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Programme

15–18 April 2019, Village Hotel, Swansea, UK
Organised by the IOP Thin Films and Surfaces Group

http://issc22.iopconfs.org

ISSC-22 Interdisciplinary Surface 
Science Conference

Monday 15 April

Session 1

12:30 Lunch and registration
Foyer and Energy Suite

13:45 Welcome

14:00 (Invited) High-speed non-contact AFM of soft surfaces under ambient conditions
Mervyn Miles, University of Bristol, UK

14:30 (Invited) Alloying size-selected cluster catalysts to improve stability
Scott Anderson, University of Utah, USA

15:00 Controlling the rotational orientation of molecular beams, a new hypersensitive method for studying molecule-
surface interactions 
Gil Alexandrowicz, Swansea University, UK

15:20 Probing the structure of a potential model single atom catalyst 
David Duncan, Diamond Light Source, UK

15:40 Refreshments
Energy Suite

Session 2

16:10 (Invited) Electrostatic self-assembly on surfaces 
Elena Besley, University of Nottingham, UK

16:40 (Invited) Determining molecular adsorption structures: STM and DFT are not enough 
Phil Woodruff, University of Warwick, UK

17:10 Nanoscale characterisation of thin film electronics with electrical and near-field scanning probe microscopy 
Sebastian Wood, National Physical Laboratory, UK

17:30 Molecular Maracas: Li@C60 as a multi-state molecular switch 
Henry Chandler, University of St Andrews, UK

18:00 Poster session 1
Foyer

19:30 Close

Chair: Walther Schwarzacher, University of Bristol, UK

Chair: Neil Curson, London Centre for Nanotechnology, UK
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Tuesday 16 April

Session 3

08:30 Registration 
Foyer

09:00 (Invited) How surface science provides new insights into the behaviour of grain boundaries in nanocrystalline metals 
John Boland, Trinity College Dublin, Ireland

09:30 (Invited) Transition metal based clusters and nanoparticles for electrocatalytic water splitting  
Lifeng Liu, International Iberian Nanotechnology Laboratory, Portugal

10:00 Bridging the gaps: imaging surface reactions with in situ environmental microscopies 
Cédric Barroo, Université Libre de Bruxelles – CPMCT, Belgium

10:20 Surface functionalization of TiO2 NPs to formulate aqueous and organic precursors compatible with low-temperature 
fabrication of thin TiO2 compact films 
Giovanni Zummo, Swansea University, UK

10:40 Refreshments and exhibition
Foyer and Energy Suite

Session 4

11:10 (Invited) Cluster-assembled nanostructured surfaces for the study of mechanotransduction in neuronal cell networks 
Paolo Milani, University of Milano, Italy

11:40 Hard X-ray Photoelectron Spectroscopy for depth profiling beyond the elastic scattering limit 
Ben Spencer, The University of Manchester, UK

12:00 Performance of preformed Au/Cu nanoclusters deposited on MgO powders in the catalytic reduction of 4-nitrophenol 
in solution 
Rongsheng Cai, Swansea University, UK

12:20 Study of fundamental processes on Au-Ag model surfaces with electron microscopies 
Luc Jacobs, Université libre de Bruxelles, Belgium

13:00 Lunch and exhibition
Foyer and Energy Suite

Session 5

14:00 (Invited) Maximising the resolving power of the scanning tunneling microscope 
Martin Castell, University of Oxford, UK

14:30 (Invited) Development and standardisation of graphene characterisation methods 
Keith Paton, National Physical Laboratory, UK

15:00 Atomic-resolution imaging and ab initio modelling of surface and core melting of supported, size-selected Au 
nanoclusters 
Theodoros Pavloudis, Swansea University, UK

15:20 Modelling a capped carbon nanotube by linear-scaling density-functional theory 
Sabrina Masur, University of Cambridge, UK

15:40 Refreshments and exhibition
Foyer and Energy Suite

Chair: Karen Syres, University of Central Lancashire, UK

Chair: Chris Baddeley, University of St Andrews, UK

12:40 Electrochemical modification and characterization of topological insulator single crystals 
Walther Schwarzacher, University of Bristol, UK

Chair: Andrew Thomas, The University of Manchester, UK
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Session 6

16:10 (Invited) Recent advances in surface characterisation using neutral helium atoms 
Andrew Jardine, University of Cambridge, UK

16:40 Morphological control of size-selected iron nanoparticles during formation for NO2 detection 
Jerome Vernieres, Swansea University, UK

17:00 Structure and reactivity of Cu-doped Au(111) surfaces 
Federico Grillo, University of St Andrews, UK

17:20 The de-halogenation and subsequent polymerisation of TIPB on hBN 
Abigail Browning, University of Nottingham, UK

18:00 Poster session 2
Foyer

Wednesday 17 April 

Session 7

08:30 Registration 
Foyer

09:00 (Invited) Epitaxial growth of InAs quantum dots for quantum light sources 
David Ritchie, University of Cambridge, UK

09:30 (Invited) On the interplay between structure, reaction medium and performance in heterogeneous catalysis 
Laurent Piccolo, University of Lyon, France

10:00 Recognising multiple scanning probe tip states in real time with convolutional neural network ensembles 
Oliver Gordon, University of Nottingham, UK

10:20 Enhanced catalytic activity of MoS2 nanoclusters for the hydrogen evolution reaction by Ni-doping and sulphur-
enrichment 
Yubiao Niu, Swansea University, UK

10:40 Refreshments and exhibition
Foyer and Energy Suite

Session 8

11:10 (Invited) The interplay between the surface chemistry and surface electronic properties of wide bandgap oxide 
semiconductors 
Martin Allen, University of Canterbury, UK

11:40 Imaging of topological insulator single crystal surfaces under electrochemical control 
Chaolong Yang, University of Bristol, UK

12:00 Investigating and influencing on-surface covalent-coupling reactions 
Alex Saywell, University of Nottingham, UK

12:20

13:00 Lunch and exhibition 
Foyer and Energy Suite

IOP Thin Film and Surfaces Group (closed committee meeting)
Inspiration Suite

Chair: Martin Allen, University of Canterbury, New Zealand 

Chair: Andrew Jardine, University of Cambridge, UK

Chair: Lifeng Liu, International Iberian Nanotechnology Laboratory, Portugal

Graphene based electrochemical biosensor for high sensitivity detection of dementia biomarkers
Hina Abbasi, Swansea University, UK
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Session 9

14:00 (Invited) Near-ambient pressure X-ray photoelectron spectroscopy of metal oxides and perovskites
Andrew Thomas, The University of Manchester, UK

14:30 (Invited) Closing the chlorine cycle 
Philip Davies, Cardiff University, UK

15:00 Probing electrochemically controlled solid/liquid interfaces with XPS 
Robert Temperton, University of Nottingham, UK

15:20 Reversible CO2 capture by a superbasic ionic liquid studied with near-ambient pressure X-ray photoelectron 
spectroscopy 
Karen Syres, University of Central Lancashire, UK

15:40 Refreshments and exhibition
Foyer and Energy Suite

Session 10

16:10 (Invited) Multiplexed biosensing for disease diagnosis and health monitoring
Sofia Teixeira, Tyndall National Institute, Ireland

16:40 Diamond and cBN surfaces as templates for the epitaxial growth of 2D overlayers  
Joseph Durk, Aberystwyth University, UK

17:00 Surface and interface science advances for the fabrication of As-in-Si nanoelectronic devices
Neil Curson, London Centre for Nanotechnology, UK

17:30 IOP Thin Film and Surfaces Group AGM (open meeting)
Inspiration Suite

19:15 Conference Dinner
Inspiration Suite

Chair: Kristina Rusimova, University of Bath, UK

Chair: Scott L Anderson, University of Utah, USA
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Thursday 18 April

Session 11

08:30 Registration 
Foyer

09:00 (Invited) Photoelectron characterisation of diamond and nanodiamond surfaces 
Andrew Evans, Aberystwyth University, UK

09:30

09:50 Extremely high anisotropy due to hybridization in Co/C60 interfaces
Timothy Moorsom, University of Leeds, UK

10:10 In Situ Metal Electroplating for High Energy and High Power rechargeable batteries 
Serena Margadonna, Swansea University, UK

10:30 Refreshments
Energy Suite

Session 12

11:00 (Invited) Hot electrons: a new source of light on the nanoscale 
Kristina Rusimova, University of Bath, UK

11:30 (Invited) Model oxide surfaces to elucidate the factors controlling oxygen evolution in electrolysers 
Ifan Stephens, Imperial College London, UK

12:00 Metallization of self-assembled monolayers by coordination-controlled electrodeposition 
Zhen Yao, University of St Andrews, UK

12:20 Towards motion based chemical contrast in Helium Scattering 
Nadav Avidor, University of Cambridge, UK

12:40 Close of conference 
Packed lunch (Pre-booked only)

Controlling and relating defects in ZnO nanowires and nanosheets to electrical conductivity and contact type 
Chris Barnett, Swansea University, UK

Chair: Sofia Teixeira, Tyndall National Institute, Ireland

Chair: Richard Cobley, Swansea University, UK
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Poster programme
P.01   Alloyed and core-shell Au/Ag nanoislands prepared by annealing of sputtered layers  

Ondrej Kvitek, University of Chemistry and Technology Prague, Czech Republic 

P.02  The surface tension of nanodroplets  
Georgii Kharlamov, Siberian State University of Telecommunications and Information Sciences, Russia

P.03  Electrochemical modification and characterization of topological insulator single crystals  
Walther Schwarzacher, University of Bristol, UK

P.04  Structure Function Relationships: CO on Cu(110)  
Simon Anetts, University of St Andrews, UK  

P.05  Surface modification of graphene for lab-on-chip with rapid biomarker detection  
Hina Abbasi, Swansea University, UK  

P.06  Near-ambient pressure photoemission study of the interaction between anatase TiO2(101) and water vapour  
Simran Dhaliwal, University College London, UK  

P.07  Electronic defect states induced in Graphene Nanoribbons by surface confined hydrogenation  
Yi-Ying Sung, University of St Andrews, UK  

P.08  Identifying x-ray photoelectron spectroscopy peaks with neural networks  
Peter Starrs, Diamond Light Source Ltd., UK  

P.09   Controlling the toxicity of Zinc Oxide Nanowires (ZnONWs)  
Chrysovalanto Louka, Swansea University, UK  

P.10  Surface treatments and in-situ photoelectron spectroscopy of nanodiamonds  
Kerry Whittlesea, Aberystwyth University, UK

P.11   A theoretical investigation of the Schottky Barrier and tunability at the SrRuO3/SrTiO3 and SrRuO3/SrHfO3 [001] 
interfaces within DFT and NEGF frameworks  
Karthikeyan Raghuraman, IIT Hyderabad, India  

P.12  Hydrogen free selective hydrogenation of furfural over Cu/Au/ceria catalysts  
Rory Megginson, University of St Andrews, UK

P.13   A first-principles investigation of structural and electronic properties of AgNbO3 (001) surfaces  
Karuna Kumari Pillala, IIT Hyderabad, India    

P.14  The Interfacial Performance of Recycled Polypropylene Printer Filament  
Benjamin Cummings, Swansea University, UK, Murex Group, UK

P.15   Band alignment analysis of 2D SnS with Anatase (101), Rutile (110), and ZnO (100) by x-ray photoelectron 
spectroscopy.  
Rosemary Jones, The University of Manchester, UK  

P.16  Band alignment engineering of ZnS/Cu2O hetrojunction photovoltaics  
Simon Cooil, Aberystwyth University, UK

P.17   Operando characterization of oxide-supported bimetallic methane oxidation catalysts  
Alexander Large, University of Reading, UK  

P.18  Fabrication and characterization of ZnO@TiO2 nanowires heterostructure using versatile kinetics-controlled coating 
growth method  
Naif Alshehri, Swansea University, UK  
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P.19   The role of atomic oxygen in the decomposition of self-assembled monolayers during dielectric deposition  
Anita Brady-Boyd, Aberystwyth University, UK  

P.20  Hydrogen-bonded structures of melamine on hBN  
Abigail Browning, University of Nottingham, UK  

P.21   Analysing rotational control molecular beam surface science experiments  
Helen Chadwick, Swansea University, UK  

P.22  Surface characteristics of native entomopathogenic fungi as indicators of insect pathogenicity  
Jack Wade, Swansea University, UK

P.23   Epitaxial growth of YPtSb on c-plane sapphire by DC magnetron co-sputtering  
Matthew Vaughan, University of Leeds, UK  

P.24  Low temperature metal oxide/anti-stiction layer deposition via molecular vapour deposition (MVD)  
Chung Man Fung, Swansea University, UK  

P.25   Combined electron and optical spectroscopy of diamond surfaces 
Johnathan Ash, Aberystwyth University, UK  

P.26  Characterization of CVD grown MoS2 crystals by spatially-resolved ARPES  
Sungwon Jung, Diamond Light Source, UK  

P.27   Cluster beam deposition of preformed Pd clusters for vapour phase 1-pentyne hydrogenation  
Rongsheng Cai, Swansea University, UK  

P.28  Effect of thermal annealing and substrate morphology on mechanical properties of graphene  
Mashael Alshaikh, Swansea University, UK  

P.29   Rational design of complex nanomaterials using cluster beam deposition 
Jerome Vernieres, Swansea University, UK  

P.30  Reducing CO poisoning of Pt nano-catalysts by alloying with Ni  
Yubiao Niu, Swansea University, UK  

P.31   Binding and structure of size-selected gold nanoparticles on graphene: The role of point defects 
Theodoros Pavloudis, Swansea University, UK  

P.32  Graphene -on-CMOS integration for food safety application  
Alan Leung, Swansea University, UK

P.33  The AlGaN/GaN heterostructure surface and its effect on sensors and devices  
Jon Evans, Swansea University, UK  

P.34  Growth of Truncated Pyramidal Ni Nanocrystals on a SrTiO3 (001) Support  
Aatif Rasheed, University of Oxford, UK

P.35   The Swansea cluster beam sources  
James McCormack, Swansea University, UK  

P.36  Interface modification of Hybrid Solar Cells by Self-assembling molecules deposition  
Claudia Lorena Compean Gonzalez, The University of Manchester, UK  
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Figure 1: Effect of Sn-alloying on ethylene 
binding and dehydro-genation on Pt7/alumina 

Monday 15 April 

Session 1 

(Invited) High-speed non-contact AFM of soft surfaces under ambient conditions 

M Miles1, R Harniman1, L Picco2, M Robinson3, O Payton1 and M Antognozzi1 

1University of Bristol, UK, 2Virginia Commonwealth University, USA, 3University of Waterloo, Canada 

In vertically-oriented-probe force microscopy (VOP), the tip of the probe operates in non-contact with the sample 
surface. In the gap (~ 1 nm) between the tip and the sample surface, ambient water molecules in this confined 
geometry become more ordered and the complex mechanics of this ordered water can be measured as a function of 
the gap distance. In practical terms, this allows the sample surface to be detected during scanning at 1-2 nm 
distance without the imposition of a normal force on the sample. High-speed imaging (4-5 frames per second) is 
achieved by the use of a small high resonant frequency probe. Our second version of high-speed AFM is also 
technically non-contact and requires the tip to be moving through the adsorbed surface water layer at speeds 
greater than 1 mm/s. This results in the tip lifting off the surface by 1 to 2 nm due to the superlubricity effect. 
Although speeds of around 1 mm/s are required for lift-off, the tip does not come down onto the sample surface 
again until much lower speeds are reached, that is, there is a bistability. Recent direct measurements suggest that 
the time constant associated with this process may be as large as 100s ms. The water molecules in the nanometre 
gap between the sample and the tip at lift-off are again in a confined geometry, which causes ordering of the water 
molecules such that they behave more solid-like than fluid-like. The combined affect is that it is possible to image 
and follow processes at high-speed (typically between 2 and 30 frames/second), even on very soft delicate 
structures such as lipid membranes. 

(Invited) Alloying size-selected cluster catalysts to improve stability 

T Gorey1, A Cass1, G Li1, B Zandkarimi2, A Alexandrova2 and S Anderson1 

1University of Utah, USA, 2UCLA, USA 

One of the challenges in using sub-nano clusters in catalysts is 
stabilizing them against sintering and poisoning, particularly at 
high temperatures.  We are examining alloying as a stabilization 
strategy, using mass-selected clusters, deposited on planar oxide 
supports in UHV.  Mass selection of a distribution of alloy cluster 
ions can, in principle, directly select both the size and composition 
of deposited clusters, however, for many alloys, resolution and 
intensity considerations make this direct approach impractical for 
all but rather small clusters.  We have been exploring use of a two-
step alternative, where mass-selected clusters of the first metal 
(e.g. Pt) are deposited by soft landing on the oxide support, and 
then atomic layer deposition (ALD) is used to deposit the second 
metal.  By suitable choice of conditions and reagents, we have 
found that the second metal can be deposited with high 
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selectively, i.e., only on the seed clusters.  The number of atoms of the second metal per cluster appears to be 
determined by the number of binding sites on the seed cluster, and the size of the gaseous reagent used to carry 
the second metal.   

The Pt-Sn/alumina and Pt-Sn/silica systems are good examples. Ptn soft-landed on an alumina or silica supports 
deactivate quickly when heated in the presence of ethylene, due to a combination of coking and sintering.  If the 
clusters are exposed to H2, which adsorbs dissociatively on the clusters, but not on the oxide support, then to SnCl4, 
reaction on the clusters leads to HCl desorption, and binding of SnClx to the clusters.  The remaining Cl is removed 
by additional exposure to H2 with mild heating.  The stoichiometry is ~1:1: for small Pt clusters where the seed 
clusters deposit as a single layers on the support, dropping significantly for larger seed clusters as they transition to 
3D structures with fewer surface sites to bind SnClx. 

The effect of tin alloying on ethylene binding and dehydrogenation is quite striking, as shown in the figure for the 
case of Pt-Sn/alumina catalysts based on Pt7 seed clusters. All samples were flashed to 700 K prior to ethylene 
exposure at 180 K.  For pure Pt7, ethylene desorbs around 300 K (the lower temperature peak is from the alumina 
support), and a significant amount of dehydrogenation is observed at higher temperatures, leading to carbon 
deposition.  If the experiment is repeated, the ethylene desorbs at lower temperatures, because the more stable 
binding sites are carbon-poisoned.  For Pt7Sn~7, the ethylene binding energy is increased compared to Pt7. 
Nonetheless, there is substantially less dehydrogenation, and it can be seen that there is essentially no change in 
the ethylene binding behavior in the 2nd run, i.e. the clusters are quite stable.  Theory is used to probe the alloy 
cluster geometric and electronic structures, and the binding mechanisms. 

Controlling the rotational orientation of molecular beams, a new hypersensitive method for studying molecule-
surface interactions 

Y Alkoby1, O Godsi2, H Chadwick1, H Labiad1, I Iitvin2, T Maniv2 and G Alexandrowicz1 

1Swansea University, UK, 2Technion, Israel 

Performing quantum state selective experiments of molecule-surface collisions provides unique insight into the 
interaction potential. One particularly tricky molecular property to control and measure is the rotational projection 
states, i.e. the relative orientation of the rotational plane of the molecule. Previous data was mostly restricted to 
photo-excited/paramagnetic species.  In this talk, I will briefly describe the apparatus capable of controlling the 
rotational orientation of ground state molecules before and after a collsion with a surface [1], show new 
experimental results for H2 colliding with ionic surfaces and demonstrate the extreme sensitivity of this technique to 
the details of the molecule-surface interaction. 

[1]  Nature Communications, 8, 15357 (2017).  
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Probing the structure of a potential model single atom catalyst  

D A Duncan 

Diamond Light Source, UK  

Single atom catalysis (SAC) is the natural, almost absurd, conclusion of the desire to maximising the surface area 
and precious metal utilisation of a heterogeneous catalyst. However recently it has been suggested that SACs could 
share more in common with homogenous, rather than hetereogenous, catalysts[1].  

It is well established the key role that structure plays in homogenous catalysts, yet such appreciation of the 
structural role in SACs in still in its infancy. While determining the local structure of metal nanoclusters in 
heterogeneous catalysis is beset by major problems in the non-uniqueness of site and the complexity of the system, 
the single site nature of SACs suggest that the gamut of surface science techniques developed over the last four 
decades could be exploited to gain fundamental understanding into such systems.  

Single adatoms adsorbed on Fe3O4(001) [2] have shown great promise as a model SAC system. The surface 
coordinates a wide range of transition metals to its surface into a single, well-defined local site to relatively high 
coverages. These adatoms are thermally stable, and have shown some activity towards CO oxidation[3]. In this talk I 
will discuss our recent results directly determining the adsorption site of these adatoms using X-ray standing waves 
(XSW), confirming the model proposed by inspection of STM images [4], as well as directly probing the 
incorporation of these adatoms into the bulk material[5]. Comparison of the adsorption height of these adatoms, 
against DFT+U calculations, indicates a weakness of these functionals in accurately modelling such systems; the 
more expensive HSE hybrid calculations, instead, model the experimental results remarkably well. 

 

Fig. 1. (A) Unit cell of Fe3O4(001) with the experimentally determined site of the Cu1 adatom indicating the periodicity of the utilised 
reflections for the XSW measurements. (B) The XSW absorption profiles of the Cu1 and Ag1 adatoms from the (004) reflection. (C) The atomic 

density map from the direct analyses of the XSW data, overlaid with a ball-and-stick model representing an idealized FeoctO2 bulk 
termination (oxygen – red; octahedral iron – blue; tetrahedral iron – cyan). 

[1]  X. Cui, W. Li, P. Ryabchuk, K. Junge and M. Beller, Nat. Catal. 1, 385 (2018)  
[2]  R. Bliem, et al. Science, 346, 1215 (2014)  
[3]  R. Bliem, et al. Angew. Chem. Int. Ed. 54, 13999 (2015)  
[4]  M. Meier, et al. Nanoscale, 10, 2226 (2018)  
[5]  P. T. P. Ryan, et al. Phys. Chem. Chem. Phys. 20, 16469 (2018) 
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Fig. 1. Skeletal representation of TCNQ in neutral 
and ionised states 

Session 2 

(Invited) Electrostatic self-assembly on surfaces  

E Besley  

University of Nottingham, UK  

The electrostatic deposition of particles has become an effective route to the assembly of many nanoscale 
materials. However, fundamental limitations to the process are presented by the choice of solvent, which can either 
suppress or promote self-assembly depending on specific combinations of nanoparticle/surface/solvent properties. 
A new development in the theory of electrostatic interactions between polarizable objects provides insight into the 
effect a solvent can have on electrostatic self-assembly [1,2]. Critical to assembly is the requirement for a minimum 
charge on a surface of an object, below which a solvent can suppress electrostatic attraction. Examples drawn from 
the literature are used to illustrate how switches in behaviour are mediated by the solvent; these in turn provide a 
fundamental understanding of electrostatic particle - surface interactions applicable to many areas of materials 
science and nanotechnology. Experimental studies undertaken by Whitesides [3-5] relating to electrostatic self-
assembly of polymer particles on a surface have been the subject of our dynamic computer simulations, where the 
consequences of changing the charge and the dielectric constant of the materials concerned have been explored 
[6]. Our simulations successfully reproduce many of the observed patterns of behaviour. 

[1]  E. B. Lindgren et al., Perspective Article, PCCP 18, 5883 (2016)  
[2]  E. B. Lindgren et al., JCTC 14, 905 (2018)  
[3]  B. A. Grzybowski et al., Nat. Mater. 2, 241 (2003)  
[4]  R. Cademartiri et al., Soft Matter 8, 9771 (2012)  
[5]  S. Soh et al., JACS 136, 13348 (2014)  
[6]  E. B. Lindgren et al., Phil. Trans. Roy. Soc. A 376, 20170143 (2018) 

(Invited) Determining molecular adsorption structures: STM and DFT are not enough  

D P Woodruff  

University of Warwick, UK 

The considerable success of density functional theory (DFT) calculations to describe many molecular adsorption on 
surfaces has led to its increasing use as the only source of fully quantitative structural information for such systems. 
Often DFT is complemented experimentally only by scanning 
tunnelling microscopy (STM), a technique that consistently 
determines the surface periodicity, often indicates the 
molecular orientation, but rarely identifies the molecule-
substrate registry and never provides reliable bonding 
distances. Detailed quantitative structural information 
(adsorption height, molecular conformation, substrate 
reconstruction and the local adsorption site) is provided only 
by the DFT calculations. While DFT calculations have been 
found to reproduce many experimentally determined 
structures, there are also a few well-documented failures 
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of the method. Moreover, it also suffers from the same limitation as experimental trial-and-error structure 
determinations, in that the correct structure cannot be obtained if only incorrect structural models are tested. The 
predicted adsorption height in many molecular systems is also sensitive to the choice of the van der Waals force 
correction method. Finally, most simulations of STM images derived from DFT calculations are rather insensitive to 
the structural model. These techniques can, however, when combined with a true quantitative experimental 
structural technique, lead to much more reliable and accurate structures.  

