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[Session A]

Re-visiting the O/Cu system –
When metastable surface oxides could become an issue!
Aloysius Soon
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

Surface oxidation processes are crucial for the functionality of Cu-based catalytic systems
used for methanol synthesis, partial oxidation of methanol or the water-gas shift reaction. We
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assess the stability and population of the “8”-structure, a | −1
2 | oxide phase, on the Cu(111)

surface. This structure has been observed in x-ray photoelectron spectroscopy (XPS) and
low-energy electron diffraction (LEED) experiments as a Cu(111) surface reconstruction
that can be induced by a hyperthermal oxygen molecular beam. Using density-functional
theory calculations in combination with ab initio atomistic thermodynamics and Boltzmann
statistical mechanics we find that the proposed oxide superstructure is indeed metastable
and that the population of the “8”-structure is competitive with the known “29” and “44”
oxide film structures on Cu(111). We show that the configuration of O and Cu atoms in
the first and second layers of the “8”-structure closely resembles the arrangement of atoms
in the first two layers of Cu2 O(110). Compared to the Cu2 O(110) surface atoms, the atoms
in the “8”-structure are more constricted, indicating that if the “8”-structure were to form
during a catalytic process, it is likely one among the reactive phases.
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[Session A]

Materials Design Principles for Thermoelectrics: A guiding review
on key principles to design efficient thermoelectric materials
Chang-Eun Kim
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

Thermoelectric materials directly convert temperature gradient and heat into electrical
voltage. Thermoelectric device has no moving parts, and has high reliability, without much
maintenance required. This feature had been very useful to design spacecraft power supply.
However, low conversion efficiency (about 5Fortunately, there have been robust efforts to improve the efficiency, and considerable advances have been achieved for the last twenty years.
In this workshop presentation, successful strategies are reviewed. Hierarchical phonon scattering, resonant doping level in electronic structure, solid solution effect on band convergence
(carrier pocket engineering approach), and convergence of direct/indirect band gap induced
by temperature effect are mainly discussed. Perspective challenges for computational material scientists to further improve thermoelectric efficiency are suggested in the end of the
presentation.
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[Session A]

Tight Binding Polarons
Jarvist M. Frost
Department of Chemistry,
University of Bath, Claverton Down, Bath BA2 7AY, UK

Tight binding is an approximate method of calculating the electronic structure that combines extremely computationally efficient calculations with the predictive power, by parameterisation of the few simple intrinsic variables to higher level methods.
In organic photovoltaics, the nature of the charge carriers, in particular their size and
delocalisation has enormous influence on the expected performance of the separation of
tightly-bond exciton states. This is of particular experimental interest at the moment with
a plethora of data investigating charge separation dynamics and yields
Here we start with a coarse grain molecular dynamics model for PCBM (Phenyl-C61butyric acid methyl ester), the standard electron acceptor in organic solar cells. The model
is generated from fitting to an atomistic simulation, in order to reproduce the Fullerenefullerene separation behaviour. These snapshots are then used as an input to a N-state
model for electron conduction in PCBM, for which we generate a density of states by tight
binding.
Polarons are treated with a self-consistent modification to the tight binding Hamiltonian,
to include the effects of the lattice response to the polaron electron density, at the level of
a dielectric continuum. Electronic overlap between these polaron states are calculated by
projection of the polaron eigenvector through the tight binding Hamiltonian.
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[Session A]

Lattice Dynamics and Thermoelectric Performance of SnSe
Jonathan M. Skelton, Lee A. Burton, Adam J. Jackson, Stephen C. Parker and Aron Walsh
Department of Chemistry,
University of Bath, Claverton Down, Bath BA2 7AY, UK
Chang-Eun Kim, Aloysius Soon
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

The recently-announced record thermoelectric figure of merit, ZT, of bulk SnSe has
prompted investigation into how its favourable properties, in particular its low lattice thermal conductivity, relate to its structure. We have performed a comprehensive first-principles
characterisation of this material, focussing primarily on properties related to thermoelectric
performance. We use a combination of ab initio lattice-dynamics and electronic-structure
calculations to obtain the temperature dependence of ZT with minimal experimental input. We explicitly account for thermal expansion and the high-temperature phase transition
within the quasi-harmonic approximation. In this talk, highlights from this study will be
presented, including a characterisation of the phase transition and its influence on various
material properties.
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[Session A]

