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Abstract: The observed asymmetry in properties of mixing of Pb-K alloys in the molten state is 
successfully explained on the basis of the quasi-lattice model. The thermodynamic functions such as 
free energy of mixing, enthalpy of mixing, entropy of mixing and chemical activity of the constituent 
atom of the alloys have been computed within the frame work of presented model. Most of the computed 
values are in good agreement with the experimental data. The pair-wise interaction energies between 
the species of the melt are found to depend considerably on temperature. Theoretical analysis suggests 
that hetero-coordination leading to the formation of complex Pb2K is likely to exist but is of weakly 
interacting in nature.
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1.	 INTRODUCTION:
Liquid alloys display a remarkable variety of 
local chemical order. The knowledge of mixing 
properties of binary liquid alloys is necessary for 
the design and development of reliable materials 
for high temperature application. Experimental 
determination of mixing properties of liquid 
alloys is a long and expensive task that becomes 
more complicated for some system which may be 
chemically active or radioactive or even may contain 
scarce components. Theoretical method, on the other 
hand reduces the time and efforts required, and are of 
great importance in predicting the properties. There 
has been considerable interest of theoreticians to 
explain the concentration dependent asymmetry in 
the properties of mixing of binary liquid alloys and 
hence to extract additional structural or microscopic 
information. Present day, various theoretical models 
[1-10] have been focused to study of the alloying 
behavior of alloys in the molten state. In the 
present investigation, the Quasi-lattice model [11, 
12] has been used to estimate the thermodynamic 
properties of the alloys at 848K assuming Pb2K 
complex in the melt. Thermodynamic properties 
provide information on the interaction, stability and 
bonding strength among the constituent atoms in the 
alloys. The free energy of mixing, heat of mixing 
and activity of the species of the alloys are quite 

asymmetrical around equi-atomic composition but 
entropy of mixing of the Pb-K system is S – shaped 
[13]. The size factor (VK/VPb = 2.5, where V is 
atomic volume) and electro-negativity (EK – EPb = 
-1.5) are not so large to account for the anomalous 
behavior observed in the properties of mixing of 
PbK liquid alloys [9].Therefore, it is expected that 
concentration dependent anomaly arises due to 
energy effects.

2. METHODOLOGY:
The present work is purely theoretical in nature 
and the following methods shall be used for our 
investigations:

In present work, we will use a quasi-lattice model to 
understand the mixing properties of simple binary 
liquid alloys with respect to concentration. In this 
model a grand partition function is constructed 
to deduce the relations for thermodynamic and 
microscopic functions. The quasi-lattice model is 
applicable for binary liquid alloys, which in solid 
or liquid state form a chemical compound at one or 
more well defined chemical composition and the 
complexes or the privileged group of atoms exist 
in the molten state. In this model, it is assumed 
that the energy of a given nearest neighbor bond is 
different if it belongs to the complex than if it does 
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not. The model envisages the existence of chemical 
complexes AµBν, where Aand B are the constituent 
species of the alloys and µ and ν are the small 
integers:
                                       µA+νB = AµBν 
With this consideration, grand partition function 
is solved and expression for excess free energy of 
mixing [10] comes out to be
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Where N is the total number of the atoms in the alloys; kB, the Boltzmann constant; T, absolute 
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Where β’s are the usual beta functions. 
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The standard thermodynamic relation for entropy of mixing is 
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The free energy of mixing (GM) for Pb-K liquid alloys at 848K is computed through Eq.(3). The plot of 
free energy of mixing verses concentration of lead is deposited in fig.1. The computed and experimental 
values of GM are in reasonable agreement throughout the concentration range from 0.1 to 0.9 of Pb. 
Theoretical calculation of free energy of mixing for Pb-K liquid alloys shows that the minimum value of 
free energy of mixing for Pb-K is -2.42737RT at xPb = 0.5. This is good agreement with the experimental 
value [13]. Further, the negative values of all interaction energies suggest that Pb and K atoms are 
attracted to each other and consequently tendency of the system is found to be ordering (complex 
formation). The minimum value of free energy of mixing indicates that Pb-K alloy in liquid state is 
moderately interacting system and hence, the tendency of compound formation is not strong in this alloy. 

