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This is a continuation proposal (previous grant "Fabrication, Crystallization, and Folding of Complex Colloidal
Molecules under the Influence of Applied External Fields" NNX13AQ54G) for studies developing fluorescent labelling
techniques for fabricating colloidal chains with improved imaging on the International Space Station (ISS). In general,
this work is based on the use of colloidal particles as molecular analogues for self- and directed assembly investigations
with goals toward understanding fundamental questions in material science including both equilibrium phase behavior
and kinetic processes. Building on studies by researchers over recent decades, we move here beyond relatively small
sizes, simple symmetries, and rigid structures which have prevented accessing the full diversity of fundamentally and
technologically relevant structures. Specifically, we will investigate the behavior of colloidal chains that closely
resemble natural and synthetic macromolecules with tunable chain length, flexibility, composition, and architecture.
First, we will study the folding dynamics of colloidal chains in three dimensions and under microgravity. The
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experimental measurements will be compared with theories for polymeric molecules and numerical simulations based on
fluctuating hydrodynamics. Second, we will perform experiments on the 3D assembly of two-dimensional
microwheel-like colloidal clusters induced by depletion interactions.

In-situ manipulation of anisotropic interactions and dynamic pathways, based on rational colloidal particle design and
proper use of external fields, could lead to crystalline and aperiodic structures beyond those seen in nature.

The development of new colloidal molecules and their associated assembled structures may have considerable
technological impact. Anisotropic interactions developed in this proposal, both at the particle level and via applied
fields, have been shown generally to lead to arrays with reduced symmetry and enhanced directionality. Such structures
interact with a broad range of electromagnetic radiation in unique ways and can exhibit collective photonic, plasmonic,
mechanical, electronic, or magnetic properties that are not manifested at the level of single particles. As a result, they
have significant potential as next-generation functional materials. For example, dielectric arrays with diamond-like or
quasicrystalline lattices have been proposed as ideal photonic crystals that can manipulate light propagation in three
dimensions, forming the basis for next-generation all-optical communication technologies. Chiral tetramers studied here
could exhibit distinct plasmonic properties resulting from the collective coupling between particles in the pyramid, as
confirmed in numerical modeling, which have great potential for electromagnetic metamaterials and high-resolution
sensors. The understanding of mirror-symmetry breaking in racemates is also important for developing improved
strategies for separation of pharmaceutical molecules. In addition, anisotropic particles can be used to generate new
kinds of colloidal networks with well-defined coordination and connectivity. By combining families of tetramers and
chains, double networks — two distinct, but interpenetrating, networks of nodes and linkers — could be formed with
combined high mechanical stiffness and high toughness. Colloidal networks are very common in a range of
pharmaceutical and consumer production applications because of their ability to impart a yield stress that can stabilize
active components uniformly throughout the formulation. Developing methods to produce colloidal networks with
defined coordination, connectivity, and topology would expand the use and performance of colloidal stabilizing
networks in these materials. Ultimately, successful implementation of our proposed research will provide the
fundamental knowledge necessary for the development of technologies to design and control matter with tailored
structures and properties.

Our progress during this period includes:
1. Developed model for chain synthesis.

2. Published manuscript on chain synthesis/model. [Ed. Note: See bibliography for reference information.]

3. Began analysis of data obtained on the International Space Station (ISS).
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