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I n  t he  d e t e r m i n a t i o n  of t he  c rys ta l  s t r u c t u r e  of ZreA1 a 
( R e n o u f  & Beevers ,  1961) i t  was  s t a t e d  t h a t  n o  s imple  
r e l a t i o n s h i p  was  o b v i o u s  b e t w e e n  th i s  s t r u c t u r e  a n d  
ZrAl~ (Wilson,  1959), f r o m  w h i c h  i t  is f o r m e d  pe r i t ec t i -  
cal ly.  I t  m a y  h o w e v e r  be  poss ib le  to  re la te  t h e  two  s t ruc-  
t u r e s  b y  a c o m p a r i s o n  of t h e  fo l lowing  fea tu res .  

A p r o j e c t i o n  of Zr2Al~ d o w n  t h e  c axis  is s h o w n  in 
F ig .  l(b). T h e  space  g r o u p  is Fdd2 w i t h  

a = 9 . 6 0 1 ,  b = 13.906, c = 5 . 5 7 4  /~ . 

ZrAl~ is h e x a g o n a l  w i t h  

a =5 .282 ,  c =8"748 ~ ,  c/a = 1.656 . 

T h e  space  g r o u p  is P6a/mmc, t h e  s t r u c t u r e  be ing  a L a v e s  
p h a s e  of t h e  C14, MgZne t y p e .  F o r  c o m p a r i s o n  h o w e v e r  
i t  is c o n v e n i e n t  to  choose  a n  o r t h o h e x a g o n a l  f o r m  w i t h  

a =5-282 ,  b'=2a cos 30 ° =9 .148 ,  c = 8 . 7 4 8  .£_ 

a n d  to  c o m p a r e  t h e  p r o j e c t i o n  of two  of t he se  cells d o w n  
t h e  a ax is  as s h o w n  in F ig .  2(b) w i t h  t h e  p r o j e c t i o n  of 
ZreAl~. 

A n  e x a m i n a t i o n  of t he  l ayers  p e r p e n d i c u l a r  to  t he  

b axis  of Zr2A1 a revea l s  t h a t  t he  s t r u c t m ' e  f r o m  t he  l aye r  1 
to  t h e  l aye r  3 is s imi la r  to  one  of t h e  s e q u e n c e  t y p e s  f o u n d  
in t h e  L a v e s  p h a s e s  ( F r a n k  & K a s p e r ,  1959) a n d  can  be  
c o m p a r e d  w i t h  t h e  s e q u e n c e  1 ' -3 '  of ZrA12. Figs .  l (a)  
a n d  2(a) show t h e  p r o j e c t i o n  of t hese  s equences  on  a 
p l a n e  para l l e l  to  t h e  layers .  I t  wil l  be  seen  t h a t  t h e  o u t e r  
layers  1 a n d  3 di f fer  f r o m  t h e  k a g o m 6  layers  1' a n d  3' 
b y  t h e  absence  of a l u m i n i u m  a t o m s  in s i tes  de f i ned  b y  
t h e  d i r ec t i on  of t h e  d g l ide  p lanes .  T h e  s t r u c t u r e  of 
ZreAla f r o m  t h e  l aye r  5 to  t h e  l aye r  7 is t h e  s a m e  as 
t h a t  f r o m  1 to  3, a n d  is c o m p a r e d  w i t h  5"-7'. 

F u r t h e r  t h e  s t r u c t u r e  of Zr2AI ~ f r o m  t h e  l aye r  3 to  t h e  
l aye r  5 a n d  f r o m  7 to  1, can  be  c o m p a r e d  in a s imi la r  
m a n n e r  w i t h  t h e  a l t e r n a t i v e  s e q u e n c e  t y p e  f o u n d  in t h e  
L a v e s  phases ,  t h a t  is w i t h  t h e  s e q u e n c e  3 ' - 5 '  a n d  7 ' -1 '  
of ZrA12. 

