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Abstract

In recent years, the field of catalysis has experienced an astonishing transformation, driven in part by more demanding environmental standards
and critical societal and industrial needs such as the search for alternative energy sources. Thanks to the advent of nanotechnology, major steps have
been made towards the rational design of novel catalysts. Striking new catalytic properties, including greatly enhanced reactivities and selectivities,
have been reported for nanoparticle (NP) catalysts as compared to their bulk counterparts. However, in order to harness the power of these
nanocatalysts, a detailed understanding of the origin of their enhanced performance is needed. The present review focuses on the role of the NP size
and shape on chemisorption and catalytic performance. Since homogeneity in NP size and shape is a prerequisite for the understanding of structure—
reactivity correlations, we first review different synthesis methods that result in narrow NP size distributions and shape controlled NPs. Next, size-
dependent phenomena which influence the chemical reactivity of NPs, including quantum size-effects and the presence of under-coordinated surface
atoms are examined. The effect of the NP shape on catalytic performance is discussed and explained based on the existence of different atomic
structures on the NP surface with distinct chemisorption properties. The influence of additional factors, such as the oxidation state of the NPs and
NP-support interactions, is also considered in the frame of the size- and shape-dependency that these phenomena present. Ultimately, our review
highlights the importance of achieving a systematic understanding of the factors that control the activity and selectivity of a catalyst in order to avoid
trial and error methods in the rational design of the new generation of nanocatalysts with properties tunable at the atomic level.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Unraveling the complex interaction between catalysts and
reactants and tailoring their chemical reactivity at the atomic
level are key steps towards gaining fundamental insight in
catalysis. Such knowledge could enable the rational design of
the next generation of highly active, selective, and stable
nanosized catalysts for industrial applications. Consequently,
intense effort has been exerted towards understanding the
properties that affect the catalytic performance of metal
nanoparticles (NPs) such as their size and shape [1-9],
interaction with the support [10-13], and oxidation state
[14-16]. In order to deconvolute the influence of each of
these NP properties on catalyst reactivity, model systems with
highly tunable structure must be synthesized and tested under
controlled environments.

Arguably, the most important property to understand is the
influence of NP morphology on catalytic ability. NP size and
in particular shape will determine the availability of certain
active facets or low coordinated sites on the NP surface, which
can affect the binding strength of reactants and intermediates
and thereby the activity and selectivity of a particular reaction.
In addition, NP morphology will affect the degree of interac-
tion of the metal with the support, influencing charge transfer
phenomena or the extent of interfacial strain. While size
control has been readily achieved for nanocatalysts, shape
control, particularly for NPs below 10 nm, has been much
more challenging. However, new synthesis methods have
allowed progress in this area [9].

Further complexity is added to understanding the origin of
NP catalytic properties when catalysts are considered under
realistic reaction environments. NPs which are carefully
synthesized with well-defined size and shape may evolve in
morphology during a reaction in response to elevated tem-
peratures or the chemisorption of gas molecules [17-19],

meaning that structural and chemical characterization which
is performed before and after a reaction may not reflect the
actual state of the catalyst during the reaction. Consequently,
in situ and operando measurement techniques that can bridge
this pressure gap have become increasingly important to
understanding the dynamic nature of active NP catalysts and
their response to their environment [20,21].

This review article focuses on correlating the catalytic
reactivity of NPs and their geometry. It will be illustrated that
chemisorption and catalytic properties such as the onset
reaction temperature, the activity, and selectivity of a nanoca-
talyst may be tuned through controlled synthesis of NPs with
well-defined sizes and shapes.

2. Synthesis methods resulting in size- and shape-selected
nanostructures

In order to understand and further harvest the potential novel
chemical properties of nanostructured materials in the field of
catalysis, significant effort needs to be made in the years to
come towards the synthesis of structurally well-defined sys-
tems, including size- and shape-selected nanoparticles.
A variety of approaches have been used in the past for the
synthesis of nanoparticles, such as thermal evaporation in
vacuum [22-27], atomic layer deposition [28-31], electron-
beam lithography [32-35], nanosphere lithography [35-39],
pulsed laser deposition [34,40,41], buffer-layer assisted growth
[42—44], chemical vapor deposition [45-47], gas condensation,
ionized cluster beam deposition [48-52], electrochemical
deposition [53-57], sol—gel or colloidal techniques [58-60],
deposition—precipitation and impregnation methods [6,61,62],
molecular cluster precursors [63], or solvothermal synthesis
[64-66].

Nevertheless, only a few of the above methods are suitable
for the growth of nanostructures with controlled size and shape
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