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Abstracts 
 
XPS, HAXPES and SIMS of transparent conducting oxide coatings: identifying and breaking 
mobility limits 
Tim Veal, University of Liverpool  
 
Transparent conducting oxides (TCO) combine two normally mutually 
 exclusive phenomena. They transmit light and conduct electricity.  
They have many useful applications including as the top contact in thin  
film solar cells and as a coating in energy efficient windows. Here we  
report a study of compensating acceptor defects dramatically reducing the electronic performance 
of fluorine-doped tin dioxide, the industry standard low-cost TCO. Electron carrier mobilities are 
seen to be greatly diminished from the theoretically predicted optimum for tin dioxide. Using hybrid 
density functional theory calculations and experimental methods including Hall effect, infrared 
reflectivity, optical transmission, x-ray photoemission spectroscopy and secondary ion mass 
spectrometry, the defect responsible for self-compensation in fluorine-doped tin dioxide is 
determined to be the fluorine interstitial [1]. The results suggest conductivity could be increased by 
a factor of five using an alternative dopant for which this self-compensation is absent.  
In the second part of the talk, an alternative to the archetypical TCO, tin-doped indium oxide, is 
presented. Molybdenum doped indium oxide is shown to have superior conductivity and 
transparency. The origins of the improved properties are investigated using a combination of 
theoretical and experimental methods. This represents an example of a new paradigm for higher 
mobility TCOs. 
[1] J. E. N. Swallow et al., Adv. Funct. Mater. (2017) DOI:10.1002/adfm.201701900 

 
Depth Profiling of Interface-Engineered Hybrid Solar Cells 
Céline Noël, Yan Busby, Laurent Houssiau, Laboratoire Interdisciplinaire de Spectroscopie 
Electronique (LISE), Namur Institute of Structured Matter (NISM), University of Namur, 
Belgium 
 

Lately, hybrid multilayered systems based on organic and inorganic layers stacks bred a growing 
interest for energy applications and electronic devices including solar cells, microfluidics, light 
emitting devices, sensors, etc. However, despite easy and cost effective deposition, tunable 
conductivities, malleability, transparency, and more recently – with the advent of perovskites – 
efficiency, hybrid devices still struggle to compete with semiconductor-based devices in terms of 
lifetime.  
 
The aim of the present work is to understand working mechanisms and degradation processes 
through in-depth molecular analyses that can provide key information on the molecular composition 
of each layer and diffusion at the interfaces, from the top electrode to the substrate. 
We therefore used a ToF-SIMS instrument combined with low-energy (~500 eV) cesium sputtering 
ion beam. Indeed, low-energy Cs+ appears as a more versatile ion sputtering source compared to 
conventional erosion sources such as Ar+ or cluster sources (Arn

+ or C60
+) which are efficient on 

inorganic materials but inefficient on organics, and vice versa.  
Starting from results on model sample structures, we will give clear examples of applications of Cs+ 
depth profiles that reveal interface effects in complex hybrid devices such as OLEDs and 
organometal halide perovskite solar cells. 

 
 
 

 



Bristol NanoESCA Facility: a new platform for surface analysis  
M. Cattelan1, N. A. Fox, University of Bristol  
 
The Bristol NanoESCA II Facility is the newest and one of the most advanced laboratory-
based surface analysis instrument platforms in the UK. The facility is located at the Centre 
for Nanoscience and Quantum Information at the University of Bristol in the quietest ultra-
low noise laboratory in Europe. The three main characterization techniques offered by the 
facility are: NanoESCA II Photoemission Electron Microscope (PEEM), high-resolution X-ray 
Photoelectron Spectroscopy (XPS) and Spot Profile Analysis Low Energy Electron Diffraction 
(SPA-LEED). The facility’s aim is to help research groups and industries to investigate 
advanced materials using cutting edge instrumentation. We also collaborate with Diamond 
Light Source beamline scientists to validate samples for PEEM and ARPES. Indeed, it is 
possible to transfer samples under ultra-high vacuum (UHV) conditions from and to other 
facilities, e.g. Diamond synchrotron beamlines I05 and I06, using a UHV suitcase. The Bristol 
NanoESCA facility is a unique tool to study materials at the nanoscale, its surface sensitivity 
makes it suitable to study innovative, atomically thick 2D materials.  
In this talk, I will present a number of case of studies featuring single crystal materials 
including diamond, and 2D materials including graphene on SiC(0001), shown in Fig. 1 to 
showcase the capabilities of the NanoESCA II. I will also describe the new light sources being 
installed on the instrument in 2018.  
Fig. 

