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[Session A]

Taming Maxwells Demon: Ordered Disorder
Aron Walsh
Centre for Sustainable Chemical Technologies and Department of Chemistry, University of
Bath, Claverton Down, Bath BA2 7AY, UK

The majority of modern materials simulation techniques are built upon the concept of
periodicity, where a macroscopic material can be represented by a microscopic unit cell
that is repeated in three (or fewer) dimensions, following Born-von Karman. However,
real materials are not periodic, but contain a combination of point and extended defects,
gradients in chemical composition and/or fractional occupation of lattice sites. We will
explore various approaches to describe deviations from periodicity, where the control of
disorder (configurational entropy) can be considered as the work of a Maxwell demon.
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[Session A]

Synthesis and analysis of sapphire
Jessica K. Bristow
Centre for Sustainable Chemical Technologies, Department of Chemistry,
& Department of Mechanical Engineering
University of Bath, Claverton Down, Bath BA2 7AY, UK

The analysis of defect properties sapphire is critical in understanding and tuning its optical
properties. Polycrystalline sapphire pellets, which have been doped with differing concentrations of Fe:Ti have been synthesised. Analysis has been conducted on colour, conductivity,
and surface morphology. In particular, Raman analysis supports our previous modelling calculations, indicating that the neutral substitution of Fe/Ti on neighbouring Al lattice sites
is thermodynamically more favourable.
Crystalline sapphire samples purchased from a reliable source have been analysed. Unusually, photoactivity has been measured in these samples. The corresponding chronoamperometry results will be discussed.
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[Session A]

Why bromine squares off palladium? An ab initio study of
brominated palladium and its nanomorphology
Su-Hyun Yoo
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

Palladium (Pd) is an important metal catalyst for industrial processes and commercial
devices due to its outstanding catalytic performance and product selectivity. Recently, it
has been experimentally proven that cubic-shaped nanoparticles of Pd can be synthesized
using bromine (Br) additives, allowing it to deviate from its naturally occurring truncatedoctahedral shape.
In this work, the explicit nanomorphology of Pd under a Br environment is theoretically
predicted based on first-principles density-functional theory calculations. We have surveyed
a wide range of Pd surfaces and facets, including the low-index surfaces (001), (011), and
(111), as well as the high-index facets (210), (211), (311), and (331). We first calculate their
surface Gibbs free energy, then systematically trace the morphology of the Pd nanoparticle
which is expressed through the Gibbs-Wulff theorem. In addition, we also attempt to provide a detailed atomic-scale analysis of the drastic morphological changes observed in Pd
nanocrystals under the influence of a Br environment.
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[Session A]

From the depths of MOFs to the benches of organic chemists:
Electrohelicity
Christopher H. Hendon
Department of Chemistry, University of Bath
Claverton Down, Bath BA2 7AY, UK

IRMOF-0, the forgotten metal-organic framework (MOF) of Yaghi features a highly unusual ligand: acetylene dicarboxylate, 1. Even more unusual, the ligand is orthogonally
orientated, and single molecule calculations reveal degenerate extended helical frontier molecular orbitals. These helices are not limited to conjugated oligoynes: the helices are found
in the allene, b, but not cumulene families. These extended helices are not limited to small
molecules either, 3.

The understanding of electrohelicity opens many doors: chiral resolution, enantioselective
cycloadditions and intriguing implamentation as ligands in 1, 2 and 3D coordination polymers
and MOFs.
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[Session A]

Density functional study of Sn on Cu(100) Surface
Jong-Min Yun
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

With increased interests in bimetallic alloy surfaces, there are a number of research results
in nowadays. That’s because there are many application of bimetallic alloy surfaces, like
catalyst et al. To date, the explicit atomic geometry of high surface coverage structure
of Sn/Cu(001) is still strongly debated in the same context. Furthermore, Sn/Cu alloy is
sugguested as electro deposition negative electrodes for Li-ion Batteries. Particularly, Layer
deposition of Sn on Cu(001) can give rise to a rich variety of surface reconstructions in the
submonolayer surface coverage range of Sn. Thus, using density-functional theory coupled
with the ab initio atomistic thermodynamics (AIAT) approach, we attempt to map out
the ab initio surface phase diagram of the Sn/Cu(001) system, we will plotted the graph
about Gibbs free energy change versus chemical potential energy change of Tin so that we
can derive the structures of surfaces and phase diagram based on the calculation results
of each model’s binding energy through AIAT. We hope this result to provide insight into
the rich surface chemistry of this near-surface alloy system. In particular, we will present
the binding energies, electronic structure (i.e. workfunction), and the atomic geometries
of various interesting surface reconstructions of Sn on Cu(001) as a function of Sn surface
coverage. Through this work, we aim to reconcile the different experimental findings reported
in past literature, and provide a more congruent picture of the Sn/Cu(001) system.
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[Session B]

Phase Selection and Optimisation of Tin Sulfide for Low-Cost
Solar Cells
Lee A. Burton
Centre for Sustainable Chemical Technologies and Department of Chemistry
University of Bath, Claverton Down, Bath BA2 7AY UK

