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An imaging plate Weissenberg camera was installed in the
BLO4B2 beamline of SPring-8 aiming at automated crystal
structure determinations of small molecules. Since this beam-
line is designed to provide X-rays with the energies higher than
37 keV (A < 0.33 A), this camera is advantageous in crystal
structure analyses of heavily X-ray absorbing materials. The
title crystal structure analysis led to precise positional parame-
ters and well-behaved displacement parameters not only for
heavy atoms but also for light atoms.

Synchrotron radiation (SR) has made an enormous impact
to crystallography since its discovery.?® However, apart from
biological macromolecules, advantages of the use of SR have
not been fully exploited for the single crystal structure determi-
nation, which is undoubtedly the most popular contribution of
crystallography to chemistry. Only a handful of facilities have
been utilized for determining crystal structures of small mole-
cules of chemical interest.* Moreover, there are only a few
facilities that are entirely devoted for chemical
crystallography.® Modern SR facilities storing higher energy
electron beams (typically higher than 6 GeV) such as SPring-8
have an advantage of providing high-energy X-rays (wave-
lengths much shorter than Mo Ka radiation) at sufficient flux.
Diffraction experiments using high-energy X-rays suffer less
absorption and extinction and are thus expected to provide
results free from systematic errors caused by these effects.
Although exploitations of the advantages of using high-energy
SR for X-ray diffraction experiments had been limited to
charge-density® and diffuse scattering” studies, our previous
report demonstrated that reduction of the effect of absorption by
using high-energy SR X-ray enabled a structure determination
of a heavy metal polynuclear compound with high precision.®
In these contexts, we have installed an automated imaging plate
Weissenberg camera into the BL04B2 beamline of SPring-8, as
afacility purely dedicated to crystal structure determinations of
non-biological small molecules. As the BL0O4B2 beamline is
designed to provide a high-energy X-ray beam,® this instrument
is expected to be powerful in determining the structures of
highly X-ray absorbing crystals.

A DIP-Labo diffractometer, an automated imaging plate
(IP) Weissenberg camera from MAC Science Co., Ltd., was
installed in the BLO4B2 beamline of SPring-8. It utilizes 37.78
keV (0.3282 A) X-ray monochromated by a Si(111) crystal. It
is equipped with an imaging plate with the size of 240 x 420
mm that is made cylindrical with a radius of 120 mm around

the w axis of ak-type three-circle goniometer. After exposure,
the diffraction image recorded on the IP is automatically
processed by an integrated |P reader. A shutter, a collimating
system and a beam-stop were modified, which can be seen in
Figure 1.10

As an example of heavily X-ray absorbing materials,
bis(tetrabutylammonium) hexatungstate! was employed. Itisa
polyoxotungstate containing six W atoms. Single crystals were
obtained by recrystallizing crude product from acetone. The
crystal used in this experiment measured 0.097 x 0.064 x 0.020
mm, which would cause severe absorption for MoKa radiation
(u for Mo Ka is 14.3 mm™). However, 37.78 keV X-ray suf-
fers negligible amount of absorption by a crystal of this size,
even though it contains alarge number of heavy elements (u for
37.78 keV is 1.91 mm™). A total of 59 diffraction images were
automatically collected on an imaging plate and were indexed
and integrated using the program DENZO.12 Intensity data
were corrected for Lorentz and polarization but not for absorp-
tion effects. The structure was solved by analyzing a three-
dimensional Patterson synthesis and refined by full-matrix |east
squares on F2 using SHELXL-97.13 Anomalous scattering fac-
tors and X-ray absorption coefficients were taken from
References 14 and 15, respectively. Summary of the experi-
mental conditions and crystal data arelisted in Table 1.