 

 
Fig.1: (Left) Real space acquisition of graphene/SiC(0001) at 17 eV, in red the zone selected 
for μ-ARPES. (Centre) 3D reconstruction of the top of the valence band. (Right) ARPES cut 
perpendicular to Γ-K direction of a Dirac cone. Excitation radiation He I = 21.2 eV.  
Email corresponding author: neil.fox@bristol.ac.uk  
Dr. N. A. Fox  
Reader, Materials for Energy  
BrUNEL – Bristol UHV NanoESCA Laboratory, 
http://www.bristol.ac.uk/physics/facilities/nanoesca/  
Bristol Centre for Nano Science & Quantum Information 
 
 
 
 



Surface analysis and biomaterials discovery.  
Andrew Hook, University of Nottingham 
 
The surfaces of biomaterials are key to their function as it is the material’s surface rather than the 
bulk that interacts with its biological environment. Thus, surface chemical analysis has been an 
integral part of the materials discovery programme being undertaken at the University of 
Nottingham. In this presentation I will discuss the utility of surface analysis, particularly time-of-flight 
secondary mass spectrometry, for both developing novel biomaterials and understanding how 
biology interacts with the materials under investigation, focussing on novel polymers to prevent 
bacterial biofilm formation. 

 
High-energy cluster ions - minimising depth profiling artefacts for solid-state electrolytes 
Jonathan Counsell, Kratos Analytical 
 
Lithium phosphorous oxynitride (LiPON) is widely used in solid state micro-batteries due to 
low electronic conductivity, increased durability to cycling and ease of preparation. Despite 
the widespread use of LiPON much is still unknown regarding Nitrogen bonding and Li 
mobility. Here we will use conventional surface analysis techniques of XPS and sputter 
depth profiling to understand the surface and bulk chemistry of LiPON films formed via 
atomic-layer deposition (ALD).  The elemental composition as a function of depth is probed 
and comparisons are made between the results obtained from conventional monatomic Ar+ 
depth profiling and Arn

+ cluster depth profiling.  The use of cluster ions for depth profiling is 
shown to provide a more accurate determination of the Li distribution through the thin film 
materials as well as the ability to retain the true chemical state of the nitrogen species. 
 
Opportunities for research on the FELIX suite of free electron lasers   
Peter Weightman, University of Liverpool. 
 
The EPSRC has just funded the FLUENCE proposal to facilitate the access of UK scientists to 
the FELIX suite of accelerator driven light sources in Nijmegen.  
This talk will describe the FELIX facility and set out the support that is available for UK 
scientists to conduct experiments on FELIX. More information on FELIX can be found at the 
following links. 
FELIX Annual report 2015:   http://www.ru.nl/felix/about-felix/ 
FELIX video:   http://www.ru.nl/felix/about-felix/ 
FELIX brochure:   https://issuu.com/radbouduniversiteit/docs/the_felix_laboratory 
 
 
 
 
 
 
 
 
 
 
 
 



Quantitative phase analysis using XPS 
Robert Palgrave, UCL 
 
XPS is well established as a technique for chemical analysis of surfaces. Typically 
composition and chemical state information is obtained from core lines. Valence band XP 
spectra contain information not only on the elemental composition but on the arrangement 
of the constituent atoms, i.e. the structure. Valence band (VB) spectra are commonly used 
to study chemical modification of materials, e.g., doping of a semiconductor, and have been 
used to qualitatively determine phase, e.g. distinguishing diamond from graphite. We have 
used VB spectra to determine quantitatively the phase fraction in mixed phase systems. A 
method of quantitative phase analysis using valence band X-ray photoelectron spectra is 
presented and applied to the analysis of TiO2 anatase-rutile mixtures. The valence band 
spectra of pure TiO2 polymorphs were measured, and these spectral shapes used to fit 
valence band spectra from mixed phase samples. Given the surface sensitive nature of the 
technique, this yields a surface phase fraction. Mixed phase samples were prepared from 
high and low surface area anatase and rutile powders. In the samples studied here, the 
surface phase fraction of anatase was found to be linearly correlated with photocatalytic 
activity of the mixed phase samples, even for samples with very different anatase and rutile 
surface areas. This method may be applied to other systems where a surface phase fraction 
is an important characteristic. 
 
