Crystal  Structure

(BL0O2B1)

Analysis

1. Introduction

BLO2B1 is desighed for stud es of single crystd
structure anady sis and phase transition phenomena for
solid stete physics. We have installed a 6+1-circle
diffractometer, vacuum oscillaion IP camera
Weissenberg camera and powder dffraction system.
They ae utilized in combinaion with the bendng
magnet synchrotron light source. This report describes
the available X-ray source and apparatus.

2. X-ray Source

The X-ray source of BLO2B1 is the SPring-8
standard bendng magnet. The spec of the magnet is
described on a webpage  (http://www.spring8.or.jp/
ENGLISH/facility/bl/insertion/Bending/index.html).
The white spectrum X-ray beam is monochromatized
by the SPring-8 standard double crystd
monochromator. We use two Pt coated X-ray mirrors;
the first one is s& & the upstream side of the
monochromator and the second one is s & the
downstream si deof the monochromator. A schematic
drawing of these opticd components is shown in Fig.
1.

Dependng on the experimentd condtion, a user
can tune the bendng of the 2nd mirror dong the
verticd drection. Then the user can obtain apardld or
focused X-ray beam. In the focused state, the full wicth
of the hdf maximum (FWHM) of the beem dong the
verticd drection becomes 100 um a the sample
position. On the other hand, the focusing dong the
horizontal direction is not available at the moment.

The X-ray energy of the beam is controlled through
acomputer by users. We have tested the energy range
from 5 keV to 70 keV. The actud photon number at
the sample position in the square region with a height
of 0.1 mm and awidth of 1 mm is estimated as 10"
photons/sec at 30 keV with focused X-ray beam.

3. Experimental System
3.1 Diffractometer

BL02B1 has HUBER 5020 6+1-circle dffractometer
system. It has along 26 am with an additional
short 20 am. The short 20 am has a characteristics
that the motor speed is very high and verticd and
horizontd haf dlits as wedl as automaic receving
slits are equipped The short 20 am is mainly utilized
for Bragg points collection like a conventiond 4-cirde
dffractometer with the automaic softwae, MXC
produced by MAC Science Co. Ltd Thelong 26 am,
which has an angle resolution of 0.0001 deg, is
utilized for the mapping scan in a reciprocd space,
diffuse scatering obsevation or high resolution
powder paten observaion with a scntillaion
counter.

The long 20 am can be equipped with two kinds
of andyzer crystd: one is a noise reduction and high
resolution andyzer, and another is used for polarization
andysis. The motion of the long am is controlled
with origind software, which is cdled 4-cirde
commands made by a user group. A Solid Stae
Detector is available with this long arm.

3.2 Oscillation IP Camera

A vacuum |P camerais equipped on the @-circle for
smal crystd structure anadyses. The temperature is
limited a room temperature, and the IP reader is
avalable on an off-line system. Thetarget caystd size
is less than 20 um in diameter. A new automdic
oscillaion imaging plate (IP) camerais deveoped in
the summer of 1999. The public use of this camerais
planned to stat from the beginning of 2000. The
processes of X-ray exposure and readng out ae
managed automaticdly by a computer. The entire
process is performed in vacuum to obtain a high S/N
ratio messurement. The sample is set on a rotating
refrigeraor to utilize the oscillation camera motion.
The avalable temperature range of this camera is
expected from room temperature to 25 K.
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Fig. 1. Schematic drawing of optical system in BLO2B1.
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3.3 Powder Diffraction

A powder dffraction experiment can be performed
in two ways. One uses along 26 am with an andyzer
aystd and scintillation counter. The FWHM of the
powder pattern profile with this method achieved 0.008
degree [1]. The other method is arecord ng the Debye
ring from the sample on an IP sheet. This method can
finish the measuring one sample in 1 hour. From the
autumn of 1999, BL02B2 will stat to offer the IP
sheet powder diffraction experiment for public use.

