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Summary

It is well known that crystal growth and morphology are largely influenced by the presence of impurities in the growth solution. However, little is known about the actual process of impurity interaction with the growing crystal surface. In this thesis we study this influence in detail using the NaCl crystal as a model system. Attention is mainly focused on the morphology and atomic scale structure of the {111} faces, which from a theoretical point of view should not be stable. 

The second chapter compares the morphology of {111} NaCl faces grown from water-formamide solution with that obtained from pure water solution. The surface patterns were examined ex-situ and in-situ using bright field and differential interference contrast optical microscopy and ex-situ atomic force microscopy. It was shown that formamide and urea stabilize the {111} NaCl faces, whereas larger homologous molecules do not. Atomic resolution imaging of NaCl {111} showed no surface reconstruction. For the {111} NaCl crystals growing from water–formamide solutions, it was observed that growth proceeds by monomolecular steps of height d{111}. This implies that the surface is terminated by either a Na+ or a Cl- ion layer. The {111} surfaces grown from pure water solutions showed shallow growth hillocks with rounded tops as well as growth pits which develop after a longer period of growth. The formation of the pits is explained by the presence of a masking particle at the pit bottom, which locally retards the fast {111} growth.

In the third chapter we examine the morphology of a whole group of alkali halide crystals, which are obtained only from pure formamide solutions. We found that the appearance of the octahedral form is related to the unit cell size of the NaCl structure crystals. In addition to this, the (im-)possibility to obtain {111} surfaces on NaCl crystals grown from pure water solutions at high supersaturations is also investigated. Here we show that independently of supersaturation, {100} is the only stable form.  

The atomic scale structure of {111} NaCl is further investigated using surface X-ray diffraction. Chapter four describes the in-situ SXRD measurements of {111} NaCl surfaces in contact with ultra-thin water and formamide liquid layers. We ascertained that the surface is not reconstructed and is Na+ terminated for both conditions. Our results reveal small differences in surface structure between the two cases, which apparently lead to dramatic differences in crystal morphology.  It was further concluded from the SXRD analysis that a quarter to half a monolayer of laterally disordered Cl- ions are on top of a fully ordered Na+ crystal surface with occupancy 0.75 to 1.0. In this the surface charge is compensated and the whole crystal is electrically neutral. 
 A small concentration of CdCl2 in the supersaturated aqueous solution results in appearance of {111}NaCl surfaces as well.  This is described in chapter five, which presents AFM, optical microscopic and SXRD observations of these surfaces. Cd2+ is very different from formamide and is already active at far lower concentrations than formamide. This implies that the mechanism for the stabilization of the {111} NaCl 

crystal faces is different in both cases. In-situ SXRD measurement shows that at an atomic scale the {111} NaCl surface is similar to its bulk phase truncated along the {111} plane. Further analysis based on the SXRD results and electrical double layer theory leads to the conclusion that the octahedral surface is Cl- terminated, with ¼ monolayer of Cd2+ at random Na+ sites on top. 

In the last chapter we discuss the development of pyramids on the {100} NaCl crystal surface during etching in formamide. Our in-situ and ex-situ observations of pyramid growth, shape and density show that these features are formed due to the presence of semipermeable, masking dust particles at the dissolving surface.