ToF-SIMS Characterisation of Graphene: Understanding the Impact of Contamination 
Barry Brennan1, Philipp Braeuninger-Weimer2, Sabina Caneva2, Stephan Hofmann2, Andrew 
J Pollard11National Physical Laboratory, Hampton Road, Teddington, TW11 0LW, UK 
2Department of Engineering, University of Cambridge, Cambridge CB3 0FA, UK 
 
The physical and electrical properties of graphene and related materials have been 
extensively investigated over the last decade since the isolation of single layer graphene 
flakes, however one area of characterisation that is often neglected is that of chemical 
composition. While the fundamental chemistry is well understood, as these materials 
become more industrially relevant issues such as sample handling, processing and even 
inherent variations in source materials will lead to measureable differences between 
samples. In this work, we assess the variations in chemical composition that can be 
observed for various forms of graphene and 2D materials. Examples will be discussed, 
including the detection of metal ions in graphene powders, the dispersion of liquid-phase 
exfoliated graphene in polymer composites and the presence of surfactant residue, the role 
of contamination in CVD growth on metal catalyst films and how this can impact on the 
growth, as well as addressing the polymer residue on CVD-grown graphene due to the 
transfer process. 
 
Using Time of Flight Mass Spectrometry (ToF-SIMS), we explore in detail the variation in 
chemistry present in different graphene and 2D materials systems and how these may 
impact on the material properties [1], growth mechanisms [2,3], and dispersion in 
composites [4].  A better understanding of the contamination present in these systems can 
lead to improvements in material quality and in particular material consistency, which will 
help provide confidence for the uptake of 2D materials in industry.  



 
Fig. 1. (a) ToF-SIMS image of CVD graphene (C2

- red signal) on copper (CuO2
- green signal) 

after a back side oxidation process of the copper foil. (b) 3D ToF-SIMS depth profile image of 
graphene grown on copper showing the distribution of copper oxide underneath the 
graphene.  
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Title: Tomography of nanoscale electronic features in semiconducting films with atomic 
force microscopy 
Authors: Mark Buckwell, Luca Montesi, Wing H. Ng, Stephen Hudziak, Richard Chater, 
Ludovica Intilla, Adnan Mehonic, Ainara Aguerdo, Franco Cacialli, Mario Lanza and Anthony 
J. Kenyon 
 

 
 



Tomographic techniques enable analysis of materials in three dimensions. Such methods are 
crucial in providing insight into the internal structure of thin films or heterostructures. 
However, the sample choice is often limited and the preparation very challenging for small, 
few- or sub-micrometre regions of interest. For nanoscale information, such as with x-ray or 
electron tomography, sub-millimetre samples must often be cut and mounted on a needle. 
The resulting signal contrast is also limited by the composition, making intrinsic structure, 
such as stoichiometric variations, difficult to discern. Here, we present our findings using an 
emerging conductive atomic force microscopy-based conductance tomography technique. A 
diamond probe is used to gradually wear sample material away while simultaneously 
measuring current. As s result, a three-dimensional profile of conductivity variations in the 
sample may be produced. We have applied this method to thin, semiconducting oxide films, 
revealing the locations of intrinsic defects and electric field-generated chains of oxygen 
vacancies. In addition, we have looked at the effect of the measurement process on the 
probe and sample material, demonstrating that probes are necessarily damaged and the 
surface of crystalline samples amorphised. Furthermore, though measurements are typically 
performed in vacuum with single-crystal diamond probes, we have shown that they may 
instead be made in ambient conditions with a standard microscope and diamond-coated 
silicon probes. These findings indicate that this method might find many applications within 
materials science, particularly in studying thin film microstructure where the contrast with 
x-ray or electron microscopies is low. 
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Title: Tomography of nanoscale electronic features in semiconducting films with atomic force 

microscopy 

Authors: Mark Buckwell, Luca Montesi, Wing H. Ng, Stephen Hudziak, Richard Chater, Ludovica 

