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Of the three aluminium-rieh intermetallic compounds, T x, T~. and T a, which separate as primary 
constituents in the A1-Mn-Zn system, T s is shown to be structurally similar to l~i4MnnAls0 and 
Cu2M_uaA120, although it is T 1 which corresponds in composition and in electron concentration (e/a) 
with the latter two. In  the final stage of the structure analysis of the T 8 compound, interatomic 
distances and the atomic environments had to be used as the criteria for determining the distribu- 
tion of different atoms amongst some of the available sites. A possible explanation is given for 
the fixed composition of Ni4MnnA160 and the varying composition of T a. 

1. In troduc t ion  

I n  an examinat ion  of the A1-Mn-Zn system in the 
range from 0 to 95 wt. % of zinc and from 0 to 3 wt. % 
of manganese,  Raynor  & W a k e m a n  (1947) found three 
a luminium-r ich  te rnary  phases, T1, T2 and  T3, which 
m a y  crystallize as p r imary  consti tuents from slowly 
cooled alloys. The structures of these phases were not  
known. The ideal formula of the T1 phase is ZnMnbA124. 
I ts  composition can be related to those of Ni~CinnAls0 
and Cu2M_uaA120; i t  was suggested tha t  the format ion 
of all  three phases is controlled to a considerable 
extent  by  two factors: 

(i) a ratio of four a lumin ium atoms to one atom of 
heavy  element,  and  

(ii) the a t t a inment  of a definite electron-to-atom 
ratio. 

Robinson (1952a, 1954) has solved the structure of 
the Ni4M~nA160 compound and has shown tha t  the 
basic structure of Cu~.Mn3Ah0 is essentially the same 
as tha t  of Ni~MmnA160, bu t  tha t  the structure of T~ 
is appreciably  different, its unit-cell  dimensions being 

* Now at the Faculty of Technology, University of Bel- 
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related to, but  different from, those of Ni~-unAlso  
and  Cu2MnaA120. In  this  paper  i t  is shown tha t  the  
structure of the te rnary  Ta compound is essential ly 
similar  to tha t  of Ni~InnAls0,  though its composition 
does not satisfy the above requirements  for the forma- 
t ion of the compounds Ni~VLunAls0 and Cu2Mn~Ll20. 

2. P r e p a r a t i o n  of c r y s t a l s  

For the preparat ion of alloys the following mater ia ls  
were used. 

(i) pure zinc presented by  the Imper ia l  Smelt ing 
Corporation, Ltd.,  of Avonmouth .  The major  
impurities are lead and cadmium, but both in 
quantity less than 0.0007 %, 

(ii) super-puri ty  a lumin ium k ind ly  presented b y  
the Bri t ish Alumin ium Co. Ltd.,  and  

(iii) a lumin ium-manganese  master  alloy containing 
13.65 wt .% of manganese.  The alloy was 
prepared from the super-pure elements by  the  
Bri t ish Alumin ium Co. Ltd. 

Ingots of about  50 g. were prepared by  mel t ing 
together in a sintered a lumina  crucible weighed-out 
quanti t ies  of a lumin ium and a lumin ium-manganese  
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mas te r  alloy. While the  alloy was thoroughly  stirred, 
zinc was added gradual ly ;  in this way  burning of zinc 
was prevented.  The alloys cooled in the  furnace a t  
the  ra te  of about  4 °C. per  minute.  Crystals  were 
ex t rac ted  by  the  electrolytic method  described by  
R a y n o r  & W a k e m a n  (1947). The ext rac ts  from the  
ingots containing 1 w t .% of manganese  and 9, 14 and  
19 w t . %  of a luminium consisted most ly  of twinned 
crystals  which were identified as the  T3 crystals.  

