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Abstract:

Self-assembly behaviors are ubiquitous in nature, giving rise to diverse morphologies,
intricate structures, and precise dimensions, which artificial assembly systems constantly
strive to emulate and even surpass. Achieving precise control over the morphology and size
of assembled structures is particularly critical for developing diverse functionalities and
advancing practical applications. Therefore, developing an efficient self-assembly method
that is operationally simple, broadly applicable, and highly tunable has become a key
bottleneck in this field. In recent years, our group has used liquid crystalline block
copolymers as a model system and conducted systematic research on precision self-
assembly in solution, addressing three core issues. First, by temporally and spatially
separating the nucleation and growth stages, we established a straightforward in-situ
nucleation-growth pathway that enables precise control over the assembly process. Second,
we extended this strategy to weakly ordered and even amorphous systems, thereby
clarifying the boundary conditions for precision self-assembly. Third, building on these
insights, we achieved high-precision control over assembly processes, overcoming the
challenge of large-scale production of precise nano-assemblies. These advances facilitate the
investigation of structure-property relationships and pave the way for practical applications.
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