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I n  the  course of some  research in these  Laboratories  
(Corey et al., 1962) the  c o m p l e x  ions TalC1 ++ anal 
l~b,C1 ++ have  been  used  to form a pair of i somorphous  
crystals  of  the  prote in  l y s o z y m e .  I n  these  c o m p l e x  ions 
the  m e t a l  a toms  are arranged in a regular oc tahedron  
w i t h  edges of l ength  2.98 /~ (Vaughan  et al., 1950). 
T h e  quest ion  arose as to  the  ef fect  of the  or ientat ion  
of  the  oc tahedron  u p o n  its Fourier  transform.  A l t h o u g h  
Wrinch  (1946) has  inves t iga ted  the  Fourier  transform 
of an octahedral  arrangement  of a toms,  some  addi t ional  
in format ion  is necessary  in order to e luc idate  the  ef fect  
of or ientat ion.  

The  purpose  of  this  paper  is to present  this  addi t ional  
in format ion ,  n a m e l y :  the  average value ,  the  root  m e a n  
square value ,  and the  m a x i m u m  and m i n i m u m  values  of 
the  Fourier  transform as a f u n c t i o n  of the  scatter ing 
angle .  

The  transform of six atoms,  each wi th  a tomic  scatter ing 
f a c t o r f  and located  at  (a/2, O, 0), ( -a /2 ,  O, 0), (0, a/2, 0), 
(0, -a /2 ,  0), (0, O, a/2), and (0, 0, -a /2) ,  is g iven  by  

A = 2f{cos  2zh  + cos 2~r/c + cos 2~rl}. 

The  averaging  of this  func t ion  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 A, Amax/f; curve B, V(A2)/f; curve C, 
A/f; and curve /9, Amin/f. 

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

surface of a sphere in reciprocal  space,  w h i c h  imposes  
the  condi t ion  tha t  

h 2 +/c ~" + 12 = (a sin 0/2) ~ = c ~, 

where  h,/c,  and 1 are no t  necessari ly  integers.  
B y  chang ing  to spherical  polar coordinates  the  ex-  

pression for the  average  value  of  the  transform becomes:  

A = 4f/~ {cos (2:~c sin 0 cos q)) + cos (2:~c sin 0 sin q~) 

+ cos (2:~c cos 0)} sin OdOdq) . 

Table  1 
[11 (2) (~,) 0,1 (s) 

