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Developing novel and reliable methods of controlling crystal habit is relevant to applications in areas such as pharmaceuticals and materials, and plays an integral role in physiologically-relevant processes (e.g., biomineralization). A common method of tailoring the anisotropic rates of crystal growth is the use of growth modifiers, which are additives (i.e. ions, molecules, and/or macromolecules) with specificity for binding to crystal surfaces and reducing the rate of growth in distinct crystallographic directions [1]. Here we will discuss the effects of organic modifiers on the growth of calcium oxalate monohydrate (COM) crystals, which are the primary constituent of human kidney stones. The incidence rate of renal stones is on the rise, yet there has been little improvement in their therapeutic treatments over the past 30 years [2]. 

A common approach to minimize the risk of stone formation is the use of supplements, such as citrate, which function as inhibitors of COM growth. The design of crystal growth modifiers relies upon a fundamental understanding of the interactions between organic molecules and the crystallographic face(s) of COM – notably, the effect of modifiers on crystal nucleation and growth [3]. Here we will discuss our research efforts focused on elucidating the interfacial interactions between COM crystals and small organic molecules that were selected on the basis of their potential role as inhibitors of crystal growth. In particular, we will discuss the effects of citrate (a moderate growth inhibitor) and various structural derivatives of citrate on COM crystallization. 

We have shown that subtle differences in the structure, chemical functionality, and stereochemistry of organic molecules have a significant impact on COM nucleation, growth, and bulk crystal habit. We used in situ atomic force microscopy (AFM) to provide microscopic validation of organic molecule binding to specific COM crystal surfaces. AFM has proven to be a useful technique for assessing the dynamics of crystal growth under physiologically relevant conditions. Moreover, we have used AFM to obtain time-resolved images of surface growth in the absence and presence of organic molecules. Collectively, these findings serve as a platform for the rational design of crystal growth modifiers, and a viable method of identifying lead candidates for drug discovery.
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