
56 S H O R T  C O M M U N I C A T I O N S  

57-162 r n m .  h a v i n g  b e e n  d e t e r m i n a t e d  b y  c a l i b r a t i o n  
w i t h  s o d i u m  ch lor ide .  T h e  d i m e n s i o n s  of t h e  u n i t  cell 
w e r e  f o u n d  to  be :  

a o = 7 - 3 7 ± 0 . 0 2 ,  b 0 = 4 . 6 0 ± 0 . 0 2 ,  c 0 = 1 4 - 3 4 ± 0 . 0 3 / ~ ;  
fl = 108 ° 59'  +_ 8'. 

T h e s e  d a t a  g ive  t h e  ax ia l  r a t i o s :  a :  b : c = 1 .602:1  : 3.118. 
T h e  o b s e r v e d  d e n s i t y  of 1.42 g . cm.  -a agrees  wel l  w i t h  

t h e  d e n s i t y  of  1.417 g . cm.  -3 c a l c u l a t e d  on  t h e  bas is  of 
t w o  f o r m u l a  u n i t s  p e r  u n i t  cell. 

W h e n  t h e  d i f f r ac t i on  spo t s  in  t h e  W e i s s e n b e r g  a n d  

p recess ion  p h o t o g r a p h s  were  i n d e x e d  t h e  fo l lowing  in te r -  
fe rences  were  o b s e r v e d :  hkl in  all  o rde r s ;  hO1 w h e n  
l = 2n ;  0/c0 w h e n  /c = 2n.  T h e s e  d a t a  are  c o n s i s t e n t  w i t h  
t h e  space  g r o u p  C~t~-P21/c. S t r u c t u r a l  i n v e s t i g a t i o n s  on  
5 - o x i p h e n a z i n e  a n d  5 - 1 0 - d i o x i p h e n a z i n e  a re  in p rogres s .  
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T h e  c r y s t a l  s t r u c t u r e  of t h e  i n t e r m e t a l l i c  c o m p o u n d  
Zr4A13 h a s  b e e n  d e t e r m i n e d  f r o m  p o w d e r  p h o t o g r a p h s .  
P o w d e r  s p e c i m e n s  were  o b t a i n e d  b y  f i l ing f r o m  a sol id 
s a m p l e  of t h e  a l loy  p r e p a r e d  b y  arc  m e l t i n g  in a r g o n  
b y  Miss 5.  M u r r a y ,  A . E . R . E . ,  H a r w e l l .  Microscopic  ex- 
a m i n a t i o n  of a p o l i s h e d  su r face  of t h e  sol id  s a m p l e  
s h e w e d  i t  to  be  m a i n l y  s ingle  phase .  T h e  p h o t o g r a p h s  

T a b l e  1. X-ray data 

sin 2 0 sin 2 0 Intensi t ies  Intensit ies 
(hkl) (obs.) (cale.) (obs.) (calc.) 

0001 0-0204 0-0204 m 2.3 
1010 0.0268 0.0268 m 2.7 
1011 0-0472 0.0473 m 2.9 
1130 0.0805 0.0805 vs 18.4 
0002 0.0817 0.0818 vvw 0.4 
1131 0.1009 0.1010 vs 10.3 
2030 0.1073 0.1074 ms 3.1 
1012 0-1086 0.1086 vs 19.0 
2031 0.1277 0.1278 ms 4.9 
2032 0.1887 0.1888 m 3.3 
2131 0.2079 0.2080 vw 0.6 
1013 0.2104 0.2105 vvw 0.3 
3030 0"2412 0.2412 m 3.4 
3031 0-2615 0.2616 m 2.3 
1133 0.2640 0.2614 m 2.2 
2132 0.2692 0.2692 s 8.9 
2033 0-2909 0.2909 w 1.3 
2240 0.3216 0.3216 m 3.6 
0004 0.3267 0.3266 vw 1.2 
2241 0.3422 0.3420 vvw 0.3 
3141 0,3684 0.3688 v v w  0.2 
2133 0.3711 0.3713 vvw 0.2 
2242 0.4034 0.4032 vvvw 0.16 
1134 0.4071 0.4079 m 2.9 
3033 0"4250 0"4249 vw 1"0 
3142 0"4302 0.4299 ms 4.1 
2024 0.4339 0.4336 vvw 0.6 
4041 0.4490 0"4492 vvw 0"7 
40~2 } 0.5104 
0005 0.5105 0.5105 w 0.8 
3143 0.5323 0.5321 vvvw 0.16 

