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Introduction
The discovery of a new family of Ce-based heavy

fermion superconductors [1-3] that exhibits interesting
magnetic and transport properties has triggered much
attention toward research on strongly correlated electron
compounds. CeRhIn5 changes from an antiferromagnetic
ground state to a superconducting state upon the
application of a critical pressure Pc of 1.6 GPa.
Isostructural CeCoIn5 and CeIrIn5 belong to the same
family and are found to be ambient-pressure
superconductors. The power-law temperature dependence
observed in the specific-heat and thermal-conductivity
measurements below the critical temperature Tc strongly
suggests the unconventional nature of superconducting
behavior and the origin of the non-Fermi liquid state in
this class of systems.

The unusual properties reported in these compounds are
strongly related to the interactions between the magnetic
moments of the f electrons with the conduction electrons.
In addition, the closeness of the system to the magnetic
instability region called the quantum critical point (QCP)
and the reduced dimensionality favor superconductivity.
Pressure and doping are regarded as important parameters
that are used as the driving forces for suppressing the
antiferromagnetic ordering and also for tuning the
interactions between the electrons by changing the
electronic configuration. In order to understand the
influence of pressure on structural parameters, we have
performed high-pressure x-ray diffraction on these
compounds.

Methods and Materials
X-ray diffraction experiments were conducted at

different pressures by using a Merrill-Bassett-type
diamond anvil cell at beamline station 16-ID-B at the
APS. Single crystals grown by flux technique were finely
ground and loaded into a stainless-steel or rhenium gasket
����� �� ���	� ��
���� �� ���	�	�� ��� ���� ��� �������	� ���
(polydimethylsiloxane) was used as a pressure-
transmitting medium, and ruby/NaCl was used for
pressure calibration.

The images obtained were integrated by using the
software FIT2D, and the refinements were carried out by
using the Rietveld program RIETICA [4].

Results
The c/a ratio and normalized volume with respect to

pressure for the systems are shown in Fig. 1. The bulk
modulus (B0) and the pressure derivative (B0′) were
determined by fitting the pressure and volume (P-V) data
by using the Murnaghan equation of state. The bulk
modulus values were found to be 72.4, 78.4, and 84 GPa
for CeCoIn5, CeRhIn5, and CeIrIn5, respectively.

1.610

1.615

1.620

1.625

1.630

1.635

1.640  CeRhIn5 (R1)
 CeRhIn5 (R2)
 CeCoIn5 
 CeIrIn5

c/
a

0 2 4 6 8 10 12 14 16 18 20 22 24

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

1.00

N
o

rm
al

iz
ed

 v
o

lu
m

e

Pressure (GPa)

FIG. 1. P-V data and c/a ratio for the Ce 115 compounds.
R1 and R2 (in parentheses) indicate different pressure
runs.



Discussion
The structural data at high pressures for the Ce-115 are

compared with the transport measurements reported
earlier [4, 5]. The c/a ratio, which is considered to be an
important parameter in discussing the transition
temperatures in most of the high-Tc and heavy fermion
superconducting systems, is found to exhibit a double-
peaked structure with a local minimum around 4 to 5 GPa
for CeRhIn5. In accordance with the results from
resistivity studies under pressure where an increase in Tc
with an increase in the c/a ratio is reported, the structural
investigations indicate an indirect relationship with c/a
and the transition temperature. Even though the rise in c/a
is not strongly pronounced in the case of CeCoIn5, a
broad maximum that starts around 1.5 GPa was found and
may be related to the hybridization effects. The bulk
modulus values calculated for Ce-115 agree well with the
reported values for other heavy fermion compounds [6].
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