
The crystal structure of a sodium paradodecatungstate has
been analyzed using high-energy X-rays at the SPring-8
BL02B1 beamline, aiming at an absorption free structure deter-
mination of polynuclear heavy metal compounds.  Effect of the
use of high-energy synchrotron radiation has been demonstrated
and the result was of sufficient quality

One of the most serious problems encountered when ana-
lyzing the crystal structures of compounds containing heavy
elements by X-ray diffraction is the absorption effect that intro-
duces a systematic error to measured diffraction intensities.
Although absorption corrections can be applied using various
methods,2 they are in many cases of limited accuracy, especial-
ly when it is difficult to make accurate measurements of the
crystal shape and size due to the crystals not having well-devel-
oped faces or being sealed in capillaries.  Diffraction data not or
insufficiently corrected for the effect of absorption lead to unre-
alistically distorted anisotropic displacement parameters and
poor fit between observed and calculated structure factors.  The
latter particularly decreases the precision of positional (and dis-
placement) parameters of lighter atoms, which accordingly
makes geometric parameters involving these atoms less reli-
able.  A much better way to avoid this systematic error is, with-
out any doubt, to diminish the absorption effect, which can be
achieved either by making the crystal size smaller or by reduc-
ing the absorption coefficients of the material under study.  The
former is not practical because crystals should be large enough
for the diffraction to be observed with sufficient signal to noise
ratio.  The latter can be realized when using high-energy, or
short wavelength, X-rays.  However, conventional sources
(sealed tubes or rotating anodes) cannot generate X-rays with
sufficient intensity at wavelengths shorter than MoKα radia-
tion.  In the past decade, third generation synchrotron storage
rings that generate high-energy X-rays with sufficient brilliance
became available, the exploitation of which should solve the
aforementioned difficulties.  Recently, a seven-circle goniome-
ter was installed in the BL02B1 beamline of SPring-8.3 It is
equipped with an imaging-plate cylindrical vacuum camera that
enables single crystal structure analyses.3 An attempt to carry
out a structure analysis of heavy metal compounds with high-
energy X-rays using this apparatus was initiated and its result is
reported here.

As an example of heavily X-ray absorbing materials, sodi-
um paradodecatungstate 26-27 hydrate4 was employed.  It is a
polyoxotungstate containing 12 W atoms, whose linear absorp-
tion coefficient is as large as 23.2 mm–1 for MoKα radiation.
Single crystals were obtained by slowly evaporating its concen-
trated aqueous solutions.  To avoid efflorescence under vacu-
um, a crystal with the dimension of 0.2 × 0.2 × 0.1 mm was
sealed in a glass capillary and mounted on the Huber seven-cir-
cle goniometer at the BL02B1 beamline of SPring-8.

Diffraction data were collected on imaging plates using the vac-
uum camera attached to the diffractometer.  Diffraction images
recorded on imaging plates were indexed and integrated using
the program DENZO.5 Intensity data were corrected for
Lorentz and polarization but not for absorption effects.  The
structure was solved by direct methods using SHELXS-976 and
refined by full-matrix least-squares on F2 using SHELXL-97.6

Anomalous scattering factors and X-ray absorption coefficients
were taken from References 7 and 8, respectively.  Summary of
the experimental conditions and crystal data are listed in Table
1.9

Obtained data were of sufficient quality to warrant a suc-
cessful structure solution by direct methods without any special
treatments.  The obtained crystal structure is identical with
those already reported10,11 within experimental errors, except
for some disordered water molecules of crystallization.  An
ORTEP12 diagram of the [H2W12O42]10– anion is shown in
Figure 1.  Although no absorption corrections were applied and
only 54.8% of the independent reciprocal space below sinθ/λ of
0.893 Å–1 was measured, the least-squares refinements were
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successfully converged without any systematic distortions.  No
restraints or constraints were necessary except for the occupan-
cy factors for the disordered atoms.  It is noteworthy that all the
O atoms in the crystal, except for those disordered, were stably
refined using anisotropic displacement parameters.  In many
polyoxotungstate crystals, only heavy atoms can be refined
anisotropically and anisotropic refinements of O atoms tend to
result in non-positive definite or extremely skewed displace-
ment parameters.  However, there is no unrealistically distorted
displacement ellipsoid, as shown in Figure 1.  Also, the posi-
tional parameters of O atoms were refined to give sufficient
precision.  Standard uncertainties for the geometric parameters
involving O atoms are considerably small: 0.004–0.007 Å
[average 0.006 Å] for W–O distances, 0.2–0.3° [average 0.2°]
for O–W–O angles, and 0.2–0.4° [average 0.3°] for W–O–W
angles.

As is demonstrated here, reduction of the effect of absorp-
tion by using high-energy synchrotron X-ray radiation enables
structure determinations of heavy metal polynuclear com-
pounds with high precision.  Detailed interpretations of geome-
tries involving lighter atoms become possible even without any
corrections for the effect of absorption.  However, there are
some experimental inconveniences: (a) imaging plates should
be manually set to the camera and the reader, (b) only rotation
around one axis is allowed and data collections with higher
completeness and redundancy are impossible, (c) data should be
collected at room temperature, (d) relatively long exposure time
is needed.  Currently, a new experimental station is under
development to overcome these inconveniences.13
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