conference abstracts

18 01-Instrumentation and Experimental Techniques (X-rays,

Neutrons, Electrons)

valence selective atomic structural information about
condensed matter systems. DAFS (Diffraction Anomalous Fine
Structure) combines the sensitivities of conventional x-ray
diffraction -and the sensitivities of XAFS into a single technique
[H.Stragier et.al.,Phys.Rev.Lett.69,3064(1992)l. DANIES (Diffrac—
tion Anomalous Near Edge Structure) combines the sensitivities
of diffraction and XANES. The diffraction sensitivities of DAFS
and DANES add wavevector(spatial) and crystallographic site
selectivities to XAFS and the valence and bonding sensitivities of
XANES add these sensitivities to diffraction. The emphasis of
this talk will be the simple physics behind these two new
techniques. The interesting possibility of using DAFS and
DANES to do completely new forms of "locally-sensitive” and
"valence—sensitive" crystallography will also be described.

OCM-01.03.05 RARE EARTH MOSSBAUER SPECTROSCOPY
AND MAPON AS MICROSCOPIC PROBES OF THE LOCAL
CRYSTAL FIELD. By Glen A. Stewart, Department of Physics,
University College, UNSW, ADFA, Canberra 2600, Australia.

The electric quadrupole interaction (EQD acting at a rare carth atom's
nucleus is a useful microscopic probe for the strength and symmetry
of the local crystal field (CF). In the ideal case of a perfectly ionic
crystal, the electric field gradient (EFG) tensor is comprised of a
constant lattice contribution proportional to the rank 2 CF tensor
component and a temperature-dependent contribution associated with
the CF-induced distortion of the 4f shell (Stewart, Hyp. Int., 1985,
23, 1-16). The latter contribution is dependent on all three ranks
(ranks 2, 4 and 6) of the CF hamiltonian but vanishes for the
trivalent, S-state ions, La**, Gd** and Lu?*.

As early as 1964 (Barnes et al, Phys. Rev. A, 1964,' 136, }75), it
was recognised that the 169Tm Mossbauer resonance is particularly
well suited to the characterisation of the local CF in nonmagnetic
materials. The approach is to monitor the EQI at the 169Tm nucleus
as a function of temperature (typically 4.2 K - 300 K) and then to
interpret these data in terms of the full CF hamiltonian appropriate for
the local site symmetry. In this sense, it constitutes a viable
alternative to inelagtic neutron sacattering (requiring on-line access to
a reactor) and optical spectroscopy (requiring an optically transparent
specimen). An important advantage over bulk measurements (such as
specific heat or susceptibility) is that individual rare earth sites apd
impurity phases are able to be resolved. For materials with
sufficiently high local symmetry, but not cubic, the CF parameters are
determined unambiguously from the data. However, this becomes
more difficult to accomplish as the symmetry decreases and the
number of CF parameters increases. In order to restrict the number
of free parameters, it is sometimes argued that only the rank 2 CF
component is important and that the ranks 4 and 6 can be ignored.
However, this is not always justifiable. A semi-empirical approach is
to use theoretical model computations to fix CF parameter ratios
within each of the three ranks. For example, useful CF
characterisations for the high-T, "123" ceramics and their related
phases have been achieved via simple point charge model

computations of within-rank CF ratios. 155G4 Mossbauer
spectroscopy of the isostructural Gd compound is often employed to
provide an independent determination of the rank 2 CF parameters
alone.

Application of rare earth Mdssbauer spectroscopy to the
characterisation of the CF for magnetic materials is more complex and
tends to be restricted to cases of high site symmetry. However, for
“hard" magnets in which the 4f magnetic moment can be considered
to be fully stretched, several of the commonly employed Mossbauer
resonances permit reasonable estimation of the axial rank 2 CF
parameter which is primarily responsible for the direction and extent
of the magnetic anisotropy.

