
Understanding the structural, electronic
and magnetic properties of intermetallic
rare earth (RE) and 4d transition metal (M)
compounds is important because of their
many applications in, for example,
permanent magnets, polishing agents, new
phosphors, and rechargeable batteries.

Cerium (Ce) is the least expensive of all the
RE elements, but, when present in a
trivalent state, leads to a large magnetic
anisotropy. Most Ce-based RE compounds
are, therefore, able to absorb large external
magnetic fields without changing their spin
direction, rendering them non-magnetic,
and unsuitable for applications as
permanent magnets.

In recent years, however, several
investigations have shown a change in the
Ce electronic state caused by interstitial
doping, opening a new route towards the
development of Ce-based permanent
magnetic materials.

The large class of REM2 type Laves phases
offers a good opportunity to study the
correlation between the structural and
electronic modifications associated with
interstitial doping. Of particular interest is
the widely known anomalous behaviour of
CeRu2 and LaRu2, which retain their
superconducting properties following the
introduction of magnetic elements
(Figure1), unlike similar compounds which
become magnetic.

To try to understand this behaviour Dr
Battisti and colleagues investigated the solid
dilution La1-xCexRu2 using both X-ray
absorption spectroscopy and thermodynamic
techniques.
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Figure 1: Tc and Tc/dp versus Ce concentration in the
La1-xCexRu2 series. [1] (closed diamond); data taken
from [2] (x,o).

Figure 2: L3 Ce edges of CeRu2 and La0.25Ce0.75Ru2

compounds.



Oxford Instruments
Superconductivity

UK
Tubney Woods, Abingdon
Oxfordshire OX13 5QX
Tel: +44 (0)1865 393 311
Fax: +44 (0)1865 393 333

Germany
Otto-von Guericke Ring 10
D-65205 Wiesbaden
Tel: +49 6122 937 171
Fax: +49 6122 937 175

Italy
Via Leone Tolstoi 86
20098 San Giuliano
Milanese
Milan
Tel: +39 02 98 2531
Fax: +39 02 98 24407

Japan
Haseman Building
2-11-6 Tomioka, Koto-ku
Tokyo 135-0047
Tel: +81 03 5245 3261
Fax: +81 03 5245 4472

Spain
Avda Mata Piñonera, 2
28700 San Sebastian de los Reyes
Madrid
Tel: +34 91 659 0740
Fax: +34 91 654 6794

U.S.A.
130A Baker Ave. Ext.
Concord, MA 01742-2121
Tel: +1 978 369 9933
Fax: +1 978 369 6616

E-mail:
superconductivity@oxinst.co.uk

Visit our web site at 
www.oxford-instruments.com

This publication is the copyright of Oxford Instruments Superconductivity Limited and provides outline information only which (unless agreed by the company
in writing) may not be used, applied or reproduced for any purpose or form part of any order or contract or be regarded as a representation relating to the
products or services concerned. Oxford Instruments’ policy is one of continued improvement. The company reserves the right to alter, without notice, the
specification, design or conditions of supply of any product or service. Oxford Instruments acknowledges all trade marks and registrations

© Oxford Instruments Superconductivity Limited, 2002. All rights reserved. 

Reference No: OI 600/0502

UK sites of Oxford Instruments Superconductivity Limited, operate a 
Quality Management System approved to the requirements of BS EN ISO 9001. Certificate No Q4118

X-ray absorption spectra were obtained at
the Ru K-edge and the L-edges of La and Ce
(Figure 2), for x = 0, 0.25, 0.5, 0.75, and 1,
at room temperature, 10 K, and 4 K.

From the X-ray absorption fine structure
spectra the Ce valence was estimated (~3.3
in all compounds) together with the
interaction between the hybridization and
correlation effects among the 4f, 5d and 4d
electrons. The spectra also show doping-
induced distortion of the local environment
around each atomic species (Figure 3). These
results were then compared with the
thermodynamic properties of the same solid
dilution from measurements of heat capacity
(>1.2 K), magnetoresistance (<2 T), resistivity
(>1.8 K) and susceptibility (>1.8 K).

Analysis demonstrates that the dilution does
not promote a localised 4f magnetic
moment on the Ce site and the
superconductivity of the whole La1-xCexRu2

series can mainly be ascribed to the Ru linear
chain. Moreover, the dilution does not
change the cubic (Fd3m) symmetry, but the
interstitial doping affects the interplay
between localization (due to f states) and
hybridization (between f states and 5d
and/or 4d extended states). As a
consequence large changes in electronic and
magnetic behaviour may be observed due to
the dilution of intermetallic systems.
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Figure 3: The crystallographic structure of the C15
Laves phases LaRu2 showing a cluster of 25 atoms
around the Ru atom.
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