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The Structure of Co4Al~s 
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The structure of the interrnetallio compound Co4Al,a is similar to that of 'FeA1 a' with which it forms 
a complete series of solid solutio~m. Refinement of the structure reveals certain differences in detail. 

1. Introduction 

As a contribution to the general s tudy of aluminium- 
rich transition-metal alloys in progress in this Labo- 
ra tory a part  of the AI-Co system has been re- 
examined by metallographic and X-ray methods and 
its relationship with the Al-Fe system has been 
clarified (Hudd, 1959). In the A1-Co system the 
existence of the phases ~(CoaAl~a) and e(CoAla) has 
been established, and the ~] phase has been shown to 
form a complete series of solid solutions with the phase 
'FeAla'. These studies are described in detail elsewhere 
(Hudd, 1961). The present paper reports the structure- 
analysis of the phase Co4Al~8, which is very similar to, 
but  not identical with, FeAt3 (Black, 1955a, b). 

rained with Me Ka radiation using the multiple-film 
technique. The crystal fragments used were approx- 
imately cubic in form, with edge 0.15 ram., and no 
correction for absorption was applied to individual 
reflexions. No t ruly single crystal was found; diffi- 
culties due to overlapping of reflexions were overcome 
by measuring the twin ratio for one of the crystals 
used; a set of intensity measurements obtained from 
another crystal with one twin-component very small 
was used in the final stages of refinement. In the 
course of the structure analysis the effects of extinc- 
tion became obvious, and an empirical correction was 
applied. Details of the experimental procedures are 
available elsewhere (Hudd, 1959). 

2. Experimental  

Alloys were prepared by  melting together super-pure 
Al (supplied by the Northern Aluminium Co. Ltd.) 
and a Co-A1 master alloy (kindly presented by British 
A]uminium Laboratories Ltd.) under analar sodium 
chloride as flux; the melt was cooled to 900 °C., held 
at  this temperature overnight, then quenched; the 
alloy was then annealed at  600 °C. for two weeks. 
The single-phase ingot from which crystal fragments 
were obtained for X-ray measurements contained 
43.85 wt .% Co (chemical analysis by Messrs. Johnson, 
Matthey & Co. Ltd.);  the density of the crystals, 
determined by  displacement in bromoform, was 
3-81 +_ 0-05 g.cm. -a. 

The base-centred monoclinic unit cell 

a =  15.183 + 0.002, b=8.122 + 0.001, 
c = 12.340 _+ 0.002 A; fl = 107 ° 54' _+ 0.5' 

is very similar to tha t  of FeAla (Black, 1955a) and 
contains 24.4 Co and 68-3 Al atoms. As with FeAla, 
the pseudo-orthorhombic symmetry  is accentuated by 
twinning. The diffraction patterns of the two alloys 
are very similar though not identical. The possible 
space groups are C2, Cm, C2/m. 

Intensities of reflexions up to sin 0/2 ~ 0-8 were 
estimated visually on Weissenberg photographs, ob- 
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3. Ana lys i s  and ref inement of the s t r u c t u r e  

The 'FeAla' structure, as described by  Black (1955a), 
is based on C2/m with 24 Fe sites and 78 A1 sites 
(one set of 4 sites, numbered Al 7, only 70% occupied) ; 
the unit-cell content, directly determined, was 23-4Fe 
and 76.6 Al-- in  close agreement. The ideal structural 
composition of the phase was therefore taken as 

The similarity between the Co-At phase and 'FeAts' 
suggested as a trial structure 24 Co and 78 Al atoms 
placed in the Fe and A1 sites in the space group C2/m, 
but  since the cell actually contains only about 68 At, 
either vacant  or partially-occupied Al sites were 
thought probable. The [110] projection was used to 
refine the structure by means of difference syntheses 
(cf. Black, 1955a); at  the end of this process the 
R-factor was 15% for all reflexions in the zone. Partial  
occupation of three sets of sites was strongly indicated 
--A1 9, 30%; Al 10 and A1 14, 70%; the correspond- 
ing Al-content of the unit cell, 72.8 atoms, is more 
nearly in accordance with the chemical composition 
24.4 Co and 68.3 Al. 

At this stage the [110] difference synthesis showed 
typical 'split-atom' effects near both positions of Co 5 
and--less well-defined--near A1 16. Since the effects 
appear only near these atoms, it was thought  unlikely 
tha t  they arose as a consequence of inadequate correc- 
tion for absorption. An explanation in terms of marked 
anisotropy of thermal vibration was also rejected as 
improbable; the large vibration amplitude of Co 5 
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Tab le  1. Atomic parameters in 

Atom No. in cell x y z 

Co 1 2 0-0863 0 0.382v 
Co 2 2 0"6045 0 0.3732 
Co 3 2 0"909 a 0 0"0129 
Co 4 2 0-597 s 0 0-018 o 
Co 5 4 0"3185 0 " 2 9 2 5  0-2774 
A1 6 2 0"0550 0 0.1745 
A1 7 2 0"3296 0 0.2803 
A1 8 2 0"7675 0 0.4690 
A1 9 2 × 0"3 0"9230 0 0"4240 
A1 10 2 × 0-7 0-754 s 0 0-0310 
A1 11 2 0"522 a 0 0.1690 
A1 12 2 0"5020 0 0.4996 
A1 13 2 0"702 o 0 0.2307 
A1 14 2 × 0.7 0.9052 0 0.2120 
A1 15 4 0"1854 0 " 2 1 7 6  0"1119 
A1 16 4 0"3641 0 " 2 1 0 7  0"1116 
A1 17 4 0.1769 0.219e 0.3340 
A1 18 4 0"4910 0"224 v 0"3310 
A1 19 4 0"367 s 0"2103 0"477 o 
A1 20 2 0"4985 0"2485 0 

