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1.Development of electrostatic potential imaging method
based on X-ray diffraction data

A different method is proposed to evaluate the electrostatic
potential and electric field from x-ray diffraction data by using
maximum entropy method. The efficiency of the method is
revealed in the application to a ferroelectric material PbTiO;.
Visualized electrostatic potential and electric field on the charge
density distribution give a direct evidence for the dipolar
polarization of the Pb ion. They show close agreement with
results by ab initio calculations.

2.Structural basis for the fast phase change of DVD-RAM
materials

The three-dimensional atomic configuration of amorphous
Ge,Sb,Tes and GeTe were derived by reverse Monte Carlo
simulation with synchrotron-radiation x-ray diffraction data.
The authors found that amorphous Ge,Sb,Tes can be regarded
as “even-numbered ring structure,” because the ring statistics is
dominated by four- and six-fold rings analogous to the crystal
phase. On the other hand, the formation of Ge-Ge homopolar
bonds in amorphous GeTe constructs both odd- and
even-numbered rings. They believe that the unusual ring
statistics of amorphous Ge,Sb,Tes is the key for the fast
crystallization speed of the material.

3.Charge density study under photo excitation

A photoexcitation is one of the promising external fields to
control the material phases. Here, we have demonstrated that
the magnetic and structural properties of a spin-crossover
complex, Fe(phen),(NCS), (phen=1,10-phenanthroline), can be
reversibly switched by the on-off action of the continuous
photoexcitation at the same temperature. The structural data
suggest that the density of the high-spin Fe** in the
photoinduced phase is about 0.88. Suppressed atomic vibrations
of the photoinduced phase exclude the conventional heating
effect as the origin for the observed optical switching.

4.High-throughput system for Synchrotron X-ray Powder
Diffractometry

The X-ray powder diffractometry with synchrotron radiation
(SR) is becoming more and more powerful tool in a research
field of materials science. In particular, high-energy and
-brilliance beam generated from the third generation SR facility,
SPring-8, allows us to see the charge density level structure
closely related to physical and chemical properties. On the other
hand, there is a great demand for analytical research of toxic
chemicals such as asbestos, dioxin and etc. So far, we have
demonstrated that the SPring-8 high-brilliance beam is very
effective for quantitative analysis. However, it has been
revealed that time taken in addition to X-ray exposure such as
sample exchange, sample position alignment and X-ray detector
exchange/readout is more than ten times as long as X-ray
exposure time. Here, the automatic sample exchanger, the image
recognition system for automatic sample position alignment and
the online detector have been developed to achieve
high-throughput of synchrotron X-ray powder diffraction
experiment. We believe that the system contributes to materials
science research as well as analytical research.
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5.Accurate structure analyses of a-(BEDT-TTF),I; toward
understanding of metal-insulator transition at 135K

o-(BEDT-TTF),I; possesses valid physical properties, for
example, one-dimensional metal-insulator transition at 135 K,
super conductivity under uniaxial strain, and optical-induced
metal-insulator transition. The purpose of this research is to
investigate the peculiar property of a-(BEDT-TTF),l;, that is,
the origin of the metal-insulator transition at 135 K. To do this
research, we perform a powder-diffraction experiment and
deduce the electron density map using the maximum entropy
method (MEM). In this year, the variation of lattice parameters
and temperature constants have revealed from the
powder-diffraction data (100 to 280 K) obtained at BL02B2,
Spring-8. To reveal the charge transfer, we aim to obtain the
reliable powder-diffraction data for further structure analyses
that can be deduced an electron density map.

6.Upgrade of small-angle X-ray scattering beamline
BL45XU

RIKEN Structural Biology beamline I BL45XU has been
constructed and operated since 1997. The performance of the
beamline decreased due to the aged deterioration of the
beamline components. The beamline upgrading plan in
BL45XU was designed to be priority operation for the
small-angle X-ray scattering (SAXS). The replacement of the
monochromator mechanics has been executed under and
pursuant to this plan after 2006 user operation at SPring-8. A
pair of high-quality synthesized diamond crystal was used and
the Ist crystal can be exchanged both (100) and (111)-cut
crystals. The design of crystal mount and adhesive medium
were also modified. The measured rocking curve was improved
to be one-third of previous one. The X-ray beam stability was
also improved. The modified monochromator in BL45XU
enables us to use the energy range from 6.7 keV to 14 keV. A
novel SAXS study based anomalous dispersion effect in the
X-ray region will be expected.

7.Development of simultaneous 2D SAXS and 2D WAXD
apparatus

The time-resolved simultaneous 2D SAXS and 2D WAXD
apparatus was developed for real-time measurement of polymer
materials under external field such as mechanical force and heat
load at SPring-8 BL45XU. The 2D SAXS detector consists of
an X-ray image-intensifier and a CCD. The 2D WAXD detector
consists of an array of two identical units, each comprising a
phosphor, a demagnifying FOT, and a large format interline
transfer-type CCD as an image sensor. The image stored in the
CCD can be read out through the dual readout channels with 12
bits ADC within 220 ms (4.5 fps) without binning and within 65
ms (15 fps) with 8 by 8 binning. Moreover, this detector does
not need to stop the incoming X-rays during the CCD readout
and can simultaneously execute both exposure and readout on
the CCD with a small dead time of 1 ms so that a duty-cycle
ratio of almost 100% is achieved. Therefore, it allows the
continuous rotation method. We have also developed a compact
X-ray microbeam optics at BL45XU in order to achieve the
simultaneous microbeam 2D SAXS and 2D WAXD apparatus.
The preliminary result of microbeam experiment was performed
at the beamline.
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