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Absolute Structure Factors for p(+)-Tartaric Acid
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A method of determining absolute structure factors from large, parallel-sided crystals is applied to a
sample of D(+ )-tartaric acid and is shown to give a random error in the structure factors of less than 1%,

Introduction

When structure factors are measured on a relative
scale, the scaling factor is usually determined with
respect to a crystal model during a least-squares pro-
cess. This procedure has two main defects. (1) Different
atomic models will give rise to different scattering fac-
tors which will result in differing scale factors. (2) Inter-
actions can occur during the least-squares process be-
tween the scale factor and the scattering factors and
between the scale factor and the temperature factors.

A systematic error in the scale factor can have
serious consequences if accurate and detailed informa-
tion is to be deduced from a difference Fourier syn-
thesis. This error has the effect of superimposing on the
difference map a positive or negative electron density
whose magnitude is proportional to the true electron
density and to the magnitude of the error (Stevens &
Coppens, 1975) and this can mask or distort the in-
formation which is being sought.

Measurements of absolute structure factors using
small, single crystals can be made (Burbank, 1965) but
problems in determining the volume of the crystal and
in providing a strictly monochromatic beam of uni-
form incident energy limit their accuracy. These prob-
lems can be overcome by using a large, parallel-sided
crystal whose cross-sectional area is greater than that
of the main beam, a technique investigated by De
Marco (1967) in determining the atomic scattering
factor of aluminium. A similar method is used in this
study.

For such a crystal, the integrated intensity ¢ and the
reflectivity of the plane Q, is given by

0=0QA..

A,, the transmission factor, takes into account the
geometrical aspects of the scattering as well as the ab-
sorption. Since the crystal is uniform in shape, this
factor can be determined exactly, (International Tables
for X-ray Crystallography, 1967), apart from any un-
certainties in the thickness of the crystal or in the ab-
sorption coefficient. The whole of the main beam is now
striking the crystal surface for all reflexions and I, now
becomes the total energy per unit time striking the
crystal and thus the energy per unit area in the main
beam need not be constant over the crystal surface.

The main differences between the technique used
here and that of De Marco (1967) are the following,
(1) The absorption coefficient has been measured with
a method described by Lawrence & Mathieson (1976).
(2) The thickness of the crystal was measured with a
linear differential transducer. (This value of ¢ was the
average thickness over those parts of the crystal inter-
sected by the beam during the scattering measure-
ments. For crystals of the order of 0-1 ¢cm thick, an
accuracy of 0:-1% in each measurement should be
achieved. The overall accuracy of the thickness
measurement will usually depend on the uniformity of
the crystal thickness.) (3) Harmonics in the main beam
were eliminated with the (111) planes of a Si crystal as
a monochromator. (4) Four measurements of each re-
flexion at ¢, ¢+ 180° ¢ —260 and ¢ —20+ 180° were
made. The measurements did not have the same inte-
grated intensities since they had different 4, values but
they were assumed to give the same structure factor.
These structure factors were averaged.

The use of large crystals increases the possibility of
the scattering being non-kinematic and this limits the
magnitude of the structure factors which can be meas-
ured. The identification and elimination of those re-
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flexions suffering from extinction is best done by meas-
uring the structure factors at two wavelengths.

Experimental

D(+ )-Tartaric acid was chosen by the International
Union of Crystallography as the subject of a single-
crystal intensity measurement project (Abrahams, Ha-
milton & Mathieson, 1970). Its structure had been
refined by Okaya, Stemple & Kay (1966) and again by
Hamilton & Abrahams (1970) using data from the in-
tensity project. A thin crystal of cross section 0-7 x 0-9
cm and of uniform thickness was grown from an
aqueous solution at 0°C, with the (h00) planes parallel
to the crystal face. Its average thickness was 0-0429 (3)
cm and the ut values for both Cu and Mo radiation
were ut(Cu Ko)=0-635 (5), ut(Mo Ka)=0-0680 (5). The
absorption factors were, therefore, yu(Cu Ka)=14-80
(15) cm ™, (Mo Ka)=1-584 (15) cm .

Integrated intensities of the hO! reflexions which
diffracted with Laue-type geometry were measured
with a scintillation counter for both Cu and Mo radia-
tions. Appropriate transmission factors were applied
to the intensities, the structure factors were deduced
and averaged over four measurements. These average
structure factors are listed in Table 1.

Table 1. Absolute structure factors measured with
copper radiation, F(Cu), and molybdenum radiation,

F(Mo)
h I F(Cu) F(Mo) h 1 F(Cu F(Mo)
-1 1 103 106 4 3 69 67
0 1 10 111 -4 4 101 104
1 1 134 175 -3 4 60 59
2 1 141 155 -2 4 32 33
-3 2 114 116 -1 4 142 176
-2 2 78 78 0 4 154 180
-1 2 9:2 94 1 4 63 62
0 2 169 244 2 4 116 117
1 2 158 197 3 4 116 119
2 2 68 66 -4 5 156 168
-5 3 9-0 87 -3 5 109 112
-4 3 65 63 -2 5 84 84
-3 3115 11-8 -1 5 60 58
-2 3153 17-1 0 5 33 31
-1 30138 180 -4 6 59 57
0 3 33 33 -3 6 38 36
1 3 89 90 0 6 65 66
2 3 43 40

ABSOLUTE STRUCTURE FACTORS FOR D(+)-TARTARIC ACID

Comparison of the data from the two wavelengths
shows that the structure factors measured with Cu ra-
diation are less than those measured with Mo radiation
for those structure factors greater than ten. This sug-
gests that these reflexions are suffering from extinction
and they can therefore yield no information as to the
value of the absolute kinematic structure factors. Of
the remaining structure factors, those measured with
Cu radiation appear to be about 1%, greater than those
measured with Mo radiation, possibly due to a system-
atic error in I, or p. It must also be remembered that
no corrections have been applied for either Compton
scattering or thermal diffuse scattering, effects which
will tend to reduce the magnitudes of the structure
factors.

The variation in the crystal thickness (0-7 %) and un-
certainties in the ut values (0-8 %) give a maximum
random error in A, of 1-3%,. Thickness variations must
also cause errors in the ¢ values and measurements of ¢
taken at ¢ and ¢ + 180, which should have the same
integrated intensities, suggest errors of about 29, in
each g value. Since each structure factor is the average
of four ¢ measurements, the total random error in each
structure factor will be less than 1Y%,.

This method could be applicable to any material
provided the necessary crystal can be grown. Partic-
ularly with organic materials, there should be a suf-
ficiently large number of small ‘kinematic’ reflexions
which can be measured to reasonable accuracy. These
structure factors can then be used to place a data set,
measured conventionally with a small crystal, on an
absolute scale.
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