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Report: This experiment is a continuation of our proposal HE-289, where we performed the first
high-pressure experiments with nuclear-forward scattering (NFS) of the 21.5 keV Mössbauer
radiation of Eu-151 on a pressure-induced valence transition in EuNi2Ge2 [1] and magnetic studies
of EuTe at various pressures and temperatures [2] (see also corresponding reports).
In the present study we extended our investigation of the magnetic behaviour in Eu(II)chalcogenides to EuS and studied EuTe at higher pressures. In addition we used focusing optics to
concentrate the synchrotron radiation (SR) on the small samples pressurised in a diamond anvil cell
(DAC). The DACs were mounted in a new He cryostat with the option to apply an external magnetic
field to the sample. By an external field one obtain much simpler NFS spectra and may, in addition,
get information on the ferromagnetic (fm) or antiferromagnetic (afm) ordering type of the specimens
[3, 4].
We measured NFS spectra to obtain isomer shifts (at 300 K with an EuF3 reference absorber [1])
and magnetic hyperfine fields (at low temperatures) of EuS up to 27 GPa and of EuTe up to 22 GPa,
reaching in both cases the pure CsCl-type high-pressure phase. Fig 1 (a) shows NFS spectra of EuTe
at 22 GPa in a temperature range between 4 K and 100 K with an external field of 1 T applied
parallel to the SR beam. The magnetic ordering temperature Tc at 22 GPa is derived from these
spectra and from additional spectra measured without external field as 95 K (see Fig. 2). The simple
beat pattern at low temperatures reflect a fully aligned magnetization by the external field along the
SR beam. From this and from the values of the hyperfine fields Bhf(T) observed with and without
external field we deduce ferromagnetic ordering of EuTe in the CsCl-type high-pressure phase.
Interestingly the value of Bhf observed at 4.2K, Bhf(CsCl, 22 GPa) = -22.3(2) T, is considerably
smaller than those of EuTe in the the NaCl-phase, where Bhf(NaCl, afm, 0 GPa) = -26.3(2) T and
Bhf(NaCl, fm, 0 GPa) = -31.5(2) T and Bhf(NaCl, fm, 10 GPa) = -34.2(2) T were observed with
normal Mössbauer effect at high fields and/or pressures [5,6].

Fig 1 (b) shows magnetic NFS-spectra of EuS at 20 GPa (NaCl-phase) and at 27 GPa (CsClphase) at 4.2 K. The preliminary evaluation reveals again a considerably smaller value of Bhf in
in the CsCl-phase than in the NaCl-phase. This indicates, as in the case of EuTe, different
contributions to the Bhf values from the J1 and J2 exchange mechanisms in the CsCl phase.
Additional XRD studies performed after the NFS studies ensured that the EuS and EuTe had
completely transformed to the CsCl-phase at the highest pressures.
Fig. 2 shows the magnetic phase diagram of EuTe. In the ferromagnetic CsCl-phase the
magnetic ordering temperature increase strongly.
a) EuTe, p = 22 GPa, Bext = 1T

b) EuS at 4 K
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Fig. 1: (a) Eu-151 NFS spectra of CsCl-phase EuTe at 22 GPa and various temperatures with an external
field of 1T applied parallel to the synchroton beam. The ferromagnetic ordering temperature is amount to
95 K.(b) Magnetic NFS spectra of NaCl-phase EuS at 20 GPa and of CsCl-phase EuS at 27 Gpa. The
solid lines are fits adopting the dynamical theory of nuclear resonance scattering.
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Fig. 2: Magnetic phase diagramm of
EuTe. The open symbols exhibit the
antiferromagnetic Neel-temperature TN
and the closed symbols the ferromagnetic Curie-temperature TC.
The vertical dashed line indicates the
middle of the (broad) NaCl - CsCl phase
transition at about 16 GPa [7]; deduced
from: ME ( , ) [6], neutron diffraction
( , ) and present NFS study ( ).
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