Intilla, Adnan Mehonic, Ainara Aguerdo, Franco Cacialli, Mario Lanza and Anthony J. Kenyon 

Abstract: Tomographic techniques enable analysis of materials in three dimensions. Such methods 

are crucial in providing insight into the internal structure of thin films or heterostructures. However, 

the sample choice is often limited and the preparation very challenging for small, few- or sub-

micrometre regions of interest. For nanoscale information, such as with x-ray or electron 

tomography, sub-millimetre samples must often be cut and mounted on a needle. The resulting 

signal contrast is also limited by the composition, making intrinsic structure, such as stoichiometric 

variations, difficult to discern. Here, we present our findings using an emerging conductive atomic 

force microscopy-based conductance tomography technique. A diamond probe is used to gradually 

wear sample material away while simultaneously measuring current. As s result, a three-dimensional 

profile of conductivity variations in the sample may be produced. We have applied this method to 

thin, semiconducting oxide films, revealing the locations of intrinsic defects and electric field-

generated chains of oxygen vacancies. In addition, we have looked at the effect of the measurement 

process on the probe and sample material, demonstrating that probes are necessarily damaged and 

the surface of crystalline samples amorphised. Furthermore, though measurements are typically 

performed in vacuum with single-crystal diamond probes, we have shown that they may instead be 

made in ambient conditions with a standard microscope and diamond-coated silicon probes. These 

findings indicate that this method might find many applications within materials science, particularly 

in studying thin film microstructure where the contrast with x-ray or electron microscopies is low. 
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Title: Chemical Mapping of Active Compounds Following Skin Permeation 

Authors: Jatin Mistry, Jake Hicks, David A Barrett, David J Scurr. 

Abstract: 

Current understanding of the skin permeation of topically applied active compounds is limited, 

particularly regarding the route or mechanism of stratum corneum penetration, the rate-limiting 

barrier to skin permeation. For a long time, it was generally accepted that diffusion through the 

stratum corneum and the epidermis, either inter- or intracellularly, was the main transport 

mechanism into the skin. Skin appendageal routes, such as via hair follicles, were considered to 

make an insignificant contribution to skin permeation as hair follicles only comprise 0.1% of the total 

human skin surface area. More recently, follicular transport has been investigated as a targeted 

topical drug delivery strategy, to circumvent penetration through the stratum corneum. Therefore, 

the permeation of a variety of active compounds, with differing LogP values, through ex vivo porcine 

ear skin tissue was assessed. Time-of-flight secondary ion mass spectrometry (ToF-SIMS) was used to 

analyse vertical cross-sections of skin tissue and both the epidermis and hair follicles were analysed 

for presence of the active compounds. Whilst ToF-SIMS has high sensitivity and chemical specificity, 

matrix effects can result in an uncertainty surrounding the ion intensity of an analyte. To mitigate 

this, porcine skin tissue was decisively left fixed to the underlying cartilage, in order to obtain full 

vertical cross-sections without the use of a traditional embedding matrix. Initial data collected has 

suggested the follicular permeation of α-tocopherol, following topical application of an oil-in-water 

emulsion. 

 

 

 

 

 



Title: Chemical Mapping Imiquimod Permeation Through Microneedle Pores using ToF-SIMS  

Author: 

Akmal H Sabri, Elizabeth Cocks, John McKenna, David J Scurr, Maria Marlow 

Abstract: 

Basal cell carcinoma (BCC) is the most common cutaneous malignancy in humans with the highest 

incidence rate in people with fair skin. One of the drugs that is typically used in the management of 

BCC is imiquimod, IMQ (Aldara®). However, IMQ possesses physiochemical properties that limit its 

permeation to reach deeper lesions such as those seen in nodular BCC. One strategy to assist the 

delivery of IMQ to deeper BCC lesions is through the use of microneedles. The current work 

chemically maps the dermal permeation of IMQ through microneedle channels via analysis of tape 

strips and skin cross-sections using ToF-SIMS. In these studies ToF-SIMS uniquely provides high 

spatial chemical resolution and specificity necessary in elucidating the permeation profile of IMQ 

through these microneedle channels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