0.00 6.00 6.0o0 6,000 6.00 
0.o5 5.90 5.9o2 5.90e 5.9o 
0.10 5.62 5.61], 5.613 5.61 
o.1.5 5.18 5,150 5,150 5 .~  
0.2o ~.62 ~.5kL ~.5~1 ~.k9 
O.ZS 4.00 7,821 ~.820 ~.70 
0.~0 3.~ ~.0~I ~.027 2.79 
0.35 2.87 2.224 2.207 1.79 
0.~0 2.~ 1.~68 i.~0~ 0.71 
0.~5 2.10 0,916 0.656 ..0.55 
0,5O 2.00 0.891 O.O00-1. 
0.55 2.10 1.294 -0.537 -2.~6 
0.60 2.~8 1.758-0,935-3.41 
0.65 2.82 2.163-LIB9-~.2~ 
0.70 3.~ 2.481-1,297-~.~ 
0.75 ~.99 2.709-1,273 -5.46 
0.80 ~.62 2.851-i.i~5-5.8~ 
0.85 S.16 2.915 -0.9O9 -5.98 
0.90 5.62 2 ,910 -0 .~ -5 .95  
o.95 5.89 2.8~1-0.311-5.72 
1.00 6.00 2.718 0.00o-5.3o 
1,o6 5.90 2.552 o.281-4.72 
1.10 5.62 2.~60 0.510-7.97 
1.1,5 5.18 2.17~ 0.672-3.10 
1.20 4.62 2.0e6 0,757-2.11 
1.25 ~.96 1.963 0.76~-2.06 
i.~o 5.~9 2.005 0.699-2.47 
1.2 5.82 2.1~i 0.572-3.07 
1.~o 5.99 2.331 0.~01-3.77 
1.~.5 5.95 2.52.8 0.2O~ ~.U= 
1.50 5.72 2.691 0,000 -5.07 
1.55 5.30 2.79S -0.190 -5.54 
1.60 5.~2 2.822 -0.151 .-5.87 
1.65 5.70 2,77~ -0.468 --5.99 
1.7o 5.96 2.658 -o.s~ -5.9~ 
1.75 s.99 2.499 -0.5~6 -5.67 
1.80 5.82 2 .~8  -0.505 -5.2k 
1.85 5.~6 2.1B6 -0.~18 -~.68 
1.90 5.62 2.1C9 -0.295 -~.02 
1.95 5.89 2.115 -0.151 -~.o7 
2.00 6.00 2.19~ 0.000-~.79 
2.o5 5.9o 2.31~, o.lm~ -6.~ 
2.10 5.62 9.k~ 0.267-5.75 
~.15 s.~ 2.ss5 o.~59-5.95 
2.2O 5.95 2.6~0 o.~13 -5.98 
2.25 5.99 2.66~. 0.~2~ -5.80 
2.~0 5 .~  2.656 0.395 - 5 .~  
2.~5 5.58 2.615 0.329 "J~.91 
2.~0 S.90 2.551 0 .2~  ~ .62 
2.k5 6.00 2,475 0.120 -5.17 
2.SO 5.90 2,~00 0.000 -5.63 
2.55 5.61 2.3~5 -0.116 -5.90 
2.60 5.1~ 2.290 -0.216 -6.00 
2.65 4 .~  2.270 -0.2<)2 -5°~ 
2.?o 5.36 2.2?9 -0.3~6 -5.6o 
2.75 s .~  2.317 ;-0.~7 -5.15 
2.80 5.97 2.~.79 =0.~24 -5.06 
2.85 5.98 2 .~  -0.271 - 5 .~  
2.9O S.80 2.~9 ,.o.19~ -5.87 
2.95 5.89 2.591 -.0.100 -5. 
~.00 6.00 2.627 0.000 -5.93 
D.O5 5.90 2.628 0.097 -5.67 
~.1o 5.85 2.59k o.181-5.2~ 
3.15 5.99 2.527 0.245 -5.~ 
3.2o 5.95 2 .~o  0.28~ -5.76 
3.25 5.83 2.~51 0.2<3~-6.97 
~.~o S.99 2.282 0.275 -5.98 
~.~ 5.96 2.25o o.2~1-5.80 
3.~0 5.~ 2.264 0,165 -5.~ 
3.~5 5.99 2,319 0.086 -5.~5 
~.5O 5.95 2 .~0  0.00o -5.81 
~,.ss s.88 2 .~5  -0.083 -5.98 
7.60 6.00 2.556 -0.156 -5.97 
7.65 5.92 2.599 -0.212 -5.76 
3.70 5.93 2.608 -5.2~,5 -5.37 
3.75 6.00 2.SSS -0.25S -6.~8 
3.8o S.8T 2.s~6 -0.2~9 -5.9.~ 
3.~5 5.55 2.~,~ -0.201 -6.0o 
~,.90 5.62 2.~12 -0.1~ -5.85 
~,.9~ 5.9o 2.~61 .-O.OD -5..~ 
~.00 6.00 2.~,~ 0.000 -5.67 
~.¢6 5.90 2.~.6 o.o7~ -6-9~ 
~.10 5.98 2.Y~]. o.137 ...6.00 
~.15 5.97 2.3~  0,186 -6.87 
4.20 5,93 2.41~ 0.216 -5.56 
~.25 6.0O 2.1,s8 0.225 -5.75 
~.~o s.87 2.~9~ o.211-5.96 
~,.15 6.co 2.5~o o.178-5.99 
4.40 5.97 2.550 0.128 -6.81 
~.~.5 5.98 2.55~, 0 .0~  -5.58 
~.50 5.97 2.5~0 0.000 -5.88 
~,55 5 .~  2.510 -0.C6S -6.00 
~.60 5.99 2.~66 -0.122 -5.92 
~.6s s.93 2.415 -0.1/o6 -5.65 
~.~0 6.00 2.~67 -5.19~ -5.81 
~.75 5.86 2.3~3 -0.201-5.98 
4.8o 5.62 2.32~ -0.189 -6.96 
~,.85 5.91 2 .~o  -O.L~9 -5.75 
~.90 6.00 2. ~81-0.115 -5.78 
~.gs ~.90 2.4~8 -0.0~0 -5.98 
5.00 6.00 2.~97 0.000-5.98 
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E v a l u a t i o n  of this in tegra l  leads to :  