 

 

 

 

 

 

 

 

Figure1-Free energy of mixing (GM)Vs concentration 
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The free energy of mixing (GM) for Pb-K liquid 
alloys at 848K is computed through Eq.(3). The 
plot of free energy of mixing verses concentration 
of lead is deposited in fig.1. The computed and 
experimental values of GM are in reasonable 
agreement throughout the concentration range from 
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0.1 to 0.9 of Pb. Theoretical calculation of free 
energy of mixing for Pb-K liquid alloys shows that 
the minimum value of free energy of mixing for Pb-K 
is -2.42737RT at xPb = 0.5. This is good agreement 
with the experimental value [13]. Further, the 
negative values of all interaction energies suggest 
that Pb and K atoms are attracted to each other and 
consequently tendency of the system is found to be 
ordering (complex formation). The minimum value 
of free energy of mixing indicates that Pb-K alloy 
in liquid state is moderately interacting system and 
hence, the tendency of compound formation is not 
strong in this alloy.
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Figure1-Free energy of mixing (GM)Vs concentration of Pb 
(xPb ) in liquid Pb-K alloy at 848K. 
Figure 2- Heat of mixing (HM) Vs concentration of Pb (xAPb) in 
liquid Pb-K alloy at 848K.
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Heat of mixing (HM) for liquid Pb-K alloys at 
848K is computed by using eq.(4). The graph is 
plotted for heat of mixing with both theoretical 
and experimental values against concentration of 
lead, which is shown in fig.(2).The figure shows 
that theoretical values of HM are in good agreement 
along with the experimental values[13].

3.3. Entropy of mixing:
Using equation (5) along with eq.(3) and (4), entropy 
of mixing (SM) for liquid Pb-K alloys is computed. 
For the theoretical calculation of SM, same energy 
parameters (Eq.(9) and (10) ) are used. The plot 
of entropy of mixing (SM) verses concentration of 
Pb is depicted in fig.(3),for both the computed and 
observed values. It is interesting to observe that the 
variation of SM with xPb is clearly in S – shaped. 
Theoretically, SM is negative for xPb ≤ 0.7 but for xPb 
˃ 0.7, HM is positive.  Minimum value of entropy 
of mixing is found at xPb = 0.3 and maximum 
value is occurred at xPb = 0.9. It is also observed 
that concentration dependence of asymmetry in 
SM can be explained only when one considers the 
temperature dependence of the pair-wise interaction 
energies.
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Figure 3- Entropy of mixing (SM ) Vs concentration of Pb (xPb 
) in liquid Pb-K alloy at 848K.
Figure 4-Chemical activity (ai ) Vs concentration of Pb (xPb ) 
in liquid Pb-K alloy at 848K.  

3.4. Chemical activity:
The deviations from ideal behavior of the alloys can 
be incorporated into activities. The pair of equations 
(7) and (8) is used for theoretical calculation of 
chemical activity of the constituent atom in Pb-K 
alloys. Figure (4) shows the comparison between 
computed and observed values of chemical activity 
of the species of Pb-K alloys. There is good 
agreement between the computed and observed 
values at all concentration of Pb.

4. CONCLUSIONS:
The presented theoretical model successfully 
explains the observed concentration dependent 
asymmetries reproduced by considering the 

existence of chemical complexes Pb2K in molten 
phase. The analysis suggests that the tendency of 
hetero-coordination of atom depends very much on 
concentration and the Pb-K system is moderately 
interacting. The analysis also reveals that most of 
the energy parameters depend considerably on 
temperature.

REFERENCES: 
[1] 	 L.C. Prasad, R.N. Singh, V.N. Singh, G.P. Singh, J.Phys.

Chem. B,921(1998)102. 
[2] 	 L.C. Prasad, R.N. Singh,  Phys.Rev.B,13768(1991) 44.
[3] 	 R.N. Singh, I.K. Mishra, V.N. Singh. Phys.Condens. 

Matter,8457(1990) 2.
[4] 	 B.C. Anusionwu, O. Akinlade, L.A. Hussain, J.Alloys 

compounds,175( 1998) 278.
[5] 	 R. Novakovic, J.Non-Cryst.Solids,1593( 2010) 356.
[6] O Akinlade, R.N. Singh, J.Alloys and 

Compounds,333(2002)84.
[7] 	 I. Koirala, B.P. Singh, I.S. Jha J. Non-Cryst.Solids 

398(2014)26-31. 
[8] 	 I.S.Jha, I.Koirala, B.P.Singh, D.Adhikari, Applied Physics 

A,116:3(2014)1517-1523
[9] 	 R.N. Singh, F. Sommer. J. Phys.Condens.Matter. 

4(1992)5345.  
[10]	 E.A. Guggenheim. Mixture. Oxford University Press, 

London; 1952.
[11] 	 A.B. Bhatia, R.N. Singh, Phys. Chem. Liq., 

343(1982)11. 
[12] 	 A.B. Bhatia, W.H. Hargoove. Phys. Rev.B, 3186(1974) 

10. 
[13] 	 R.Hultgren,P.D. Desai, D.T. Hawkins, M. Gleiser, and 

K.K. Kelly, Selected Values of the Thermodynamic 
Properties of Binary Alloys, ASM ,Metal Park,Ohio, 
1973. 

B. P. Singh  ... Hetero ...


