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three secondary I -O  distances, which are considerably 
less than  the sum of the van  tier Waals radii (about 3.5 A.), 
and  regard t hem as indicating weak secondary bonds 
from the I atom. (Copper forms two weak bonds in 
addit ion to the four strong coplanar bonds in a number  of 
crystalline cupric compounds (Wells, 1947).) In  deciding 
on the location of the H atoms in HIe3 ,  the 0 - O  distances 
of 2.78 A. within an I03 group are regarded as resulting 
from the formation by I of three bonds of length 1.8 A. 
inclined at angles of about  100°; they  are not  considered 
as possible O - H - O  bonds. Equally,  however, if the three 
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Fig. 1. Projection of the structure of ~-HIOa on (100). The 
positions suggested by Rogers & Helmholz for the H atoms 
are shown on the right. 

like I in H I e  3, three more neighbours in addit ion to its 
three nearest  O atoms which complete a distorted octa- 
hedral co-ordination group. The distances to these next  
nearest neighbours are, however, 3.00, 3.08 and 3.09 A. 
(as compared with Se-0 ,  1:74 A. (mean) within a Se0~ 
group), i.e. considerably greater than  the secondary I -O 
distances in HIO~ in spite of the fact tha t  So is smaller 
than  I. This supports the view tha t  I really is forming 
bonds additional to the three strong bonds in e~n IO 3 group. 
The variation (2.45-2.90 A.) in the lengths of these weaker 
bonds is somewhat  surprising, but  it is well known tha t  it is 
difficult to locate accurately the  lighter atoms in a struc- 
ture containing much heavier ones, as shown by the  large 
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Fig. 2. Projection on (100) of the structure of e-HI03 shown 
as a'system of linked, distorted IO6 oetahedra. The O atoms 
of one octahedron are shaded, and the thre~ weaker I-O 
bonds are shown as dotted lines. The edges of the uppermost 
face of each IO6 octahedron are indicated by heavy lines. 
The shaded octahedron faces correspond to the shaded IO 3 
groups in Fig. 1. 

longer I -O  distances are interpreted as indicating the 
formation of three secondary bonds by the I atom, then 
it is not  justifiable to regard the short length of any edge 
of this distorted IO 6 group as evidence of hydrogen 
bonding. In  Fig. 2 the six nearest  O neighbours are 
emphasized for one of the I atoms, and the three weaker 
I -O  bonds are indicated by dot ted  lines. I t  is found tha t  
two of the four ' bifurcated '  hydrogen bonds from any IO3 
group are edges of IO 6 co-ordination groups. I f  these are 
disregarded, the hydrogen bonding is tha t  shown by 
the heavy broken lines, two of which join each IOn 
group to neighbouring groups to form infinite chains 
- H - I O s - H - I O a - ,  etc. In  suppor~ of this interpretat ion 
there is the additional fact tha t  in H2SeO a the Se a tom has, 

discrepancy between I -O bond lengths  found in two 
recent studies of NaIO3, viz. I -O,  1.80 A. (1) and 1"83 A. 
(2) (MacGillavry & van Eck, 1943); and I-O, 2-05 A. (1) 
and 2.08 A. (2) (N~ray-Szab6 & Neugebauer, 1947). 
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The hygroscopic character of proline has presented con- 
siderable difficulty in the growth of water-free crystals 
suitable for single-crystal studies. In  an atmosphere of 
high humid i ty  crystal growth takes the form of a fine 
white powder or feather-llke formation with no single 
crystals of satisfactory size. The powder pa t te rn  from this 
material  exhibi ted marked  differences from tha t  of the 
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original dry proline powder. Successful single crystals 
were grown from a solution of the material  in ethyl  alcohol 
previously dried over anhydrous  copper sulphate. Normal  
methyl  amyl  ketone was used to reduce the  rate of 
evaporation. Evaporation took place in ~ closed container 
through which a modera te  flow of dry air was maintained.  
This gave needle-shaped t ransparent  birefringent crystals 
of rectangular cross-section. 

Considerable care was required to protect the crystals 
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f r o m  e x p o s u r e  to  t h e  a t m o s p h e r e ,  as e v e n  br ie f  c o n t a c t  
w i t h  w a t e r  v a p o r  caused  i m m e d i a t e  de t e r i o r a t i on .  Pro-  
t e c t i o n  was  ef fec ted  b y  coa t i ng  t h e  c rys ta l s  w i t h  a v e r y  
t h i n  l aye r  o f  cel lulose n i t r a t e  o b t a i n e d  b y  d i p p i n g  t h e  
c rys t a l  in  a 4 % n e u t r a l  a~nyl a c e t a t e  so lu t i on  before  
m o u n t i n g .  ' I h  th i s  w a y  i t  was  poss ib le  to  p re se rve  t h e  
c rys ta l s  for  severa l  days .  