= 6f sin 2~c/(2~c) . 

This  is t he  t r a n s f o r m  of a spher ica l  shell  mu l t ip l i ed  b y  

6f. The  func t i on  Al l  is shown  in curve  C, Fig .  1, a n d  
se lec ted  va lues  are  l is ted in c o l u m n  4, Tab le  1. 

The  express ion for the  m e a n  squa re  va lue  is: 

- -  l~'12f.~l ~ 
A ~" = 8 f ~ / ~  

e)o e)o 

o r  

{cos (2Jrc sin 0 cos (p) + cos (2~c sin 0 sin (p) 

+ c o s  (2z~c cos 0)} 2 sin OdOdq~ 

3 sin 4uc sin 2V(2)ztc 
4 - - +  

4 4 ~ r c  2V(2)~rc 

+ 2 cos (2~c cos 0)J0(2:~c sin 0) sin OdO . 
~0 

The  in tegra l  was  e v a l u a t e d  b y  S impson ' s  rule.  The  

func t ion  V(A2)/f is shown  in el.u:ve B, Fig.  1 and  se lected 
values  are  l is ted in e o h u n n  3, Tab le  1. 

Since t he  f tmet ion  A has m a n y  re la t ive  m a x i m a  a n d  
min ima ,  t he  m o s t  feasible m e t h o d  for ob t a in ing  the  
abso lu te  m a x i m t u n  a n d  abso lu te  m i n i m u m  seemed  to  
be the  eva lua t i on  of A for  m a n y  closely spaced  va lues  
of h a n d  k. These  ca lcu la t ions  were  m a d e  a n d  the  func-  
t ions Amax/f a n d  Amtn/f are  shown  in curves  A a n d  D, 
Fig.  1; se lec ted  va lues  are  l is ted in co lumns  2 a n d  5, 
Tab le  1. 

All of t he  calctf lat ions for  A/f,  V(A~)/f, Amax/f, and  
Amm/f were  done  on a B u r r o u g h ' s  220 c o m p u t e r .  The  

abso lu te  e r ror  in Al l  a n d  V(A~)/f is less t h a n  0"001; 
t h e  abso lu te  e r ror  in Amax/f a n d  Amin/f is less t h a n  0"01. 

Wi lson  (1942) has  s h o w n  t h a t  for  a r a n d o m  dis t r ibu-  
t i on  of nea r ly  equal  a t o m s  

A 2 = 2:f~. 

I f  this  r e la t ion  is app l ied  to  the  p resen t  s t ruc tu re ,  even  
t h o u g h  the  a t o m s  are  h a r d l y  d i s t r i bu t ed  in a r a n d o m  

m a n n e r ,  t he  e x p e c t e d  va lue  of ~/(A2)/f=~/6=2.449. 

