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T h e  s t r u c t u r e  of t h e  in te laned ia te  p rec ip i t a t e  0', w h i c h  is 
gene ra l l y  a s s u m e d  to  be of compos i t ion  ~ ,  was  s h o w n  
b y  P r e s t o n  (1938) to  be a d i s t o r t ed  CaF~-type  s t r uc tu r e ,  
t h e  cell be ing  t e t r a g o n a l .  T h e  u n i t  cell has  p a r a m e t e r s  
a ---- 4.04, o ---- 5.8 /~ a n d  a t o m i c  pos i t ions :  

A1 in  0 ,0 ,0 ;  ½,½,½; 0,0,½; ½,½,0; a n d  Cu in ½,0,¼; 0,½,~. 

(See Sflcock, H e a l  & H a r d y  (1953--4, F ig .  19).) 
I t  c an  be  seen t h a t  t h e  s t r u c t u r e  consists  of a l t e r n a t e  

a l u m i n i u m  a n d  copper  layers  bu t ,  in  o rde r  to  m a k e  all  
t h e  l ayers  close packed ,  two  posi t ions  m u s t  be  a d d e d  to  
t h e  copper  layers .  These  are  0, ½, ¼ a n d  ½, 0, ~ a n d  are  
r e fe r red  to  l a te r  as  t h e  u n o c c u p i e d  sites. 

T h e  d i f f rac t ing  p lanes  fall in to  t h r ee  t y p e s :  

T y p e  1: 2h+l  = 4 n ± 2 ,  F 2 = (fcu--2fA1) ~ . 
T y p e  2 : 2 h W 1  = 4n, F 2 = ( fcu+2fxl )  ~ . 
T y p e  3: 2h+l  = 2 n + 1 ,  F ~ = (fCu) ~' . 

Guin ie r  (1942) r e p o r t e d  t h a t  t h e  in tens i t ies  of T y p e  1 
ref lexions  we re  m u c h  h igher  t h a n  the  ca l cu la t ed  values .  
This  has  been  conf i rmed ,  a n d  t h e  obse rved  in tens i t ies ,  
co r r ec t ed  as desc r ibed  below,  a re  g iven  in Tab le  1. T h e  
va lues  o b t a i n e d  us ing  P r e s t o n ' s  s t r u c t u r e  a re  g iven  in  
c o l u m n  (A). 

T h e  i n t e n s i t y  va lues  were  o b t a i n e d  f rom single crys ta ls ,  
us ing  focused  m o n o c h r o m a t i c  Me K a  r a d i a t i o n ;  t h e  size 
of t h e  b e a m  a t  t h e  spec imen  was  a p p r o x i m a t e l y  2½ m m .  
× l m m .  

T h e  i n t e g r a t e d  in tens i t ies  o b t a i n e d  f rom shee t  a n d  rod  
spec imens  were  co r rec t ed  for  absorp t ion ,  geomet r i ca l  
fac to rs  a n d  t e m p e r a t u r e .  The  ave rage  va lues ,  expressed  
as a ra t io  of t h e  f igure  in  i talics,  a re  g iven  in Tab le  1. 

A l t e r a t i o n  of t h e  p e r c e n t a g e  of copper  a t o m s  a n d  
d i s to r t ions  of t h e  a t o m i c  posi t ions  d id  n o t  g ive  ca l cu la t ed  
va lues  in  a g r e e m e n t  w i t h  obse rved  in tens i t ies .  I t  was  
nece s sa ry  to  pos tu l a t e  v a c a n t  a t o m i c  sites. All  a l t e r a t ions  
p roposed  m u s t  occur  a t  r a n d o m  in o rder  t h a t  no n e w  
d i f f rac t ions  be  i n t r o d u c e d .  

F r o m  Tab le  1 i t  can  be  seen t h a t  va lues  o b t a i n e d  b y  
assum~ug v a c a n t  a l u m i n i u m  sites (co lumn (B)) are  on ly  
s l ight ly  i m p r o v e d  b y  e x c h a n g i n g  copper  for  a l u m i n i u m  
a t o m s  in  o rde r  to  r e t u r n  t h e  compos i t ion  to  CuAI~ 
(co lumn (C)). Vacanc ies  in  copper  sites m u s t  be accom-  
par t ied b y  e x c h a n g e  of a l u m i n i u m  for copper  a t o m s  in one 
pa i r  on ly  of t h e  a l u m i n i u m  sites (i.e. 0, 0, 0 a n d  ½, ½, ½ 
or  ½, ½, 0 a n d  0, 0, ½). This  is improbab le  and ,  a l t h o u g h  

the average agreement is better, the intensities of Type 3 
planes  a re  cons i s t en t ly  low (co lumn (D)). 

