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The Crystal Structure of g-1, 2, 4, 5-Tetrabromocyclohexane

By F. A. Haax*, J. L. pE Vrigs axp C. H. MACGILLAVRY
Laboratory for General and Inorganic Chemistry of the Municipal University of Amsterdam, Holland

(Received 24 May 1951)

The crystal structure of §-1, 2, 4, 5-tetrabromocyclohexane has been determined. Cell dimensions
are a="7-23,b=12-32,¢=6-36 A, f=110° 30’. The space group is P2, /c. Three projections of electron
density are given. The carbon six-ring has the chair configuration; all bromine atoms are placed

equatorially.

1. Introduction and results

The addition of bromine to cyclohexadiene-1,4 yields
two tetrabromocyclohexanes, CgHyBr,. The main com-
ponent, melting at 188° C. (corr.), was investigated by
Halmgy & Hassel (1939), and was proved to have the
spatial structure le, 2¢, 4k, 5« (lp,2p,4e,5e in the
notation of Pitzer). The other tetrabromocyclohexane,
melting at 218°C. (corr.), only a small percentage of
which occurs in the crystal mixture, has been described
in an earlier communication (Wibaut & Haak, 1948).
It was assumed that in this tetrabromide, also, the
bromine atoms were attached to the carbon atoms
1, 2, 4 and 5, though this assumption was based on
indirect evidence only. As a short notation these two
tetrabromides have been called a- and §-1,2,4, 5-tetra-
bromocyclohexane respectively (Haak, 1948, p. 22).

From X-ray analysis the spatial configuration of
this isomer has been derived. The space group, P2,/ec,
and the number of molecules in the unit cell, 2, require
that the molecule has a centre of symmetry, and thus
the chair configuration. Moreover, this centre of
symmetry in the molecule confirms the assumption
that the four bromine atoms are bonded to the carbon
atoms 1, 2, 4 and 5 respectively. As the chair con-
figuration of the six-membered carbon ring is not
flexible it was possible to calculate the distance from
a bromine atom to the centre of the ring in the two
possible positions: equatorial and polar.t The bromine
distances to the centres of symmetry in the unit cell,
calculated from the crystallographically determined
bromine parameters, indicate that all bromine atoms
are placed equatorially.

Because of the high bromine content (809, by
weight) of this compound, and the great scattering
power of the bromine atoms compared with that of the
carbon atoms, it was not possible to find the exact
positions of the later.

* Now at Koninklijke/Shell-Laboratorium, Amsterdam,
Holland.

1 The notation equatorial and polar for the two directions
of substituents in the chair configuration of the cyclohexane
ring was introduced by Pitzer & Beckett (1947). His abbrevia-
tions ¢ and p correspond to Hassel’s ¥ and e respectively
(Hassel, 1943).

2. Crystallographic data, cell dimensions and
number of molecules in the cell
Very thin plates were obtained by recrystallization
from benzene. A pronounced cleavage along the [001]
axis was observed. The crystals are monoclinic. From
Weissenberg diagrams about [100], [010] and [001]
with Cu K radiation the cell constants were found:

=123, 5=12-32, ¢=6-364, £=110°30".

The density was determined by the suspension method
in a solution of ZnBr, in water. The observed value
(2-8g.cm.—3) indicated the presence of two molecules
in the cell, with which number an X-ray density of
2-:96 g.cm.—3 is calculated.

3. Space group
The Weissenberg diagrams of the zero layer line about
the @ and ¢ axes showed two planes of symmetry, those
of the first layer line only one. The diagrams of the zero
and first layer lines about the b axis did not contain any
planes of symmetry; consequently the crystals have
a monoclinic symmetry. The following reflexions were

absent: reflexions (0k0) for k odd,
reflexions (201) for [ odd.

Thus the space group is P2,/c.

4. Electron-density projections

Although this compound has a very high bromine
content, it was possible, for Weissenberg diagrams
about the a and ¢ axes, to prepare crystals small enough
for absorption to be neglected (the values of ur in these
cases were 0-2 and 0-5 respectively). For Weissenberg
diagrams about the b axis a (010) plate was shaped to
a cylinder of 0-4 mm. diameter. In this case a correction
for the absorption was introduced, assuming the
crystal to be exactly cylindrical in shape. The intensities
were estimated visually; multiple-film technique was
used.

For the approximate bromine parameters the
following values were derived from Patterson pro-
jections along the three axes:

Br; x=90°, y=>54°,
Br;;  z=-100°, y=>54°,

z=165°;
2=83°,
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With these values the signs of the Fourier coefficients
were determined, and the three Fourier projections
were calculated. These and the corresponding projec-
tions of the structure are given in Figs. 1-6. From the
electron-density maps the following bromine positions
were found:

Bry
Bryy

2=90°, y=>54°, 2=165°%
r=—100°, y=>54°, 2=81°,

The observed F values for the three projections are
in satisfactory agreement with those calculated with
these bromine positions and with the following carbon
parameters (calculated for the non-distorted molecule
model):

C, =33, y=34°, 2=54%
C, =2=-38, y=I14°, 2=55"
C, 2=-1T8, y=—4° z=-25°

The contribution of the carbon atoms to the ¥ values
is very small. The experimental carbon parameters fit
in roughly with the calculated carbon positions.

5. Discussion of the structure

The molecule has a centre of symmetry, so the bromine
atoms are bound to the carbon atoms 1, 2, 4 and 5, and
the carbon has the chair configuration. The required
symmetry of the molecule reduces the number of
possible spatial arrangements to three, viz.

