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a  b  s  t  r  a  c  t

Well-defined  hybrid  polymers  based  on polyhedral  oligomeric  silsequioxane  (POSS)  with  a
variety  of architectures  have  been  developed,  including  telechelic  polymers,  block  copoly-
mers and  star-shaped  polymers.  The  synthesis,  self-assembly  and  properties  of  this kind of
materials are  reviewed.  Well-defined  POSS-containing  hybrid  polymers  can  be constructed
by living  polymerization  techniques,  such  as ring-opening  polymerization  and living  free-
radical  polymerization  or  the  combination  of  living  polymerization  and  coupling  reactions,
such as  click  chemistry  and hydrosilylation.  The  self-assembly  behavior  of  well-defined
POSS-containing  hybrid  polymers  is  also  described  in  detail.  The  POSS-containing  hybrid
polymers  can  self-assemble  into  nano-scaled  aggregates  in selective  solvents,  and  form
nanostructures  in  bulk.  Some  of  the  interesting  self-assembly  morphologies  are  remarkably
different  from  those  formed  from  the  conventional  purely  organic  amphiphilic  polymers.
Well-defined  POSS-containing  hybrid  polymers  have  shown  the  unexpected  properties,
which  lead  to  unlimited  possibilities  for promising  applications,  such  as biomedicine,
electronic,  optical,  magnetic  nanodevices,  sensors  and  stimulated  catalysts.  We  highlight
several recent  examples  of  these  applications.

© 2013 Elsevier Ltd. All rights reserved.
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ring-opening polymerization; CL, �-caprolatone; CLSM, confocal laser scanning microscopy; CTA, chain transfer agent; CMC, critical micelle concen-
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1. Introduction

Considerable attention has concentrated on the prepa-
ration of organic/inorganic hybrid materials with excellent
properties using nanoscale inorganically enhanced agents
such as nanoparticles, clay, fullerene, carbon nanotubes,
graphene and polyhedral oligomeric silsesquioxanes
(POSS) [1–6]. POSS, a class of unique inorganic compo-
nents with a definite nanostructure, can be introduced
into polymer matrices to produce novel hybrid materials
with advantageous properties [7–16]. POSS molecules
have a cage-shaped three-dimensional structure with
the formula (RSiO1.5)n, (n ≥ 6) [17–23]. Among them,
octa-silsesquioxanes (R8Si8O12, T8) have been mostly
investigated; they consist of a rigid, cubic inorganic silica
core with a 0.53 nm side length and eight corner organic
groups. Thus, the POSS molecules demonstrate some
unique characters in the construction of POSS-containing
hybrid polymers, as compared to other inorganic agents.
Firstly, most of other nanoscale inorganic agents have
a size distribution, which often causes these inorganic

agents could not to be well dispersed in hybrid poly-
mers. Nonetheless, POSS molecules have a definite size
and structure, and they can be well dispersed in hybrid
polymers even on a molecular level. Secondly, the func-
tional groups on the other inorganic nanoscale agents
are ill-defined, and this means that we do the number of
organic groups and their exact position on these agents.
In contract, for POSS molecules, the number of organic
groups is corresponding to the corner number. Moreover,
these corner groups can be reactive or unreactive, which
provide the POSS molecules with desired reactivity and
solubility, and helps dispersing POSS molecules in hybrid
polymers. For the typical POSS molecules (R8Si8O12, T8),
the corner substituents can be same or different, which
can be designed for the preparation of POSS-containing
hybrid polymers. There are two  main kinds of T8 POSS
molecules used in the preparation of POSS-containing
hybrid polymers: T8 POSS molecules bearing eight reactive
or unreactive eight groups of the same kind, and those
with one reactive group and seven unreactive groups
(monofunctional POSS molecules). The synthesis of T8
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