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All the known A3B compounds with the AlQ-W) type structure have been compiled. The compilation 
shows that the formation of the A3B compounds to be strongly dependent on atomic orbitals of both the 
A and B elements. Specifically A elements come exclusively from the transition atoms of 4-A 5-A and 6-A 
groups, whereas B elements come exclusively from S-A, 9-A, 10-A groups of transition atoms as well as 
from l-B, 2-B, 3-B, 4-B and 5-B groups of nontransition atoms. 

Roughly, there is a one-to-one correspondence between the population (therefore the stability) of the 
A3B compounds and their superconducting critical temperature; the more stable is the compound, the 
higher is the critical temperature. 

Ever since the discovery of superconductivity 
(92) in V,Si, the A3B compounds of the A15@-W) 
type structure have been found to be the most 
favorable structures by far for the occurence of 
superconductivity (93). A criterion set forth by 
Matthias, Geballe, and Compton (93) for the 
critical temperatures as a function of valence 
electrons to atom ratio, e/a, in these compounds 
led to discovery of some substituted A3B 
compounds with significantly higher critical 
temperature (e.g., Nb,Al.,Ge.,) (94). Neverthe- 
less, Matthias’ rule has not led to a better 
understanding of the reason why good super- 
conductors are found in the compounds of this 
type. Indeed, the criterion of valence electrons to 
atom ratio, e/a, is not rigidly followed in that, 
when the ideal e/a ratio is brought about through 
substitution of A atom by another A’ atom, it does 
not lead to a higher critical temperature. In fact, 
it lowers it (95). Only in the substitution of B 
atoms with another B’ atom such as shown in the 
case of Nb,Al.,Ge.,, is the e/a ratio criterion 
obeyed. 

We believe that the fact that the A,B@-W) type 
compounds are unique as superconductors should 
not be an isolated phenomenon, but should also 
manifest its uniqueness in the area of crystal 
chemistry and in metallurgy. This belief led us to 
a compilation of all the A,B type’ compounds 

1 Unless noted otherwise, the ASS type refers to those 
with the A15(/3-W) type structure. 
Copyright 0 1973 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 

365 

found to exist (1-9 1) thus far as shown in Table I. 
While there are still a number of systems yet to be 
investigated, the available data clearly show a 
number of interesting and unique characteristics 
associated with the A,B compounds of this type 
in term of its crystal chemistry and metallurgy. 
These interesting characteristics are summarized 
in Table II and Fig. 1, and described as 
follows. 

1. Element A in the A,B compounds comes 
exclusively from 4-A 5-A, and 6-A group 
transition atoms. These transition atoms never 
participate in the formation of the A3B com- 
pounds as B element.2 

2. Among the three group of A atoms, 
4-A(dZ), 5-A(d3), and 6-A(d4), the 5-A(d3) group 
of atoms is most favored in the formation of A,B 
compounds as shown in Fig. 1. 

3. Element B in the A,B compounds, on the 
other hand, comes exclusively from the 8-A, 9-A, 
10-A groups of transition atoms as well as from 
l-B, 2-B, 3-B, 4-B and 5-B groups of nontransition 
atoms. Again, these atoms never partake in the 
formation of A3B compounds as A elements.2 

’ This empirical rule was pointed out earlier by M. V. 
Nevitt in “Electronic Structure and Alloy Chemistry of 
the Transition Elements” (Paul A. Beck, Ed.), p. 101, 
Wiley, New York (1963). The nonparticipation rule as 
stated here excludes the solid solubility range in which A 
element may substitute for B element and vice versa up to 
the limit of solid solubility range. 
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TABLE I 
SUMMARY OF ALL THE KNOWN A3BOS-W) TYPE 

COMPOUNDS” 
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a (0) Existence of AJB compound; (0) absence of any 
compound at the composition; (+) existence of a com- 

4. Transition atoms of 3-A(d’) and 7-A(d5) do 
not participate in the formation of AJB com- 
pounds either as A or B elements. Two exceptions 
to this rule are found in the formation of Mo,Tc 
characterized by Darby and Zegler (96) and 
W,Re identified by Federer and Steele (97) to be 
the ,8-W type. 

5. For the given group of A atoms, the 
probability (or population) of the A,B compound 
formation increases as B element (either a 
transition atom with d-orbital or nontransition 
atom with s-orbital) goes from 3d to 4d to Sd or 
from 4s to 5s to 6s. 