vs = very  s t rong;  s = s t rong;  ms = med ium strong;  
m = med ium;  w = weak;  vw = very weak;  

vvw = very very  weak;  vvvw = extremely weak. 
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o b t a i n e d  w i t h  a p rec i s ion  19 cm.  c a m e r a  ( A d a m ,  1954) 
g a v e  fa i r ly  b r o a d  l ines w i t h  a h e a v y  b a c k g r o u n d  c a u s e d  
b y  t h e  Zr  K a  r a d i a t i o n  e x c i t e d  b y  t h e  c o n t i n u o u s  spec-  
t r u m  of t h e  Cu t a rge t .  W h i l s t  t h e s e  p h o t o g r a p h s  e n a b l e d  
a u n i t  cell to  be  d e t e r m i n e d ,  m o r e  a c c u r a t e  m e a s u r e m e n t s  
of l ine spac ings  a n d  in t ens i t i e s  we re  m a d e  on  a p h o t o -  
g r a p h  t a k e n  b y  :Dr J .  A d a m  w i t h  a focus ing  c a m e r a  u s ing  
m o n o c h r o m a t i s e d  Cu Ka r a d i a t i o n .  A n  a t t e m p t  was  m a d e  
to  f i nd  s ingle  c rys t a l s  of s u i t a b l e  size in a c r u s h e d  spec-  
imen ,  b u t  th i s  p r o v e d  imposs ib le .  T h e  va lues  of s in ~ 0 
o b t a i n e d  f r o m  m e a s u r e m e n t s  m a d e  w i t h  a C a m b r i d g e  
u n i v e r s a l  m e a s u r i n g  m a c h i n e  a n d  t h e  v i sua l  e s t i m a t e  of  
l ine i n t ens i t i e s  is g i v e n  in Tab l e  1. 

Seve ra l  w e a k  a n d  v e r y  w e a k  l ines a p p e a r i n g  on  t h e  
focus ing  c a m e r a  f i lm h a v e  b e e n  s h o w n  to  b e l o n g  to  a 
n e i g h b o u r i n g  p h a s e  in  t h e  Zr-A1 s y s t e m .  All  t h e  re- 
m a i n i n g  l ines h a v e  b e e n  i n d e x e d  on  a h e x a g o n a l  u n i t  cell 
w i th :  

a -- 5-433 ± 0.002, c = 5.390 ± 0 . 0 0 2 / ~ .  

A s s u m i n g  t h a t  t h e  v o l u m e s  o c c u p i e d  b y  t h e  i n d i v i d u a l  
a t o m s  in t h e  a l loy  are  n o t  a p p r e c i a b l y  d i f f e r en t  f r o m  t h o s e  
o c c u p i e d  b y  t he se  a t o m s  in t h e  e l emen t s ,  t h e  n u m b e r  of 
f o r m u l a  u n i t s  of Zr4A13 p e r  u n i t  cell is u n i t y .  O n  th i s  
bas is  t h e  c a l c u l a t e d  d e n s i t y  is 5.37 g . cm.  -3. T h e  d e n s i t y  
of t h e  sol id s a m p l e  d e t e r m i n e d  u s i n g  a spec i f i c -g rav i ty  
b o t t l e  was  5.28 g . cm.  -3. 

