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A colloidal system is a mixture in which one substance is evenly dispersed throughout another. For example, milk is a colloid system of liquid butterfat molecules suspended in liquid. Many colloids, such as blood, are essential for biological processes. Developing an understanding of the nanoscale properties of colloidal systems has important implications for healthcare and materials research. 
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The dispersed particles of a colloid are measured in nanometers, and the ability to design colloidal systems at the nanoscale from the ground up is of wide interest and importance given their far-reaching applications, such as DNA sensors in diagnostics, novel photo-responsive materials, and structural probes on surfaces. New crystalline structures of particles can first be created using novel chemistry and their properties can then be probed and manipulated in the laboratory. At a theoretical, fundamental level, the work that researchers at the NU-NSEC are performing in this area contributes to the further understanding of these structures and properties. 
This research team’s work makes use of both numerical and analytical techniques that take into account the short-range structural arrangement of water molecules and ions around immersed nanoparticles, and the effects of this arrangement. In this study, researchers examined the electrostatic interactions that drive a system of a single type of charged nanoparticles to form long-range correlations and crystallize. Specifically, they examined the forces in a system of charged nanoparticles in aqueous solution with NaCl salt. Findings from this model suggest the possibility of crystallization occurring preferentially among nanoparticles with negative charges rather than those with positive charges of the same magnitude. This result is counter to the intuition of the laws of electrostatics, such as like-charge repulsion and opposite charge-attraction. These results demonstrate the importance of nano-structure in determining the macro-properties of materials. Such insights are useful for the future development and application of colloidal systems in healthcare and materials science.
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Schematic representation of a nanoparticle (yellow) surrounded by water molecules with one oxygen atom (blue) and two hydrogen atoms (red).
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