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Abstract : e

Magnetic susceptibil;ty and MY8ssbauer spectroscopy
measuremenﬁs on cgbic_Laves phase pseudo-binary compounds
,(Cexifl__x)Fe':2 are reported. Th;'thermal variation of the
magnetization and the dependence of»thé hypeffine'interéc-
tions, Curie temperature, saturation moments at 4K and
lattice parémeter on concentration are pfgsented. Tﬁe re-

sults show a difference in behaviour between the regions

rich in Ce and in Y, which is attributed to a possible

change of the valence of Ce.

The direction of easy magnetization at 77K changes

from <111> in YFe, to <10l1>. in the pseudo-binary com-

—~pounds rich in Ce.



1. Introduction

The intermetallic compounds CeFe2 and YFe2 are well
known to crystallize as MgCuz—type ques phases. These bi-
nary compounds‘have been studied from the point of view of
their magnetic broperties and hyperfine (hf) interactions
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. For a general review of the magnetism of intermetallic
compounds formed with rare-earth and 3d metals see reference
|7|. Measurements of magnetization on the (_CéxYl_x)Fe2 com-
pounds have been reported |8].
The aim of this work is to study the properties of

the (ngYl_fx)Fe2 pseudo-binary compounds in order to inves-
tigate the possibility of change of the valence of Cerium

ion (which is 4% in CeFez) when CeFe, is diluted in a matrix
of a RFeé compound with a larger lattice parameter and formed
with a trivalent rare-earth-like metal (Y).
- We have studied the structural parameters, the magnetic

properties and hyperfine interactions at Fe sites of

(CexYlaxlFez compounds with x = 0, 0.1,10.2, 0.4, 0.6, 0.8, 1.0.

2. Experimental

The samples were prepared by melting stoichiometric
amounts of the components in an arc furnace under an argon
atmosphere. The nominal purity of the constituents was: Ce
and Y 99,97% (Rare Earth Products Ltd.), Fe 99,99% (John-
son Matthey Inc.). The buttons were melted two or three times,
and homogenized for a week at 800-9009C in an argon atmosphere.

The samples were examined by X-ray powder photographs,
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using Fe Ko radiation and an Mn filter, with au exposure
time of 48 hours. They were found to be single-phase; the
lautice'parameters were derived by ieast—squares analysis
using Nelson—Riley's extrapolation.

Magnetization measurements were made using a P.A.R.

vibrating sample magnetometer over a temperature range 4.2 K -

'750 K in magnetic fields up to 14.5 kG, with the samples

under He gas; The Curie temperatures‘Tc were determined by

extrapolation of the Mg

x T curves obtained at low field
(500G).

Mbssbauer measurements wefe made at 77>K in a flow
cryostat. fhe calibration and the linearity of fhe.scale

were checked several times; a velocity range sufficiently

wide to include the'outer peaks of the iron spectrum was
~-used to check for the presence of free iron in the interme-

 tallic compounds. The absorbers were prepared by mixing the

powdered samples with small amounts of silicon grease to

afford protection egainst oxidation.

3. Results and Discussion

The pseudo—binary compounds kCexYl_x)Fe2 examined
were found to crystallize in the cubic MgCu, (ClS) structure,
as already observed for the binary compounds CeFe2 and YFeZ.
‘The lattice parameters vary about 1% along the series, from

o o _ -
7.298 A for CeFe, to 7.359 A for YFe,. The dependence of ag

‘-with concentration shows a positive deviation from Vegard's
-law being linear in the range 0. 2 < x < 1 and levelllng off

“near the YFe2 end (Fig. 1).
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The temperature dependence of the magnetization at
constant magnetic field (10 kG) is shpwn in Fig. 2. All the
compounds order magnetically. In.the curves of magnetization
versus field, no hysteresis was observed.

« The Curie temperatures TC obtained show a rougly
lihear dependence with concentration, from 532 K for YFezito
2 (Fig. ﬁr, with.a small deviation for_g‘
smaller than 0.4.