3.4 Weissenberg Camera

The Weissenberg camera system is designed for
scanning in areciprocd space. The operation of this
camera is based on the combination motion of the
translaion of the IP shegt and the w rotaion of the
sample.

3.5 Temperature Control System

BLO2BL1 is equipped with two refrigerators and one
vacuum furnace system. The smdler refrigerator, with
ahdf-sphericd Be dome shroud, is designed for Bragg
intensity collection. The avalable temperaureis down
to 15 K. The larger refrigerator is equipped with a
cylindicd Be dome shroud and sample can, and it is
reechable down to 8 K. The larger one is utilized for
diamond anvil cdl (DAC) or EXAFS measurement.
When the seethrough vacuum shroud made with
plastic maerid is used, the avalable temperature is
about 25 K. The vacuum furnace is operaed with a
water coolant system and can obtan temperaures
above 1,000 K.

3.6 Summary of Experimental System

The user can choose some combinaion of the
diffraction and temperaure ocontrol systems. In
Table 1 the avaldile combinaions of them ae
summarized.
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Fig. 2. Result of single crystal DAC
experiment at 1.8 GPa and below 40 K.
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4. Examples

Figure 2, as an example, shows results of the DAC
experiment at low temperature. The development of
the super latice spot caused by the ldtice
modulation associated with the antiferromagnetic
ordering in CeP was observed & 1.8 GPa and be ow
40 K [2]. Figure 3 dso shows an example of the
dffuse patern observed in Nd\NbO, a 980 K, just
above the structural transition temperature [3].

5. Machine Time and Preparation

The machine time for user experimentsin BL02B1
is teribly crowded Even though users made high
qudity scientific proposd, ther machine time was
adways reduced to a short schedule It is strongly
suggested tha users should learn about experimentd
operation and make thorough preparations before their
experiments.

This beamline is managed by four sub-groups.
Their group names and representative members are as
follows. Structure Phase Transition: Yukio Noca
(Tohoku Univ.), Diffuse Scatering Andysis:
Kennichi Ohshima (Tsukuba Univ.), Chemicd
Reaction: Koshiro Toriumi (Himegi Inst. Tech.) and
Powder Diffraction: Hideo Toraya (Nagoya Inst.
Tech.). Those proposing new experiments should be
consulted with one of them or a beamline scentist to
get precise information on the beamlin€s condtion
and to schedule training on its operation.
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Fig. 3. High temperature experimentd
result at 980 K.



Table 1. Experimental Setup Summary

Low Temperature Low Temperature Room Temperature High Temperature
Experiment with Large | Experiment with Small Experiment with
Refrigerator Refrigerator Vacuum Furnace
(T>8K) (T>10K) ( T < 1000K )
Bragg Points |6+1-circle diffractometer |6+1-circle diffractometer |6+1-circle diffractometer |6+1-circle diffractometer
Collection with long 20 armand  |with short 26 aimand  |with short 206 armand [ with short 26 arm and
M X C software MXC software MXC software MXC software
(DAC available)
Automatic Vacuum Automatic Vacuum
Oscillation Camera Oscillation Camera
(T >25K)
Bragg Points JWeissenberg Camera Weissenberg Camera Weissenberg Camera Weissenberg Camera
Observation
Diffuse I6+1-circlediffractometer |6+1-circle diffractometer |6+1-circle diffractometer | 6+1-circle diffractometer
Scattering and Jwith long 26 arm and 4- |with long 26 arm and 4- |with long 26 arm and 4- |with long 26 arm and 4-
Mapping circle commands softwarecircle commands circle commands software| circle commands softwarg
Measurement J(DAC available) software (DAC available)
Powder I6+1-circle diffractometer 6+1-circlediffractometer |6+1-circle diffractometer

Diffraction

with long 20 arm and
andyzer

Curved | P Sheet

with long 26 arm and
anayzer

Curved | P Sheet

with long 26 arm and
anayzer

Curved |P Sheet
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