

» To cite this version:

P. Dalmas de Réotier, Daniel Fruchart, P. Wolfers, R. Guillen, P. Vulliet, et al..
BAUER STUDY OF RE2Fel4B. Journal de Physique Colloques, 1985, 46 (C6), pp.C6-323-C6-326.

10.1051/jphyscol:1985658 . jpa-00224913

HAL Id: jpa-00224913
https://hal.science/jpa-00224913
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

57Fe MOSS-


https://hal.science/jpa-00224913
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE
Colloque C6, supplément au n°9, Tome 46, septembre 1985 page C6-323

57Fe MOSSBAUER STUDY OF RE,Fe,B

. . +x .tk
P. Dalmas de Réotier, D. Fruchart, P. Wolfers, R. Guillen , P. Vulliet ,
A. Yaouanc®, R. Fruchart’” and P. L'Héritier**

Laboratoire de Cristallographie du CNRS associé & 1'USMG, 166 X,

38041 Grenoble Cedex, France

*Centre d'Etudes Nucléaires, DRF/Service de Physique/Magnétisme et Diffusion
par Intéractions Hyperfines, 38041 Grenoble (edex, France

*Université Scientifique et Médicale de Grenoble, 38041 Grenoble Cedex, France
**ER 155, ENSIEG, INPG, B.P. 46, 38402 Saint-Martin-d’'Héres Cedex, France

Résumé - Nous avons étudié par effet Mossbauer sur le noyau °7Fe des composés
REgFeisB a température ambiante et a4 4,2 K (RE = Y, Pr, Gd, Tb, Dy et Er). Les
paramétres hyperfins dépendent trés fortement de la terre rare. Nos résultats indiquent
que les champs hyperfins, notamment sur le site 8jg, ont une composante anisotrope
importante qui est probablement due a I'anisotropie du couplage hyperfin.

Abstract - We have recorded the 97Fe Mossbauer spectra of REgFejsB compounds
at room temperature and at 4.2 K (RE = Y, Pr, Gd, Tb, Dy and Er). The hyperfine
parameters have a strong rare-earth dependence. The hyperfine fields are strongly
anisotrope. This is particularly true for the 8jg site. This anisotropy probably comes
from the hyperfine coupling tensor.

I - Introduction

Since the discovery of the permanent magnet properties of the series RE9Feq4B/1/, particularly
with RE = Pr or Nd, an intensive effort is made to understand the basic physical mechanisms
leading to the high anisotropy. It is generally believed that this anisotropy is mainly due to
the crystal field acting on the rare earth ion although recently bulk magnetization measure-
ments on a single crystal of YgFey4B indicate that the anisostropy of the iron slab is not
negligeable /2/.

In this paper we present some preliminary results obtained by 5TFe Mdossbauer spectroscopy
on REgFeq4B with RE = Y, Pr, Gd, Tb, Dy and Er. These results give some clue of the origin
of the iron magnetic anisotropy.

Il - Experimental results

In fig. 1 we present our Mdossbauer data. On each spectrum a weak line is visible at a velocity
of about - 0.5 mm/s, even at 4.2 K. It represents about 3-5 % of the spectrum depending on
RE. This line is due to a paramagnetic phase, probably REjig FeqBg. Apart from the sample
with RE = Er, in each spectrum a line at 6 mm/s with no symmetric twin indicates a substan-
tial quadrupole splitting. From the crystallography we know that there are six different types
of iron sites in the REgFeq4B structure /3,4,5/ with relative population 16 : 16 : 8 : 8 = 4,
4. In this preliminary analysis we suppose that to one crystallographic site corresponds only
one magnetic site. Therefore we have analyzed our data as an overlay of six sextets plus
a doublet due to the paramagnetic phase. In the fit procedure the relative population of the
sites is kept fixed. We have noticed that if the populations are varied, a better fit is obtai-
ned. This shows that our model has to be improved to take into account the possibility that
to one crystallographic site may correspond more than one magnetic site. For all the compo-
nents the quadrupole interaction bas been treated in perturbation. We have checked by numeri-
cal comparison between spectra computed using the full hamiltonian and the hamiltonian
where the quadrupole interaction is taken as a perturbation that the approximation is fully
justified.

