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Phase transition is nenoequilibrium process, when new phase is formed from metastable (supercooled or supersaturated) mother phase. At equilibrium conditions (when the difference of chemical potentials is equal to zero) phase transition does not occur. Nevertheless, even at equilibrium conditions some density fluctuations within the mother phase appear. Clusters with usually higher density than that of the mother phase are formed in the system. Maximum size of clusters increases with increasing supersaturation (or supercooling) of the mother phase. If the supersaturation is sufficiently high, clusters reach their critical size, which corresponds to the maximum energy barrier (so called nucleation barrier) in the process of new phase formation. Formation of undercritical clusters is connected with energy loss due to formation of surface and that is why undercritical clusters have tendency to decompose. On the other hand supercritical clusters growth without energy loss and they are called nuclei of a new phase.


Nucleation is process leading to formation of nuclei from supersaturated mother phase. This process occurs homogeneously (at any site within the mother phase), or heterogeneously (on some active centers, which decrease the nucleation barrier). In this work the homogeneous nucleation in a closed system is considered. Temperature does not change, but the supersaturation decreases due to the phase transformation process.


In standard nucleation theory, it is supposed that the number of molecules transferred from the supersaturated mother phase to a new phase is relatively low and the decrease of supersaturation due to depletion of the mother phase is negligible. In that case the temperature and the supersaturation do not change with time and the approximate solution of kinetic equations exists. Nucleation rate, i.e. the number of nuclei formed in unit volume per unit time, goes at sufficiently long time to some stationary value, which was determined analytically. First nuclei appear in the system after some period called time delay of nucleation process. The number density of nuclei has similar temporal behavior, i.e. at sufficiently long time it reaches some stationary value, which depends on nucleus size (in contrary to nucleation rate). To keep supersaturation constant, it is necessary to add to the mother phase just the same number of molecules, which was  transferred to a new phase. It seems to be more appropriate to consider nucleation in finite system, when the total number of molecules in the system is constant. Unfortunately, no analytical approach exists in that case. Previous works [1-3] have devoted predominantly to the thermodynamic aspects of the process, when it was supposed that nuclei of a new phase have only one size. Certainly, during phase transformation some size distribution of nuclei is formed. Unfortunately, one does not know the size distribution at the finite state of the system and that is why even only thermodynamic aspects of nucleation process are difficult to determine correctly. Solution of kinetic equations, describing such process, enables us to solve this problem correctly.


We have solved numerically the set of kinetic equations to determine the number density of nuclei as a function of time at various initial conditions [4-6]. Temporal dependencies of the nucleation rates and the number densities strongly differ from the standard nucleation model with constant supersaturation. Typically, process is nonstationary, i.e., nucleation rates and the number densities reach some extremal values (depending on size and initial conditions) and falls down with time. Time delay of nucleation is approximately the same as standard model gives. Decrease of supersaturation of the mother phase gives less intensive phase transformation process and time dependencies of nucleation rate and the size distribution of nuclei are closer to the standard nucleation theory. It seems to be reasonable to start nucleation process with equilibrium size distribution at given conditions for small cluster sizes. In contrary to the standard nucleation theory the influence of the initial size distribution on phase transformation process is stronger.
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