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a b s t r a c t

Graphene-based nanomaterials are promising in a wide range of applications due to their
unique structural, chemical and physical properties that have recently led to their investi-
gations as co-catalysts and nanoparticle catalyst templates for organic, electrochemical and
photochemical reactions. Herein, we present an overview of hybrid metal nanoparticle-
graphene catalysts with specific attention to the most recent achievements since 2015.
The state-of-the-art of their synthesis and characterization is also summarized, and the
synergistic metallic nanoparticle-graphene interactions and their functions in catalysis
are discussed. Finally, challenges and future outlooks for this hot area are envisaged.
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1. Introduction, scope and organization of the text

Since the first isolation of graphene [1], followed by the recognition of its significance by the Physics Noble Prize in 2010,
the interest of graphene and its derivatives has extraordinarily increased in the fields of condensed-matter physics [2–4],
materials science [5–8], and chemistry [9–14]. The unique and superior physical properties of graphene, such as high carrier
mobility, high electrical and thermal conductivity are now frequently utilized with new applications. Chemists have taken
advantage of its huge surface area (theoretical value of 2630 m2/g), unique two-dimensional (2D) structure, high electron
mobility and easy surface functionalization [13,15–17]. With such remarkable properties, the research on graphene and
its nanocomposites, graphene oxide (GO) and reduced graphene oxide (rGO), have successfully led to the discovery of effi-
cient nanocatalysts that have been reviewed in organic chemistry [18–20], photochemistry [19,21] and electrochemistry
[11,22–25].

Yet, much prior to the exfoliation of graphene from graphite, seminal studies on the excellent catalytic activity of metal
nanoparticles (MNPs) for a large variety of reactions, in particular very small ones (<5 nm), as exemplified by Haruta’seminal
studies [26], had attracted attention [27]. From then on, this topic has been very active owing to the implications from
molecular, theoretical and physical chemistry as well as to the improved understanding of how these nanocatalysts function
[28–37]. The remarkable properties of NPs are related to their easy preparation, stabilization and handling through nano-
engineering of their size, shape, surrounding environment and metal-support interactions.

When these two active topics of graphene nanomaterials and MNP catalysts met, the field of nanocatalysis was revolu-
tionized, speeding up research and leading to the production of hundreds of research papers per year in the fields of gra-
phene nanomaterial-supported NP catalysis of organic, electrochemical and photochemical reactions (Fig. 1). Given the
fast growing achievements in this new area, comprehensive review of the state-of-the-art in the synthesis, characterization,
and catalytic applications becomes timely. Reviews on MNP/graphene hybrid nanomaterial catalysts have covered
electrochemistry [38–40], photocatalysis [41], and general heterogeneous catalysis using graphene as support [42,43], but
a comprehensive review dealing with the MNPs/graphene hybrid nanomaterials for catalysts has not yet appeared,
especially including recent years. Such a review is proposed here for the concepts and recent achievements covering research
since 2015.

Thus in this Review we will systematically discuss the MNP/graphene hybrid nanomaterials in terms of their state-of-the-
art synthesis (Section 2), characterization and theoretical understanding with emphasis on the synergistic interactions
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