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The electronic structure of Dy(Coi-zAl:)2 compounds (Laves phase
— MgCuz, C15) for Al concentrations z = 0.0, 0.1, 0.2 was investigated
by X-ray photoelectron spectroscopy. The results were compared with the
ab initio band structure calculations.

PACS numbers: 71.20.-b, 71.20.Eh, 79.60.-i

1. Introduction -

The study of magnetic behaviour of cobalt in rare-earth (R) or yttrium
compounds is an interesting matter. As a function of the rare-earth parameter,
composition and local environment, the saturation cobalt moments vary from nil
to a value close to that characteristic of a pure metal [1]. One of the most interest-
ing phenomena in R(Co;-Al;)2 alloys is the increase in the Curie temperature
with concentration of nonmagnetic Al atoms. In the most spectacular case for
Tm(Cog.9Alp.1)2 T is about 15 times higher than for TmCo, [2]. The aim of the
present paper is to evaluate the band structure results Dy(Coj—-Alz)2 by com-
paring them with experimental data, mainly from photoemission spectra. '

2. Experiment and electronic structure calculations

The Dy(Co1-zAlz)2 (z = 0.0, 0.1 and 0.2) compounds were prepared by
induction melting of the constituents in a water-cooled boat under an argon atmo-
sphere. The ingots were inverted and melted several times to insure homogeneity.
Then the samples were wrapped in Ta-foil, sealed in a quartz tube filled with
argon and annealed for two weeks at 900°C, and then rapidly cooled to room
temperature.

The X-ray photoelectron spectroscopy (XPS) data were obtained with mono-
chromatized Al K, radiation of 1486.6 eV. The energy spectrum of the electrons
was analyzed by hemispherical mirror analyzer with an energy resolution of 0.4 eV.
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All emission spectra were measured immediately after breaking a sample in vacuum
of 10~° Tr. .

The band structure was calculated by the tight binding linear muffin tin
orbital method in the atomic sphere approximation (TB LMTO-ASA) [3] with
the spin-orbit interactions taken into account. The calculations for the disordered
alloys with Al concentrations 0 < x < 1 can be simulated by hypothetical ordered
ternary compounds with the same stoichiometry. In our case the calculations were
performed for the ordered compounds Dy;Co, and DysCozAl with the experimen-
tal lattice constants (a = 7.196 A and 7.329 &) [4].

The calculated XPS spectra were obtained from the partial densities of elec-
tronic states (DOS) weighted with atomic photoemission cross-sections [5]. The
finite experimental resolution is taken into account in calculations by convoluting
the weighted DOS(E) with an energy dependent Lorentzian function parametrized
by the HWHM = 0.2 eV.

. 3. Results and discussion

In Fig. 1 the DOS(E) for Dy;Co4 and Dy;CozAl are presented. The main
contribution to the peak near the Fermi level, located at E = 0 eV, is from
Co atom and f electrons of the Dy one, and to the peak about -5 eV from f
electrons of Dy atoms only. The DOS at the Fermi level is equal to 27.8 and
30.1 states/(eV-unit cell) for Dy,Co4 and Dy;CogAl, respectively. The role of Al
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Fig. 1. The density of states for Dy;Co4 and Dy2Coz Al, the vertical line describes the
Fermi level.

atoms is especially important because they introduce internal negative pressure
which expand the systems. In the case of the so-called exchange enhanced para-
magnets like YCoz or LuCos the phase transition to the ferromagnetic order is
observed [6]. In the case of magnetically ordered compounds the increase in the
Curie temperature T is observed. For Dy(Co;_,Al;)2 the increase is from 145 K
to 208 and 166 K for z = 0.1 and 0.2, respectively. Within the RKKY model T
~ is proportional to DOS(EF) [7,8]. The relative increase in DOS(EF) in our cal-
- culations is in good agreement with experimental data for T, especially that the

Dy3CozAl corresponds to z = 0.25 which lies in the decreasing slope of the curve
T: vs. z [2)].
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Fig. 2. The experimental XPS spectra for Dy,Cos and Dy, CosAl.
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Fig. 3. The calculated XPS spectra for Dy, Cos and Dy2CosAl.

In Fig. 2 the experimental XPS spectra are presented. Small shifts towards
the Fermi energy are observed with concentration z of Al atoms. The calculated
XPS spectra (Fig. 3) cannot detect deep states (below 5 eV from the Fermi level)
like it is shown in Fig. 2 but the shape of curves and positions of peaks are in good
agreement. :
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