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Based on quantum mechanics calculation without empirical 
parameters, we successfully develop calculation method for predicting structure and phase 
stability in alloy surfaces as well as alloy nanoparticles with high structural degree of 
freedom. We develop “Grid-increment cluster expansion” enabling accurate estimation of 
structure- and configuration-dependent free energy in nanoparticle, which significantly 
enhance applicability of first-principles-based approach to alloy surface phase stability. We 
also address how lattice vibration affects segregation for alloy nanoparticles, and propose 
new concept of joint free energy gain that can universaly describe lattice vibrational effects 
on solubility in surface alloys with solid solution composed of first neares neighbor pairs in 
multicomponent systems.  
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Fig. 1 Distribution of interatmic distances up 
to 3-NN coordination. 
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Fig. 2 Pt composition at symmetry 
nonequivalent five sites as a function of Pt 
composition in Pt-Rh nanoparticle at T =100K 
and 1300K. 
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Fig. 3 Pt segregation profile of 
symmetry-distinct five sites for α = 0, 1, and 
0.5, as a function of temperature. 

 

 
Fig. 4 VLCE-predicted energy for atomic ar- 
rangements on a number of lattices as a 
function of MC 
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Fig. 5 Surface mixing energy for all 
possible structures for fcc (open circles), 
hcp (open triangles), and mixed-stacking 
(open squares). Solid and broken curves 
denote mixing energy for disordered phase 
in each stackings. 


