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This thesis focuses on heterogeneous nucleation of two-dimensional (2D) colloidal crystals on the
substrate. Though there is long research history on the nucleation, mechanism of the nucleation remains still
unclear due to the limitations of eligible experimental evidence; the process occurs in quite short time and small
length scale. To gain a better understanding of the nucleation process, colloidal crystals are employed as a model
to study the nucleation. The outline of this thesis is as follows.

In chapter 1, studies of the nucleation were reviewed, and the classical nucleation theory (CNT) was
described. The studies of colloidal crystals applied to the nucleation study were also reviewed, pointing out that
the substrate effect has not been taken into account in those studies.

In chapter 2, the principle of colloidal crystallization was introduced. In particular, detailed mechanism
of the depletion attraction was described, which was employed in the present study.

In chapter 3, the heterogeneous nucleation of colloidal crystals on a cover glass was described. Based on
the in situ observations, we have found two types of nucleation processes: a cluster that overcomes the critical size
for nucleation with a mono-layer, and a method that occurs with two layers, which was defined as quasi-2D
nucleation. This quasi-2D nucleation process has been firstly reported in the present study. The Gibbs free energy
changes (AG) for these two types of nucleation processes were evaluated by taking into account the interfacial
free energy, Ao, as an effect of substrate. The AG calculation suggests that AG of g-2D nucleation is smaller than
that for mono-layer nucleation at a given particle concentration. Introduction of Ao into the AG calculation
accounts for occurrence of the quasi-2D nucleation in the experiment.



In chapter 4, the effect of the substrate as Ao on the nucleation rate of colloidal crystals was discussed.
The nucleation processes on uncoated, Au-coated, and Pt-coated cover glass under the same particle concentration
were examined. The nucleation rate, J, on the three substrates as a function of particle concentration was
measured. The values of Ac for three substrates were obtained based on equation of the CNT, indicating that cover
glass possess smallest Ao while it was largest for the Pt-coated cover glass. Since the Ag originates from bonding
energy between substrate and crystals in the atomic system, we deduce that the magnitude of Ao is related to the
strength of interaction between particles and substrate. The surface force measurements for each substrate were
conducted by atomic force microscopy (AFM) equipped with colloidal probe. The order of strength of the
interaction was found to be consistent with the order of the magnitude of Ag on three substrates. The value of Ao
was detemined by interaction between colloidal particles and substrate, which in turn changes the nucleation rate.

In chapter 5, the conclusion of the thesis was presented. We have successfully revealed the detailed
nucleation process of 2D colloidal crystals on the substrates. Our observations indicate the occurrence of quasi-2D
nucleation, which is a new nucleation process. The substrate effect, Ao, was quantitatively evaluated and
identified to play a crucial role in nucleation of colloidal crystals. The magnitude of Ao is related to the strength of
the interaction between particles and each substrate, which was confirmed via surface force measurements. These

findings will contribute to the basic understanding of the heterogeneous nucleation on the substrates.
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