Hand-sor ted  and cleaned crystals from the mel t  
containing 14 wt .% of a luminium were analyzed both  
by  the  Admi ra l ty  Materials  Labora to ry  (I), and  by  
Messrs. Johnson,  Ma t they  and  Co. Ltd.  (II),  with the  
following results (in a t .%) :  

I* I I  Average 
Zinc 15•8 15•6 15•7 
Manganese 16.9 16.9 16.9 
Alurninlum 67•3 67•5 67"4 

The analysis of T3 crystals  can be represented by  
either of the formulae (Mn, Zn)Al2.06 and Mn(Al, Zn)a.92, 
which conform closely with (Mn,Zn)A12 and Mn(Al,Zn)5. 
For  crystals  ex t rac ted  by R a y n o r  & W a k e m a n  the  
formula  would be M_n2.sZn2.2Alll or (M_n, Zn)sA111. 

3. U n i t  ce l l  and  s p a c e  g r o u p  

From ro ta t ion  photographs,  or thorhombic  unit-cell 
dimensions were found to be: 

a=7-78 ,  b=23 .8 ,  c=12 .6  J~ ( + 0 . 5 % ) .  

These dimensions are comparable  wi th  those of 
Ni~M__nliA160 and  Cu2M_nsA120, which are as follows: 

a b c 
:Ni4MnnAls0 7•55 A 23.8 /~ 12•5 A 
Cu~lVInaA120 7•72 24-2 12.5 

The densi ty  was measured by  the  displacement  

To vacuum 

Fig. 1. The apparatus used for density measurements by the 
displacement method. Crystals are covered with the liquid 
while they are under vacuum. 

¢ Trace impurities are neglec~d. A separate check shows 
iron and silicon <0.01%, copper and magnesium < 0.001%, 
and a still smaller amount of calcium. 

method• To avoid inaccuracy due to residual air  on 
the  rough hollow surfaces of the  crystals,  t hey  were 
covered by  the  measur ing liquid while under  vacuum.  
This was done with the  appara tus  shown in Fig. 1. 
The densi ty  was 3.97 _+0-10 g.cm. -3, and so the  con- 
tent  of the uni t  cell is 147 _+ 5 atoms• 

Systemat ic  absences are compatible with three space 
groups D~-Cmcm, ] s  12 2 • C2v-C2cm and C2~-Cmc . To aid 
the  choice of the  space group, informat ion f rom 
intensi ty  statist ics was sought. Of the  three possible 
space groups, only D~-Cmcm is centrosymmetr ical .  
For  is 12 C2v-C2cm and C2~-Cmc2 the  (Oyz) and (xyO) 
projections, respectively,  have  no centre of sym- 
metry .  All the  evidence favoured the  space group 
D~-Cmcm. I t  should be noted t h a t  Ni4MnnAl6o 
belongs to the  same space group. 

4. S t r u c t u r e  d e t e r m i n a t i o n  

For  the  s t ructure  de terminat ion  only projections on 
(001) and  (100) were considered• Using fil tered Me Ko¢ 
radia t ion and multiple-film technique,  the  hlcO and  
Okl reflections from a single crystal  of Ts, with ap- 
proximate ly  circular cross-section having a d iameter  
of about  0.05 mm.,  were recorded on zero-layer 
Weissenberg photographs.  Altogether  122 h/c0 and  
143 0kl intensities were es t imated  by  eye with an 
intensi ty  scale and were corrected for polarization 
and  Lorentz effects, bu t  not  for absorption• 

The unit-cell dimensions and s y m m e t r y  of T8 and 
of NiaMnllA160 suggested t h a t  these two s t ructures  
m a y  be similar• The NiaMnllA160 s t ructure  was there- 
fore t aken  as a basis for the  trial  s t ructure.  Numerous  

I 
~J 

2s 

1/4 b ~" 

Fig, 2. The asymmetric unit of the final projection down the 
a axis. The first contour is at 50 and the remainder at 
intervals of 200 arbitrary units. Letters refer to Table 1. 
Figures mark number of atoms that are related by th~ 
mirror plane perpendicular to a. 
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Table 1. Atomic parameters for the T3 structure 
Number of 
equivalent Co-ordinates 

