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Membrane transformation in giant vesicles enclosing aqueous polymer

solutions

Various macromolecules are organized in the interior of the cell, a rather crowded space
where phase separation of the cytoplasm can occur. Recently, giant vesicles loaded with
aqueous polymer solutions were shown to mimic the cellular microcompartmentation by
phase separation within the vesicles. We studied the membrane transformations of the
vesicles resulting from the phase separation of enclosed polymer solutions by employing
these artificial cell systems. Upon deflation of the vesicles enclosing two-phase polymer
solutions, excess membrane areas can be expended through formation of membrane
nanotubes or budding of one of the aqueous phases. By controlling the material properties of
the membranes and compositions of the polymer solutions, a competition between budding
and tubular formation of the membranes was observed. Theoretical analysis shows that this
competition depends in particular on the spontaneous curvature of the membrane and the
intrinsic contact angle between the membrane and aqueous phases, which are consistent

with experimental observations.
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Fabrication, Characterization and Application of Stimuli-Responsive

Patterned Polymer Brushes

Patterned polymer brushes are of increasing importance especially for array based platforms
because of their ability to modify surface properties for the applications in surface-based
technologies. Patterned polymer brushes can be grown via surface-initiated polymerization
(SIP) from surface confined initiator templates. The properties of materials are highly
dependent on the complexity of structures that render the necessity for the fabrication of
complex polymer brush microstructures. They have been fabricated via several patterning
strategies combining with SIP, e.g. electron-beam chemical lithography (EBCL). This elegant
patterning strategy remains inaccessible to a large number of researchers due to the
instrumental expensive complexity required. This motivates one endeavor to exploit new
simple patterning strategies. We exploited a series of robust, but simple and convenient
approaches to obtain initiator template by colloidal lithography (CL) and extended
micro-contact printing (UCP), combining with SIP for fabricating complex polymer brush
microstructures. During CL, our approaches rely on the well-ordered colloidal microsphere
arrays that provide lithographic masks, templates and footprint as restricted geometry for
creating patterns of initiator SAMs that can be used for subsequent amplification into polymer
brush patterns. During extended uCP, we demonstrated that a conventional stamp that was
utilized under various printing conditions including physical deformation, or UV-Ozone
treatment induced chemical modification, and printing under dynamic operations. Inspired by
fantastic organisms in nature, one of the central goals and main challenge of material science
and nanotechnology is building nano-motor for manipulating the motion of nanoparticles
(NPs). We also demonstrated stimulus responsive patterned polymer brushes could be used
as motor arrays to manipulate the movement of gold NPs aggregate upon receiving external
stimuli to induce a conformational change of brushes as the driving force. These efficient
polymer brushes as motor arrays can be used in the field from nano-motors to nano-sensors,
and benefit the design of more complex nano-devices.
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