In order for photovoltaic (PV) technology to ever contribute significantly to society’s energy supply, device components must be abundant, cheap and environmentally benign. One
candidate that satisfies these criteria as well as exhibiting almost ideal electronic properties
is the photo-absorber tin mono-sulfide. SnS is reported to have a higher optical absorption
coefficient and a more suitable band gap for light absorption at peak intensity than current
commercially available materials. However, the record device efficiency for SnS PV cells is
only 2.0 % to date, far below those obtained for other similar absorbers.
We employ a combination of first-principles calculations and single crystal growth to study
the multi-phasic tin sulfide system, with the goal of identifying the limiting attributes for PV
technology. Our methods provide insight into thermodynamic stabilities, reaction pathways
and electronic configurations, which allow us to ultimately comment on the photovoltaic
applicability of a given structure or device architecture. We are also able to predict the
characteristic signatures of intrinsic chemical and physical phenomena, and suggest measurements in order to identify them.
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[Session B]

Light harvesting organo-metallic perovskites for photovoltaic
applications
Federico Brivio
Department of Chemistry, University of Bath
Claverton Down, Bath BA2 7AY, UK

Organo-metallic perovskites are cubic compounds with the same structure as CaTiO3 .
Their general formula is AI B II X3 with the monovalent cation being a small organic ion such
as methyl-ammonium (CH3 NH+
3 ). B is a divalent metal, usually Pb or Sn, and X represents
an halide. This class of compounds became popular in the last year due to their application
as light harvesters for photovoltaic applications. Preliminary studies show how these materials could be used to achieve efficiency of more than 15%, making them competitive with
dye sensitized solar cells.Although this is a promising start, the properties and the mechanism behind this high efficiency is still not understood. For that reason it is fundamental to
perform a complete study from a computational point of view, in order to understand the
material and propose future improvement. Beside the study of organo-metallic perovskites,
we also performed a systematic study of completely inorganic perovskites with general formula CsBX3 , where B is Pb or Sn and X is one halide. These materials, already used as
hole transporting materials for photovoltaic applications, are important for comparison with
the new hybrid in order to understand the role of the organic part.
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[Session C]

Exploring pseudo-polymorphism in 2D materials
Aloysius Soon
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

When ultrathin nanofilms are deposited on suitable substrate surfaces, they can exhibit
crystal structures that would be metastable in the bulk form. Many of these ultrathin
pseudo-polymorphic nanofilms offer an entire new physics and chemistry that could be harnessed for new technologies. In general, metastable deposits transform to their bulk-stable
polymorphs upon thickening, and the transition thickness is on the order of nanometers
(or less). To date, the factors underlying these transitions in crystal structure are often attributed as being thermodynamic in nature. However, it is still not clear what the underlying
transition mechanism is, and a detailed microscopic understanding (from first-principles) is
clearly lacking.
We will survey various two-dimensional nanomaterials systems to provide an initial understanding behind microscopic properties of these ultrathin nanofilms, leading to the better
designing of multilayered pseudo-polymorphic nanofilms for the next generation technologies.
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[Session C]

Ultrathin nanofilm of MgO-supported TiN: A first-principles
investigation
Ji-Hwan Lee
Department of Materials Science and Engineering,
Yonsei University, Seoul 120-749, Korea

Titanium nitride (TiN) is classic, yet industrially important refractory material. Traditionally it has been used as durable coating material for tool tips, and has also found recent
applications in multifunctional coatings. Recently, it has been successfully demonstrated
that thin layers of TiN, less than 50 nm, grow epitaxially on inactive support materials like
MgO substrate. Though these studies focused on characterizing the microstructure of this
TiN/MgO interface, a detailed picture of both the atomic and electronic structure is still
lacking. In particular, it is important to address the possible formation of ultrathin layers of
polar TiN(111) at the interface, which will prove important for high-strength coating design.
In this work, using first-principles density-functional theory, we investigated the thermodynamics and electronic structure of various TiN films supported on various low-index MgO
surfaces, as a function of increasing TiN adlayer thickness. Consequently, this study will
provide a platform for future investigations to aid the tailoring of ultrathin TiN nanofilms
for multifunctional coatings in emerging technologies.
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[Session C]

Not an ideal situation: ab initio compressibility factors
Adam J. Jackson
Centre for Sustainable Chemical Technologies and Department of Chemistry
University of Bath, Claverton Down, Bath BA2 7AY UK

The ideal gas law is prevalent across chemical thermodynamics – but how accurate is it? And
under what conditions? A range of corrections for non-ideal gases exist, but these require
knowledge of certain system-specific parameters. As we try to create sustainable processes
with non-traditional reagents and mild conditions, it can be difficult to gather the data we
need. In this case, the motivation is the sulfurisation/selenisation of inorganic materials to
form kesterite thin films for photovoltaics:

2Cu + Zn + Sn + 4(S,Se) → Cu2 ZnSn(S,Se)4

(1)

Sulfur is typically provided in equilibrium with its solid phase; such mild conditions are not
well-explored.
Data may be provided by theoretical methods, ranging from empirical potentials to stateof-the-art multibody diffusion-corrected density functional theory calculations. Given this
information several approaches are available for pressure correction factors, from simple firstorder terms to full molecular dynamics simulations. For a modest computational cost, we
seek a significant increase in modelling accuracy over the ideal gas law.
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