169Tr Mossbauer spectroscopy has been employed to investigate
axial distortions (both static and dynamic) of cubic sites in
nonmagnetic materials and, in principle, it is possible to employ the
155Gd Mssbauer resonance to monitor small cubic site distortions in
magnetic materials. -However, the minimum resolvable lattice EFG

contribution is limited by the Mossbauer resonance's line width and,
in magnetic specimens, the small EQI is often buried within an
inhomogencous magnetic line broadening. In such cases, the low
temperature MAPON (modulated adiabatic passage on oriented
nuclei) technique developed by the Canberra group should prove
useful. The approach would be to substitute radioactive S-state
probes (*"7Lu say) at the rare earth sites of a single crystal specimen.
At dilution refrigerator temperatures (<100 mk), the nuclear sublevel
populations are unequal (the nuclei are oriented) and the radiation
distribution is aspherical. The radiation distribution is then used to
monitor the sublevel populations as an amplitude-modulated rf field is
swept through the sequence of EQI-split subresonances. When the
modulation frequency is small compared with the EQI, the sublevel
populations are left unchanged by the sweep. When the modulation
frequency is large compared with the EQI, the populations are
cyclically permuted. Thus by repeating the sweep procedure for
different modulation frequencies, the EQI distribution can be mapped
out. The technique has already enjoyed considerable success in
dilute transition metal alloy investigations (Chaplin and Hutchison,
Hyp. Int., 1992, 75, 209-228).

OCM-01.03.06 RESONANT NUCLEAR X-RAY SCATTERING
AS A CRYSTALLOGRAPHIC TOOL. By J. Arthur*,
Stanford Synchrotron Radiation Laboratbry. Stanford,
CA, USA.

Modern synchrotron x-ray sources are bright enough to
efficiently excite low-lying nuclear resonances.
Excitation followed by elastic emission. a process closely
related to the Mdssbauer effect, gives rise to coherent
resonant nuclear scattering. The extremely narrow
energy widths of the nuclear resonances and the
multipole nature of the resonance transitions make the
scattering very sensitive to the hyperfine environment of
the nuclei, and thus make this technique potentially very
useful as a crystallographic tool for studying magnetic
materials. Current research is directed principally at
understanding the coherent resonant scattering process
itself, which involves many subtle multiple-scattering
effects, and on developing techniques for expanding the
range of sample types that can be studied. Single
crystals, artificial layered structures, and polycrystalline
foils are now routinely examined. Three isotopes (57-Fe,
169-Tm, and 119-Sn) have been used so far, and several
others should soon follow.

OCM-01.03.07MICRO-REGION CRYSTALLOGRAPHY BY THE LAUE

METHOD USING WHITE SR. By K.Ohsumi*(l),K.Hagiya(Z),

T.Takase(3),S.Yasuami(4),M.Miyamoto(3) and M.Ohmasa(2)

1)Photon Factory, Nat'l Lab.for High Energy Physics
(KEK),Japan.

2)Dept.Life Sci.,Himeji Institute of Technology,Japan.

3)Faculty of Science,University of Tokyo,Japan.

4)R & D Center, Toshiba Corporation,Japan.

In order to analyze micro-textures in complicated crys-
tal aggregates, and to refine structures of submicro-
meter-sized crystal particles or twinned domains, an
equipment and software system were developed using the
Laue method combined with synchrotron radiation(SR).
This work was carried out at beamline 4B of the Photon
Factory(PF), KEK and were successfully applied to some
inorganic specimens (K.Ohsumi et al.,1991,J.Appl.Cryst.
Cryst.,24,340-348:K.0hsuml et al.,1992,Rev.Sci.Instrum.
,63(3),1181-1184).

The micrometer region of the specimen becomes a target
to be analyzed in such cases as mentioned above. Due to
limited space around beamline 4B of PF, a micro-pinhole
is used for making very fine incident SR.

Acta Cryst. (1993). A49 Supplement, c18-c19.
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The newly developed equipment for micro-region analysis
was designed to be installed with a micro-pinhole and
with an imaging plate(IP;Fuji Co.Ltd.) readout system.
Even though the equipment is placed in a vacuum chamber
to avoid air scattering, a diffraction pattern at
different crystal orientations can be obtained without
opening the chamber. Micropinholes with diameters of 5
and 10 gm were prepared and set Just after the collima-
tor. The distance between the pinhole and the sample is
7 mm, and the detecter using TP covers from -30 to 165
degrees in two-theta range with camera radius of 100mm.
This appratus with a 10um pinhole was initially applied
to olivine(Mg,SiO() included in a thin section of
meteorite, and“also to micrometer-sized aluminum grains
on a semiconductor material.