Figure 1. A perspective view of the imaging plate Weisscnberg camera
installed in thc BLO4B2 beamline of SPring-8: (a) high-speed shutter, (b)
collimating system, (c¢) x-type three-circle goniometer, and (d) adjustable
beam-stop.
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Table 1. Summary of experimental conditions and crystal data

Chemical formula
Formula weight

C3oH72NoW6O1o
1892.0

Space group Pl

Z 2

al A 11.671(1)
b/A 12.649(1)
clA 19.191(1)
al® 78.78(1)
Bile 74.48(1)
i ° 62.61(1)
Wavelength / A 0.3282
(3778 keV) / mm™! 1.91

2 (Mo Ko) / mm™ 14.3
Temperature / K 130

Data collection mode

Oscillation width per frame / ©
1

Oscillation method
4
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Figure 2. ORTEP drawings of the two independent [Wﬁolg]z’ anions.
Displacement ellipsoids are scaled to enclose 50% probability levels.
Selected distances (A): W1-03 1.717(3), W1-09' 1.927(3), W1-O1' 1.928(3),
WI1-04 1.936(3), W1-0O5 1.946(3), W1-019 2.332(1), W2-0O7 1.716(3),
W2-08 1.916(3), W2-0O5 1.927(3), W2-09 1.943(3), W2-06 1.955(3),
W2-019 2.339(1), W3-02 1.712(3), W3-06 1.923(3), W3-04 1.931(3),
W3-01 1.938(3), W3-08' 1.960(3), W3-019 2.351(1), W4-010 1.718(3),
W4-015 1.929(3), W4-0O11 1.929(3), W4-013 1.940(3), W4-O17 1.942(3),
W4-020 2.338(1), W5-012 1.717(3), W5-016 1.925(3), W5-013" 1.933(3),
W5-018 1.935(3), W5-O11 1.950(3), W5-020 2.344(1), W6-O14 1.718(3),
W6-015 1.935(3), W6-0181 1.935(3), W6-016 1.936(3), W6-017" 1.940(3),

Scan speed / ° min’ 3

(sin 8/ Amax / A 0.909
Total number of data collected 46399
Rint 0.0445
Completeness / % 88.8
Number of independent data 26928
Number of parameters 544
R(F) (Fo>40(Fo)) 0.0357
wR(F?) (all reflections) 0.0767
APmax /| €A 2.20
APrin ! €A -1.85

Obtained data were of sufficient quality to give a well-
resolved three-dimensional Patterson map to warrant a straight-
forward solution. The obtained crystal structure is basically
identical with those already reported,! except for that the cur-
rent analysis revealed a disorder of one of the terminal ethyl
groups of a tetrabutylammonium cation over two sites with the
occupancies of 0.88(1) and 0.12(1). ORTEP?6 diagrams of the
[WgO;4]% anions are shown in Figure 2. Although no absorp-
tion corrections were applied, the least-squares refinements
were successfully converged without any systematic distortions.
It is noteworthy that all the non-hydrogen atoms in the crystal,
except for the less occupied part of the disordered group, were
stably refined using anisotropic displacement parameters. In
many polyoxotungstate crystals, only heavy atoms can be
refined anisotropically and anisotropic refinements of lighter
atoms tend to result in non-positive definite or extremely
skewed displacement parameters. However, there are no unre-
alistically distorted displacement ellipsoids, as shown in Figure
2. Also, the positional parameters of lighter atoms were refined
to give sufficient precision, which is illustrated by small stan-
dard uncertainties associated with the W—O distances shown in
Figure 2.

As is demonstrated here, the imaging plate Weissenberg
camera installed in the BL04B2 beamline of SPring-8 was
proved to be powerful in structure determinations of heavy
metal polynuclear compounds with high precision. Detailed
interpretations of geometries involving lighter atoms become
possible even without any corrections for the effect of absorp-
tion. Most of the inconveniences encountered in our previous
experiment® were overcome.

W6-020 2.340(1).  Symmetry codes: (i) -x, -y, -z; (i) 1-x, 1-y, 1-z.

The synchrotron radiation experiment was performed at

SPring-8 BL04B2 beamline under an agreement with JASRI.
Purchasing the diffractometer was supported by JST and its
installation to SPring-8 was supported by JST and JASRI.
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