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angle. Tt seems likely then that the ‘double’ bonds
in the complex are intermediate in length to a normal
single and a normal double bond.

We feel that we have obtained all of the information
on the ring geometry which is possible with the present
visual intensity data. We agree with Baenziger et al.
(1961) that in this type of problem better data are
probably required if significant information on ring
geometry is to be obtained.
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The Crystal Structure of Iron Pentacarbonyl

By A. W. Hanson
Division of Pure Physics, National Research Council, Ottawa, Canada

(Recetved 4 December 1961)

Iron pentacarbonyl at —80 °C. is monoclinic, probably Ce, with

a=11-71, b=6-80, c=9-28 A; f=107-6°; Z=4.

Intensities were collected for the three zones [010], [001], and [110] at temperatures ranging from
—70 to —110 °C. The crystal structure was determined by heavy-atom methods, and refined with
the aid of two-dimensional Fourier syntheses. The molecule has the expected form of a trigonal
bipyramid, but is slightly distorted in such a way as to allow closer packing.

Introduction

Ewens & Lister (1939) have shown by electron-
diffraction studies of the gas that the molecule of iron
pentacarbonyl (Fe(CO)s) has the form of a trigonal
bipyramid. However, recent investigations in the
Division of Pure Chemistry have made it desirable
to confirm this important result by crystal-structure
analysis.

Experimental details

Iron pentacarbonyl is a straw-coloured liquid which
freezes at —20 °C. The X-ray data were obtained
from precession and Weissenberg photographs taken

at temperatures ranging from —70 to —110 °C.
Distilled material was sealed in a thin-walled glass
capillary of about 0-4 mm. diameter, and single crystals
were grown by alternate slow freezing and partial
melting of the sample. Suitable crystals were easy
to grow, but when cooled to the working temperature
they invariably split into two or more fragments.
Sometimes the damage to the crystal was compara-
tively slight, and the photographs were usable. All
the X.-ray data have been obtained from such photo-
graphs. Mo K« radiation was used throughout.

The crystal data at —80 °C. (obtained from preces-
sion photographs) are
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Monoclinic, probably Cc

a=11-7140-06, b=6-80 + 0-04, ¢=9-28 + 0-05 A;
B=107-6 + 0-4°.

D, (calculated density)=1-85+0-03 g.cm.73 (Z=4).
D, (observed density) not known; density of liquid
1-46 g.cm. 3,
(Handbook of Chemistry & Physics, 1955).
©#=22 cm."1 (Mo K«).

There seemed to be no preferred direction of crystal
growth in the capillary, and much trial-and-error
was needed to produce a crystal with a specific
orientation. For some reason the most desirable
orientation for Weissenberg photographs (with b
approximately parallel to the capillary) was never
found. The k0! intensity data were therefore obtained
from a set of precession photographs of the [010] zone.
The low-temperature technique used for these photo-
graphs was essentially that described by Burbank &
Bensey (1952) in which the crystal is maintained in
a stream of cold nitrogen gas which is itself sur-
rounded by an envelope of warm, scrupulously dry air.
This technique was used also for a set of Weissenberg
photographs of the [001] zone; the double-slit layer-
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line screen described by Hanson (1958) was used to
allow access to the crystal and goniometer head.
Tt was found, however, that confinement in the
layer-line screen of the cold and warm gas streams
led to some turbulence, with consequent frost forma-
tion and a higher working temperature. In order to
obtain a set of Weissenberg photographs of the [110]
zone, therefore, the warm air envelope was not used
(except during preliminary adjustments), and the
layer-line screen was provided with a heater, and
partially sealed. The modified technique thus re-
sembled that described by Kroeger (1955). The
diversity of techniques resulted in somewhat different
working temperatures for the three sets of photo-
graphs. These temperatures, measured by substituting
a thermocouple for the capillary, were —80 °C. for
[010] and lattice parameters, —70 °C. for [001], and
—110 °C. for [110]. Because of the experimental
difficulties encountered, it was not considered to be
worthwhile to repeat the last set at a higher temper-
ature.

