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Report:

KsFe;"?FeF1s is an interesting material with TTB structure whimay be considered as a model system for
multiferroism. Below the magnetic ordering temperatit is ferroelectric, ferroelastic and ferrimagn; in
addition it presents charge ordering involvingFend F&" ions. The origin of the different properties has
been widely studied and the crystal structure agtatto each of them is actually known. Chargesiong)
superstructure (COS), which appears below 490Klsl¢éa the doubling of the axis with respect to the TTB
cell. Ferroelasticity, initialy produced by a tejomal-orthorhombic transition occurring at 570K ctmes
connected to a cooperative tilt modulation of {Fe€tahedra along theaxis below 300K. This phenomenon
is described by a larger cell (FES superstructwiepsea and b axes are directed along the COS cell
diagonals inab plane. The magnetic behavior is ferrimagnetic With120 K and is related to a frustrated
antiferromagnetic spin interaction. The magnetiacgure has been determined through neutron difftnac
data leading to the definition of a cell coinciderth the COS one.

The aim of the experiment carried out at the ID2@rhline of ESRF was to collect data relative torgha
and magnetic order and to give proof of possiblaptinog between the different ferroic parameters. In



particular the electronic structure of iron ionsldheir local distortions were investigated at B&€low 120K
magnetic reflections were studied in order to defyjeometry and weight of the magnetic interactemms to
determine the multipolar ordering contributions.eTdrystal was mounted with tleeaxis in the scattering
plane on the four circles diffractometer providdddsplex cooling system. The incident beam enavgg
tuned at the Fe K-edge (7.112 keV).

At room temperature we collected fluorescence ddteh reveal a complex electronic structure propabl
due to the simultaneous presence df&wl F& ions and to multipolar contributions. Then a langenber of
reflections characteristic of both TTB and COS cites were studied throu§kr26 scans and energy scans
in 0—o ando-Ttconfiguration. For this purpose an Au crystal wasunted in (222) direction as polarization
analyzer. It should be pointed out that often Eiscaere affected by the presence of very broadipheilt
scattering peaks, making their interpretation gditgcult.

Some of the reflections analyzed at RT were stutlieitie same conditions at 150 and 20K and dat& wer
collected at these temperatures also for somdisegakflections related to the FES modulation.eénéas no
sensible change was detected between 150 at 2BeKsttucture of the resonant energy scans relative
numerous COS reflections changes dramatically etwRT and 150 K (Fig. 1), making clear that a deep
modification of the electronic structure takes plaell above 1. This fact is quite surprising, since no phase
transition is known to occur in this range of temapere. However it could be related to the appgaah
short range magnetic order, in agreement an inerelthe magnetic background previously observedrat
200K in the neutron diffraction measurements.
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Fig. 1 Energy scan of the 430 reflection at 20 and Fig. 2 Intensity variation of the 331 reflection
300K measured in o—7r configuration

This was confirmed by measuringarTt configuration, as a function of the temperatune, intensity of the
331 COS reflection, whose contributions show onggnetic nature (Fig. 2). The intensity is closeeaw at

RT, increases at 200K and shows a maximumyatnfTorder to obtain additional information, we foemed
azimuth scans relative to this reflectionoino ando—1tchannels for different energies of the inciderdarbe
Unfortunately the sample orientation for this partar reflection did not allow us to reach a widage of
azimuth angles, making the successive data angbystabitive, also in virtue of the complex multipo
structure of the reflection. These measurementslgto® repeated by changing the crystal orientation
Without polarization analyzer and off-resonancefefwed the evolution in temperature of the waeetor

of the FES modulation, by measuring the peak posif two ferroelastic satellites symmetrical wigspect

a central COS reflection. FES modulation starihasmmensurate at RT and become commensurate &t abou
200K. This confirm that importance of the electmiiansition occurring at this temperature and the
necessity to investigate its nature.

We couldn’'t perform part of the data collectioraqied because of beam failure in the last day of
measurements.