A recent investigation we have conducted [1] of an ordered commensurate phase of TCNQ (7,7,8,8- 
tetracyanoquinodimethane) on Ag(111) provides a clear example of this issue. TCNQ is a strong electron acceptor 
relevant to organic semiconductor applications. As a free molecule TCNQ is rigid and planar, but when adsorbed on 
most coinage metal surfaces it becomes negatively charged, the electrons become localized on the cyano groups, 

the central quinoid ring aromatises, the -conjugation becomes disrupted and the peripheral carbon atoms 
become sp3 hybridised (Fig.1). This makes the molecule far more flexible. A number of DFT investigations (mostly 
without dispersion correction) of TCNQ on Cu, Ag and Au surfaces indicate that the adsorbed molecule becomes 
highly bent, with the peripheral atoms much closer to the surface and the bent central quinoid ring higher above the 
surface. 

Complemented by STM, LEED, UPS and soft XPS to characterise the Ag(111)/TCNQ system, we have used normal 
incidence X-ray standing waves (NIXSW) to determine the height of the TCNQ constituent atoms above the surface. 
The NIXSW results not only reveal the absolute height of the molecule above the surface, but also show that the 
average heights of all the constituent atoms are almost identical. However, while the measured coherent fractions 
for all the C atoms are high, indicating single well-defined heights, the coherent fraction for the N atoms is very 
much lower, clearly indicating the presence of at least two different N atom heights. A possible rationale for this is 
the presence of Ag adatoms to form a metal-organic network. DFT calculations show that this is energetically-
favoured and can account for the experimental NIXSW data. Key requirements to achieve this agreement were the 
use of a dispersion-correction scheme that gave good the experimentally-measured overall molecular height and the 
inclusion of Ag adatoms. Without the input of both of these experimentally-identified aspects, the DFT calculations 
revealed bent molecules at the wrong height, just as had been found in earlier studies. 

[1]  P.J. Blowey, L.A. Rochford, S. Velari, D.A. Duncan, D.A. Warr, T.-L. Lee, A. De Vita, G. Costantini, D.P. 
Woodruff, Nanoscale 10, 14984-14992 (2018). 

Nanoscale characterisation of thin film electronics with electrical and near-field scanning probe microscopy 

S Wood1, F Richheimer1, A Zoladek-Lemanczyk1, R Rawcliffe2, M Shkunov2 and F Castro1  

1National Physical Laboratory, UK, 2University of Surrey, UK  

Nanostructured thin film electronics are an important class of materials for a wide range of novel electronic and 
optical device applications. However, the nanoscale (1 nm to 100 nm) presents a challenge for detailed 
characterisation of fundamental structure-function relationships that dictate device performance. In particular, the 
need for metrologically quantitative and reliable characterisation presents a barrier to commercialisation of 
emerging nanoelectronic technologies. Here we consider the use of conductive electrical modes of scanning probe 
microscopy (SPM) alongside near-field optical spectroscopy using tipenhanced Raman spectroscopy (TERS), which 
offers a means of simultaneously probing chemical composition and optoelectronic properties of nanostructured 
semiconductors with nanometre lateral resolution – see Figure 1(a)-(b).[1] 
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Figure 1. a) TERS map plotting chemical species in different colours by fitting to the reference spectra in b), where blue is 
background, red is carbon nanotubes (CNT), green is graphene oxide (GO). c) and d) compare topography and current maps 

taken using c-AFM for a nanowire sample. 

Such measurements present technical challenges, particularly concerning the interaction of the SPM probe tip with 
the sample surface. For both electrical and near-field measurements, it is critical that a controlled and repeatable 
contact can be made with the sample. This requires that the material properties and geometry of the tip are well-
known, as well as needed a high level of control over the contact force and environmental conditions. We 
demonstrate conductive/photoconductive-atomic force microscopy (c/pc-AFM) and TERS for a variety of samples 
including 2D materials, thin-film organic semiconductors, carbon nanotubes, and inorganic nanowires.[2]  

A critical step towards the metrological quantification of results obtained from these measurements is the 
development of suitable reference samples, which can enable traceable calibration to the International System of 
Units (SI). We propose specifications for such a sample and demonstrate proof-of principle for such a sample, as 
shown in Figure 1(c)-(d), using on inorganic nanowires.[3] This provides a nanoscale feature, with strong electrical 
and spectroscopic contrast that can be easily and uniquely identified, and hence used as a working reference 
standard. 

[1]  N. Kumar, et al., Nanoscale, 9, 2723 (2017)  
[2]  R.C. Chintala, et al., AIP Advances, 9, 025105 (2019)  
[3]  M. Constantinou, et al., ACS Nano, 10, 4384 (2016) 

Molecular Maracas: Li@C60 as a multi-state molecular switch  

H J Chandler1, M Stefanou2, E E B Campbell2 and R Schaub1  

1University of St Andrews, UK, 2University of Edinburgh, UK 

A potential end-point in the miniaturization of electronic devices lies in the field of molecular electronics, where 
molecules perform the function of single components like wires [1] and switches [2]. This idea has been around for 
decades [3] but recent years have shown real progress in the field. A molecular switch is defined as a molecule that 
displays stability in two or more states (e.g. “on” and “off” involving conductance, conformation etc.) and upon 
application of a controlled external perturbation, electronic or otherwise, undergoes a reversible change such that 
the molecule is altered. Previous work has shown multi-state molecular switches with up to six distinct states [4]. 
Here we report on a novel system using lithium endohedral fullerenes (Li@C60) that displays fourteen. By using an 
ultra-high vacuum, low temperature scanning tunnelling microscope (UHV LT-STM) to apply an electronic excitation 
to single molecules, we are able to randomly switch selected fullerenes into one of fourteen stable states. These 
states identify the position of the Li around the inside surface of the C60 cage, eight of which are close to hexagonal 
faces and six that are stabilised at equatorial sites. Each state can be analysed and discriminated between using a 
mixture of constant current scanning tunnelling microscopy (cc-STM) and spectroscopy (cc-dI/dV STS). We also 
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suggest a switching mechanism that invokes resonant tunnelling into super-atom molecular orbitals (SAMOs) to 
excite the molecule whilst bypassing the typical vibronic excitation of the cage that is known to cause 
decomposition of the fullerenes [5]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1; a-e) Constant-current STM images illustrating five distinct electronic features of the Li@C60 switch (scan parameters; -
2.5 V, 0.1 nA), f) graph compiling the constant-current dI/dV spectra of the corresponding STM images, g) ball and stick model 

illustrating the five Z-levels of Li in the switch states and a net diagram of the cage highlighting the fourteen positions for the 
encapsulated lithium. 

[1]  A. Nitzan, M. Ratner, Science, 300, 1384-1389 (2003).  
[2]  G. J. Simpson, S. W. L. Hogan, M. Caffio, C. J. Adams, H. Fruchtl, T. van Mourik, R. Schaub, Nano Lett., 

14, 634-639 (2014).  
[3]  A. Aviram, M. A. Ratner, Chem. Phys. Lett., 29, 277-283 (1974).  
[4]  T. Huang, J. Zhao, M. Feng, A. A. Popov, S. Yang, L. Dunsch, H. Petek, Nano Lett., 11, 5327-5332 

(2011).  
[5]  G. Schulze, K. Franke, J. Pascual, New J. Phys., 10, 065005 (2008). 
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Session 3 

(Invited) How surface science provides new insights into the behaviour of grain boundaries in nanocrystalline metals  

X Zhang1, J Han2, A P Sutton3, D J Srolovitz2 and J J Boland1 

1Trinity College Dublin, Ireland, 2University of Pennsylvania, USA, 3Imperial College London, UK  

This talk focuses on the properties of nanocrystalline metal films. Scanning tunneling microscopy and simulations 
are used to visualize for the first time the 3D structure of grain boundaries (GBs) that emerge at the surface of nearly 
coplanar copper nanocrystalline (111) films. Remarkably, we find that low angle dissociated GBs are always found 
at valley and ridge locations, so that flat films are impossible to fabricate. This behavior is due to a previously 
unrecognized phenomenon that involves the rotation of the dislocation line, which minimizes the GB energy, and 
which has significant implication for materials properties (Science 357, 397-400 (2017)). In the case of high angle 
boundaries the GB core is predominantly perpendicular to the film surface and comprised of so-called structural 
units. However, the core reconstructs as it approaches the surface to form a dissociated GB structure, reminiscence 
of low-angle behavior. This surface reconstruction of GBs is expected to have significant implications for corrosion 
and other GB mediated process. 

(Invited) Transition metal based clusters and nanoparticles for electrocatalytic water splitting 

J Xu1, S Murphy2, R Cai2, X-K Wei3, M Heggen3, E Barborini4, S Vinati4, R E Dunin-Borkowski3, R E Palmer2 and L Liu1 

1International Iberian Nanotechnology Laboratory (INL), Portugal, 2Swansea University, UK, 3Forschungszentrum 
Julich GmbH, Germany, 4Tethis S.p.A., Italy 

Water splitting has been proposed to be a promising approach to renewable energy storage through converting the 
off-peak solar or wind energy to hydrogen fuels. Presently, one of major challenges for widespread deployment of 
water electrolyzers is their high cost, which is related in part to the use of precious and scarce noble metal catalysts.   

In this presentation, I will showcase our recent development in transition metal based water splitting 
electrocatalysts. I will give three examples: 1) cobalt clusters prepared by cluster beam deposition [1]. When used 
to catalyze the oxygen evolution reaction (OER), the cobalt clusters show a low overpotential to drive the benchmark 
current density of 10 mA cm-2 and a high mass-based turnover frequency of 0.01 s-1 at an overpotential of 300 mV, 
outperforming many cobalt-based OER catalysts. 2) Transition metal phosphide (TMP) nanoparticles [2]. We have 
synthesized a set of TMP nanoparticles with different compositions and systematically investigated the effect of the 
number and specific combination of transition metal species on the OER performance of TMP nanoparticles. The 
OER activity was found to follow the order of FeP < NiP < CoP < FeNiP < FeCoP < CoNiP < FeCoNiP. 3) Ru-CoP 
hybrid electrocatalysts [3]. We found that interfacing or hybridizing CoP with Ru can substantially improve their 
electrocatalytic performance for the hydrogen evolution reaction in both acidic and alkaline electrolytes. 

[1]  J. Y. Xu, S. Murphy, D. H. Xiong, R. S. Cai, X. K. Wei, M. Heggen, E. Barborini, S. Vinati, R. E. Dunin-
Borkowski, R. E. Palmer, L. F. Liu, ACS Appl. Energy Mater. 1, 3013 (2018). 

[2]  J. Y. Xu, J. J. Li, D. H. Xiong, B. S. Zhang, Y. F. Liu, K. H. Wu, I. Amorim, W. Li, L. F. Liu, Chem. Sci. 9, 3470 
(2018). 
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[3] J. Y. Xu, T. F. Liu, J. J. Li, Y. F. Liu, B. S. Zhang, D. H. Xiong, I. Amorim, W. Li, L. F. Liu, Energy Environ. Sci. 
11, 1819 (2018) 

Bridging the gaps: imaging surface reactions with in situ environmental microscopies  

C Barroo1,2, Z-J Wang2,3, Y De Decker1, T Visart de Bocarmé1 and M-G Willinger2,3  

1Université libre de Bruxelles, Belgium, 2Fritz Haber Institute of the Max Planck Society, Germany, 3ETH Zurich, 
Switzerland  

Non-equilibrium reactions are observed in a variety of reactive systems, including those at the surface of catalytic 
materials. Probing such reactions and their dynamics during the ongoing processes remains challenging, due to the 
scarcity of high-resolution techniques allowing for in situ experiments. This study reports on the observation and 
analysis of nonlinear behaviors during the catalytic hydrogenation of NO2 on Pt catalysts using field emission 
microscopy (FEM) and in situ environmental scanning electron microscopy (ESEM). The microscopes run as open 
reactors, and the dynamics are probed in real-time and during the ongoing reactive processes. On one hand, FEM 
enables the study of catalytic reactions taking place at the surface of a nanosized metal tip which acts as a single 
nanoparticle of catalyst: the reaction can be probed down to 10 nm2 and at pressures in the 10-4–10-2 Pa range. 
Different nonlinear behaviors were observed, such as self-sustained periodic oscillations and the propagation of 
chemical waves as target patterns. On the other hand, the ESEM instrument allows the study of samples with 
various morphologies, allowing to approach the complexity of materials encountered in industrial applications. 
ESEM can also be used with gas pressures up to tens of Pa. Experiments during the NO2 hydrogenation were 
performed on Pt single crystals and on Pt foils, and nonlinear behaviors were observed, mainly in the form of spiral 
patterns. These patterns were observed on regions as large as 100 µm and over a wide range of pressures: from 10-

3 to 20 Pa, over four orders of magnitude. 

The combination of FEM and ESEM can be used to observe similar phenomena over different pressure conditions, 
allowing to bridge the pressure-gap, from 10-4 to 20 Pa; but also the materials-gap by analyzing the same reaction 
on a tip-sample, single crystal and foils corresponding to a mixture of grains of different crystallographic 
orientations. This also proves the robustness of dissipative, nonlinear behaviors from the mesoscale down to the 
nanoscale. 

Surface functionalization of TiO2 nanoparticles to formulate aqueous and organic precursors compatible with low-
temperature fabrication of thin TiO2 compact films  

G Zummo1, R Quesada-Cabrera2, J McGettrick1, G Sullivan1, S Mehraban1, A Yasin1, A Lewis1 and C Charbonneau1  

1Swansea University, UK, 2University College London, UK 

Introduction: In this work, we present the formulation, properties, and deposition of TiO2 nanoparticle colloids [1] 
into thin compact films. Control of particle dispersion, organized self-assembly [2], and solvent transfer are 
achieved by adsorption of oxalic or hexanoic acid at the surface of the titania particles (Figure 1), a mechanism 
supported by carboxylate/TiO2 chemical affinity.  

Methods: Titania colloids are prepared by hydrolysis of TiCl4·2THF at 80°C, Patm, 30mins. These are treated with 
aqueous solutions of oxalic acid or hexanoic acid within pH 1-10 controlled by NaOH additions. TiO2 films of ~ 25 
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nm thick are prepared by drop casting (0.125 mL) the precursors onto glass substrates (3x3 cm2) dried at 60 °C 
and treated thermally (oven:120-550 °C, 30mins) or submitted to UV-Vis radiative treatment (< 135 °C, 3mins).  

Results: Particle size dispersion and TEM imaging show lightly agglomerated 7-10 nm TiO2 particles whilst XRD and 
DSC confirm the particles are mostly crystalline (> 82 vol% anatase). Thermogravimetric analysis of dry particles 
shows high hydroxyl surface density (19/nm2). Oxalic acid is demonstrated to affect surface charge (zeta potential 
meas.) and control the organisation of particles into transparent films at ~ 5.10-4 mol/g TiO2. A critical micelle 
concentration (CMC) of 0.1 mol/L hexanoic acid is calculated, leading to the successful solvent transfer of particles 
from water to 2- butanol at pH 6-6.5. AFM imaging confirms the conversion of microporous to mechanically stable 
compact TiO2 films after 3 mins of UV-Vis exposure. All films are shown to be photocatalytically active and more 
efficient than commercial samples of self-cleaning glass.  

Discussion: Here we demonstrate a low-C footprint route to producing TiO2 transparent and photoactive films on 
glass. The versatility of dispersing media explored makes this work of critical importance for large scale fabrication 
of metal oxide semiconductors on various substrates. 

 

 

 

 

 

 

 

Figure 1: Surface functionalization of TiO2 surface by a) hexanoic and b) oxalic acid to control solvent affinity and self-
organisation of the nanoparticles. 

[1]  Charbonneau, C., Gauvin, R., Demopoulos, G.P. Aqueous solution synthesis of crystalline anatase 
nanocolloids for the fabrication of DSC photoanodes. (2011) Journal of the Electrochemical Society 158 
(3) PP. H224 - H231 doi: 10.1149/1.3529238  

[2]  Charbonneau, C., Holliman, P., Watson, T., Worsley, D. Facile, self-assembly of metal oxide nanoparticles. 
(2015) J Colloid Interface Sci. 15 (442) PP.110-119 doi: 10.1016/j.jcis.2014.11.042 

Session 4 

(Invited) Cluster-assembled nanostructured surfaces for the study of mechanotransduction in neuronal cell 
networks 

P Milani1, C Schulte1, A Podestà1, C Lenardi1 and A Malgaroli2  

1University of Milano, Italy, 2Università Vita Salute San Raffaele, Italy 

The identification of substrates promoting neuronal maturation up to the generation of integrated neural circuits is 
fundamental for modern neuroscience. The development of neural circuits arises from complex processes regulated 
by poorly understood signaling events, often guided by the extracellular matrix (ECM) [1].  
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ECM can be seen as the prototype for an intricate natural structure assembled by nanoscale building blocks and 
dictating cellular behavior and fate. How exactly the ECM nanotopography influences mechanotransduction, i.e. the 
cellular capacity to convert information received from the ECM into appropriate responses, is only partially 
understood. This is due to the complexity of the involved biological structures, hampering the attempts to fabricate 
artificially surfaces recapitulating in vitro the nanoscale complexity of the ECM [1].  

Here we report that nanostructured zirconia surfaces, produced by supersonic cluster beam deposition (SCBD) of 
zirconia nanoparticles and characterized by ECM-like nanotopographical features, can direct the maturation of 
neural networks [2]. Hippocampal neurons cultured on cluster-assembled surfaces displayed enhanced 
differentiation paralleled by functional changes [2, 3]. The latter was demonstrated by single-cell electrophysiology 
showing earlier action potential generation and increased spontaneous postsynaptic currents compared to the 
neurons grown on the featureless unnaturally flat standard control surfaces [2]. Label-free shotgun proteomics 
confirmed the functional changes and suggests furthermore a vast impact of the neuron/nanotopography 
interaction on mechanotransductive machinery components, known to control physiological in vivo ECM-regulated 
axon guidance and synaptic plasticity [4].  

We demonstrate that cluster-assembled surfaces regulate parameters significant for cell adhesion and 
mechanotransductive signaling, such as integrin clustering, focal adhesion maturation and the correlated cellular 
mechanobiology [1]. Our results indicate a potential of cluster-assembled zirconia nanotopography exploitable for 
the creation of efficient neural tissue interfaces and cell culture devices [3] promoting neurogenic events, but also 
for unveiling mechanotransductive aspects of neuronal development and maturation. 

 

 

 

 

 

 

 

 

 

Fig. 1 Biotic/abiotic nanostructured interface [1] 

[1]  C. Schulte, et al., Acc. Chem. Res. 50, 231 (2017).  
[2]  C. Schulte, et al., Front. Cell. Neurosci. 10, 267 (2016).  
[3]  C. Schulte, et al., ACS Biomater. Sci. Eng. 4, 4062 (2018).  
[4]  E. Maffioli, et al., Front. Cell. Neurosci. 11, 417 (2017). 
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Hard X-ray Photoelectron Spectroscopy for depth profiling beyond the elastic scattering limit 

B F Spencer1, S Maniyarasu1, B Reed2, D J H Cant2, R Ahumada-Lazo1, A G Thomas1, T-L Lee3, A G Shard2 and W R 
Flavell1  

1The University of Manchester, UK, 2National Physical Laboratory, UK, 3Diamond Light Source, UK  

Hard X-ray Photoelectron Spectroscopy (HAXPES) is of high interest to industry due to the ability to probe materials 
through depth scales between tens and hundreds nm (i.e., from the surface into the bulk). For layer thicknesses 
greater than ~ 50 nm, core photoelectron peaks are lost, and information can only be extracted from the inelastic 
background [1-3]. We use the world’s first high-throughput lab-based HAXPES system, from Scienta Omicron [4], 
based in the Sir Henry Royce Institute at the University of Manchester, as well as synchrotron radiation at Diamond’s 
I09 beam line, to demonstrate depth profiling of an industrially important iridium-containing material (a green 
emitter in OLED displays) buried underneath various thicknesses of organic material (Fig 1). This model system is 
used to establish accurate and routine modelling of the inelastic background using Tougaard analysis [1], which is 
important now that high-throughput HAXPES is available for the first time in the laboratory, for uptake by a much 
wider user base. 

 

 

 

 

 

 

 

 

 

Fig. 1. Ir 3s / 3p / 3d region for (bottom upwards): a silicon wafer with 200 nm Irganox (1010) underlayer; with a 18 nm Ir-
organic complex layer; then with Irganox overlayers from 25 nm to 140 nm. Measured with a photon energy of 9000 eV and a 

EW4000 electron energy analyser. Core level peaks are lost for overlayers > 50 nm, however the inelastic background still 
contains important information. The Si 1s peak at ~ 1840 eV gives rise to the background seen through the 200 nm 

underlayer. 

[1]  S. Tougaard, Surf. and Inter. Analysis 26, 249 (1998).  
[2]  O. Renault et al., Appl. Phys. Lett. 109, 011602 (2016).  
[3]  C. Zborowsk et al., Appl. Surf. Science 432, 60 (2018).  
[4]  A. Regoutz et al., Rev. Sci. Instr. 89, 073105 (2018). 
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Performance of preformed Au/Cu nanoclusters deposited on MgO powders in the catalytic reduction of 4-
nitrophenol in solution 

R Cai1, P R Ellis2, J Yin3, C M Brown2, K Cooke3, P T Bishop2 and R E Palmer1 

1Swansea University, UK, 2Johnson Matthey, UK, 3Teer Coatings Ltd., UK 

The deposition of preformed cluster beams onto suitable supports represents a new paradigm for the precise 
preparation of heterogeneous catalysts. Compared with traditional chemical methods, it exhibits a range of unique 
advantages including good size (and composition) control, no toxic reagents needed, absence of chemical ligands 
etc. However, for a long time the feasibility of cluster-beam deposited catalysts for reactions under realistic 
conditions has been limited by the low production rate. Based on our successful scale-up of the cluster flux [1], we 
present here a first experimental validation of cluster catalysts for a liquid phase reaction. Au/Cu nanoalloy clusters 
of variable composition deposited on MgO powder supports from a dual-magnetron sputtering, gas condensation 
cluster source, are found to be highly active for the catalytic reduction of 4-nitrophenol in solution [2]. Electron 
microscopy reveals that the produced Au/Cu clusters have an alloy structure which results in a random distribution 
of Au and Cu atoms on the cluster surface. Reaction rate analysis shows that catalysts with approximately equal 
amounts of Au and Cu are much more active than Au-rich or Cu-rich clusters. Thus, the interplay between the Au and 
Cu atoms at the cluster surface appears to enhance the catalytic activity via the binding energies of product and 
reactant. In addition, the physically deposited clusters with Au/Cu ratio close to one show a 25-fold higher activity 
than a Au/Cu reference sample made by chemical impregnation. Our study provides an insight into nanocatalyst 
design of bimetallic systems at the atomic scale.  

[1]  P. R. Ellis, C. M. Brown, P. T. Bishop, J. Yin, K. Cooke, W. D. Terry, J. Liu, F. Yin, R. E. Palmer, Faraday 
Discuss., 188, 39 (2016). 

[2]  R. Cai, P. R. Ellis, J. Yin, J. Liu, C. M. Brown, R. Griffin, G. Chang, D. Yang, J. Ren, K. Cooke, P. T. Bishop, W. 
Theis, R. E. Palmeret al, Small, 14, 1703734 (2018). 

Study of fundamental processes on Au-Ag model surfaces with electron microscopies 

L Jacobs, C Barroo, T Visart de Bocarmé 

Université libre de Bruxelles, Belgium 

Gold based catalysts, and especially Au-Ag catalysts, exhibit remarkable properties in the domain of low 
temperature selective oxidation reactions and deNOx applications. A crucial factor is the ability to supply O(ads) 
which is the key for the activity and selectivity on gold surfaces. In the case of Au-Ag, the relatively high activity of 
Ag allows the formation of O(ads) species on the surface of the catalyst by dissociation of molecular oxygen, and 
the relatively low activity of Au, unable to dissociate O2, guides the selectivity. Towards the understanding of more 
complex reactions, N2O was used for the sake of its facilitated dissociation, allowing like this to understand how 
O(ads) species behave on Au-Ag surfaces. 

Field Emission Microscopy (FEM) and Field Ion Microscopy (FIM) allow to study the reaction dynamics during the 
ongoing processes (FEM) and to characterize the sample surface with atomic resolution (FIM). When all the control 
parameters are fixed and kept constant, local changes in the FE pattern reflect changes in the surface composition. 
Direct comparisons between FI micrographs, FE pattern and computed ball models are made for interpretations. 
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In FEM mode during the interaction of N2O with the sample as well as during the N2O+H2 reaction, we observed a FE 
pattern with the same symmetry as the underlying surface indicating a structure-sensitivity of the reaction. A 
systematic change of the partial pressures of the involved gases does not affect the observed FE pattern. We 
suggest phenomena of locally separated adsorption and dissociation for the involved gases. The formation of a 
bright reactive interface between O(ads) and H(ads) is observed at the interface of the {012} facets in the restricted 
temperature range of 300- 320 K. Correlative experiments are currently being performed by PhotoEmission Electron 
Microscopy (PEEM) on extended Au-Ag surfaces, i.e. Au(111) with variable silver concentration, but need further 
investigations. These results suggest surface morphology to be a critical point in explaining the activity of Au-Ag 
catalysts. 

This work contributes to a better understanding of the catalytic phenomenon taking place at a fundamental level. 
Understanding and controlling the physical and chemical origins of reactivity may be used for the engineering of 
bimetallic catalysts. 

 

 

Fig. 1. (a) Left, top: FIM micrograph of a clean Au-8.8at.%Ag sample. Right, top: Corresponding computed ball model. Bottom: 
FE pattern showing electron emission during N2O+H2 reaction with reactive interfaces around the {012} facets.  (b) Brightness 
variations recorded in the red and green regions illustrating how the increase of temperature changes the structure dependent 

reactivity. 