F r o m  curve  B, Fig.  1 and  the  express ion  for  t he  roo t  
m e a n  square  va lue  it is c lear  t h a t  t he  va lue  ~/6 is ap- 
p r o a c h e d  qui te  closely, pa r t i cu l a r l y  for  large va lues  of c. 
W h e n  one appl ies  Wi lson ' s  re la t ion ,  one n o r m a l l y  opera tes  
in  d iscre te  ranges  of va lues  of c (or sin 0/)~). Since t h e  
n u m b e r  of ref lec t ions  one m a y  expec t  for  a g iven  v a l u e  
of c is p ropo r t i ona l  to c 2, a we igh ted  ave rage  has  been  
c o m p u t e d  over  ranges  of c us ing  the  values ,  ci, in  c o l u m n  

1, Tab le  1 a n d  the  co r r e spond ing  va lues  (]/(~)/ f) i ,  in 
col t~nn 3, Tab le  1. 

The  resul ts  are  g iven  in Tab le  2. 

Tab le  2. Average value of V(A2)/f=~c~/(Ae)/.fi/~,c~. 

Average value of 
Range of c ]/(A~)/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  va lues  fall qu i t e  close to t he  p r ed i c t ed  va lue  of 
2.449. 

The  d i a m e t e r  of t he  t a n t a l u m  a n d  n i o b i u m  o c t a h e d r a  
is 4.21 A. F o r  ref lec t ions  ou t  to a m i n i m u m  spac ing  of 
5 A, c has  a m a x i m u m  va lue  of 0-421. F r o m  Fig.  1 i t  
m a y  be seen t h a t  for  w o r k  a t  this  low reso lu t ion  t h e  
o r i en t a t i on  of t he  complex  has  l i t t le  effect  on its F o u r i e r  
t r ans fo rm.  
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S t r u c t u r a l  s tudies  of the  iodine  complexes  of 1 ,4-di thiane 
(Chao & McCul lough,  1960) a n d  of 1,4-diselenane (Chao 
& McCull0ugh, 1961) have shown that these substances 
have  s imi lar  (near ly  i somorphous)  c rys ta l  s t ruc tu re s  even  
t h o u g h  the i r  mo lecu la r  s t ruc tu re s  are  qu i te  d i f ferent .  
I n  the  d i th i ane  complex ,  t he  iodine  molecules  are  b o n d e d  
to  sul fur  a t o m s  in t he  s i x - m e m b e r e d  r ing  in equa to r i a l  
posi t ions whi le  t he  bond ing  in t he  d i se lenane  complex  
is axial .  This  i m m e d i a t e l y  raises t he  ques t ion  of t he  
conf igura t ion  of the  iodine  complex  of 1 ,4-se lenothiane 
wh ich  con ta ins  one se l en ium a t o m  a n d  one sul fur  a t o m  
in t he  r ing.  Severa l  possibil i t ies are  sugges ted  b y  ana logy ,  
one ax ia l -ax ia l ,  one e q u a t o r i a l - e q u a t o r i a l  a n d  two  

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

a x i a l - e q u a t o r i a l  conf igura t ions .  The  p resen t  s t u d y  was  
u n d e r t a k e n  in o rde r  to a n s w e r  this  ques t ion .  

The preparation and properties of 1,4-selenothlane 
a n d  its de r iva t ives  will  be desc r ibed  e lsewhere .  Crys ta ls  
of t he  iodine complex  are  ga rne t - r ed  needles  e l onga t ed  
on b. Precess ion  a n d  Weissenberg  p h o t o g r a p h s  a b o u t  t h e  
b axis  i nd ica t ed  t he  fol lowing u n i t  cell d imens ions  b a s e d  
on Me K a  =0.7107 A:  

a = 6.80 +_ 0.03, b = 6.38 + 0.03, 

c = 1 6 . 6 9 + 0 . 0 8  A;  f l = 1 1 4 . 1 + 0 . 4  °. 

The  m e a s u r e d  dens i t y  was  f o u n d  to  be  3.33 g .cm.  -a 
whi le  t h a t  ca l cu l a t ed  on t h e  basis of 2 (CaHsSeSI4) in t h e  
trait  cell is 3.39 g .cm.  -a. The  on ly  s y s t e m a t i c  ex t inc t ions  


