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h , k , l  ca l c .  d 

110 7.52 7.45 s 

003;202 4 . 9 ; , 4 . 8 9  ~.39.87 vwVW 
300 4.34 4.32 s 
113 h.12 4.11 vvw 
220 3.76 3.74 mw 
104 3.55 3.56 mw 

303;312 3 .26 ,3 .25  3.26 m 
401 3.18 3.22 mw 
223 2.99 2.99 m 
214 2.95 2.96 m 
410 2.84 2.84 ms 

3;0  2T51 1 2.50 2.59 mw mw 

~13;006;502 2.46 2.46 mw 
404 2.44 2.45 vvw 

116;422 2.34 2.35 w 
324;511 2 .32,2 .31 2.33 w 

333 2.23 2.23 vvw 
600 2.17 2.17 vvw 

306;431 2 .14 ,2 .12  2.13 vvvw 
520 2.09 2.08 w 
107 2.08 2.07 vw 
226 2.06 2.05 vw 
514 1.977 1.978 vw 

523;612 1.922,1.919 1.922 vw 
416 1.861 1.867 ms 
43~ 1.853 1.856 vvw 
532 1.805 1.806 vvvw 
407 1.771 1.763 w 

443;336 1.757 1.752 vw 
710;327 1.726,1.724 1.724 vw 

704 1.663 1.664 vw 
541;615 1.658,1.649 1.652 vvvw 

318;630;009 1.644,1.642,1.641 1.641 m 
713 i .629 1.631 vw 
606  1 . 6 2 9  1 . 6 2 8  vvw 

Table 3. X-ray data 
obs. d obs.  int. h,k,l  ca lc .  d obs. d obs. i n t .  

119;526 ] .60371.592 1.596 vw 
633:722 1.558,1.557 1.559 v v v w  

544 1.521 1.522 vvw 
811 1.517 1 5  . 16 vvvw 
hb6 1.495 1.492 vvvw 
428 1.477 1.479 vvvw 
642 1.465 1.464 vvw 
900 1.448 1 .450  vvw 
805 1.427 1.429 vvw 

820;419 1.422.1.42l 1 423 w 
2 ,1 ,10  1.~15 I~418 vvw 
716;814 1.413,1.410 1.411 vvvw 

903 1.389 1.389 vw 
339;627 1.373 1.377 vw 
823;636 1.366 1.369 w 
618;740 1.353,1.352 1.352 vw 

4,0,10;912 1.345,1.344 1.344 vvvw 
645 1.334 1.334 vvvw 

3 , 2 , 1 0 ; 2 , 0 , 1 1  1.324,1.315 1.319 vvvw 
7 4 3 ; 8 3 2  1.303 ] .305 vvvw 
I0,0, I 1.298 1.296 vvvw 
556;654 1.284,1.281 1.283 vw 

921 1.279 1.275 vw 
3,1,11 1.259 1.258 vvw 

660 1.254 1.255 vvw 
5 ,1 ,10 ;906  1.249;1.248 1.248 vvvw 

915 1.240 1.242 vvvw 
10,1.0;449;617 1.237,1.237,1.236 ].234 w 

84i ;808 1.227,1.222 1.224 vw 
4,3,10 1.216 1.217 vvw 

663;1 ,1 ,12 1.215 1.215 VVW 
728;930 1.206,1.205 1.206 vw 
10,1,3 1.200 1.201 vvw 

5,0,11 1 . 1 ~ 4 1 . 1 9 4 1 " 1 9 5  vwVW 
719 1.189 1.188 w 

746;3 ,0 ,12 1.185,1.184 1.184 vw 

content  of 32.35% and a molecular weight  of 2273 per 
rhombohedral  uni t  cell containing four Ca6WO 9 molecules. 

The authors would like to thank  W. J.  Romanow for 
taking the  oscillation and Weissenberg photographs,  
C. L. Luke  and S. M. Vincent  for the tungsten analyses, 
and R . G .  Treuting, R . D .  Burbank,  and particularly 
S. Geller for helpful discussions. 
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The crystal s tructure of the  complex between chloranil 
and  hexamethylbenzene---C6C1402 . C6(CHa)8--was recent- 
ly invest igated by  Hard ing  & Wallwork (HW) (1955). 
They reported extreme non-planar i ty  for the chloranil 
and hexamethy lbenzene  molecules and explained the  
puckering in terms of steric interactions and polarization 
bonding between the two molecules. Since then, I )onohue 
& Trueblood (1956) and Nyburg  (1961) have expressed 
surprise at  this and  other  features of the reported struc- 
ture and have suggested that ,  in view of the small 
number  of observed reflections (185), the  reported non- 
planar i ty  might  no t  be of significance. We have now 
shown tha t  the observed intensities are indeed consistent 
with entirely coplanar structures for the two molecules. 

