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Abstract—The electronic and structural behaviour of ¥R,C and LuNpB,C 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 YNB ,C. However, the X-ray powder diffraction does not show any structural transition up to
16.4 GPa. The equation of state of ,B,C 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 @e&898 Elsevier Science Ltd. All rights reserved

1. INTRODUCTION 2.5 mm wide pieces and used for the high pressure
electrical resistance and TEP measurements. An opposed

The lanthanide nickel borocarbide (RBiLC where Bridgeman anvil setup [6], consisting of 12 mm face
R = lanthanide) superconductors show interesting higiameter WC anvil pairs, two 0.15 mm thick pyrophylite
pressure behaviour. The superconducting transition temjaskets and talc pressure medium, withsitu Bi
peratures Tc) of these materials, except HoMi,C, pressure calibration, was employed. Resistance was
show a linear pressure dependence and the slofie ofmeasured by the four probe technique. Thin maylar
versuspressure curve {[d/dP) changes sign between Lu sheets protected the sample from direct contact with
and Tm in the series [1-5]. Compression often causesic and also ensured good electrical contact by prevent-
changes in electron density of states at the Fermi leviglg talc from entering the sample and electrical leads. For
(Ep), phonon density of states and the structure, and thd&P, 10 mil chromel and alumel thermocouple wires
can lead to change ifi.. These high pressure changesvere employed [7a, 7b] and the negligible change in
also affect the normal state transport properties likghe thermo-emf of chromel and alumel with pressure was
electrical resistance and thermoelectric power (TEPgnored. The thermocouple wires were held in position
Hence, measurements of electrical resistance and Tkkhin the gaskets by grooves marked on it and over the
under pressure for YNB,C and LuNipB,C, and the sample by thin maylar sheet taped to the anvil. The
angle dispersive X-ray diffraction (ADXRD) measure-ADXRD measurements employed a photostimulant
ments on YN}B,C were carried out to investigate thefluorescent plate (imaging plate) as an area detector
effect of pressure on these borocarbides. In addition, tig].+ The sample was loaded in a Bassett type diamond
first principles electronic structure calculations as anvil cell (DAC) along with ruby for pressure
function of pressure were carried out to interpret oumeasurements.
experimental data and tAg behaviour mentioned above.

3. THEORETICAL CALCULATIONS

2. EXPERIMENTAL DETAILS ] o )
The first principles total energy calculations by the full

For electrical resistivity and TEP measurements, initiallpotential LMTO (FP-LMTO) method [9a, 9b] were
pellets of the samples of approximate size &23 X carried out on YNjB,C and LuNpB,C. Barth—Hedin

5 mm were prepared and then pressed between tungsf#@], and also, the generalized gradient approximation
carbide (WC) anvils to a load of 5 ton. The well com{GGA) [11] were employed for the exchange-correlation
pacted material was then trimmed to 1.5 mm long angrms as the former gave lower (by about 6% from the

*Corresponding author. Tel: +91 22 551 3848; fax: +91 22556 tSee Ref. [3] for details. The IP system is based on a 425E
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experimental data [12]) equilibrium volume. The basis -60

set in FP-LMTO calculations comprised of augmented YNip B,C

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, -70-

2p and 3d of B and C. Further, two sets of energy -

parameters, one with energies appropriate to the semicore f

bands and the other for the valence bands were used to 3'30 ’

calculate the radial functions in the muffin—tin spheres. g

Also, two tail energies were used for every state. w

Approximate orthogonality between bases with the -90

samel value was maintained by energy separation.

Integration over the BZ was done using “special point 4100 | | | , |

sampling” [13a, 13b]. The results reported here used 75 0 1 2 3 4 5 6

k-points in the irreducible wedge of the BZ. The total Pressure ( GPa)

energies at various volume fractions were fitted t0 Big 1. variation of the thermoelectric power of YJi,C with

polynomial to calculate the pressure. pressure. Measured data points are shown by filled circles and a
Also, as the atom and orbital decomposition of the smooth curve is drawn to indicate the variation.

electron density of states (DOS) is not well defined iR the calculated electronic structures of these two
FP-LMTO, these details were studied by the tight bindingystems are being carried out to understand these details.
LMTO (TB-LMTO) method [14] with atomic sphere  The analysis of (TB-LMTO) results, show that the
approximation (ASA) using Barth—Hedin exchangeyoron component of the DOS gets reduce&aat high
These calculations employed the scalar re|atiVi5ti6ressures. The DOS peak in the vicinity Bf moves
terms and frozen core. The Y\Lu (#5d'6s%), Ni  gjowly away from it (see Fig. 3). THE; is influenced by
(3d%s"), B (2°2p), and C (282p°) levels were treated the horon component of DOS &t as these states couple
as valence electron states. The measured data on Iattggﬁmgw to the phonons involving boron displacements in
constant and atomic positions [12] were employed whilg,q NiB, tetrahedra [17]. Thus, our calculations quali-
the atomic sphere radii ratios used were Y:Ni:B:C tatively explain the decrease dF, with pressure in
1.0:0.79:0.52:0.5. Also, the combined correction termsyN;i,B,C. Note that the electron energy bands in
which account for the nonspherical shape of the atomiges. [17] show that the boron component peak in
cells and the truncation of higher partial waves, wergyn;i,B.,C is just belowEg. Under pressure, this peak
included. The eigenvalues were obtained with a set of 349,,,1d move closer t&- and the subsequent increase in

k-points fork-summation (tetrahedron method). DOS at Er would increaseT, in LuNi,B,C. But T,
decreases in TmMB,C and ErNpB,C under com-
4. RESULTS AND DISCUSSION pression [5]. Thus by similar reasoning, the boron

component of DOS peaks in them are expected to be
The electrical resistance of YbB,C showed a rapid jyst aboveEr as in YNi,B,C.

decrease up to about 2 GPa, and a smooth weak pressurhe  TEP data, should be dominated by the
dependence thereafter up to about 8 GPa (see Fig. 1fomponent of the DOS as in the transition metals
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 ~ | \ X\ YNipB,C

level (Eg), and/or changes in the Fermi surface topology &’ \\\\

[16a, 16b, 16c]. Our ADXRD measurements showed that 8 0~ RN

there is no structural transition and the ambient tetragonal o | \Q\\

structure (space group I4/mmm) is retained up to \:\\\

16.4 GPa. It is seen from Fig. 2 that the equation of & 5[ TB-LMTO N

state (EOS) obtained from FP-LMTO with GGA agrees o | **® Bperment o tiedin) \\\\\
very well with the experimental data. THe-V data — — FP-LMTO with GGA N
yielded the bulk modulus of about 200 GPa. The calcu- i L2

lated equilibrium volume is within 2% of the experi- 094 0% O'%V/ciff 098 089 1.00
mental value. The computed EOS (Fig. 2), and the

. L _ Fig. 2. Equation of state for YNB,C. The FP-LMTO calcula-
measured electrical resistivity of LupB,C under com tions (with Barth—Hedin exchange-correlation terms) on

pression show identical behaviour, but no appreciableiNi,B,C give identical curve as for YNB,C, and hence not
peak in TEP was observed. Further detailed comparison shown separately.
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Fig. 3. Boron component density of states of YBlC at (a)
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broad peak in TEP is due to the slow shift of the Ni
d-based bands througkr 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, YNB,C and LUNipB,C 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 ¥BJC.

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 Nil-based bands throud# to
higher energies. Further, the fall &f with pressure is
explained in terms of the reduction in the DO%abf the
boron component peak due to its slow shift fr&mn
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