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T h e  X - r a y  s t ud i e s  of  P e n f o l d  & Gr igor  (1959) g ives  t h e  
space  g r o u p  of F e C l e . 4 H 2 0  as P21/c w i t h  Z = 4 .  T h e  
h y d r o g e n  b o n d i n g  s c h e m e  s u g g e s t e d  b y  t he se  a u t h o r s  
was  u s e d  to  d e t e r m i n e  t h e  p - p  ( p r o t o n - p r o t o n )  d i r ec t i ons  
s h o w n  as sma l l  circles in  t h e  s t e r e o g r a p h i c  p r o j e c t i o n  in 
F ig .  1. E a c h  v e c t o r  was  c a l c u l a t e d  f r o m  t h e  b o n d s  w h i c h  
t h e y  s u g g e s t  b y  a s s u m i n g  i t  to  be  p e r e n d i c u l a r  to  t h e  
b i s e c t o r  of  t h e  ang le  X - O - X '  w h e r e  X a n d  X '  a re  t h e  
a t o m s  to  w h i c h  t h e  p r o t o n s  of t h e  w a t e r  m o l e c u l e s  a re  
h y d r o g e n  b o n d e d .  T h e  O - H  d i s t a n c e  was  t a k e n  as 0.97 A. 
I n  t h e  n o t a t i o n  of P e n f o l d  & Gr igor  t h e  p - p  v e c t o r s  we  
d e s i g n a t e d  A,  B,  C a n d  D c o r r e s p o n d  to  t h e  a r r ange -  
m e n t s  

A C1-O(1)-C1 
B Cl(a)-O(2)-Cl(b)  
C Cl(a)-O(2)-Cl(c)  
D Cl(b)-O(2)-Cl(c)  

T h e  p r i m e d  v e c t o r s  in F ig .  1 are  r e f l ec t ions  of  t h e  un-  
p r i m e d  vec to r s ,  t h e  m i r r o r  p l a n e  be ing  t h e  ac p lane .  
T h e  f ac t  t h a t  t h e  angles  of t y p e  C1-O(2)-C1 are  c losely  
s imi la r  l ed  P e n f o l d  & Gr igor  to  sugges t  a poss ib le  dis- 
o r d e r e d  a r r a n g e m e n t  of h y d r o g e n  b o n d s  a b o u t  0(2) ,"  
two  h y d r o g e n  a t o m s  be ing  u s e d  to  f o r m  t h r e e  b o n d s  
O(2)-Cl(a) ,  O(2)-Cl(b) a n d  O(2)-Cl(c).  
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Fig. 1. Stereographie project ion showing the  directions of the  
p - p  vectors;  the  small circles represent  the  calculated 
directions and  the  large circles represent  the  observed 
directions. 

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  r e s o n a n c e  d i a g r a m s  ob- 
t a i n e d  b y  r o t a t i n g  t h e  c ry s t a l  a b o u t  f o u r  d i f f e r e n t  axes  
of r o t a t i o n  were  u s e d  to  d e t e r m i n e  t h e  m a g n i t u d e  a n d  
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o r i e n t a t i o n  of t h e  p-p  vec to r s .  T h e  o b s e r v e d  p - p  direc-  
t ions  are  d e s i g n a t e d  I ,  I I ,  a n d  I I '  in  F ig .  1. T h e  axes  
of  r o t a t i o n  were  a ' ,  b, c a n d  a n  a d d i t i o n a l  axis  w h i c h  
was  so c h o s e n  t h a t  b o t h  v e c t o r s  I a n d  I I  were  in i ts  
p l a n e  of r o t a t i o n .  T h e  o b s e r v e d  p - p  v e c t o r s  a re  to  be  
c o m p a r e d  w i t h  t h o s e  o b t a i n e d  f r o m  t h e  P e n f o l d - G r i g o r  
s c h e m e .  T h e  c o m p a r i s o n  is s h o w n  in g r e a t e r  de t a i l  in  
Tab l e  1 w h e r e  t h e  c a l c u l a t e d  X - O - X "  ang le  a n d  t h e  
o b s e r v e d  H - O - H  ang le  are  also g iven .  H e r e  a 0, 80 a n d  Y0 
are  t h e  ang les  b e t w e e n  t h e  p-p  vec to r s  a n d  t h e  p o s i t i v e  
a, b a n d  c axes  r e spec t i ve ly .  

Angle 

80 
Yo 

X-O-X" 
H-O-H 

Table I. 

Calculated 

A B C D 
52.5 ° 111 ° 75 ° 54 ° 
41.5 ° 87 ° 42.5 ° 39.5 ° 
89.5 ° 3.5 ° 62 ° 89 ° 

103 ° 85 ° 91 ° 94.5 ° 

Observed 

I I  I 
44 ° 111 o 
51 ° 90 ° 
90 ° 1 ° 

110 ° 114 ° 

I t  a p p e a r s  f r o m  Fig .  1 t h a t  v e c t o r  I be longs  to  B 
whi le  v e c t o r  I I  be longs  e i t h e r  to  A or  to  b o t h  A a n d  D.  
Our  m e a s u r e m e n t s  do  n o t  c o n f i r m  t h e  ex i s t ence  of 
v e c t o r  C. I f  th i s  is t a k e n  to  ru le  o u t  t h e  ex i s t ence  of t h e  
b o n d  O(2)-Cl(c) t h e n  v e c t o r  D is also e l i m i n a t e d .  I t  is 
to  be  n o t e d  t h a t  t h e  b o n d  l e n g t h  O(2)-Cl(c) (3-40 ~ )  is 
l o n g  c o m p a r e d  to  O(2)-Cl(a)  (3.07 J~) a n d  O(2)-Cl(b) 
(3.18 A). T h e  e x i s t e n c e  of v e c t o r  B does  i n d i c a t e  t h a t  
w a t e r  mo lecu l e s  of t y p e  (2) h a v e  t h e i r  pos i t i ons  de t e r -  
m i n e d  m o r e  b y  t h e  p a c k i n g  r e q u i r e m e n t  of t h e  l a rge  
C1- ions  t h a n  b y  a s t r o n g  a t t a c h m e n t  to  F e  ++ ( P e n f o l d  
& Grigor ,  1959). 

T h e  m a g n i t u d e s  of t h e  p-p  v e c t o r s  a re  g iven  in t h e  
f o r m  of H - O - H  ang le  in T a b l e  1, t h e  O - H  d i s t a n c e  
being 0.97 A. The fact that the H-O-H angle is larger 
than the X-O-X" angle may be due to bending of the 
bonds; this has been observed in many other hydrates 
(cf. McGrath & Silvidi (1961)). 

The measurements reported above were made at room 
temperature. Pierce & Friedberg (1961) have reported 
that susceptibility measurements indicate a possible 
paramagnetic-antiferromagnetic transition in FeCl 2 . 4H20 
at 1-6 °K. Our n.m.r, studies in the temperature range 
1-15-4-2 °K. reveal no such transition. This result is in 
agreement with specific heat studies by Dr H. Forstat 
of this laboratory. 
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