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AS1 - Evolution and revolution in SIMS 

Award Speaker 
Ian Gilmore 
National Physical Laboratory, United Kingdom 
 
        
Since the origins of secondary ion mass spectrometry (SIMS), almost nine decades ago, the field has 
evolved along distinct pathways where a process of natural selection has seen the emergence and 
decline of techniques as they, in turn, are superseded by new innovations.         
 
This has resulted in today’s powerful SIMS instruments that are having extraordinary impact in 
almost every area of materials science and increasingly in the life-sciences [1]. However, 
independent evolutionary lineages have led to segmentation of the community. Recent advances in 
instrumentation and advances in fundamental understanding are now beginning to show prospects 
for evolutionary convergence.        
        
To put this in context, recent developments driven by a fundamental analytical challenge will be 
discussed. Techniques, like nuclear magnetic resonance, provide high confidence in identification 
but with limited information on localisation. Whilst techniques like electron microscopy, give high 
confidence in localisation but low confidence in identification. This has been termed the “molecular 
uncertainty principle” [2]. In 2017, NPL introduced the OrbiSIMS technology [3] with an objective 
to simultaneously provide molecular identification and localisation as close to this limit as possible. 
Since then, the number of OrbiSIMS instruments around the world has increased significantly and 
the community of users and range of applications has grown. In this presentation, we briefly 
introduce the OrbiSIMS and use examples of the applications in advanced materials [4] and life-
sciences [5] to highlight a convergence of “static SIMS” and “dynamic SIMS” as some of the 
traditional barriers begin to disappear. In a look to the future, further advances in mass spectrometers 
are expected, for example multiple reflection Time of Flight analysers, ion mobility and other novel 
hybrid analysers as well as improved sensitivity using quantum detection.        
        
Selected references 
[1]       N. P. Lockyer et al. Secondary ion mass spectrometry, Nature reviews, methods primer, 2024 
[2]       A Ali et al, Single cell metabolism: current and future trends. Metabolomics, 2022. 18 (10): 
[3]       M K Passarelli et al., The 3D OrbiSIMS-label-free metabolic imaging with subcellular lateral  
            resolution and high mass-resolving power, Nature Methods, 2017. 14 (12): p. 1175- 
[4]       G F Trindade et al., Direct identification of interfacial degradation in blue OLEDs using 
            nanoscale chemical depth profiling. Nature Communications, 2023. 14 (1): p. 8066. 
[5]       F Zani et al., The dietary sweetener sucralose is a negative modulator of T cell-mediated 
            responses. Nature, 2023. 615 (7953): p. 705-711. 
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PS1 - From model system to devices – Gaining insight into solar cells with photoelectron 
spectroscopy 

Ute Cappel 
Department of Physics and Astronomy, Uppsala University, Sweden 
 
Gaining atomic level understanding of materials properties as well as processes in devices is crucial 
for the development of applications relying on these materials. This talk will address how we use 
photoelectron spectroscopy to gain fundamental insights into materials for solar cells. 
 
The direct conversion of sunlight to electricity (photovoltaics) is expected to play a significant role 
in the future electricity supply due to the great potential of solar energy as a renewable source. To be 
used on a larger scale, future solar cell technologies must use abundant materials, be inexpensive to 
produce and stable under device operation. In the last years, much research has focused on 
developing new solar cells made from organic or hybrid materials, which can be fabricated by cheap 
methods. This includes solar cells with a hybrid organic inorganic perovskite as the active layer in 
the solar cell, which have now reached power conversion efficiencies of more than 25%. In a typical 
solar cell, the perovskite layer is sandwiched between two selective contacts, one for holes and one 
for electrons. 
 
The future success of these developments crucially depends on understanding the details charge 
separation, charge transport and charge recombination at the interfaces between the different layers 
in a solar cell as well as what parameters limit solar cell stability. X-ray based techniques such as 
photoelectron spectroscopy (PES) are powerful tools for obtaining electronic structure information 
of materials at an atomic level. By varying the photon energy from soft to hard X-rays, 
photoelectron spectroscopy can be used for non-destructive depth profiling of the solar cell 
interfaces giving information about the energy alignment and chemical structure and composition at 
the interface. Furthermore, time-resolved photoelectron spectroscopy can be used to investigate 
dynamics within devices relating to charge transport and material stability. 
 
In this presentation, I will discuss how we have used photoelectron spectroscopy to gain 
fundamental insights into materials for solar cells by carrying out investigations ranging from single 
crystal model systems to real devices and moving from static to dynamic, time-resolved 
measurements.  
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PS2 - Active Chiral Surfaces Driving Left-Right Symmetry Breaking in Living Systems 

Stephan Grill 
MPI-CBG Dresden, Germany 
 
One of the most remarkable examples of self-organized structure formation is the development of a 
complex organism from a single fertilized egg. With the identification of molecules that participate 
in this process of morphogenesis, attention has now turned to capturing the physical principles that 
govern the emergence of biological form. 
 