We have carried out  a least-squares ref inement  of the  

* Contribution No. 2745 from the Gates and Crellin Labo- 
ratories of Chemistry. 

positional parameters ,  based on the  observed structure 
factors and atomic coordinates of HW. The quant i ty  
minimized was Xw(F2o-F~) 2 and the  weights w were 
taken  inversely proport ional  to the  square of the  form 
factor of carbon. t  Individual  isotropic t empera ture  
parameters  were adjus ted only approximately,  wi th  the  
restriction tha t  chemically equivalent  a toms have  
identical parameters. In order to place the data of HW 
(their Table 2) on an absolute scale we found it necessary 
to multiply their observed structure factors by 4.25. 

Our final parameters and their estimated standard 

t A number of pronounced and persistent discrepancies 
between calculated and observed structure factors among the 
weak reflections discouraged us from the usual scheme of 
assigning weights inversely proportional to the observed 
structure factors. In addition, the 100 reflection was given 
zero weight. 
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Tab l e  1. Refined atomic parameters 

Posit ional parameters  and thermal  parameters ,  B~, where 
T i = e x p  (--B~ sin 2 0/). 2) , 

f rom the final least-squares analysis 

No. Type  x ax y (~y z O" z B 
1 C 0-071 (5) -- 0.140 (6) 0.028 (2) 1.0 
2 C 0-056 (7) - 0.024 (5) 0.093 (3) 1.0 
3 C -0 .011  (6) 0.124 (5) 0.063 (3) 1.0 
4 C1 -0 -024  (2) 0.260 (2) 0.142 (1) 5.5 
5 C1 0-141 (2) --0.335 (2) 0-071 (1) 5.5 
6 O 0-095 (4) - 0 . 0 5 8  (4) 0.181 (2) 3.4 

7 C 0-576 (6) --0.132 (6) 0.057 (3) 1.9 
8 C 0-542 (8) 0.007 (5) 0.098 (3) 1.9 
9 C 0-479 (6) 0.130 (6) 0-037 (3) 1-9 

10 CHa 0.446 (6) 0.302 (7) 0-086 (3) 6.0 
11 Ct t  a 0.654 (6) --0.265 (8) 0.116 (4) 6.0 
12 CH 3 0-590 (7) 0.034 (8) 0.202 (4) 6.0 

d e v i a t i o n s  are  l i s ted  in Tab l e  1; t h e  s t a n d a r d  d e v i a t i o n s  
are  a b o u t  0.06 A for  t h e  pos i t i ons  of t h e  l igh t  a t o m s  a n d  
0.02 A for  t h e  ch lo r ine  a t o m s .  (These  va lues  are  in 
a p p r o x i m a t e l y  t h e  e x p e c t e d  ra t io  whereas ,  as D o n o h u e  
& T r u e b l o o d  p o i n t  ou t ,  t h e  s t a n d a r d  d e v i a t i o n s  g iven  b y  
H W  are  g r e a t e r  for  t h e  ch lor ine  a t o m s  t h a n  for  t h e  l i gh t e r  
a t oms . )  T h e  s t a n d a r d  d e v i a t i o n s  in t h e  t e m p e r a t u r e  
f ac to r s  B are  a b o u t  2-0 for  t h e  l ight  a t o m s  a n d  0 .7 fo r  
t h e  ch lo r ine  a t o m s .  I n  t h e  las t  l ea s t - squa res  r e f i n e m e n t  
cycle  n o  c o o r d i n a t e  sh i f t  was  as m u c h  as 1/3 of i ts  
s t a n d a r d  d e v i a t i o n .  T h e  f inal  R f a c t o r  was  0.14 c o m p a r e d  
w i t h  t h e  v a l u e  0-27 we  o b t a i n e d  w i t h  t h e  p a r a m e t e r s  
of t tSV. 