Because of the complex spectra resuiting from the seven sites, the analysis seems to be unambi-

guous only for three sites for all the samples except for RE = Er where no line exists at velocity
a6 mm/s. The three sites are the two sites with relative population 16 and the site which
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1 - 57Fe M&ssbauer spectra for REgFe)4B at room temperature (RT) and

at 4.2 K.
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has a relative population 8 and & line at velocitya 6 mm/s. In table 1 we present the parameters
extracted from the data. We have distinguished the 16 k; and 18 kg sites as follows : the
16 ki site has a boron as a nearest neighbour whereas it is not the case for the 16 kg site.
Therefore by charge transfert from the boron to the iron d-band, the iron hyperfine field
at the 16 ki site should be smaller than at the 16 k9 site. For the attribution of the asymmetric
line to the 8j; site we use an analogy with the REgFe17 compounds /6/. For RE = Er we present
two set of data for the 8j; site which correspond to the two sites with relative population
8 in the fit procedure. The same argu-

-ments have been used by Onodera

et al /8/. In addition, studying

SITE 16 % 16 ary

Dy.Fe ,B hydrides /6/ we give S EYENEREI R R R
new results which able us to con- (KeE) | (=a/8) | (a=/8) |] (koe) | (ma/s) | (mals)y || (RAE) | (oa/s) | (=m/s) || (ve2}
—firm the iron sites aSSignment- 2w | 033 |-o.u 296 | 008 ]-0.32 336 | o8 | -0.02 292
The numbering of the sites cor- e e
. ) n 0.47 0.03 EEX] 0.06 -0.17 368 0.77 0.17 728
-responds to /5/. M-
w2 | 032 Joas || 522 | ous {022 f| 362 | 0t | o0n s
YR | — J—
326 0.38 0.04 340 0.08 -0.18 318 0.85 0.19 335
Table 1 - 57Fe hyperfine parameters » 292 Q.26 ~0.18 N 0.15 -0.26 360 0.59 =0.03 ‘-&
extracted from the fits shown 32 { o | owos 37 | oo {08 wz | o | o 3
in Fig. 1. For each rare earth the ]
. £ . 92 0.25 =0.14 ano 0.12 =0.24 353 0.60 =-0.05 02
first (second) line corresponds oy —
to room temperature (4.2 K) data 320 | o3z | o.08 333 | 0.0 |09 a8 | o9 | oz 329
respectively. Hpr is the hyperfine 06 | o5 | ons
fle].d, QS the quadrupole splitting 20 |-0.08 J-0.33 98 |-016 | -0.28 9t
and IS the isomer shift relative v W e
to a source of 97Co in g _Rh matrix u6 | o0 | 006
at room temperature. Hpg is the O IRl Intac | Il Inatll ot | noven I vt | B
mean hyperfine field over the six . .
iron types of sites. The experimenta]_ %1 | oz | -0.19 26 | o7 0.3 327 | 051 | -0.04 208
. _ ¥ -
uncertalntles are : th = ;..’ 3 koe’ m 0.27 ~0,06 EL3N 0.18 =0.13 380 2.61 0.10 336
QS = ¥ 0.03 mm/s and IS =2 0.03
mm/s.

III - Discussion

First we do not consider the Er compound data. The quadrupole splitting (QS) of site 8j; is
strong for a metallic compound. In addition the Hyf seems to follow a de Gennes law :

Hpg =24 +P(gg-1)d

where o and B are constants and gj is the Landé factor of the RE. The hyperfine field in
the Er compound does not follow this law, particularly at room temperature. It is known that
at room temperature the bulk magnetization of the compounds we have studied is parallel
to the c-axis except for RE = Er /7/. These results show that the measured hyperfine field
is not isotropic. This may have two origins : the dipolar field at the iron site and the anisotropy
of the hyperfine coupling tensor. The anisotropy of the 8j; hyperfine field is probably too
strong to be due only to the dipolar field. Therefore part of the measured anisotropy comes
from the hyperfine coupling tensor. This anisotropy has probably the same origin as the one
measured by bulk magnetization on Y9Fe14B. The temperature and the RE dependence of
QS may give some information on the local magnetization at the iron sites. For instance,
the change of sign of QS for site 8j; for the Er compound compared to the other compounds
at room temperature is consistent with the fact that the magnetization is in the basal plane
for the Er compound and along the c-axis for the other compounds.
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