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Report:

In strongly correlated electron systems severareteg of freedom (lattice, charge, spin and orbisa8
intimately connected. This is the case for theti@iabetween the orbital ordering (OO) and the evapve
Jahn-Teller distortion (cJTD).

In a seminal work, Kugel and Khomskii [1] pointedtdhat in presence of strong electron correlation,
orbitals are subject to exchange interaction apteeaexisting OO tends to amplify any lattice ingigb(i.e.

the cJTd follows the OO). In this scenario, theuglgecubic perovskite KCuFhas always been considered as
a model system for testing the Kugel-Khomskii modwever, very recent LDA + DMFT calculations by
Pavarini et al. [2] showed that the superexchangehanisms in KCufHs not strong enough to stabilise the
OO up toT=800 K, a temperature at which the OO is experinfigrtalieved to still survive [3].

The stabilisation energy of cJTD may be determiningheory, by inducing the tetragonal to cubiagh
transition (which correspond to the melting of c)JTiroughout a suitable heating cicle.

Since temperatures high enough to induce meltingJdiD are not reahable for KCuldue to sample
decposition, in the present experiment we have aselifferent strategy to disentangle the effectthef
different active interactions in KCgH.e. “orbital dilution”. This has been obtaineyd frartially substituting
copper with magnesium forming KgiMgyFs solid solutions. At room temperature KGMgxFs is
isostructural with KCuf(space groupd/mcm) for x<0.26, while it is isostructural with KMgHKspace group
Pm-3m) for x>0.42 [4].

In this experiment we have performed XRPD measunésnen samples of (x=0.10, 0.13, 0.15, 0.20, 0.25)
composition. The patterns were collected at beamdD31 7=0.295130 A). Samples were heated up to
about 900 °C using a hot-air blower. The data wetkected whilst warming at 2 Kmih(2 < 26< 20°), and
cooling at the same rate down to room temperaireictural parameters and mass fractions were radatai
by Rietveld refinement using the GSAS softwarees|i{ and its graphical user interface EXPGUI [6].

Figure 1 shows the XRPD patterns at different teadpees for the x = 0.25 sample, in a characteristi
26 region. Below 200 °C, only the peaks of the (2 200 (0 0 4) reflections of the tetragonal struetare



present. Upon increasing the temperature the (Rréfl@ction of the cubic structure appears. As evident
from the relative peak intensities, the amountudfic phase increases with temperature while theuammaf
tetragonal phase decreases correspondinglyl E@&73 K the phase transition is almost complete.

All the investigated samples showed a similar behavat increasing tempertature. It should be ndtedt i)

the same behaviour is obtained for all the comrst[7]; ii) the phase transition is reversiblg) the
temperature of appearing of the cubic phase andis#ppearing of the tetragonal phase increased at
decreasing magnesium concentration (see figure 2).

Figure 1- Details of selected XRPD

patterns, as collected for different
temperatures, referring to the x=0.25 sample.
The crosses are the experimental points
while the full lines are the results from the
Rietveld refinement. The numbers in
brackets are the Miller indexes of the
diffraction peaks
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Figure 2. — KCuw.,Mg,Fs structural phase diagram in the Cu-rich
zone. The existence fields of the cubic and tetmrabeolid solution
(S.S.) are drawn. The dots are the experimentaitpaierived from
the analysis of the diffraction patterns for th#edent compositions:
blue points refer to the appearance of the cubés@hred point to the
disappearing of the tetragonal phase. The linegaide to the eye,
drawn according to the topology of the phase diagraThe
extrapolation to x=0 is sketched by the dotteddif&].
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