Atom positions x y z 

a 16(h) 0.1820 0"5535 0.9375 
b 16(h) 0.2025 0.8261 0.0600 
c 16(h) 0.1822 0.7187 0.1270 
d 16(h) 0.2055 0.8901 0.8750 
e 8(g) 0.2170 0.0094 0.2500 
f 8(g) 0.2055 0.8921 0-2500 
g 8(f) 0.0000 0.6387 0.8513 
h 8(f) 0.0000 0-7431 0"9414 
i 8(f) 0.0000 0-5393 0.1245 
j 8(f) 0.0000 0.9774 0.9126 
/c 4(c) 0.0000 0.8095 0.7500 
m 4(c) 0.0000 0.6396 0.2500 
n 4(c) 0.0000 0-5428 0.7500 
o 4(c) 0.0000 0.0811 0.2500 
p 8(f) 0.0000 0.6388 0.0543 
r 8(f) 0.0000 0.9150 9.0858 
s 8(g) 0.1822 0"7135 0"7500 

Occupied by 

80% A1 20% Zn 
A1 
A1 
A1 
A1 

80% A1 20% Zn 
A1 
A1 
A1 
Zn 
A1 
Zn 

80% Mn 20% Zn 
80% Mn 20% Zn 
80% Mn 20% Zn 
80% ~h~ 20% Zn 
80% Mn 20% Zn 

refinements  were carried out using both Fo and 
Fo-Fc  projections, Fo's being scaled to Fc's in regions 
of sin 0/~ in the usual way.  Final  parameters  are given 
in Table 1 together  with the most  probable distribu- 
t ion of a toms among various equivalent  positions, in 
accordance with the discussion which follows (§ 6). 
With  this distr ibution of atoms, a reasonable agree- 

2i, n 2p 
I'D 

~ e  2 d,f 

2 c , S Q  

b / 4  ) 

Fig. 3. The asymmetric unit of the final projection down the 
c axis. The first contour is at 50 and the remainder at 
intervals of 200 arbitrary units. Letters refer to Table 1. 
Figures mark number of atoms that are related by the 
mirror plane perpendicular to c. 

the measured intensi ty da ta  will set the limit to the  
accuracy of the derived atomic coordinates. Hence 
the s t andard  deviations in atomic coordinates, accord- 
ing to Booth 's  equat ion (1946), are:  

for a luminium atoms a(x) = 0.004 A 
for heavy  element a toms or(x) = 0.002 

and, according to Booth & Br i t ten ' s  equat ion (1948): 

for a luminium atoms a(x) = 0.009 
for heavy  element a toms a(x) = 0.004 

If  the values ~(x)=0.007 and  (~(x)=0.003 A are 
accepted for a luminium and heavy  atoms,  respec- 
t ively, the s t andard  deviat ion of in teratomic distances 
should not be greater  than  a ( d ) =  0.014 A, and  so only 
differences greater  than  2"33 }/2 (~ (d) ~ 0.04 ~ are 
significant (Lipson & Cochran, 1953). 

In  the (001) projection (Fig. 3) a toms (d) and  (f) ,  
and a toms (c) and (s), are almost  exact ly  superposed. 
The y-parameters  for these pairs of a toms can be 
determined separate ly  from the (100) projection, bu t  
ref inement  of the x-parameters  is difficult when over- 
lap is as close as in the c-projection; these paramete rs  
m a y  therefore be somewhat  less accurate  t han  others. 

ment  was obtained between observed and calculated 
s t ructure  factors,  the agreement  index R being 0"17 
both for 0kl and  for h/c0 s t ructure  factors. In te ra tomic  
distances are listed in Table 2, and final projections 
of electron densi ty  are given in Figs. 2 and 3. Values 
of Fo and Fc are available in a thesis (Damjanovic,  
1957). 

