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High-pressure studies of aperiodic materials still represent
a great challenge and have been rare until recently. The
combination of high-pressure science and aperiodic crys-
tallography demands special expertise for sample prepara-
tion, data collection and data processing. The analysis of
in-situ high-pressure datasets measured from aperiodic
crystal structures within a diamond anvil cell with limited
access to reciprocal space has only become possible due to
the development of easy-to-use software for the routine
analysis of modulated crystal structures, e.g. JANA2006
[1], which also implements tools for the analysis of
high-pressure data sets. The superspace approach not only
allows the analysis of crystal structures with an incommen-
surate modulation, but is also of special interest for the pro-
cessing of high-pressure data measured from com-
mensurately modulated structures, because of the reduc-
tion in the number of parameters in the refinement process
[2].

High-pressure studies of aperiodic structure were
sparked by the striking discovery of incommensurate com-
posite and incommensurately modulated crystal structures
of the elements at high pressures [3]. This was followed by
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a growing number of structural investigations of the
high-pressure dependence of aperiodic structures. Re-
cently a notable accumulation of incommensurately modu-
lated structures in conjunction with magnetism and
superconductivity causes the interest in investigating the
temperature- and also pressure stability of these phases and
their phase transitions, e.g. [4]. In contrast to this,
quasicrystalline material has been demonstrated to be sta-
ble over a considerable range of pressure and temperature
and also over cosmic timescales [5].
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DESIGNING FUNCTIONAL MATERIALS IN SUPERSPACE

John Bleddyn Claridge
University of Liverpool, Department of Chemistry, Crown Street, L69 7ZD Liverpool, UK

The area of improper ferroelectrics and potentially
multiferroics has recently received significant attention do
the prediction that a combination of a'a’c” tilting and lay-
ered ordering of the A site cations along [001]ycroy in
perovskite ABXj; systems or in the even n Ruddleston Pop-
per (RP) phases (Ap+1BiX5n41), leads to non-
centrosymmetric structures which are predicted to have
significant switchable polarisations.

The oxide heterostructure [(YFeO;)s(LaFeOs3)s]ao,
which is magnetically ordered and piezoelectric at room
temperature, has been constructed from two weak ferro-
magnetic AFeO; perovskites with different A cations using
RHEED-monitored pulsed laser deposition. Here we elab-

orate a superspace description of cation ordering in tilted
perovskites that allows the prediction of the symmetry of
arbitrary cation ordered superlattices, along <100>pv,
<110>peroy and <111>e4y and ordering of both A and B
cations, of the various tilted perovskites, which also ratio-
nalizes the observed domain structures. This approach is
futher expaned to include magnetic symmetry and the po-
tential for finding other suitable structural distortions in
non-perovskite systems such as rutile superlattices where
the metal insulator transition in VO, plays the role of the tilt
transition.

© Krystalograficka spole¢nost



230  Aperiodic 2015 - Session II1

&

Materials Structure, vol. 22, no. 4 (2015)

S3-L2

NEUTRON LAUE AND X-RAY DIFFRACTION STUDY OF A NEW
CRYSTALLOGRAPHIC SUPERSPACE PHASE IN N-NONADECANE/UREA
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Aperiodic composite crystals, such as n-alkane/urea inclu-
sion compounds present long-range order without transla-
tion symmetry. For such host/guest [1] intergrowth
nanotubular structures, which have a sole incommensurate
direction ¢, a four-dimensional superspace [2-3] descrip-
tion usually gives the positions of the complete set of Bragg
peaks. In such materials, symmetry breakings must be de-
scribed as structural changes within crystallographic
superspaces and the increase of the number of superspace
groups with the increase of the dimension of the superspace
allows many more structural solutions. We recently re-
ported a sequence of phases in n-nonadecane/urea which
involves at atmospheric pressure such structural degrees of
freedom [4]. The study of the (T, P) phase diagram,
through single crystal X-ray and neutron diffraction exper-
iments, clearly evidenced the increase of structural solu-
tions within this formalism [5]. With no evident reason at
the time to suspect that further transitions would occur at
lower temperature, these studies were limited to 80K. In
fact this assumption was unfounded, and here we present a
study down to 4K, making use of modern neutron Laue dif-
fraction technique at atmospheric pressure, in which we ev-

idence a supplementary phase transition within the
crystallographic superspaces of dimension five.
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Figure 1. Neutron Laue pattern obtained at the OPAL reactor (Australian Nuclear Science and Technology Organisation) ev-
idencing a new phase below liquid N, temperature in n-nonadecane/urea.

© Krystalograficka spole¢nost



&

Materials Structure, vol. 22, no. 4 (2015)

231

S3-L3

OXYGEN EXCESS AND OXYGEN DEFICIENT L-Ta05 RELATED COMPOSITE
STRUCTURES
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The low temperature structure of tantalum pentoxide,
L-Ta,0s, has been the subject of many investigations. Al-
though Ta,0s has been widely utilised in tantalum capaci-
tors the structure of this compound is still not completely
understood. A range of other metal oxides can be doped
into Ta,Os resulting in stable high temperature phases
isostructural to L-Ta,0s. The range of possible metal ox-
ides includes those leading to structures with oxygen ex-
cess (e.g. WOs;) as well as oxygen deficient structures (e.g.
ALOs) [1].

