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Introduction

K2ReBr6 crystallizes in the antifluorite structure with space
group Fm3m with a structure composed of a face-center
cubic arrangement of ReBr6

- octahedra with interstitial K+

ions [1].  The material undergoes a magnetic phase
transition to a long-range ordered antiferromagnetic state
where neighboring planes of spins are aligned antiparallel
with parallel alignment within a plane (so called Type I
antiferromagnet) [2].  The extended nature of the electron
distribution associated with the magnetic 5d electrons often
leads to large covalency effects in these materials, and these
effects have been a topic of interest for a number of years
[3].  These effects are often rather striking as seen in the
compound K2IrCl6, where neutron diffraction measurements
of the magnetic form factor indicated that about 30% of the
Ir4+ moment was actually delocalized and located on the
surrounding Cl- ions [4].

A project was initiated to study these covalency effects in
K2ReBr6 using resonant magnetic x-ray scattering.  Resonant
enhancements associated with the L edges of 5d ions have
not been studied extensively and, hence, these measurements
may also help to extend the applicability of this technique to
a new family of compounds.  In addition, we hope to be able
to observe a resonant enhancement associated with the Br K-
edge, which, by comparison to the Re L-edge scattering,
should provide a novel method for examining covalency
effects in these compounds.

Results and Discussion

A preliminary measurement was performed on a single-
crystal sample of K2ReBr6 in the UNI-CAT 33-ID beamline.
The sample was attached to the cold finger of a closed-cycle
He refrigerator that was then inserted into a Huber four-circle
diffractometer.  The low-temperature measurements were
complicated by the presence of a number of structural
domains resulting from a higher temperature structural phase
transition. The low-temperature structure was later found to
be monoclinic with space group P121/n1 [5] in contrast to
the room-temperature cubic structure with space group
Fm3m.  Despite this complication, we were able to clearly
observe resonant magnetic x-ray scattering associated with
the LIII  edge of Re.  This scattering is shown in Fig. 1
where the intensity of the magnetic (7 7 0) reflection can be
seen to peak sharply at the absorption edge energy (Fig. 1a)
and is also seen to disappear upon warming through the Néel
temperature (Fig. 1b).  In addition, resonant magnetic
scattering was also observed at the Re LII absorption edge.
These observations represent one of the first measurements
of resonant magnetic scattering associated with the L-edges
of 5d electron atoms and we hope that these observations
will act to extend the use of the technique to a new family of
materials.  Unfortunately, due to geometrical constraints, we

were unable to extensively search for Br K-edge scattering
and we hope to expand these measurements in the future.

Figure 1:  (a) Energy dependence of the (770) magnetic
reflection showing resonant enhancement at the Re LIII edge.
(b) The temperature dependence of the (770) magnetic reflection
which disappears on warming through the Néel temperature.

Acknowledgments

Oak Ridge National Laboratory is managed by Lockheed
Martin Energy Research Corp. for the U.S. Department of
Energy  under Contract DE-AC05-96OR22464. The
UNICAT facility at the Advanced Photon Source (APS) is
supported by the University of Illinois Frederick Seitz
Materials Research Laboratory (U.S. Department of Energy,
the State of Illinois-IBHE-HECA, and the National Science
Foundation), the Oak Ridge National Laboratory (U.S.
Department of Energy under contract with Lockheed Martin
Energy Research), the National Institute of Standards and
Technology (U.S. Department of Commerce), and UOP
LLC. The APS is supported by the U.S. Department of
Energy, Office of Science, under Contract W-31-109-ENG-
38.



References

[1]   D.H. Templeton and C.H. Dauben, J. Amer. Chem.
Soc. 73, 4492 (1951).

[2]   V.J. Minckiewicz, G. Shirane, B.C. Frazer, R.G.
Wheeler, and P.B. Dorain, J. Phys. Chem. Solids 29,
881 (1968) and H.E. Smith, and S.E. Bacon, J. Appl.
Phys. 37, 979 (1966).

[3]   R.L. Armstrong, Physics Reports 57, 343 (1980) and
references therein.

[4]   J.W. Lynn, G. Shirane, and M. Blume, Phys. Rev.
Lett. 37, 154 (1976).

[5]   M.D. Lumsden, S.E. Nagler, and D.M. Mandrus,
unpublished.