[1]  L. Jacobs, et al., Appl. Surf. Sci. 435, 914-916 (2018). 

Electrochemical modification and characterization of topological insulator single crystals 

C Yang1, M Cattelan1, Y Huang2, M Golden2 and W Schwarzacher1 

1University of Bristol, UK, 2University of Amsterdam, the Netherlands 

We electrochemically modified single-crystal samples of the topological insulator (TI) Bi2Te0.9Se2.1 and compared 
them with thiol functionalized samples and freshly cleaved/ air exposed control samples using X-ray photoelectron 
spectroscopy (XPS). Cyclic voltammetry (CV) was used to determine the potentials at which electrochemical 
oxidation or reduction take place as well as to establish a potential window in which the sample does not react.  

Figure 1 presents CVs of a freshly cleaved Bi2Te0.9Se2.1 TI sample. The red trace is the first cycle while the blue one is 
part of the second cycle. The purple squares mark oxidation/reduction potentials at which the electrochemical 
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oxidation and reduction experiments were performed. XPS spectra for a TI sample maintained at -0.3 V for 2 hours 
with respect to a mercury-mercurous sulfate reference electrode demonstrate the feasibility of protecting the TI 
surface from oxidation while working in an electrochemical environment. Deliberate electrochemical oxidation, 
achieved by applying a more positive potential to the sample, in contrast, generates prominent Bi, Te and Se peaks 
associated with oxidation. However, this change is reversible, as further XPS spectra following electrochemical 
reduction of the same sample are similar to those measured for an in-situ cleaved sample. XPS also shows that 
adsorption of pentanedithiol (PDT) protects the TI surface from oxidation while adsorption of pentanethiol (PT) is 
much less effective at protecting the surface. 

Our work shows that electrochemical methods provides a simple and highly controllable means of modifying and 
characterizing TI surface chemistry. 

 

 

 

 

 

 

 

 

 

 

Figure 1. CVs of a freshly cleaved Bi2Te0.9Se2.1 single crystal sample. purple squares mark the potentials at which the 
electrochemical oxidation and reduction experiments were performed. 

Session 5 

(Invited) Maximising the resolving power of the scanning tunneling microscope  

L Jones1,2, S Wang1, S ur Rahman1,3 and M R Castell1  

1University of Oxford, UK, 2Trinity College Dublin, Ireland, 3COMSATS Institute of Information Technology, Pakistan 

The resolution of the STM has barely improved since its inception. Only small advances have been achieved through 
low noise electronics, enhanced vibration damping, and low temperature operation. These incremental gains stand 
in stark contrast to the advances made with the atomic force microscope (AFM). Where AFM was initially the poor 
cousin to the atomic resolution STM, it is now possible to take non-contact AFM (nc-AFM) images with 
intramolecular resolution. The advantage however, that the STM still has over nc-AFM is that the scan speed is 
typically around two orders of magnitude faster. In effect this means that for the time taken to acquire one nc-AFM 
image it is possible to acquire around a hundred STM images. To date this has not been viewed as a particularly 
significant advantage because operator practice is such that only the best one of these hundred images will be used 
and the others discarded. However, if all the hundred images are averaged then we would expect a ten-fold 
improvement in the SNR as the random noise diminishes with the square root of the number of averaged images. 
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This improved SNR leads to a commensurate increase in the resolving power of the STM. The reason that this kind of 
multi-frame averaging (MFA) has so far not been performed routinely is that unique and locally varying distortions in 
each of the images prevent them from being aligned in perfect registry with each other. However, software packages 
now exist to circumvent these issues [1]. In this presentation I will show how a step change in the resolving power of 
the STM can be achieved through automated distortion correction and multi-frame averaging (MFA) [2]. I will 
demonstrate the broad utility of this approach with examples from a variety of surfaces. I will show a 6-fold 
enhancement of the SNR of the Si(111)-(7 × 7) reconstruction, as shown in Fig. 1 below. I will demonstrate that 
images with sub-picometre height precision can be routinely obtained and will show this for a monolayer of Ti2O3 on 
Au(111). I will demonstrate the automated classification of the two chiral variants of the (4 × 4) reconstructed 
SrTiO3(111) surface. I will also show how dynamic effects in STM movies can easily be identified using this 
technique. Our new approach to STM imaging allows a wealth of structural and electronic information from surfaces 
to be extracted that was previously buried in noise. 

 

 

 

 

 

 

 

 

 

Fig. 1. STM data from the Si(111) 7´7 reconstruction. The image on the left shows a raw single frame of the surface (image 
width 8.3 nm, Vs = 1.3 V, It = 0.17 nA). The image on the right shows the same region after ramp-subtraction, alignment, scan-

correction and averaging of 41 sequential frames. This procedure results in a ~6-fold improvement of the signal to noise ratio in 
the image. 

[1]  L. Jones, H. Yang, T.J. Pennycook, M.S.J. Marshall, S.V. Aert, N.D. Browning, M.R. Castell and P.D. Nellist, 
Advanced Structural and Chemical Imaging, 1, 8 (2015).  

[2]  L. Jones, S. Wang, X. Hu, S.U. Rahman and M.R. Castell, Advanced Structural and Chemical Imaging, 4, 7 
(2018). 

Development and standardisation of graphene characterisation methods 

K Paton 

National Physical Laboratory, UK 

Currently end-users of graphene and related 2D materials cannot efficiently develop real-world products, as they do 
not know what the structural and chemical properties of their material really is because the material has not been 
reliably or effectively measured. This may be because the material has been characterised in a way that leads to 
large uncertainties, or because a lack of batch-to-batch reproducibility means the original characterisation is only 
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accurate for the initial batch of material. Thus companies developing commercial products do not truly understand 
the effects the different properties of the material have on the final desired properties of their application. 

There is an obvious need for reliable, accurate and precise measurements for off-line material testing that are 
standardised across the industry and therefore allow end-users to be able to compare materials commercially 
available around the world. However, there is also the need for reliable quality control (QC) methods for either the 
production of material or intermediates in the production chain. These QC methods will not require world-leading 
precision, but instead allow the rapid characterisation of material properties with a well-understood measurement 
uncertainty determined through comparison with more precise methods. Similarly, international standardisation of 
the terminology and measurement methods is required so that graphene can be a truly global industry, allowing 
materials to be traded between producers and end-users in the many different countries currently pursuing 
graphene applications. 

In this talk I will discuss some of the work that NPL is undertaking to address these two important concerns of 
industry. I will discuss the role of national and international standards and the current situation in the development 
of these important enablers of commercialisation. Such standards are underpinned by rigorous metrology, and I will 
outline some of the projects that NPL is leading in this area. Finally, I will present some of the work we are carrying 
out on the development of quality control techniques for measurement of lateral flake size of graphene platelets in 
dispersion. 

Atomic-resolution imaging and ab initio modelling of surface and core melting of supported, size-selected Au 
nanoclusters  

T Pavloudis1, D M Foster2, J Kioseoglou3 and R E Palmer1  

1Swansea University, UK, 2University of Birmingham, UK, 3Aristotle University of Thessaloniki, Greece  

Melting is one of the most familiar and visible phase transitions in the macroscopic world but the mechanism by 
which nanoparticles melt remains an open question in nanoscience. The behavior of nanoclusters at elevated 
temperatures is both interesting from a fundamental perspective but also relevant to functionalities operating above 
room temperature, such as catalysis. In this work, we employ aberration corrected aberration-corrected scanning 
transmission electron microscopy (ac-STEM) to demonstrate the presence of surface melting in real space in 
individual size-selected Au clusters below 5nm supported on amorphous carbon films. We identify the formation of 
a solid core/liquid shell structure at elevated temperatures and find that the melting mechanism is broadly 
consistent with the liquid nucleation and growth model, with a good agreement for size of the solid-liquid 
coexistence region, but notably higher surface and cluster core melting temperatures than predicted. We think this 
may be a support effect. Thus, in order to explore the effect of the carbon support on the melting of the clusters, we 
employ a novel very large-scale ab initio simulation approach that mimics the effect of the support by imposing a 
“frozen-facet” on the nanoclusters. We obtain quantitative results that are in good agreement with the experiments 
and, as such, we identify the cluster-support interaction as the major source of the deviation between previous 
theoretical predictions and experimental observations. Moreover, we prove the co-existence of a solid core and a 
melted surface and show the differences in size and location of the core in free and frozen-facet nanoclusters. The 
Au clusters studied in this work lie in the catalytically active size regime; therefore the results may be relevant to the 
performance of novel nanocluster-based catalysts. 
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Modelling a capped carbon nanotube by linear-scaling density-functional theory  

S M Masur and C J Edgcombe 

University of Cambridge, UK  

The detailed description of field-emitting structures and field emission continues to be addressed by new methods 
of analysis. We describe a new application of linear-scaling density functional theory (DFT) to a capped (5,5) 
carbon nanotube (CNT) in an applied electric field.  

Our method uses the linear-scaling DFT package ONETEP with boundary conditions that are provided by classical 
calculations using a finite element solver. The classical method approximates the CNT as a perfect conductor and 
takes account of charge induced by the applied field. The DFT solver uses Wannier functions that enable modelling 
of non-periodic structures accurately in coordinate space.  

Even though the DFT solver is limited to equilibrium states and applied fields below the emission threshold, it 
provides many new details, for example the spatial distribution of charge density, orbital energies at non-zero 
temperatures, distribution of molecular orbitals including the highest occupied (HOMO), distribution of total 
potential energy E and exchange-and-correlation energy EXC, and total and local densities of states (LDoS). Figure 1 
shows the changing isosurfaces of the HOMO found with four external fields. On applying a field, we effectively add 
electrons into the DFT box, which changes the HOMO number and its distribution on the CNT surface. It appears that 
the spatial distribution of emitted current can be expected to vary with applied field. 

The detailed results allow the different contributions to the potential distribution to be identified. In particular, they 
show that for this structure the work function is the part of the total change of EXC (between ion sites and vacuum) 
that is above the Fermi level. Variation of the applied field varies the charge induced on the CNT and so also varies 
the height of the potential barrier above the Fermi level, showing that the effect of field is not just a reduction of the 
barrier width. This effect, known in classical modelling, is particularly noticeable with a long CNT showing field 
enhancement. Work contiues to determine the behaviour with other geometries of emitters. 

 

 

 

 

 

 

 

Fig. 1. HOMO isosurfaces for the (5,5) CNT at amplitude of ± 0.0004 (eA−3)1/2, (a) in zero field; (b) in 0.054 Vnm−1; (c) in 0.108 
Vnm−1; (d) in 0.162 Vnm−1. 

[1]  C.J. Edgcombe, S.M. Masur, E.B. Linscott et al., Ultramicroscopy 198, 26-32 (2019) 
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Session 6 

(Invited) Recent advances in surface characterisation using neutral helium atoms  

A P Jardine 

The Cavendish Laboratory, UK  

Thermal energy helium atoms provide an unusual and powerful probe with which to characterise surfaces. In this 
talk, I will give an overview and forward outlook for two ‘helium based’ surface techniques that have been developed 
in Cambridge in recent years, which are now being applied to a variety of scientific challenges.  

The Helium Spin-Echo technique (HeSE) [1, 2] provides a unique experimental opportunity to measure fundamental 
and technologically relevant surface dynamic processes that take place over Angstrom to nanometre lengthscales 
and picosecond to nanosecond timescales. The technique involves scattering helium atoms while simultaneously 
using nuclear spinpolarisation of the atoms to split and recombine the helium wavepackets, giving a 
reciprocalspace surface-correlation measurement. The technique is ideally suited to understanding the fast 
dynamics associated with individual species on a surface, and can reveal, for example, diffusion rates and 
mechanisms, interaction potentials and correlations, as well as energy exchange rates and vibrational lifetimes. I 
will discuss a series of examples from recent experiments, including alkali metal transport which is becoming 
increasingly technologically relevant.  

All conventional helium scattering experiments are reciprocal space techniques, giving surface averaged properties. 
In contrast, we have developed Scanning Helium Microscopy (SHeM) [3] in order to perform real-space imaging of 
surfaces with all the benefits of lowenergy neutral atoms. SHeM is now emerging as a valuable tool for imaging of 
delicate samples, with a very wide range of potential applications. I will cover the capabilities of the approach, 
illustrated by a range of recent imaging experiments. Progress in in observing and understanding the origins of 
image contrast will then be discussed, as well as potential applications to surface characterisation beyond simple 
imaging.  

[1]  P. Rotter, B. A. J. Lechner, A. Morherr, D. M. Chisnall, D. J. Ward, A. P. Jardine, J. Ellis, W. Allison, B. 
Eckhardt and G. Witte, Nature Materials 15, 397 (2016).  

[2]  A. P. Jardine, H. Hedgeland, G. Alexandrowicz, W. Allison & J. Ellis, Prog. Surf. Sci. 84, 323 (2009).  
[3]  M. Barr, A. Fahy, J. Martens, A. P. Jardine, D. J. Ward, J. Ellis, W. Allison & P. C. Dastoor, Nature Comms. 7, 

10189 (2016). 

Morphological control of size-selected iron nanoparticles during formation for NO2 detection 

J Vernieres1, M Sowwan2 and R E Palmer1 

1Swansea University, UK, 2Okinawa Institute of Science and Technology Graduate University (OIST), Japan 

To date, size selection in gas-phase condensation of nanoparticles has always been associated with post-growth 
separation, such as time-of-flight [1,2] or quadrupole mass filtration. Mass filtration, in general, is a process 
designed to block certain objects or substances by some physical means, while letting others through; as such, it is, 
by definition, inevitable that output is always less in quantity than input. Nonetheless, with current nanotechnology 
applications becoming increasingly demanding in nanoparticle uniformity, even significant reduction in product 
mass is a price researcher are often willing to pay, to gain good control in nanoparticle shapes and sizes. However, 
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it does prohibit the utilisation of gas-phase condensation techniques for upscale nanoparticle production, an 
essential pre-requisite for technology application [2].  

Here, to overcome this limitation, we report a method that focuses on accurately determining nanoparticle sizes 
during growth, instead of producing a wide size-dispersion [3,4] first only to narrow it down by mass filtration 
afterwards. We have fabricated Fe nanocrystals of tuneable structure and shape; this system has recently attracted 
increasing attention in various applications, owing to enhanced activity and oxidation stability associated with cubic 
morphology. [3,5,6] Considering that nanoparticle nucleation and growth happens close to the sputtering target, in 
a magnetron sputtering based cluster source, we utilise the high-permeability and resultant screening effect induced 
by magnetic targets of various thicknesses to manipulate the plasma confinement. In doing so, we introduce target 
thickness as a crucial parameter that controls the density and temperature of sputtered atoms, producing 
nanoparticles of tailored size, shape and crystallinity, and we accomplished nanoparticle size selection without 
need for mass filtration. [7,8,9] Our approach is based on exploiting the underlying mechanism of nanoparticle 
formation instead of brute-force application of size-selection.  

Utilising the maximum yield inherent with this method, we were able to prepare percolating Fe nanocube thin films 
for chemoresistive gas sensing applications, giving, unprecedented reproducibility and sensitivity to NO2 analyte 
down to 3 ppb level. We attributed this excellent performance to a morphological change during operation of the Fe 
nanocube, which is revealed by transmission electron microscopy using in-situ annealing and high-resolution 
imaging.  

[1]  S.R. Plant, L. Cao, R.E. Palmer. J. Am. Chem. Soc. 136, 7559-7562 (2014). 
[2]  P. Hernandez-Fernandez et al. Nature Chem. 6, 732-738 (2014). 
[3]  A. Pratt et al. Nature Mater. 13, 26-30 (2014). 
[4]  C. M. Wang et al. Nanotechnology 18, 255603 (2007). 
[5]  Y. Zheng et al. J. Phys. Chem. B 110, 3093-3097 (2006).  
[6]  N. Lee et al. Nano Lett. 12, 3127-3131 (2012). 
[7]  J. Zhao et al. ACS Nano 10, 4684-4694 (2016). 
[8]  J. Vernieres et al. Adv. Funct. Mater. 27, 1605328 (2017). 
[9]  R. E. Palmer, R. Cai, J. Vernieres. Acc. Chem. Res. 51, 2296-2304 (2018). 

Structure and reactivity of Cu-doped Au(111) surfaces  

F Grillo  

University of St Andrews, UK  

The structure and surface chemistry of ultrathin metallic films of one metal on another are strongly influenced by 
factors such as lattice mismatch and formation of near-surface alloys. The resulting interfacial layers are generally 
stressed and tend to minimize the excess energy via intermixing or surface reconstruction.  

The Cu/Au(111) system has received the attention of many studies; however, only a few of which have been 
performed in an ultra-high vacuum environment, using surface sensitive techniques.  

In this contribution, the room temperature deposition of copper onto the (22×√3)-Au(111) surface, from 
submonolayer to thick film, is investigated using scanning tunnelling microscopy (STM). Initially, preferential 
adsorption/incorporation of copper into alternate Au(111) herringbone elbows is observed, Fig. 1(a) [1]. With 
increasing coverage, a critical cluster size is reached above which copper-rich islands exhibit a reconstructed 
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surface reminiscent of the clean Au(111) herringbone reconstruction, Fig. 1(b) [1-3]. The multilayer regime is 
characterized by a layer-by-layer copper growth, Fig. 1(c) [4]. Models for the initial adsorption/incorporation 
mechanism, ad-layers formation with increasing coverage and their evolution with annealing are discussed 
qualitatively in terms of surface strain within the gold and copper layers [1-4]. Further, the reactivity of copper-
doped Au(111) systems is considered towards the adsorption of organic molecules of interest in nanotechnology. 

 

 

 

 

 

 

 

Fig. 1. Features observed upon deposition of copper onto the Au(111) surface at room temperature: (a) 0.01 – 0.05 
monolayer (ML), 38×38 nm2, -1 V, 0.78 nA; (b) ca. 0.7 ML, 250×250 nm2, -1.1 V, 1 nA; (c) ca. 20 ML, 250×250 

nm2, -0.8 V, 1 nA. 

[1]  F. Grillo, et al., New J. Phys. 13, 013044 (2011).  
[2]  T. Trimble, et al., Phys. Rev. Lett. 95, 166106 (2005).  
[3]  L. Wang, et al., J. Phys. Chem. C 121, 7977 (2017).  
[4]  F. Grillo, et al., e-JSSNT 16 163 (2018). 

The de-halogenation and subsequent polymerisation of TIPB on hBN  

A S Browning, D J Scurr, E F Smith, A Saywell and P H Beton 

University of Nottingham, UK 

1,3,5-Tris-(4-iodophenyl)benzene (TIPB) and its brominated analogue have previously been studied extensively on 
metal surfaces that are thought to catalyse the de-halogenation reaction that leads to polymerisation.[1,2] The 
polymerised product is an ideal candidate for molecular wires due to the conductivity of the conjugated system and 
the ability to alter the monomer molecules allowing tuning of the band-structure of the resultant system.[3] Through 
solution deposition onto a silicon dioxide supported hexagonal boron nitride surface followed by annealing in an 
argon atmosphere, the dehalogenation and polymerisation of TIPB has been studied with atomic force microscopy 
(AFM), X-ray photoelectron spectroscopy (XPS), and secondary ion mass spectrometry (SIMS) using a cutting edge 
Orbitrap set-up. AFM work found that TIPB deposits as multilayers on the hBN surface which undergo substantial 
change at 120°C and above 150°C with the first change being linked to polymerization by the XPS and SIMS 
results. XPS work confirmed that with heating removal of the iodine takes place which is followed by C-C bond 
formation. Oligomers up to quadramers were observed using SIMS for the annealed samples. 
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Fig. 1. (a) The TIPB monomer and simplest polymer – the dimer; (b) the iodine 3d and carbon 1s XPS peaks showing a 
reduction in the iodine with increased temperature; (c) high resolution AFM images showing monomers and dimers on the 

120°C and dimers on the 140°C samples. 

[1]  Peyrot, D. and Silly, F. (2016) On-Surface Synthesis of Two-Dimensional Covalent Organic Structures 
versus Halogen-Bonded Self-Assembly: Competing Formation of Organic Nanoarchitectures ACS Nano 
10(5) 5490-5498  

[2]  Lackinger, M. (2017) Surface-assisted Ullmann coupling Chem.Commun. 53(56) 7872-7885  
[3]  Gutzler, R. Band-structure engineering in conjugated 2D polymers (2016) 18 29092-29100 
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Session 7 

(Invited) Epitaxial growth of InAs quantum dots for quantum light sources 

D Ritchie1, I Farrer1,2, P Spencer1, L Goff1, A Krysa2, J Heffernan2, J Skiba-Szymanska3, M Stevenson3, A Bennett3, M 
Ward3, J Huwer3, T Muller3, M Anderson1,3, C Varnava1,3, G Shooter1,3, J Lee3 and A Shields3 

1University of Cambridge, UK, 2Sheffield University, UK, 3Toshiba Research Europe Ltd, UK 

The formation of III-V semiconductor quantum dots by growth on mismatched substrates has been the subject of 
investigation for several decades. One important application is the use of InAs quantum dots for single-photon and 
pair-photon light sources which can be triggered optically or electrically and emit highly monochromatic photons at 
high repetition rates.  

We have used these quantum dots for the fabrication of sources of quantum mechanically entangled photon-pairs 
over a range of wavelengths. For this application the shape of the quantum dots is important for success. As grown, 
the quantum dots are often not cylindrically symmetric and this leads to a small splitting of the exciton energy level 
preventing entanglement of the photon-pairs emitted. I will describe several routes taken to overcome this problem.  

I will also describe our work on positioning quantum dots at specific locations on the grown substrate, using the 
technique of regrowth on patterned substrates. The aim of this work is to locate the quantum dot at the centre of 
optical cavities or waveguides which significantly improves the efficiency of light emission from the device. Finally, I 
will describe the use of these quantum dots in quantum key distribution systems. 

(Invited) On the interplay between structure, reaction medium and performance in heterogeneous catalysis  

L Piccolo  

CNRS and Université de Lyon, France  

Recent progress in nanomaterials preparation, characterization and theoretical modeling opens the way to tailoring 
catalysts and understanding their operating mode at the atomic level. Many strategies are possible for improving 
the performances of metal-based catalysts, e.g., as done in our laboratory, through the use of alloy phases (noble 
metal nanoalloys [1] and non-noble intermetallics [2]) and/or reducible oxide supports (e.g. TiO2 [3] and CeO2 
[4]). It will be shown that the targeted catalytic processes (selective hydrogenations and preferential CO oxidation) 
all benefit from metal-metal and/or metal-oxide synergies. However, as these reactions involve hydrogen-rich 
environments, hydrogen absorption in the metal lattice can have a drastic influence on the catalytic properties [5–
7]. Moreover, advanced microscopy and spectroscopy techniques reveal additional major effects of the gaseous 
atmosphere and the support on the catalyst phase, such as changes in nanoparticle morphology, chemical 
arrangement and oxidation state (Fig. 1) [8–10]. Finally, as will be shown from operando techniques in the 
prototypical case of CO oxidation over Pt/γ-Al2O3, the influence of the thermochemical environment is even more 
dramatic for the stability of recently emerging “singe-atom catalysts”. Confronting experimental observations with 
computer simulations enables us to identify the key structural drivers and elucidate the reaction mechanisms. 
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Figure 1. Possible effects of nanocatalyst environment on its structure. 

[1]  L. Piccolo, in Nanoalloys: Synthesis, Structure and Properties, edited by D. Alloyeau, C. Mottet, and C. 
Ricolleau (Springer London, 2012), pp. 369–404.  

[2]  L. Piccolo and L. Kibis, J. Catal. 332, 112 (2015).  
[3]  T.-S. Nguyen, D. Laurenti, P. Afanasiev, Z. Konuspayeva, and L. Piccolo, J. Catal. 344, 136 (2016).  
[4]  F. Morfin, T.-S. Nguyen, J.-L. Rousset, and L. Piccolo, Appl. Catal. B 197, 2 (2016).  
[5]  C. Zlotea, F. Morfin, T.-S. Nguyen, N.-T. Nguyen, J. Nelayah, C. Ricolleau, M. Latroche, and L. Piccolo, 

Nanoscale 6, 9955 (2014).  
[6]  C. Goyhenex and L. Piccolo, Phys. Chem. Chem. Phys. 19, 32451 (2017).  
[7]  C. Zlotea, Y. Oumellal, K. Provost, F. Morfin, and L. Piccolo, Appl. Catal. B 237, 1059 (2018).  
[8]  A. Kaftan, F. Kollhoff, T.-S. Nguyen, L. Piccolo, M. Laurin, and J. Libuda, Catal. Sci. Technol. 6, 818 

(2016).  
[9]  L. Piccolo, Z. Y. Li, I. Demiroglu, F. Moyon, Z. Konuspayeva, G. Berhault, P. Afanasiev, W. Lefebvre, J. 

Yuan, and R. L. Johnston, Sci. Rep. 6, 35226 (2016).  
[10] I. Demiroglu, T. Fan, Z. Li, J. Yuan, T. Liu, L. Piccolo, and R. L. Johnston, Faraday Discuss. 208, 53 (2018). 

