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Common tangent at 
eutectic point between 
liquid and solid phases

Chemical thermodynamics of Materials - C. H. P. Lupis
North-Holland, 1983
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Computing the free energy of a 
liquid mixture

Free energy of 
binary mixture at 

T, P, xA, xB

Free energy 
of Pure 

species A at 
T,P 

Free energy 
of Pure 

species B at 
T,P 

Free energy contribution 
arising from entropy of mixing 

Residual contribution 
from energetic 

interaction between 
molecules of A and B. 

Gmix = xAGA + xBGB + RT
�

i=A,B

xi lnxi + Gexcess
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LiNO3-KNO3

Reversibility of transformation: 
Red (Li     K) and Black (K     Li) 

coincide. 

xLiNO3 = 0.5
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fix 1 all adapt 1 pair lj/cut epsilon 5 * v_lj scale yes
compute 1 all ti lj/cut 5 v_lj v_dlj tail v_lj v_dlj
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Excess free energies from ∆μAB
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Ternary: Area under ∆μAB
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At each xC, alchemical changes conducted at  xA mesh points
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LiNO3-KNO3 mixture - Free energy 
vs composition
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• Approximation: “Simple 
Eutectic” - Solid phases 
approximated by pure 
solids. 

• Location of eutectic : 
Point of tangency between 
liquid free energy of 
mixing and solid-liquid 
connecting line

410 K

M.J. Maeso and J. Largo, Thermochimica Acta, 223, 145-156 (1993) 
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Jayaraman et al. IECR (2010)



LiNO3-NaNO3-KNO3 ternary

S. Jayaraman, A. P. Thompson and O. A. von Lilienfeld, PRE rapid communication, accepted (2011)
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Conclusions

• Thermodynamic integration based method 
developed to compute free energies of mixing 
from MD simulations

• Tangent method extended to compute 
approximations of eutectic compositions assuming 
a “simple eutectic” 

• Need per-atom contributions from pppm!
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fix 1 all adapt 1 pair lj/cut epsilon * 5 v_lj scale yes
compute 1 all ti lj/cut 5 v_lj v_dlj tail v_lj v_dlj


