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In the Ce-Cu system there are four binary compounds. 
The structures of CeCu6, CeCu 4 and CeCu~ have been 
determined by Cromer, Larson & Roof (1960), Bystr6m, 
Kierkegaard & Knop (1952) and Larson & Cromer (1961), 
r e s p e c t i v e l y .  T h e  s t r u c t u r e  o f  t h e  r e m a i n i n g  c o m p o u n d  
i n  t h i s  s e r i e s ,  C e C u ,  is t h e  s u b j e c t  o f  t h e  p r e s e n t  c o m -  
m u n i c a t i o n .  

A s t o i c h i o m e t r i c  C e C u  a l l o y  w a s  v a c u u m  i n d u c t i o u  
m e l t e d  a t  1075  °C.  i n  a n  M g O  c r u c i b l e .  T h e  a l l o y  w a s  
t h e n  p l a c e d  u n d e r  a h e l i u m  a t m o s p h e r e  in  a r e s i s t a n c e  
f u r n a c e  a n d  h e l d  o v e r n i g h t  a t  5 0 0  °C.  I t  w a s  c o o l e d  t o  

* W o r k  p e r f o r m e d  u n d e r  t h e  a u s p i c e s  of  t h e  U n i t e d  S t a t e s  
A t o m i c  E n e r g y  C o m m i s s i o n .  

4 0 0  °C.  a t  a r a t e  o f  5 ° / h r .  a n d  t h e n  c o o l e d  t o  r o o m  t e m -  
p e r a t u r e  a t  a m o r e  r a p i d  r a t e .  B e c a u s e  t h e  a l l o y  o x i d i z e s  
r a t h e r  e a s i l y ,  f r a g m e n t s  w e r e  s e a l e d  in  t h i n  p y r e x  

c a p i l l a r i e s  f o r  X - r a y  e x a m i n a t i o n .  
T h e  a l l o y  is  r a t h e r  s o f t ,  a n d  i t  w a s  i m p o s s i b l e  t o  o b t a i n  

s i n g l e  c r y s t a l  f r a g m e n t s  b y  c r u s h i n g  t h e  i n g o t  a t  r o o m  
t e m p e r a t u r e .  T h e r e f o r e  a p o r t i o n  o f  t h e  i n g o t  w a s  c o o l e d  

Ce 
Cu 

T a b l e  1. Parameters from the least.squares 
refinement of C e C u  

x y z B (A ~) 

0 .1670_+0.0006 ~ 0 - 1 4 6 9 + 0 . 0 0 0 7  1.7-+0.1 
0 .0413_+0.0015 ]: 0"6034-+0"0017 2"5--+0"3 

h Fo Fc 

l - - 0  

2 26 -- 12 
4 37 --  35 
6 97 98 
8 51 - - 4 6  

l0  39 - -31  

l =  1 

I 2 6  - - 1 9  
2 111 --  101 
3 143 --  143 
4 118 129 
5 31 24 
6 31 23 
7 35 29 
8 39 - - 3 3  
9 35 -- 23 

10 42 34 

l - - 2  

0 30 -- 26 
1 159 --  174 
2 45 42 
3 47 -- 47 
4 27 25 
5 50 46 
6 29 - -  24 
7 87 -- 90 
8 -- 18 6 
9 - - 1 7  - - I 0  

1 = 3  

1 46 --  44 
2 17 - - 1 3  
3 125 134 
4 82 75 
5 49 -- 42 
6 36 26 
7 35 -- 34 
8 --18 --2 
9 49 40 

T a b l e  2. Observed and calculated structure factors for C e C u  

I f / g o  is n e g a t i v e  t h e  m i n u s  s ign s h o u l d  b e  i n t e r p r e t e d  as  ' less  t h a n '  

hOl 

h F o  F c  

l=4 
0 138 --  158 
1 52 49 
2 - - 1 5  11 
3 16 - - 1 7  
4 21 23 
5 54 --  54 
6 71 -- 63 
7 26 18 
8 35 29 

l=5 
1 44 36 
2 77 81 
3 45 34 
4 77 - - 7 3  
5 - - 1 8  3 
6 - - 1 8  - -1  
7 - - 1 7  - - 7  
8 40 37 

