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a b s t r a c t

Graphene-based materials (GBM) are an exceptional type of materials that offer unprece-
dented application capabilities to the scientific and technologic community. The encapsu-
lation of different materials such as drugs, nanoparticles, polymers, oxides and cells by
GBM is leading to outstanding hybrid materials with unprecedented behaviours promising
a myriad of advantageous applications, including micro/nanomotors, biosensing platforms,
bio/imaging agents, drug delivery systems, potential tumour treatment alternatives, envi-
ronmental remediation platforms, advanced batteries and novel supercapacitors. We pre-
sent an overview on graphene-encapsulated materials and their most important synthesis
pathways. In addition, we explore the synergistic functionalities provided by these com-
posites and highlight the state-of-the-art related to energy, environmental and bio-
applications, among others. Finally, we discuss their challenges and future outlooks.
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1. Introduction

Graphene-based materials (GBM) are typically composed of one-atom thick sheets containing sp2 bonded carbon atoms
patterned in a two dimensional honeycomb lattice [1]. GBM are generally classified according to three crucial parameters (i)
lateral size, (ii) number of layers and (iii) C/O ratio [2]. Depending on these three key parameters, GBM offer a broad family of
materials with a myriad of different and unique thermal, optical, mechanical and electrical properties [3]. Regarding the
aforementioned parameters, GBM may behave as conductors [4], semimetals [5,6], semiconductors [7], insulators [8],
hydrophobic or hydrophilic materials, stronger or weaker acceptors of fluorescence resonance energy transfer [9,10] or
may interact with biological components in a diverse way [11]. As a consequence, these extraordinary properties make
GBM appealing for all fields of science and technology.

Pristine graphene, polycrystalline graphene, graphene oxide, reduced graphene oxide and graphene quantum dots are the
most common GBM. Pristine graphene is a perfect lattice of sp2-bonded carbon atoms with no defects found throughout its
honeycomb-like pattern and it is a single crystalline grain [12]. Polycrystalline graphene possesses a large area and is com-
posed of single-crystalline graphene grains of various orientations organized like a jigsaw puzzle by grain boundaries, which
leads to topological defects such as dislocations [13]. Graphene oxide (GO) is a lattice of sp2-bonded carbon atoms incorpo-
rating defects as it is disrupted by sp3 carbon bonds and exhibits oxygen-containing moieties such as carboxyl groups
exposed on the edges and hydroxyl and epoxy groups on the basal plane [14]. Hence, GO often exhibits some hydrophilic
islands onto its basal plane according to its C/O ratio [15]. Reduced graphene oxide (rGO) is composed of GO after being
reduced via either a chemical or physical method and as a consequence its final C/O ratio is greater than that of the starting
GO [16,17]. Graphene quantum dots (GQDs) are nanoscaled crystals of graphene that are tiny enough to yield exciton con-
finement and quantum size effect (generally GQDs have diameters of less than 20 nm). As a result, GQDs show photolumi-
nescent properties that can be tailored depending on their size and surface chemistry [18]. The most important pathways for
GBM fabrication are chemical vapour deposition, epitaxial growth, mechanical cleavage, wet chemical synthesis, and exfo-
liation of graphite [15,19], which have been broadly covered in the literature [20,21]. These methods allow for the generation
of several GBM revealing different features in terms of oxidation grade, number of layers, edge and basal defects and lateral
size [22].

GBM exhibit an interesting portfolio of properties that are appealing for technologists and scientists to complement
or enhance the properties of other materials by designing novel composites [23]. These properties range from chemical
to physical properties, included but not limited to high electrical conductivity, photothermal response, photolumines-
cence, optical absorption, fluorescence quenching abilities, high specific surface area, broad chemical modification
capabilities and high adsorption of biomolecules. On the one hand, being two-dimensional materials, GBM are likely
to wrap particulate materials smoothly. On the other hand, GO and rGO platelets are amenable to being processed
in suspension. Hence, they are excellent encapsulating agents which can be exploited in cutting-edge hybrid materials.
Herein we introduce an overview on graphene-encapsulated materials and their most important methods of synthesis.
We also describe the synergistic physicochemical properties offered by these hybrid materials and discuss the
state-of-the-art related to energy, biomedicine, bioanalytical and environmental applications exploiting these
composites mainly over the last four years.
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