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This work is an extensive study of the cubic Laves phase rare earth compounds: CeFe, and its related hydrides
performed by X-ray absorption spectroscopy. The CeFe, system has been investigated by Extended X-ray Absorption Fine
Structure (EXAFS) both at cerium and iron sites and by X-ray Absorption Near Edge Spectroscopy (XANES) at different
edges of both cerium and iron atomic species. Attempts to relate magnetic properties of this system with the electronic
properties and the crystal structure of the disordered hydridate phases have been performed.

1. Introduction

The CeFe, crystallizes in the cubic MgCu,
structure with lattice constant @ = 7.304 A, and is
a ferromagnetic system with a Curie temperature
of T.=235K [1-3]. The presence of hydrogen
in the host metal lattice produces marked
changes in the physical properties of rare earth
transition metal systems. In particular, the effect
of the hydrogen absorption in CeFe, is to in-
crease the magnetic ordering temperature and
the magnetization [4]. The value of saturation
magnetization for CeFe,H, ,; is about 2.1ug/Fe
which is about 70% higher than the original
intermetallic compound and the Curie tempera-
ture (T =358 K) is 60% higher than CeFe, [3].
These changes are induced by the distortion of
the crystal structure and the modification of the
electronic configuration of the system. This work
correlates the magnetic properties of CeFe, after
hydridation, with the structural and electronic
information derived from X-ray absorption spec-
troscopy (XAS) experiments [5]. In fact, select-
ing the energy of the initial state, XAS gives
direct information about the partial and local
empty DOS of the final state, via the dipole
selection rule [6, 7].

The X-ray absorption investigation has been

carried out on CeFe,, CeFe,D, ¢ and CeFe,H, .
compounds. Both EXAFS and XANES at the
L,, L, and L, cerium edges and at the K iron
edge have been measured. Discussion of the
complementary information given by this data is
necessary to get a description of the electronic
and structural changes which occur during the
hydridation process.

2. Experimental

Several samples were measured in different
experimental runs at the PULS Synchrotron
Radiation Facility of Frascati. The procedure of
preparation of these materials and their charac-
terization is described elsewhere [8]. Absorption
spectra in the X-ray range were carried out at
room temperature, in the transmission mode,
using a Si (11 1) double crystal monochromator.
The experiments at the L,; edge of iron were
performed at the Brookhaven Synchrotron
Radiation Line using the DRAGON mono-
chromator [9, 10]. For the photoabsorption ex-
periments, materials were loaded into the vac-
uum chamber without bake-out. Spectra were
recorded in this energy range by monitoring the
total electron yield.
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3. Results and discussion

The understanding of the mechanisms leading
to the formation of local magnetic moments of
3d atoms in metallic hosts is a key problem of
magnetism. The magnetic behavior in d metal
hosts is governed by the interatomic interactions
of 3d with other d band electrons. Indeed in
RM, systems (R =rare earth, M = transition
metal) the M-3d states and R-5d states strongly
hybridize to form bonding and antibonding states
[11, 12]. However, self-consistent energy-band
calculations have demonstrated that the inclusion
of 3d-4f hybridization in CeFe, is essential to
yield the correct total moment (2.4u,/formula
unit) and to explain the anomaly of the lattice
constant [11].

A comparison of K-iron edge in CeFe, and in
CeFe,H, at the highest hydrogen concentration,
is shown in fig. 1. It indicates that the hydrida-
tion process leads to a decrease of the hybridiza-
tion between the empty p final states around the
iron site and the Fe-3d states, however no shift
of the Fermi energy occurs. The difference be-
tween the normalized spectra of CeFe, and
CeFe,H, ;5 shows, in fact, two pronounced
peaks: one at the edge (~7101¢V) and one at
higher energy (~7113 €V). The first one indicates
a decrease of the hybridization after the hydro-
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Fig. 1. Comparison of the K edge of iron in CeFe, and
CeFe,H, ,,. The lower curve is the difference between the

two iron spectra.

gen absorption. Indeed as the hydrogen concen-
tration increases, more valence electrons are
available and a progressive filling of the 3d domi-
nated band takes place, decreasing the mixing
between 3d and sp band states. The second peak
is assigned to a multiple scattering resonance
produced by structural distortion of the atomic
cluster around the iron atom.