O u r  resu l t s  i n d i c a t e  t h a t ,  w i t h i n  t h e  la rge  e x p e r i m e n t a l  
er rors ,  b o t h  t h e  ch lo ran i l  a n d  t h e  h e x a m e t h y l b e n z e n e  

mo lecu le s  are  p l a n a r .  T h e  m a x i m u m  d e v i a t i o n  f r o m  t h e  
l eas t - squa res  p l a n e  of t h e  ch lo ran i l  mo lecu le ,  c a l c u l a t e d  
w i t h  w e i g h t s  p r o p o r t i o n a l  to  t h e  a t o m i c  n u m b e r s , *  is 
0.087 A for  t w o  of t h e  c a r b o n  a t o m s ;  t h e  m a x i m u m  
d e v i a t i o n  f r o m  t h e  bes t  p l a n e  of t h e  h e x a m e t h y l b e n z e n e  
m o l e c u l e  is 0.045 ~t. T h e  t w o  p l a n e s  are  c losely  para l le l ,  
t h e  c a l c u l a t e d  d i h e d r a l  ang le  be ing  2.1 ° . S imi la r ly ,  t h e  
b o n d  d i s t ance s  s h o w  n o  s ign i f i can t  d e v i a t i o n s  f r o m  t h e  
e x p e c t e d  va lues ,  t h e  e x t r e m e  v a l u e  1.71 ft. c a l c u l a t e d  
for  a pa i r  of C - C H  a b o n d s  b e i n g  o n l y  t w o  s t a n d a r d  
d e v i a t i o n s  f r o m  t h e  n o r m a l  d i s t a n c e  of 1.54 /~. 

A c c o r d i n g l y ,  we  r each  t he  c o n c l u s i o n  t h a t  t h e  ex- 
p e r i m e n t a l  d a t a  are  c o m p a t i b l e  w i t h  p l a n a r  m o l e c u l e s  
h a v i n g  n o r m a l  d i m e n s i o n s  a n d  t h a t  i t  is n o t  n e c e s s a r y  
to  p o s t u l a t e ,  as H W  h a v e  done ,  a z igzag a r r a n g e m e n t  
of p o l a r i z a t i o n  b o n d s  to  exp l a in  t h e  s t r u c t u r e .  

One  of us  (NDJ)  is g r a t e fu l  to  t h e  Div i s ion  of Genera l  
Medica l  Sciences,  U n i t e d  S t a t e s  P u b l i c  H e a l t h  Service  for  
a P r e d o c t o r a l  F e l l o w s h i p  d u r i n g  t h e  t e n u r e  of w h i c h  t h i s  
i n v e s t i g a t i o n  was  ca r r i ed  ou t .  
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T h e  r e f i n e m e n t  of t h e  c rys t a l  s t r u c t u r e  of t h e  ch lorani l -  
h e x a m e t h y l b e n z e n e  c o m p l e x  b y  J o n e s  & Mar sh  (1962) 
c o n f i r m s  t h e  s u g g e s t i o n  a l r e a d y  m a d e  (W'allwork,  1961) 
t h a t  t h e  m o l e c u l a r  d i s t o r t i o n s  o r ig ina l ly  r e p o r t e d  (Hard -  
ing  & W a l l w o r k ,  1955) are  p r o b a b l y  n o t  s ign i f ican t .  
T h e y  w e r e  m i s t a k e n l y  i n t e r p r e t e d  as be ing  s ign i f i can t  
in  t h e  or ig ina l  w o r k  because  t he  s t a n d a r d  d e v i a t i o n s  of  
a t o m i c  pos i t i ons  were  i nco r r ec t l y  ca l cu l a t ed .  I n  sp i t e  of  
t h e  i m p r o v e m e n t s  in R a n d  m o l e c u l a r  p l a n a r i t y  b r o u g h t  
about by the recent refinement it is clear that the present 
X - r a y  d a t a  are  n o t  su f f ic ien t  to  e s t ab l i sh  a c c u r a t e  a t o m i c  

pos i t ions .  N e w  a n d  m o r e  e x t e n s i v e  d a t a  are  n o w  b e i n g  
o b t a i n e d  a t  a b o u t  - 1 0 0  °C. a n d  t h e s e  wil l  be  u s e d  in 
a f u r t h e r  r e f i n e m e n t  of t h e  s t r u c t u r e .  
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