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Surface-Induced Melting of Small Particles

Hideki SAKAL

Department of Physics, Waseda University
3-4-1, Ohkubo, Shinjuku-ku, Tokyo 169-50

(Received February 7, 1996; Accepted February 29, 1996)

A surface effect on the behavior of solid-liquid phase transition is studied by the Landau theory. We calculate the depen-
dence of melting temperature of a small particle' on its surface curvature. We show that taking account of the effect of the cur-
vature is essentizl in understanding the melting process of small particles, particularly when their radii are in the order of nm.
The non-linear relationship between a melting point and a reciprocal radius is derived from a difference between the
radius-dependence of the “surface-induced melting temperature (7,.)” and that of the “particle melting temperature (7., The
calculated results agree satisfactorily with the recent experimental data. We also show that a surface melting state becomes
difficul: to observe as the particle radius decreases down to a critical value. This is in contrast to the common belief that sur-
face-induced melting becomes more dominant for smaller particles.
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Fig. 1 Temperature dependence of the equilibrium crystallinity
profile M,,(r) for a Pb particle (R = 10 nm). The calcu-
lated M., (r) at 420, 550 and 551 K are shown. The solid
line indicates the solid phase (M(r) > M*) and the

dashed line is the liquid phase (M(r) <<M*).
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Fig.2 Liquid-layer thickness dependence of the total free
energy of a Pb particle (R = 10 nm) for several tem-
peratures, ¢' is a “trial” liquid-layer thickness, The
thickness g, at which the total free energy F[M] takes its
minimum value, is realized in equilibrium. Note that, for
the particle radius R = 10 nm, g = 10 nm means that the
particle melts completely.
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Fig. 3 Relation between calculated melting temperatures (7,

T..«} and the reciprocal particle radius (R ™" for Pb. T,
(dashed line) is the “surface-induced melting tempera-
ture,” Ty (solid line} the “particle melting tempera-
ture.” The melting temperatures are suppressed as the
radius R decreases. The bulk melting point T, = 600.7 K
for Pb. Experimental data are also shown. @: particle
melting temperature from Allen et al.” . ¥: temperature
range of the sclid-liquid transition from Garrigos et
ailm} ,
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