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The calculation of the melting temperature of matenals 1s of fundamental interest, representing a
fundamental understanding of the equilibrium properties of system The melting line may be determined if
we know the Gibbs free energy of both sohd and liquid phases as a function of temperature and pressure
The difficulty in the application of this simple thermodynamic principle to nanocluster is that the free energy
of the system cannot be trivially calculated On the other hand, in conventional molecular dynamics
simulations, the melting temperature of nanoclusters can be estimated from the caloric curve directly by
measuring the total potential energy of system with the slow increase of temperature However, due to the
Iimitation of simulation time scale 1n molecular dynamics, this method does not guarantee thermodynamics
equibbrium 1n spite of granting that the superheating of sohid cluster 1s neghigibly small Therefore, we
introduce an alternative way of determining the melting temperature using umbrella-sampling method
combined with constrained molecular dynamics simulation. In this method, we can obtamn the Landau free
energy curves near the estimated melting temperatures and determine the melting point by interpolating the
relative free energy difference between the solid and liquid phases In this research, the melting point of 459-
atom Au nanocluster was predicted based on the semi-empirnical embedded-atom method Additionally, the
particular melting behavior of Au nanoclusters reported by molecular dynamics simulations [Phys. Rev Lett
81, 2036 (1998)] could be explained well by the calculated free energy curve.
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