Recognising multiple scanning probe tip states in real time with convolutional neural network ensembles 

O M Gordon1, P D’Hondt1, L Knijff2, S E Freeney2, F LQ Junqueira1, P J Moriarty1 and I Swart 2  

1University of Nottingham, UK, 2Utrecht University, Netherlands  

One of the largest obstacles facing scanning probe microscopists is the constant need to correct flaws in the 
scanning probe. Imperfections, such as blunt or "double" tips, often appear in the tip apex spontaneously during 
experimental sessions, creating image artefacts. Although atomically sharp tips are readily created ex situ[1, 2], 
correcting flaws in situ is currently a manual, time-consuming process that would benefit greatly from automation. 
Despite this, there have been surprisingly few attempts to date to do so [3-5], most of which have a variety of 
pitfalls, ranging from low accuracy and high complexity to low degrees of automation. Here, we demonstrate a 
convolutional neural network protocol that enables near-perfect, fully automated recognition of different scanning 
probe tip states for images of H:Si(100)[6]. By combining the best performing models into a majority voting 
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ensemble, we find that the states can be distinguished with a mean precision of 0.89 and an average area under 
the receiver operator characteristic curve of 0.95. High and lowquality tips can be distinguished with high accuracy 
at a mean precision of 0.96 and near perfect area under curve of 0.98. Similarly, we achieve areas under curve of 
over 0.90 and precision of over 0.80 by classifying line scans in real time, rather than full SPM images. We also 
demonstrate the viability of extending our protocol to other surfaces (with trivial modifications) by achieving similar 
successes with Au(111) and Cu(111) [7]. 

 

 

 

 

Figure 1: Selection of images demonstrating key tip states for STM imaging of H:Si(100). (a) Ball-and-stick model of atomic 
structure of H:Si(100); (b) atomic resolution; (c) asymmetry; (d) dimer resolution; (e) row resolution; and (f) bad/blurry. The tip 

can also spontaneously change during imaging, resulting in the horizontal discontinuity in (e). 

 

 

 

 

 

Figure 2: Confidence thresholds for an ensemble of CNNs used to categorise images of the H:Si(100) tip states of 
asymmetry/dimer, individual atoms, rows, bad/blurry and tip change respectively. Correct predictions are shown in green, with 

incorrect in red. 

[1]  M. Rezeq, J. Pitters, and R. Wolkow, Journal of Chemical Physics 124, 204716 (2006).  
[2]  M. Li, et al., Journal of Raman Spectroscopy 47, 808 (2016).  
[3]  R.A.J Wooley, et al., Applied Physics Letters 98, 25 (2011).  
[4]  J.C Straton, et al., Crystal Research and Technology 49, 663 (2014).  
[5]  M. Rashidi and R.A Wolkow, ACS Nano (2018).  
[6]  A. Sweetman, et al., Beilstein Journal of Nanotechnology, 3, 25 (2012).  
[7]  The authors gratefully acknowledge M. Møller for collecting the H:Si(100) dataset, N. Landon for their 

help classifying the dataset, code contribution and general assistance, and R.A Wolkow for their guidance 
and time. 

Enhanced catalytic activity of MoS2 nanoclusters for the hydrogen evolution reaction by Ni-doping and sulphur-
enrichment  

Y Niu1, D Escalera-López2, N V Rees2 and R E Palmer1  

1Swansea University, UK, 2University of Birmingham, UK  

The discovery of highly active and low-cost electrochemical catalysts is a crucial challenge for the development of 
efficient hydrogen technologies. Molybdenum disulfide (MoS2) is an earth-abundant material and considered a 
promising candidate for electrocatalytic applications such as the hydrogen evolution reaction (HER). DFT 
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calculations have demonstrated that transition metal (Fe, Co, Ni) doping of MoS2 should increase the activity in the 
HER. Here we discuss a novel one-step strategy for the preparation of Ni-doped transition metal-MoS2-x hybrid 
clusters, based on dual-target magnetron sputtering and gas condensation [1]. The structure and composition of 
the clusters are analyzed by aberrationcorrected scanning transmission electron microscope (STEM) in high-angle 
annular dark field (HAADF) mode coupled with EDX. From the electrochemical measurements, the NiMoS2-x 

nanoclusters display a favourable 100 mV shift in the HER onset potential and an almost 3-fold increase in 
exchange current density compared with undoped MoS2 clusters. It is believed that sulfur atoms at the edge sites of 
the MoS2 layers make the main contribution to the HER catalytic activity. Thus we focus on exploring sulfur-
enrichment of (massselected) MoS2-x clusters, via sulfur evaporation and cluster annealing under vacuum conditions 
[2,3]. Sulfur addition leads to MoS2+x clusters with well-developed crystalline structure instead of poorly ordered 
layer structures, and significantly enhances the activity in the HER, with 200 mV shifts to lower HER onset potentials 
and more than a 30-fold increase in exchange current density.  

 

 

 

 

 

 

 

 

 

Fig. 1. MoS2 nanocluster modification by Ni-doping and sulfur-enrichment. 

[1]  D. Escalera-López, Y. Niu, J. Yin, K. Cooke, N. V. Rees, and R. E Palmer, ACS Catalysis 6: 6008–6017 
(2016).  

[2]  Y. Niu, S. Park, R. E. Palmer, Inorganics 5:1 (2016)  
[3]  D. Escalera-López, Y. Niu, S. Park, M. Isaacs, K. Wilson, R. E. Palmer, N. V. Rees, Applied Catalysis B: 

Environmental 235: 84-91 (2018). 

Session 8 

(Invited) The interplay between the surface chemistry and surface electronic properties of wide bandgap oxide 
semiconductors  

A R McNeill, R M Gazoni, R J Reeves, A J Downard and M W Allen 

University of Canterbury, New Zealand 

Transparent wide bandgap semiconducting oxides such as ZnO, SnO2, and Ga2O3 are technologically important 
materials as their unusual combination of n-type conductivity and transparency in the visible spectrum, as well as 
their high breakdown field strengths, are extremely useful in a wide range of potential applications, such as solar 
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cell electrodes, thin film transistors for electronic displays, transparent gas/biological sensors, and power electronic 
devices.  

The electronic properties of their surfaces are particularly interesting as they show fundamental differences in band 
bending, electron density, and the location of their charge neutrality levels, all of which have important 
consequences for the performance of metalsemiconductor contacts to these materials. This is somewhat surprising 
considering that under most conditions, their bare surfaces are all usually terminated with (at least) a monolayer 
coverage of hydroxyl groups.  

We have used core-level and valence band synchrotron X-ray photoelectron spectroscopy and atomic force 
microscopy to study the bare surfaces of ZnO, SnO2, and Ga2O3 and to examine the relationship between the 
surface hydroxyl coverage and surface band bending. We have also explored the covalent attachment of organo-
phosphonic and aryl-diazonium derived molecules to the surfaces of ZnO, SnO2, and Ga2O3 [1,2]. Aryl-diazonium 
grafted layers with electron withdrawing nitro- and trifluoromethyl- substituents were found to significantly decrease 
the electron density at ZnO and SnO2 surfaces and produce a significant upward shift in their surface band bending, 
while the self-assembly of organophosphonic monolayers produced downward shifts in band bending regardless of 
the nature of their substituents, due to the electron donating nature of the phosphonic acid head group. We will 
show that the electronic nature of oxide semiconductor surfaces can be selectively modified using covalently 
attached organic molecules with important consequences for the fabrication of electronic devices such as field 
effect transistors and biological sensors. 

 

 

 

 

 

Figure 1: Aryl-diazonium grafting on ZnO surfaces [2] 

[1]  A. R. McNeill et al. ACS Appl. Mater. Interfaces 8, 31392 (2016).  
[2]  A. R. McNeill et al. J. Phys. Chem. C 122, 12681 (2018). 

Imaging of topological insulator single crystal surfaces under electrochemical control  

C Yang1, Y Huang2, M Golden2 and W Schwarzacher1 

1H. H. Wills Physics Laboratory, UK, 2University of Amsterdam, the Netherlands 

We use electrochemical scanning tunnelling microscopy (EC-STM) to characterize single-crystal surfaces of the 
model topological insulators Bi2Te0.9Se2.1 and Bi2Se3 in-situ under electrochemical control for the first time.  EC-STM 
images with nanometre resolution reveal details of the defects formed as a result of electrochemical oxidation. 

Bi2Se3 consists of strongly-bonded quintuplets with the layer structure Se - Bi - Se - Bi - Se. These quintuplets are 
weakly bonded to each other via van der Waals interactions. Bi2Te0.9Se2.1 is expected to have the same structure, 
except with approximately 50% Te and 50% Se in the outermost layers.  

The figures present examples of the phenomena that we observe for these samples.  Figure 1 shows the Bi2Te0.9Se2.1 

surface during electrochemical oxidation at a potential of 0.1 V with respect to a polypyrrole (ppy) quasi-reference 
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electrode (approximately +0.31V with respect to saturated calomel electrode). Dissolution starts with pits having a 
depth of 1 or 2 nm, corresponding to 1 or 2 quintuple layers and continues by lateral expansion of the pits leaving a 
smooth surface behind.  In this example, the tip contributes to the dissolution process.  Figure 2 shows the oxidation 
of Bi2Se3 at the same potential.  In this case, however, the oxidation potential was applied for fixed intervals with the 
EC-STM tip withdrawn and the surface was imaged after returning to -0.4V vs. ppy where no further reduction takes 
place. Again, pits are observed that nucleate progressively.  A particularly interesting feature is the decoration of 
step edges and pit rims with clusters that are likely to be formed by redeposition of the products of the oxidation 
reaction. 

 

 

 

 

 

Figure 1. Revolution of Bi2Te0.9Se2.1 at 0.1V vs ppy. 

 

 

 

 

 

 

Figure 2. Bi2Se3 characterized by “jumping and freeze” process. 

Investigating and influencing on-surface covalent-coupling reactions  

C J Judd1, F L Q Junqueira1, S L Haddow1, D A Duncan2, R G Jones1, N R Champness1 and A Saywell1  

1University of Nottingham, UK, 2Diamond Light Source, UK 

The on-surface synthesis of covalently bonded molecular frameworks offers a promising route towards custom 1D 
and 2D materials.[1] Such on-surface reactions, in which the substrate itself may be employed as a catalyst, 
potentially provide alternative reaction pathways to those available in solution-phase synthesis. In order to gain 
control over the efficiency and selectivity of these reactions an appreciation of the underlying mechanism is 
required: specifically with regards to the role of substrate chemistry and topography. These molecule-surface 
systems are readily studied by scanning probe microscopy (SPM) techniques, allowing identification of the 
covalently bonded products, as well as intermediate states, and additional chemical analysis can be provided by 
photoelectron spectroscopy measurements. Here we present details from our recent studies, illustrating aspects of 
on-surface synthesis including; (i) the influence of surface topography on the reaction pathway,[2] (ii) the effect of 
utilising a porous self-assembled molecular overlayer as a template to confine reactions on a catalytic surface (see 
Figure 1), [3] and (iii) details of surface adatoms participating in the formation of metal-organic intermediate 
structures. The reactions studied are based upon Ullmann-type on-surface coupling performed on metallic 
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substrates held under ultra-high vacuum (UHV) conditions, and are characterised via scanning tunnelling 
microscopy (STM) and synchrotron based X-ray standing wave (XSW) measurements. 

 

 

 

 

 

Fig. 1. Details of the porous hydrogen-bonded supramolecular network, formed on Ag(111), and employed as a template for 
adsorption of the reactive 1,3,5-tris(4-iodophenyl)benzene (TIPB) species (see Ref [3] for additional details). (a) Chemical 

structures of melamine (left) and PTCDI (right)— directional hydrogen‐bonds indicated. (b) Schematic of hexagonal network. (c) 
STM image showing the hexagonal network formed from PTCDI‐melamine on Ag(111). Image parameters: V(sample‐bias) = 

+1.8 V, I(set‐point) = 50 pA, acquired at room temperature. (d) Scheme illustrating the progression of the on-surface reaction 
of TIPB within the porous molecular on Ag(111) – iodine atoms of TIPB indicated in red. (e) STM image showing a single 
dissociated TIPB molecule trapped with a molecular pore (position of iodine atoms and the TPB core of the molecule are 

indicated). Image parameters: V(sample-bias) = -1.8 V, I(set-point) =10 pA, acquired at ~78K. 

[1]  Fan, Q.; Gottfried, J. M.; Zhu, J. Acc. Chem. Res. 48, 2484–2494 (2015).  
[2]  Judd, C. J.; Haddow, S. L.; Champness, N. R.; Saywell, A. Sci. Rep. 7, 14541 (2017).  
[3]  Judd, C. J.; Champness, N. R.; Saywell, A. Chem. – Eur. J. 24, 56–61 (2018). 

Graphene based electrochemical biosensor for high sensitivity detection of dementia biomarkers  

H Abbasi, M Ali, R Bigham, A Devadoss and O J Guy  

Swansea University, Swansea  

The current diagnostic procedures of Alzheimer’s Disease are difficult and there are no treatments available that 
prevent this condition. Therefore, there is a continuing demand for fast and simple analytical methods for the 
determination of many clinical and biochemical parameters [1,2]. Rapid detection of low concentration of specific 
analytes in small sample volumes is critical in the early point-of-care diagnosis. Electrochemical biosensors are 
particularly attractive owing to their higher sensitivity and specificity for the detection of biological species. Herein, 
we report the high sensitivity detection of Amyloid Beta (Aβ), using ultra-thin polymer layers modified screen printed 
graphene electrodes. Typically, the graphene screen printed electrodes were modified with ultra-thin polymer layers 
of 1,5-diaminonaphthalene [3]. It is observed that the controlled electropolymerization of DAN monomer offers 
continuous polymer layers with controlled thickness. The surface characteristics of pure and polymer modified 
graphene was examined. As anticipated, the number of surface amine groups increases with increase in the layer 
thickness. The effects of polymer thickness on the electron transfer rates were studied in detail. Immunosensor for 
the selective detection of Beta Amyloid proteins was developed via biofunctionalization of Aβ antibody and the 
efficiency of the polymer modified graphene towards neurobiomarker detection was explored.  

[1]  Kang, Da-Yeon, et al. "Ultra-sensitive immunosensor for β-amyloid (1–42) using scanning tunneling 
microscopy-based electrical detection." Biosensors and Bioelectronics 24.5 (2009): 1431-1436.  

[2]  Hampel, Harald, et al. "Biological markers of amyloid β-related mechanisms in Alzheimer's disease." 
Experimental neurology223.2 (2010): 334-346.  
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Fig. 1. STM image of the reaction of HCl with a 
Cu/O surface together with a model of the 

Cu(II)Cl2 structure 

[3]  Devadoss, A., Forsyth, R., Bigham, R., Abbasi, H., Ali, M., Tehrani, Z., Liu, Y. and Guy, O., 2019. Ultrathin 
Functional Polymer Modified Graphene for Enhanced Enzymatic Electrochemical Sensing. Biosensors, 9(1), 
p.16. 

Session 9 

(Invited) Near-ambient pressure X-ray photoelectron spectroscopy of metal oxides and perovskites 

A Thomas 

University of Manchester, UK 

The ability to carry out photoelectron spectroscopy at “realistic” pressures in real time has led to a wealth of new 
information regarding reaction mechanisms at the surface of technologically important materials. Metal oxides are 
widely used in novel solar devices, catalysis and biomaterials, and in all of these applications the interaction with 
water and other small molecules is of significant interest. Post-mortem measurements of reactions on surfaces, 
where a substrate is exposed to reactants and then examined with XPS, mean that intermediate reactions are 
missed, species can desorb from the surface under ultra-high vacuum conditions or reactions may not occur under 
high vacuum conditions (~10-6 mbar) the limit of traditional XPS measurements. In addition, some materials react 
so quickly with the atmosphere that degradation products are formed before they can be analysed. Here recent 
results using lab-based and synchrotron radiation photoelectron spectroscopy at near ambient pressures will be 
presented, demonstrating the reaction of CO and H2O with Ag clusters on metal oxides, reaction of CO with surface 
adsorbed amino acids as a potential CO2 capture system and the degradation of ultrathin methylammonium lead 
iodide films deposited in vacuum, during exposure to water at realistic vapour pressures. 

(Invited) Closing the chlorine cycle  

P R Davies1, D J Willock1, D Lennon2, S Guan1, D J Morgan1, Giovanni Rossi2, John Winfield2, Peter Wells3, Emma 
Gibson2, June Callison4 and Giovanni Rossi2  

1Cardiff University, UK, 2Glasgow University, UK, 3Southampton 
University, UK, 4Diamond Light Source, UK 

There is a high global demand for phosgene as a feedstock for the 
preparation of isocyanates which in turn are used to make 
polyurethanes, a globally important light weight, robust and 
transparent polymer used in many types of manufacturing. Typically, 
phosgene production is undertaken alongside isocyanate production 
facilities as part of an integrated chemical complex. Chlorine, as a 
component of phosgene, is a major feedstock in the process but no 
chlorine is incorporated into the isocyanate product, it all ends up as 
HCl which represents a significant burden to the manufacturer and to 
the environment.[1] In this talk we will discuss recent work[2] 
investigating the potential of an oxychlorination process cycle 
capable of producing phosgene whilst consuming the HCl by-
product of isocyanate manufacturing. This would provide a closed 
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Fig. 1. Photograph of the model battery 
constructed at the HIPPIE beamline. 

cycle for chlorine with enormous environmental benefits and potential cost savings for industry. The fundamental 
mechanism of the formation of phosgene has been explored using a combination of surface science data on model 
copper chlorides, DFT calculations of the reaction mechanism, EXAFS and XANES measurements of the catalyst in-
situ and measurements of the kinetics of the catalytic reaction. 

[1]  F. Cavani, Catalytic selective oxidation: The forefront in the challenge for a more sustainable chemical 
industry, Catal. Today. 157 (2010) 8–15. doi:10.1016/j.cattod.2010.02.072.  

[2]  S. Guan, P.R. Davies, E.K. Gibson, D. Lennon, G.E. Rossi, J.M. Winfield, J. Callison, P.P. Wells, D.J. Willock, 
Structural behaviour of copper chloride catalysts during the chlorination of CO to phosgene, Faraday 
Discuss. 208 (2018) 67–85. doi:10.1039/C8FD00005K. 

This work was supported by the UK Catalysis Hub Consortium and funded by EPSRC (grants EP/ I038748/1, 
EP/I019693/1, EP/K014706/1, EP/K014668/1, EP/K014854/1, EP/K014714/1 and EP/M013219/1). 

Probing electrochemically controlled solid/liquid interfaces with XPS  

R Temperton1, C Holc1, R Jones1, A Shavorskiy2, D Walsh1, L Johnson1 and J O’Shea1  

1University of Nottingham, UK, 2Max-IV Laboratory, Sweden 

Ambient pressure (AP) XPS instrumentation has become commonplace at modern synchrotron radiation facilities 
and the ever increasing number of lab-source instruments is improving the accessibility of this exciting technique. 
The community is therefore in the natural phase where its capability is being pushed to attempt to tackle new and 
exciting challenges. One such example is the solid-electrolyte interface in batteries. Here a stepchange in 
technology is required before we will see true mass adoption of advanced applications like electric vehicles. Given 
this demand for new scientific advances it is of no surprise there is a lot of excitement about the potential of 
electrochemical AP-XPS instrumentation - many synchrotron facilities are thus investing in this area. This talk comes 
in two halves: Firstly, a review of the various approaches and availability of in-operando electrochemical AP-XPS. 
Second, we present two case studies showing early results from two different instruments providing a more in-depth 
look at the specific challenges and limitations. 

The “dip and pull” method is becoming a dominant approach. 
Electrodes are submerged and withdrawn from a liquid reservoir 
so that a thin meniscus is drawn up the electrodes. Here it is 
possible to measure the solid-electrolyte interface whilst 
maintaining the potentials on the electrodes. We present results 
from a commissioning study of the dip and pull endstation at the 
HIPPIE beamline at MAX-IV laboratory (Sweden) that aimed to 
study the growth of solid-electrolyte interphases in lithium-ion 
batteries. It is the buildup of this potentially unstable thin film, 
which is not well understood, that limits battery capacity and in 
the worst case causes short circuit conditions resulting in fire. A three electrode setup was used with LiCoO2 as 
counter and reference electrodes and LiPF6 in propylene carbonate as an electrolyte. Several working electrodes 
were used (ranging from simple Cu foil to a novel Li-rich electrode material). As well results, we will also share 
lessons learnt by participating in this commissioning study which could be invaluable to anyone wishing to attempt 
similar experiments. 
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We will also present a new design of electrochemical cell under development in Nottingham (for use with the 
HIPPOLYTA lab source AP-XPS instrument). This cell, built onto a standard SPECS sample plate, shows promising 
early results (shown in Fig. 2) where Cu was successfully electroplated onto an Au working electrode and monitored 
in-operando. The basic operation relies on the wicking of electrolyte up a very fine mesh (an “off the shelf” 
consumable) resulting in a low cost approach that is compatible with a large number of the AP-XPS instruments 
available worldwide. 

 

 

 

Fig. 2. a) Photograph of electrochemical cell using at Nottingham University. (b) In-operando measurement of the Cu 2p region 
whilst a voltage was held between electrodes. (c) Comparison of Cu 2p region before and after electroplating. 

Reversible CO2 capture by a superbasic ionic liquid studied with near-ambient pressure X-ray photoelectron 
spectroscopy  

Z Henderson1, A G Thomas2, M Wagstaffe2, S F R Taylor2, C Hardacre2 and K L Syres1  

1University of Central Lancashire, UK, 2University of Manchester, UK 

Ionic liquids (ILs) are of significant interest as CO2 capture agents. The regeneration of some ionic liquids after CO2 
capture is a relatively low energy process compared to current industrial solutions such as monoethanolamine. 
Amine functionalised ILs have been shown to increase CO2 absorption at atmospheric pressures, however, these ILs 
become viscous as CO2 is absorbed which limits further uptake and diffusion into the liquid. One subgroup of ILs 
that has shown particular promise is that of superbasic ILs [1]. They can absorb large quantities of CO2 in the dry 
state and do not undergo a large viscosity increase upon CO2 uptake. However, they do exhibit a reduced capacity 
for CO2 absorption when the IL is prewetted [2]. This could be problematic for CO2 capture on an industrial scale 
since flue gases consist of a complex mixture of gases, including CO2 and H2O.  

In work presented here, the superbasic IL trihexyl-tetradecylphosphonium benzimidazolide [P66614][benzim] (Figure 
1) was exposed to 3 mbar CO2, 2 mbar H2O vapor, and a CO2 + H2O gas mixture and investigated using near-
ambient pressure X-ray photoelectron spectroscopy. The results show that the IL reacts with CO2 to form carbamate, 
and that the reaction is reversible through reduction of the surrounding gas pressure. Regardless of whether the IL 
was exposed to CO2 or H2O vapor first, the presence of H2O under these experimental conditions does not 
significantly hinder its ability to absorb and react with CO2. Furthermore, the IL appears to preferentially react with 
CO2 over H2O vapor. 
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Figure 1. Trihexyl-tetradecylphosphonium benzimidazolide, [P66614][Benzim]. 

[1]  M. Mercy, S.F.R. Taylor, J. Jacquemin, C. Hardacre, R.G. Bell, N.H. de Leeuw, Physical Chemistry Chemical 
Physics 17 (43), 28674 (2015).  

[2]  S.F.R.Taylor, C. McCrellis, C. McStay, J. Jacquemin, C. Hardacre, M. Mercy, R.G. Bell, N.H. de Leeuw, 
Journal of Solution Chemistry 44 (3), 511 (2015). 

Session 10 

Multiplexed biosensing for disease diagnosis and health monitoring  

S R Teixeira and P Galvin 

Tyndall National Institute, Ireland  

As we move into an era of personalised medicine, future healthcare will be underpinned by the early diagnosis and 
monitoring of diseases using near patient systems that detect selected biomarkers. Multiplexed biosensors can be 
used to detect a spectrum of disease specific biomarkers, informing clinical decisions, both in terms of disease 
progression and therapeutic efficacy. This new generation of biosensing technologies will deliver advanced 
minimally invasive diagnostics. With results feeding directly into the electronic patient records, this will facilitate 
reduced costs, and greater efficacy through the patient care pathway. Novel biomarkers are being developed for 
early detection and diagnosis, and to inform therapeutic programmes leading to improved patient outcomes.  

The Author gratefully acknowledges the contributions of the SFI Insight centre for data analytics. 

Diamond and cBN surfaces as templates for the epitaxial growth of 2D overlayers  

J A Durk1,2, B P Reed1,2,3, S P Cooil1,4, Di Hu1, A Can5, M Motchelaho5 and D A Evans1  

1Aberystwyth University, UK, 2EPSRC Centre for Doctoral Training in Diamond Science and Technology, UK, 3National 
Physical Laboratory, UK, 4NTNU, Norway, 5Element Six Ltd, UK  

There is considerable interest in the fabrication and electronic properties of graphene and related 2D materials, 
such as hexagonal boron nitride (hBN), for low-dimensional materials engineering. [1]  

Previous work has demonstrated the conversion of diamond substrates into high-quality graphene with large 
domains, via transition-metal-induced catalytic conversion of surface atoms from sp3 to sp2 bonded carbon. [2,3] 
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This method enabled epitaxial growth at lower temperatures than both metal-free graphitisation and conventional 
CVD growth. Modern advancements in sintering of polycrystalline cubic boron nitride (PcBN) have made possible 
comparative methodology for mediated growth of low-dimensional hBN regions.  

