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The Fourier transform of the regular octahedron. By Ricearp H. STaAN¥ORD, JR., Gates and Crellin
Laboratories of Chemistry,* California Institute of Technology, Pasadena, California, U.S.A.

(Received 12 February 1962)

In the course of some research in these Laboratories
(Corey et al., 1962) the complex ions Ta,Cl;™ and
NbeCl;* have been used to form a pair of isomorphous
crystals of the protein lysozyme. In these complex ions
the metal atoms are arranged in a regular octahedron
with edges of length 2-98 A (Vaughan et al., 1950).
The question arose as to the effect of the orientation
of the octahedron upon its Fourier transform. Although
Wrinch (1946) has investigated the Fourier transform
of an octahedral arrangement of atoms, some additional
information is necessary in order to elucidate the effect
of orientation.

The purpose of this paper is to present this additional
information, namely: the average value, the root mean
square value, and the maximum and minimum values of
the Fourier transform as a function of the scattering
angle.

The transform of six atoms, each with atomic scattering
factor f and located at (a/2, 0, 0), (—a/2, 0, 0), (0, a/2, 0),
(0, —a/2, 0), (0,0, a/2), and (0, 0, —a/2), is given by

A =2f{cos 2nh + cos 2nk + cos 2xl} .

The averaging of this function is carried out on the
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Fig. 1. A plot of the data contained in Table 1 showing the
values from special cases of the Fourier transform of an
octahedron: curve A4, Amgx/f; curve B, V(A—z)/f; curve C,
Z/f; and curve D, Amjn/f.

* Contribution No. 2813 from the Gates and Crellin Labora-
tories of Chemistry. These studies were aided by Contract
Nonr-220(38) (Nr 304-110) between the Office of Naval
Research, Department of the Navy and the California In-
stitute of Technology.

surface of a sphere in reciprocal space, which imposes
the condition that

h2+k®+1%=(asin 6/1)2=ce,

where k, k, and [ are not necessarily integers.

By changing to spherical polar coordinates the ex-
pression for the average value of the transform becomes:
_ o2 (vm[2
A =4f|n S S {cos (2mc sin 0 cos @) + cos (2nc sin 0 sin @)

0 +cos (2nc cos 0)} sin 6d6de .
Table 1
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Evaluation of this integral leads to:
A =6f sin 2nc/(2nc) .

This is the transform of a spherical shell multiplied by
6f. The function A/f is shown in curve C, Fig. 1, and
selected values are listed in column 4, Table 1.

The expression for the mean square value is:

_ 7[2 P/
A= sz/ng S {cos (27c sin 6 cos @) + cos (2nc sin O sin @)
o o +cos (27¢ cos 6)}2 sin 0d6dg
or
T 8 3 + 3 sin 47c | sin 2}/(2)mc
F=81 4 dme 2}/(2)nc

/2
+ 2S cos (2zc cos 6)Jy(2nc sin 6) sin Bdﬂ} .
0

The integral was evaluated by Simpson’s rule. The
function }/(A42)/f is shown in curve B, Fig. 1 and selected
values are listed in column 3, Table 1.

Since the function 4 has many relative maxima and
minima, the most feasible method for obtaining the
absolute maximum and absolute minimum seemed to
be the evaluation of 4 for many closely spaced values
of » and k. These calculations were made and the func-
tions Amax/f and Amin/f are shown in curves 4 and D,
Fig. 1; selected values are listed in columns 2 and 5,
Table 1. . -

All of the calculations for Alf, V(AZ)/f, Amax/f, and
Amin/f were done on a Burrough’s 220 computer. The
absolute error in A/f and [/(A?%)/f is less than 0-001;
the absolute error in Amax/f and Amin/f is less than 0-01.

Wilson (1942) has shown that for a random distribu-
tion of nearly equal atoms

AZ=Zf2.

If this relation is applied to the present structure, even
though the atoms are hardly distributed in a random

manner, the expected value of V(Zz)/f =)/6=2-449.
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From curve B, Fig.1 and the expression for the root
mean square value it is clear that the value /6 is ap-
proached quite closely, particularly for large values of c.
When one applies Wilson’s relation, one normally operates
in discrete ranges of values of ¢ (or sin 6/1). Since the
number of reflections one may expect for a given value
of ¢ is proportional to ¢2, a weighted average has been
computed over ranges of ¢ using the values, ¢i, in column
1, Table 1 and the corresponding values ()/(42)/f);, in
column 3, Table 1.
The results are given in Table 2.

Table 2. Average value of |/(A%)/f =Zc3)/(A2)[fs]Zc} .

Average value of

Range of ¢ V(42)f
0-0-1-0 2-515
1-0-2-0 2-374
2-0-3-0 2:456
3-:0-4-0 2-456
4-0-5-0 2-428
0-0-5-0 2-439

These values fall quite close to the predicted value of
2:449.

The diameter of the tantalum and niobium octahedra
is 4-21 A. For reflections out to a minimum spacing of
5 A, ¢ has a maximum value of 0-421. From Fig. 1 it
may be seen that for work at this low resolution the
orientation of the complex has little effect on its Fourier
transform.

References

CoreEy, R. B.. Staxrorp, R. H., Jr., Marsu, R. E.,
Leune, Y. C. & Kav, L. M. (1962). Acta Cryst. 15.
In press.

VaueHAN, P. A., Srurpivant, J. H. & Pavning, L.
(1950). J. Amer. Chem. Soc. 72, 5471.

Wizson, A. J. C. (1942). Nature, Lond. 150, 152,

WRrincH, DororHY (1946), Fourier Transforms and Struc-
ture Factors, ASXRED Monograph Number 2.

The structure of the iodine complex of 1,4-selenothiane, C4HsSSe.2I,. By Hikon Hope* and
J.D. McCuLLouGH, Department of Chemistry, University of California at Los Angeles, Los Angeles 24, California,

U.S.A.

(Recetved 26 February 1962)

Structural studies of the iodine complexes of 1,4-dithiane
(Chao & McCullough, 1960) and of 1,4-diselenane (Chao
& McCullough, 1961) have shown that these substances
have similar (nearly isomorphous) crystal structures even
though their molecular structures are quite different.
In the dithiane complex, the iodine molecules are bonded
to sulfur atoms in the six-membered ring in equatorial
positions while the bonding in the diselenane complex
is axial. This immediately raises the question of the
configuration of the iodine complex of 1,4-selenothiane
which contains one selenium atom and one sulfur atom
in the ring. Several possibilities are suggested by analogy,
one axial-axial, one equatorial-equatorial and two

* On leave from the University of Oslo, Blindern, Norway.

axial-equatorial configurations. The present study was
undertaken in order to answer this question.

The preparation and properties of 1,4-selenothiane
and its derivatives will be described elsewhere. Crystals
of the iodine complex are garnet-red needles elongated
on b. Precession and Weissenberg photographs about the
b axis indicated the following unit cell dimensions based
on Mo K& =0-7107 A:

a =680 +0:03, b=6-38+0-03,
c=16-69 +£0-08 A; f=114-1+0-4°.

The measured density was found to be 3-33 g.cm.—?
while that calculated on the basis of 2(C,HgSeSI,) in the
unit cell is 3-39 g.cm.=3. The only systematic extinctions



