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Abstract—The electronic and structural behaviour of YNi2B2C and LuNi2B2C at high pressures were
investigated by electrical resistivity, thermoelectric power (TEP), and angle dispersive X-ray diffraction
measurements and by electronic band structure calculations. The pressure variation of TEP shows a peak
around 2 GPa in YNi2B2C. However, the X-ray powder diffraction does not show any structural transition up to
16.4 GPa. The equation of state of YNi2B2C yielded a relatively high bulk modulus of 200 GPa. The observed peak
in TEP and the pressure variation of the superconducting transition temperature can be correlated with different
components of the electronic density of states. The universal equation of state shows deviation from linearity
around 1.5 GPa pressure and correlates well with the TEP peak.q 1998 Elsevier Science Ltd. All rights reserved

1. INTRODUCTION

The lanthanide nickel borocarbide (RNi2B2C where
R ¼ lanthanide) superconductors show interesting high
pressure behaviour. The superconducting transition tem-
peratures (Tc) of these materials, except HoNi2B2C,
show a linear pressure dependence and the slope ofTc

versuspressure curve (dTc/dP) changes sign between Lu
and Tm in the series [1–5]. Compression often causes
changes in electron density of states at the Fermi level
(EF), phonon density of states and the structure, and thus
can lead to change inTc. These high pressure changes
also affect the normal state transport properties like
electrical resistance and thermoelectric power (TEP).
Hence, measurements of electrical resistance and TEP
under pressure for YNi2B2C and LuNi2B2C, and the
angle dispersive X-ray diffraction (ADXRD) measure-
ments on YNi2B2C were carried out to investigate the
effect of pressure on these borocarbides. In addition, the
first principles electronic structure calculations as a
function of pressure were carried out to interpret our
experimental data and theTc behaviour mentioned above.

2. EXPERIMENTAL DETAILS

For electrical resistivity and TEP measurements, initially
pellets of the samples of approximate size 0.23 3 3

5 mm were prepared and then pressed between tungsten
carbide (WC) anvils to a load of 5 ton. The well com-
pacted material was then trimmed to 1.5 mm long and

2.5 mm wide pieces and used for the high pressure
electrical resistance and TEP measurements. An opposed
Bridgeman anvil setup [6], consisting of 12 mm face
diameter WC anvil pairs, two 0.15 mm thick pyrophylite
gaskets and talc pressure medium, within-situ Bi
pressure calibration, was employed. Resistance was
measured by the four probe technique. Thin maylar
sheets protected the sample from direct contact with
talc and also ensured good electrical contact by prevent-
ing talc from entering the sample and electrical leads. For
TEP, 10 mil chromel and alumel thermocouple wires
were employed [7a, 7b] and the negligible change in
the thermo-emf of chromel and alumel with pressure was
ignored. The thermocouple wires were held in position
within the gaskets by grooves marked on it and over the
sample by thin maylar sheet taped to the anvil. The
ADXRD measurements employed a photostimulant
fluorescent plate (imaging plate) as an area detector
[8].† The sample was loaded in a Bassett type diamond
anvil cell (DAC) along with ruby for pressure
measurements.

3. THEORETICAL CALCULATIONS

The first principles total energy calculations by the full
potential LMTO (FP-LMTO) method [9a, 9b] were
carried out on YNi2B2C and LuNi2B2C. Barth–Hedin
[10], and also, the generalized gradient approximation
(GGA) [11] were employed for the exchange-correlation
terms as the former gave lower (by about 6% from the
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experimental data [12]) equilibrium volume. The basis
set in FP-LMTO calculations comprised of augmented
linear muffin–tin orbitals containing 4s, 4p, 5s, 5p, 4d, 4f
of Y (5s, 5p, 6s, 6p, 5d, 5f of Lu), 3p, 3d, 4s, 4p of Ni, 2s,
2p and 3d of B and C. Further, two sets of energy
parameters, one with energies appropriate to the semicore
bands and the other for the valence bands were used to
calculate the radial functions in the muffin–tin spheres.
Also, two tail energies were used for every state.
Approximate orthogonality between bases with the
same l value was maintained by energy separation.
Integration over the BZ was done using ‘‘special point
sampling’’ [13a, 13b]. The results reported here used 75
k-points in the irreducible wedge of the BZ. The total
energies at various volume fractions were fitted to a
polynomial to calculate the pressure.

Also, as the atom and orbital decomposition of the
electron density of states (DOS) is not well defined in
FP-LMTO, these details were studied by the tight binding
LMTO (TB-LMTO) method [14] with atomic sphere
approximation (ASA) using Barth–Hedin exchange.
These calculations employed the scalar relativistic
terms and frozen core. The Y\Lu (4d15s2\5d16s2), Ni
(3d94s1), B (2s22p1), and C (2s22p2) levels were treated
as valence electron states. The measured data on lattice
constant and atomic positions [12] were employed while
the atomic sphere radii ratios used were Y:Ni:B:C¼
1.0:0.79:0.52:0.5. Also, the combined correction terms,
which account for the nonspherical shape of the atomic
cells and the truncation of higher partial waves, were
included. The eigenvalues were obtained with a set of 349
k-points fork-summation (tetrahedron method).

