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Considering thermodynamics of heterogene-
ous nucleation of supersaturated vapours on a par-
tially wettable surface, various effects have been
taken into account (Gretz, 1966; Navascués & Tara-
zona, 1981; Scheludko, 1985). Particularly, it was
shown that the effect of the three-phase contact line
curvature on the contact angle is especially impor-
tant. It may lead to intensive barrierless condensation
at vapour supersaturations higher than a certain
threshold value both on a planar substrate (Navascués
& Tarazona, 1981) and on a spherical condensation
nucleus (Scheludko, 1985). As an application, het-
erogeneous nucleation data can be used to estimate
the line tension of condensate droplets (Hienola er
al., 2007).

Relation between the contact angle 6 and the
contact line radius r is given by the generalized
Young equation (Rusanov et al., 2004)

o cos@ =c” —c” —x/r-ox/or, 1)

where ¢ is the thermodynamic surface tension, « is
the thermodynamic line tension. Double Greek su-
perscripts mark the interfaces; a, f and y denote the
liquid, vapour, and solid phases, respectively. This
equation is compared with the “classical” Young
equation
o cosl, =cl” —of . (2)

Here the subscript “0” marks the state where the lig-
uid and the vapour phases coexist at the substrate
forming the macroscopic contact angle ¢, . Combin-
ing the equations (1) and (2) gives
o’ cos@, - cosf =

ol —c — (6" —o)+x/r+ox/or. (3)

The difference o —of” —(¢” —c*) is usually
ignored as well as the dependence (7). This leads
to the simplified equation

cosf, —cosd =k, /(c5’r) . (4)

We employed a local interface displacement
model (Dobbs & Indekeu, 1993) to calculate equilib-
rium shapes (interface displacement profiles /(x)) and
characteristics of small sessile droplets. We showed
that the nonzero term owing to adsorptions,
ol —of —(c” —o*), can be compared with the

term «,/r even in the main order in 1/r. For

smaller droplets, such as new phase embryos at nu-
cleation, the term Jx /or is generally also important.
A threshold vapour supersaturation for nucleation is
shown to exist and to be determined by the surface
spinodal. The scenario of nucleation and the proper-
ties of the new phase embryos are found to be quali-
tatively different from those obtained with use of
Eq. (4) (see Figure 1).

Hhus =71
f II 1(0)

W/ 77778
4 0

M\o

fO fus f,l(O) ”rw ‘

Figure 1. Right: Schematic droplet profiles /(x) at
different values of the condensate chemical poten-
tial . Droplets sit on precursor films of a certain
thickness f* varying from the value £, at bulk liquid-

vapor coexistence to the value £ at the surface spi-

nodal. Left: The condensate chemical potential u vs
the “droplet height” /(0) and the precursor film thick-
ness 1. Both interface displacements, /(0) and f, meet
at x4 = u, (at the surface spinodal).
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