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Optical far infrared properties of PtSh,
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Far infrared reflection spectra measured at room temperature were used to investigate vibrational properties of PtSb;, single
crystals. The experimental results were analyzed using a dielectric function taking into account the existence of plasmon-
ionised impurity-phonon interactions. Together with strong coupling three infrared active lattice modes at about 143, 187
and 202 cm™ were observed. These results were discussed with respect to calculated literature vibrational frequencies.
Electrical properties of single crystal PtSh, were also measured at room temperature.

(Received May 12, 2010; accepted May 20, 2010)

Keywords: Pnictides, Far infrared reflectivity

1. Introduction

Vibrational spectroscopy on solids is an interesting
method for bonding characterization of solids with
covalent substructures. Recently, it was studied in detail
for pyrite type pnictides ME, (M = metal, E = pnicogen)
[1]. Geometrical and vibrational properties of the
following pyrite-type pnictides: SiP,, PtN,, PtP, and PtAs,
were studied at LDA (local density approximation) level
and this method provided excellent agreement with
experimental work. In short, the calculated frequencies of
these compounds were summarized and then compared to
the available IR and Raman data.

It is interesting to notice that although PtSb, belongs
to the series of platinum pnictides PtE, (with E = P, As,
Sb, Bi) it was not included in the mentioned work
although it has got the same pyrite structure and its
semiconducting properties were considered a long time
ago [2, 3]. In [2] electrical, magnetic and some optical
properties of PtSb, over a wide temperature range: 78 K —
120 K were considered. The room temperature energy gap
is rather low — about 0.07 eV, and that is very small for
this material with a rather high melting temperature

(1226°C). Atomistic simulation studies of FeS,, PtSb, and
PtAs, using derived interatomic potentials were recently
calculated and compared with experimental results [3].
More recently [4] far infrared reflection spectra of hot-
pressed samples of these pyrites were presented in the
range from 40 — 700 cm™. In this work we measured FIR
properties of single crystal PtSb, samples and performed
numerical analysis of the experimental data.

2. Experimental and discussion

A single crystal PtSb, ingot was prepared using the
standard Bridgman method [5]. High purity elements (6N)
were used as the source material. Samples were cut from
the ingot and then highly polished before they were used
for measurements. Far infrared reflectivity spectrum of a
PtSb2 sample was measured at room temperature using a
Bruker IFS-113V spectrometer and it is given in Fig. 1.
The plasma minimum for this sample was observed at
about 450 cm™. At lower frequencies three small minima
werf observed at about 200 cm™', 184 cm™ and about 140
cm.

Table 1. Optical parameters of phonon and plasmons obtained by oscillator fitting of PtSh,.
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Fig. 1. Measured (solid line) and calculated (dash)
infrared reflectivity spectra of PtSh,.

The experimental results were numerically analyzed
using a modified four-parameter model for the dielectric
function [6] which takes into account that in our case the
pure longitudinal-LO modes of the lattice are strongly
influenced by the plasma mode of the free-carriers [7].
Details of this modified model are given in our previous
work [8]. The values of the calculated optical parameters
are given in Table 1 where the plasma frequency is given
with ®,; its damping factor is denoted with y, and &, is the
high frequency dielectric permittivity calculated as:

where R,, is the experimental value of the reflectivity
coefficient at the upper limit of the wave number
measured interval. For the fitting procedure the starting
values of all parameters were previously determined using
Kramers-Kronig analysis [9]. Transversal (TO) optical
modes (1, ®g,...) and their damping factors (yo;, Yoo...)
are also given in Table 1. All values are given in cm’,
except €.

Since PtSb, has a pyrite structure, one can calculate
the number of active IR modes, and compare it with our
experimental data. Group theory analysis enabled
determination of the number of modes for the Pa3 pyrite
structure with formula units per unit cell as:

I'=A,+2Au+E, +2E, + 3F, + 6F,, 1)
where A,, E, and F, represents Raman active (Ol + Otyy +
07), (Olxx + Oy - 201,) and (Olgx, Olxz, Oly;) modes, (2A, +
2E,) are “silent” modes, F, characterizes the five IR active
and one acoustic mode.

Looking at Fig. 1 it is obvious that three IR modes can
clearly be seen at about 141, 187 and 203 cm™ and the
plasma frequency can be noted at about 450 em™. Lutz [4]
observed all five modes, which are theoretically predicted,
but in plasma free spectra on hot pressed pellets.

The positions of the optical modes observed for our
single crystal PtSb, sample were, we believe, more
accurately obtained. We also calculated the imaginary part
of the complex dielectric function, the response function
and the absorption coefficient versus wavenumbers,
respectively for our single crystal PtSb, sample; these
diagrams are given in Figs. 2, 3 and 4, respectively. All
FIR and IR observed modes could be also compared with
DFT (density functional theory calculations) [1]. Other
pyrite-type pnictides have been studied at LDA (local
density approximation) using the Crystal06 code (e.g. [1]).
One can see that the results for IR modes given for PtN,,
PtP, and PtAs, are the IR modes we observed for PtSb, in
the same IR range. So the obtained vibrational data in this
work for PtSb, could be quite interesting for further
studies of these isostructural compounds.
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Fig. 2. Imaginary part of the complex dielectric function
vs. wavenumber of PtSh,.
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Fig. 3. Response function vs. wavenumber calculated for
PtSh,.
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Fig. 4. Absorption coefficient vs. wavenumber calculated for
PtSh,.

We also measured the Hall coefficient, conductivity
and Hall mobility of our PtSb, sample, and the following
data were obtained: conductivity-c (1/Qcm) 341,
mobility-p (cm?/Vs) 237 and free carrier concentration p =
910" [cm™]. These data show that our sample is of
reasonable quality compared with literature known data

[2].

3. Conclusions

In this work the room far infrared spectra of single
crystal PtSb, have been measured and analyzed. We
observed a strong plasmom-LO phonon interaction and
also three free carrier contributions due to the deviation
from stoichiometry. The fourth mode was registered also,
but it was very week. The fifth mode whose existence was
theoretically determined using group theory analysis is
expected to be at a rather low frequency judging by
literature experimental data [4] for hot pressed PtSb,
samples.
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