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Report:

The aim of the experiment was to study the eleatrstiucture of the rare earth (RE) oxides
and metallic compounds using X-ray absorption reglye spectroscopy (XANES) in high-
energy-resolution fluorescence detection (HERFDjlenat theRE L3 edge.

The electronic and magnetic properties of lanthesiidre defined by the electron
configuration of thelf shell. Thef shell can be directly probed via dipole transitiémasn 3d
core levels (M5 absorption edge). The excitation energies of the &tige lie in the soft X-
ray range and the experiments therefore require Wdkditions. Hard X-ray studies are
experimentally more favourable but transitions fridme 2p and 2s shell to thef level are
forbidden following the dipole selection rules. Hower, Carra and Altarelli [1] suggested that
the intensity of quadrupole transitions between Zpeand 4f levels may be substantial.
Following this theoretical prediction Hamaldinendaco-workers [2] measured the [y
XANES edge of Dy(N@)s; by monitoring the DyLa; (3ds, — 2p transitions) fluorescence
intensity using an analyzer crystal. They obsevagectral line narrowing below the natural
core-hole lifetime width and clearly resolved tréinss to the Dyif orbitals.

Various authors have used this technique since. ifi$teumentation has improved,
and with higher data quality a deeper understandinthe electronic interactions becomes
possible. We have studied the electronic structfreerium and ytterbium in different
oxidation states by means of HERFD. Experiment pexformed at ID26 beamline in 16b
mode. The incident energy was selected using tid x3eflection from a double Si crystal
monochromator. Rejection of higher harmonics wasiesed by two Si mirrors working
under total reflection. The Ge <331> crystal anatywas chosen as one of the suitable
reflections in detection of theok emission line of Ce (4839 eV) and Si <620> for YB16
eV) systems. Sample, analyzer crystal and photdactte (avalanche photodiode) were
arranged in a vertical Rowland geometry. A combigiedident convoluted with emitted)
energy resolution of 0.8 eV was achieved for Céesys, while for Yb compounds it was 1.2
eV. The difference in the energy resolution arifesn the different Bragg angles of the
crystal analyzer. Ge <331> at 87° for the Gg line and Si<620> at 67° for the Yhul




emission line. XANES spectra were simultaneouslyasneed in total fluorescence yield
(TFY) mode using a photodiode. The intensity wasnadised to the incident flux.

Figure 1 show a comparison between HERFD and THVYesuof Cg(COs); , CeQ ,
CeFe, Ce(PdFe) CeRhiIn, CeP@and HERFD curves of Y; YbF; Ybl, and YkFeO,2
compounds at thé; edge. Following the dipole selection rules at @& Yb L3 edge,
electrons are excited from thps2 core level into unoccupiedi§, states. The TFY curves of
the Ce compounds are in agreement with previogignted data [3-4]. The HERFD spectra
exhibit a better signal to noise ratio and show sharpening of the absorption features
compared to the TFY signal. The spectral featunethe conventional XANES experiments
are broadened by 3.5 eV at thelGesdge and 4.6 eV at Yy edge due to th2ps, core hole
lifetime. The spectral broadening of the XANES—HHERBpectrum is determined by the
lifetime broadening of intermediate, final statesl ahe instrumental resolution. We estimate
the total spectral broadening of the Ce HERFD spettt thel ; edge to be 1.7 eV and 2.4
eV for Yb HERFD spectra collected atilemission line. The spectral sharpening in HERFD-
XANES spectra reveals additional structures ingreeedge excitations of some compounds,
which will be discussed in detalils.
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Figurel. XANES spectra at Ce, Yh edge of Ce®, Ce(COs); , CeFg, Ce(PdFe)
CeRhIn, CePQ Yb,0s3, YbF;, Ybl, and YkFe0O,, recorded in HERFD mode using X-ray
emission spectrometer. High-energy resolution spe(flERFD) of cerium systems are
compared to TFY curves recorded using a photodiode.

Pre-edge excitations are observed in £d@rmally Cé* system), CeP®and
Ce(COs); (formally CE* systems), YiOs and YbF (formally Yb**) and Ybp (formally Yb?*
system). In general Ybsystems are rapidly oxidizing on the air. We hali¢hat at the time
of HERFD measurements Ybtompound was already oxidised to*Yfenergy position of
the main white line and the pre-edge structuréniglar to the YB* system).

The experimental investigations showed that theelad the pre-edge excitations of
Ce** looks identical between different compounds in HERspectra. The same results are
observed for YB' system. For the simplification we will show oniuf examples of HERFD
spectra measured experimentally and compared hetbrétical calculations.

Figure 2 shows the Ce, Yb HERFD spectra over treegge region of Ce,
Ce(CO3); and YhO3; compared with theoretical calculations of 2pe4f absorption process
using atomic multiplet theory [5] for €&, Cé"* and YB*ions. A C&* ion contains ondf
electron in the absorption final state and the £gg@ctrum shows a single peak at ~ 5722 eV
in the pre-edge region. When the numbedfotlectrons in the final state is increased to two



for a CE" ion the spectral shape becomes broader. In tfsat &t number of contributing
states is increased to 46 due to electron-eledir@mactions in thelf valence orbital. The
Yb** ion with ground stat@p®4f"* shows a similar spectral shape a&'Cie has only one hole
in the 4f shell and shows a single peak profile at the pigeeregion of the Ylh; XANES
spectrum.
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Figure 2. High resolution (HERFD) Ce, M3 absorption spectra over the pre-edge
region of Ce@ and Cg(COs); and YBOs; compared with atomic multiplet calculations for
Cce", Ccé" and YB'ions.

An analysis of the spin-orbit couplings and eleatetectron interactions shows that
the splitting in the C& (4f') absorption spectral profile at the pre-edge isidated by4f-4f
interactions. This is nicely observed for the ca$eCe” (4f°) in CeQ where no4f-4f
interactions are present. In case of®'Y®f'®) no multiplet splitting is found in the final
2p°3d™%4f'* state due to the filledf shell.

The present results show the effect of intra-atamudtiplet splitting at thé.; XANES
over the pre-edge region of Ce and Yb systemsffardnt oxidation states withf’ and 4f*:
4f%ground state configurations. The experimental ntbtd detecting the high energy
resolution XANES spectra using an X-ray emissioactpmeter gives us an opportunity to
resolve the shape of the pre-edge transitions. dibserved excitations in Ce and Yb
compounds are very well reproduced by atomic mlektipalculations. We demonstrate that
pre-edge features involve electron-electron intewsas and thus directly depend on the
number of the availablieelectrons in the system.
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