W e i s s e n b e r g  p h o t o g r a p h s  were  t a k e n  of  t h e  e q u a t o r  a n d  
f irst  a n d  s e c o n d  layer  l ines w i t h  t h e  c rys ta l  r o t a t e d  a b o u t  
t h e  c axis ,  w h i c h  was  para l le l  to  t h e  long  d i m e n s i o n  of  t h e  
c rys ta l .  T h e s e  p h o t o g r a p h s  were  o b t a i n e d  t h r o u g h  
facil i t ies m a d e  ava i l ab le  b y  Prof .  B. E.  W a r r e n  of  t h e  
M a s s a c h u s e t t s  I n s t i t u t e  of  Tec tmo logy .  I n  th i s  l a b o r a t o r y ,  
a d d i t i o n a l  r o t a t i o n  p h o t o g r a p h s  were  t a k e n  of  t h e  c rys ta l  
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r o t a t e d  a b o u t  t h e  a a n d  b axes .  I t  was  o b s e r v e d  t h a t  t h e  
a a n d  b axes  lie in d i r ec t i ons  a p p r o x i m a t e l y  45 ° t o  t h e  
c rys t a l  faces.  T h e  u n i t  cel l  was  f o u n d  to  be  o r t h o r h o m b i c  
w i t h  t h e  fo l lowing  d i m e n s i o n s :  

a = 1 1 . 6 4 ,  b = 9 . 0 5 ,  c = 5 . 1 8 A .  

T h e  fo l lowing  s y s t e m a t i c  absences  wore  o b s e r v e d :  h00 
w i t h  h odd ,  0k0 w i t h  k o d d  a n d  00l w i t h  l odd .  T h e s e  
i n d i c a t e  t h a t  t h e  space  g r o u p  is P21212 ~. T h e  d e n s i t y  o f  
t h e  p ro l ine  crys ta ls ,  as d e t e r m i n e d  b y  f l o t a t i on  in  a 
m i x t u r e  o f  p - b r o m o t o l u e n e  a n d  n - b u t y l  b r o m i d e ,  was  
1-35 g .cm.  -a. T h e  n u m b e r  o f  mo lecu l e s  pe r  u n i t  cell was  
ca l cu l a t ed  to  be 3-9. Th i s  i nd i ca t e s  t h a t  t h e  u n i t  celI con-  
ra ins  four  molecu les .  
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I n t r o d u c t i o n  

One of  t h e  m o s t  i m p o r t a n t  needs  in  s t r u c t u r e  ana lys i s  is 
a m e a n s  for  t h e  r a p i d  a s s e s s m e n t  of  t h e  cor rec tness  or 
Otherwise o f  a p r o p o s e d  s t r u c t u r e .  T h e  device  desc r ibed  in 
th i s  n o t e  is a f irst  s t ep  t o w a r d s  fil l ing t h i s n e e d ,  a n d  we 
h o p e  to  d e v e l o p  i t  i n to  a m u c h  m o r e  versa t i l e  i n s t r u m e n t .  

T h e o r y  

H u g g i n s  (1945)  has  desc r ibed  t h e  p r e p a r a t i o n  of  m a s k s  
(for use  in  p h o t o g r a p h i c  F o u r i e r  syn thes i s )  in w h i c h  t h e  
t r a n s m i s s i o n  of  l igh t  a t  a n y  poin~ is p r o p o r t i o n a l  to  
1 +_ cos 27r(hx-t-ky), t h e  s y m b o l s  h a v i n g  t h e  u sua l  m e a n -  
ings.  I f  a n  imago  of  one of  t hese  m a s k s ,  w i t h  pos i t i ve  
sign,  is p r o j e c t e d  on  a t e m p l a t e  in  w h i c h  smal l  holes  h a v e  
been  dr i l led  w i t h  cen t res  a t  (x, y), t h e  l igh t  t r a n s m i t t e d  
will  be  p r o p o r t i o n a l  to  ZA{1 + cos 27r(hx + ky)}, whe re  A 
is t h e  a rea  o f  each  hole.  Thus ,  i f  t h e  holes  are  m a d e  to  
c o r r e s p o n d  in p o s i t i o n  to  t h e  a t o m s  in a p r o p o s e d  s t r u c t u r e ,  
w i t h  a reas  p r o p o r t i o n a l  to  t he i r  s c a t t e r i n g  fac tors ,  t h e  
va lue  o f  t h e  s u m m a t i o n  is p r o p o r t i o n a l  to  F(000)  + F(hkO). 

