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[1] The Crystal Structure of Co,Al*

By A.J.Bradley,D.Sc, ,Royal Society Warren Research Fellow and C,S,cheng(zheng Jian-xvan)

According to Gwyer( 1 ), the cobalt-aluminium alloys form a compound
with the formula Co,Al,, Alloys made up to this composition give an X-ray
powder photograph different from thosz of other Co-Al alloys(2). We have
succeeded in solving the structure, which appears to be of a novel type, and pre-

s2nts some interesting features,

The Unit Cell and Space Group

The X -ray pov-der photograph gave a hexagonal unit cell of dim-nsions
c=7,593; A, a=7,656, A The density bz2ing 4,44, there are 28 atoms per unit
cell, In agreement with the formula Co,Al;, § atoms are cobalt and 20 atoms
aluminium,

The reflections are consistent with the space group D},—Cg/ mmec, There

are groups of 12, ¢ and 2 aluminium atoms and § and 2 cobalt atoms,

Atomic Co - ordinates and Interatomic Distances

The atomic co-ordinates are:

(a) 2 Al:— 000; 00,

(by 2Coi— &, 4, 4y i, 5, %,

(c) 6Cor— 2u,u, %5 u,2a, %y u,u,F; 2i,u,L; 0,26, 3 u,u,4,

(d) 6 Al:— 20,v, %, 0,20,%; o,0,%, 20,0,41; v,2v,%; v,0,4,

(o) 12Al:— 2x,x,2; 3,2%,2; F,Xx,3 20,T,k 42 X,2x,k 42y X,I, b +2y
DX, X, b -2y G20, -2y TLXE -2y 2T,1,3) X, EX,Fy X, 2,

Where u=10,123

v=0,467
x=0,196
Z=0.,064

The interatomic distanczs are givon in Table ],

% 23U, Zeitschrift fuer kristallographie, 1938, 480—187.



2 The Crysta—Structure of CozAls

Table I, Interatomic Distances in Co, Al,,
Neo, of Type of Distances
Neighbours Neighbours . A

Type of Atom

“Xl a

6 Alz 2,62
6 Coc 2,54
Al d 4 Ale 2.74
1 Ale 2,97
Ald 1 Cob 2,63
2 Coc 2,41
Ale 1 Ala 2,62
9 Ald 2.74
3 Ald 2,97
2 Ale 2.74
1 Ale 2,87
1 Cob 2.33
1 Coc 2,53
Co b 3 Ald 2,63
6 Ale 2,33
Co ¢ ) Ala 2,54
9 Ald 2.41
9 Ale 2.53

Description of the Structure

The structure is shown in Figs, 1, 2 and 3, Fig, 1 is a projection in
the direction of the hexagonal axis, the heights of the atoms leing indicated
by figures, Cobalt atoms are distinguished from aluminium by their smaller size,
Two aluminium atoms (a) p:r unit cell, stand above each othsr on hexagonal
axes, Thes2 are at levels ¢ and 4 and are surrounded by six cobalt atoms (c)
at levels 4+ and 3, A group of six aluminium atoms (d) also sfands at thes:
levels, A cobalt atom is placed at the centr: of each triangle on a three-fold
axis (b) . There ar: two such positions per unit cell onz being at 4, ths
other -3, Kach of these two atoms is surrounded by six aluminium atoms (e),
thres being at a higher level and three at a lower level than the central cobalt
atom,

In Figs, 2 a and b atoms at different levels are szparated, In the former
are included atoms at or near o and 4, The atoms at these levels are all

aluminium, two being at cell corners (a) and twelve on vertical symmetry pla-




The Crystal Structure of CogAls 3

nes (c¢) , The latter are displaced from levels 0 and 4 by about 116 of the cell

height, Alternate atoms are displaced upwards and downwards,so that the struc-
ture consists of puckered hexagonal rings, Each ring is separated from its
neighbours by distances greater than normal interatomic distances , being held
apart by diagonal contacts with atoms at other levels, The intcratomic distan-
ces round the edgos of the puckered hexagon are 2, 74A whilz thosz to the c*ntral
atom are 2, BdA This is smaller than the distance Al-Al in the pure metal(2, 37A)

Fig. 1.

Midway between the hexagonal rings arz the sheets of atoms at levls 4 and
3 pictured in Fig, 2b, Actually, this diagram shows only one of these levels,
the other is got by rotation through 60°, The aluminium atoms form a triangle,
the edges of which are 3,07 f\, This is too big to be a genuine interatontic dis-
tance, the atoms being forced apart by neighbours at other lzvels, They are,
however, in contact with cobalt atoms in the same lzvel,

The contacts are best seen from the perspective drawing (Fig, 3). The di-
rection of vision is shown by the arrow in Fig, 1, and the correspondipg unit
cell is there outlined, The six neighbours of the cobalt atoms are easily|visible
in the case of the b atoms, Here the e atoms are only 2,33 A distant , |against
2,47 R in CoAl where, however, there are eight aluminium neighbours flor each




R The Crysta] Structure of Crig Al

Fig. 3.

cobalt atom, The neighbours of the other cobalt atoms are less easily visible,
The c atom on the left of Fig, 3 is shown with only five bonds, the remaining
aluminium neighbour being outside the unit cell , Here the distances are somel
what bigger the shortest being 2,41 fo\, and the others 2,53 and 2,54 Ai

All the distances between pairs of aluminium atoms are greater than the
distances between aluminium and cobalt, They vary considerably, the smallest
being 2.62_1& between a and e atoms, All other aluminium distances are consiy
derably bigger,The unly vertical contacts in the structure are between pairs of
aluminium atoms of the e type. These distances are _2,87!’:, which is very nearly
the value (2._8611) of the interatomic distances in pure aluminium,