4. RESULTS AND DISCUSSION

The electrical resistance of YNi2B2C showed a rapid
decrease up to about 2 GPa, and a smooth weak pressure
dependence thereafter up to about 8 GPa (see Fig. 1 of
Ref. [15]) suggesting the absence of structural phase
transition. But in the TEP measurements we find a peak
around 2 GPa pressure (see Fig. 1), signalling possible
change in the electronic density of states at the Fermi
level (EF), and/or changes in the Fermi surface topology
[16a, 16b, 16c]. Our ADXRD measurements showed that
there is no structural transition and the ambient tetragonal
structure (space group I4/mmm) is retained up to
16.4 GPa. It is seen from Fig. 2 that the equation of
state (EOS) obtained from FP-LMTO with GGA agrees
very well with the experimental data. TheP–V data
yielded the bulk modulus of about 200 GPa. The calcu-
lated equilibrium volume is within 2% of the experi-
mental value. The computed EOS (Fig. 2), and the
measured electrical resistivity of LuNi2B2C under com-
pression show identical behaviour, but no appreciable
peak in TEP was observed. Further detailed comparison

of the calculated electronic structures of these two
systems are being carried out to understand these details.

The analysis of (TB-LMTO) results, show that the
boron component of the DOS gets reduced atEF at high
pressures. The DOS peak in the vicinity ofEF moves
slowly away from it (see Fig. 3). TheTc is influenced by
the boron component of DOS atEF as these states couple
strongly to the phonons involving boron displacements in
the NiB4 tetrahedra [17]. Thus, our calculations quali-
tatively explain the decrease ofTc with pressure in
YNi 2B2C. Note that the electron energy bands in
Ref. [17] show that the boron component peak in
LuNi 2B2C is just belowEF. Under pressure, this peak
would move closer toEF and the subsequent increase in
DOS at EF would increaseTc in LuNi 2B2C. But Tc

decreases in TmNi2B2C and ErNi2B2C under com-
pression [5]. Thus by similar reasoning, the boron
component of DOS peaks in them are expected to be
just aboveEF as in YNi2B2C.

The TEP data, should be dominated by the
d-component of the DOS as in the transition metals
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Fig. 1. Variation of the thermoelectric power of YNi2B2C with
pressure. Measured data points are shown by filled circles and a

smooth curve is drawn to indicate the variation.

Fig. 2. Equation of state for YNi2B2C. The FP-LMTO calcula-
tions (with Barth–Hedin exchange-correlation terms) on
LuNi 2B2C give identical curve as for YNi2B2C, and hence not

shown separately.



[18]. Our calculations show a sharp peak in the vicinity of
EF in the Ni component of DOS (not shown). This peak
slowly gets displaced to higher energies, away fromEF as
pressure increases. Thus, we conjecture that the observed

broad peak in TEP is due to the slow shift of the Ni
d-based bands throughEF to higher energies (from
occupied to unoccupied region). Interestingly, the
universal EOS shown in Fig. 4 exhibits deviation from
linearity, indicating electronic transitions, around
1.5 GPa pressure, which correlates well with the TEP
peak.

In summary, we have presented high pressure investi-
gations at room temperature of the borocarbide
superconductors, YNi2B2C and LuNi2B2C by electrical
resistivity (up to 8 GPa) and thermoelectric power (up to
5 GPa). The angle dispersive X-ray diffraction measure-
ments (up to 16.4 GPa) were carried out on YNi2B2C.
The electrical resistivity and ADXRD measurements
show that no structural transition takes place in the
measured pressure range. The pressure volume data
yield a relatively high bulk modulus of 200 GPa which
is corroborated by the first principles electronic structure
and total energy calculations by TB-LMTO and
FP-LMTO methods. The observed broad peak in the
TEP measurement at about 2 GPa pressure is interpreted
in terms of the shift of the Nid-based bands throughEF to
higher energies. Further, the fall ofTc with pressure is
explained in terms of the reduction in the DOS atEF of the
boron component peak due to its slow shift fromEF.
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Fig. 3. Boron component density of states of YNi2B2C at (a)
normal volume, and (b) relative volume ratioV/V0 ¼ 0.8.

Fig. 4. Universal equation of state for YNi2B2C. The variablesX
and H are related to relative volumeV/V0 and pressureP as
shown in the legend. The pressure at which the deviation from

linearity occurs is marked at the top.
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