PS-01.03.08 COMPUTER-AIDED CRYSTAL ORIENTATION
By Y.J. Jiang*, X. N. Wang, L. Z. Zeng, Depart-
ment. of Applied Physics, Beijing Polytechnic

University, Beijing, 100022, China.

There are many methods for adjiustment of the
single crystals. Among them, the Laue method is
the most general one for the determination of
orientation and symmetry of crystals {Wood,
Crystal Orientation Manuel,Columbia University,

New York, 1963). In order to reduce the time
required for conventional Laue back-retflection
method, we have developed COMPUTER-AIDED

CRYSTAL ORIENTATION{CACO}. ,
Procedure and main points of -CACO
described in the following.
1. Mount the crystal to be oriented on a gonio-
meter, take a Laue photograph.
2. According to the gpatial arrangment and
intensity of spots on Laue photograph, select a
major spot (X’, Y') which is not only a strong
reflection but one through which many zones
pass,predefine the corresponding Miller indices
to be (h'k’L’). Move (X', Y') to the centre of
Laue photograph, transtorm other spots. Display
the transformed Laue photograph on screen.
3. Calculate positions and intensities of Laue
spots,simulated a Laue back-reflection pattern.
Ay
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Fig. 1 Schematic flow chart of CACO.
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The relative intensity of each reflection is
calculated by using the structure factor F, the
Lorentz factor L, the absorption correction, the
geometric factor and Kramer's formula (Preuss,
Laue Atlas, John Wiley, 1973). .

4. Compare the Laue back-reflection pattern
with the transformed photograph on screen.

5. If the simulated Laue pattern coincides with
photograph,the assumption in step 2 is correct,
the crystal orientation is finished; otherwise
the predefinition is wrong, go to step 2.

The computer program of CACO is
BASICA and designed to.run on IBM-PC/AT or
compatible computers. It can be used not only
for orienting single crystals, but also for
plotting Laue back-reflection diagrams and
stereographic projections of any crystal
structure. By changing some details, CACO can
also be applied to transmission Laue method.

PS-01.03.09 A HIGHLY PARALLEL
COUNTER FOR SYNCHROTRON
DIFFRACTION

By RA. Lewis*, N.S. Fore, C. Hall, W. Helsby, A. Jones,
B.Parker, I. Sumner, J.S. Worgan. S.E.R.C. Daresbury
Laboratory, Warrington, WA4 4AD, England

IMAGING GAS
RADIATION

Multiwire Gas Proportional Counters (MWPCs) currently in
use for synchrotron radiation diffraction offer unrivalied
dynamic range and detection efficiency. Unfortunately they
have until recently been somewhat limited in count rate
performance and $uffer from parallax problems at high angles
of incidence. We report here on the design of a new fast area
detection system currently under construction for the
Daresbury SRS. It utilises a highly paraltel data acquisition
system in order to achieve photon counting rates in excess of
108 counts per second, coupled to a pressurised proportional
counter to reduce parallax. The detector will be 200mm x
200mm and the system will have a real spatial resolution of ~
200um.

Recent test results from functioning parts of the system are
shown and an evaluation of the merits of using Microgap
versus conventional detector designs are reported.

PS-01.03.10AN I¥AGING-PLATE (1P) AREA DETECTOR SYSTEM
DEVELOPED ~ FOR  HIGI SPEED DATA- COLLECTION FROM LARGE-
UNIT CELL CRYSTALS USING A ROTATING ANODE GENERATOR.
By M. Sato®, N. Tanaka', Y. Katsube and T. Higashi",
Inst. for Protein Resecarch, Osaka University, 'Tokyo
Inst. of Technology, "Rigaku Corporation, Japan

The imaging plate area detector

system  (R-AXIS 11C)

using a rotating anode X ray generator was developed
for high-speed data-collection from large-unit-cell
crystals (Sato et al, J. Appl. Cryst., 1992, 25, 548~
351) 1L is a fully automatic data aquisition system

without manual intervention. The diffraction geometry
is based on an Arndi-Wonacott oscillation camera
except  that the crystal is rotated around a vertical
spindle axis. A double-focusing X-ray optics that uses
Ni-coated mirrors polished like an arc is employed to
avoid unfavorable curvaturcs arising {rom conventional
mechanisms to bend flat mirrors. I is quite suitable
for collecting data from large-unit-crystals. Two
kinds of software packages are provided: one controls
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