5. Accuracy of the atomic coordinates 

The principal  advan tage  of the  Fo-Fc  synthesis is 
the  removal  of the major  pa r t  of errors arising from 
series terminat ion.  For  the  procedure used in this 
work, it  m a y  be expected t ha t  the random errors in 

6. Discussion of the structure 

According to the chemical analy~e~, and a~uming 
t ha t  all the seventeen equivalent  positions in the  
structure,  marked  by letters, are fully occupied, the  
content  of the unit  cell (on an average) is: 

a luminium atoms 102.5 
manganese a toms 25.7 
zinc a toms 23.8 

Altogether,  there are 152 a toms in the  uni t  cell, 
in agreement  with the densi ty  measurements .  The 
(j), (m), (n), (o), (p), (r) and  (s) positions, which are, 
according to the Fo and Fo-Fc  projections, occupied 
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Table 2. Interatomic distances in the T3 structure 
in A units 

Al-a  2.99 (Al-a) ; 2-83 (Al-a) ; 3.00 (Al-b); 
2.85 (Al-d); 2.91 (Al-e); 2.83 (Al-f); 
2.70 (Al-g); 2.74 (AI-i); 2.77 (A1-/); 
3.08 (Zn-j);  3"20 (Zn-j); 2.60 (Mn-r); 
2.77 (Mn-n); 2-88 (Mn-p). 

Al-b 3.00 (Al-a); 2.70 (Al-c); 2.74 (Al-c); 
2.78 (Al-d); 2-86 (Al-f); 2.70 (Al-g); 
2.94 (Al-h); 2.84 (Al-h); 2.85 (Mn-p); 
2.66 (Mn-r); 2.72 (Mn-s). 

Al - c  2.74 (Al-b); 2.70 (Al-b); 3.10 (Al-c); 
2.83 (Al-c); 2.73 (Al-d); 2.80 (Al-h); 
2.77 (Al-h); 2.99 (Al-k); 2.82 (Zn-m); 
2.54 (Mn-p); 2.47 (Mn-s). 

Al-d 2.85 (Al-a); 2-78 (Al-b); 2.73 (Al-c); 
3.15 (Al-d); 2.87 (Al-e); 2.84 (AI-i); 
2.95 (Al-k); 2.66 (Zn-j); 2.87 (Zn-m); 
2.55 (Mn-p); 2.35 (Mn-o); 3.16 (Mn-r). 

A l - e  2.91 (2 Al-a) ; * 2.87 (2 Al-d) ; 2-79 (Al-f) ; 
2.80 (2 Al-4); 2.67 (2 Zn-j) ;  2.53 (Mn-n); 
2.40 (Mn-o). 

Al-f  2.83 (2Al-a) ;  2.86 (2Al-b); 2.79 (Al-e); 
2.72 (2Al-g); 2.77 (Mn-n); 2-67 (2Mn-r) ;  
2.66 (Mils).  

Al-g 2.70 (2Al-a) ;  2.70 (2Al-b); 2.72 (2Al-f ) ;  
2.55 (Al-g); 2.73 (Al-h); 2.62 (Mn-n); 
2.56 (Mn-p); 2.61 (2 Mn-s). 

Al-h 2.94 (2 Al-b) ; 2.84 (2 Al-b); 2.77 (2 Al-c); 
2.80 (2 Al-c); 2.73 (Al-g); 2.88 (Al-k); 
2.86 (Mn-p); 2.88 (2 Mn-s). 

AI-i  2.77 (2 Al-a) ; 2.74 (2 Al-a) ; 2.84 (2 Al-d) ; 
2.80 (2 Al-e); 2.86 (Zn-m); 2.51 (Mn-n); 
2-53 (Mn-p). 

Al-k 2.99 (4 Al-c) ; 2.95 (4 Al-d); 2.88 (2 Al-h); 
2.60 (Mn-o); 2.69 (2Mn-s).  