Sites A1 9, A1 10, A1 14, A1 29, A1 30, A1 34 

Co4Alla 

Atom No. in cell x y z 

Co 21 2 0.9137 0 0-6171 
Co 22 2 0.3954 0 0.626~ 
Co 23 2 0-0903 0 0-9870 
Co 24 2 0.4020 0 0.9820 
Co 25 4 0.182r 0-2297 0-7226 
A1 26 2 0.9455 0 0.8250 
AI 27 2 0-670~ 0 0-7200 
A1 28 2 0.2329 0 0.5320 
A1 29 2 x 0.3 0.077 o 0 0.5760 
A1 30 2 × 0-7 0.2452 0 0.9660 
AI 31 2 0.477 o 0 0-8313 

A1 33 2 0.297~ 0 0-769 a 
A1 34 2 × 0-7 0.0950 0 0-7880 
A1 35 4 0.314 a 0 - 2 8 2 6  0.8880 
A1 36 4 0.1241 0.2717 0-888 a 
A1 37 4 0.3226 0 . 2 8 0 6  0.6660 
A1 38 4 0-0087 0 - 2 7 9 3  0.6690 
AI 39 4 0.1319 0.289s 0.5230 

are partially occupied to the extents shown. 

would  be a long the  shor tes t  b o n d  in  t he  s t ruc ture ,  
the re  is no cor responding  effect  in  a d j a c e n t  a toms ,  
a n d  moreover  no such effect  was observed  wi th  a t o m  
Fe 5 in  FeAls. (No low-temperature measurements 
were available to check this conclusion.) It was there- 
fore decided that the true space group must be Cm, 
instead of C2/m, the relaxation in symmetry-require- 
ments permitting the separation of the set of 8 atoms 
Co 5 into two sets of 4 each, now numbered Co 5 
and Co 25 (Table l) and no longer exactly superposed 
as they must be in the centrosymmetrical space group 
C2/m. (Similarly for 8 Al 16 now split into 4 A1 16 
and 4AI 36.) Ambiguities in selecting the correct 
directions of displacement in these splittings were 
resolved by comparing [ll0] and [010] projections. 

Further cycles of refinement, based on space group 
Cm, led to final R-factors 12.2% for [ll0] and 14.2% 
for [010] projections. The atomic parameters are 
listed in Table i. Values of Fo and Fc are available 
elsewhere (Hudd, 1959). Standard deviations in atomic 
positions, ~(x), computed from Cochran's relation 
(Lipson & Cochran, 1953, p. 308) and the final Fo 
and Fo--Fc syntheses are 0.008 ~ for Co and 0.018 
for A1. 

4. D i s c u s s i o n  

Compar i son  of t he  a tomic  p a r a m e t e r s  in  Tab le  1 w i th  

those  for 'FeA13' (t~lack, 1955a, Tab le  2), conf i rms 
t h e  close s imi l a r i t y  of t he  two  s t ruc tures .  Fo r  a 
genera l  accoun t  of t h e  i m p o r t a n t  fea tu res  of the  
s t ruc ture ,  reference m a y  be m a d e  to  B lack  (1955b); 
comple te  t a b u l a t i o n s  of i n t e r a t o m i e  d i s tances  in  
Co4Al18 are  ava i l ab le  (Hudd ,  1959), as are de ta i l ed  
discussions of t he  differences which  d i s t ingu i sh  one 
s t ruc tu re  f rom t h e  other .  

I n  consider ing the  siglfif icance to  be a t t a c h e d  to  
s t r uc tu r a l  detai l ,  i t  is essent ia l  to  bea r  in  m i n d  t h e  
e x t r e m e  c o m p l e x i t y  of t he  p rob lem of ana lys i s  of a 
s t ruc tu re  such as F e A l a - - w i t h  43 a tomic  pa rame te r s ,  
a n d  one set  of si tes p a r t i a l l y  occupied;  even  more  is 
cau t ion  necessa ry  in  t he  case of Codkl la -wi th  88 
pa rame te r s ,  th ree  sets of si tes p a r t i a l l y  occupied,  a n d  
a n o n - c e n t r o s y m m e t r i c a l  space group.  We  do no t  
t h i n k  i t  jus t i f iable ,  in the  c i rcumstances ,  to  devo te  
the  large a m o u n t  of space which  would  be essent ia l  
for c la r i ty  to  an  expos i t ion  of fea tu res  of th i s  s t ruc tu re  
in  isolat ion.  I n s t ead ,  th i s  s t ruc tu re  will  be inc luded  
in  a more genera l  t r e a t m e n t  of t he  charac te r i s t i cs  of 
phase  s t ruc tu res  of th is  t y p e  which  are g r a d u a l l y  
emerg ing  as more  s t ruc tu res  are ana lysed .  
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