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ON THE DETERMINANTS OF THE STABILITY OF METALLIC PHASES 
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tt • ·. 
Inorganic Materials Research Division, Lawrence Berkeley Laboratory and 
Department of Materials Science and Engineering, College of Engineering, 
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The phase stability of metallic alloys is often discussed in terms of three factors (1): 

the electron-atom ratio, the size factor, and the. electrochemical effect. Three variables 

commonly used to quantify these factors are the valence (Z), the atomic volume (n), and the 

electronegativity (x), respectively, of the metallic elements composing an alloy. The descrip- 1 

tion of phase stability in terms of these three parameters would havemaximum utility, if they 

were independent variables. However, it is shown below that, for a commonly used scale of 

electronegativities, the three parameters are not independent for a large number of metallic 

elements. In fact, such an interdependence is suggested by a number of expressions for x in 

terms of Z and measures of atomic or molecular size (2). The expression obtained below uses the 

atomic volume derived from the elemental, metallic solids. 

The interdependence of Z, n and X for a large number of alloy systems is indicated in Fig. 

1, in which are plotted the electronegativities .of Pauling (3) for the metallic elements from 
1/3 groups IA through IVB of the periodic chart (4) and the lanthanides as a function of n , where 

n is what may be called the bonding electron density, n = Z/n, with Z equal to the number of 

bonding electrons per atom for the element, and n equal to the atomic volume as determined from 

the elemental solid. The values of Z were taken as the group numbers (4) from the periodic 

chart, except for the cobalt and nickel groups and the lanthanides for which the values nine, 

ten and three were used. Values of n were taken from Barrett and Massalski (5). 

The only elements which are metals in the solid state and are not included in Fig. 1 are 

francium, radium and the actinides. The other metals divide themselves into· three classes in 

Fig. 1: 1) the metals ftom groups IA through VIIIC, aluminum and the lanthanides; 2} the 

magnetic transition metals: chromium, manganese, iron, cobalt and nickel; and 3) the metals 

from groups IB through IVB. The three classes are shown with distinct symbols and contain 

forty-four, five and eleven elements respectively. The linear trend of the electronegativities 

with n
113 

for the first class of metals .establishes a relation between x and n, or x, Z and n, 
for these elements. The straight line in the figure is expressed by 



X = 4.2 n
1

/
3 + .2 = 4.2 (~?13 + .2 

and was found by a least squares fit .for the elements from groups IA through VIIiC (excluding 

the magnetic transition metals) and aluminum. 
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FIG. 1 

The 
1/3 

electronegativities of the metals according to Pauling plotted versus n · 

·-Metals from.groups IA-VIIIC and aluminum. 
~- Cr, Mn, Fe, Co, and Ni; 
0- Metals from groups IB-IVB. 

The box represents the lanthanides. 

This in~erdependencebetween X> Z and n indicates that the. through factors are not inde

pendent for alloys of the•forty-four elements included in class 1. Admittedly, use of these 
i 

parameters is arbitrary, but at least the ~alue of efforts (6) to find an independent set of 

variables with which phase stability can be studied is i-ndicated. 
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