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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

Keywords:
Polyhedral oligomeric silsequioxane (POSS)
Well-defined polymers

Living polymerization
Self-assembly
Telechelic polymers

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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NMRP, nitroxide-mediated radical polymerization; OFP, oligofluorene; PAA, poly(acrylic acid); PAS, poly(acetoxystyrene); PtBA, poly(tert-butyl acry-
late); PBLG, poly(y-benzyl-L-glutamate); PCL, poly(e-caprolatone); PDMAEMA, poly(2-dimethylaminoethyl methacrylate); PDI, polydispersity index;
PDLA, poly(D-lactide); PEG, poly(ethylene glycol); PEI, poly(ethylene imine); PEO, poly(ethylene oxide); PFO, poly(9-9-dihexyfluorenyl-2,7-diyl); PMA,
poly(methacrylate); PMDETA, N,N,N',N',N"-pentamethyldiethylenetriamine; PMMA, poly(methyl methacrylate); PNaPSS, poly(sodium 4-styrenesulfonate);
PNIPAM, poly(N-isopropylacrylamide); PL, Photoluminescence; PLA, poly(lactic acid); PLLA, poly(L-lactide); POSS, polyhedral oligomeric silsesquioxane;
POSS-PSS-POSS, POSS-containing poly(styrene-ran-sodium styrenesulfonate); POSS-Glu, POSS-containing poly(L-glutamic acid); PPO, poly(propylene
oxide); PS, polystyrene; PU, polyurethane; P4VP, poly(4-vinylpyridine); RAFT, reversible addition-fragmentation chain transfer; ROMP, ring-opening
metathesis polymerization; ROP, ring-opening polymerization; SBS, poly(styrene-butadiene-styrene); SEM, scanning electron microscope; Sn(Oct);, stan-
nous 2-ethylhexanoate; TEM, transmission electron microscope; TSAXS, transmission small-angle X-ray scattering.

* Corresponding author. Tel.: +86 21 64253033; fax: +86 21 64253033.
E-mail addresses: wazhang@ecust.edu.cn (W. Zhang), axel. mueller@uni-mainz.de (A.H.E. Miiller).

0079-6700/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.progpolymsci.2013.03.002

Please cite this article in press as: Zhang W, Miiller AHE. Architecture, self-assembly and properties of
well-defined hybrid polymers based on polyhedral oligomeric silsequioxane (POSS). Prog Polym Sci (2013),
http://dx.doi.org/10.1016/j.progpolymsci.2013.03.002



dx.doi.org/10.1016/j.progpolymsci.2013.03.002
dx.doi.org/10.1016/j.progpolymsci.2013.03.002
http://www.sciencedirect.com/science/journal/00796700
http://www.elsevier.com/locate/ppolysci
mailto:wazhang@ecust.edu.cn
mailto:axel.mueller@uni-mainz.de
dx.doi.org/10.1016/j.progpolymsci.2013.03.002

G Model
JPPS-780; No.of Pages42

2 W. Zhang, A.H.E. Miiller / Progress in Polymer Science xxx (2013) XxX—XXX
Contents

B R o1 ' Ta 1E e () U 00
2. Preparation of well-defined POSS-containing hybrid polymers. ... .......oiiiiiri i e e i iie e iaens 00
2.1. Hemi-telechelic (tadpole-shaped) POSS-containing hybrid polymers. ..........couieiiiiiiiiiiin i iiiieeeeiaaaens 00
2.1.1.  Ring-opening POIYMeIiZatiOon . .......u. ittt ittt ettt ettt et ee e et e et ee e et e e e e eaaees 00