In-situ deposition and annealing cycles were performed, and through use of real-time photoelectron-based 
methods, the proliferation of BN through a metallic overlayer was observed with temperature dependence. Boron 
and nitrogen K-edge spectra of the nearedge X-ray absorption fine structure (NEXAFS) allowed for clear 

determination of hexagonal phase, due to the emergent -  * transition state not present in the cubic phase. [4]  

The results indicate that controllable growth of single and multilayer hBN is feasible, given precise control over 
substrate temperature, polish and pre-treatment. Taking advantage of known key growth factors in the diamond-
graphene system, this technique may provide a new alternative source of high-quality low-dimensional hBN for 
graphene-based electronic devices.  

[1]  C. R. Dean et al., “Boron nitride substrates for high-quality graphene electronics.,” Nat. Nanotechnol., 5, 
10, 722, (2010).  

[2]  S. P. Cooil et al., “Controlling the growth of epitaxial graphene on metalized diamond (111) surface,” 
Appl. Phys.Lett., 107, 18, (2015).  

[3]  S. P. Cooil et al., “Iron-mediated growth of epitaxial graphene on SiC and diamond” Carbon 50, 14, 5099 
(2012).  

[4]  D. A. Evans et al., “Locating hexagonal and cubic phases in boron nitride using wavelength-selective 
optically detected x-ray absorption spectroscopy,” Appl. Phys. Lett., 89, 161107 (2006). 

Surface and interface science advances for the fabrication of As-in-Si nanoelectronic devices  

N Curson1, T Stock1, O Warschkow2, J Li3, M van Loon1, E Crane1, P Constantinou1, E Hofmann1, S Fearn4 and S 
Schofield1 

1London Centre for Nanotechnology, UK, 2University of Sydney, Australia, 3University of Surrey, UK, 4Imperial College 
London, UK 

In recent years the application of scanning tunnelling microscopy - hydrogen desorption lithography (STM-HDL) has 
been developed and utilized to great effect. Atomic scale devices can now be fabricated by positioning phosphorus 
(P) atoms in a silicon (Si) surface with near atomic precision. Expanding STM-HDL fabrication to include multiple 
species of dopant impurity atoms would provide new possibilities for device structure and function. Here we 
demonstrate that an alternative dopant, arsenic (As), can be fully integrated into the fabrication scheme. In order to 
develop this technology we performed detailed surface chemistry studies using STM and density functional theory 
(DFT), and showed that a number of subtle, but important differences exist in the XH3/Si(001) systems when 
changing dopant X from P to As i.e. phosphine to arsine. These differences have important implications for 
advanced device fabrication strategies. Also of great technological importance to device fabrication is the evolution 
of the interface formed between a heavily doped silicon surface and an epitaxial silicon capping layer. We use 
secondary ion mass spectroscopy (SIMS) and electrical transport measurements to the determine properties of 
interface, and in particular the segregation and electrical activation of the dopants. Finally, we provide the first 
demonstration of nanoscale device structure patterning in Si using the two unique donor species (P and As) within a 
single Si plane. 
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Session 11 

(Invited) Photoelectron characterisation of diamond and nanodiamond surfaces 

A Evans 

Aberystwyth University, UK 

Diamond has many similarities to its ubiquitous neighbour silicon and their related compound semiconductors. It 
has a similar crystal structure and can be fabricated with high purity in epitaxial and polycrystalline films, 
heterostructures and nanostructures. However, it is more resilient in extreme environments, is transparent to visible 
light and is non-toxic. Its main limitation is the tendency of carbon to form sp2-bonded structures rather than sp3 
crystals under normal conditions, although this can be exploited for example in the fabrication of epitaxial 2-
dimensional layers1.  

Diamond’s surfaces and interfaces are often crucial in key technologies such as electrochemistry, biotechnology 
and quantum technology. Photoelectron spectroscopy and electron diffraction remain important tools in the study of 
surfaces and low dimensional materials but as the complexity increases and dimensions reduce, the limitations of 
these methods become increasingly challenging to overcome. For example, the need for a vacuum environment, 
damage at high energies, material conductivity and limited time, energy and spatial resolution. Progress in 
addressing these challenges will be reviewed, using examples drawn from applications of diamond and 
nanodiamond science and technology.  

The major technological advance in recent years is the improvement in electron detection using efficient arrays and 
improved electron optics2. The reduced acquisition time has enabled the real-time monitoring of surface processing, 
for example the vacuum deposition of metal contacts on semiconducting diamond to reveal correlations between 
the interface chemistry and the transition from ohmic to rectifying contacts at high temperature3. This approach has 
also been used to monitor the adsorption and desorption of molecules on diamond and nanodiamond surfaces, for 
example to probe the oxidation and reduction of diamond surfaces for electron emission and electronics 
applications4 and the control of surface spin states that can adversely affect quantum technology applications 
where qubits are located close to the surface5.  

Improved instrumentation has also significantly improved the measurement of electronic band-structures, for 
example in substrate and adsorbate interaction with 2-d materials1. The spatial resolution limitation has been 
addressed by developments in photoelectron emission microscopy, in particular coupled to synchrotron radiation 
and electron diffraction, for example, revealing the onset and growth of monolayer and multilayer epitaxial graphene 
on the diamond (111) surface1,   As many surface processes are not normally carried out in vacuum, there has 
been a surge in interest in the application of photoelectron spectroscopy in near-ambient environments. This has 
been applied to the oxidation and reduction of nanodiamonds and their interaction with biomedical molecules in 
environments closer to their in-vivo applications.   

[1] S.P. Cooil et al, Appl Phys Lett 107, 181603 (2015) 
[2] D.P Langstaff et al, Nucl Inst Meth B 238 1-4 (2005) 219-223 
[3] D.A. Evans, et al, Appl Phys Lett 91, 132114 (2007) 
[4] G. T. Williams et al, Appl Phys Lett 105, 061602 (2014) 
[5] S.Sangtawesin, et al, arXiv:1811.00144 [cond-mat.mtrl-sci] (2018) 

42



 

Controlling and relating defects in ZnO nanowires and nanosheets to electrical conductivity and contact type 

C J Barnett, T Maffeis, A R Barron and R J Cobley 

Swansea University, UK 

Zinc Oxide (ZnO) is a metal oxide semiconductor with a wide band gap of 3.37 eV and a large exciton binding 
energy of 60 meV [1]. As well as being biocompatible and biodegradable, ZnO is also piezo electric, transparent 
and can form numerous nanostructures such as nanowires, nanospheres and nanosheets. These properties have led 
to a large amount of scientific research in recent years in the fields of bio-sensors, gas sensors and nanoscale 
electronics [2].  

In order for these types of devices to operate efficiently, the electrical properties of ZnO should be tailored to 
optimize device operation in particular the resistance and the contact type. There have been a number of studies 
reported in the literature that provide methods such as plasma treatment, to enhance the conductivity of ZnO 
nanostructures and therefore improve device operations [3,4]. Here we investigate the effects of annealing and 
argon bombardment on the electrical resistance, contact type and defect chemistry of ZnO nanostructures.  

ZnO nanowires and polycrystalline nanosheets were synthesized hydrothermally using water baths and 
commercially available microwave ovens. These nanostructures were then characterized using scanning electron 
microscopy (SEM), nanoscale 2-point probe (2pp), xray photon-electron spectroscopy (XPS), energy dispersive x-
ray spectroscopy (EDX) and photoluminescence (PL). The nanowires and nanosheets were then subjected to argon 
bombardment and annealing and re characterized. 

Our results show that both argon bombardment and annealing can remove surface contamination improving the 
consistency of the contact and the interface and reducing overall resistance. Our results also show that annealing 
can cause changes to defect chemistry, while argon bombardment can remove the near surface of the 
nanostructures reducing defects (suggesting that the defects are situated in the near surface), both of which can 
change the contact types as well as overall resistance.  

The work presented here provides two methods of controlling the defect chemistry which we have linked to the 
conduction characteristics, both contact type and resistance. Therefore, we believe it is possible to tailor ZnO 
electrical properties, by controlling the defects, to optimize device operation.  

[1]  L. Schmidt-Mende,, J.L. MacManus-Driscoll, Mater. Today. 10, 40-48 (2007).  
[2]  H. Cheng, et al., J. Cryst. Growth. 299, 34-40 (2007).  
[3]  H.W. Ra, et al., Mater. Lett. 63, 2516-2519 (2009).  
[4]  J.B.K. Law, J.T.L. Thong, Nanotechnol. 19,. 205502 (2008). 

Extremely high anisotropy due to hybridization in Co/C60 interfaces 

T Moorsom1, S Alghamdi1, M Beg2, H Fangohr2, G Teobaldi3, M Rogers1, T Prokscha4, M Ali1, B J Hickey1 and O 
Cespedes1  

1University of Leeds, UK, 2European XFEL, Germany, 3STFC, UK, 4Paul Scherrer Institute, Switzerland 

Molecule-metal interfaces possess interesting electrostatic and spintronic properties due to -3d orbital 
hybridization and spin polarized electron transfer. These surface properties have been shown to control spin 
injection processes in organic spintronic devices. [1,2] The degree to which molecules can be used to control the 
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properties of metal surfaces is still being elucidated. [3] In particular, it is now evident that a molecular films can 
completely change the magnetic properties of transition metals. [4,5] 

We have measured an unprecedentedly large BHmax energy product in Co/C60 bilayers, exhibiting coercivity up to 0.9 
T and energy products as large as 356 kJ/m3 at low temperatures. We demonstrate how this is due to symmetry 
breaking at the Co/C60 interface which results in the formation of a spin dependent interfacial dipole. The resultant 

surface pinning causes the bilayer to behave as an 
exchange spring, significantly increasing its energy 
product without compromising magnetization. This 
effect does not rely on magnetic order in the 
molecular film, demonstrating that exchange bias 
and unidirectional anisotropy can be achieved purely 
through modifying the interface of a magnetic thin 
film. This description not only explains the pinning 
observed in CoC60 films, but also explains the 
paradoxically high exchange bias observed in 
Co/MnPc bilayers. [6] This study presents a 
breakthrough in the use of molecular materials to 
engineer the magnetic properties of thin films, an 
exploration of the fundamental limits of exchange 
bias and surface anisotropy and a possible route 
towards a new type of rare-earth free permanent 
magnet. 

Fig 1. a. Hysteresis loop at 3 K for a Co/C60 bilayer showing unprecedentedly high coercivity and irreversible depinning of the 
interface. b. Dependence of the energy product of a. with temperature, showing a transition associated with the C60 rotational 
degree of freedom. c. Susceptibility of a. for various reversal fields, showing an exchange-spring-like reversal mechanism. 

[1]  C Barraud et al, Nature Physics, 6, 615-620, 2010.  
[2]  S Sanvito, Nature Physics, 6, 562-564, 2010.  
[3]  M Cinchetti et al, Nat. Mat. 16, 507-515, 2018.  
[4]  T Moorsom et al, Phys Rev B. 90, 125311, 2014.  
[5]  F Al Ma’Mari et al, Nature, 524, 69-73, 2015.  
[6]  M Gruber et al Nat. Mat. 14, 981-984, 2015. 

In Situ Metal Electroplating for High Energy and High Power rechargeable batteries 

F Mazzali, M W Orzech, A Adomkevicius and S Margadonna  

Swansea University, UK  

In the context of increased demand for renewable energy, portable electronic devices and electric vehicles, the 
availability of energy storage systems with high specific energy as well as fast recharging times and specific power 
has become a global challenge. Much research is currently devoted to the development of pseudo-capacitors and 
hybrid capacitors with the aim of bridging the gap between high specific energy secondary batteries such as Li-ion-
(LIBs) and high-power supercapacitors. An interesting approach to high specific power and energy is to re-think the 
full cell architecture and employ a new concept “anode-free” metal plating battery where plating/stripping is carried 
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Figure 1 Nonlocal manipulation of aromatic molecules on Si. Bright 
spots are Si atoms and dark spots - toluene molecules. B. STM image 
taken after injecting 1010 electrons into the white ‘X' in A. A large area 

around the injection site is cleared from molecules. 

out in situ on a substrate during operation.1 In this case, the source of ions is the cathode material, while the anode 
is just a current collector. By adopting this simplified “anode-free” architecture, high specific energy can be coupled 
with fast charging/recharging times as the slow kinetics associated with the intercalation into a bulk anode material 
(such as hard carbon that suffers from deteriorating electrochemical properties with increasing current rates) are 
replaced with a faster surface-based mechanism.  

Here, the design of anode-free sodium-ion and magnesium-ion batteries is presented and their performances 
discussed in terms of reduced mass, high energy densities and high power capabilities. For instance, a cell 
consisting of an Iron Hexacyanoferrate - reduced Graphene Oxide composite as cathode material coupled with a 
carbon coated aluminum foil substrate for in situ plating/stripping of Na metal can deliver up to 340 Wh/kg and 
500 W/kg retaining 80% in 250 cycles, with the possibility of delivering 9000 W/kg at very fast current rates.2 
Bridging the boundaries between batteries and supercapacitors, our research aims to expand the range of possible 
applications for rechargeable batteries. 

Session 12 

(Invited) Hot electrons: a new source of light on the nanoscale 

R M Purkiss, P A Sloan and K R Rusimova 

University of Bath, UK 

Scanning tunnelling microscopy (STM) is a versatile tool, which for the last 30 years has allowed us to image, 
manipulate, and study the electronic structures of single atoms, molecules, and surfaces. Recently, my team at the 
University of Bath (and in collaboration with the University of Birmingham) were at the forefront of a few notable 
step-changes in the field of STM. For the first time in 2015 we showed that a technique known as ‘nonlocal atomic 
manipulation’ can be used to map out the dynamics of hot electrons, those with energies much higher than their 
thermal energy (1). We were then able to push this technique to its limit and demonstrated unprecedented insight 
into the dynamics of hot electrons before their first scattering event, i.e. before they have lost their coherence (2). 
Most recently, this year we demonstrated that the STM tip can controllably quench the lifetime of a molecule in its 
excited state, hence offering a new dial on atomic manipulation by providing the ability to control the outcome of 
chemical reactions (3).  

Here, we look at the light output from an 
STM tunnel junction. Previously, it has been 
suggested that the mechanism of scanning 
tunnelling microscopy luminescence is through 
the decay of a surface plasmon. However, we 
show that light emitted by injecting electrons 
into a silicon surface, follows the same energy 
dependence as that observed in nonlocal 
molecular manipulation (see Figure 1), where 
decaying hot electrons cause the desorption 
of molecules tens of nm away from the STM 
tip. This equivalence between the two 
processes provides us with more detailed 
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energy resolution of the initial and final states of the photoemitted charge carriers. On the other hand, designing the 
properties of these quantum states may allow us to fabricate a tuneable nanoscale source of light. 

[1]  Lock, D., Rusimova, K. R., Pan, T. L., Palmer, R. E. and Sloan, P. A., Nat Comms, 6, 8365 (2015). 
[2]  Rusimova, K. R., Bannister, N., Harrison, P., Lock, D., Crampin, S., Palmer, R. E., Sloan, P. A., Nat Comms, 

7, 12839 (2016). 
[3]  Rusimova, K. R., Purkiss, R. M., Howes, R., Lee, F., Crampin, S., Sloan, P. A., Science, 361 (6406), 1012-

1016 (2018). 

(Invited) Model oxide surfaces to elucidate the factors controlling oxygen evolution in electrolysers 

I E L Stephens 

Imperial College London, UK 

Water electrolysis provides the ideal means of storing surplus electricity in the form of a solar fule, hydrogen. It turns 
out that oxygen evolution, which occurs at the anode controls the overally efficiency of a water splitting electrolyser. 
It is particularly challenging to catalyse oxygen evolution under the acidic conditions of polymer electrolyte 
membrane (PEM) electrolysers. All compounds, apart from IrOx and RuOx, are catalytically inactive or unstable. In 
alkaline electrolysers, a wider range of materials are available, including non precious metals such as NiFeOx. There 
are many open questions regarding the (a) the active site for oxygen evolution (b) the relationship between activity 
and dissolution (c) means of improving the stability.  

I will present a series of works where we address some of the questions.1-4 The catalysts under investigation include 
single crystals, model-size selected nanoparticles, commercial high surface area catalysts, sputtered films and 
oriented thin films of oxides based on RuOx, NiFeOxHy, MnOx and IrOx. We have probed these surfaces with 
electrochemical measurements, X-ray photoelectron spectroscopy, low energy ion scattering spectroscopy, electron 
microscopy, X-ray absorption spectroscopy, crystal truncation rod measurements, electrochemical mass 
spectrometry and density functional theory calculations. 

[1] Frydendal, R., Paoli, E. A., Chorkendorff, I., Rossmeisl, J. & Stephens, I. E. L. Adv. Energy Mater. 5, 
1500991, (2015). 

[2] Rao, R. R., Kolb, M. J., Halck, N. B., Pedersen, A. F., Mehta, A., You, H., Stoerzinger, K. A., Feng, Z. X., 
Hansen, H. A., Zhou, H., Giordano, L., Rossmeisl, J., Vegge, T., Chorkendorff, I., Stephens, I. E. L. & Shao-
Horn, Y. Energy Environ. Sci. 10, 2626, (2017). 

[3] Roy, C., Sebok, B., Scott, S. B., Fiordaliso, E. M., Sørensen, J. E., Bodin, A., Trimarco, D. B., Damsgaard, 
C. D., Vesborg, P. C. K., Hansen, O., Stephens, I. E. L., Kibsgaard, J. & Chorkendorff, I. Nature Catalysis 1, 
820, (2018). 

[4] Roy, C., Rao, R. R., Stoerzinger, K. A., Hwang, J., Rossmeisl, J., Chorkendorff, I., Shao-Horn, Y. & 
Stephens, I. E. L. ACS Energy Letters, (2018). 
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Metallization of self-assembled monolayers by coordination-controlled electrodeposition  

Z Yao, A Di Falco and M Buck  

University of St Andrews, UK 

The combination of self-assembled monolayers (SAMs) and electrochemistry offers interesting perspectives for 
nanotechnology due to the high spatial resolution defined by SAMs, and the precision and simplicity afforded by 
electrochemistry. With SAMs serving to control both electrochemical activity and adhesion, a cyclic scheme has 
been devised [1] comprising electrodeposition of metal micro/nanostructures and subsequent lift-off.  

To advance this process to the bottom end of the nanoscale, an exact control of the deposition process down to the 
molecular level is required. A key aspect of SAM-controlled electro-metallization is the extent to which metal 
nucleation can be controlled. Contrasting conventional SAM-templated deposition [1], where the resolution is 
limited by random distribution of defects in a SAM, the approach taken here harnesses molecular properties. A two-
step scheme combining complexation of metal ions to a SAM and their electrochemical reduction [2-4] promises 
better control over metal nucleation and growth.  

Exploring this coordination-controlled deposition scheme towards the generation of ultra-small metal structures, we 
investigate the formation of Pd/Cu structures which are generated via complexation of Pd2+ ions to a pyridine 
terminated thiol SAM on Au (111) electrode followed by an electrochemical reduction in an acidic CuSO4 
electrolyte. Cyclic voltammetry (CV), chronoamperometry, and photoelectron spectroscopy (XPS) reveal the seeding 
effect of Pd on the Cu deposition. By optimizing conditions, metal layers with an average thickness of less than 3 
nm can be formed. Furthermore, patterned metal layers with dimensions ranging from the micrometer to the sub-10 
nanometer range can be created using scanning probe lithography or electron beam lithography. The relationship 
between the deposition condition and the morphology of the metal deposit is investigated with a range of 
techniques including scanning tunneling microscopy (STM) and atomic force microscopy (AFM). 

[1]  Z. She, et al., Beilstein. J. Nanotechnol. 3, 101 (2012).  
[2]  C. Silien, et al., Langmuir 27, 2567 (2011).  
[3]  T. Baunach, et al., Adv. Mater. 16, 2024 (2004).  
[4]  O. Shekhah, et al., Phys. Chem. Chem. Phys. 8, 3375 (2006). 

Towards motion based chemical contrast in Helium Scattering 

N Avidor 

University of Cambridge, UK 

Helium Atom Scattering (HAS) offers some unique 
properties for studying surfaces, but is considered to lack 
general mechanisms for chemical contrast. In search for 
such a mechanism, I am exploring the idea of Motion 
Based Chemical Contrast (MBCC): the dynamics 
parameters of individual species may serve as surface-
specific signature with which one can chemically analyse 
a multi-species system. Recent results from a 
computational study on bi-species system suggest that at 
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dilute adsorbate densities, the inter-cell (“slow”) diffusion can be sufficient for resolving the partial density of 
adsorbate from the total line-shape, and at higher surface densities, the intra-cell motion, which is less sensitive to 
inter-adsorbate interactions, can reveal the partial density.  

In the talk, I will introduce Helium Spin Echo spectroscopy [1,2] which enables us to measure the ultra-fast 
molecular dynamics at the surface. I will then present a few case-studies of single-species measurements, to 
demonstrate how and why the surface dynamics can be a useful fingerprint of the adsorbates. Lastly, I will discuss 
in more details results from my recent computational study which suggest that MBCC may indeed be  feasible. 

[1]  Progress in Surface Science, 84(11-12), pp.323-379 (2009) 
[2]  Journal of Physics: Condensed Matter, 19(30), p.305001 (2007) 
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Poster session 1 

(P1) Alloyed and core-shell Au/Ag nanoislands prepared by annealing of sputtered layers  

O Kvitek, V Havelka, A Reznickova and V Svorcik  

University of Chemistry and Technology Prague, Czechia  

Noble metal nanostructures are recently a popular scientific research topic thanks to their unique properties making 
them interesting for applications in catalysis, biochemistry, electronics and optoelectronics [1]. Methods to prepare 
thin metal films (e.g. physical or chemical vapour deposition) on various substrates are well known and developed 
through their wide utilization in industry. More recently a particular effect to alter the structure of thin metal films 
during annealing at relatively low temperatures was described as “solid state dewetting”, where the substrate-film 
interfacial energy drives restructuring of the metal layer at elevated temperatures according to the Young-Laplace 
equation [2]. In this work we have been able to manipulate the structure of the metal layers on glass substrate. 
Successive deposition of Ag and Au and annealing at 300°C for 2 h was used to prepare bimetallic nanostructures 
and changing the order of the preparation steps we were able to achieve either alloyed or core-shell structures 
similarly to the method proposed by Kracker et al [3]. The successful preparation of the aforementioned structures 
was confirmed by UV-Vis spectroscopy, where samples with the same composition and similar morphology showed 
very different absorption spectra due to the different Ag/Au distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 AFM images of alloyed (A) and core-shell (B) Ag/Au nanoislands and UV-Vis spectra of alloyed (C) and core-shell (D) 
Ag/Au nanoinslands prepared from 1-50 nm layer of Ag and 10 nm of subsequently deposited Au. 

[1]  H. Gleiter, Nanostruct. Mater. 1, 1-19 (1992).  
[2]  C.V. Thompson, Annu. Rev. Mater. Res. 42, 399-434 (2012).  
[3]  M. Kracker, C. Worsch, C. Bocker, C. Rüssel, Thin Solid Films 539, 47-54 (2013). 
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(P3) Electrochemical modification and characterization of topological insulator single crystals 

C Yang1, M Cattelan1, Y Huang2, M Golden2 and W Schwarzacher1 

1University of Bristol, UK, 2University of Amsterdam, the Netherlands 

We electrochemically modified single-crystal samples of the topological insulator (TI) Bi2Te0.9Se2.1 and compared 
them with thiol functionalized samples and freshly cleaved/ air exposed control samples using X-ray photoelectron 
spectroscopy (XPS). Cyclic voltammetry (CV) was used to determine the potentials at which electrochemical 
oxidation or reduction take place as well as to establish a potential window in which the sample does not react.  

Figure 1 presents CVs of a freshly cleaved Bi2Te0.9Se2.1 TI sample. The red trace is the first cycle while the blue one is 
part of the second cycle. The purple squares mark oxidation/reduction potentials at which the electrochemical 
oxidation and reduction experiments were performed. XPS spectra for a TI sample maintained at -0.3 V for 2 hours 
with respect to a mercury-mercurous sulfate reference electrode demonstrate the feasibility of protecting the TI 
surface from oxidation while working in an electrochemical environment. Deliberate electrochemical oxidation, 
achieved by applying a more positive potential to the sample, in contrast, generates prominent Bi, Te and Se peaks 
associated with oxidation. However, this change is reversible, as further XPS spectra following electrochemical 
reduction of the same sample are similar to those measured for an in-situ cleaved sample. XPS also shows that 
adsorption of pentanedithiol (PDT) protects the TI surface from oxidation while adsorption of pentanethiol (PT) is 
much less effective at protecting the surface. 

Our work shows that electrochemical methods provides a simple and highly controllable means of modifying and 
characterizing TI surface chemistry. 