Figure 2 shows the Fe-L,, spectra for CeFe,
and CeFe,H, ,5. The 2p level spectra are split by
the spin—orbit coupling into two major contribu-
tions: the transition from the 2p,,, core level to
the unoccupied 3d levels (L;) and, at higher
excitation energies, that from the 2p,,, level
(L,). In spite of the general complexity of these
spectra which is governed by the interplay be-
tween the crystal field potential and the different
spin—orbit and spin—spin coupling mechanisms of
the 2p holes and the 3d electrons, the multiplet
structure in these compounds is essentially a
single doublet as observed in other transition
metal systems [13]. Calculations to reproduce the
experimental data are necessary to determine the
weight of the various coupling schemes. How-
ever, looking only at the lineshape of the L,
spectra, we have qualitative evidence that the
crystal symmetries around the iron site for the
two phases are the same. In fact, both spectra,
which are mainly due to the dispersion of the
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Fig. 2. Comparison of the L,, edge of iron in CeFe, and
CeFe,H, ,;. The lower curve is the difference between the
two iron spectra.
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empty 3d bands, are very similar with the only
appreciable difference being the global decrease
of the intensity of the hydridate spectrum. This
reduction is attributed to a decrease of both
localized and delocalized densities of d empty
states at the iron site. Moreover, the slope at the
onset of the edge, which reflects the position of
the Fermi level in the metal is slightly changed
with a small tail that appears at the low-energy
side both at the L, and L, edges. In agreement
with the K edge results, no appreciable shift of
the Fermi energy can be detected at the L.,
edges.

These observations indicate that electrons
added to the system, by the hydrogen fill local-
ized 3d valence states at the iron site. This
phenomenon can be visualized using a rigid band
model, where the iron 3d band moves down.

Hydridation effects on the local structure
around the iron site, were primarily investigated
by Fe K-EXAFS. Figure 3 (left panel) shows a
comparison between the EXAFS signals in these
compounds. Clearly the reduction of the signal
indicates an increase of the structural disorder
around the iron due to the increase of the con-
centration of hydrogen. Additional information

on this process can be obtained from fig. 3 (right
panel) where the Fourier transform of the signals
are reported.

The coordination of the first shell of iron ions
remains unchanged in the highest hydridate
phases, while the second coordination shell of
cerium practically disappears. In the framework
of a multiple scattering theory, XANES spectra
give additional evidence of the lack of local
order. In fact, the second peak in the difference
spectra of fig. 1 can be attributed to a decrease
of the local order of the first coordination sphere
and to a loss of order beyond the first shell [14].
Additionally, EXAFS analysis is in agreement
with the L,; indication concerning the d sym-
metry observed at the iron site.

The analysis of the cerium X-ray absorption
data is more complicated, due to the presence of
a mixed valent state. L; XANES spectra of
mixed valence compounds are generally analyzed
by deconvolution using arctangent functions to
describe the continuum and Lorentzian functions
for the 4f" atomic localized states. From this
analysis an approximate 4f electronic occupation
can be deduced [14, 15]. The Ce-L, spectra of
these compounds, reported in fig. 4 (left panel),
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Fig. 3. Iron K EXAFS spectra of CeFe, and its hydridates (left panel) and their Fourier transform (right panel).
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Fig. 4. Cerium L; (left panel) and L, (right panel) XANES
spectra of the CeFe, and its hydridates.

show that hydrogen induces the suppression of
the mixed valence state as observed in other
systems, e.g., CeNi,H, [16]. The 4f' electronic
occupation is then raised by hydrogen absorp-
tion. (Similar behavior is observed at the Ce-L,
edge.) In the case of CeFe,, the L, spectrum
displayed in fig. 4 (right panel) exhibits at the
edge a double staircase feature split by about
8 eV, which should be attributed to the presence
of the mixed valance state in analogy to the L,
edge [17]. Hydridation of CeF, suppresses this
structure, reflecting the change of the p-project-
ed density of the conduction band and is in
agreement with the Fe K edge data. This change
can be correlated with the L, spectrum, which
shows only one white line, indicating the pres-
ence of a Ce 3" valance state [18]. Both the L,
and the L, data of Ce in the hydridate phases
resemble data for atomic cerium, supporting the
indication of a reduction of rare earth hybridiza-
tion [19].

L, Ce EXAFS spectra of the CeFe, and their
hydridates are shown in fig. 5. These data show
that hydrogen breaks down the periodicity of the
rare earth sublattice and supports a strong reduc-
tion of the local order at the cerium site. How-
ever, it is not possible to establish the details of
the final phase of the hydridation process. In fact
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Fig. 5. Ce L, EXAFS spectra of the CeFe,H, .

the structural disorder induced by hydridation,
smears out the EXAFS oscillatory signal, but the
residual oscillations indicate that there remains a
defined distribution of atoms around cerium [18].

The description derived from this XAS investi-
gation assigns the increase of the magnetic mo-
ment as caused essentially an electronic dynamic
induced by hydrogen. Although the details of the
process are not completely clear, this mechanism
destroys the Fe—Ce hybridization.

The role of the structural disorder appears
weak around iron, while it is significant around
the cerium site. This last observation raises the
question of whether a boot strapping effect in

* this magnetic alloy (and/or in other binary al-

loys) exists, in the sense that induced magnetism
for iron (one site) enhances the magnetism of the
cerium (at an another site). As a consequence,
the magnetism of Ce can be induced by the
suppression of the 4f hybridization with 3d elec-
trons, which increases the local moment on the
Ce site [11], and by the correlated change of
3d-5d hybridization determined by structural
disorder effects.
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