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An X-Ray Examination of Crystals of Triphenylmethyl Chloride and Bromide

By SHENG-NIEN WaNG! aNnD CHIA-SI Lu

Although triphenylmethyl compounds are of
great structural interest in connection with the
chemistry of Gomberg’s free radicals, a survey of
literature reveals that Mark and Noethling!®
made the only attempt so far to exammine some
such compounds (namely, triphenylmethylcar-
binol and bromide) by means of X-rays. In
the case of triphenylmethyl bromide they made
a direct determination of the hexagonal a axis,
but their determination of the hexagonal ¢ axis
cannot be considered satisfactory. Their space
group consideration is likewise subject to a
similar uncertainty.? Their results for triphenyl-
methylcarbinol are also equally doubtful.

We have recently carried out an X-ray exami-
nation of crystals of triphenylmethyl chloride
and bromide and have made a satisfactory de-
termination of their unit cells. The crystals
have-the Laue symmetry Cs and belong to one
of the following two space groups: C;—HS3,
C;—H3. The halogen atoms could be approxi-
mately located, but we have not been able to
establish the configuration of the trigonal tri-
phenylmethyl groups in these crystals. We re-
port in this paper the results which we have ob-
tained.

Triphenylmethyl bromide was prepared by
treating triphenylcarbinol with a solution of hy-
drogen bromide in glacial acetic acid.?® The
crude product was dissolved in ligroin and boiled
with active charcoal to remove some colored
impurities. It was then recrystallized from
ligroin, from which crystals were obtained by
slow evaporation in a desiccator. Triphenyl-
methyl chloride, as commercially available, con-
tains an appreciable quantity of carbinol. Such
a commercial sample of the chloride was purified
by dissolving it in ligroin and treating the solu-
tion with a suitable amount of acetyl chloride.
The same method of crystallization was used as
for the bromide. The crystals were prepared
and kept in desiccators, as both the bromide
and the chloride are easily hydrolyzed into car-
binol on prolonged contact with moisture. The
Bromide is more reactive than the chloride in this
respect.

The chloride crystals obtained are colorless and
all have the form of a simple rhombohedron.
The faces belong either to the form {1011} or to
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{01T1}.# The pale yellow crystals of bromide
from ligroin show all of the hexagonal prism
forms {1120}, both rhombohedral forms {1011}
and {0111}, and basal pinacoid {0001}. Only
one rhombohedral form appears with the hexago-
nal prism and basal pinacoid on the bromide
crystals obtained from the carbon disulfide solu-
tion, in agreement with the observation of Hintze.®

By taking rotation photographs of both bromide
and chloride around their hexagonal ¢ and ¢
axes as well as some other prominent directions, it
is found that their hexagonal unit cells have the
following dimensions:

a, A. co, A,
Bromide 13.86 = 0.02 13.36 =0.03
Chloride 13.97 =0.02 13.17 = 0.02

The choice of unit cells of such dimensions was
confirmed by a powder photograph of the chloride.

This set of axial lengths accounts quite well for
the values of the interfacial angles obtained from
our own goniometric measurements as well as
those of Hintze.®

Bromid Chloride

Calculated Calculated

Measured from ¢/a Measured from ¢/a

(Hintze) (Authors) = 0.9639 (Authors) = 0.9427
(1011):

(0111) 79°527 80°10° 80°13’ 79°12- 79°16"
(1011):

(0001) 47°57’ 48° 4’ 48° 4/

The densities of the bromide and the chloride
as determined by the flotation method are 1.42
and 1.26 g./cc., respectively. Thus for both
crystals there are six molecules in the hexagonal
unit cell, the calculated densities being 1.44 and
1.24 g./cc., respectively.

The Laue symmetry of these crystals can be
readily determined from equi-inclination Weissen-
berg photographs taken around the crystallo-
graphic axes.® The photographs taken around
the ¢ axis show Cq plane-group symmetry for the
(hk10) reflections but only C; symmetry for the
other layer-line reflections. » Thus the Laue group
is Csi. The lattice is shown to be hexagonal and
not rhombohedral by the presence of reflections
for which # — 2 + I # 3n. Since there is no
systematic absence in the (000/) reflections, the
crystals belong to one of the following space
groups: Cy—H3, Ci—H3. These two space
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groups differ only by a center of symmetry. We
tend to believe that the space group Cj —H3 is the
more probable. This is borne out by the morpho-
logical assignment of the crystal class as Ci.  The
correct choice of the space group can, however,
only be justified by a final structure determination.

