s | Experiment title: Experiment
- ~gess Temperature dependent electronic excitations in the number:
_SRF FeTe,,Se, chalcogenides by RIXS HE- 3463
Beamline: | Date of experiment: Date of report:
ID16 from: 01 Sep. 2010 to: 07 Sep. 2010 18-February-2013
Shifts: L ocal contact(s): Received at ESRF:
18 Laura Simonelli

Names and affiliations of applicants (* indicates experimentalists):

*SIMONELLI Laura, MAUGERI Laura, andIADECOLA Antonella

*ID 16 Inelastic X-ray Scattering Line -European &ymtron Radiation Facility (www.esrf.eu
6 Rue Jules Horowitz, BP220, Grenoble Cedex, 3&04Ace.

"Dipartimento di Fisica, Universita di Roma “La Semza”, Piazzale le Aldo Moro 2, 1-00185

Report:

The aim of this experiment was to investigate tleeteonic structure of Fe$€Tex compound which has the
simplest crystal structure among the unconventiéeabased superconductors.

We performed resonant inelastic x-ray scatteringK@ [1] measurements, tuning the incoming energy
around the Fe K-edge. The RIXS technique is on¢hefmost powerful probes of the charge and spin
correlation functions multiplied by a resonant emtement factor [2, 3]. Figure 1 shows the two disi@mal
RIXS maps, intensity versus incident energy andgniansfer, for the Feggle, samples with different Te
substitution levels. Within the experimental resioln (0.9 eV) we do not see any clear inelasti¢uiess on
top of the fluorescence. On tuning the incomingrgnéo the pre-edge, a distinct resonance of alastie
feature around 4-5 eV of energy transfer is fodrds corresponds to the charge transfer from themed

to the unoccupied bands, and clearly appears aslladefined peak in the integrated intensity pligure
1(b)). With decreasing temperature, the intensftyhe inelastic features increases, consistentiyn whe
temperature dependence of the partial fluorescgieta (PFY) spectra. The occupied and unoccupietiba
represented respectively by the satellite emistsn@s and absorption spectra, are plotted on tireessnergy
scale for FeSe and FeTe in figure 1(c). Theresgyaificant x-ray emission spectral weight overlagpwith

the XAS pre-peak quadrupole transition due to FecBdlcogen p state hybridization. Moreover, thegha
transfer energy for the FeSe is of the order o¥/5and decreases continuously with increasing Teesd,
being about 4 eV for the FeTe. The change in thergehtransfer appears to be related to the differen
polarizabilities of the Fe—chalcogen bonds. Indélel,polarizability of Te (5.5 A is higher than that of Se
(3.8 A%, and hence a lower charge transfer energy isatapdor FeTe due to a wider orbital extension. In
addition, the asymmetry of the charge transfer ppaKile in FeTe could also be due to the higher
polarizability of Te with respect to that of Seyeaaling a rather symmetric peak profile in the cakEeSe
(the nearest orbitals of Se and Te to the Ferngllave of p symmetry, more extended in the Te)alkin
changing hybridization between the Fe 3d states thedchalcogen p orbitals is also evident from the
changing spectral weight of charge transfer exoitatith decreasing hybridization.

The obtained results provide important informationthe hybridization of Fe 3d and chalcogen p statel

on the charge transfer in the Fegke, chalcogenides, a useful experimental feedbackeflistic models to
describe the electronic properties of these madgeria
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Figure 1. (a) The RIXS plane for samples with défé Te substitution levels. (b) On tuning the imaagy

energy to the pre-edge a distinct resonance ohelastic feature around 4-5 eV of energy transféound.
(c) Occupied and unoccupied bands, representedatdagly by the K satellite lines and partial flaecence
yield spectra, are plotted on the same energy seadeor FeSe and FeTe.
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