QUANTIFYING IN VIVO PERMEATION OF CHLORHEXIDINE DIGLUCONATE (CHG) 

Khuriah Abdul Hamid , Mohammed Al-Mayahy, Nichola J. Starr, Andrew L. Hook, Maria 
Marlow, David J. Scurr 

School of Pharmacy, University of Nottingham, NG7 2RD, Nottingham, United Kingdom 

Background:  

Skin permeation and distribution of a conventional antimicrobial compound, chlorhexidine 
digluconate (CHG), has been successfully demonstrated using Time-of-flight secondary ion 
mass spectrometry (ToF-SIMS). This method is advantageous as it does not require 
laborious preparation, radio-labels or fluorescent tags. However, the disadvantage of this 
technique is that it is not inherently quantitative. This study aims to develop calibration data-
sets to enable quantitative data to be derived from ToF-SIMS skin permeation analysis. This 
will be then related to in vivo data acquired for CHG permeation in human volunteers. 

Methods:  

Porcine skin was homogenised, using a rotor-stator homogeniser (Ultra-Turrax) and mixed 
with 20% w/v CHG solutions in the concentration range of 0.039-8.75 µg/mg. These were 
printed using a contact printer (BIODOT) and analysed using a ToF-SIMS IV instrument 
(IONTOF, GmbH). In the in vivo study, volunteer’s forearms were treated with 4% and 2% 
hibiscrub and 2% ChloraPrep™ with samples subsequently analysed by ToF-SIMS.  

Results:  
 
A calibration microarray of skin / CHG spots was successfully printed. Analysis by ToF-SIMS 
allowed the generation of a calibration curve which showed a linear correlation between 
CHG concentration and CHG ion intensity. An examination of CHG fragment ion images 
revealed that the CHG spots are uniformly printed. The ToF-SIMS analysis of the in vivo 
tape strips indicated that the samples treated with 4 % hibiscrub show an enhanced 
permeation as compared to the 2 % equivalent and the ChloraPrep™. Furthermore, these 
results can be quantified using the calibration data derived from skin / CHG microarray. 

Conclusions: 

A uniform skin tissue microarray was successfully printed illustrated a directly proportional 
relationship between CHG ion intensity and CHG concentration. This enabled the 
quantification of ToF-SIMS data acquired from in vivo testing of the permeation of CHG. 
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USING A POROUS MATRIX TO STUDY, CHARACTERIZE AND RECOVER DAMAGED  
SIGNAL AFTER FOCUSED ION BEAM CUTTING 

MARIAVITALIA TIDDIA1,3, GUIDO MULA1, ICHIRO MIHARA2, RASMUS HAVELUND3, IAN GILMORE3 

1 Università degli Studi di Cagliari, Dipartimento di Fisica S. P. Monserrato - Sestu Km 0.700, 09042 Monserrato CA, Italy 
2 Kuraray CO., LTD., 2045-1, Sakazu, Kurashiki, Okayama, 710-0801, Japan 

3 National Physical Laboratory, Hampton Road, Teddington, TW11 0LW, United Kingdom 
*Corresponding author e-mail address: mariavitalia.tiddia@dsf.unica.it 

High-resolution chemical imaging using secondary ion mass spectrometry (SIMS) in combination with buried interface 
exposure using focused ion beam (FIB) milling is a promising method to study inorganic-organic hybrid materials. 
However, there is a lack of fundamental measurements to provide the necessary guidance for analysts to achieve 
reliable and reproducible FIB-SIMS measurements. In this study, we fabricate a reference sample with a well-defined 
pattern of organic and inorganic regions that enables reliable measurements of damage, sputtering rate change and 
distortion artefacts. The reference sample consists of a microchannel plate (MCP) with a regular honeycomb array of 10 
µm diameter tubes. These tubes are completely filled with polystyrene (PS) or polymethyl-methacrylate (PMMA) by 
melting the polymers and pressing them into the tubes in a vacuum oven. This highly regular structure of organic and 
inorganic phases is suitable for evaluating the lateral resolution, repeatability, reproducibility and reconstruction accuracy 
in FIB-SIMS measurements. 

