SHORT COMMUNICATIONS

of the cell. All the crystals examined were twinned on
the (101) plane. From the volume of the cell, 375 A3,
and the formula weight of 383-7, the only reasonable
caleculated density is 1-70 g.cm.—® with one molecule per
unit cell.

Since there is only one molecule per cell, the palladium
atom can be placed at the origin. The signs of all but
the very weakest structure factors may be assumed to be
positive. Assuming space group PT and positive signs for
the structure factors, the electron density was projected
along [100] and [111]. The clearest resolution of atoms
was obtained on the [100] projection shown in Fig. 1.
The [111] projection served only to indicate the third
parameter for the chlorine atoms. The chlorine parameters
were found to be z = 0-124, y = 0-792, z = 0-084. The
agreement between calculated and observed F values at

Acta Cryst. (1956). 9, 195

195

this stage was R = Z||F,|~|F.||+ Z|F,| = 0-24 for the
zero-layer Weissenberg data and 0-26 for the zero-layer
precession-camera data.

The results may be interpreted as the formation of a
planar square complex with the benzonitrile groups
attached end-on through the nitrogen atoms at positions
trans to each other. The approximate Pd—Cl bond distance
is 2:35 A. Further refinement of this structure, which
would require full three-dimensional intensity data and
three-dimensional electron density refinement tech-
niques, is not contemplated.
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In the course of a comprehensive study of solid-state
reactions we have determined the crystal structure of the
stable (x) modification of frans-cinnamic acid.

According to Groth (1917), the crystals are monoclinic
prismatic showing {010};

azb:c = 0-8627:1:0-3138, § = 96° 49}';
d = 1-245—1-247 g.cm.™3,

For crystals at room temperature we find:

a = 7-79+£0-02, b = 18-07+0:05, ¢ = 5:67+£0-02 A,
p = 97°%1°;
space group P2,/n, Z = 4,
giving
a:b:c = 0431:1:0-314 ,
in good agreement with the previous values.

The structure was determined from a three-dimensional
Patterson synthesis. Coordinates were refined from zonal
data; R(hk0) = 17-69% and R(0kl) = 18-0% at the pre-
sent stage of refinement. Concurrently with the room-
temperature refinement, the = and y coordinates were
determined from (hkO) intensities (Cu and Mo) measured
at the temperature of boiling nitrogen; for these data
R(hEO) = 13-9%. The values of the relevant lattice
constants at this temperature are « sinf = 7-64 and
b = 1751 A. Electron-density projections down [001]
(Fig. 1) illustrate the increased resolution obtainable with
low-temperature data; for carbon, the average peak den-
sity ¢(0) is increased from 7 to 10 e.A~2, and for oxygen,
from 9 to 14 e.A-2.

The observed structure confirms Lonsdale’s predictions
(1939) based on magnetic measurements. The structural
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Fig. 1. The c-axis projection of electron density (a) at room
temperature, (b) at 90° K. Contour interval 1 e.A—2 be-
ginning at 1 e.A~2,

units are dimers formed by the hydrogen bonding of
carboxyl groups across centres of symmetry. Full details
of the structure analysis and the relation of molecular
packing to chemical behaviour will be discussed in a
later paper.

References

GroTH, P. (1917). Chemische Kristallographie, vol. 4,
p- 615. Leipzig: Engelmann.
Lowspacre, K. (1939). Proc. Roy. Soc. A, 171, 561.



