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T h e  s t r u c t u r e  of afwfl l i te ,  Ca3 (S iOaOH)2 .2H20 ,  h a s  re- 
c e n t l y  b e e n  w o r k e d  o u t  b y  i~Iegaw (1952), w h o  ha s  s h o w n  
t h a t  b o t h  l o n g  a n d  s h o r t  h y d r o g e n  b o n d s  a re  p r e s e n t .  
A n  i n v e s t i g a t i o n  of  t h e  a n i s o t r o p y  of  t h e  t h e r m a l  ex-  
p a n s i o n  coef f ic ien t  h a s  b e e n  u n d e r t a k e n  w i t h  t h e  h o p e  
of  r e l a t i n g  i t  to  t h e  d i r e c t i o n s  of  t h e  t w o  t y p e s  of h y d r o g e n  
b o n d s .  

S ingle  c rys t a l s  of  n a t u r a l  a fwi l l i te  we re  e x a m i n e d  ove r  
t h e  t e m p e r a t u r e  r a n g e s  - -60  ° to  20 ° C., a n d  30 ° to  120 ° C. 
A t h e r m o s t a t  b a s e d  on  t h a t  d e s c r i b e d  b y  U b b e l o h d e  & 
W o o d w a r d  (1946) w a s  u s e d  to  cool  t h e  c rys t a l s  a n d  a 
sma l l  f u r n a c e  m a d e  of n i c k e l  foil, i n d i r e c t l y  h e a t e d  
e lec t r ica l ly ,  w a s  u s e d  to  ra ise  t h e i r  t e m p e r a t u r e .  Re -  
f lex ions  f r o m  p l a n e s  w i t h  h i g h  0 v a l u e s  for  c o p p e r  
r a d i a t i o n  w e r e  r e c o r d e d  o n  a f l a t  b a c k - r e f l e x i o n  p l a t e  
p l a c e d  a t  a d i s t a n c e  of  10 cm.  f r o m  t h e  c rys t a l .  E x -  
p o s u r e s  for  t h e  t w o  t e m p e r a t u r e s  were  m a d e  on  t h e  
s a m e  f i lm,  a n d  t h e  s e p a r a t i o n  of  t h e  s p o t s  c o r r e s p o n d i n g  
to  a g i v e n  r e f l ex ion  w a s  m e a s u r e d .  

T h e  v a l u e s  o b t a i n e d  for  t h e  e x p a n s i o n  coe f f i c i en t s  in  
t h e  d i r e c t i o n s  of  t h e  n o r m a l s  to  t h e  r e f l ec t i ng  p l a n e s  are  
g i v e n  in  T a b l e  1 a n d  t h e  v a l u e s  of t h e  p r i n c i p a l  coef f ic ien ts  
in  T ab l e  2 ;  F ig .  1 s h o w s  t h e  v a r i a t i o n  of c~ in  t h e  (010) 

T a b l e  1. The thermal expansion coefficients in the direction 
of the normals to several reflecting planes 

c~ × 10 e (per deg. C.) 
^ 

Average value Average value 
hkl 0 30  ° t o  120  ° C. - - 6 0  ° t o  2 0  ° C. 

4,0,14 78 ° 15' 13.74-1.4 9.04-1.1 
0,0,12 79 ° 57" 17.14-1.7 12.8+1.2  

608 78 ° 40' 21.44-1.5 15.14-1.1 
1 8 , 0 , 4  86 ° 44' 28"24-1"4 - -  

2 0 , 0 , 8  81 ° 12' 24-34-1.7 13.74-1.2 
373 77 ° 10" 9-04-1-2 - -  

T a b l e  2. Principal expansion coefficients 

Average value Average value 
30 ° to 120 ° C. - -60 ° to 20 ° C. 

oh1 7 .1±2 .0  5.24-1.5 
a29. 9 - 8 ± 2 . 1  * 
aaa 27 .8+  3.0 18 .0± 1.8 
~ t  90 4-3 ° 87 4-3 ° 

• The low-tempera ture  value of a22 was no t  de te rmined  
as it  was t hough t  t ha t  little of interest  would result  f rom this 
measurement. 

~" ~ is the angle between ocaa and [001], and is positive 
if c~ lies in the  obtuse angle ft. 

p l a n e  (average  v a l u e  for  t h e  r a n g e  of t e m p e r a t u r e  30 ° t o  
120 ° C.). T h e  c ry s t a l  is m o n o c l i n i c ,  so t h a t  t h e  d i r e c t i o n  
of a ~  is f i xed  pa ra l l e l  t o  t h e  y ax is  b y  s y m m e t r y .  T h e r e  
is a l a rge  v a l u e  of t h e  e x p a n s i o n  coef f ic ien t  p e r p e n d i c u l a r  
t o  t h e  z ax is  in  t h e  (010) p l ane .  T h e  v a l u e s  pa ra l l e l  t o  t h e  
y a n d  z axes  a re  m u c h  sma l l e r  a n d  are  a p p r o x i m a t e l y  
equa l .  T h e  ang les  b e t w e e n  t h e  d i r e c t i o n s  of t h e  h y d r o g e n  
b o n d s  (Fig.  2) a n d  t h e  d i r e c t i o n  of  m a x i m u m  e x p a n s i o n  
a r e :  

S h o r t  h y d r o g e n  b o n d s :  
L o n g  h y d r o g e n  b o n d s :  

S 1 90°;  S~ 46 ° . 
L1 32 °; L ~  20 ° . 

