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Increasing the size of search fragments for use in Patterson method calculations ~ the partial fragment
rotation function. Erratum. By C. C. WILSON, Neutron Division, Rutherford Appleton Laboratory, Chilton, Didcot,

Oxon OX11 0QX, England

(Received 5 July 1988)

Abstract

Equations given by Wilson [Acta Cryst. (1988) A44, 478-
481] are corrected. There are misplaced brackets in
equations (1) and (3) and an incorrect lower summation
limit in equation (3).

Equation (1) should read
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and equation (3) should read
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All relevant information is given in the Abstract.
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D-8000 Munich, Federal Republic of Germany, and WILFRIED, SCHILDKAMP, Cornell High Energy Synchrotron Source,
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Abstract

The photon flux generated by the six-pole wiggler at CHESS
combined with a focusing mirror and a focusing mono-
chromator allowed diffraction experiments at 1-56 A
wavelength with a 2-2(5) um?® CaF, single crystal. The crys-
tal was oriented by means of a multiwire proportional area
counter. Reflection profiles and Bragg intensities were col-
lected with a scintillation counter. The Bragg intensities
were used for a structure refinement. The results demon-
strate that crystals composed of light elements with volumes
down to only 0-5 um® can be mounted and used for single-
crystal X-ray diffraction experiments. Until now such crys-
tals have been considered as powder grains. Besides the
possibility of applying single-crystal methods to materials
of which larger crystals are not available the essentially
extinction-free data from microcrystals allow a high-
precision determination of electron densities and vibra-
tional amplitudes.

Synchrotron radiation allows experiments on very small
single crystals because of the low divergence and high
brilliance of the beam. This feature stimulated experiments
with a 200 um® CaF, microcrystal (Bachmann et al., 1983)
and an 800 wm? zeolite microcrystal (Eisenberger, Neusam,
Leonowicz & Vaugham, 1984). Rocking curves and reflec-
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tion intensities have been recorded for these microcrystals.
The Bragg intensities measured from the 200 um® CaF,
crystal have also been used for structure refinements and
analyses of the mosaic spread of the crystal (Bachmann,
Kohler, Schulz & Weber, 1985; Hoche, Schulz, Weber,
Belzner, Wolf & Wulf, 1986). Microcrystals of about
10* um® volume have been used recently for diffraction
experiments with macromolecular materials (Andrews,
Papitz, Blake, Helliwell & Harding, 1988).

From the viewpoint of an X-ray scattering experiment
the size of a crystal provides only a very rough estimate of
the expected scattering effect, which is a function of the
scattering power of a single crystal. The scattering power
may be defined for an ideally imperfect crystal as

S=(Fo/ V.)*V.A® (1)

where F, is the number of electrons per elementary cell,
V. and V_ are the volumes of the elementary cell and of
the crystal, and A is the wavelength. Usually crystals with
S =10'°-10"7 are used for standard structure investigations.
The above-mentioned CaF, (Bachmann et al, 1983) and
zeolite (Eisenberger et al., 1984) microcrystals had scatter-
ing powers of 1:45x 10" and 1-85 x 10'°, respectively.
Microcrystals with diameters smaller than the extinction
length L behave as ideally imperfect crystals. The extinction
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0-010 A? for F [Fig. 4 of Bachmann, Kohler, Schulz &
Weber (1985)]. From the size of the crystal, it can be
expected that the data are completely free from extinction
effects.

Because no experimental information on the degree of
polarization was available, the refinements of the tem-
perature factors were repeated under the assumption of
various degrees of polarization. Within the region between
30 and 90% of polarization the temperature factors varied
from 0-015 (6) to 0-023 (6) A? for Ca and from 0-030 (9)
to 0:037 (9) A? for F. They did not reach the above-
mentioned expected values.

Our experiments allow an extrapolation to the present
limitations for diffraction experiments on microcrystals.
The crystal mounting as described above can handle crystals
down to 0:5 pm in diameter if blue light is used. Such
crystals appear only as an unsharp spot. An ideal counter
for work with microcrystals is a wire detector. Its intrinsic
background is zero and it allows the registration of single
counts. The relatively low maximum count rate of these
area detectors corresponds well to the relatively weak
diffracted intensities. It is necessary to reduce the back-
ground intensity to an acceptable signal-to-noise ratio. The
background level could be reduced by at least one order
of magnitude compared with our experiments if air scatter-
ing is avoided. It follows that microcrystals down to about
0-2 um’ could be used for X-ray diffraction experiments,
following the experimental procedure described in this
paper. Further reductions of the crystal size should be
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Fig. 2. w scan (rocking curve) of the 220 reflection; peak intensity
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Fig. 3. w scan of the 202 reflection; peak intensity ~2400
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Table 1. F(hkl) values
h k I F (obs.) F (calc.) o (F)
0 0 2 6-356 4-045 5-14
0 0 4 60-621 58-092 3-30
0 2 2 89-789 86-463 1-77
0 2 4 14-853 11-444 2-39
1 1 1 60-499 61-078 1-17
1 1 3 37-069 41-602 1-76
1 3 3 31-137 31-379 3-15
2 2 2 17-643 10-075 4-11
2 2 4 4]1-784 42-829 2-35

possible if the peak search is carried out with computer
control.

Such experiments may lead to large progress in several
fields of solid-state research for the following reasons: (a)
A detailed description of the atomic arrangements and
vibrational properties of a solid is best achieved by crystals
which can be described by the kinematic theory of X-ray
diffraction. However, frequently diffraction intensities are
biased by absorption and extinction effects. Diffraction
experiments on very small single crystals do not suffer from
these shortcomings, and one can obtain an unbiased data
set for crystal structure analysis. (b) Frequently newly
synthesized compounds can only be grown to crystal sizes
of about 1 pm in diameter. Such compounds can now be
investigated by single-crystal diffraction methods, if syn-
chrotron radiation is used. (¢) Crystals in special environ-
ments may be limited in size by experimental conditions.
This holds especially for single crystals in high-pressure
cells in the pressure range above 10'° Pa.

These considerations lie precisely on a line for future
experiments proposed in the foundation-phase report of
the European Synchrotron Radiation Facility (1987) (the
so-called ‘red book’). Diffraction experiments on sample
sizes of (200 A)? or short-time diffraction experiments with
1 wm? crystals in 1 ws are considered in this report.
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