I - - 6  

0 41 38 
1 47 54 
2 55 - - 4 8  
3 19 13 
4 38 --  33 
5 27 --  22 
6 44 38 
7 46 36 

l = 7  

1 33 36 
2 23 -- 20 
3 60 --  56 
4 - - 1 8  - - 7  
5 32 25 

/ - - 8  

0 37 31 
1 39 -- 36 
2 - - 1 8  - - 5  

h Fo Fc 

l=O 
4 54 62 
6 34 - - 4 0  
8 55 --  75 

l =  1 

2 113 114 
3 44 41 
4 65 69 
5 82 93 
6 63 --  73 
7 - -21  - - 1 8  
8 - - 2 2  20 
9 -- 23 I 0  

l = 2  

1 188 -- 157 
2 32 26 
3 95 88 
4 43 - -41  
5 58 -- 62 
6 -- 20 --9 
7 26 --28 
8 --23 9 
9 43 57 

l =  3 

0 15 12 
1 112 108 
2 87 75 
3 19 -- 15 
4 46 41 
5 74 -- 87 
6 25 - - 2 8  
7 38 46 
8 --  23 2 

hll 

F o 

1- -4  

- - 1 5  
I09  

68 
41 
24 
21 

- - 2 2  
46 

l----5 

91 
- - 1 7  

51 
23 
39 
29 
62 

- - 2 3  

1----6 
50 
34 
32 
45 
22 

- - 2 2  

1----7 

36 
51 
26 

- - 2 2  
- - 2 2  

39 

I----8 

- - 2 2  
23 
43 

.F c 

4 
103 

- - 7 0  
- - 4 4  

17 
23 
18 
48 

93 
- - 2  

- - 5 0  
- - 2 4  
- -  40 
- - 3 0  

60 
- - 1 I  

46 
- - 3 8  
- - 3 6  

56 
24 
11 

- - 3 3  
- - 5 5  
- - 1 2  

- - 2  
- - 4  
38 

- - 9  
- - 2 2  

49 
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b y  i m m e r s i n g  i t  in  l iquid  n i t rogen .  A t  this  low tem-  
p e r a t u r e  i t  was  c rushed  w i t h o u t  de fo rma t ion ,  a n d  a single 
c rys ta l  was  f o u n d  a m o n g  the  f r agmen t s .  A precess ion  
c a m e r a  a n d  1Vie Kc~ X - r a y s  (A=0.7107 .~) were  used  to  
examine  the  crys ta l ,  wh ich  was  found  to  be  o r t h o r h o m b i c  
wi th  a = 7 - 3 0 ,  b = 4 . 3 0  a n d  c = 6 . 3 6 A ,  all +_0.02A. 
Sys t ema t i c  absences  were  hkO wi th  h = 2n + 1 a n d  0/cl w i th  
k + l - - 2 n  + 1. Thus  t he  space group,  if centr ic ,  is P n m a .  
T h e  s t r u c t u r a l  analys is  showed  t h a t  this  space g roup  is 
correct .  W i t h  four  f o rmu la  un i t s  pe r  u n i t  cell t he  calcu- 
l a ted  dens i ty  is 6.78 g .cm.  -a. A m e a s u r e d  dens i t y  was  n o t  
ob ta ined .  

F o r  i n t ens i t y  m e a s u r e m e n t s  a series of t i m e d  precess ion  
p h o t o g r a p h s  of t he  hO1 a n d  h l l  levels was  m a d e  w i t h  
Me Kc~ r ad ia t ion .  T h e  in tens i t ies  were  e s t i m a t e d  v i sua l ly  
b y  c o m p a r i n g  t h e m  w i t h  a series of ca l ib ra t ion  spots  of 
k n o w n  re la t ive  in tens i t ies .  N o  abso rp t i on  cor rec t ions  
were  m a d e .  

@ 0  O" 

Fig. 1. The structure of CeCu in projection down the b axis. 
The large circles are Ce atoms and the small circles are Cu 
atoms. The shaded circles are at  y----~ and the open circles 
are at  y =  ~. The shading is omitted for atoms making up 
the polyhedra. 