S ince  m e a s u r e m e n t s  h a v e  b e e n  m a d e  ove r  o n l y  t w o  
t e m p e r a t u r e  r a n g e s  i t  is n o t  poss ib le  t o  d r a w  d e t a i l e d  
conc lus ions  a b o u t  t h e  w a y  t h e  e x p a n s i o n  coef f ic ien ts  v a r y  
w i t h  t e m p e r a t u r e .  T h e  p e r c e n t a g e  v a r i a t i o n  is ap-  
p r o x i m a t e l y  t h e  s a m e  for  all  d i r e c t i o n s  a n d  t h e r e  is n o  
s ign i f i can t  c h a n g e  in  t h e  o r i e n t a t i o n  of  t h e  d e f o r m a t i o n  
el l ipsoid.  
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Fig. 1. The var ia t ion of ~ wi th  direct ion for the  t empera tu re  
range 30 ° to 120 ° C. The values of ~ are expressed in uni ts  
of 10 -e per  deg. C. 
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e=Si, o=  Ca ,O=O,O=OH,O= H20 

Fig. 2. Project ion of the un i t  cell on (010). The atoms shown 
are approximately at height 0. A similar layer of atoms 
app rox ima te ly  at  height  ½ has been omi t t ed  for the  sake of 
simplicity. 
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The only earlier work on the rmal  expansion which is of 
relevance for comparison wi th  these results  is t h a t  done b y  
Ubbelohde and  his collaborators.  They  found t h a t  in 
oxalic acid d ihydra te  (Robertson & Ubbelohde,  1939) 
and  in l~ochelle sal t  (Ubbelohde & Woodward,  1946) the  
m a x i m u m  expansion lay  near ly  in the  direction of the  
short  hydrogen  bond, and  t hey  therefore a t t r ibu ted  the  
large value to a par t icu lar ly  large expansion of the bond 
itself. There is no evidence of a n y  such large expansion 
in the results  obta ined for afwillite. I t  is not  even possible 
to explain the  exper imenta l  values b y  t ak ing  some ac- 
count  of the anisot ropy of the  electrostatic forces, and  
assuming t h a t  a n y  expansion of the hydrogen  bonds mus t  
be superimposed on a general large expansion perpen- 
dicular  to the cleavage plane and  a small one parallel  
to it. This also would lead to a large expansion ap- 
p rox imate ly  in the direction of the z axis, and  not  in a 
direction a t  r igh t  angles to i t  as has been observed. 
These results  suggest t h a t  a n y  simple in te rpre ta t ion  of 
the to ta l  the rmal  expansion in te rms of changes in 
individual  bond lengths is not  applicable to afwillite. 
The geometry  of the s t ruc ture  as a whole mus t  be 
considered, and  some account  t aken  of changes in bond 
angles as well as changes in the  lengths  of bonds. 

I f  changes in bond angles are assumed to take  place 

a plausible mechanism of expansion can be postula ted.  
The three  contiguous hydrogen  bonds form a zigzag line 
ve ry  near ly  in the direction of m a x i m u m  expansion.  If,  
on heat ing,  there  are changes in the bond angles of the 
oxygens which result  in a s t ra ightening  out  of this  line, 
there  will be an  expansion along i ts  length,  and  a con- 
t rac t ion  in a direction a t  r ight  angles to it. I t  is suggested 
t en t a t ive ly  t h a t  this  is the  explana t ion  of the large 
expansion in a direction wi th in  the cleavage plane, and  
the  s m a l l  one perpendicular  to it. 
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should also like to t h a n k  the  Depa r tmen t  of Scientific 
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I n  connexion wi th  invest igat ions going on in this  labora- 
t o ry  dealing wi th  the  s t ructure  and  propert ies of the  
pept ide  bond we have  redetermined the un i t  cell dimen- 
sions of oxamide. These dimensions, 

a ---- 3.61 , b ---- 5.17, c ---- 5 . 6 2 / ~ ,  

a =  83 °50 ' ,  fl---- 113 °54 ' ,  ~ = 115 ° ,  

agree wi th  the results  of an  earlier invest igat ion (Misch 
& v . d .  Wijk ,  1938). The cell contains one molecule 
(density = 1-667 g.cm.-a). Assuming a centre of sym- 
met ry ,  the  asymmetr ic  un i t  of the molecule consists of 
one oxygen,  one ni t rogen and  one carbon atom, neglect- 
ing the  hydrogen  atoms. All x parameters  are zero; 
consequent ly  the molecules are f lat  and  form a layer  
s t ructure  ve ry  similar to the s t ructure  of cyanuric  acid 
(Wiebenga & Moerman, 1938; Wiebenga,  1952). The y 
and  z parameters  are 

y z 
C 0.002 0.132 
N --0.226 0.259 
O 0.217 0.219 

The crystals  are f requent ly  twinned wi th  a twinning  
plane (100). This same plane shows a perfect  cleavage. 
We find a C-C distance of 1.49 A, in contradict ion wi th  
Misch & v, d. Wi jk ' s  assumption t h a t  this  distance 

should have  the  abnormal  length  of 1.65 /~. The C-O 
and  C-N distances are 1.25 and  1"31 ~ respectively.  The 
molecules are l inked together  in the plane (100) by  
hydrogen  bonds of 2-91 and  2.96 /~. The distances be- 
tween the planes (100) are van  der Waals  distances of 
the order of 3-5/~. The C-N distance is shor t ;  however,  
ra ther  shor t  C-N distances are also found in cyanur ic  
acid (1.345 A) and  in urea  (1.345/~) (Vaughan & Dono- 
hue, 1952). A three-dimensional  ref inement  of the struc- 
ture is in progress. 

We wish to acknowledge the  suppor t  given b y  the 
Organisat ion for Pure  Research (the Hague).  

Note added in proof, 14 March 1953.- -We have  found 
the.  posit ions of the  hydrogen  a toms in the  section O YZ  
of the three-dimensional  Fourier  synthesis .  Consequently,  
the  whole molecule is flat .  
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