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Report: The title of this proposal was: "High-pressure phonon spectroscopy of Eu-metal in the
bcc and hep phase”. Accordingly we had prepared under inert conditions two Eu-metal samples
(from two well-recommended suppliers, stating Eu purity of 99.9% and 99.95%). It turned out,
however, that both samples were delivered already partly oxidised. Knowing the isomer shifts and
f-factors of Eu-metal, EuO and Eu,Os;, we could determine in test experiments employing the
nuclear forward scattering (NFS) from the beat frequencies of the "*'Eu-NFS spectra (Fig. 1a) that
the one sample (Chempur) was contaminated with about 10% EuO, while the other sample
(Goodfellow) was heavily contaminated with about 20% EuO and Eu,03;. With the better sample
we did one nuclear inelastic scattering (NIS) scan at 300 K to test the counting rate for the
inelastic delayed photons (see Fig. 1b). In the wings of the "'Eu-NIS-spectrum around 10 meV,
we had an inelastic count rate of ~5 s™, which would allow for high-pressure experiments in our
high-pressure cells with Be gaskets. High-pressure phonon spectroscopy with a contaminated Eu-
metal sample were, however, not performed, because we considered this as a waste of the
beamtime. In accordance with the operator and beamline responsible, we therefore switched,
after 9 shifts (6 for installing the "°'"Eu monochromator and the focusing optics, 3 shifts for Eu-
metal) to a high-pressure NFS study of EuO up to 92 GPa, in continuation of our successful
proposals HE-1490 and HE-1690, where we study the Eu(ll)-chalcogenides EuS and EuSe in
their CsCl-type high-pressure phases up to the Mbar range [2].
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Fig. 1a: Time spectra of Eu-metal with Eu** and Eu®" impurities Fig. 1b: NIS spectrum of the “Goodfellow”
from different manufacturers. sample at 300 K.

Similar as in our previous "'Eu-NFS studies [1, report HE-1690] we used the advanced
focusing optics (compound refractive lenses and bending crystal) to concentrate the whole
monochromatized synchrotron radiation on the small samples (80 um diameter) contained in a
miniature diamond anvil cell (DAC). Two DACs loaded with EuO at different pressures were
mounted in a new He cryostat equipped with a superconducting magnet in order to apply an
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Fig. 2a: Selected PIEU-NFS spectra of EuO at 69 GPa measured in  Fig. 2b: The observed parameters S5, Bys and
an external magnetic field of 2T applied perpendicular to the SR T as function of the applied pressure in NaCl-
direction up to 130 K. Above 130 K the spectra were measured and CsCl-type EuO together with data from
without By to determine the magnetic ordering temperature. [3].

external magnetic field perpendicular to the direction and the polarization of the synchrotron
beam. By use of the external field Bext one obtaines much simpler NFS spectra and one can
determine the magnetic ordering type [1]; we found for EuO, as previously for EuS, EuSe [2] and
EuTe [1], ferromagnetic ordering in the CsCl-phase.

The "™'Eu-NFS-spectra were recorded in the following sequence: For each new pressure, we
measured first at 300 K a NFS spectrum with EuF; as trivalent reference absorber in order to
obtain the isomer shift S;s of the pressurized sample [1]. Then we went to low temperature (3 K) to
obtain the saturation value of the magnetic hyperfine field By (T — 0 K). By measuring NFS-
spectra at increasingly higher temperatures, the magnetic ordering temperature Tc was
determined. Fig. 2a shows NFS spectra of EuO at 69 GPa measured up to 130 K with Beyx = 2T,
effecting a simple beat pattern in the completely magnetically aligned sample due to fm ordering.
Above 130 K we measured without Bey: to determine the magnetic ordering temperature. Fig. 2b
shows the derived values of Sis, By and T¢ for EuO as function of the applied pressure in the
NaCl and CsClI structure together with data from a previous study with conventional Mossbauer
spectroscopy up to 31 GPa [3].

In the NaCl structure we extended the pressure range up to 44 GPa (coexistence of NaCl- and
CsCl-phase) and found a strong increase of the isomer shift above 30 GPa towards trivalent Eu
connected with a smaller pressure induced increase of By and a further decrease of T¢. In the
CsCl structure of EuO, the isomer shift indicates up to ~70 GPa a divalent behaviour, similar to
the observation for EuS and EuSe in that pressure region; the same holds for unusual low values
of By, caused by the different J, exchange witch dominates the magnetic behaviour in the CsClI-
type high-pressure phase [2]. Most interesting is the behaviour of T¢, where we observe for CsCl-
type EuO first a strong increase of T¢ up to 160 K at 78 GPa, and then, with the onset of (slightly)
mixed-valent behaviour (as evidenced from the variation of S;s and By), a strong decrease of T¢
to 110 K at 92 GPa. This behaviour is markedly different from EuS and EuSe and points to a
reversal of the strength of the magnetic exchange interactions J; and Jz in the Eu(ll)-
chalcogenides in their CsCl-structures [4].
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