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Fine-tuning chemistry by doping with

transition metals produced stability in
bismuth oxide
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ANSTO has contributed to research led by the University of Sydney,
involving doping transition metals in a polymorph of bismuth oxide in a
search for more structural stability.

Cubic high-temperature polymorph of bismuth oxide, 8-Bi203, is the
best known oxide ionic conductor but its narrow stability range
(729—817 °C), which is close to its melting temperature of 817 °C
precludes its practical use.

A large collaboration, led by Professor Chris Ling and Dr. Julia Wind (as
part of her Ph.D.) from the University of Sydney involving researchers
from ANSTO and two other universities, has achieved the design and
understanding of the complex crystal structure and chemistry behind a
commensurate structure within the fast-ion conducting stabilised
bismuth oxide, co-doped with chromium and niobium, Bi23CrNb3045.

The study was published in the Chemistry of Materials.

Dr. Zhaoming Zhang from ANSTO (pictured below right) provided her
expertise in X-ray absorption spectroscopy to the study.

Low and high energy X-ray absorption near edge structure (XANES)
data were obtained from the soft X-ray (SXR) and X-ray absorption
spectroscopy (XAS) beamlines at the Australian Synchrotron
respectively, and medium energy XANES data from the "Tender'
beamline at the National Synchrotron Radiation Research Center
(NSRRC) in Taiwan, which helped to clarify details of the complex
superstructure, in conjunction with neutron, synchrotron X-ray and
electron diffraction, high resolution transmission electron microscopy
and ab initio calculations.

"Spectroscopy is very important in this case because of the variety of
possible oxidation states and local structures for the transition metal
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dopants," said Zhang.

"XANES spectra not only gives you information on the oxidation state
of the metal dopants but also the local coordination and site geometry
around them, which was very informative for this investigation."
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The commensurate modulation was confirmed by selected area electron
diffraction (SAED) patterns. Credit: Australian Nuclear Science and
Technology Organisation (ANSTO)

In a "normal" crystal, the crystal is built by repeating the unit cell by
translation along the 3 directions of space.

For modulated structures, the periodicity is in more than three
dimensions. If the ratio of the modulation period to the unit cell length is
rational then the modulation is called 'commensurate’, otherwise it
becomes 'incommensurate’.

Because the modulation vector € varied with both the type of transition
metal dopants and the bismuth to transition metal ratio, the investigators
had two independent variables to chemically tune the composition in
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search of a commensurate € = 1/3 structure, which was found in
Bi23CrNb3045.

"Interpreting the spectroscopy data was somewhat challenging because
of the complexity of the superstructure. The results not only confirmed
the presence of hexavalent chromium and pentavalent niobium in
Bi123CrNb3045, but also informed us that each niobium is surrounded
by six oxygens and chromium by four oxygens," said Zhang.

In the superstructure, the oxygens around transition metals are ordered
locally forming tetrahedral clusters of NbO6 octahedra and isolated
CrO4 tetrahedra, separating relatively disordered fluorite-type regions
that facilitate the high oxide-ionic conduction. (See crystal structure
above)

" Although doping of bismuth oxide with rare earth metals exhibits
higher conductivity, the transition metal doped bismuth oxides may offer
better long term stability," said Zhang.

While this was a fundamental study, bismuth oxide is of considerable
interest as a material because its mobile oxygen defects can act as
carriers of charge in ionic devices, such as solid oxide fuel cells.

A new, medium energy XAS beamline is being planned at the Australian
Synchrotron as part of the Br—GHT initiative. "Once it is constructed,
we will no longer need to travel to Taiwan for medium energy XANES
experiments,” said Zhang.

More information: Julia Wind et al. Rational Design of a
Commensurate (3 + 3)-D Modulated Structure within the Fast-Ion
Conducting Stabilized 6-Bi203 Series, Chemistry of Materials (2017).
DOI: 10.1021/acs.chemmater.7b03012
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