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Report:

A total of four publications have been finalized and submitted with the data having
been measured during the experiment at the ESRF. They are accepted and printed.
Please find attached the abstracts.

Pressure-induced Change of the Oxidation State of Ytterbiumin YbGa,

U. Schwarz®", R. Giedigkeit 2 R. Niewa? M. Schmidt ® W. Schnelle® R. Cardoso® M. Hanfland ®, Z. Hu ¢, K..
Klementiev ¢, and Yu. Grin?

Dresden, Max-Planck-Institut fiir Chemische Physik fester Stoffe and ¢ Institut fiir Festkérper- und
Werkstofforschung

® Grenoble/France, European Synchrotron Radiation Facility

“Hamburg, HASYLAB at DESY

Abstract. The crystal structure and the electronic properties of YbGa, realising a Caln, type atomic
arrangement were characterised at ambient conditions using single crystal X-ray diffraction data and magnetic
susceptibility measurements at ambient pressure. Pressure-induced changes of structural and electronic
properties of Y bGa, were measured by means of angle-dispersive X-ray powder diffraction and XANES at
the Yb L, threshold. At pressures above 22(2) GPa, Y bGa, undergoes a structural phase transition into a
high pressure modification with a UHg, type crystal structure. Parallel to the pressure-induced structural
aterations, ytterbium in Y bGa, undergoes an increase of the oxidation state from +2 at ambient conditions to
+3 in the high-pressure phase. Quantum chemical calculations of the Electron-Localisation-Function confirm
that the phase transition is associated with a conversion of the three-dimensional gallium network of the [ow-
pressure crystal structure into two-dimensional gallium layers in the high-pressure modification.



Pressure-induced Changes of the Crystal Structure of EusPs

R. Cardoso ? R. Niewa? M. Schmidt 2 M. Armbrister 2 M. Hanfland °, K. Klementiev ¢, and U. Schwarz ?

& Dresden, Max-Planck-Institut fir Chemische Physik fester Stoffe
® Grenoble/France, European Synchrotron Radiation Facility
¢ Hamburg, HASYLAB at DESY

Abstract. Pressure-induced structural changes and electronic properties of rhombohedral EusP; were
characterised by means of angle-dispersive X-ray powder diffraction and X-ray absorption spectroscopy at the
Eu L, threshold. The measurements at low pressures indicate oxidation states of the europium atoms which
are compatible with a composition Eus? Eu®Ps. At apressures of 8(1) GPa, EusPs undergoes a structural
phase transition into a cubic high pressure modification with a ThgP, type crystal structure thereby
perpetuating the character of a compound with a non-integer oxidation state of the europium atoms.

Chemical Bonding and Pressure-Induced Change of the Electron Configuration of
Ytterbiumin 3-YbAgGa,

Ulrich Schwarz ', Marcus Schmidt 2 Roman Gumeniuk 29, Walter Schnelle 2 Michagl Hanfland ¢,
Konstantin Klementiev ®, and Yuri Grin?

& Dresden, Max-Planck-Institut fir Chemische Physik fester Stoffe
®Hamburg, HASYLAB at DESY

¢ Grenoble/France, European Synchrotron Radiation Facility

9 Lviv/Ukraine, Lviv State University, Institute of Analytical Chemistry

Abstract. The single-phase polycrystalline intermetallic compound (3-Y bAgGa, was synthesized by inductive
heating and subsequent annealing for eight weeks at 670 K. Magnetic properties were characterized by
susceptibility measurements and indicated intermediate valence of ytterbium at ambient pressure. Angle-
dispersive X-ray powder diffraction data of orthorhombic B-YbAgGa indicate stability of the phasein the
investigated pressure range from 0.1 MPa (ambient pressure) to 19 GPa. The pressure-induced volume
decrease is accompanied by an increase of the effective valence from 2.17 at ambient conditionsto 2.71 at 16
GPa as evaluated by X-ray absorption spectroscopy at the Yb L, threshold. Analysis of the chemical bonding
in B-YbAgGa, by integrating the el ectron density of the polyanion in basins as defined by the electron
localization function resultsin an electron count Y b*“*[(Ag”?)(Gal(3b)"%)(Ga2(4b)**)]. Thisfinding is
close to the expected values cal culated by means of the Zintl rules and fits the results of magnetic
susceptibility measurements and XAS investigations well.



Crystal Structure and Properties of Y b, MQg,,Ga, (X = 0.05) and YLiGa, with a
new superstructure of the Caln, type

A. Fedorchuk °, Yu. Prots? M. Schmidt 2, W. Schnelle? U. Burkhardt 2, U. Schwarz®and Yu. Grin®

® Dresden, Max-Planck-Institut fiir Chemische Physik fester Stoffe
® Lviv/Ukraine, National University of Lviv

Abstract. The compounds Yb;.xMgixGas (x = 0.05) and YLiGa, were synthesised by reaction of the
elements in sealed niobium crucibles. The atomic arrangement of Y by 0isMgo.95Gay represents a new structure
type (SG P6m2, a = 439.34(2) pm and ¢ = 695.78(6) pm) as evidenced by single crysta structure analysis
and can be described as an ordered variant of Caln,. Y LiGa, isisotypic as evidenced by Guinier powder data.
Measurements of the magnetic susceptibility of both compounds reveal intrinsic diamagnetic behaviour, i.e.,
for Y byosMgoosGay Yitterbium in the 4f ¥ configuration. From electrical resistivity data both compounds can
be classified as metals. The X-ray absorption spectra of the Yb L, edge of Yb;0sMgoosGay at pressures
between ambient and 25.0 GPa show a two-peak structure which reveals the presence of Yb in the 4f* (Yb*)
and 4f 2 (Yb®") states. The amount of 4f * (Yb*") increases with progressing compression. The change of the
electron configuration is reflected by a pronounced compressibility.
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