The  axia l  ra t ios  a n d  space g roup  sugges ted  t h a t  CeCu 
m i g h t  h a v e  the  F e B  s t ruc tu re .  A n  hO1 P a t t e r s o n  projec-  
t ion  s h o w e d  this  to  be t rue .  A fu l l -mat r ix ,  l eas t - squares  
r e f i n e m e n t  was  t h e n  c o m p u t e d  on an  I B M  704. Sepa ra t e  
scale fac tors  for  t he  two layers ,  a n d  isotropic  t e m p e r a t u r e  
factors  were  inc luded  as p a r a m e t e r s .  F o r m  factors  were  
used  in func t iona l  fo rm b y  us ing  the  p a r a m e t e r s  g iven  
b y  F o r s y t h  & Wells  (1959). T h e  final  resul ts  are  g iven  
in Tab le  1, a n d  the  obse rved  a n d  ca l cu la t ed  s t r u c t u r e  
factors  are  g iven in Tab le  2. The  overal l  va lue  of R was  

11.0%. F o r  t he  hO1 da ta ,  R = 11-3% a n d  for  t he  h l l  d a t a ,  
R = 1 0 . 7 % ,  w i t h  F = 0  t e r m s  o m i t t e d  in all  cases.  
A p ro j ec t ion  of t he  s t r u c t u r e  a long  the  b axis  is shown  
in Fig.  1. The  i n t e r a t o m i c  d i s t ances  a re  l is ted in Tab le  3. 
T h e  def in i t ion  of a n e i g h b o r  as g iven  b y  F r a n k  & K a s p e r  
(1958) was  used  to  d e t e r m i n e  w h i c h  a t o m s  shou ld  be 
inc luded  in Tab le  3. T h e  Ce a t o m s  has  15 ne ighbor s  
inc lud ing  seven  Cu a t o m s  a n d  e igh t  Ce a toms .  T h e  convex 
p o l y h e d r o n  f o r m e d  b y  these  15 ne ighbors  has  two  five- 
s ided  faces,  four  four-s ided  faces a n d  twe lve  th ree - s ided  
faces. T h e  a r rows  in Fig.  1 p o i n t  to  ve r t i ca l  th ree - s ided  
faces wh ich  are  b i sec ted  b y  the  m i r r o r  a t  y--41. T h e  
Cu a t o m  has  11 ne ighbors  inc lud ing  seven Ce a t o m s  a n d  
four  Cu a toms .  These  11 ne ighbors  fo rm a convex  poly-  
h e d r o n  h a v i n g  18 th ree-s ided  faces. The  lines fo rming  t h e  
convex  p o l y h e d r a  do n o t  necessar i ly  jo in  a t o m s  t h a t  a re  
t hemse lves  ne ighbors  in t he  F r a n k  & K a s p e r  sense.  
F u r t h e r m o r e ,  some  lines jo in ing  c o m m o n  ne ighbors  a re  
in te r ior  to  t he  convex  p o l y h e d r a .  

Tab le  3. Interatomic distances in  CeCu 

Standard deviations are approximately 0.009, 0-017 and 0-022 
/~ for Co-Ce, Ce-Cu and Cu-Cu distances, respectively. The 
numerals in parentheses indicate the number  of crystallo- 

graphically equivalent distances 

Ce-Ce (2) 3-750 /k Cu-Cu (2) 2-591 A 
(2) 3.878 (2) 4-099 
(4) 4-025 -Ce (2) 3-039 

-Cu (2) 3-039 3.045 
3-045 (2) 3.075 

(2) 3.075 3.162 
3-162 3-576 
3.576 

I n  F e B  itself, t he  F e  a t o m  has  17 ne ighbors .  T h e  b axis  
in th is  c o m p o u n d  is so shor t  t h a t  t he  F e  a t o m s  d i sp laced  
b y  one u n i t  cell in this  d i rec t ion  also b e c o m e  ne ighbors .  
These  two  e x t r a  ne ighbors  lie ou t  f rom t h e  cen te r s  of 
the  f ive-s ided faces.  T h e  ne ighbors  of t he  ]3 a t o m  in 
F e B  are  t he  same  c rys ta l lograph ica l ly  as those  of t he  
Cu a t o m  in CeCu. 

W e  are  i n d e b t e d  to Mr V. O. S t rueb ing  for  t h e  p repara -  
t ion  of t he  al loy.  
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