Zn- j  3.20 (2 Al-a) ; 3.08 (2 Al-a);  2.66 (2 Al-d); 
2.67 (2Al-e);  2.45 (Zn-j); 2.48 (Mn-o); 
2.64 (Mn-r); 2.56 (Mn--r). 

Zn-m 2.82 (4Al-c);  2.87 (4Al-d);  2.86 (2Al- i ) ;  
2.47 (2 Mn-p). 

Mn-n 2.77 (4Al-a) ;  2.53 (2Al-e);  2.77 (2Al-f ) ;  
2.62 (2 Al-g); 2.51 (2 A1-/). 

Mn-p 2-88 (2 Al-a); 2.85 (2 Al-b); 2.54 (2 Al-c); 
2.55 (2Al-d);  2.56 (Al-g); 2.86 (Al-h); 
2.53 (AI-/); 2.47 (Zn-m). 

Mn-o 2-35 (4Al-d);  2.40 (2Al-e);  2.60 (Al-k); 
2.48 (2 Zn-j).  

Mn-r  2.60 (2 Al-a); 2.66 (2 Al-b); 3.16 (2 Al-d); 
2.67 (2Al-f ) ;  2.56 (Zn-j); 2.64 (Zn-j). 

Mn-s 2.72 (2Al-b); 2.47 (2Al-c);  2.66 (Al-f); 
2.61 (2 Al-g); 2.88 (2 Al-h); 2.69 (Al-k); 
2.83 (Mn-s). 

• Figure in bracket means the number  of neighbours. 

by heavy atoms, can accommodate a maximum of 
44 atoms, which is less than the total number of 
manganese and zinc atoms (49.5) in the unit cell. 
Therefore, at least some groups of equivalent positions 
must be occupied partly by one kind of atom, partly 
by another. In the course of the refinement this 
possibility was taken into account, but from the 2'o 
and Fo-Fc  projections alone no definite conclusion 
could be drawn about the detailed distribution of 
atoms among various equivalent positions. 

If the values of the agreement index R were taken 
as the most important criterion for the correctness of 
the structure, then a number of different assumptions 

for the detailed distribution of atoms could be proposed 
without much change in the values of R. One such 
distribution scheme would be as follows: 

The (j), (m), (n), (o), (p), (r) and (s) positions are 
all occupied by heavy element atoms, each on an 
average by 58% manganese and 42% zinc atoms. 
The (a) and (f) positions are occupied by aluminium 
and excess of zinc in the approximate ratio of 4:1. 
The (b), (c), (d), (e), (g), (h), (i) and (k) positions are 
occupied only by aluminium atoms. Such a distribu- 
tion would also be in agreement with the Fo and 
Fo-Fc  projections. Though this distribution gives the 
lowest R index (R=0.15), a different distribution of 
heavy atoms in the (j), (m), (n), (o), (p), (r) and (s) 
positions is finally proposed for the reason given 
below. 

For the final distribution of heavy element atoms, 
given in Table 1, not only data from the Fo and Fo-Fc  
projections and values of the R index are used, but 
also interatomic distances are considered as well as 
the general knowledge of this group of intermetallic 
compounds of aluminium with transition metals. For 
instance, in such compounds it was observed that  
(Taylor, 1954; Black, 1956): 

(i) some, but not all, of the contacts which a 
transition metal atom makes with its neigh- 
bours are abnormally short, 

(ii) transition metal atoms are not normally in 
contact with one another, 

(iii) there is a trend in the preferred coordination 
number of the transition metal atoms. For a 
manganese atom the preferred number is 10. 

