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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  



S H O R T  C O M M U N I C A T I O N S  807 

T a b l e  2. Comparison of structure factors observed for 
C4HsSSe.  212 with those calculated on basis of the parameters 

in Table 1 
Unobserved reflections are indicated by * and the  values 

given correspond to the m i n i m u m  observable intensit ies 

n o t e d  w e r e  t h o s e  for  hOl w i t h  1 o d d  a n d  0k0 w i t h  k o d d .  
T h e  p r e s e n c e  of o n l y  t w o  mo lecu l e s  in  t h e  u n i t  cell in  
P21/c r equ i r e s  t h a t  t he se  be  c e n t r o s y m m e t r i c ,  h e n c e  i t  
a p p e a r s  t h a t  t h e  s t r u c t u r e  of t h e  1 ,4 - se leno th iane  com-  
p l e x  is r a n d o m l y  d i so rde red .  F o r  th i s  r eason ,  a p rec i se  
s t r u c t u r a l  s t u d y  was  n o t  a t t e m p t e d  a n d  t h e  w o r k  was  hkO Fo Fc hkO •o Fc 
ca r r i ed  o n l y  far  e n o u g h  to  e s t ab l i sh  t h e  m o l e c u l a r  020 80.5 8 7 . 4 -  400 117.4 115.7 
c o n f i g u r a t i o n .  040 63.1 5 2 . 6 -  410 52.2 51.2 

C o m p a r i s o n  of t h e  p reces s ion  p h o t o g r a p h s  of t h e  hkO 060 67.4 72.6 420 18.0" 18.1 
n e t s  of t h e  t h r e e  c o m p l e x e s  s h o w e d  a s t r o n g  r e s e m b l a n c e  080 20.0* 1.6 430 30.4 4 0 . 3 -  
b e t w e e n  t h e  1 ,4 - se l eno th iane  a n d  t h e  1 ,4 -d i th i ane  corn- 100 52.2 7 4 . 9 -  440 21.7 3 2 . 7 -  
p lexes .  S ince  t h e  g r e a t e s t  d i f f e rences  b e t w e e n  t h e  s t ruc-  110 104.4 136 .3 -  450 28.3 19.0 
t u r e s  of  t h e  iod ine  c o m p l e x e s  of 1 ,4 -d i th iane  a n d  1,4- 120 17.4 1 4 . 4 -  460 21.0" 19.3 
d i s e l e n a n e  are  in  t h e  y p a r a m e t e r s ,  t h e  i n t ens i t i e s  f r o m  130 39.1 40-9 470 26.1 22.4 
t h e  h/c0 p recess ion  p h o t o g r a p h s  were  c o n s i d e r e d  a d e q u a t e  140 97.9 102.4 500 37.0 26.3 

150 20.0* 8.9 - 510 67.4 67.2 
for  t h e  p r e s e n t  ob j ec t i ve .  520 21.0" 5 . 3 -  

160 20.0* 1 5 . 6 -  
T a b l e  1. Positional and isotropic vibrational parameters 170 37-0 3 7 . 5 -  530 21.0" 0 - 1 -  

for the iodine complex of 1,4-selenothiane 180 21.7 2 3 . 9 -  540 52.2 47.7 
Atom x y B 200 28.3 16.6-- 550 43.5 30.1 -- 

11 0.818 0.810 4.2 210 119.6 137.7-- 560 20.0* 3.9 
12 0-521 0.141 3.5 220 32.6 30.1 -- 600 71.8 61.9 
S,Se 0.221 0.477 3-5 230 17.0" 13.2 610 52.2 48-7-- 
C 1 0.234 0.585 4.0 240 106-6 106.9-- 620 37.0 40.2-- 
C 2 0.972 0.291 4.0 250 28.3 24.6 630 22.0* 11.9-- 

