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We report the effect of hydrostatic pressure up to 1.5GPa on the superconducting transition temperatures T,
of four compounds in the series Y2C2Bra_x 1« (0<x<2) and of La;C>Br2. Depending on halogen composition, the
Y1 C2(¥, X"); (X=Br,l} display a linear variation in T: with a pressure coeificient dT./dP changing in magnitude
and stgn. This finding is discussed along with a cusp in the electronic density of states close to Fermi energy.

1. Introduction

Superconductivity in the carbide halides of rare
earth metals RE2CyX;, RE being Y or La and X
being Cl, Br or | was discovered in 1991 [1]. In
the following years, the superconducting state of
these materials was investigated by means of heat
capacity, dc-magnetization, and resistivity mea-
surements [2-4,6-9]. The RE;C;X; compounds
exhibit layered crystal structures (see Fig. 1) with
units of bilayers of closely-packed rare earth metal
atoms which are sandwiched between sheets of
halogen atoms. The octahedral voids in the
metal-atom bilayers are occupied by dimeric C-C
dumbbells. Such X-RE-C»-RE-X units stack with
bonding via van der Waals forces and crystallize
in a monoclinic structure with space group C2/m
[5]- The C2 units were proposed to be of essential
importance regarding the electronic properties of
the RE;C2X; superconductors; An overlap of an-
tibonding Ca-m* molecular orbitals with energet-
ically neighboring RE-d states causes a shorten-
ing of the C-C double bond. This covalency on
one hand gives rise to electron delocalization and
metallic behavior. On the other hand, the quasi-
free conduction electrons are “tied” to the Co-n*
orbital through backbonding from RE-d with a
tendency to localize and to enhance the electron-
phonon coupling [6]. So far, the highest T, was
found in the homogeneous series Y2C2Bro_.I,.
With increasing x. 7¢ first rises to a maximum
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Figure 1. Perspecitve projection of the RE,Cqo X,
crystal structure.

of 11.6 K for Y2C3Brq.sIi s and then decreases to
9.97K for YoCsls. The lowest T of 5.05K is ob-
served for YoC3Bry. LMTO band-structure cal-
culations for YoC;Bro reveal a peak in the DOS
at the Fermi-energy, which is due to a hyperbolic
saddle point at the Fermi-surface [7]. Experimen-
tal support for such a structure in N{¢) was gained
from a nonlinear temperature dependence of the
"C-NMR Korringa relaxation of Y;C;Br; [8].
Here, we present investigations of the pressure
dependence of T, in the RE;Cy Xy superconduc-
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Figure 3. Normalized change in T, versus the
applied pressure. See tab. 1 for sample notation

Band-structure calculations predict a van-Hove
type peak in the DOS close to the Fermi en-
ergy for Y2CyBrp [7]. An analysis of the band
structure via the fat-band representation reveals,
that the involved flat bands at ¢p have mainly C-
p and Y-d character. A rigid-band model may
be assumed for the YC:X; system where the
shape of the peak in the DOS around the Fermi-
energy is nearly unchanged by halogen atom re-
placement. The Fermi level sweeps across this
peak due to the volume expansion which is in-
duced by increasing x in the Y2CpBro_ I, series.
The cusp in T.(x) was explained as due to this
shift of ep through the peak in the DOS [6]. In
Fig. 4{a), T is plotted versus the b-lattice param-
eter. This plot allows to extend the Y,C3Bry_, 1,
series (b<400pm) to the LayCy;Brs_yl, system
(6>400pm}. The full squares indicate those com-
pounds which have been used for the investigation
of To{P). The arrows in Fig. 4(b) show the pres-
sure coefficients dT./dP for these compounds,
For a low value of b, T.(b} increases slowly. A
pressure coefficient of 47, /dP=-0.13(1)K/GPa

724

100 cFF'.C' @)

Nod Na.5 (b)

No.2

»
No. L
05k l
Na3
380 390 400 410
b (pm)

ATJ/AP (K/GPa)
(=]

Figure 4. T versus & in the Y,CsBra_,I; and
LayCyBra_yI, systems (a). The arrows indicate
the pressure coeflicient for the compounds which
are depicted below (b). See tab. 1 for sample
notation,

has been measured for Y;C2Br;. The transi-
tion temperature then rises steeply with increas-
ing b to reach a minimum value of d7./dFP=-
079(7)K/GP8 for YzCzBl‘lll. For Y‘;CgBl‘u_sll_s
the pressure coefficient d7./dP=-0.54(4) K/GPa
is still negative though less than for Y,C.Bryl;.
A further increase of & results in a downshift
of T. to 9.97K for Y.C;l;. This compound
exhibits a large positive pressure coefficient of
dT./dP=1.05(2) K/GPa. The LayCyBry_,I, se-
ties adds to the YoCsBrs_,Ix system, however,
well separated in the T.(b) plot. This is due to
the change in the lattice parameters when re-
placing Y atoms by the larger La atoms. For
the LapCsBra_,I, series T.(4) shows a sharp
drop with increasing 4. The largest dT./dFP of
1.26(5) K/GPa has been observed for LayCyBra.

Applying hydrostatic pressure to the RE,CoX,
systems obviously just reverses the band-
structure effect induced by the replacement of
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Table 1

Transition temperatures and pressure coefficients for the investigated samples with estimated errors in

parentheses.

No. compound 7(0) d7T./dP 1/T(0)dT./dP
(K) (K/ GPa) (1/ GPa)

1 Y,CoBry 5.03(2) -0.13{1) -0.026(2)

2 Y2CyBrily 8.08(4) ~0.79(7) -0.098(8)

3 Y2C2Brosls 11.6(1) -0.54{4) -0.047(5)

4 Y.Coly 9.97(2) 1.05(2) 0.105(3)

5 La;C2Bry 7.03(5) 1.26(5) 0.18(1)

Br by 1. The shift of the Fermi energy by ap-
plying hydrostatic pressure or by halogen atom
replacement scans the peak in the DOS which is
paralieled by the observed variation in T.(#) and
dT./dP respectively. In the case of YoC2Bry, the
Fermi level is situated at the high-energy side of
the peak. In the Y;CyBry_«l; series the crys-
tal volume expands by increasing x (replacement
of Br by the larger I) which is paralleled by a
downshift of the Fermi energy. At x= 1.5, the
Fermi level crosses the maximum of the peak in
the DOS which is indicated by the maximum ob-
served Tc=11.6 K for Y2CyBrosl;s. A further
expansion of the crystal volume then shifts ¢p to
the low-energy side of the peak. In Ti.(b) regions
with a high slope, [dT./dP)| is large, while it has
smaller values for flat T.(5) regions. The sign of
d7./dP is inverted with respect to the sign of
dTc(b)/db. A comparison of the T;(x) curve with
the pressure coeflicients gives a correspondence of
the hydrostatic pressure of 1 GPa to the chemical
pressure induced by a replacement of x=0.3-£0.1
I by Br atoms in the Y3CaBra_, I, system.

In summary, we have measured the pressure co-
efficients dT../d P in the RE2C3X; systems, which
vaty strongly in amount and sign. This finding
could be qualitatively explained as due to a dis-
tinct peak in the DOS at the Fermi level. Due to
a volume effect, the Fermi energy sweeps through
this peak by halogen atom replacement or by ap-
plying hydrostatic pressure in the Y2C2Bra_,Iy

series. The interpretation is carried out in the
scope of the Allen-Dynes formalism for strong
coupling superconductors.
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