Among the heavy atoms, only those in the (n) 
positions have no contact with other heavy atoms. 
An atom in the (n) position has 12 neighbours, all at 
distances d _< 2.77 /~, but four of them are at short 
distances (2.51-2.53 /~). Atoms in the (n) positions 
thus comply with the observations under (i) and (ii), 
but not with (iii). The average contact distance which 
these atoms make with their neighbouring atoms is 
2.66 •, and so it is comparable with, for instance, 
2.58 and 2.65 ~ for the average Mn1-A1 and Mn2-A1 
distances in the ~(MnA1) structure (Bland, 1958), 
respectively. Therefore, it seems reasonable to suppose 
that  the (n) positions are occupied by manganese 
atoms. 

Similarly, it is supposed that  the (o), (p) and (r) 
positions are occupied by manganese, and the (j) and 
(m) positions by zinc atoms. Atoms in the (o), (p) 
and (r) positions are not in contact either with each 
other or with the manganese atoms in the (n) positions. 
However, they are in short contact with the (j) or 
with the (m) atoms (and also with some aluminium 
atoms). The mean contact distances which the (o), (p) 
and (r) atoms make with their neighbours are close 
to the mean A1-Mn contact distances in other struc- 
tures of this class of compounds. An atom in the (m) 
position, on the other hand, is at the short distance 
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(2-47 ~) from two (p) atoms, but at 'normal' distances 
from its aluminium neighbours. The average contact 
distance which an atom in the (m) position makes 
with its aluminium neighbours (2.85 A) does not 
resemble the average Mn-A1 distance. An atom in the 
(j) position is in a short contact both with the (o) 
atom (2-48 A), and with the (r) atom (2-56 A), and 
also with another (j) atom (2.45 J~).* All this supports 
the above assumption that  the (j) and (m) positions 
are occupied by zinc and the (o), (p) and (r) by man- 
ganese atoms. 

The (s) positions should also be occupied by heavy 
atoms. Here, an (s) atom has 10 aluminium neighbours 
at the average distance (2-67 A) which is nearer to the 
average Mn-A1 distance than to the average Zn-A1 
distance for the (j) and (m) atoms (2.85 /~). The only 
objection to placing manganese atoms in these posi- 
tions is mutual contact of two (s) atoms (2.83 A). 
However, this cannot be taken as a serious objection 
to the assumption that  the (s) positions are occupied 
by manganese atoms. In the /~(A1MnSi) structure the 
distance between two manganese atoms is 2.885 A 
(Robinson, 1952b), and it is even shorter (2.71o /~) 
when zinc replaces manganese (up to about 23%) in 
these positions (Damjanovic, 1957). 

The (o), (p), (r) and (n) positions can accommodate 
only 24 manganese atoms per unit cell. Even assuming 
that there are less than 152 atoms per unit cell, it 
would be rather difficult to accommodate all manga- 
nese atoms in these positions only (particularly if the 
composition of crystals extracted by Raynor & Wake- 
man is considered). The only possible positions where 
the excess of the manganese atoms can be placed are 
the (s) positions. With these, the total number of 
positions available for manganese atoms becomes 
larger than their number per unit cell. I t  is proposed 
that  all these positions are occupied not only by 
manganese but also by the excess of zinc atoms; so, 
there would be on the average about 20% of zinc and 
80% of manganese in these equivalent positions. 

That zinc can replace manganese atoms in this group 
of intermetallic compounds has been suggested by 
Raynor & Wakeman (1947). They found that MnA16 
can take up a small quantity of zinc, and that zinc 
probably replaces manganese in the compound atom 
for atom. The extent of the substitution is about 
4 at.%. As they noticed, it is improbable that this 
amount of zinc correspond~ with the maximum sol- 
ubility of zinc in the MnA16 compound, since MnA18 
crystals will separate from alloys richer in zinc than 
those used for the extraction of analyzed MnA16 crys- 
tals. In the same work it was shown that zinc dissolves 
in the MnA4 compound up to a limit of approximately 
5.2%, the substitution of zinc for manganese atoms 
taking place atom for atom. More recently, it has been 
shown that the/~(A1MnSi) compound can also take up 

* The distance between two (j) atoms, which are supposed 
to be zinc, indicates that short contacts between zinc atoms 
are possible in this class of compounds. 