6. On the other hand, for the given group of A 
atom, the probability (measured in term of 
population) of the formation of A,B compounds 
decreases as B element (nontransition atom with 
p-orbital) goes from 4p to 5p to 6~7. 

7. Wherever the phase equilibrium diagram is 
definitely characterized, the A3B compounds are 
shown to be formed consistently through either a 
peritectic or a peritectoid reaction (i.e., compound 
with incongruent melting point). 

The electrochemical and/or size factors have 
been recognized or utilized as an explanation (98) 
in the formation of intermetallic compounds 
involving transition atoms. However, as shown 
above, the A,B compounds formation is com- 
pletely independent of these known factors. For 
example, Au and Ag react quite differently even 
though their atomic sizes are about the same. 
Indeed, the dominant, if not the only factor 
recognizable in Table I appears to be in the 
atomic orbital (e.g., stringent restriction on what 
type of atom can or cannot serve as A element). 
Inasmuch as the atomic orbital requirement is far 
more stringent in covalent bond than in metallic 
bond, it must be assumed that the degree of 
covalency in the A,B compounds is high. This 
assumption is also in keeping with the observed 
“A-chain integrity” (straight chain of A atoms) 
found in the crystal structure of A3B compounds. 

In an attempt to better understand the mech- 
anism of superconductivity, the A-chain integrity 
has been utilized as a boundary condition for a 
number of theoretical calculations, either based 
on a tight binding approximation (99) or aug- 

pound with A:B = 3: 1 composition, but having a 
structure other than ,!?-W type; (I) The system is immiscible 
at this composition. (p) The AJB compound has been 
confirmed to be formed through either a peritectic or 
peritectoid reaction. Number in right upper corner is 
reference number. 
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TABLE II 

SUMMARY OP A AND B ELEMENTS LISTED ACCORDING 
TO THE ATOMIC PERIODIC TABLE“ 

ti The 3-A and 7-A group of atoms which do not participate in the formation of A3B@-W) type compound 
are shaded. 

mented plane wave approach (100) or in term of 
molecular orbital theory (101). It is believed, from 
the observations made here that the A-chain 
integrity while important, is not sufficient and 
that other boundary conditions such as that 
described here must be added. This is to say that 
for any theoretical model of AJB compounds to 
be aesthetically satisfying or physically significant, 
it must embrace within its framework, the 
principal manifestations observed in points 1 
through 7. 

The valence electron to atom ratio, e/a, for all 
the possible combinations of A,B compounds are 
summarized in Table III. Comparison of Table I 
vs Table III shows that with the exception3 of 
cases where B element is an 1-B or 2-B atom, there 
is roughly a one-to-one correspondence between 

3 In cases of B = Au or Hg, this exception disappears if 
the valence electrons of these two atoms are taken as 11 
and 12, respectively. 

d’ (p-n-f-l 

i d*m)tl 

2 d3(tl 
LLI 

d4 l,] b <I d5j--l o+ 
Population of 

A,B Compds. 

FIG. 1. Population of AgB@-W) type compounds vs 
d-orbitals of A element. The five independent energy 
levels in d-orbital are reduced to four by the fact, K, Ca 
are counted as 1-A 2-A whereas Cu, Zn are counted as 
1-B and 2-B, respectively. 

the population of A3B compounds and the 
superconducting critical temperature curve given 
by Matthias, Geballe, and Compton (93) in 
terms of the e/a ratio (maxima at e/a = 6.5 for 
B = transition atom and at e/a=4.7 for B = 
nontransition atom). This observation indicates 
an intimate relationship between the crystal 
chemistry of A3B compounds and their super- 
conducting property; the more stable is the 
compound, the higher is the critical temperature. 
It follows therefore, once the crystal chemistry of 
the A3B compounds is understood, the same 
understanding should also shed light on the 
mechanism of superconductivity. 

Finally, it should be noted that metallurgically, 
the observation (7) tells us that the annealing of 
A3B compounds must be carried out with extra 
care. In particular, the selection of annealing 
temperature must be made with a full knowledge 
of the peritectic temperature. 
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TABLE III 
THE AVERAGE VALENCE ELECTRON TO ATOM RATIO= 

B: d s P 

A 8 9 10 1 2 3 4 5 

d 
4 5.00 5.25 5.50 3.25 3.50 3.75 4.00 4.25 
5 5.75 6.00 6.25 4.00 4.25 4.50 4.75 5.00 
6 6.50 6.75 7.00 4.75 5.00 5.25 5.50 5.75 

0 Arranged in the same way as Table I. 
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