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Abstract

The new superconductor MgCNi; with a 7 ~ 8 K is an interesting candidate for non-conventional superconduc-
tivity as it is in the borderline of ferromagnetism. We have performed a systematic study of several samples of this
compound under pressures up to 25 GPa, measuring the electrical resistivity between 1 and 300 K. We observe a slight
increase of the critical superconducting transition temperature at high pressures. Our results are compared with the

evolution under pressure of the calculated electronic band structure.
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The recent discovery [1] of superconductivity at § K
in the intermetallic perovskite MgCNi; has raised
questions about the origin of superconductivity in this
material. First, it has to be remarked that this com-
pound has the same perovskite structure as many
interesting oxides. Also, as it has a large proportion of
Ni per unit cell, magnetic fluctuations can be expected to
play a role. Most interesting is the fact that the Fermi
level lies in the vicinity of a large peak of the electronic
density of states suggesting that this material is near a
ferromagnetic state, as has be predicted for a hole
doping [2]. The question of unconventional supercon-
ducting is then relevant, though the evidence gathered
up to now is not definitive. In this note we report mea-
surements of the electrical resistivity and the variation of
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the superconducting transition temperature (7¢) under
pressure.

Four probe d.c. electrical resistivity measurements
were performed in a sintered diamond Bridgman anvil
apparatus. Samples were fabricated as described else-
where [1], and different stoichiometries were measured:
S1 a polycrystal, S2 a powder, S3 a polycrystalline
sample with an excess of Ni and S4 similar to S3 but
without Ni.

On Fig. 1 we have plotted the evolution of Tc. We
observe a different value of 7¢ at ambient pressure for
each sample, that can be attributed to a different carbon
concentration [3]. For a lower Tc sample a small de-
crease followed by an increase above 2 GPa has been
reported [4] and related to a possible phase transition.
Starting at higher pressures, we observe in our samples a
monotonous increase of 7¢ with pressure. We note that
for all the samples at high pressure dIn7¢/dP is practi-
cally the same.

It is known that the standard behavior for s—p
superconductors is a decrease of T with pressure due
to the pressure stiffening of the lattice. While the


mail to: nunez@grenoble.cnrs.fr

2 G. Garbarino et al. | Physica C 000 (2004) 000-000

T T T T

-©-51
—--S2 _
-=-S3
10| WS4 |
— P
5« 9|—-—"
o -
-
—
8 —= -
— -
- MgCNi,
7 . . . .
0 5 10 15 20 25

Pressure (GPa)

Fig. 1. Pressure dependence of the superconducting transition
temperature 7c (in logarithmic scale) for different samples.

peculiarities of transition metals can yield an increase of
Tc with pressure. In particular, an increase of the density
of states at the Fermi level with pressure. We have done
preliminary Hall constant measurements under pressure.
We have found that the Hall constant seems to be rather
insensitive to pressure with an apparent small increase of
the density of carriers of a few percents [5]. However, the
important parameter for 7¢ is the density of states at the
Fermi level. Thus, electronic density of state calculations
as a function of compression were done using the
method described in Ref. [2]. The results are shown in
Fig. 2. Tt is clear from the calculations that no sensible
variation of the density of states is expected under
pressure. We conclude that the increase of T does not
follow from a variation in the density of states at the
Fermi level. Due to the neighborhood of the ferromag-
netic state suggested by the band structure calculations,
we can speculate that the increase of 7¢ could be due to a
reduction of the magnetic character of this material, i.e.
pressure suppression of spin fluctuations, with the con-
comitant strengthening of the superconducting state.
Another possible origin of the increase of 7 could be
the vicinity of a structural transition at higher pressures
inducing a phonon softening that would increase the
electron—phonon interaction. In fact, it has been re-
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Fig. 2. Evolution of the density of states of MgCNi; with
pressure. Note that there is no visible change at the Fermi level.

ported from EXAFS measurements that the compound
shows below 70 K a distortion from the perfect cubic
lattice [6]. And ab initio calculations have shown that
numerous phonons can render the cubic perovskite
structure unstable [6]. A study of the evolution of the
structure with pressure is then necessary to clarify this
point.
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