T h u s  ZrA12 can  be  desc r ibed  as t h e  t w o  L a v e s  s e q u e n c e  
t y p e s  s t a c k e d  a l t e r n a t e l y ,  t w o  s equences  be ing  suf f ic ien t  
to  f u rn i sh  t h e  r e p e a t  u n i t ;  a n d  ZreAl~ can  be  desc r ibed  
as t w o  s imi la r  s e q u e n c e  t y p e s  also s t a c k e d  a l t e r n a t e l y  
b u t  s t a g g e r e d  so t h a t  fou r  s equences  are  r e q u i r e d  to  
p r o d u c e  t h e  r e p e a t  refit .  T h e  two  L a v e s  s e q u e n c e  t:y~es 
1"-3" a n d  3'-5' of ZrA12 are  r e l a t e d  by  a m i r r o r  p l a n e  
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Fig. 1. (a) A project ion of Zr2A13 from the layer 1 to the layer 3 down the y axis. A1 a toms lying in these layers are joined by 
the  same type  of line as used in (b). (b) A project ion of Zr~A18 down the  z axis, giving the z co-ordinates of the  a toms  a.s 
fractions. Zr a toms are shown as large circles and A1 a toms as smal circles. 
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Fig. 2. (a) A projection of ZrA12 from the layer 1' to the layer 3" down the z axis. (b) A projection of ZrA12 down the x axis 
indicating the cell chosen for the comparison and giving the x co-ordinates of the atoms as fractions. 

parallel  to the layers at  3', whereas in Zr2A1 a the sequences 
1-3 and  3-5 are re la ted by a d glide plane at  3. The rela- 
t ionship be tween 5 ' -7 '  and  7 ' - I '  differs in this same way  
from tha t  between 5-7 and 7-1. The repeat  units  1'-5'  
and  5"-i" of ZrA12 are related by a mirror  plane parallel 
to the layers at  5' whereas in Zr2A13 the units  1-5 and 
5-1 are re la ted by a d glide plane at  5. 

I t  should be no ted  tha t  in ZrA12 the hexagons of a 
kagom@ net  are cent red  by zirconium atoms from both  
sides. In  Zr~A13 the sequences are s taggered so tha t  one 
of these zirconium atoms is placed a t  the vacan t  site of 
the kagom@-type a lumin ium layer,  thus  producing a 
puckered  t r iangular  net.  This migh t  be taken  to account  
for a relat ive contract ion in the direct ion of stacking.  
F r o m  the figures other  differences will be observed to be 

slight. The formulae are reconciled by not ing  the dif- 
ference in the composit ion of the kagom@-type a lumin ium 
layers. 

The two s t ructures  migh t  therefore be considered as 
made  up from sequences which are fundamenta l ly  similar, 
the  main  difference between them being the way  in 
which the sequences are staggered. 
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Presen t ly  the  deconvolut ion of the Pa t t e r son  funct ion 
is a t t emp ted  by  the m i n i m u m  funct ion which is cal- 
cula ted  by shifting the origin of the Pa t te r son  diagram 
by any  in tera tomic  vector  Uab and  plot t ing the min ima  
of the two values tha t  superimpose. Though it is well 
known tha t  the d iagram gives the s t ructure  dupl ica ted  
by its inverse about  the midpoin t  of the shift-vector the 
s y m m e t r y  of the diagram,  S(M), has not  been completely 
invest igated.  We t ry  to carry out  this s tudy  here and  
indicate  tha t  S(M) depends on the shif t-vector and 

therefore can possibly lead to a me thod  of dist inguishing 
some of the Ha rke r  peaks from ghosts and some methods  
for solving cen t rosymmetr ic  s t ructures .  

The theory  is developed through an applicat ion of the 
mat r ix  theory  to the Pa t te r son  diagram (Buerger, 1950). 
I n  our discussion the set of N 2 in tera tomic  vectors are 
represented as a square ar ray  u~j where  u i j = r ~ - r j ,  
r j  being the atomic posit ion-vector.  The mat r ix  u~j + Uab 
implies shifting the Pa t t e r son  by the vector  Uab. We first 
consider the ease where ua~ is a general  vector,  i.e. a toms 