 

 

 

 

 

 

 

 

 

 

Figure 1. CVs of a freshly cleaved Bi2Te0.9Se2.1 single crystal sample. purple squares mark the potentials at which the 
electrochemical oxidation and reduction experiments were performed. 
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(P5) Surface modification of graphene for lab-on-chip with rapid biomarker detection  

Z Tehrani, A Devadoss, E Daghigh Ahmadi, J Mitchell, R Bigham, M Ali, H Abbasi, F Walters and O Guy 

Swansea University, UK 

Graphene is a 2D material with unique electrical and mechanical properties. Graphene devices and sensors promise 
to be a disruptive technology in next generation electronics and sensors - due to graphene’s exceptional electronic 
properties and aptitude for chemical modification Novel graphene sensor technology used to develop sensors, 
based on chemically functionalised graphene microchannels [1-3], and their application in lab-on-chip POC (Point-
of-Care) diagnostics will be presented. There are several advantages of graphene sensors over alternative sensor 
platforms such as carbon nanotubes (CNTs) or silicon nanowires (SiNWs). The main benefits of graphene for sensing 
applications will be highlighted in a comparison with other materials. Real time sensing using graphene Field Effect 
Transistors (FETs) will be presented. Important considerations for processing of samples using microfluidics and lab-
on-chip technology will also be discussed, including developments in integration of diagnostics with therapeutics, 
“theranostics”. 

[1]  Z. Tehrani, G. Burwell, M. A. M., Azmi and O. J. Guy, 2D Materials. 1,1-19 (2014)  
[2]  M.A.M. Azmi, Tehrani, Z., D. R. Daniels, S. H. Doak, O. J.Guy, Biosensors & Bioelectronics, 52, 216-224, 

(2014).  
[3]  A. Devadoss, R. Forsyth, R. Bigham, H. Abbasi, M. Ali, Z. Tehrani, Y. Liu, O.J. Guy, Biosensors, 9(1), 16, 

(2019) 

(P7) Electronic defect states induced in Graphene Nanoribbons by surface confined hydrogenation  

Y-Y Sung, H J Chandler, H Vejayan, N V Richardson, F Grillo and R Schaub  

University of St Andrews, UK  

Among two-dimensional materials, graphene has an immense potential in numerous applications, especially in 
electronic devices [1]. However, a limiting factor is the semi-metal nature of graphene, with zero band gap. 
Therefore, it is necessary to generate a finite gap at the Dirac points [2]. The main concepts for controlling the band 
gap are structural and electronic functionalization, such as inducing periodic alterations [3], doping [4], and 
fabricating confined structures [5]. Recent studies have reported on the preparation of different types of graphene 
nanoribbons (GNRs) through a bottom-up synthesis method with a dedicated precursor [5]. Our research focuses 
on hydrogenating GNRs, as a way to purposefully tailor the band gap. In this process, hydrogen interacts with GNRs 
and creates short-range disorder to modify the electronic structure of GNRs. To date, the results of the 
hydrogenation reaction and its consequences on the electronic properties have merely been studied through 
theoretical calculations [6,7]. Here, we report on experimental studies of the surface-confined hydrogenation of 7-
armchair graphene nanoribbons (7-AGNRs). GNRs are prepare following a well-known method [5], and partially 
hydrogenated by exposure to activated H atoms. The reaction is traced through high resolution electron energy loss 
spectroscopy (HREELS) and inelastic electron tunnelling spectroscopy (IETS). Scanning tunnelling microscopy (STM) 
reveals two distinct hydrogen coordination sites at the ribbon edges. Scanning tunnelling spectroscopy (STS) shows 
the evolution of the local density of states (LDOS) upon hydrogenation. In all cases, our experiments demonstrate 
the successful modification of the electronic properties by edge hydrogenation. Our results are further supported by 
previous theoretical calculations. 
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Fig. 1. (a) Schematic illustration of the hydrogenated AGNR fabrication steps. Representative topographic STM images of 7-
AGNRs acquired (b) before and (d) after hydrogenation. Out-of-phase dI/dV STM imaging (also referred to as bondresolved 

imaging) acquired with a CO functionalized tip (c) before and (e) after hydrogenation. 

[1]  P. Avouris, Nano Lett., 11, 4285 (2010).  
[2]  K. S. Novoselov, A. K. Geim et al., Phys. Status Solidi B, 81, 4106 (2007).  
[3]  J. Eroms and D. Weiss, New J. Phys., 11, 095021 (2009).  
[4]  X. Wang, H. Dai et al., Science, 324, 768 (2009).  
[5]  J. Cai, R. Fasel et al., Nature, 466, 470 (2010).  
[6]  Y. H. Lu, Y. P. Feng et al., Appl. Phys. Lett., 94, 122111 (2009).  
[7]  D. H. Choe, J. Bang et al., New J. Phys.,12,125005 (2010) 

(P9) Controlling the Toxicity of Zinc oxide nanowires (ZnONWs)  

C Louka1,2,3, L Charlet2,3,4,5,6,7, M Clift1, S Lehmann2,3,4,5,6,7 and T G Maffeis1   

1Swansea University, UK, 2Universite Grenoble Alpes, France, 3Univ. Savoie Mont Blanc, France, 4CNRS, France, 
5IRD, France, 6IFSTTAR, France, 7ISTerre, France  

The Zinc oxide (ZnO) nanomaterials market worth a couple of billions of dollars per year, due to their unique 
characteristics[1] . These properties include anti-microbial activity, piezoelectricity. A direct wide band gap and 
attractive optoelectronic behavior [2,3] . ZnO nanomaterials are used in a range of applications, for example, ZnO 
nanoparticles (ZnONPs) are already being used in cosmetic products, paints and coating [1,2] . Even though 
ZnONPs are the most frequently used ZnO nanomaterial, ZnO nanowires (ZnONWs) have many potential 
applications. Current applications of ZnONWs range from sensors to wearable electronics and biomedical 
applications [2,4] . Because of the applications of ZnONWs, direct exposure to human and human skin is inevitable; 
therefore, their toxicity needs to be investigated. The current project was constructed to examine the toxicity of 
ZnONWs in vitro (skin cells model) and correlate potential toxicity to physicochemical characterization like 
size/particle and surface properties. The synthesis of ZnONWs was done via hydrothermal method, with Na2CO3 and 
ZnCl2 at 140oC for 4-6hrs in an autoclave and filtered. SEM and TEM imaging employed to investigate their surface 
and size. ZnONPs and ZnCl2 (as zinc ion model) were employed and their toxicity to skin cells compared with 
ZnONWs. Both physicochemical characterization and toxicity studies confirmed that ZnONWs are toxic at 20µg/mL 
and above (until 160µg/mL zinc equivalent) and ZnONWs toxicity is ion related (zinc dissolution) since they had the 
same toxic effect as ZnONPs and ZnCl2. In order to try to control the dissolution (and consequently the toxicity) of 
ZnONWs, a TiO2 shell was deposited via Atomic layer deposition (ALD). Further SEM and TEM images of the TiO2 
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coated ZnONWs were done to investigate their coat thickness and surface. Future plans involve testing the TiO2 
coated ZnONWs in skin cells and co-culture skin model (2 different cells to be used). 

[1] Yashwant Singh Sahu Nano zinc oxide market by Application (Paints & Coatings, Cosmetics, and Others) - 
Global Opportunity Analysis and Industry Forecast, 2014- 2022. 2016, 
https://www.alliedmarketresearch.com/nano-zinc-oxide-market [Feb 18 2019].  

[2]  Zhang, Y.; Nayak, T.R.; Hong, H.; Cai, W. Biomedical applications of zinc oxide nanomaterials. Current 
molecular medicine 2013, 13(10), 1633–45 10.2174/1566524013666131111130058.  

[3]  Bondarenko, O.; Juganson, K.; Ivask, A.; Kasemets, K.; Mortimer, M.; Kahru, A. Toxicity of Ag, CuO and 
ZnO nanoparticles to selected environmentally relevant test organisms and mammalian cells in vitro: A 
critical review; 2013, 10.1007/s00204-013- 1079-4.  

[4]  Lee, T.; Lee, W.; Kim, S.W.; Kim, J.J.; Kim, B.S. Flexible Textile Strain Wireless Sensor Functionalized with 
Hybrid Carbon Nanomaterials Supported ZnO Nanowires with Controlled Aspect Ratio. Advanced 
Functional Materials 2016, 26(34), 6206–6214 10.1002/adfm.201601237. 

(P11) A theoretical investigation of the Schottky Barrier and exploring tunability at the SrRuO3/SrTiO3 and 
SrRuO3/SrHfO3 [001] interfaces within DFT and NEGF frameworks 

K Raghuraman and M K Niranjana  

Indian Institute of Technology, India 

Metal – semiconductor junctions have a special significance for study because of their widespread use in 
semiconductor technology. To this end, several models have been proposed, both computational and theoretical, to 
explain the physics governing these contacts. The traditional models like density functional theory provide a 
reasonable qualitative result. However, for comparison with experimental results and a more complex understanding 
further enhanced methods like DFT+U, Meta-GGA pseudopotentials or Non-Equilibrium Green’s Function Methods 
must be used.  

Recently, Non-equilibrium Green’s Function (NEGF) methods have generated renewed interest1. NEGF methods 
allow us to simulate a more realistic picture of metal-semiconductor interfaces and allow for a better comparison 
with experimental results.  

In this work, we look at the schottky contact between SrRuO3/SrTiO3 and SrRuO3/SrHfO3 [001] interfaces. This 
system is a contact between a ferro-magnetic and metallic SrRuO3 and widebandgap SrTiO3 and SrHfO3. The 
dependence of planar averaged potential (parallel to interface plane) with respect to applied potential and the 
Local Device Density of States for various applied potentials give us a good picture of the depletion zone and the 
behaviour of the Schottky barrier. 
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(P13) A first-principles investigation of structural and electronic properties of AgNbO3 (001) surfaces 

P Karuna Kumari and M K Niranjan 

Indian Institute of Technology, India 

The silver niobate, AgNbO3 (ANO) is a highly promising substitute material for toxic lead-based piezoelectrics and 
has a wide range of technological applications [1]. Ab-initio calculations of ANO surface characteristics are useful to 
understand processes in which surfaces play a primary role, such as the chemistry of surface reactions, adsorption, 
and interface phenomena. We present the surface electronic structure and surface energetics of the AgNbO3 (0 0 1) 
surface with AgO- and NbO2-terminations using the projected augmented wave method (PAW) under local density 
approximation (LDA) within the first-principles density functional theory. The computed percentage surface rumpling 
is found to be positive and is nearly similar at the top surface layer for both AgO- (+7.85) and NbO2-termination 
(+7.49). The AgO- (NbO2-) terminated surfaces show the reduction of interlayer distance Δd12 -11.62 (-0.88) and 
expansion of interlayer distance Δd23 +2.41 (+1.44) respectively. Localized surface states are found on the top of 
the valence bands protruding into the band gap of ANO for NbO2-terminated surface. Unlike the NbO2-terminated 
surface, the surface states are not formed in the ANO band gap in the case of the AgO-terminated surface. The 
planar averaged charge density along the slab axis projected onto these states confirms the localization of the 
states at the surface and are formed by lone-pair oxygen 2p orbitals which lie perpendicular to Ti–O–Ti bonds in the 
top surface layer. It is observed that both AgO- and NbO2-terminated surfaces can be thermodynamically stable. 
Under AgO-rich condition, the energy of AgO-terminated surface is lower than NbO2-terminated surface by ~381 
erg/cm2, and under NbO2-rich conditions, the NbO2-terminated surface has lower energy than AgOterminated 
surface by ~1466 erg/cm2. At about, ~-0.36 eV, the energy crossover takes place under AgO rich conditions. A 
comparison of surface electronic structure and surface energy can be drawn between ANO (001) surfaces and the 
counterparts of ABO3 (A = Pb, Ba, Sr, K; B= Ti, Nb) materials. More detailed experiments on the surface electronic 
structure and surface energies are necessary for validating theoretical predictions further. 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Calculated (LDA) density of states of (a) AgO- (b) NbO2-terminated ANO (001) supercell (c) The planar-averaged 
charge density along the slab axis for the localized surface band. The vertical dotted line represents the surface boundary (d) 

Charge density contours for surface states near the Fermi level of NbO2-termination. 

[1]  Gao, Jing, Lei Zhao, Qing Liu, Xuping Wang, Shujun Zhang, and Jing Feng Li, Journal of the American 
Ceramic Society 101 (12), 5443-5450 , (2018). 
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(P15) Band alignment analysis of 2D SnS with Anatase (101), Rutile (110), and ZnO (100) by x-ray photoelectron 
spectroscopy 

R A Jones1, D Lewis1, K Syres2, Z Li3, P O’Brien1 and A G Thomas1  

1University of Manchester, UK, 2University of Central Lancashire, UK, 3Aarhus University, Denmark 

Dye, quantum dot and perovskite sensitised metal oxides are a subject of intensive research. An alternative 
approach to sensitising surfaces is to use small band gap 2-D materials, such as chalcogenides where the band gap 
can be tuned by varying the number of layers [1]. In order for such devices to operate the relative positions of 
valence and conduction bands of the sensitiser and n-type material is important.  

Here we report on the measurement of band alignment of 2-D SnS deposited on anatase (101) surface by x-ray 
photoelectron spectroscopy (XPS). The 2-D SnS was obtained by liquid-phase exfoliation and deposited directly 
onto an anatase (101) single crystal surface, which had been cleaned under ultra-high vacuum conditions. To 
determine the alignment the valence band offset for the heterojunction n-TiO2/p-SnS was measured using soft XPS 
which gave an overlap of 0.55 eV. The band gap of 2-D SnS was determined using UV/Vis spectroscopy and 
literature values were used for the anatase TiO2 band gap (3.2 eV) [2]. This allowed determination of the conduction 
band position. Here we show that the interface between p-SnS and single crystal anatase phase n-TiO2 has a type II 
offset. Under the same conditions Rutile (110) and ZnO (100), with bandgaps of 3.0 eV [3] and 3.3 eV [4] 
respectively, also demonstrated a type II offset interface with 2-D SnS. Rutile (110) and ZnO (100) showed larger 
overlaps with 2-D SnS of 0.9 eV and 0.7 eV respectively.  

[1.]  J. Brent, D. Lewis, T. Lorenz, E. Lewis, N. Savjani, S. Haigh, G. Seifert, B. Derby, and P. O’Brien, J. Am. 
Chem. Soc., 2015, vol.137, issue 39, 12689–12696 

[2.]  L. Kavan, M. Gräizel, J. Rathousk, and A. Zukalb, J. Electrochem. Soc. 1996 vol. 143, issue 2, 394-400.  
[3.]  B Poumellec, P J Durham and G Y Guo, J. Phys: Condensed Matter, 1991 vol. 3, issue 42.  
[4.]  S. Major, A. Banerjee, and K.L. Chopra, Thin Solid Films, 1983, vol. 108, no. 3, 333–340. 

 (P17) Operando characterization of oxide-supported bimetallic methane oxidation catalysts  

A Large1,2,3, G Held1,2, T Eralp-Erden3, R Bennett1 and F Venturini2  

1University of Reading, UK, 2Diamond Light Source, UK, 3Johnson Matthey Technology Centre, UK  

Natural gas engines have received a lot of attention over recent years, as a cleaner alternative to traditional 
combustion engines. Whilst they are certainly beneficial in terms of carbon dioxide and particulate emissions, 
quantities of unburnt methane may be released, and so exhaust catalysts are required to convert this unburnt 
methane to less harmful products.  

Near ambient pressure x-ray photoelectron spectroscopy (NAP-XPS) is a technique which provides quantitative 
chemical analysis of surface in gaseous conditions. This allows us to study surfaces in reaction conditions, bridging 
the "pressure gap" between traditional atmospheric pressure activity studies and ultrahigh vacuum surface science 
studies.  

A range of alumina-supported monometallic and bimetallic catalysts have been prepared with total PGM loadings of 
up to 5 wt. %. Initial SCAT results showed that Pd catalysts outperformed Pd-Pt and Pt catalysts in oxygen rich and 
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lean mixtures under dry conditions (see Fig. 1a). Pd catalysts showed strong deactivation in water, though this effect 
was decreased with the addition of Pt. It is also clear that increased oxygen concentration increases methane 
activation over Pd catalysts, whilst having the opposite effect on Pt catalysts. The lower activity of Pt catalysts can 
be attributed to the higher particle dispersion and smaller particle sizes, which were observed by CO chemisorption 
and TEM respectively. The smaller particles cannot activate methane as readily, and Pt suffers from strong oxygen 
adsorption compared to Pd.  

A range of catalysts have been studied using NAP-XPS, under both dry and wet conditions, to aid understanding of 
the activity differences and water deactivation. There is a clear difference in the ratio of Pd(0):Pd(II) (an example is 
given in Fig. 1b) at full conversion under dry and wet conditions, and further experiments will be performed to 
understand the effect that the Pd:Pt ratio has on this behaviour.  

Strong particle size effects were noted in previous work by this group[1], and to investigate this further model 
catalysts will be prepared with well-defined particle sizes. Additional NAP-XPS experiments will be performed with 
switching lean and rich gas feeds, and with catalysts calcined at higher temperatures, to help develop 
understanding of the palladium surface states under reaction conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Methane oxidation activity curves for various alumina-supported catalysts, under dry (methane & oxygen) and wet 
(methane, oxygen & water) conditions; (b) NAP-XPS data for a 4 wt.% Pd + 1 wt.% Pt on alumina catalyst under dry and wet 

conditions at various temperatures. 

[1]  R. Price, et al., Top. Catal. 59, 516-525 (2016). 

(P19) The role of atomic oxygen in the decomposition of self-assembled monolayers during dielectric deposition  

A Brady-Boyd1, R O’Connor2, S Armini3, V Selvaraju2 and J Bogan2  

1Aberystwyth University, Wales, 2Dublin City University, Ireland, 3IMEC, Belgium  

Area selective deposition (ASD) is proposed as a method for preferentially depositing a material on a specific area 
on the surface while the remainder is left uncoated, giving control over a deposited thin film in the horizontal plane. 
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The need for ASD is becoming a key issue for the manufacture of IC chips especially in the back end of line (BEOL). 
With the microelectronics industry continued downward scaling of technology nodes, it is becoming vital to develop 
new ways to master selective deposition of materials at the nanoscale preferably without the use of lithographic and 
etching steps, which can be time-consuming and expensive. One approach being adopted to achieve ASD is 
through the use of selfassembled monolayers (SAMs) which can assist in the patterning of microscale and 
nanoscale features [1]. The adaptability of the SAM chemistry makes them a prime candidate for selectively 
adhering to particular sections of the surface allowing them to block any subsequently deposited material. The ASD 
process using SAMs is shown in Figure 1.  

The deposition of metal oxides and dielectrics by ALD, typically requires oxygen as a coreactant derived either from 
water, for example in the standard Al2O3 process, or an oxygen plasma during plasma-enhanced ALD. Although the 
use of plasma allows for a greater range of materials to be deposited, at lower temperatures the films are not as 
conformal or uniform, and they are known to cause damage to the underlying layers [2]. Atomic oxygen has been 
used as an ion-free alternative to O2 plasma as it has the capacity to be less aggressive because it is a low-energy 
treatment that is also electrically neutral [3].  

In an attempt to understand the contribution of atomic oxygen to the decomposition of selfassembled monolayers, 
the current study examines the impact of controlled atomic oxygen exposures of two SAMs which are of interest for 
ASD applications. This atomic oxygen treatment essentially mimics the oxidation pulse performed during the ALD 
cycle without the presence of other species. The stepwise treatment of the DETA SAM is highly controlled using 
successive 100 Langmuir (L) exposures and examined using XPS measurements. The impact of these small atomic 
oxygen exposures is compared with much larger 1000L exposures, and the changes induced on the DETA SAM 
terminated SiO2 substrate is examined. The same process is followed for the carbon-terminated OTMS, although 
larger 500L exposures are used. The etch rate of each SAM is studied. 

 

 

 

 

Figure 1 Schematic showing the ASD process using a SAM as a blocker. 

[1]  S. Herregods et al., “Vapour phase self-assembled monolayers for ALD blocking on 300mm wafer scale,” 
in Euro CVD-21 - Baltic ALD-15, 2017, no. June, pp. 2–4.  

[2]  H. Kim and I. Oh, “Review of plasma-enhanced atomic layer deposition : Technical enabler of nanoscale 
device fabrication Review of plasma-enhanced atomic layer deposition : Technical enabler of nanoscale 
device fabrication,” Jpn. J. Appl. Phys., vol. 53, p. 03DA01 1-7, 2014.  

[3]  J. Bogan et al., “In-situ surface and interface study of atomic oxygen modified carbon containing porous 
low-κ dielectric films for barrier layer applications,” J. Appl. Phys., vol. 120, no. 10, p. 105305, 2016. 
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(P21) Analysing rotational control molecular beam surface science experiments  

H Chadwick1, Y Alkoby1, H Labiad1, O Godsi2 and G Alexandrowicz1  

1Swansea University, UK, 2Technion – Israel Institute of Technology, Israel  

The collision of molecules with surfaces plays an important role in a wide range of processes including 
heterogeneous catalysis, etching and atmospheric chemistry. Probing these collisions at a molecular level can help 
to obtain a fundamental insight into these interactions. A recently developed molecular beam interferometry 
technique [1], which uses magnetic fields to achieve initial quantum state selection of para-hydrogen as well as to 
manipulate the populations of the different mJ levels, provides a method of changing the direction of the plane of 
rotation of the hydrogen with respect to the surface. This allows us to determine how this changes the probability 
that the molecule is scattered from the surface. Fitting the data from these experiments provides information about 
the scattering matrix which links the initial and final quantum states of the H2. These can also be calculated using 
theoretical methods, meaning the experimental scattering matrices can, in principle, provide a stringent test of any 
theoretical description of the gas-surface interaction.  

In this work, we present a study of how reliably the scattering matrices can be determined from the experimental 
data. To do this, we simulated an experimental signal (an example of which is shown in Fig 1 in black) where the 
scattering matrix is known. The simulated data was then fit (red dashed line) in several different ways to obtain a 
scattering matrix which was then compared to the original matrix to assess the validity of the method. We will show 
the results of these tests, as well as giving an overview of the information about the scattering matrix we can and 
cannot extract from the experimental data. 

 

 

 

 

 

 

 

 

 

Fig 1. Example of a simulated experimental signal (black solid) and a fit to the data (red dashed). 

[1]  O. Godsi, G. Corem, Y. Alkoby, J. T. Cantin, R. V. Krems, M. F. Somers, J. Meyer, G.J. Kroes, T. Maniv, G. 
Alexandrowicz, Nature Communications, 8, 15357 (2017). 
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(P23) Epitaxial growth of YPtSb on c-plane sapphire by DC magnetron co-sputtering 

M Vaughan and G Burnell 

University of Leeds, UK 

YPtSb is a half Heusler alloy (HHA) that is a potential topological insulator (TI), importantly applying strain opens a 
band gap to allow for the observation of the topological surface states associated with TIs [1]. By using co-
sputtering and growing on a c-plane sapphire substrate we can grow highly order HHA phase, and by using x-ray 
crystallography and TEM we can observe a strong preference for the [111] orientation as well as applied strain by 
lattice mismatch (Fig: 1). Low temperature transport measurements of YPtSb shows a weak semiconductor and low 
carrier density of 3x1020cm-3 but as of yet no clear signs of topological phase. Since the lattice constant is similar 
for other half Heusler alloys like YPtBi and YbPtBi co-sputtering should also work well with these materials extending 
the options for other possible TIs by this method. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: TEM of YPtSb grown epitaxially on c-plane sapphire. Highly Crystalline film orientated with the substrate and strain in the 
plane. 

[1]  Stanislav Chadov et al., Nature materials, 9(7):541-5 (2010). 

(P25) Combined electron and optical spectroscopy of diamond surfaces  

J Ash1,2, D Hu1, S P Cooil1,3, N P De Leon4 and D A Evans1  

1Aberystwyth University, Wales, 2EPSRC Centre for Doctoral Training in Diamond Science and Technology, UK, 
3Norwegian University of Science and Technology, Norway, 4Princeton University, USA 

The negatively charged Nitrogen Vacancy (NV- ) centre in diamond has been shown to possess desirable properties 
for use in quantum technologies [1]. In applications based on the NV centre where the NV centres are located close 
to the diamond surface, it has been shown that correct preparation of the surface is crucial [2]. The key issue is to 
control surface spin states using a combination of surface processing steps monitored using surface science 
methods such as electron spectroscopy in combination with optical, electrical and spin methods.  
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We have developed a combined fabrication and characterisation system to study the optical and electrical 
properties of surfaces. This system provides the ability to perform a variety of parallel spectroscopic techniques in-
situ. These include XPS, UPS, AES, cathodoluminescence, photoluminescence and Raman Spectroscopy over a 
temperature range between 77K and 1000K. In-situ surface modification includes thin film deposition and ion 
sputtering and implantation.  

Using a CVD grown, oxygen-terminated (001) diamond surface as an example, we have monitored the electronic 
and optical properties over a range of temperatures between 77 K and 1000 K. In this range, physical and chemical 
changes in the bulk diamond to reveal distinct regimes of O desorption and their influence on the surface band 
bending, near-surface defects and surface conductivity. 