• E x p e r i m e n t a l  t e s t  

B y  m e a n s  o f  a f i l l - s t r i p  p ro jec to r ,  m o d i f i e d  to  g ive  trait  
magn i f i ca t i on ,  images  of  t h e  H u g g i n s '  m a s k s  wore  pro-  
j e c t e d  on  a brass  t e m p l a t e  in w h i c h  holes  o f  a b o u t  1 m m .  
d i a m e t e r  were  dr i l led  to  r e p r e s e n t  t h e  s t r u c t u r e  o f  d u r e n e  
( R o b e r t s o n ,  1933) p r o j e c t e d  on  to  (010). A bar r i e r - l ayer  
p h o t o c e l l  was  p l a c e d  i m m e d i a t e l y  b e h i n d  t h e  t e m p l a t e  
a n d  was  c o n n e c t e d  to  a g a l v a n o m e t e r ,  t h e  s ens i t i v i t y  of  
w h i c h  ~ a s  so a d j u s t e d  t h a t  t h e  zero r e a d i n g  c o r r e s p o n d e d  
t o  - F ( 0 0 0 )  a n d  t h e  r e a d i n g  w i t h  no  m a s k  in pos i t i on  
c o r r e s p o n d e d  to  + F ( 0 0 0 ) ;  t h e n  t h e  r ead ings  w i t h  t h e  
va r i ous  m a s k s  in  pos i t i on  s h o u l d  be  equa l  to  t h e  corre- 
s p o n d i n g  s t r u c t u r e  fac to r s  u n c o r r e c t e d  for c h a n g e  in 
s c a t t e r i n g  fac tor .  T h e  fo l lowing  t ab l e  g ives  t h e  r e su l t  o f  
t h i s  t e s t .  I t  wi l l  be  n o t e d  t h a t ,  a l t h o u g h  t h e r e  are  a few 
large  d i sc repanc ies  in m a g n i t u d e ,  all t h e  s igns are  cor- 
r e c t l y  d e r i v e d :  

1949) 

hkl F(ealc.) F ( f r o m m a c h i n e )  
000 + 148 + 148 
200 + 36 + 24 
400 -- 24 --" 24 
600 -- 33 -- 50 
800 -- 48 -- 22 
001 + 50 + 35 
oo2 - 65 - 52 
003 - 63 - 73 
004 - 1 - 7 
o05 - 5 - 5 
201 + 21 + 22 
20i + 53 + 37 
202 + 8 + 30 
20~ -- 4 -- 9 
203 -- 25 -- 21 
203 -- 62 -- 32 
204 -- 40 -- 53 
20~ --  19 - -  2 
401 + 3 + 12 
40i --  32 " --  41 
601 --  89 --  63 
60i + 12 + 17 

S o u r c e s  o f  e ~ r o r  

I t  is r a t h e r  diff icul t  to  a l ign  t h e  i m a g e  of  t h e  m a s k  
a c c u r a t e l y  on  t h e  t e m p l a t e .  Moreover ,  t h e  m e t h o d  
a s sumes  t h a t  t h e  pho toce l l  has  a l inear  r e sponse  a n d  t h a t  
t h e  response  is u n i f o r m  over  t h e  who le  surface .  

These  sources  o f  e r ror  cou ld  be  e l i m i n a t e d  b y  a l lowing  
a m a g n i f i e d  i m a g e  of  t h e  m a s k s  to  fall on  a se t  o f  p h o t o c e l l s  
r e p r e s e n t i n g  a t o m s ;  t h e  o u t p u t s  cou ld  be  fed  t h r o u g h  
p o t e n t i o m e t e r s ,  set  to  a l low for d i f fe ren t  s c a t t e r i n g  
factors .  W i t h  th is  device  d i f fe rent  a t o m i c  a r r a n g e m e n t s  
cou ld  be t r i ed  m o r e  qu ick ly .  Moreover ,  i f  t h e  o u t p u t s  
were  fed  to  f u r t h e r  p o t e n t i o m e t e r s  se t  to  c o r r e s p o n d  to  
t h e  a p p r o p r i a t e  va lues  of  cos 27rlz or s in 2rdz, v a l u e s  o f  
F(hkl) cou ld  also be  d e t e r m i n e d  in se ts  w i t h  c o n s t a n t  I. 
Th is  w o u l d  h a v e  g r e a t  u t i l i t y  in  t h r e e - d i m e n s i o n a l  work .  
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