Water for coffee: a practical demonstration
Christopher H. Hendon
Department of Chemistry,
University of Bath, Claverton Down, Bath BA2 7AY, UK

Warer plays an important role in beverages we drink. The ionic composition defines the
flavour of the extract. Here, I show the difference using 3 different waters with the same
total ionic content producing dramatically different flavoured aeropress coffee.
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[Session A]

A first-principles description of surface stress responses in
nano-electrocatalysts

Ji-Hwan Lee
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

Over the last decades, electrocatalytic reduction of carbon dioxide (CO2 ) has gained much
attention as a promising route to clean energy production selective conversion of carbon
dioxide to carbon monoxide (CO). CO can then be used as a useful feedstock in the technologically important FischerTropsch process where industrial chemicals and synthetic fuels
are produced from syngas. Thus coupling this important CO2 reduction process with the
FischerTropsch process is pivotal to atmospheric CO2 mitigation, and therefore highly efficient nano-electrocatalysts must be developed for these technically difficult processes. Given
the clear importance and advantages of shape-sculptured nanoarchitectures in these sustainable chemical technologies, having a quantitative atomic picture of the surface chemistry and
physics of these nanoparticles will be essential in a rational and systematic design of more selective and active nano-electrocatalysts. An inherent feature of these nano-electrocatalysts
in an electrochemical environment is the surface stress responses to surface charging effects in these metallic nanocatalysts. However, this subject has found little attention and
a fundamental understanding of such reactivitystrain coupling relationship under technical electrochemical conditions is still poorly understood nor established. In this work, we
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will use first-principles density-functional theory (DFT) calculations to explore and investigate the effect of surface strain on the workfunction for a collection of transition metal
catalysts, and report preliminary results for the DFT-derived stress-charge coefficients as
a function of d-band modulation. Here, we attempt to illustrate how the strain-dependent
eletrochemical reactivity could well be significantly modified on strained surfaces of these
nano-electrocatalysts.
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[Session B]

Structure Property Relationships in the Solid State: Implications
for Energy Applications
David O. Scanlon
Kathleen Lonsdale Materials Chemistry,
University College London, 20 Gordon Street, London, WC1H 0AJ, UK
Diamond Light Source Ltd., Diamond House,
Harwell Science and Innovation Campus, Didcot, Oxfordshire, OX11 0DE, UK

The degree to which the electronic structure, and therefore the properties of a material
are determined by its structure is sometimes overlooked, and is often underestimated. In
this talk I will discuss the effect of structural changes in nitrites, oxides and polyanionic
materials on their underlying electronic structure, with a view to understanding the effect
of these changes in applications such as solar cell absorbers and Li-battery cathodes.
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[Session B]

Creative Annihilation: Second quantization, impurity localization
and electronic processes in amorphous media
Keith T. Butler
Department of Chemistry,
University of Bath, Claverton Down, Bath BA2 7AY, UK

In this talk I will introduce the basic tools of second quantization. I will demonstrate
the application of second quantization notation to the problem of localization at impurities
in materials. Finally we will consider the application of the Anderson model for electronic
processes in amorphous media.
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[Session B]

Surface energy & Broken-bond model for FCC metals and beyond
Su-Hyun Yoo
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

The surface energy is generally defined as an amount of energy to cleave a bulk system
along a certain orientation. This is a fundamental and crucial concept in surface science.
In this sense, many of theories have been developed in order to predict and calculate the
surface energy. In particular, one of the well known theories is the broken-bond model (BB
model) which tells that the surface energy is able to be calculated by considering number
of broken bonds in the surface. In this talk, the surface energetics of FCC metals predicted
by particular ways based on BB model will be presented and compared with DFT driven
results. Further, the possibility to apply BB model to other systems will be discussed.
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[Session B]

Perovskites, Phonons and Continuum Elements
Federico Brivio
Department of Chemistry,
University of Bath, Claverton Down, Bath BA2 7AY, UK

A proper description of hybrid perovskites need a multiscale approach. Here we will present
the results of atomistic phononic calculations and the preliminary results of drift diffusion
simulations performed with the TiberCad software. These results may give an insight about
the properties of perovskites and the mechanism behind the high photovoltaic efficiency.
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