T h e  on ly  w a y  a good  fit  b e t w e e n  obse rved  a n d  cal- 
c u l a t e d  va lues  cou ld  be  o b t a i n e d  was  b y  a s s u m i n g  t h a t  
a t o m s  could  be  a d d e d  to  ' unoccup ied '  sites. This  modif ica-  
t i on  a lone  (column (E)) gives di f ferences  f rom t h e  ex- 
p e r i m e n t a l  va lues  in  t h e  oppos i te  sense to  those  f rom 
a l u m i n i u m  vacanc i e s  (co lumn (B)) a n d  t h e  c o m b i n a t i o n  
o f  t h e  t w o  modi f i ca t ions  (columns (F) a n d  (G)) gives t h e  
r e q u i r e d  F 2 va lues .  

* Formerly of Fulmer  Research Inst i tute.  

Plane 
hkl Type F~o* (A) 

002 1 0.08 0.015 
103 3 0.28 0.35 
202 1 0.06 0.006 
004 2 1"0 1.0 
310 1 0.04 0.005 
301 3 0.19 0.25 
204 2 0.78 0.76 
105 3 0.18 0.21 
303 3 0.17 0-21 
116 2 0.42 0.51 
305 3 0.09 0.15 
404 2 0.43 0.43 
107 3 0.09 0.13 
501 3 0.13 0.13 
512 2 0.32 0.36 

Tab le  1. Intensities of O' reflexions 

F~ 
^ 

(B) (c) (D) (E) (F) (G) 
0.096 0.060 0-07 0.061 0.073 0.11 
0.44 0.41 0-20 0.17 0.28 0-26 
0.05 0.031 0.045 0.032 0.04 0.05 
1"0 1.0 1.0 1-0 1.0 1"0 
0.041 0"025 0"033 0.026 0-032 0"05 
0"32 0"30 0"14 0"13 0"20 0"19 
0"76 0"76 0"75 0"75 0"75 0"75 
0"27 0"25 0"12 0 " 1 1  0"17 0"16 
0"26 0"25 0"12 0"11 0"17 0"16 
0.53 0.53 0.54 0.52 0.52 0.52 
0.20 0.18 0.09 0.08 0-12 0.11 
0.44 0.44 0.44 0.43 0.43 0.43 
0.17 0.16 0.08 0.07 0.11 0.11 
0.17 0.16 0.08 0.07 0.11 0.11 
0.37 0.36 0.36 0.36 0.36 0.36 

R t 0-31 0.41 0.37 0.19 0.24 0.12 0.12 

* Average experimental values. 
t R = ~{(~'o--Fc)/Fo)/13, omitt ing 004 and 404. 

(A) Preston's structure.  
(B) Vacancies in aluminium sites. One a tom in four 

missing. 
(C) One in four aluminium sites vacant.  One in six of the  

copper atoms replaced by aluminium. 
(D) One in three of the copper sites vacant,  one in four 

of one pair of aluminium sites replaced by copper. 
(E) Every  other unoccupied site (0, ½, ¼; ½, 0, 3) filled 

with aluminium. 
(F) One in eight of the aluminium sites vacant  and one 

in four of the unoccupied sites filled with aluminium. 
(G) One in six of the aluminium sites vacant  and one in 

three of the unoccupied sites filled with Mnmlnium. 

Co lumn  (F) is p r o b a b l y  t h e  bes t  fi t  ob ta inab le ,  s ince 
i t  gives b e t t e r  a g r e e m e n t  w i t h  t h e  low-angle  spots  for  
w h i c h  t h e  i n t e n s i t y  m e a s u r e m e n t s  a re  m o r e  rel iable .  
This  cor responds  to  r e m o v i n g  one in  e igh t  a lumlr f ium 
a t o m s  a t  r a n d o m  f rom a n  a l u m i n i u m  site a n d  p lac ing  i t  
a t  r a n d o m  on an  ' unoccup ied '  site. The  a t o m s  in  'un-  
occupied '  sites m a y ,  of course,  be  copper  a toms .  I f  en-  
t i r e ly  copper  a t o m s  t h e  compos i t ion  w o u l d  be CugA114, 
w h i c h  is un l ike ly .  

T h e  re la t ive  increase  in i n t e n s i t y  of one t y p e  of re- 
f lexion f rom t h e  O' s t r u c t u r e  m a y  the re fo re  be  due  to  t h e  
r e m o v a l  of a p p r o x i m a t e l y  one in  e igh t  a l u m i n i u m  a t o m s  

f rom an  a lumim 'um site a n d  t h e  inse r t ion  of these  alu-  
min iu rn  a t o m s  in copper  l ayers  in posi t ions  n o t  n o r m a l l y  
occupied .  T h e  posi t ions  of r e m o v a l  a n d  inse r t ion  m u s t  be  
r a n d o m l y  d i s t r i b u t e d  t h r o u g h o u t  0' a n d  y e t  t h e  a v e r a g e  
n u m b e r  m u s t  be  cons tan t .  
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