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Self-assembly and crystallite control are key processes that determine the performance
and applications of numerous materials and nanomaterials found in nature and society. To
further break down the areas of interest, the discussion will be on (i) synthetic polymers,
(ii) biological materials, and (iii) inorganic crystallites, respectively.

(i) For synthetic polymers and soft complexes, (semi-) crystalline or self-assembled
nanostructures play important roles in technologies such as sensors, actuators, solar cells,
transistors, supercapacitors, new battery designs, solid electrolytes, biomimetic designs,
and smart materials as well as structural components [1]. For example, polymer-based
battery materials and organic semiconductors are often crystalline or semicrystalline.
Nanocomposites and block copolymers often rely on various intramolecular or intermolec-
ular forces to form nanostructures and nanopatterns. Reference [1] reviewed nanostructure
analysis for synthetic soft materials, highlighting the current status of machine learning
techniques in the field.

(ii) Self-assembly in biological materials can be well-suited for medical applications.
Materials found in nature, such as spider silk, shells, and bones, often rely on crystallization
or assembly mechanism to achieve extraordinary performance. For example, extracellular
vesicles (EV) have attracted attention as new drug carriers due to their unique structural
properties and self-assembly [2]. Reference [2] designed a technical strategy with Cytocha-
lasin B treatment at hypotonic conditions to optimize assembly and allow increased drug
loading capacity of EV for cancer treatment.

(iii) Controlling the crystalline components of inorganic materials attracts an intense
scientific interest, in efforts to achieve optimization in crystallography, crystallization
process (including dynamics), hierarchical morphology, nanostructure, nanopattern, or
assembly-driven interfaces and composites. These changes largely contribute to the further
enhancements in mechanical, ionic, electronic, and other functional behaviors of current-
generation inorganic nanomaterials [3–5]. For example, Ultrasonic nanocrystalline surface
modification represents a unique approach for mechanical impact-based surface defor-
mation [3]. It has the potential towards gradient nanostructured surface layers, which
can be impactful in the future generation of transportation, energy, medical, and chemical
industries. Cryomilling and Spark Plasma Sintering are among other important approaches
for enhancing the crystallites and properties of pure [4] and composite inorganics [5].
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