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Piezoelectric material is widely used as an actuator and
other various devices because the size of the material can
be controlled by the applied electric field. Two types of
microscopic deformation, lattice strain and domain
switching, produces this macroscopic deformation. On
the other hand, time-resolved measurement is attracting
great interest in order to observe transient phenomena of
materials under external fields. The behaviors of the
lattice and the domain under the cyclic electric field can
be studied by time-resolved in-situ diffraction
experiment.In this study, the lattice strain and the domain
characteristic of piezoelectric material under static and
cyclic electric fields were studied by time-of-flight
neutron diffraction. The diffraction intensities from
PZT-based ceramics were measured at Engineering
Materials Diffractometer TAKUMI in J-PARC. The
intensities in the parallel direction and the vertical
direction to the field were measured simultaneously by
+90° detector banks. The collected data were divided
based on the voltage and the phase conditions of applied
electric field and were converted to diffraction patterns
using the data reduction software developed in J-PARC.
The variation of the position and the intensity of the
diffraction peaks according to the applied field were
found in the patterns. The responses of the lattice and the
domain to the field were successfully observed.
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Hydrogen economy is one of the perspective trends in
the future of renewable energy, but hydrogen storage is
still a limiting factor. A possible way is to chemically
bound hydrogen in light-weight compounds. In this
context, metal borohydrides have been studied intensively
in recent years. One of the problems in the practical
application of borohydrides as hydrogen storage materials
is often a too high or a too low decomposition
temperature, but manganese borohydride is one of the
borohydrides ~ with ~ moderate  temperature  of
decomposition (160 °C). The structure and properties of
metal borohydrides are usually studied at ambient
conditions, but applying high hydrostatic pressure to the
compounds not only adds an additional dimension to the
phase diagram, revealing new high-pressure polymorphs
of borohydrides, but may also allow to discover new
high-pressure phases that are stable upon decompression.
Such compounds are not only denser than those known to
form at ambient conditions, but may also provide new or
improved properties to a system, e.g. regarding, stability,
decomposition and melting temperatures, etc. For
instance, 5-Mg(BH,),, obtained by compression of
Mg(BH,), to ~1 GPa, is more stable in air [1], than its
ambient’ pressure phases.

The high-pressure behavior of Mn(BH,), was studied
up to 15 GPa using diamond anvil cells and t powder X-ray
diffraction and Raman spectroscopy and two new
polymorphs was discovered using combination of
diffraction and DFT calculations. The first polymorph,
o-Mn(BH,),. forms near 1 GPa and is isostructural to a
magnesmm analog, 8-Mg(BH,),. This polymorph is
stable upon decompression to ‘ambient conditions. The
same polymorph was obtained by compression of
a-Mn(BH,), in a large-volume steel press, as well as by
high-energy ball milling. The thermal stability was
studied by in situ powder X-ray diffraction and thermal
analysis coupled with mass-spectroscopy. &-Mn(BH))
transforms back to a- Mn(BH ) upon heating (67-109 %3
and decomposition is initiated at 130 °C, releasing
hydrogen and some diborane. The high-pressure
polymorph, &-Mn(BH,),, transforms into a second,
d’-Mn(BH 4)2, in the pressure range of 8.6-11.8 GPa, with
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BH," groups ordered in a superstructure. 8’-Mn(BH,), is

not isostructural to the second high-pressure phase of

Mg(BH,),. Equations of state were determined for a- and
d-Mn(BIT)),

Y. Filinchuk, B. Richter, T. R. Jensen, V. Dmitriev, D.
Chernyshov, and H. Hagemann, Angew. Chem. Int. Ed.,
2011, 50, 11162.
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Periodic photonic nanostructures enable to manipulate
and control light emission and propagation due to
existence of band gaps [1, 2]. Photonic crystals represent
a new class of nanomaterials with promising applications
in optical communication lines, sensor technology and
data storage. Colloidal crystals formed by self-assembly
of sub-micrometer colloidal spherical particles [3] are
especially attractive due to their large area, low
fabrication costs and a wide range of particle size and
shape. Investigation of a real structure of these materials
and its temperature dependence is of utmost importance
for the future development of photonic devices.

Band gap properties of colloidal crystals can be altered
by thermal treatment (dry sintering) [4]. The physical
reason for this phenomenon is not well understood. The
behavior of low-order spin-coated polystyrene (PS)
colloidal films under annealing treatment provides only
rough picture of structural evolution [5]. Our recent
studies of high-quality PS colloidal crystals upon
incremental heating conditions have revealed detailed
scenario of colloidal crystal melting [6, 7]. X-ray
diffraction studies of PS colloidal crystals have been
carried out in transmission and reflection geometries
using high resolution X-ray scattering setup at the
Coherence Beamline P10 of the PETRA III light source.
Diffraction peak parameters, such as g-values, integrated
peak intensities, the radial and azimuthal widths, were
analyzed as a function of temperature [7]. Temperature
dependencies of lattice distortions, mosaic spread and a
size of coherently scattering domain were evaluated by
Williamson-Hall method. As a result we identified four
stages of structural evolution in PS crystals upon
sintering: steady-state, pre-melting, shape transformation
and crystal melting. The observed peculiarities of lattice
distortions indicate that the evolution of in-plane and
out-of-plane order plays a central role in the process of
colloidal crystal melting.
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