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a  b  s  t  r  a  c  t

Controlled  accommodation  of  metal  nanostructures  (MNSs)  into  the  matrix  of  a  well-
defined  polymer  architecture  offers  an  effective  approach  to  achieve  hierarchically
structured  nanocomposites  with  tunable  synergistic  properties  to broaden  applica-
tion  potentials  in  the  emerging  fields  of energy,  environmental  science,  and  medicine.
This  review  focuses  on  the recently  developed  zero-dimensional  and  one-dimensional
MNSs@polymer  hybrid  nanostructures  obtained  by  solution-based  synthetic  strategies.
Progress  in  the controlled  synthesis  of  those  hybrid  nanostructures  in  terms  of the number
(e.g.,  monomer,  dimer  and  trimer),  organization  manner  (e.g.,  linear  alignment  or  confined
assembly  in certain  domains),  and  spatial  arrangement  (e.g.,  in  the  core  and  shell)  of  the
MNSs  within  the  distinct  polymer  matrices  are  detailed.  The  synergistic  properties  and
potential  applications  of those  MNSs@polymer  hybrids  associated  with  their  compositions
and  morphologies  are  also  reviewed.
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1. Introduction

In recent decades, the synthesis of well-defined poly-
mer  architectures has attracted great attention because of
their potential use in various nanosystems and nanode-
vices. Through a variety of synthetic strategies, such as
self-assembly and templating approaches [1], a large num-
ber of polymer nanostructures have been constructed and
featured in flexible chemical compositions, tunable mor-
phologies, abundant surface functionalities, and responsive
features depending on external stimuli. Importantly, these
polymer architectures offer flexible platforms to host
additional guest materials to generate novel hybrid nano-
structures.

As an important type of guest materials, MNSs, espe-
cially those composed of the noble Au, Ag, Pt, and Pd
metals, have emerged as fundamental tools for a number
of fast growing applications in optoelectronic, biomed-
ical, and catalytic fields, because of the unique optical,
electronic, and catalytic properties associated with their
particular compositions, sizes, morphologies, crystal struc-
tures, and surface features [2–7]. In many cases, the
surface of MNSs needs to be passivated by organic mate-
rials, such as synthetic polymers, small molecules, and
biomacromolecules to prevent their aggregation [8–15].
Mediated by these functional passivation layers, a vari-
ety of MNSs can be engineered into the matrices of
different host polymeric architectures to produce novel
MNS@polymer hybrid nanomaterials. These nanomateri-
als tend to exhibit synergistic properties that are different
from those of the individual building blocks due to coupling
and exchange phenomena [16]. These collective properties
greatly broaden their potential applications in the emerg-
ing fields of energy, environmental science, and medicine
[17–20].

In addition, polymers as host materials for accommo-
dating MNSs have a number of outstanding advantages
over conventional small organic molecules and inorganic

oxides: (1) they provide convenient dielectric media for the
encapsulation of MNSs and endow them with high den-
sity of surface-coating so as to their enhanced long-term
stability even under the chemically aggressive conditions,
adjustable solubility and amphiphilicity, and abundant sur-
face functionalities which facilitate further tailoring of their
surface properties through diverse chemical schemes; (2)
they render the corresponding MNSs@polymer hybrids
with additional features and functions by taking advantage
of their intrinsic and synergistic physiochemical proper-
ties; (3) they provide flexible handles to manipulate the
organization of MNSs within the polymer matrix and direct
the shape of the hybrid materials via varied techniques
such as self-assembly; (4) hybrid materials may  be man-
ufactured on a large scale through different polymeric
processing techniques, such as extrusion, molding, and
thin-film casting.

It is recognized that the synergistic properties of
MNS@polymer hybrids greatly depend on not only the
chemical composition, size, and shape of the encapsulated
MNSs, but also the volume fraction, spatial distribution
and organization of the MNSs within the polymer matrix.
For example, localized surface plasmon resonance (LSPR)
derived from the collective excitation of conduction elec-
trons is one of the most distinguishing features of MNSs
[21]. The LSPR wavelength of MNSs (Au or Ag) can be
readily tuned via the polymer coating as a result of the
change in the local refractive index of their surrounding
environments [22]. In particular, this wavelength shift can
be controlled upon the variations of the utilized polymer
types, the shell thickness of polymer passivation layers,
as well as the interparticle spacings of MNSs and the size
of MNS  clusters [23–28]. Therefore, it is of significance
to precisely assemble MNSs into the polymer matrix in
a controlled manner. Sustained exploration of this con-
trolled synthesis is believed to be a fundamental step
toward the construction of functional nanodevices using
MNS@polymer hybrids as building blocks.
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