OF T H E  T3(A1MnZn ) COMPOUND 

some zinc, and that  zinc replaces manganese atoms at 
least up to 23% (Damjanovic & Black, 1961). 

I~ T3(AIMnZn) 

Zn at. % 

Fig. 4. Composition of the ternary T z and T 3 compounds of 
the A1-Mn-Zn system. The binary MnA14 compound is also 
included. Two lines of constant atomic percentage of 
aluminium are shown. 

The compositions of the T8 crystals extracted by 
Raynor & Wakeman and those extracted in this work, 
when plotted on a graph (Fig. 4), lie approximately 
on the line of constant atomic percentage of alumi- 
nium. This suggests that in this range of composition, 
a simple atom-for-atom substitution of manganese by 
zinc is possible, and that  it occurs more readily than 
the substitution of aluminium by zinc. I t  seems that  
in the T1 compound, up to a point, the replacement of 
manganese by zinc atoms also occurs more easily than 
the replacement of aluminium by zinc. 

7. Relat ionship to o t h e r  s t r u c t u r e s  

The structure of Ts can be related to that  of 
Ni4MnllA160. All positions which are occupied in the 
NiaMnmA160 structure are also occupied in the T3 
structure, except a set of 4(c) positions which in 
Ni~MnlIA160 are occupied by aluminium atoms (All0, 
Robinson, 1954). In the T3 structure the (j) and (m) 
positions are occupied by zinc atoms, while aluminium 
atoms are placed in the corresponding positions of 
Ni~VfnmA160. I t  was assumed that in the Ni4MnnA160 
structure, nickel atoms occupy a particular set of 
equivalent positions and do not substitute for manga- 
nese atoms. The corresponding positions in T3, marked 
by (s), are occupied mainly by manganese atoms. The 
relationship between the T3 and Cu2Mn~A120 structures 
cannot be discussed since the Cu2Mn3Al~0 structure 
has not yet been solved in detail. 

Both T3 and the CueMn3A120 compound are of 
varying compositions, while Ni4MnmA180 is of fixed 
composition. This variation in the To compound can 
be explained by the substitution of manganese with 
zinc atoms. The fixed composition of the Ni4MnllA160 
might be reconciled with the tendency of nickel atoms 
to occupy a particular set of equivalent positions by 
themselves, and not to share equivalent positions with 
manganese atoms. This assumption finds support in 
the fact that  nickel does not replace manganese in 
MnA16 (Raynor, 1944). In the fl(A1MnSi) structure 
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nickel p robably  enters 'holes' in the structure and does 
not  subst i tute  for the manganese atoms (Damjanovic  
& Black, 1961). 

8. C o n c l u s i o n  

Of the three in termetal l ic  compounds, T1, T~ and  
Ta, which separate as p r imary  consti tuents in the 
A1-Mn-Zn sys tem,  Ta is s t ructura l ly  s imilar  to 
NicMnnA160 and  Cu2MnsA120, though its composition 
is not  based on the requirements  for the la t ter  two. 
I t  has been shown previously tha t  T1, the composition 
of which conforms to the same requirements  as 
Ni4MnnA160 and Cu2MnsA120, has an appreciably  dif- 
ferent structure. 

To f ind the detai led dis t r ibut ion of atoms in the 
Ta structure, it  was necessary to use, not only the da ta  
from Fo and F o - F ~  projections, but  also the general 
knowledge of this group of intermetal l ic  compounds. 
An impor tan t  feature of the structure is t ha t  zinc, 
to some extent,  replaces manganese atoms. Some 
abnormal ly  short in tera tomic distances between man- 
ganese and a lumin ium atoms are also observed in this  
te rnary  compound and, in addition, some short inter- 
atomic distances between manganese and zinc atoms. 
Caution should, however, be exercised at present  in 
discussion of these short in tera tomic distances, since 
possible complication m a y  arise from the replacement  
of atoms occurring in this t e rnary  compound. I t  is 
hoped tha t  the atom-for-atom replacement  of manga-  
nese by  zinc atoms in this  compound, as well as in 
some others, m a y  help in the discussion of valencies 
of t ransi t ion meta l  atoms in this  class of intermetal l ic  
compounds. 

