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Optical phonon dispersion for β-ΗgS was measured by the neutron scat-
tering for the first time. The results confirmed theoretically predicted anoma-
lous behavior of phonon modes in this material, resulting probably from high
ionicity of mercury sulphide and 1arge difference of Hg and S atomic mass.
Influence of the isotopic effects on the TO-phonon mode for HgSe and HgS
is analyzed. The possible observation of such effects in IR reflectivity spectra
taken for HgSe at low temperature is discussed.

PACS numbers: 61.12.-q, 63.20.-e, 78.30.—i

The goal of this letter was to signalize the new interesting features, found in
the lattice dynamics of mercury chalcogenides, studied by three independent meth-
ods: IR reflectivity, Raman scattering and neutron scattering measurements. All
investigated crystals were grown using a modified Bridgman method. In the case of
HgSe both, pure compound and Co or Fe doped materials were used for the optical
measurements. The cubic mercury sulphide (β-HgS) is a metastable modification
of this semiconductor which cannot be obtained in a bulk form by the equilibrium
growth methods. Monocrystals of this compound in the zinc blende structure were
obtained , by heavy doped HgS with transition metal impurities [1]. Such samples
were used for the IR reflectivity and Raman scattering measurements. Finally, the
neutron scattering measurements were performed on HgS containing about 2%
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of Fe and on pure HgSe. The crystal quality was checked by the X-ray diffrac-
tion measurements. In the case of doped materials the chemical composition was
determined by the energy dispersive X-ray fluorescence (EDXRF) analysis. The
composition was also estimated from the lattice parameter value measurements.

Inelastic neutron scattering experiments were performed at Orphee reactor
in Laboratoire Lion Brillouin (LLB) in Saclay on a triple-axis spectrometer in-
stalled on a thermal source. The monochromator as well as the analyzer were
pyrolytic graphite oriented in (002) reflection. All scans were performed with con-
stant final wave vector q = 2.662 Α-1 . Because of the expected non-monotonous
dependence of optical phonon frequency on the phonon wave vector, the HgSe and
β-HgS optical branch dispersion was of the particular interest (the optical branch
for HgTe, which does not change a lot, was shown in [2]). The optical phonon
dispersion curves for HgSe determined along the high symmetry directions (001)
and (011) could be found in [3]. First results concerning the optical branches of
β-HgS obtained on the basis of the neutron scattering measurements are shown
in Fig. 1. The predicted high dispersion of TO phonon mode and an increase in
LO phonon frequency with the increasing wave vector value [4] were confirmed by
the neutron scattering measurements. As we believe this phenomenon is related to
both high ionicity of material and large difference between Hg and S mass (con-
stituent elements mass ratio higher than 6) and results from the particular set of
model [5] parameter values. New neutron scattering data enable us also to explain
a very rich structure observed previously in the Raman scattering spectra [6]. In
particular, an important role of the two-phonon modes with the participation of
TA phonons was found (this problem will be discussed in detail elsewhere [7]).

All investigated samples were n-type materials with a high concentration of
free electrons which provide the TO-phonon frequency well below the plasma edge.
Nevertheless, it was possible to investigate the small phonon-related structures in
the metallic reflectivity spectra by means of the Fourier spectrometer. It was found
that using the instrument resolution better than 2 cm -1 this structure is asym-
metric for HgSe but seems to be still symmetric for β-HgS. In order to explain this
behavior the isotope effects (related to a few isotopes present in natural element)
were taken into consideration. The possible influence of the isotope effects on the
frequency and the shape of TO-phonon related structure was roughly estimated
within the rigid ion model (under assumption that the force constants do not differ
for various isotopes and the only difference is due to the atomic mass). The results
show that in the simplest possible approximation one could expect some frequency
separation between the modes corresponding to the different isotopes.

Comparing the reflectivity spectra taken for HgSe and β-HgS (both with sim-
ilar concentration of Fe impurities and free-carrier concentration) it was demon-
strated that isotope effects could really influence the observed shape of TO-phonon
related structure. Figure 2a shows an idea which one could expect when analyzing
the TO phonon mode structure for HgSe. Selenium has five principal stable iso-
topes. Vibrations of Se atoms give the principal contribution to the optical phonon
branch. In the first (rather rough) approximation slightly different vibration fre-
quency corresponds to each isotope. In our neutron or optical experiment such
contributions could not be resolved. Nevertheless, as one can see, the shape of
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the envelope given by the sum of all contributions should be asymmetric. Under
the circumstances one could expect the asymmetric TO-phonon related structure
observed in the infrared reflectivity spectra taken for HgSe. Figure 2b shows such
a structure observed at low temperature. Experimental data confirm qualitatively
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the shape of the phonon structure, predicted by the numerical simulation. It should
be stressed that this effect could not exist for β-HgS. Sulphur has only two stable
isotopes: 32S and 34S. Due to the small atomic mass of both isotopes the frequencies
of the lattice modes corresponding to each isotope are well separated. Moreover,
the natural abundance of 34S isotope is only 4%, thus, the TO phonon structure
observed in the reflectivity spectra of β-ΗgS should be symmetric in practice. As it
was mentioned previously the experimental data confirm such findings. We believe
that the suggested effect could be directly demonstrated by both high resolution
IR reflectivity and Raman scattering spectra measured on different HgSe crystals,
containing in each case only one selected selenium isotope.

As a concluding remark, we would like to state that both mercury selenide
and cubic mercury sulphide appear to be very interesting materials from the point
of view of the crystal lattice dynamics. High ionicity of these semiconducting com-
pounds and significant difference of the atomic mass of constituent elements result
in a large gap in the one-phonon density of states between acoustic and optical
branches. They are responsible for high separation of LO and TO modes at the
Brillouin zone center. The high dispersion observed for the optical phonon modes
for β-HgS (not typical of any known II-VI or III-V semiconducting compound)
results probably from the same reasons. In case of HgSe it is also possible to
demonstrate the presence of the isotopic effects, resulting in asymmetric broaden-
ing of TO phonon related structure observed in the metallic infrared reflectivity
spectra.
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