(@) le,2e,4e,5e,

(b) 1le,2p,de,bp,

() 1p,2p,4p,5p.
Since the cyclohexane ring in the chair configuration
is rigid, the distances of the bromine atoms to the
centre M of the molecule, and also their relative
distances, are fixed and can be calculated in the three
cases. Starting from an idealized model, having
C-C=1-54A, C-Br=191A and all valency angles
equal to 109°28’, the following distances were calcu-
lated (Br; and Bry; bromine atoms on adjacent carbon
atoms):

MBr, MBry; BrBriy BryBry
(@) 3324 3324 3414 567A
() 3-32 2-67 3-32 5-04
() 2-67 2-67 4-66 2-62

On-the other hand, these distances can be computed
from the bromine positions derived from the Fourier
projections. Disregarding the carbon positionsindicated
in these maps, two centres of symmetry in the cell may
coincide with the centre of the molecule, viz.

4) =0, y=0,’2=0;

(B) z=0, y=0, 2=180°

For these two cases the following distances are found:

and

MBr; MBr; BrBr;;  BrBry
(4) 3394 3384 3534 5824
(B) 2-68 2:85 3-53 4-20

THE CRYSTAL STRUCTURE OF §-1, 2,4, 5TETRABROMOCYCLOHEXANE

Tt is clear that case (4) is in agreement with the con-
figuration (@); accordingly, in this compound all
bromine atoms are placed equatorially, and the centre
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Fig. 1. Electron-density projection on the (100) plane.
Fig. 2. Electron-density projection on the (010) plane.
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Fig. 3. Electron-density pfojection on the (001) plane.
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Fig. 4. Projection of the structure on the (100) plane.
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5. Projection of the structure on the (010) plane.
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‘Fig. 6. Projection of the structure on the {001) plane.

of the molecule lies on =0, y=0, 2=0, in accordance
with the observed positions of the carbon atoms. The
small deviations of the observed bromine distances
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from those calculated may be due to a slight distortion
of the molecule. However, the unreliability of the
observed carbon positions does not justify a further
speculation into the nature of this distortion.

The author (F. A. H.) wishes to thank Prof. J. P.
Wibaut for his helpful suggestions in the preparation
of the 1, 2, 4, 5-tetrabromocyclohexanes.
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The Structure of TiBe,,}

By R. F. RarvcsLE} axD R. E. RUNDLE
Institute for Atomic Research and Department of Chemistry, Iowa State College, Ames, Iowa, U.S.A.

(Received 23 February 1951)

TiBe,, is hexagonal with a,=29-44, ¢c,=7-33A, Z=48. There is a pseudo-cell, however, with
A,=423, C,=17-33A, Z=1, one Ti per pseudo unit at 0, 0, 0 or 0, 0, }, and it is the alternation
between these two positions which leads to the larger cell. Idealized beryllium positions have been

found for the pseudo-cell.

The structure is disordered, and though the general reason for the disorder is apparent, the
particular type of disorder observed has not been explained. The structure leads to an unusual set

of absences.

1. Introduction

The structures of a number of alloys of high beryllium
content have recently been determined. Most of these
proved to be M Be;g compounds, and were found by
Baenziger & Rundle (1949) to have the cubic NaZn,,
structure (Ketelaar, 1937; also Zintl & Haucke, 1937).
A titanium compound, orginally thought to be TiBe,,
was found by Baenziger (1947) to have a hexagonal
lattice. Zero- and third-layer Weissenberg diagrams,
which are representative of the even and odd hexa-
gonal reciprocal-lattice nets of TiBe,,, are shown in
Fig. 1. The reflections appearing in the even-layer lines
correspond to the centers of the hexagons in the odd-
layer lines. The absences seemed sufficiently unusual
to warrant an attempt at a complete structural deter-
mination.
2. Experimental procedure

Samples of TiBe,, were obtained by heating titanium—
beryllium mixtures of approximately 1:15 atomic
ratio to about 1400°C. in an induction furnace. One
sample obtained in this way had a small cavity in the
center into which hexagonal needles extended. There
seemed to be only small amounts of a second phase
present, so presumably the compound contains only

t Paper No. 127 from the Institute for Atomic Research
and Department of Chemistry, Iowa Staté College. Taken
from & dissertation submitted by R. F. Raeuchle to Iowa
State College in partial fulfillment of the requirements for the
degree of Doctor of Philosophy. Work was performed at the
Ames Laboratary of the Atomic Energy Commission.

} Present address: Metallurgy Department, Naval Re-
search Laboratory, Washington 20, D.C., U.S.A.

a little less beryllium than TiBe,;;. A satisfactory
chemical analysis of the compound has not been ob-
tained because of the difficulty in obtaining adequate
samples known to be of one phase.

Needles from the central cavity were easily separated
from the matrix, and several, about 1 mm. in length
and 0-05-0-1 mm. in diameter, were chosen for examina-
tion by X-ray diffraction. The face development on
the needles proved to be (100), with end-face generally
unobservable.

The following Weissenberg and precession photo-
graphs were made:

Cu Ka radiation: Weissenberg (hk0) to (hk5) and

(RO1).

Mo Ko radiation: Weissenberg (2£0) to (k. k. 10),
precession (hk0), (ROI), (hhI).
Ag Ko radiation: Weissenberg (hOI).

The Cu K« pictures were taken by the multiple-film
technique. The Mo K« Weissenberg with even ! indices
and the Ag Ko pictures were taken as a series of timed
exposures at doubled intervals of from } to 16 hr.

The intensities of all reflections on the Cu K« films,
the Mo Ko Weissenberg films of even ! index, and the
(007) reflections from the Ag Ko film were estimated by
visual comparison of five multiple films (Robertson,
1943) or of six timed exposures. Squares of the struc-
ture factors were calculated in the usual fashion.
Adsorbtion was quite small for all data, and the tem-
perature corrections were small for the reflections used
in the structural determination. Several photographs