Ihe saturation magnéﬁic moments per formula unit'.“sat
were derived from measurements of the magnetization at 4.2 K
as a function of the applied mégnetic field extrapolatéd to
H + <, These moments do not varyAlinearly with x (Fig. 3).
versus concentration can be divided into

The curve of Moat

two distinct regions, éorresponding roughly to the first
half and second half of the concentration range.

" The MUssbauer spectra (Fig. 4) were computer analysed
as a superposition of loréntziah lines of equal width. The

parameters derived from the fits were the magnetic splitting, -

"quadrupole ?plitting, isomer shifts, widths, and intensiﬁies

of each doublet in the six-line patterns.
The mean values of the magnetic hf fields th.and

24_1)/2 for

electric quadrupole interactidns_Eq = equ(Bcos
the series bbtained from fits with six lines are given in

F;g. 5. The :plot of the values of magnetic hf field shows a - :
non-linear variation with Ce cdoncentration. The values Af

:th decrease slowly in the first half of the series and, for

X > 0.6, decrease more abruptly. The gquadrupole interaction

Eq goes through a minimum for x = 0.4. The vélues of isomer
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-other published spectra) which remains unexplained.

shift are practlcally constant with concentratlon.l
[
The dlxectlon of easy magnetization in YI‘e2 has been

found to be <11l1ls from the shape of the M8ssbauer spectrum

|6| . In this case the spectrum consists of two superposed

sets of six lines, w1th 1nten51t1es in the ratio 3:1, corres

~ponding to two sites that, although crystallographlcally

equivalent, are unequivalent when the sample is magnetlzed.

In the eompound CeFe, at low temperatures, the direction of
magnetlzatlon could not at flrst be derived with certalnty
|3], although further studies have suggested a magnetization
parallel to <100> l4| , a case in which the spectrum'presents
only six lines. The latter observatien was confirmed by a
detailed analysis of M&ssbauer data as a function of tempe-

rature }5|--. These authors found a change in the direction

- of magnetization above 150 K, the magnetization moving from

the <100> direction to another direction in the (110) plane,

The spectra described in the present work, when anaiy-

-.sed in terms of two sets of six lines, gave better computer

~fits undet,the hypothesis of intensity ratio 3:1 (i.e. direc

tion <111>) for the compounds rich in ¥, and intensities 1:1
{direction <101>) for those rich in Ce (excluding CeFeZ). For

<CeFe2 there are apparently only six lines, but there is a

-small asymmetry in the line intensities (also noticeable in

“The linewidths obtained from the computer fits Qith

12 11nes'(intensities 3:1 in the first half ana 1:1 in the

.+second half) increase towards the middle of the concentration -

xange (see Fig. 5), due to the degree of disorder in the

system, which is expected to be maximum near x = 0.5, This

. s T . e e g e gt n
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arises fxrom the distribution of configurations seen by the

57pe probes. The presence of such distribution makes the

determination of the direction of easy magnetization (and

consequently of the best hypothesis for the fit) more diffi-

cult,:

To‘diséuss the general trends.in the system, we have
giveh in Fig. 5 the maghétic hyperfine fieids dérived from
computer fits with six lines only, and therefore #eprésént
average values for the two magnetic sites.

Thg most siénificant M8ssbauer result obtained in the
present work is the,difference‘in slope of the two halves of

the graph of ﬁhf versus concentration (Fig. 5). This diffe-

'rence is strongly correlated to the difference in the con-

—— — iy

centration dependence of the magnetic moment in the two re-

gions of concentration (Fig. 3).
A shift in the direction of magnetization can produce

a discontinuous vériation in the hf field at the Fe sites,

"due to a difference in the lattice magnetic dipole sums |3];

" the present variation in average H ¢ leads us to think rather

in terms of a change in the electronic structure along the
sertes, _‘ _ , fﬁ
The difference in slopé in the two halves of .the curve

