Summary


This thesis describes a number of experiments in which the structure of solid-liquid interfaces is determined on an atomic scale using surface X-ray diffraction. The purpose of these investigations is to obtain a better understanding of crystal growth and in particular the role that the liquid and additives can have on the growth process and the resulting growth morphology. An additive in this context does not have to be a solute added to the solvent, but can also be the solvent itself since it is well-known that the solution from which a crystal is grown can change the growth morphology drastically.


Chapters 2 and 3 concern the role of the solution pH on the growth morphology of potassium dihydrogen phosphate (KH2PO4, KDP). The growth morphology of KDP is determined by the {101} and {100} facets and thus the solid-liquid interface structures of these crystal surfaces have been determined for three pH values. At the normal pH of 4, i.e. without additives, the growth velocity of the {101} facets is larger than at higher or lower pH, leading to a morphology that is the most needle-like. The {100} facet, on the other hand, has a constant velocity as function of pH. The pH values of 3 and 6 were obtained by adding KOH or H3PO4. In agreement with the macroscopic behaviour, significant structural changes are found as a function of pH at the {101} interface, and none at the {100} interface. For {101} the dominant change is a gradual replacement of quite strongly bound K+ by H3O+ for decreasing values of the pH. For {100} the main structural feature is a hydrogen bond with water molecules in the solution and that is present for all pH values. These results demonstrate for the first time the correlation of the atomic-scale changes at the interface with the macroscopic growth morphology, but theoretical modelling is needed, for example in the form of Molecular Dynamics simulations, in order to see how the atomic-level changes affect the growth kinetics.


The structure of the {111} face of NaCl is the subject of chapter 4. In pure water this polar surface is not stable with respect to the {100} surface, but already in 1783 it was shown that it can be stabilized in aqueous solution by the addition of urea. The structure of the interface in both water and in formamide solutions was investigated, where formamide is chemically similar to urea. In contrast to initial expectations, the formamide does not bond strongly to the {111} surface. Instead, it is found that in both solutions the main stabilization mechanism is the formation of an electrochemical double layer in which half a monolayer of Cl- ions in the liquid is located directly at a Na+-terminated crystal surface. Even in pure water, the surface is relatively stable and not rough.


Since the solution structure is found to play an important role, chapters 5 and 6 are devoted to a model system that allows a full characterization of the liquid structure. Whereas the complex nature of the solution, containing several components, for the systems discussed in the other chapters make such an analysis very difficult, the model system in these final chapters is chosen to be as simple as possible: a single liquid monolayer of Bi on top of a Cu(111) crystal. The structure of the various low temperature phases are discussed in chapter 5, because this is needed in order to understand the behaviour of the liquid layer at higher temperature. Three ordered room-temperature phases have been determined: a surface alloy at a coverage of 1/3 monolayer, an overlayer structure at 0.5 monolayer and an uniaxially-incommensurate overlayer structure at a coverage of 0.53 monolayer. At a temperature of 280°C the Bi layer is molten, but its structure is found to depend strongly on the coverage. Going from 0.47 to 0.53 monolayer coverage, the local order in the liquid increasingly resembles the order found in the room temperature overlayer phases. The liquid has orthorhombic orientational order that occurs in three domains. The full ordering characteristics were determined by combining diffuse scattering from the liquid with the information from the substrate diffraction rods.