[1]  X. Song, et al., Generation of nitrogen-vacancy color center in nanodiamonds by high temperature 
annealing, Appl. Phys. Let., 102, 133109, (2013)  

[2]  S. Sangtawesin, B. L. Dwyer, N. P. D. leon, et al., Origins of diamond surface noise probed by correlating 
single spin measurements with surface spectroscopy, arXiv:1811.00144v1 

(P27) Cluster beam deposition of preformed Pd clusters for vapour phase 1-pentyne hydrogenation 

R Cai1, P R Ellis2, C M Brown2, T Mathieu3, V Oiko3, P T Bishop2 and R E Palmer1 

1Swansea University, UK, 2Johnson Matthey, UK, 3University of Birmingham, UK 

While size-selected clusters have applications in areas such as catalysis, nanomaterials and biochips, the 
advancement of the field is limited by the low size-selected cluster current, ~ 0.1 nA, currently available [1~3]. A 
solution to this problem may be offered by a radical new instrument, the Matrix Assembly Cluster Source (MACS), 
with the potential to produce size-selected clusters in great abundance (even up to >1 g/hour, i.e. an increase of 7 
orders of magnitude). Following proof of principle studies, here we validate the catalytic performance of Pd cluster 
catalysts made by MACS for a model catalytic reaction, selective 1-pentyne hydrogenation. Their catalytic activity 
was compared with a Pd reference sample made by wet impregnation. The catalytic results showed that the Pd 
cluster catalyst is more active (per unit weight) and more stable than the Pd reference sample [4]. Aberration-
corrected STEM characterizations of the cluster size evolution, before and after reaction demonstrate that the 
observed robust activity for the Pd cluster catalyst was associated with the pre-sputtered defects, which we 
employed to immobilize the clusters on the support. Moreover, the superior catalytic activity could be associated 
principally with the smaller cluster size than the Pd reference sample, which provides more specific surface area for 
the reaction. However, it was also found that the surface Pd atoms from a larger Pd cluster are more active than 
those from a smaller cluster. This is presumably because compared with smaller Pd clusters, 1-pentyne molecules 
are more likely to bind to larger clusters accommodating a lower-energy-barrier mode (carbon-carbon triple bonds 
lie on the cluster surface). In addition, no synergetic effect was found in Pd/Au cluster catalysts. The observed 
similar activities (per surface atom) from the Pd and Pd/Au cluster catalysts could be attributed to surface 
oxidation, which can drive the Pd atoms to the cluster surface, thus forming a similar Pd surface as pure Pd clusters. 
Our study presents a new method to make physically deposited practical cluster catalysts with high catalytic 
activity. 

[1]  I. X. Green, W. Tang, M. Neurock, J. T. Yates Jr., Science, 333, 736, (2011) 
[2]  R.E. Palmer, C. Leung, Trends Biotechnol, 25, 48, (2007) 
[3]  S. Pratontep, S. J. Carroll, C. Xirouchaki, M. Streun, R. E. Palmer, Rev. Sci. Instrum. 76, 045103 (2005) 
[4]  R. E. Palmer, R. Cai, J. Vernieres, Accounts Chem. Res. 51, 2296 (2018) 
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(P29) Rational design of complex nanomaterials using cluster beam deposition 

J Vernieres1, M Sowwan2 and R E Palmer1 

1Swansea University, UK, 2Okinawa Institute of Science and Technology Graduate University (OIST), Japan 

During the last decade, nanotechnology has contributed to applications as diverse as biomedicine and catalysis by 
providing a variety of nanomaterials platforms. The unique structure-property relationships of nanoscale materials 
offer numerous possibilities for scientists. As an example, one of the most important challenge to tackle in 
heterogeneous catalysis is the improvement of the atom utilization efficiency (AUE) of noble metals [1,2] which can 
effectively reduce catalyst cost and simultaneously improve their electrochemical properties. The rational design of 
high AUE nanocatalysts through highly-controllable synthesis methods to prepare specific structures (porous, core-
shell, hollow structures) down to the single atom level may lead to new highly active noble metal catalysts for 
electrochemical reactions. Most of the industrial catalysts currently in use consist of small metallic particles but 
their variations in size, shape, morphology and composition suggests the material is not being utilized efficiently. On 
the other hand, the realization of suitable nanomaterials is mostly based on chemical synthesis routes. Wet-
chemical procedures may involve organic solvents and sometime hazardous agents which pose the risk of residual 
contamination as well as effluent management.  

The cluster beam deposition (CBD) technique is an emerging method that offers a high degree of flexibility, 
chemical-free synthesis, and accurate control over the size and shape of the nanoparticles by adjusting the 
experimental parameters [3,4]. However, the technique is at an early stage, most especially where non-equilibrium 
morphologies are concerned. Thus, there is a need for a more systematic study combined with computational 
modeling on the synthesis of complex nanomaterials with low noble metal loading which would provide model 
materials for future nanotechnology applications.  

First, we will show recent progress on the design of multifunctional nanomaterials by doping Fe nanocubes with 
noble metals (Au, Pd), while keeping their uniformity in size and shape. [4,5] Both systems (FeAu and FePd) 
present a strong immiscibility gap in their bulk phase diagram but differs on their respective melting point (Pd much 
higher than Au). Using different processes (single composite target and co-sputtering), we will show how subtle 
changes on the growth environments combined with their bulk materials properties can affect drastically their 
morphologies from random alloy to cage-like structure. The ability to synthesize such advanced nanomaterials using 
physical methods will open numerous possibilities for future nanotechnology applications.  

[1]  L. Zhang, K. Doyle-Davis, X. Sun. Energy Environ. Sci. 12, 492-517 (2019). 
[2]  S. T. Hunt, Y. Roman-Leshkov. Acc. Chem. Res. 51, 1054-1062 (2018). 
[3]  R.E. Palmer, R. Cai, J. Vernieres. Acc. Chem. Res. 51, 2296-2304 (2018). 
[4]  J. Vernieres et al. Adv. Funct. Mater. 27, 1605328 (2017). 
[5]  S. Steinhauer et al. Nanoscale 9, 7380-7384 (2017). 

(P31) Binding and structure of size-selected gold nanoparticles on graphene: The role of point defects  

T Pavloudis1, J Kioseoglou2 and R E Palmer1  

1Swansea University, UK, 2Aristotle University of Thessaloniki, Greece  

Size-selected nanoparticles (NPs) are known to exhibit remarkable physical and chemical properties, which diverge 
significantly from the properties of the respective bulk materials. A major issue for the performance of all 
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applications of deposited clusters is their interactions with the support. In this work we investigate the binding of Au 
NPs on graphene sheets via 103 -atom scale ab initio spin-polarized calculations under the Perdew-Burke-Ernzerhof 
derivation of the Generalized Gradient Approximation (GGA-PBE) [1] that take into account van der Waals 
interactions through the DFT-D3 method with Becke-Jonson damping [2]. We build models of 561-atom NPs of the 
cuboctahedral, decahedral and icosahedral structural motifs on graphene for two distinct cases: i) where the Au NPs 
sit with their (111) surfaces on graphene and ii) where the NPs are pinned with their vertex on graphene. In both 
cases we compare the binding with and without a graphene vacancy under the NP. We also check for the 
energetically preferable position of the vacancy under the (111) cluster surface. We find that in all cases the 
presence of the vacancy improves the binding of the NPs on graphene. Significantly, in the vertex-on-graphene case 
the binding energy is considerably increased, by several eVs, and becomes similar to the (111) surface-on-
graphene case. The presence of the NP restores the Jahn-Teller distortions in the C atoms surrounding the vacancy 
in the graphene and the vacancies assume a symmetrical shape. The effect on the magnetic and electronic 
properties of graphene is also investigated. The strain in the NPs is found to be minimal and the displacement of the 
C atoms in the immediate neighborhood of the vacancy is on the 10 pm scale. The results of this work may be used 
as a guide for building stable NP-graphene systems for a variety of electronic and catalytic applications. 

[1]  J. P. Perdew, et al., Phys. Rev. Lett. 77, 3865 (1996).  

[2]  S. Grimme, et al., J. Chem. Phys. 132, 154104 (2010), S. Grimme, et al., J. Comp. Chem. 32, 1456 
(2011). 

This work was financially supported by the Engineering and Physical Sciences Research Council through fellowship 
EP/K006061/2 and by the European Union's Horizon 2020 programme and the Welsh Government through the 
Marie Skłodowska-Curie Actions Sêr Cymru II COFUND fellowship No. 663830-SU165. 

(P33) The AlGaN/GaN heterostructure surface and its effect on sensors and devices 

J E Evans, B R Thomas and M P Elwin 

Swansea University, UK 

AlGaN/GaN based high electron mobility transistors (HEMTs) are promising sensor platforms due to their thermal 
stability and desirable electronic properties stemming from the formation of a two-dimensional electron gas (2DEG) 
close to the surface of the heterostructure. It is well established that surface states are an important source of 
electrons for the formation of the 2DEG at the AlGaN/GaN interface[1]. Here, we examine the role the surface plays 
in several novel application areas for AlGaN/GaN HEMT based devices. Split-current magnetic sensors based on 
HEMTs have been fabricated that offer improved sensitivities due to the high mobility and 2D nature of electron 
conduction in the channel[2]. The sensitivity of these devices is highly dependent on modulation of the 2DEG 
current due to gating or changes in the sheet carrier density via surface treatments. This extreme surface sensitivity 
can be utilised to fabricate gas and chemical sensors based on AlGaN/GaN technology.  
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Fig. 1. (a) Cross-sectional SEM image of the AlGaN/GaN structure with a schematic of the surface layers forming the 2DEG 
inset; (b) Magnetic sensor layout and output characteristics shown bottom (VGS = 1V to -3V in 0.5V steps). Sensitivity of devices 

with and without surface treatment shown top. 

[1]  J. P. Ibbetson, et al., Appl. Phys. Lett. 77, 250 (2000). 
[2] P. Igic, et al., Electron Device Letters 39, (2018).  

(P35) The Swansea cluster beam sources  

J McCormack, W Wu, C D R Evans and R E Palmer 

Swansea University, UK 

Size-selected clusters have a wide range of potential applications in many areas such as catalysis, plasmonics, and 
biosensing. However, the main limitation of nanoparticle production is maintaining high precision of cluster size 
while increasing the rate of production. Here in Nanomaterials Lab, Swansea University, we’re aiming to provide 
several solvent-free Cluster Sources, addressing different demands in research and industry in the Nanofactory of 
the future.  

Our flagship system, the Matrix Assembly Cluster Source (MACS), produces clusters by enhancing the collision 
between the metal atoms inside a matrix with ion beam [1]. Equipped to produce elementary or alloyed clusters 
with a narrow mass distribution at a high rate of 1g/h, it is possible to carry out research of elementary or alloyed 
cluster catalysis which meets quantity demand.  

Based on the same principles, the MiniMACS is a smaller variant of the aforementioned MACS, designed for 
research and development and potential for scale up. A connected chamber houses a Scanning Tunnelling 
Microscope (STM) that can be used to analyse electrical and topographical properties of a sample in situ. In 
addition, this source will help us better our understanding to the underlying mechanism of formation of clusters 
using this new technique.  

For research that requires the smallest clusters, the Alton source provides a novel approach by using a caesium ion 
sputtering technique designed for the production of mass-selected atomic clusters of size ≤ 15 atoms [2].The 
results of the deposition can be controlled by varying the potential applied to the target substrate, allowing for soft 
landing, pinning, or implantation of clusters [3]. The Alton aims to investigate the effects of implanting clusters Ag7 

and Co7 clusters into a graphite substrate for catalytic selection and growth of carbon nanotubes.  
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Currently in construction, the dual Magnetron source provides a marriage between the large and small clusters of 
the MACs systems and the Alton system, respectively, whilst also providing its own novelty of easily creating hybrid 
nanomaterials. It offers the possibility of tuning the morphologies (core-shell, alloys, etc [4].), opening new 
opportunities for future targeted applications. The amalgamation of these four sources shows future possibilities of 
depositing small clusters onto larger ones onto bulk substrates for novel hierarchical architectures.  

[1]  Palmer, R. E., Cao, L., & Yin, F. (2016). Review of Scientific Instruments, 87(4), 046103.  
[2]  Hall, S., Nielsen, M., Robinson, A., & Palmer, R. (1997). Review Of Scientific Instruments, 68(9), 3335-

3339. doi: 10.1063/1.1148293  
[3]  Carroll, S., Hall, S., Palmer, R., & Smith, R. (1998). Physical Review Letters, 81(17), 3715-3718. doi: 

10.1103/physrevlett.81.3715  
[4]  Pratontep, S., Carroll, S., Xirouchaki, C., Streun, M., & Palmer, R. (2005). Review Of Scientific 

Instruments, 76(4), 045103. doi: 10.1063/1.1869332 
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Poster session 2 

(P2) The surface tension of nanodroplets  

G Kharlamov  

Siberian State University of Telecommunications and Information Sciences, Russia  

Surface tension of nanodroplets is an important parameter, which determinates the thermodynamic properties of 
nanosystems. It is used in a classical nucleation theory (CNT), since it is responsible for the work of the critical 
nucleus formation. However the surface tension of the critical clusters depends on their radii. J. Gibbs points out 
that surface tension (σ) of a droplet is to decrease with decreasing surface tension radius ( Rs ), so that at Rs = 0 
surface tension be also equal to zero (σ = 0).  

It is common practice to distinguish mechanical and thermodynamic definitions of a droplet surface tension. It is 
supposed that these two definitions of surface tension are to give different values of σ and Rs , though the cause is 
not quite clear. J. Gibbs defines surface tension of a drop in conditions of equal chemical potentials of comparison 
phase and real system. Thus the problem is to elucidate the difference between thermodynamic and mechanical 
definitions of surface tension, and to calculate their dependences on the drop radius and the system temperature.  

In this work, surface tension of the flat surface liquid-vapor and spherical droplets is calculated by molecular 
dynamics method. Calculations are made in the system containing 100 - 4500 molecules in a cubic cell with 
periodic boundary conditions. Interaction between molecules is specified by Lennard-Jones potential with truncation 
at r = 5r 0 . The size of the drop depends on the number of particles in the cell and the mean density of the system. 
Profile densities, chemical potential of the system, equimolar radii and surface tension radii of drops, mechanical 
and thermodynamic surface tensions are calculated. The details are given in [1 - 3].  

Essential decrease both in mechanical and in thermodynamic surface tensions with the decrease in equimolar 
radius of the drop is observed. At certain equimolar radius R0 both surface tensions go to zero. This radius depends 
on the temperature of the system and corresponds to the drop containing about 50 molecules for T = 0.65. Surface 
tension radius Rs simultaneously goes to zero. With further decrease in equimolar radius, surface tension becomes 
negative, though in conditions of numerical experiment the drop remains stable. The surface tension calculated 
according to Gibbs definition coincides with mechanical surface tension for relatively large drops containing 2000 
and more molecules. For drops containing less molecules, thermodynamic surface tension exceeds mechanical one 
until they disappear at Re = R0 . The dependence of mechanical surface tension on equimolar radius is the universal 
dependence relative to the temperature at which numerical experiment is conducted [2, 3].  

[1]  G. Kharlamov et. al., Atmospheric and Oceanic Optics 21, N 9, 679 (2008) (in Russian)  
[2]  G. Kharlamov et. al., Colloids and Surfaces A: Physicochem. Eng. Aspects 379, 10 (2010)  
[3]  G. Kharlamov et. al., J. Phys.: Conf. Ser. 393, 012006 (2012) 

(P4) Structure Function Relationships: CO on Cu(110)  

S Anetts, K Finley, J A G Torres, R Schaub and P B Webb  

University of St Andrews, UK 

An ultra-high vacuum, low temperature scanning tunnelling microscope (UHV LT-STM) has been used to study CO 
adsorption on Cu(110). We have observed a saturation of step edges running in the [001] direction whilst the 
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perpendicular steps (the [11 ̅0] direction) remain largely unoccupied (figure 1(a, b)). This preferential decoration by 
adsorbed CO occurs as a direct consequence of a 1-dimensional surface diffusion in the [11 ̅0] direction. Adsorbed 
CO molecules are also found to have a strong affinity for low coordination upper step sites. Conversely, diffusion 
towards the high coordination lower step edge sites appears repulsive in nature. This repulsive interaction shifts to 
an attractive one when the corresponding site at the top of the step edge is occupied. The electronic characteristics 
of the lower step sites appears to be regulated by the process of adsorption at the neighbouring low coordination 
upper step.  

To further probe the nature of interactions between substrate and adsorbate, we have performed a series of inelastic 
electron tunnelling spectroscopy (STM-IETS) measurements [1]. Vibrational spectroscopy has been carried out on 
CO adsorbed on a Cu(110) previously using RAIRS and EELS, which provide a macroscopic view of the surface 
interactions [2- 4]. This makes the comparison between different surface sites difficult and open to interpretation. 
STM-IETS allows for the direct measurement of ν(CO) of individual CO molecules at specific surface sites across the 
Cu(110) single crystal [4]. Figure 1(c) shows the observed frequency shift seen in the d2I/dV2 vibrational spectra of 
a CO monomer on a terrace (blue), a chain of CO molecules on an upper step edge running in the [001] direction 
(green) and a CO monomer on a kinked step edge (red). A clear difference in the stretching frequency of the CO 
bond can be seen for each surface site; the lower the coordination number of the surface site the stronger the CO 
bond. These measurements provide direct access to correlations between adsorption site geometry and adsorbate 
activation enabling determination of powerful structure function relationships in catalysis when applied to 
appropriate systems. 

 

 

 

 

 

 

Figure 1. STM images comparing CO adsorption on Cu(110) step edges. (a) [001] step edge (Vt = +0.054 V, It = 0.290 nA). (b) 
[11 ̅0] step edge (Vt = +0.008 V, It = 0.510 nA). c) STM-IETS difference spectra of a CO monomer on a flat terrace (blue), a 

chain of CO molecules on an upper step edge running in the [001] direction (green) and a CO monomer on an upper kinked 
step edge (red). Spectra taken with a CO functionalized tip and at a negative bias. All spectra obtained with scans from -0.22 to 

-0.30 V over 60 seconds. Red and green spectra are an average over 20 minutes. The blue spectra is an average over 40 
minutes. A bias modulation amplitude of 25 mVpp, a frequency of 568 Hz and a tunnelling current of 1 nA were used for all 
spectra. The spectra are difference graphs where a spectra is taken over a CO molecule and then on the surface nearby. The 

surface spectra is then subtracted from the CO spectra to give the results shown. 

[1]  B. C. Stipe, M. A. Rezaei, W. Ho, Science, 280, 1732–1735 (1998)  
[2]  P. Hollins, K. J. Davies, J. Pritchard, Surf. Sci., 138, 75–83 (1984)  
[3]  J. A. Stroscio, M. Persson, W. Ho, Phys. Rev., B, 33, 6758–6770 (1986)  
[4]  K. Horn, M. Hussain, J. Pritchard, Surf. Sci., 63, 244–253 (1977)  
[5]  L. J. Lauhon, W. Ho, Phys. Rev., B, 60, 8525–8528 (1999). 
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(P6) Near-ambient pressure photoemission study of the interaction between anatase TiO2(101) and water vapour 

S K Dhaliwal1,2, D Grinter2, G Cabailh3, C Muryn4, G Held2,5 and G Thornton1 

1UCL, UK, 2Diamond Light Source, UK, 3Institute of Nanoscience, France, 4University of Manchester, UK 

Semiconductor electrodes are of major importance in solar energy conversion. Applications of such electrodes in the 
photo-electrochemical generation of hydrogen- based fuel require electrodes which are stable against oxidation, 
making oxide- based materials such TiO2 excellent candidates. While photo-electrode science and technology has 
advanced significantly, surface scientists are yet to understand the phenomena that occur, particularly at the anode 
interface, where several steps need to be understood and optimized in order to boost performance. In this context 
we propose to investigate the interaction between water and anatase TiO2(101) (a- TiO2(101)). Anatase is a 
polymorph of TiO2 which has attracted far less attention from surface scientists than rutile TiO2(110) (r-TiO2(110)) – 
even though it is catalytically more active. 

In this work, we studied the effects of multilayer water on the a-TiO2 (101) surface. Low energy electron diffraction 
(LEED) was used to check for sample cleanliness after UHV sample preparation. Near ambient pressure – X-ray 
photoelectron spectroscopy (NAP-XPS) was employed to elucidate the nature of any interstitial or vacancy diffusion 
at the metal-oxide water interface. Changes in the chemical environment at the surface were also characterised to 
provide an insight into the steps leading to the formation of water over-layers on the a-TiO2(101) surface. At 
incremental water pressures various spectra were collected at varying photon energies: valence band (VB) at on 
(466.2 eV) and off (446.5 eV) resonance, Ti 2p spectra (620 eV) and O 1s spectra (620 eV). From the O 1s spectra 
evidence of molecular water adsorption was observed. Results confirmed the band gap states (BGS) are subsurface 
and potential electron exchange did not occur. The behaviour of TiO2 anatase clearly shows a different behaviour 
compared to r-TiO2(110) Further analysis is required to better understand this interface.   

(P8) Identifying x-ray photoelectron spectroscopy peaks with neural networks  

P N Starrs and D A Duncan 

Diamond Light Source Ltd., UK  

X-ray photoelectron spectroscopy is one of the most commonly used techniques in surface science. It can provide a 
fingerprint of a chemical system [1], identify elements’ coordination in a molecule/structure [2] and is increasingly 
used to track chemical reactions occurring on the surface of materials in operando [3]. Furthermore, multiple 
techniques exploit the chemical sensitivity of XPS to study the electronic and structural properties of materials 
notably by exploiting the tunable light source at synchrotrons. While the fitting of the peaks observed in XP spectra 
is often trivial, especially for an expert, the rapid acquisition of data achieved at modern synchrotrons can result in 
cases with large datasets (e.g. high throughput screening), where significant time could be gained by removing the 
need for constant human supervision of the data fitting. In particular, the two roles that are most often filled by the 
human operator are to identify the number of peaks in a spectrum, and a general location for those peaks – it is 
these two “low hanging fruit” we aim to address here.  

Convolutional neural networks were trained to address these distinct tasks: a peak counting net and peak position 
net, for up to 6 peaks. The data is inputted into a counting net, which outputs a probability distribution over the 
number of peaks. The spectra are then, accordingly, inputted into one of six ‘peak position nets’ which specialize in 
finding the energies of their given number of peaks. The nets were each trained on between 2 and 3 million 
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simulated XP spectra that were randomly generated with normally distributed noise. The “counting” net achieved 
97% peak validation accuracy (figure 1a) and the “position” nets achieved an accuracy to within 0.5 % of the 
binding energy scale (example shown in figure 1b). When trialed against experimental data (e.g. figure 1c), the 
networks perform well. 

 

 

 

 

 

 

Fig. 1. (a) Training history for the counting network; (b) Visualized example of predicting 4 peak positons in a simulated 
spectrum; (c) Example of the networks’ predictions on a real carbon 1s XP spectrum. 

[1]  V. Lanzilotto, et. al., Chem. Eur. J. 24, pp 14198-14206 (2018)  
[2]  C. Tian, et. al., Environ. Sci. Technol. 52, pp 3466–3475 (2018)  
[3]  K. N. Wood, et. al., Nat. Commun. 9, 2490 (2018) 

(P10) Surface treatments and in-situ photoelectron spectroscopy of nanodiamonds 

K Whittlesea1,2, S Astley1, J Durk1,2, S P Cooil1, B P Reed1,2, T Wang3, A S Walton4, R E Cross1 and D A Evans1 

1Aberystwyth University, UK, 2ESPRC Centre for Doctoral Training in Diamond Science and Technology, UK, 3Element 
Six Limited, UK, 4The University of Manchester, UK 

The increasing use of nanodiamonds for a variety of novel applications such as drug delivery, biosensors, and 
nanocomposites is due to the ability to exploit diamond’s unique properties at ever decreasing length scales [1]. 
The high surface to bulk ratio of nanodiamonds means that the termination of the nanodiamond surface is a 
fundamental design parameter when considering its potential applications; for example, functionalising the 
nanodiamond to attach specific bio-molecules. 

Detonation synthesis of nanodiamonds produces shells of graphitic carbon around the core, which exhibits the 
same cubic structure as bulk diamond [1]. The graphitic shell is desired in applications such as device fabrication 
where adding a semiconducting layer onto nanodiamond is required [2].  However, in the majority of applications, 
this shell is considered an impurity as it inhibits the properties of the nanodiamond surface, which can be 
terminated and treated in ways which are beneficial for different applications. Surface layers of sp2 carbon on the 
diamond can be removed by annealing in air or oxygen atmospheres. 

Using surface sensitive photoelectron-based techniques in ultra-high vacuum and at near-ambient pressure, 
variations in the surface termination of nanodiamonds have been investigated to be able to better understand the 
nanodiamond surface. Through this work, the evolution of oxygen species on nanodiamonds has been observed at 
different temperatures. 