—

of Hy¢ (Fig., 5) and the same géneral behaviour present in

the curve of magnetic moment and Mg versus T can be understood

in the following way. Starting from‘CeFez, we have a pseudo-

3+ 4+

binary compound AFe, where A is an alloy of Y°' and Ce" ; if’

this proceés continued, we would nai?ely expect a linear de-

with concentration. The obserVed'chaﬁge

hf

pendence of H,__ or Mgat

-
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in slope deviates from simple dilution behaviour, probably
due to the fact that the Cerium valence changes, tending to
3+ when diluted in the matrix of YFe,. Consequently A is an
alloy of two trivalent metals, and it is reasonable to expect
in such an alloy a smaller rate of éhange of the band magne-
tic properties with concentration. The small dip in Hsat at
x = 0.2, still significant compared to the experimental un-
certainties;'may be accounted for by the magnetic moment that
appears at the cerium}atom (Ce+3 is magnetic). A similar an-
tiparallel coupling of a light rare-earth moment to Hpe has
been observed in SmFe, |8,9| . A dip in Hgat 1S not visible
in the curve of reference [8] since there are no results in
the concentration range x = 0.1 - 0.4.

The lattice parameter of a compound "Ce3+Fe2",would
be of the order of 7.5 g, as can be extrapolated from the
ﬁlots of‘aO versus atomic number for the RFe, compounds |2].

3

Therefore, alloying "Ce +Fe2" to pure YFe, would initially

increase a_ of the pseudo-binary compounds. Our X-ray data

o
do not shown an increase, but show a constant a, near the
YFe, limit (Fig. 1).

In conclusion, our results show a markedly different
behaviour from the one expected for simple dilution. ‘This
suggests the existence of a drastic change in the electronic
structure, possibly a change of the valence of the Cerium
ions.

Measurements of “saﬁ as a function of pressure and

lattice parameter as a function of temperature are under way

to obtain further information on this system}



ACKNOWLEDGEMENTS

The authors wish to express their thanks to A. Ba-
tista and to N.C. Furtado for X-Ray analysis and sample pre

paration. We would also like to thank M.J. Besnus for refe-

rence |8].




" REFERENCES

1. Farrell, J. and Wallace, W.E., J. Chem. Phys. 41, n? 5,
1524 (1964).

2. Burzo, E., Z. Angew. Physik 32, 127 (1971).

3. Bowden, G.J.; Bunbury, D. St. P., Guimardes, A.P. and
Snyder, R.E., J. Phys. C: Sol. st. Phys. 1, 1376 (1968).

4. Guimaraes, A.P. (1971), Ph.D. Thesis, University of Man-
¢hester, unpublished. '

5. Atzmony, U. and Dariel, M.P., Phys. Rev. B1l0, 2060 (1974).

6: Wertheim,” G.K., Jaccarino, V. and Wernick, J.H., Phys.
Rev. Al135, 151 (1964).

7. Kirchmayr, H.R. and Poldy, C.A.,‘J. Magn. Magn. Mat. 8,
1 (1978).

8: Buschow, K.H.J. and van Stapele, R.P., J. Physique 32,
Cl-672 (1971).

9. Dublon, G., Dariel, M.P. and Atzmony, U., Phys. Letters
" 51A, 262 (1975).

i
:
b
5
:
3
4
!
Bl
E

T s 2




Fig. 1

Fig. 2

Fig. 3

fig. 4

FIGURE CAPTIONS

[
- Lattice parameter of (Ce Y )Fe2 as a function of

, concentratlon.

Isofield (10 KG) fhermal variation of the -magneti-~

zation for (Ce,Y;_ . )Fe,.

~ Saturation magnetic moment Heat at 4.2K and Tc as
a function of concentration. S

-~ Concentration dependence at 77K of: a) Average Mag
‘netic hyperflne field (H); b) Electric quadrupole
.interaction (E ); ¢) linewidths (W).

57 in (Ce Y )Fe

_M8ssbauer spectra at 77K of Fe
‘Numbers in each spectrum are x value.
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