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Collaboration is the cornerstone of modern science, driving the
development of new knowledge, concepts, methodologies, and
thought processes. The complementary expertise existing in
South Africa, Ghana, Botswana, Namibia, and the United
Kingdom has allowed the advancement in the field of sustain-
able catalysis showcased in the thematic issue of the South
African Journal of Chemistry, to which this foreword is an intro-
duction.

Historically, the design, testing and characterization of the
catalyst structure and analysis of reactants, intermediates, and
products, has been at the centre of catalysis science. However,
the advent of computer modelling has underpinned the predic-
tive simulation of the geometries and properties of catalysts and
their interaction with reactants, intermediates, and products.
The inspection and assessment of simulated catalytic pathways
and the effect of a range of environmental conditions have
become an almost routine task in modern catalysis research,
thereby supporting and complementing experiments. The
modelling of various reaction mechanisms and the calculation of
their kinetic and thermodynamic energy profiles has led to a
new and realistic description of catalytic processes.

The rapid progress of the computer-aided development of
sustainable catalysts has been facilitated by innovative and accu-
rate theoretical concepts and their implementation into a variety
of software codes. The application of these computational tools
to simulate complex systems and realistic problems have been
driven by constantly expanding computational capacity. Most
of the papers in this theme issue have used the South Africa
National Centre for High Performance Computing (CHPC), the
Cardiff University HPC systems, the pan-Wales network of
computer clusters HPC Wales or its successor Supercomputing
Wales (SCW), hosted by Cardiff University.

The articles in this theme issue exemplify many of the major
challenges in the contemporary computer-aided development
of catalysts and materials for sustainable energy. The topical
simulation of the lithium intercalation voltage in spinel-struc-
tured materials is explored in the paper by Malatji et al.!l In
contrast, key issues in the development of computational
models to describe cobalt and its oxide phases are addressed in
the article of Cadi-Essadek et al.? The paper of Phaahla et al.3
examines the phase transition in titanium nanoclusters using
dynamic simulation methods, and the challenges in extrapolat-
ing binding energies to alkaline earth metal oxides are investi-
gated by Escher et al.4 In the contribution of Botchwaya et al.,
density functional theory calculations are used to model the
surface and catalytic properties of zeolites. On the other hand,
Meerholz et al.® deployed atomistic simulations based on inter-
atomic potentials to provide new insight into the thermodynam-
ics and structure of the atomic distribution in metal alloy
surfaces. Nyeptesi et al.” have exploited in situ monitoring
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techniques to study the carbonate-catalyzed transesterification
of sunflower oil for biodiesel production, whereas the hydroge-
nation of sorbic acid using Pd- and Ni-based complexes as cata-
lystsisillustrated in the work of Olaoyea et al.8 Finally, the article
of Ungerer ef al. demonstrates the key importance of the
competitive adsorption of water and sulfur oxide on platinum
surfaces, while Peck et al.l® examined the significance of the
adsorption of hydrogen and oxygen on the surfaces of transition
metals with varying magnetic ordering.

The science reported in this volume celebrates the success of
two collaborative research consortia between scientists in the
UK and several African countries. Both the Newton PhD
exchange programme ‘Computational Catalysis: a sustainable
UK-South Africa partnership in high performance computing’,
funded jointly by the SA National Research Foundation and the
UK Economic and Social Research Council (ESRC: grant number
ES/N013867/1), and the ‘New materials for a sustainable energy
future’ programme, funded by the UK Department for Interna-
tional Development (DFID) under the Royal Society Africa
Capacity Building Initiative, have enabled the collaborative
work presented in this special issue. One of the highlights of
these international research programmes was the conference
attended by the combined consortia on the Potchefstroom
Campus of North-West University in April 2019, where the
researchers had the opportunity to present the work published
here and discuss future collaborations.

Finally, we are grateful to the South African Journal of Chemistry
for their support of this theme issue. We hope that it illustrates
the range and impact of the Africa-UK partnership for the
computer-aided development of sustainable catalysts.
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