The FIB is able to mill both inorganic and organic materials but the organic surface is molecularly damaged. The 
damage is localised to the near surface (< 10 nm) and can be cleaned by sputtering with a gas cluster ion beam (GCIB). 
We show how the signal recovery is dependent on key parameters related to the beam used to generate the damage 
(the FIB ion dose, the size of the primary ion cluster, and the angle of incidence), as well as to the dose, energy and size 
of the Arn

+ clusters in the beam used to clean up the damage. The study provides valuable understanding for optimising 
FIB cutting of hybrid materials for molecular analysis.  

MCP structure is perfect to establish a protocol optimized for the study of organic–inorganic material interfaces when 
using focused ion beam (FIB) to cut through the analyzed samples. FIB is most often used to fabricate high aspect ratio 
features mostly by using a stable Ga ion source. When applied to hybrid materials the main difficulty comes by the 
inherently destructive ion beam-substrate interaction for organic materials [1].  

Consequently, the analysis of organic-inorganic hybrid materials is challenging. Optimized methods are needed to 
minimize or remove the damage and allow successful FIB-SIMS analysis [2, 3]. Until now, the studies focus on the 
optimization of the parameters in case of FIB. In this work we present different ion beam sources, comparing the effect 
of Ga+ and a Bin+ ion sources and we report how is possible to recover the FIB-induced damage using a clean-up 
procedure based on an Arn+ gas cluster ion beam (GCIB). 
 
FIB milling was performed on a ToF-SIMS V (ION-TOF GmbH, Germany) using first a 30 keV Ga+ beam with an angle of 
incidence of 45o to the sample surface (Fig. 2a). After the FIB milling no molecular signal is detected from the organic 
filling owing the damage caused by the FIB (Fig 2 b). Following sputter cleaning using a 10 keV Ar2500

+ GCIB (4eV/atom) 
the characteristic signals identifying the polymers are recovered Fig 1 (c)). In our optimized procedure, the FIB damage 
was successfully cleaned by sputtering with a low eV/atom GCIB. 
 

 
Figure1: (a)SEM image after FIB milling, (b) secondary ion image after FIB milling, (c) secondary ion image after cleaning procedure 
using Ar+ cluster sputtering visualized as overlayed images of C4H5O+(PMMA, red),Rb+ (MCP, green), and Ga+ (FIB source, blue).  
 

The FIB allows precise location and exposure of the buried interface using computer control and the stage registration 
system. We demonstrate the use of low-energy per atom GCIB sputtering to recover the characteristic fragment ions 
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signal from polymers thus allowing high-resolution SIMS imaging of buried interfaces in hybrid inorganic-organic 
materials. 
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Understanding Surface and Bulk Properties in Perovskites Photovoltaics 
Jonathan Ngiam1,2, Sarah Fearn1, Chieh-Ting Lin1, David Payne1, Natalie Stingelin2,3, Martyn 
McLachlan1,2 
1 Department of Materials & Centre for Plastic Electronics, Imperial College London 
2 Marie Sklodowska-Curie Innovative Training Network (INFORM) 
3 Georgia Institute of Technology 
 
The organic-inorganic hybrid ‘perovskite’ materials are known to be efficient in photovoltaic 
devices. There have been substantial number of published work, not only on device physics 
and device optimisation but also on basic material research on pure halide and mixed halide 
perovskites. This work focusses mainly on materials characterisation. 
 
Standard photophysical techniques such as photoluminescence, electroluminescence, and 
other variants are typically not surface-sensitive while standard topographical 
characterisation. By combining surface sensitive techniques surface composition can be more 
accurately probed. Furthermore, using dynamic capabilities composition can be probed as a 
function of depth. By applying this multi-instrumental approach, differences in surface 
composition and termination for perovskites with different processing routes, doping 
concentrations, and interlayers can be better defined.  
 
This work explores the use of Low-Energy Ion Scattering (LEIS) to obtain surface sensitive 
information about different perovskite compositions. 
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