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a b s t r a c t

This review article presents recent advances on the use of electrospun nanofibers as nanoreactors to syn-
thesize various organic/inorganic hybrid nanomaterials consisting of a polymeric matrix hosting in situ
generated inorganic nanoparticles (NPs) for different applications. Electrospun nanofibers possess attrac-
tive properties such as controllable fiber diameters, high aspect ratio, and high surface area to volume
ratio, affording their uses as a unique nanoreactor system to fabricate a range of organic/inorganic hybrid
nanomaterials. In particular, the nanohybrids consisting of metal, metal oxide, metal sulfide, or metal
chloride NPs can be in situ generated within the polymeric fiber matrix via different reactions such as
UV and microwave irradiation, chemical reduction, heating treatment, and galvanic replacement reac-
tion. The formed organic/inorganic hybrid nanomaterials have been used for environmental remediation,
catalysis, electronic and sensing devices, energy, wound dressing, etc. Some of the key developments in
this area of research will be introduced in detail.
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1. Introduction

For the establishment of biochemical networks, creating distin-
guishable structures is a ubiquitous method for biological systems
to support a cascade of complex biochemical reactions [1]. In these
networks, biochemical reactions usually occur in a strictly confined
space which strongly influences the movement and interactions
among the reactant molecules [2]. Nature shows a variety of places
referring to the use of well-organized structures to maximize the
precision and efficiency of biochemical reactions such as nucleus,
mitochondria, Golgi apparatus, lysosomes, and the pores of chan-
nel proteins [3]. There, the local concentrations and arrangements
of reactant molecules and ions are quite organized, and this has
profound consequences on the chemical processes that may take
place inside.

Inspired by biological counterparts, designing and constructing
confined reaction environment, namely reactor, is of growing
interest to chemical, biological, and materials science [4–6]. A sig-
nificant portion of recent scientific research has focused on nanore-
actors, and different types of nanoreactors have been proposed,
such as nanocapsules based on micellar [7–9] and vesicular [10–
13] assemblies that are built from low-molecular-weight mole-
cules, macromolecular blocks, or biomacromolecular entities (e.g.,
viruses) [14–19]. Many of these nanoreactors are being developed
for use in the preparation of different types of nanoparticles (NPs)
[20–22], to improve the efficiency of chemical processing, as stand-
alone or implantable smart drug delivery vehicles [23], as nanome-
dicine [24], as biosensors [25], and as replacement tissues [26].

Among all these nanoreactors, there is a growing interest in
nanofibers due to their attractive properties, for instance, con-
trolled fiber diameter, high aspect ratio, high surface-volume ratio
[27]. Although nanofibers can be prepared via various methods
including self-assembly [28,29], phase separation [30], interfacial
polymerization [31,32], rapidly initiated polymerization [33,34],
template- or pattern-assisted growth [35], vapor-liquid-solid
growth [36], and hydrothermal synthesis [37,38], electrospinning
seems to be the simplest and most versatile technique capable of
generating continuous nanofibers [39]. In addition, it is also one
of the available inexpensive mass-production technologies. One
typical example regarding the use of electrospun nanofibers as

nanoreactors is to prepare Fe NPs within electrospun poly(acrylic
acid) (PAA)/poly(vinyl alcohol) (PVA) nanofibers. The PAA/PVA
nanofibers were first crosslinked via treatment at an elevated tem-
perature, then complexed with Fe(II) ions via binding with PAA
carboxyl groups, followed by reduction of the Fe(II) via sodium
borohydride (NaBH4) to generate Fe NPs within the nanofibrous
reactor [40].

In general, organic/inorganic electrospun hybrid nanofibers can
be obtained by ex situ or in situ approaches, in which inorganic NPs
are respectively either mechanically dispersed into organic solu-
tion (e.g., polymer) [41–43], or directly generated inside a polymer
matrix by chemical [44,45], thermal [46,47], or optical decomposi-
tion of particle precursors [48,49]. The main drawback of ex situ
method comes from the difficulty to achieve a homogenous disper-
sion of NPs in the organic matrix owing to the poor miscibility,
high surface energy, and strong interparticle interactions
[50–52]. In contrast, the in situ approach allows a better dispersion
of NPs, as mediated by the polymer and polymer-based microenvi-
ronment, which limits the particle aggregation, confines the parti-
cle nucleation sites, and controls the resulting particle size by
properly engineering the polymer functional groups [53], matrix
assembly [54], and crosslinking [55].

Various types of inorganic NPs can be hosted in polymeric
matrix to form organic/inorganic electrospun hybrid nanofibers
for a wide range of applications. Although some investigations in
these research fields have been reported [47,56–58], few reviews,
by far, that provide comprehensive state of art advances regarding
the formation of organic/inorganic electrospun hybrid nanofibers
using nanofibrous reactor systems for different applications are
available in the literature [59]. Here, the aim of this review is to
give a general literature survey covering various developments of
organic/inorganic electrospun hybrid nanofibers comprising of
in situ synthesized NPs incorporated into polymeric nanofibrous
matrix. Followed by a short introduction of the formation of elec-
trospun nanofibers (including basic principles of electrospun poly-
mer nanofibers and theoretical background), there are two major
sections describing recent advances in the immobilization of dif-
ferent kinds of NPs into electrospun nanofibers and their corre-
sponding applications (Table 1). Finally, some challenges and
future outlooks in this area of research are briefly addressed.
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