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Report:

Charge disproportionation and ordering has been the subject of a substantial number of studies in condensed
matted physics, and represents a key concept in helping us understand a range of interesting phenomena. A
variety of transition metal oxides display a degree of charge disproportionation at equivalent crystallographic
sites, such as magnetoresistive manganites [1] and superconducting stripes in cuprates [2]; with the stripes’
dynamic fluctuations being suggested as a mechanism for high temperature superconductivity [3].

The iron oxoborate material, Fe;OBOs, is an interesting transition metal compound, which appears to
demonstrate the transition from charge disordered orthorhombic crystal to charge ordered monoclinic crystal
upon cooling [4], with a CO structure which doubles the a-axis at low temperature. In Fe;OBOs the CO
transition occurs at 340 K, below which Mossbauer spectroscopy has revealed charge disproportionation in a
partially localized structure, with non-integer charge separation of the iron atoms [5]. However, upon cooling
below 270 K Mossbauer and bond-valence-sum studies have suggested that the system approaches near total
ionic separation, and is the most explicit example of integer valence separation seen so far in any system [6].
These ions exist at four separate sites, which are unequally crystallographically distorted [5, 6]. Recent x-ray
scattering experiments by the principal investigator [7]
have shown that upon warming from the low
temperature CO phase, with superlattice reflections
present at commensurate (n/2 k [) type positions (i.e.
with n, k, [ integers), the reflections move to
incommensurate positions along the c-axis in the high
temperature CO phase.

------ B 272 K
—O0— 220 K, 10 Minutes Cold
----k--- 220 K, 4 Days Cold

In our study at ID20, we began by selecting a suitable
crystal of iron oxyborate, which grows in the form of
needles measuring 0.2mm x 0.Imm x several cm. The g S
crystals grow along the g-axis, with clean facets in the 585 59 595 6 605 61 6.5
[01 1] and [0 0 1] directions. After reducing the size of L (recip. lattice units)

the sample, so as to be comparable to the incident x- | Figure 1. Reciprocal space scans along the L-
ray the sample was mounted with the [0 0 1] direction | direction of the (-0.5, 0, 6) reflections,
surface normal. After establishing a UB matrix, we | highlighting the developemnent of the long
then identified the incommensurate reflections at room | range order with time and temperature.
temperature, before cooling the sample into the
incommensurate region. However, we found that cooling too rapidly inhibits the development of long range
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commensurate order. After returning to room temperature and cooling slowly, we observed the development
of the commensurate (-0.5, 0, 6) reflection at around 275 K, Figure 1. However, it is only with additional
cooling, and time, that the reflection becomes fully commensurate, with no diffuse background.

In this study we ony examined the commensurate phase, and revealed that at least two different kinds of
reflections exist at these positions. In the un-rotated 6-c channel we observed reflections that showed small
resonant features amid the usual absorption profile, and reflections that showed a strong resonance, Figure 2.
Such a strong resonance with little non-resonant contribution is indicative of a strong charge order, with little
contribution from any associated lattice distortion. Surprisingly we also observed some reflections solely in
the o-mt channel; a scattering process that does not originate from pure charge order. The only mechanisms
which may produce such an effect are magnetic scattering and Templeton (ATS) scattering. However, the
system does not become magnetically ordered until 155 K [10] and Templeton reflections are limited to
integer indices of the crystallographic structure. One additional possibility is the existence of Templeton
scattering through the presence of a small additional lattice distortion: which is often associated with orbital
order [11, 12].

By utilizing the phase plate available only on ID20 we
were able to perform full polarization analysis,
revealing that signal expected to originate from charge
order shows a dramatic conversion of a large
proportion of the scattered signal to non-linearly
polarised light, Figure 3. We are currently in the
process of analysing and explaining this phenomenon,
however, in order to do so, we must extend our study
into the, as yet unstudied, incommensurate phase. We
also observed a Templeton reflection at the (0 0 7)
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position, confirming that some distortion away from el e

the known structure must be present, as such 7.08 7.1 7.12 7.14 7.16
Templeton reflections from iron sites are forbidden in Energy (keV)

the known P2,/c structure. Figure 2. Energy spectra of several superlattice

reflections in Fe;OBO;, measured on ID20, at
By utilising the full polarisation analysis studies taken | 220 K (within the commensurate phase). The (-
of the (-0.5 0 6), (0 0 7) and (1.5 -2 6) reflections and a | 0.5, 0, 7) reflection is only present in the rotated
large range of energy scans in both the rotated and | o-m channel.

unrotated polarisation channels, we intend to imploy
theoretical fitting using the FDMNES code to

understand the nature of long range order in the 1 _D """ B o 5. = G
commensurate phase of iron oxyborate; as previously o | a _"’,.«;i
demonstrated in such materials as magnetite [13]. £05r | A N
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Figure 3. The result of a full polarisation
analysis on the commensurate (-0.5, 0, 6)
reflection at 220K [10]. A pure charge order
signal is expected to drop to a P1 value of -1,
which is clearly not achieved.