:No s y s t e m a t i c  absences  w e r e  o b s e r v e d  a n d  p a c k i n g  
c o n s i d e r a t i o n s  led to  a choice  of space  g r o u p  C~h-P-6. 
T h e  c a l c u l a t e d  l ine in t ens i t i e s  s h o w n  in  T a b l e  1 a re  
obtained with the atoms in the I0110wing positions: 

3A1 2 ( j )  x , y ,  0;  w i t h  x = ½ ,  y = ~ .  

2 Z r  3(h) ½ , ~ , z ;  w i t h  z=~.  
l Z r  6(.f) 2 1 1 ~ '  3 '  2" 

1 Z r  6(b) 0 , 0 , ½ .  

T h e  i n t e r a t o m i c  d i s t a n c e s  are  as fo l lows:  

(6) A1-Zr  3.03 A 

(6) Z r - Z r  3.41 

(1) Z r - Z r  2.70 

(2) A1-A1 2.72 
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(a) 

(v) 

@ = AI (Fe, Cr) a tz=O 

0 -- Zr (Fe, Cr) atz=¼ 

0 = Zr (Fe, Cr)atz= ½ 

Fig. 1. Structure of (a) Zr4A1 a and (b) a-phase (Fe-Cr). 

The proposed s t ructure  bears a close resemblance to 
the a-phase s tructure of the t ransi t ion elements.  A sec- 
t ion of the  s tructure viewed along the  c-axis is shown in 
Fig. 1, together  wi th  a similar section of the a-phase of 
Fo-Cr.  In  the  a-phase the  two layers of atoms having 
pseudo-hexagonal  symmet ry  have  their  hexagonal  axes 
displaced relative to each other, whilst  the corresponding 
layers of a l ternate  Zr and A1 atoms in the Zr4A13 structure 

are symmetr ical ly  disposed relative to each other about  
the  common hexagonal  axis. 

The Zr a toms in the  ½, 2 ~-, +_~, positions form an un- 
broken chain as in the  a-phase. The distance between the  
Zr a toms in this chain is 2.7 A, which is much  less than  
the normal  12-co-ordination interatomic distance (3.2 A 
approx.) for Zr. This atomic compression, which is also 
apparent  in the a-phase, may  possibly be explained by 
the comparat ive  isolation of the  similar chains of atoms. 

D i s c u s s i o n  

I t  is interest ing to note  tha t  the Zr4A1 a s tructure is 
identical wi th  the  s tructure for A,Bs alloys postula ted 
by F rank  & Kasper  in a recent  paper  (Frank & Kasper,  
1959). In  their  paper  F rank  & Kasper  discuss the  anal- 
ysis and classification of complex alloys on the  basis of 
sphere packing using the  concept  of t r iangulated co- 
ordinat ion shells. The main  properties of these co-ordina- 
t ion shells were discussed in an earlier paper  (Frank & 
Kasper,  1958). 

The new A , B  a structure is regarded by F rank  & Kasper  
as a modificat ion of the CaZn 5 structure in which the Ca 
atoms, which lie along the  hexagonal  axes of the simple 
kagom6 net  at  z = 0, are replaced by two smaller atoms at  
z--¼ and z--~.  In  the  case of Zr4A1 a the  Ca atoms are 
replaced by Zr a toms (½, e ~, 14 and ½, ~-, ~). The Zn' and 
Zn"  a toms of the  CaZn 5 structure are replaced by A1 
atoms at  (½, ~, 0) and Zr atoms at  (~, ½, ½), respectively, 
in the  Zr4A13 structure.  The Zr atoms in the  z =¼ and 
z=-~ positions have  an asymmetr ical  Z14 co-ordination 
shell which is oblate and leads to the  apparent  com- 
pression of the  Zr atoms. According to Frank  & Kasper  
such Z14 co-ordination shells are generally oblate and 
normal ly  occupied by the  atoms of t ransi t ion elements.  
As far as is known Zr4Al 3 is the  first compound to be 
reported having the new structure and this would appear 
to add some force to the new concepts governing the 
s tructure of complex alloys enuncia ted  by F rank  & 
Kasper.  
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