260 22.0* 0 . 4 -  640 37.0 2 3 . 8 -  

T h e  o b s e r v e d  F(hkO) v a l u e s  for  t h e  s e l e n o t h i a n e  corn- 650 21.0" 15.1 
p l e x  w e r e  c o m p a r e d  w i t h  se ts  of 2,c v a l u e s  b a s e d  on  t h e  270 30.4 21 -1 -  
p o s i t i o n a l  p a r a m e t e r s  f o u n d  in t h e  d i s e l enane  a n d  d i t h i a n e  300 246-5 266.2 - 700 45.7 39-6 - 
c o m p l e x e s ,  r e spec t i ve ly .  T h e  s e l e n i u m  a n d  su l fu r  posi-  310320 78.356.5 76.564.7 720710 22.0"22"0" 2.4-6.5_ 
t ions  w e r e  f i l led b y  ½ Se +½ S a n d  t h e  i so t rop ic  t e m p e r -  330 18.0" 13.2 730 21.0" 18.2 
a t u r e  f ac to r s  in T a b l e  1 w e r e  a p p l i e d  in  t he se  ca l cu la t ions .  340 54.4 48.7 740 20.0* 5.4 
T h e  r e s u l t i n g  R v a l u e s  for  t h e  o b s e r v e d  re f l ec t ions  w e r e  350 21-0" 1 2 . 8 -  800 21.0" 3 . 1 -  
50% for  t h e  d i s e l e n a n e  (axial) s t r u c t u r e  a n d  20% for  360 56.5 4 7 - 7 -  810 21-7 17-0 -  
t h e  d i t h i a n e  (equa tor ia l )  s t r u c t u r e .  One  cycle  of F o u r i e r  370 18.0" 14.4 
r e f i n e m e n t  of t h e  d i t h i a n e  s t r u c t u r e  s h i f t e d  t h e  h e a v y  
a t o m s  to  t h e  po s i t i ons  s h o w n  in  T a b l e  1. T h e  c a r b o n  
p a r a m e t e r s  a n d  t h e  i so t rop ic  t e m p e r a t u r e  f ac to r s  g i v e n  
in T a b l e  1 were  d e r i v e d  f r o m  t h e  d i t h i a n e  s t r u c t u r e  
w i t h o u t  f u r t h e r  r e f i n e m e n t .  T h e  s t r u c t u r e  f ac to r s  com-  
p u t e d  on  t h e  bas is  of  t h e  p a r a m e t e r s  in  T a b l e  1 a re  
c o m p a r e d  w i t h  t h e  o b s e r v e d  v a l u e s  in T a b l e  2. T h e  
c o r r e s p o n d i n g  v a l u e  of R is 13 %. 

E v e n  s t r o n g e r  e v i d e n c e  in  f a v o r  of t h e  d i t h i a n e  s t ruc-  
t u r e  is f o u n d  in  t h e  b e h a v i o r  of t h e  c a l c u l a t e d  F v a l u e s  
of t h e  u n o b s e r v e d  re f lec t ions .  T h e  2'  va lue s  c o r r e s p o n d i n g  
to  t h e  m i n i m u m  o b s e r v a b l e  i n t e n s i t y  were  n e v e r  o v e r  
22. On  t h e  bas is  of  t h e  s t r u c t u r e  of  t h e  d i s e l enane  com-  
p lex ,  7 of t h e  2" va lue s  for  t h e  20 u n o b s e r v e d  re f l ec t ions  
h a v e  c a l c u l a t e d  v a l u e s  o v e r  40 a n d  one,  (330), h a s  a 
c a l c u l a t e d  v a l u e  of  105. O n  t h e  o t h e r  h a n d ,  18 of t h e  
2" v a l u e s  for  u n o b s e r v e d  re f l ec t ions  h a v e  c a l c u l a t e d  
v a l u e s  less t h a n  22 on  t h e  basis  of  t h e  s t r u c t u r e  of t h e  
d i t h i a n e  c o m p l e x ,  a n d  all  h a v e  c a l c u l a t e d  v a l u e s  less 

t h a n  24. F u r t h e r m o r e ,  al l  c a l c u l a t e d  /v v a l u e s  for  un -  
o b s e r v e d  re f l ec t ions  a re  less t h a n  22 w h e n  b a s e d  o n  t h e  
' r e f ined '  p a r a m e t e r s .  

T h e  a u t h o r s  a re  p l e a s e d  to  a c k n o w l e d g e  t h e  f i nanc i a l  
a s s i s t ance  of t h e  N a t i o n a l  Science  F o u n d a t i o n  u n d e r  
G r a n t  N S F - G  12884, also t h e  a s s i s t ance  of t h e  N u m e r i c a l  
A n a l y s i s  R e s e a r c h  P r o j e c t  of  t h e  U C L A  D e p a r t m e n t  of  
M a t h e m a t i c s  a n d  t h e  W e s t e r n  D a t a  P r o c e s s i n g  C e n t e r  
of t h e  U C L A  College of  B u s i n e s s  A d m i n i s t r a t i o n  in  
p r o v i d i n g  access  to  t h e  I B M  7090 a n d  a u x i l i a r y  equ ip -  
m e n t .  
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I n  v i ew  of t h e  k n o w n  o c c u r r e n c e  of t h e  series of NiAs-  p h a s e  of t h e  s a m e  s t r u c t u r e  occurs  also a t  t h e  c o m p o s i t i o n  
t y p e  p h a s e s  T i S b  ( N o w o t n y  & Pes l ,  1951), CrSb (Of tedal ,  VSb ,  a l t h o u g h  n o  s u c h  p h a s e  a p p e a r s  t o  h a v e  b e e y  
1927; Will is ,  1953), M n S b  (Of tedal ,  1927, 1928; Will is ,  r e p o r t e d .  T h e  p r e s e n t  w o r k  was  u n d e r t a k e n  to  c la r i fn  
1953) etc . ,  i t  s e e m e d  v e r y  p r o b a b l e  t h a t  a n  i n t e r m e d i a t e  th i s  ques t i on .  