I wish to t hank  Prof. N. F. Mott and  Dr W . H .  
Taylor  for provision of facilities and for thei r  interest  
and  encouragement.  I am indebted  to Dr P. J .  Black 
for his advice and  criticism, and  I am grateful  to 
several colleagues for m a n y  valuable  discussions. The 
mechanical  computat ions were made  in the Cambridge 
Univers i ty  Mathemat ica l  Labora tory  and  I am grate- 
ful to Dr IV[. V. Wilkes  for allowing t ime  on the 
EDSAC Digital  Computer  and to Mrs M. McGibbon 
for the calculations. The Admi ra l t y  Materials Labora- 
tory  k ind ly  carried out the chemical analysis  of the  
crystals. 

I wish to thank  Prof. P. Savid from the Univers i ty  
of Belgrade for his constant  encouragement,  and  
Ins t i tu te  'Boris KidriS'  in Belgrade for a grant.  

References  

Br,ACK, P. J. (1956). Acta Met. 4, 172. 
Br ,~D,  J. A. (1958). Acta Cryst. 11,236. 
Boow~, A. D. (1946). Prec. Roy. Soc. A, 188, 77. 
BOOTer, A. D. & BRITTEN, K. H. V. (1948). Prec. 2~oy. 

Soc. A, 193, 305. 
DAMJANOVIC, A. (1957). Dissertation for the degree of 

Ph.D., Cambridge. 
DAMJ~OVIC, A. & BLACK, P. J. ( 1961). Acta Cryst. 14, 987. 
LIPso~¢, H. & Coem~AN, W. (1953). The Determination of 

Crystal Structures. London: Bell. 
RAYNOR, G. V. (1944). J. Inst. Met. 70, 531. 
RAX~OR, G. V. & WAKEM~q, D. (1947). Prec. Roy. Soc. 

A, 190, 82. 
ROBINSON, K. (1952a). Phil. Mag. (7), 43, 775. 
ROBI-~SON, K. (1952b). Acta Cryst. 5, 397. 
ROBINSON, K. (1954). Acta Cryst. 7, 494. 
TAYLOR, W. H. (1954). Acta Met. 2, 684. 

Acta Cryst. (1961). 14, 987 

The Structure Analysis of the T4(A1MnSiZn) Compound 
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The fl(A1MnSi) compound can take up some zinc. The resulting quaternary compound is denoted 
by the symbol T 4. There are at least two ways in which zinc atoms may  be accommodated in the 
structure. They may either enter the 2(d) positions, which are vacant in the structure of fl(A1MnSi), 
or replace manganese atoms. I t  is found that  zinc replaces up to about 23% of maganese by oc- 
cupying the manganese sites; the 2(d) positions are again left vacant. The replacement of manganese 
by zinc in fl(A1MnSi) and in similar compounds is discussed. I t  is suggested that  there is no real basis 
for classifying fl(AlMnSi), and the structurally similar Co2A15 and ~(A1FeNi) phases as electron 
compounds. 

1. I n t r o d u c t i o n  

The surface of p r imary  separat ion of the a luminium-  
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t Now at the Physics Department, University of Bir- 
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r i c h c o r n e r  of the A1-Mn-Si system has been in- 
vest igated by  Phil l ips (1943). Two dist inct  t e rnary  
phases are recognized and  marked  as a(A1MnSi) and  
fl(A1MnSi). P ra t t  & Raynor  (1951) have separated 
these two phases and  found tha t  they  are of var iable  
composition. The structure of fl(A1MnSi) has been 


