
Building Blocks Precisely from Polyhedral Oligomeric
Silsesquioxane Nanoparticles

Hierarchical self-assembled structures provide a
“bottom-up” method to utilize relatively simple
and low cost processes to generate nanoscale

patterns (usually through amphiphilic low molecular weight
surfactants or block copolymers).1 These self-assembled
structures from block copolymers are generally driven by a
combination of repulsive and attractive interactions between
the block segments and are inherently heterogeneous.
Consequently, covalently bonded precursors are in high-
demand to create well-defined self-assembled structures
with prescribed molecular weights, low polydispersity, fixed
compositions, available functional groups at chain ends, and
structured topology.2,3 This month, the Cheng group reports
their design for a synthetic method to prepare a series of
giant surfactants with multiple precise polyhedral oligomeric
silsesquioxane (POSS) nano-building blocks.4

Polymer nanocomposites based on POSS have been widely
investigated due to a wide variety of available silica precursors
ranging in particle size down to molecular silica. Unlike other
nanofillers, POSS nanoparticles can be easily modified via
organic functional substituents on their surface through suitable
polymerization reactions, surface bonding, grafting, or other
transformations.5,6 Thus, POSS nanoparticles have potential
applications in electronic and biomedical applications.7

Early studies by the Cheng group and co-workers intro-
duced a new giant surfactant possessing a well-defined

hydrophilic head from carboxylic acid or hydroxyl-function-
alized POSS and a hydrophobic polystyrene (PS) tail, called
PS−POSS. The resulting self-assembled structures can be
controlled to form many different arrangements from vesicles
to wormlike cylinders and finally to spherical structures
by increasing the degree of carboxylic acid ionization in the
solution state.9

In this latest work, the authors extend their control on the
system’s heterogeneity to include composition, functional
groups on the POSS nanoparticle, sequence, and the
topology of the primary chemical structure, which means
they are also able to precisely control the self-assembled
structures of these giant surfactants in the bulk state. These
PS hydrophobic polymer tails end in either linear or
branched configuration leading to multiple arrangements of
the resulting self-assembled structures. The volume fraction
of POSS nanoparticles in the PS-(POSS)n segment can be
increased leading to different structures obtained compared
with the linear PS−POSS as shown in Figure 1.4

Further flexibility in shape-control arises from increasing
the chain length of PS segments in the bulk state, leading to
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lamellae, bicontinuous gyroid, hexagonal packed cylinder,

and spherical structures.10 This giant surfactant from

PS−POSS is able to bridge the gap between the amphiphilic

low-molecular-weight surfactants and block copolymers, and

it also can self-assemble with feature scales below 10 nm in

the solution, thin film, and bulk state, which is sensitive to

the primary chemical structure. They also designed four

different POSS nanoparticles with slightly different func-

tional groups onto the single tetrahedral framework.

Breaking the symmetry of these giant tetrahedral frameworks

also results in the well-defined self-assembled structures such

as lamellae, bicontinuous gyroid, hexagonal packed cylinder,

spherical structures, and even Frank-Kasper A15 phase,

which is similar to the metal alloys. The molecular nano-

particle for this kind of giant surfactant is not only limited to

POSS, but also for [60]fullerences (C60), polyoxometalates
(POM), and folded globular protein.10

Cheng and co-workers’ approach is akin to playing with
Legos, the various shapes of precise nanoarchitectures could
create different hierarchical self-assembled structures such
as lamellae, bicontinuous gyroid, hexagonal packed cylinder,
and spherical structures. This way provides promising
opportunities to mediate the hierarchical self-assembled
structure, not only for polymer POSS nanocomposites, but
also for nano-building blocks.
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