Relative intensity measurements have been

made on the (hki0) and the (0kkl) reflections of
both the bromide and the chloride by means of
the multi-ilm method.” The crystals used in
taking these Weissenberg intensity photographs
were all so small that the correction for absorption
would be negligible. The Lorentz polarization
factor corrections were made by the use of Lu’s
chart® We obtained thus relative structure
values for the (kki0) and (Okkl) reflections.?
The fact that hardly any reflections appear beyond
(sin 8/X) = 045 A.7! seems to indicate large
temperature factors.

An attempt to locate the halogen atoms in
these crystals was made by constructing two
Patterson functions P(xy) and P(yz) for the
bromide, as it is believed that peaks arising from
the halogen—halogen interactions would stand
out moré prominently for the bromide than for
the chloride. Peaks were found at = (1/3, 2/3)
in P (x, y) which are almost as high as the peak at
(0, 0). This is to be expected from the fact that
all the (kk40) reflections with # — & # 3 n are
either very weak or altogether absent. There
are very large peaks in P (y, 3) close to = (1/3,
2/3). Therefore the positions of the halogen
atoms very probably correspond to a slightly
distorted rhombohedral structure.

In the space group C;— H3 there are three sets
of one-fold special positions, at (00z); (1/3,2/3,2');
and (2/3, 1/3, 2*); and one set of three-fold general
positions, at (x, ¥, 2), (3, x — ¥, 2), (v — %, %, 2).
On imposing a center of symmetry at the origin,
we obtain for the space group Cj; —H3 three cor-
responding sets of two-fold special positions and
one corresponding set of general positions.?
For the purpose of a more general discussion
we may therefore consider the six halogen atoms
in the unit cell as grouping themselves into two
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groups of three each, each group fulfilling the
spatial symmetry of C;—H3. The two groupsare
related by a center of symmetry if the over-all
spatial symmetry is Cy— H3.

The only sets of three-fold positions (x, ¥, 2),
(y,x—9,2), (y—x, x, 2) which will give rise to peaks
at (0, 0) and = (1/3,2/3) in P (x, ) are asfollows:
A, (0, 1/8, 2), (1/3, 0, 2), (2/3, 2/3, 2); B, (0,
2/3, 2, (2/3, 0, 2), (1/3, 1/3, 2’). Either the
two groups of halogen atoms occupy two similar
sets of positions AA’ (or BB’); or they occupy
the two sets of positions AB. In either case there
would be in P (y, 2) at least as many Br-Br in-
teractions at (1/3, 0) as at (0, 0). But there are
no corresponding peaks in P (y, z), so that both
possibilities are ruled out. We conclude there-
fore that the six halogen atoms must occupy
the following special positions: (00z), (1/3,
2/3, =z, (2/3, 1/3, =), (00z"), (1/3, 2/3, 2},
(2/3, 1/3, z"). The peaks in the Patterson func-
tion P(y,z) are not sufficiently well resolved to
permit us to make a satisfactory determination
of the z parameters of the halogen atoms, although
we think it likely that the positions of the halogen
atoms correspond approximately to a rhombo-
hedral structure. Around each of these halogen
atoms the point symmetry is C;. Thus the three-
fold axes of the molecules coincide with those in the
crystal, although the molecules fall into three (or
six) crystallographically non-equivalent groups.
We are at present not able to propose a reasonably
simple arrangement of the trigonal triphenyl-
methyl groups which accounts for the intensity
data of those (kki0) reflections for which k — & £ 3
n. Incidentally it is interesting to note from pack-
ing considerations that the triphenylmethyl groups
are not likely to have a planar configuration.

We wish to thank Professor Linus Pauling for
his encouragement and advice.

Summary

The X-ray examination of crystals of triphenyl-
methyl chloride and bromide has shown that the
hexagonal units of structure have the dimensions
a; = 13.86 = 0.02 A. and ¢, = 13.36_= 0.03 A.
for the bromide and ao = 13.97 = 0.02 Aand¢ =
13.17 = 0.02 A. for the chloride. There are six
molecules in the unit cell, and the space group is
either CL,—H3 or Ci—H3. The halogen atoms
have been located approximately, but the con-
figuration of the triphenylmethyl group in thesé
crystals has not been determined.

PAsADENA, CALIFORNIA RECEIVED FEBRUARY 23, 1944