Members of the (1-x)Ta,OsxGeO, and (1-x)Ta,Os
-xAl,O5 solid solutions were synthesised, and the structures
were investigated using synchrotron X-ray powder diffrac-
tion and neutron powder diffraction data [2]. Structural
models were developed and refined using using a [3+1] di-
mensional incommensurate composite structure approach.

It was found that the structures of all members of the
(1-x)Ta;05:xGeO, and (1-x)Ta,05xAl,O5 series synthe-
sised could be described with the Xmmm(0B0)s00
superspace group and a composition dependent modula-
tion vector ¢, similar to both L-Ta,Os and (1-x)Ta,0s
xWOj5 [3]. Introduction of the modulation to the structural
models resulted in generally more favourable bond valence
sum values and bond distances compared to the basic struc-
ture.

Atomic modulation functions for displacements across
both the (1-x)Ta,05xGeO, and (1-x)Ta,05xAl,O5 series,
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and for pure L-Ta,0s, were found to be very similar, and
also strongly resemble the AMFs found in previous work
done on the Ta,05-WOj; system [4]. This points to an ex-
traordinary compositional flexibility of the L-Ta,Os struc-
ture type, considering the variable oxygen-to-metal ratio.
The similarity of the AMFs demonstrates that although
these structures in 3D space would require descriptions
with different space groups and multiplicities, in 4D
superspace they are closely related. This brings about the
possibility of considering the L-Ta,0Os composite structure
as a general structure type in higher dimensional space,
similar to structure types for conventional 3D structures.
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P4W50065: SUCCESSIVE PHASE TRANSITIONS TOWARD CHARGE DENSITY WAVE
STATES
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Monophosphate tungsten bronzes (MPTBp) of general for-
mula (PO,)4(WO3),, (with 4 <m < 14) can be described as
the regular stacking of WO; slabs of ReOs—type structure
and slices PO, of groups [lI]. MPTBp are low
dimensionality oxides exhibiting successive transitions to-
ward charge density (CDW) and/or spin density wave
(SDW) states. These transitions lead to structural distor-
tions associated to the appearance of satellite reflections.
This family is relevant to analyse CDW and SDW states
and their competition since by changing the m value the

electronic anisotropy and the density of carriers can be
tuned. An investigation of the phase transitions versus tem-
perature as well as the structure determination of the differ-
ent states has to be done for several members. The
relationship between physical and structural properties
could be then performed.

We decided to focus our attention on the MPTBp m =
10: P4WyOgs. This member is exhibiting a CDW state at
room temperature (RT) and the solution of the modulated
structure associated to the CDW state proposed by Roussel
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et al [2] is providing us a cornerstone for our study. Owing
to the technical limits of the “old-fashion diffractometer”
used by these authors, a few number of satellite reflections
was collected and consequently only the atomic displace-
ments of the tungsten species was modelled; an improve-
ment of the description could be expected with a modern
diffractometer (Apex2 CCD detector and high brilliance
micro focus X-ray source).

The diffraction patterns observed by Roussel et al [2]
were fully indexed using the following cell parameters a =
530A,b=6.55A,c=35.82A, a=p=90°7=90.6°,q=
0.43 a* and the superspace group P112,(p;00)0. Surpris-
ingly, our measurements at RT are revealing a different
pattern: the basic cell is also monoclinic but with b as
unique axis and two wave vectors q; = 0.5 a* and q, = 0.39
a* are observed. The experiments performed versus tem-
perature evidenced the ground state structure above 400 °C
with no more evidence of satellite reflections. Cooling the
crystal up to RT different features can be observed (see
fig-1): for T close to 210 °C diffuse scattering with V
shape is observed, reflections condense within the diffuse
scattering around 200 °C then the diffuse phenomenon
fully disappears and at RT we are back to the CDW state
with satellite reflections. However this CDW state is now
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the one observed by Roussel ez al [2]. The present work is
then evidencing the possibility to stabilize two different
CDW states at RT for the m=10 MPTBp. The temperatures
of the different transitions are accurately determined by
monitoring the intensity of the satellite compared to the
main reflections. Then a full data collection was performed
for both states with a high resolution strategy (sample-de-
tector distance larger than 10cm and fine slicing scanning
mode) to limit the reflections overlapping and a structure
solution is proposed. Finally the modifications of the WOq
environments are analysed via bond valence calculations to
evidence electronic ordering within the WO; slabs for the
different states and these results are discussed in regards to
electronic transport measurements.
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Figure 1. Ground state structure of P4W,¢Ogs (green and violet colours are used for PO4 and WOg) and (hOl)* diffraction
planes measured during the thermal cycle 20°C = 400°C = 20°C.
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