[1]  Mochalin, V.N et al. The properties and applications of nanodiamonds. Nat. Nanotechnol., 7, 11 (2012). 
[2]  Zhang , J. et al. Surface Chemistry and Catalytic Reactivity of a Nanodiamond in the Steam-Free 

Dehydrogenation of Ethylbenzene. Angew. Chem. Int. Ed. 49, 8640 (2010). 
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(P12) Hydrogen free selective hydrogenation of furfural over Cu/Au/ceria catalysts  

R Megginson1, F Grillo1, S M Francis1, C J Baddeley1, V Paes2, H Trombini2, P L Grande2, A Rossall3 and JA van den 
Berg3  

1University of St Andrews, UK, 2Univ Fed Rio Grande Sul UFRGS, Brazil, 3University of Huddersfield, UK 

The use of gold as a selective hydrogenation catalyst has been demonstrated for a number of catalytic processes. 
[1–4] Though high selectivities have been reported, a factor limiting the exploitation of these systems is the weak 
ability of gold to dissociate molecular hydrogen. As a result, undesirable high pressures of H2 are required to 
produce acceptable reaction rates. An attractive approach recently exploited by Keane and coworkers[3] is to use 
an organic feedstock, typically an alcohol (e.g. 2-butanol), to supply atomic hydrogen which can be utilised for the 
hydrogenation process. This also allows high hydrogenation selectivity and viable reaction rates even at a pressure 
of 1 bar. A second metal, copper, was required to catalyse the dehydrogenation of 2-butanol to produce butanone. 
The atomic hydrogen produced was utilised in the hydrogenation of furfural to furfuryl alcohol over the gold 
component of the catalyst. Furfural is an attractive feedstock given that it is derived from biomass and furfuryl 
alcohol, a high value product used in the manufacture of resins/rubbers/adhesives and as a chemical building 
block for drug synthesis. [5] Alternatives to the current industrial catalyst for this process are sought as the existing 
system utilises toxic chromiumbased promoters.  

Control over the coupled dehydrogenation/hydrogenation system is difficult as alloying between copper and gold 
nanoparticles on the oxide support is detrimental to the process. In this study, we use medium energy ion scattering 
(MEIS) and X-ray photoelectron spectroscopy (XPS) to investigate the temperature dependence of copper/gold 
mixing on model catalysts consisting of copper and gold particles deposited onto thin ceria films on Si(111).  

[1]  X. Wang, Y. Hao and M. A. Keane, 2016, 510, 171–179.  
[2]  N. Perret, X. Wang, T. Onfroy, C. Calers and M. A. Keane, J. Catal., 2014, 309, 333–342.  
[3]  M. A. Keane, M. Li, L. Collado and F. Cárdenas-Lizana, React. Kinet. Mech. Catal., 2018, 125, 25– 36.  
[4]  F. Cárdenas-Lizana, Y. Hao, M. Crespo-Quesada, I. Yuranov, X. Wang, M. A. Keane and L. KiwiMinsker, 

ACS Catal., 2013, 3, 1386–1396.  
[5]  R. V Sharma, U. Das, R. Sammynaiken and A. K. Dalai, 2013, 454, 127–136. 

(P14) The interfacial performance of recycled polypropylene printer filament  

B Cummings1,2, A Pursglove2 and D Bryant2 

1Swansea University, UK, 2Murex Group, UK 

The interfaces between fuse deposition modelled (FDM) layers are widely regarded as the weakest regions of a 
print. The strength of layer-to-layer bonds dictates the mechanical strength in the Z-direction of printed specimens. 
Polypropylene (PP) is often overlooked as a viable filament material due to extensive chain bond motion when 
cooled, i.e. warpage. This warpage results in the delamination of layers and print failures. Furthermore, the inherent 
low coefficient of friction and high temperature resistance of PP means the polymer’s response to cooling is highly 
dependent on the grade of material used. In this work, the thermal cycles of recycled PP hospital wraps were 
assessed and quantified by melt flow index (MFI) and differential scanning calorimetry (DSC). An increase in layer-
to-layer strength of printed recycled PP filament was achieved by the addition of styrene-b-ethylene-co-butylene-b-
styrene (SEBS) rubber. With increased rubber additions the impact strength of the blends increased, while tensile 
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and compressive strengths decreased. A sharp increase in elongation to failure and stress whitening occurred at 
25.wt% SEBS addition, indicating the effective dissipation of the applied force. Further rubber additions resulted in 
MFI values comparable to virgin PP due to extensive agglomeration of the rubber. Rubber agglomerations were 
observed by optical microscopy, and their formations past 25wt.% addition indicated a lubrication effect. Shorter 
molecular chains composing the recycled PP formed close packed lamella upon cooling, contributing towards the 
embrittlement of the printed specimens. Blending of recycled PP with rubber, however, resulted in a single-phase 
material of low crystallinity content that allowed for intimate chain entanglement across the layer boundaries. 
Delamination of layers was no longer observed due to the rubber additions, which slowed heat dissipation and 
significantly decreased shrinkage. As the results have demonstrated for the first time, recycled PP hospital waste 
has been functionalised to produce FDM filament.  

(P16) Band alignment engineering of ZnS/Cu2O hetrojunction photovoltaics  

S M Polyakov1, J W Wells1, M Nematollahi1, U J Gibson1 and S P Cooil1,2  

1Norwegian University of Science and Technology (NTNU), Norway, 2Aberystwyth University, UK 

Since its initial conception as a possible photovoltaic (PV) candidate around the turn of the 1930s[1, 2] cuprous 
oxide (Cu2O) has been known to the photovoltaic community. However, the material has an intrinsic p-type 
conductivity due to the presence of Cu vacancies acting as acceptors, [3] rendering the creation of p-n 
homojunctions as unfeasible or at least extremely challenging to produce. The search for inexpensive and non toxic 
materials for greener energy production has now renewed interest in Cu2O for PV applications. Here we have 
prepared Fe-doped ZnS films with various Fe concentration by room temperature molecular beam epitaxy (MBE). 
The optical bandgaps of these films were determined from optical transmission spectroscopy data. A Cu2O overlayer 
was then produced in-situ within a custom photoemission system. Using photoelectron spectroscopy techniques 
(XPS/UPS) the positions of the core levels and valence band maxima (VBM) in the bulk materials were obtained. By 
observing the core level binding energies at the ZnS:Fe/Cu2O heterojunction interface, relative to the bulk positions 
of the constituent materials, the offsets between the conduction bands and valance bands (ΔEC and ΔEV 
respectively) can be calculated. For a at6% Fe dopedZnS/Cu2O the offsets were calculated to be ΔEC = 0.22eV and 
ΔEV = 0.93eV, showing an improvement over undoped ZnS/Cu2O heterojunctions, whilst bringing the conduction 
band offset within the desired range of 0.4 > EC > 0 eV for high efficiency photovoltaic heterojuctions[4].  

[1]  Grondahl, L. O.; Geiger, P. H. A new electronic rectifier. Journal of the A.I.E.E. 1927, 46, 215-222.  
[2]  Grondahl, L. O. The Copper-Cuprous-Oxide Rectifier and Photoelectric Cell. Reviews of Modern Physics 

1933, 5, 141-168.  
[3]  Raebiger, H.; Lany, S.; Zunger, A. Origins of the p-type nature and cation deficiency in Cu2O and related 

materials. Physical Review B 2007, 76, 045209  
[4]  T. Minemoto, T. Matsui, H. Takakura, Y. Hamakawa, T. Negami, Y. Hashimoto, T. Uenoyama, and M. 

Kitagawa, Theoretical analysis of the effect of conduction band offset of window/CIS layers on 
performance of CIS solar cells using device simulation, Solar Energy Materials and Solar Cells 67, 83 
(2001) 
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(P18) Fabrication and characterization of ZnO@TiO2 nanowires heterostructure using versatile kineticscontrolled 
coating growth method  

N A Alshehri1,2, A k Assaifan1,3, A A Albalawi1, Y Niu1, E H Alghamdi1 and T G G Maffeis1  

1Swansea University, UK, 2Albaha University, Saudi Arabia, 3King Saud University, Saudi Arabia 

ZnO@TiO2 nanowires heterostructure (ZnO@TiO2 NWs) have shown great potential for water splitting and many other 
applications. Many fabrication techniques have been reported over the last 15 years. High temperature, high cost 
methods tends to produce ZnO@TiO2 NWs with high crystallinity and a large aspect ratio but normally requires a 
substrate to grow on, and the yield in terms of precursors to products mass ratio is very low. Additionally, these 
techniques are costly and energy intense. Growth methods based on aqueous chemistry are much cheaper and 
more suitable to mass production with controllable shell thickness.  

We focus on a simple kinetics-controlled coating mothed first published by Li et al [1]. The mothed has used to 
establish a shell of TiO2 on different cores including Fe3O4 spheres and SiO2 spheres. However, it has not used yet to 
fabricated ZnO@TiO2 NWs. In this work, ZnO@TiO2 NWs are synthesized reproducibly with high yield at a room 
temperature. The influence of TiO2 coated temperature, TiO2 reaction time and ammonia concentration on the 
thickness and formation of ZnO@TiO2 NWs are investigated. For first time, the effect of photonic annealing the 
ZnO@TiO2 NWs in nitrogen atmosphere is investigated. Several characterization techniques are used including 
scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy 
(XPS) and photoluminescence (PL). SEM and TEM analysis show that the TiO2 shells are produced at room 
temperature (Fig 1 (a)). We demonstrate that a 1h growth time is enough to obtain ZnO@TiO2 NWs and SEM and 
TEM show that the TiO2 shell thickness does not depend on growth duration time. However, the concentrations of 
ammonia remarkably affect the shell thickness, as the TiO2 thickness increased as the ammonia concentrations 
increased from 300µl (5 nm) to 500µl (90 nm). XPS confirms the SEM and TEM results. PL shows a weak UV 
emission and strong defect (yellow) emission for the bare ZnO nanowires, the ZnO@TiO2 core shell NWs before and 
after photoannealing at 310 V (Fig 1 (b)). The TiO2 shell formation and the photonic annealing increase the intensity 
of the UV peak compared to the defect band. In conclusion, we show that this low-cost method has a very high yield 
with highly reproducible results which could be ideal for the large-scale requirements of commercial applications. 

 

 

 

 

 

 

 

 

 

Fig 1. (a) ZnO @TiO2 NWs grown at (a) 45 °C. (b) PL spectrum of ZnO NWs, ZnO@TiO2 before and after photonic annealing. 

[1]  Wei Li, et al., J. Am. Chem. Soc. 134 (29), 11864-11867(2012). 
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(P20) Hydrogen-bonded structures of melamine on hBN  

A Browning and P Beton  

University of Nottingham, UK  

Due to its ability to form large hydrogen bonded porous arrays[1], melamine has predominately been studied in 
conjunction with other molecules with a melamine-cyanuric acid network having been recently shown to passivate 
the reactive black phosphorus surface.[2] These arrays are well categorised on a wide range of surfaces but 
melamine has only previously been studied as a monomolecular network on metal and HOPG surfaces.[3,4,5] In 
this work, atomic force microscopy (AFM) has been used to study the structures formed by the monomolecular 
melamine network on a hBN surface. A range of film thicknesses were deposited with different structures seen for 
different thickness. At high coverage, large triangular islands were seen. Distorted square and hexagonal arrays were 
seen at lower coverages. These structures have been modelled according to previous results[3,4,5] with some novel 
structures observed. 

 

 

 

 

 

 

 

 

Fig. 1. (a) The observed hexagonal pattern with a model fitted; (b) the observed square pattern with a model fitted (melamine 
represented by triangles). 

[1]  Perdigao, L.M.A., et al. (2006) Bimolecular Networks and Supramolecular Traps on Au(111) J. Phys. 
Chem. B 110(25) 12539-12542  

[2]  Korolkov, V., et al. (2017) Supramolecular networks stabilise and functionalise black phosphorus Nature 
Communications 8(1) 1-8  

[3]  Silly, F., Shaw, A.Q., et al. (2008) Melamine Structures on the Au(111) Surface J. Phys. Chem. C 112(30) 
11476-11480  

[4]  Schmitz, C.H., Ikonomov, J., Sokolowski, M. (2010) Two commensurate hydrogen-bonded monolayer 
structures of melamine on Ag(111) Surface Science 605(1) 1-6  

[5]  Zhang, H., et al. (2009) Preparing Self-Assembled Monolayers of Cyanuric Acid and Melamine Complex 
on HOPG Surfaces J. Phys. Chem. C 113(31) 13940-13946 
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(P22) Surface characteristics of native entomopathogenic fungi as indicators of insect pathogenicity  

J Wade, Jesus Ojeda Ledo and Chris Wright 

Swansea University, UK 

Traditional methods of controlling insect pests of agriculture rely on the use of chemical pesticides, however, 
environmental and health concerns [1] in addition to increases in insect pesticide resistance [2] threaten the use of 
these chemical pesticides. A group of fungi referred to as entomopathogenic fungi (EPF) have been successfully 
used as biopesticides, in particular the species Metarhizium anisopliae, Beauveria bassiana and Isaria 
fumosorosea. By understanding the surface characteristics of the EPF spores, the spores can then be modified by 
formulation to enhance properties necessary for the adhesion and infection of insects and survival of spores from 
UV light, temperature and humidity [3]. Surface characterisation by measurement of zeta potential and 
hydrophobicity was performed on 23 native EPF belonging to four species, M. anisopliae (n=6), B. bassiana (n=5), 
B. caledonica (n=10) and I. fumosorosea (n=2). Bioassays were performed using the 23 fungi against a susceptible 
insect, Tenebrio molitor larvae to determine the pathogenicity of each strain (fig. 1). Bioassay data was used to 
calculate the lethal time for 50% (LT50) of the population to be killed for each strain, which ranged from 3.005 to 
3.66, 2.85 to 5.38, 2.72 to 5.44 and 3.71 to 4.375 days for M. anisopliae, B. bassiana, B. caledonica and I. 
fumosorosea, respectively. Microbial adhesion to hydrocarbons (MATH) assays were used to calculate hydrophobic 
indexes which ranged from 0.705 to 0.918, 0.803 to 0.971, 0.692 to 0.993 and 0.935 to 0.938 for M. anisopliae, 
B. bassiana, B. caledonica and I. fumosorosea, respectively. The mean zeta potential of the EPF spores suspended 
in 0.05% Tween80 at pH 7.5 ranged from -1.7 to -34.03. Comparison of MATH and zeta measurement results 
against bioassay data showed LT50 decreases as surface charge becomes more negative for all species and as 
hydrophobicity increases for B. bassiana and B. caledonica spores, however, LT50 increases with hydrophobicity for 
M. anisopliae spores. It is known that hydrophobicity is a factor of the non-specific adhesion of EPF spores to insect 
cuticles [4], therefore the lower LT50 observed by the more hydrophobic Beauveria spores is likely due to increased 
adhesion. At neutral pH, all EPF spores were negatively charged and spore charge inversely correlates with 
pathogenicity against insect pests and therefore may play a role in the adhesion/infection process. Further surface 
characterisation using atomic force microscopy, hydrodynamic shear assays, titration and adhesion assays will be 
performed to further understand the spore surface. Then formulation with different techniques and polymers will be 
attempted and impact on bioassay performance and spore surface properties will be re-examined to determine the 
success of formulation. 

 

 

 

 

 

Fig. 1. Tenebrio molitor larvae infected with native Metarhizium anisopliae 

[1]  P. Nicolopoulou-Stamati et al., Front. Public Health. 4, 148 (2016).  
[2]  P. Bielza, Pest Management Science. 64, 1131 (2008).  
[3]  J. Morley-Davies, D. Moore, C.Prior, Mycological Research. 100, 31 (1996).  
[4]  D. Boucias, J. Pendland, J. Latge, App. and Env. Micro. 54, 1795 (1988). 
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(P24) Low temperature metal oxide/anti-stiction layer deposition via molecular vapour deposition (MVD) 

C M Fung, K Rejnhard and J E Evans 

Swansea University, UK 

Conformal coatings are key for nano-scale fabrication e.g. anti-stiction coatings applied to nanoimprint lithography 
master wafers. It is often challenging to achieve a conformal coating of the target substrate especially those with 
high aspect ratio etched patterns, particularly on the side wall. This poster presents an experimental process to 
overcome this challenge using the first UK installed molecular vapour deposition (MVD) system. In this poster, two 
different types of materials are presented, namely alumina (Al2O3) and Perfluorodecyltrichlorosilane (FDTS). 

(P26) Characterization of CVD grown MoS2 crystals by spatially-resolved ARPES  

S Jung1, P Dudin1, T Kim1, S Lee2, S Pak3 and C Cacho1  

1Diamond Light Source Ltd., UK, 2University of Cambridge, UK, 3University of Oxford, UK  

Angle-resolved photoemission spectroscopy (ARPES) has been one of key techniques to explore the electronic 
structure of different materials. Because of the size of incident lights and surface sensitivity of such technique, there 
has been a limitation of measurable crystals. Especially, there have been many trials to measure ARPES spectra of 
CVD-grown crystals, spectral quality has been limited due to a small crystal size and conventional size of light 
source (few hundred microns) for home-built ARPES facility [1]. We present spatiallyresolved APRES study of 
monolayer MoS2, grown by CVD method and transferred on Au thin film. By using nano-ARPES facility in Diamond 
Light Source (with <1um bean spot size), we investigate the electronic structure of CVD-grown MoS2 crystals which 
shows remarkable spectral feature comparable with MBE-grown MoS2 crystals on Au(111) surface [2]. This work 
shows that high quality ARPES data can be obtained from CVD grown TMDC crystals, which will expand range of 
samples accessible in ARPES. 

 

 

 

 

Fig. 1. Spatial images for CVD-grown MoS2 crystal measured by (left) optical microscope and (right) nano-ARPES facility in 
Diamond Light Source. 

[1]  Fabio Bussolotti, et al., Phys. Rev. B 99, 045134 (2019).  
[2]  Jill A. Miwa, et al., Phys. Rev. Lett. 114, 046802 (2015). 

(P28) Effect of thermal annealing and substrate morphology on mechanical properties of graphene  

M M Alshaikh1,2 and R J Cobley1  

1Swansea University, UK, 2Umm Al-Qura University, Saudi Arabia  

Graphene is a promising material due to its attractive mechanical, optical, thermal and electrical properties. 
However, its interaction with the underlying substrate topography and fabrication processes can lead to strain, 
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doping effects and a change in the defect density. In this paper, ultravacuum annealing of exfoliated graphene 
deposited on different substrates is characterised using Raman spectroscopy, scanning electron microscopy (SEM) 
and atomic force microscopy (AFM). Graphene’s inherent rippling has been manipulated by modification of 
annealing temperature and substrate morphology. Clean graphene on both SiO2 and mica substrates are produced 
by low temperature annealing temperature while the intensity of the Raman defect band is increased in both thin 
and thick graphene layers at high temperature. This is investigated by the Raman spectral differences in 2D and G 
band that are attributed to the conformation of graphene to the substrate. Although annealing improves the quality 
of graphene, at a certain temperature that is reversed due to the deformation of the graphene sheet which is varied 
according to substrate roughness. 

(P30) Reducing CO poisoning of Pt nano-catalysts by alloying with Ni  

Y Niu1, T-W Liao2, A Yadav2, X-K Wei3,4, J Vernieres1, M Heggen3,4, R Dunin-Borkowski3,4, R E Palmer1, K Laasonen5, D 
Grandjean2, E Janssens2 and P Lievens2  

1Swansea University, UK, 2KU Leuven, Belgium, 3Ernst Ruska-Centre for Microscopy and Spectroscopy with 
Electrons, Germany, 4Peter Grünberg Institute Forschungszentrum Jülich GmbH, Germany, 5Aalto University, Aalto, 
Finland 

A direct methanol fuel cell is the crucial component of a sustainable energy cycle that uses renewable biomass 
methanol as on-board liquid source of hydrogen [1]. Currently, platinum is the most commonly used material as 
anode catalyst, owing to its high activity. However, Pt is prone to CO poisoning, which limits the lifetime of the 
catalyst. Here we report on how alloying the Pt clusters with Ni reduces the CO poisoning effect at room 
temperature, without affecting the methanol dehydrogenation activity. PtxNi1-x (x = 0.9, 0.7, 0.5, 0.3 and 0.1) 
bimetallic clusters of different compositions are produced from a laser ablation cluster source [2]. The bimetallic 
clusters are investigated by scanning transmission electron microscopy, xray photoelectron spectroscopy, and 
temperature programmed desorption to establish their composition-dependent atomic arrangements, electronic 
structure, and methanol dehydrogenation activity, respectively. It was found that phase segregated Pt0.7Ni0.3 is the 
most promising composition. DFT calculations of selected cluster compositions indicate that local Pt d-band 
structure modification by the Ni atoms leads to a weakened Pt-CO interaction. The importance of electron charge 
transfer involving subsurface Ni atoms in reducing CO poisoning offers a new route towards enhancing the lifetime of 
Pt-based anode catalysts. 

[1]  J. C. C. Gomez, R. Moliner, M. J. Lazaro, Catalysts 6:9 (2016).  
[2]  M. A. Duncan, Rev. Sci. Instrum. 83: 4 (2012). 

(P32) Graphene -on-CMOS integration for food safety application  

A Leung1, T Maffeis1 and L Marques2 

1Swansea University, UK, 2Prognomics, UK 

Food safety has always been a concern for food manufacturers, with approximately 1 million cases of food 
poisoning in the UK, according to figures published by the Food Standards Agency (FSA). This is a growth area for 
the use of biosensing technology. The detection of allergens, spoilage in meat, and microbial activity are possible 
with appropriate implementation.  
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When meat decomposes, biogenic amine is produced so using an appropriate biosensor the freshness of the meat 
can be determined based on the concentration of biogenic amine. This research uses graphene on silicon as the 
active sensing layers and ammonia as an exemplar gas the graphene biosensor will be functionalised and exposed 
to different concentrations of ammonia to measure the response under different concentration. The exposure will be 
conducted at room temperature in the dark and under infrared and UV illumination. Other control gases will also be 
used to determine the sensitivity and selectivity of the graphene biosensor the final objective is to measure a 
concentration of biogenic amine and obtain a response using a sample of meat.  

The graphene biosensor will be exposed to 10,20,40,60,80 and 100 ppm of NH3, in dry and humid air, to mimic 
real conditions the biosensors will also be exposed to control gases under the same condition to obtain a controlled 
response. The NH3 responses and the controlled response will be compared to determine the sensitivity of the 
biosensor when exposed to NH3. 

(P34) Growth of Truncated Pyramidal Ni Nanocrystals on a SrTiO3 (001) Support  

A Rasheed and M Castell  

University of Oxford, UK  

We have investigated the structure and morphology of self-assembled nickel nanocrystals supported on a SrTiO3 
(001) substrate using UHV scanning tunneling microscopy. The substrate was annealed at 900 °C for 1 h to 
generate terraces with (2 × 1) reconstruction. 1 ML of Ni was deposited using an electron beam evaporator on 
substrate preheated at 320 °C. The system was then post-annealed for four times: (200 °C, 1 h), (320 °C, 10 
min), (320 °C, 6 h), (420 °C, 6 h). The truncated pyramidal nanocrystals were observed that resulted from the 
epitaxial growth of fcc Ni on SrTiO3 (001). The edge ratios of the truncated octahedral nanocrystal facets at 
equilibrium and an energy minimization calculation resulted in Wadh = (4.602 ± 0.085) J/m2. 

(P36) Interface modification of Hybrid Solar Cells by Self-assembling molecules deposition  

C L Compeán-González, A G Thomas, S Edmondson and S D Worrall 

The University of Manchester, UK  

The increasing global necessity to ensure access to affordable, reliable and sustainable energy led us to seek into 
different renewable energy sources. Between all alternatives, the conversion of sunlight to electrical power by solar 
cells has more potential to satisfy worlds energy requirements. However, despite the promising progress achieved 
on the latest years, if the efficiencies are further enhanced in a non-expensive manner, then the price of solar 
electricity could be further reduced which would ease the transition to a sustainable global economy.  

Hybrid Solar Cells (HSC) combine organic and inorganic materials with the aim of take an advantage of both 
components, like low cost cell production of organic photovoltaics and the tuneable absorption spectra capacity, of 
the inorganic component. Nevertheless, further work is required to achieve higher efficiencies. One of the biggest 
challenges in the development of more efficient HSC has been the optimization of the carrier transport pathway that 
leverages all of the device layers and their corresponding interfaces.  

Interfacial engineering is identified as an efficient approach for improving the performance in the diverse 
architectures of the photovoltaic devices. The existence of traps and defects in the surface can affect the effective 
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transport of the free carriers by capturing or recombination processes, resulting in charge loss. Regarding these 
defects, in the last decades, some anchoring groups have widely attracted the interest of scientist for the design of 
inorganic/organic hybrids, as useful platforms for further functionalization of macromolecular structures and surface 
modification of both organic and inorganics due to their strong interactions, even under wet conditions. Once 
deposited, the formation of different surface chemical interactions or the different chemical terminations can 
dramatically change the electron density and energy level structures at the surface. Moreover, the interfacial 
modification can significantly promote electron injection, enhance electron transfer and reduce the charge 
recombination. Although, until now is not completely understood the adhesion mechanism, that appears to be 
dependent on the substrate.[1,2]  

In this work, we investigate the deposition of linker molecules and specific functional groups, like dopamine and 4-
aminobenzoic acid, to control the interaction between Poly 3- hexylthiophene (P3HT), TiO2 and Transparent 
Conductive Oxides (TCOs) for its application on Hybrid Photovoltaic devices. These molecules have been used in 
dye-sensitized solar cell (DSSC) and perovskite solar cells and showed an improvement in the performance of the 
devices as they play a key role on organic-inorganic interfaces interaction.[1,3,4] 

[1]  Li, B., Chen, Y., Liang, Z., Gao, D. & Huang, W. RSC Adv. 5, 94290–94295 (2015).  
[2]  Wright, M. & Uddin.Sol. Energy Mater. Sol. Cells 107, 87–111 (2012).  
[3]  Zuo, L. et al. Nano Lett. 17, 269–275 (2017).  
[4]  Syres, K., Thomas, A., Bondino, F., Malvestuto, M. & Grätzel, Langmuir 26, 14548– 14555 (2010). 
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