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of Pauling & Corey (1950, 1951) and Bragg, Kendrew
& Perutz (1950) was it shown that many previously
proposed configurations, formerly believed reasonable,
were incompatible with the results of careful X-ray
studies on a number of compounds related to proteins.
It is likely that more such studies will suggest the
formulation of additional protein structures and also
might well rule out some of the structures now under
consideration.
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The Crystal Structure of Solid Chlorine
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The erystal structure of chlorine is based on space group D38-Cmea with four molecules in a unit
cell of @ = 6:29, b = 4-50 and ¢ = 8-21 A. The bond distance within the molecule is 2:02 A and

the shortest non-bonded distance is 3-34 A.

Introduction

The crystal structure of chlorine at —185° C. has been
investigated by Keesom & Taconis (1936). They used
both single-crystal and powder techniques and arrived
at a structure based on the space group D} which
gave a Cl-Cl distance of 1-82 A. This is considerably
shorter than the value of 2:01 A found for the bond
distance in gaseous chlorine by electron diffraction
(Brockway, 1936). The close intermolecular approach
of 2:52 A found by Keesom & Taconis is also quite
surprising in the light of the many X-ray investigations
of organic molecules containing chlorine. In no case
is the CI-Cl approach under 3-0 A, even in the presence

* Present address: Department of Physics, The Pennsylvania
State College, State College, Pennsylvania, U.S.A.

of strong steric effects that tend to pull the non-
bonded atoms together.

Because of these anomalous distances the structure
proposed by Keesom & Taconis is open to some
question and the present investigation has been
carried out to check the early work.

Experimental

The chlorine used in this investigation was obtained
from a lecture bottle, dried with P,0, and distilled
once under vacuum. While the chlorine was kept
liquid in a dry-ice bath, thin-walled glass tubes of
about 0-5 mm. diameter were filled with the liquid
and then sealed at both ends with a flame. Single
crystals were grown in the tubes and precession photo-
graphs were taken, at around —160° C., according to
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.Table 1. A4 comparison of calculated and observed structure factors

hkl F, F, hkl F, F, Rkl F. | Fo|
002 37-1 38-0 111 659 79-7 228 — 04 < 25-8
004 —68:0 66-4 112 —1734 746 331 —28-1 21-1
006 —43-7 40-7 113 —189 20-3 332 —25-4 25-2
008 10-2 12-9 114 —31-7 26-5 333 9-3 < 96
0,0,10 19-0 10-4 115 —41-8 39-0 334 —131 < 96
020 — 58 < 79 116 21-4 21-0 335 231 9-4
021 —51-6 56-6 117 — 85 < 96 336 9-4 16-9
022 1-5 < 85 118 21-5 18-4 337 5-0 6-4
023 —170-8 64-0 119 13-3 155 400 63-0 63-1
024 31 < 97 200 114 106 402 17-9 17-8
025 0 < 10-2 202 30-3 32-1 404 —38-0 42-4
026 2-2 < 10-5 204 —57-4 62-7 406 —26-7 27-2
027 33-2 38-8 206 —38-8 37-9 408 6-8 8-0
028 — 05 < 97 208 9-3 10-7 440 —24-8 19-2
029 12-3 99 220 — 47 < 80 441 1-8 < 85
040 —38-7 315 221 —42-8 39-6 442 — 73 < 80
041 2-9 < 10:5 222 — 13 < 85 443 2-6 < 72
042 —11-3 10-5 223 —57-9 525 444 16-0 10-1
043 4-0 < 103 224 2-8 < 92 600 34-0 31-4
044 24-9 25-4 225 0 < 956 602 9-9 < 11-0
045 0 < 97 226 1-9 < 96 604 —21-8 25-2
046 17-6 19-4 227 29-4 24-6 606 —15-4 11-4

the method described by Abrahams, Collin, Lipscomb
& Reed (1950).

Unit cell and space group

Zero- and first-level precession photographs taken
about [100], [010], [110] and [110] with Mo K radiation
show that the symmetry is orthorhombic. The unit
cell dimensions are

a=2629 b=450 and c¢=28214A.

This eell contains four molecules of chlorine to give
a calculated density of 2-03 g.cm.-3 compared with
the observed value of 2:09 g.cm.-3. The systematic
absences indicate that the space group is probably

1®_Cmea or Cyi—Cc2a. The latter has no center of
symmetry.

The unit-cell dimensions and space-group possibilities
for chlorine are similar to those of iodine (Harris,
Mack & Blake, 1928) and bromine (Vonnegut &
Warren, 1936) and one is led to suspect that the
structures are similar.. The centro-symmetrical space
group D}3-Cmca was chosen tentatively and a
structure postulated with chlorine atoms in the 8(f)
positions.

The structure factors calculated for this postulated
structure were compared with the observed values
from the (0kl), (h0l) and (hhl) zones. The observed
structure factors were derived from the intensities in
the usual way. Repeated calculations finally gave the
parameters, y = 0-130 and z = 0-100. A temperature
factor exp [—3-3 sin? §/4%] was found to be necessary to
obtain the best agreement between observed and
calculated structure factors. A comparison of observed
and calculated structure factors for the above para-
meters is shown in Table 1. The value of X||F,|—|F ||
= 2|F,| for the observed reflections is 0-117.

Since the structure-factor agreement is good the use
of the centrosymmetrical space group is justified.

Discussion of the structure

The structure is quite different from that proposed by
Keesom & Taconis and the interatomic distances
appear to be much more reasonable. The shortest
distance between atoms is 2:024-0-04 A.* This agrees
with the intermolecular distance of 2:01 A found by
electron diffraction and 1-99 A found by spectroscopic
measurements (Herzberg, 1950). The molecular packing
is rather interesting. Each atom is adjacent to two
others at a distance of 8:344-0-04 A in such a way as
to form layers of chlorine molecules in the a ¢ plane.
Chlorine atoms in adjacent layers never approach
closer than 3-69-4-0-04 A.

The structures of bromine and iodine are both quite
similar to that of chlorine. In bromine the shortest
intermolecular approach is 3-31 A and the other
intermolecular distances are all equal to or greater
than 3-78 A. The iodine structure has a closest approach
of 3:54 A with the other intermolecular distances equal
to or greater than 4-06 A. In all three elements the
packing of the molecules into planar structures means
that the intermolecular forces cannot be cylindrically
symmetrical about the molecular axis.
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* The probable errors assigned to the various distances
have been derived from simple considerations of how much
individual atoms can be moved without introducing serious
discrepancies in the structure-factor agreement.