2.1.2.  Atom transfer radical polymerization ..........ooiiiiiiiiiiii e i 00

2.1.3. Reversible addition-fragmentation chain transfer polymerization 00

214, ClCK ChemiStIY . ovu ettt e e eaans 00

2.1.5. Hydrosilylation coupling 00

2.2. Di-telechelic (dumbbell-shaped) POSS-containing hybrid polymers.............ooiiiiiiiiiiiin i iiiaeeeanns 00
2.2.1. Combination of click chemistry and ATRP .......couuitiiiit ittt ie e eiae e eiaeeeannns 00

2.2.2. Combination of click chemistry and RAFT polymerization 00

2.2.3. Combination of the coupling reaction and anionic polymerization.............c.coviiieeiieieiiiiiiiiiinnnnn.s 00

2.2.4. Other Kinds of COUPIING FTaCIONS . . ...ttt ettt ettt ittt et e e e e e e e e e ae e iaeeeanaaaaeas 00

2.3.  Eso-telechelic POSS-containing hybrid POLYMETS .......ouuitiiii ettt e e ee e iee e iae e eiaaaas 00

2.4. Multi-telechelic POSS-containing hybrid polymers 00

2.5. POSS-containing hybrid BIOCK COPOLYMETS ... ...ttt ettt ettt e e e e e e e e ee e e eiae e eaaeeeanns 00
2.5.1.  Atom transfer radical POlYMerizZation .........oouuireiitirt ittt it 00

2.5.2. Reversible addition-fragmentation chain transfer polymerization..............cccoiiiiiiiniiiiiiiinnnnnnnnn.. 00

2.5.3. Ring-opening metathesis polymerization (ROMP) . ..........oiiiiiiiiiiiet it iiie e iiie e iiie e iaaaaens 00

D2 S AV 103 o) (ol 50 17 40 1S3 3 V7= Y (o o 00

2.6.  Star-shaped POSS-containing hybrid POIYIMEIS . ......iiiti ettt ittt e e e e iae e eeaaaas 00
2.6.1.  Ring-0pening POIYMEIiZation . .. ..uuu. ettt ettt ettt e et e ettt ee e et ie e e e ae e e iae e e eaeeaeanaaes 00

2.6.2.  Atom transfer radical POlyMeriZation .........ciuuieeiitii ettt it 00

2.6.3. Reversible addition-fragmentation chain transfer polymerization.............ccooiiiiiiiiii .. 00

2.6.4.  Hydrosilylation COUPIINE . ... .ouutit ettt ittt ettt et et i e et e e e et ie e e ee e e e e aaannas 00

2.7. Star-shaped POSS-containing hybrid bIOCK COPOIYIMETIS . ... .oiitit ittt ettt ee e ie e ie e e eaanns 00

2.8.  POSS-containing hybrid dendrimers. . ... ...ooiunit ittt ettt ettt e e et e e e ee e e iee e iaa e eiaeeeanann 00

3. Self-assembly of well-defined POSS-containing hybrid polymers. ... ....oiiiuiiiiie i i e eiaaaas 00
70 R § o 105 00

3.2. Insolution 00

3.3. Thinfilms.................... 00

4. Application of well-defined POSS-containing hybrid POIYMEeTS ........uuuuiiiiie e i eeeees 00
4.1. Biomaterials 00

0 € 1 7- 1 1) 3 00

4.3. Photoluminescence (PL) and electroluminescence (EL) deVIiCes ..........uuuiieiiiieeeiiie it iie e eiieeeeiaaeaanns 00

4.4,  Proton eXChange MEMDIANeS . ... ...uuu ettt ettt ettt ettt ettt e e et ae e et ae e et ae e e taaeeeannneeennnaeees 00

5. Conclusion and OULIOOK. . ... ...ttt ettt et 00
a0 € 01T 1= e F g 1< 01 00

] 1] =) Lol 13 00

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 (RSiO15);, (n>6) [17-23]. Among them,
octa-silsesquioxanes (RgSigO12, Tg) 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 (RgSigOq3, Tg),
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 Tg POSS
molecules used in the preparation of POSS-containing
hybrid polymers: Tg 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 Tg
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