The intensities were measured visually with the aid
of a standard wedge. Corrections for absorption were
considered to be unnecessary, and were not applied.

a/2 sing
a/2sinf

o

@ -lron
(O - Carbon

O - Oxygen

Fig. 1. Electron-density projections and interpretations. Contours are drawn at intervals of 2 e.A-2 except in the neighbourhood
of the iron atom (shaded areas) where the interval is 10 e.A-2, The lowest contour is at 2 e.A—2. (a) Projection along [010].
(b) Projection along [001]. (c) Projcetion along [110}. The primed quantities refer to a primitive unit cell.



932 THE CRYSTAL STRUCTURE OF IRON PENTACARBONYL

Structure determination Table 2. Observed and calculated structure amplitudes
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for the zones [010], [001], and [110] are 0-08, 0-10,
and 0-12 if unobserved reflections are not considered.
The detailed agreement is reasonable, and there can
be little doubt of the essential correctness of the
structure. The accuracy is less satisfactory, however.
The mean standard deviation of light-atom coordinates
has been estimated by Cruickshank’s method (Lipson
& Cochran, 1953) to be about 0-04 A. This value is
rather high, but perhaps not unduly so considering
that the positions of these atoms have been derived
from non-centrosymmetrical projections, and that
there is an iron atom present.

Discussion

Intramolecular distances are given in Table 3. In-
dividual deviations from mean distances in no case
exceed the estimated standard deviation of light-atom
coordinates, and are therefore not significant. The
results agree well with those found by Ewens & Lister
but can hardly be said to be more accurate.

Table 3. Interatomic distances

Standard Value from

devia- Ewens &
Range Mean tion* Lister
Atoms (A) (A) (A) (A)
Fe, C 1-79—1-84 1-82 0-02 1-84+0-03
C, 0 1-11—-1-15 1-14 0-02 1-15+0-04
Fe, O 2:92—2-98 2-95 0-03 —

* Standard deviation from experimental values of equiv-
alent distances. The standard deviation of light-atom coor-
dinates, estimated by Cruickshank’s method, is 0-04 A,

The molecule has the form of a trigonal bipyramid,
as expected, but if an idealized molecule is so oriented
as to coincide as nearly as possible with the observed
molecule, some distortion is evident. The displace-
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ment of any atom from its ideal position does not
exceed 013 A, but for three of the oxygen atoms,
the displacements lie in the range 0-12 to 0-13 A.
These distances are about three times the estimated
standard deviation of light-atom coordinates, and
therefore represent a significant distortion. A con-
sideration of intermolecular distances suggests a
reason for the distortion. For the observed structure
the shortest intermolecular distance is 3-03 A, while
for the idealized structure it is 2-89 A. It would appear
that the distortion of the molecule allows a closer
packing, or in other words, that the molecule is
sufficiently non-rigid to be deformed by van der
Waals forces.

The specimens of iron pentacarbonyl were prepared
by Dr K. F. H. Spiesecke of the Division of Pure
Chemistry. The computations were carried out by
Dr F.R. Ahmed of this laboratory, using IBM 650
computers at No. 1 Army Pay Ledger Unit, and at
the University of Ottawa. Their assistance, and the
continued encouragement of Dr W. H. Barnes, are
gratefully acknowledged.
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The Crystal and Molecular Structure of Monofluoroacetamide

By D. O. Hucres anp R. W. H. SmaLL
Chemistry Department, University of Birmingham, England

(Received 13 December 1961)

The structure of monofluoroactamide has been determined using three-dimensional intensities
measured with a proportional counter. Atomic positions and anisotropic thermal-vibration param-
eters have been refined by the least-squares method and the atomic thermal-vibration parameters
interpreted in terms of the rigid-body vibrations of the molecule. The principal interatomic distances

(corrected for rotational vibrations) are

C-C=1-533 +0-006, C—F =1-406 +0-005, C-N =1-319 +0-005, C—0 =1-254 +0-005 A .

The determination of the structure of monofluoro-
acetamide forms part of a series of investigations
being carried out in this laboratory to examine the

influence of different attached groups and environ-
ments upon one particular group, the amide group.
It is of interest also in respect of any effect the