What are the physical laws that govern the dynamics and the formation of structure in living matter? 
Much of the force generation that drives morphogenesis stems from the actomyosin cortical layer of 
cells just underneath the cell surface, which endows the surface with the ability to generate active 
stresses and active torques that can drive reshaping. We combine theory and experiment and 
investigate how the actomyosin cell surface deforms and how it supports chiral rotations, and how 
these events together participate in chiral morphogenesis and the establishment of a left-right 
principal body axis in both the nematode worm and the Japanese quail.  
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PS3 - Advancing X-ray Photoelectron Spectroscopy (XPS) Methodologies for Materials 
Research 

Mark Biesinger 
Surface Science Western, Western University, London ON, Canada 
Department of Chemistry, Western University, London ON, Canada 
 
Chemical state X-ray photoelectron spectroscopic (XPS) analysis of first row transition metals and 
their oxides and hydroxides is challenging due to the complexity of the 2p spectra resulting from 
peak asymmetries, complex multiplet splitting, shake-up and plasmon loss structure, and uncertain, 
overlapping binding energies. 
 
Our work has shown that all the values of the spectral fitting parameters for each specific species, 
i.e. binding energy (eV), full width at half maximum (FWHM) value (eV) for each pass energy, 
spin-orbit splitting values and asymmetric peak shape fitting parameters, are not all normally 
provided in the literature and databases, and are necessary for reproducible, quantitative chemical 
state analysis. 
 
We have worked toward a consistent, practical, and effective approach to curve fitting based on a 
combination of 1) standard spectra from quality reference samples, 2) a survey of appropriate 
literature databases and/or a compilation of literature references, 3) specific literature references 
where fitting procedures are available and 4) theoretical fittings, where available, of multiplet split 
reference spectra. The use of well characterized standard samples and fitting of the entire peak shape 
has been shown to increase our ability to accurately identify and (semi) quantify the various species 
present in mixed oxide/hydroxide systems [1,2]. Additional chemical information has also been 
elucidated from Auger parameters and by using Wagner plots for compounds of Ni, Cu, Ga, In, Cd, 
and Zn. The unique spectral shapes of the LMM Auger peaks for these transition metals, particularly 
for Cu [3], as well as for Zn, In and Cd, have also been shown to be of use for chemical speciation. 
These methods have been shown to be effective in a wide variety of applications. Additionally, a 
recent assessment [4] of available charge corrections procedures for insulating samples will also be 
shown including recent work on defining the nature of adventitious carbon and improving its merit 
for charge correction usage [5].  
 
Selected references 

1. M.C. Biesinger, L.W.M. Lau, A.R. Gerson, R.St.C. Smart, Applied Surface Science 257 
(2010) 887. 

2. M.C. Biesinger, B.P. Payne, A.P. Grosvenor, L.W.M. Lau, A.R. Gerson, R.St.C. Smart, 
Applied Surface Science 257 (2011) 2717. 

3. M.C. Biesinger, Surface and Interface Analysis 49 (2017) 1325. 
4. M.C. Biesinger, Applied Surface Science 597 (2022) 15381. 
5. L.H. Grey, H.-Y. Nie, M.C. Biesinger, Applied Surface Science 653 (2024) 159319. 
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PS4 - Atom probe tomography as an amazing tool for the chemical analysis of soft matter and 
complex interfaces 

Guido Schmitz 
Institute of Materials Science, University of Stuttgart, Germany 
 
Atom probe tomography is a method of microscopic analysis that is already well-established in the 
study of hard materials. It is based on controlled field desorption and stands out by combining 
single-atom sensitivity with a 3D volume reconstruction. 
 
Particular strongholds are the accurate measurement of chemical segregation to grain boundaries and 
interfaces in nanostructured matter. 
 
Our recent efforts push forward volume reconstruction methods, the quantum mechanics simulation 
of the evaporation process and the statistical understanding of chemical fluctuations which even 
enables a direct measurement of Gibbs energy. We desire to break the materials limitations towards 
the analysis of softmatter and polymeric materials. Meanwhile, nanometric needles are produced 
from frozen liquids, even from pure water. Studies are performed with aqueous solutions, liquids of 
short alkanes, liquid crystals and self-assembling monolayers. The talk discusses the field desorption 
of complex materials and presents time of flight mass spectra and their dependence on field or laser 
intensity. The complex mechanisms of field desorption from frozen water surfaces and molecular 
organic liquids are further elucidated by DFT and Monte-Carlo simulation. By proper evaluating 
evaporation probabilities and event correlations, even insight in bonding strength and the stability of 
molecules in strong electrical fields may be provided.  
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K1 - Characterisation of microbial surface chemistry using cryo-XPS 

2. BIO – Bio-interfaces, Biomaterials and Life Science 
Andrey Shchukarev1 
Madeleine Ramstedt1 
1 Umeå University, Department of Chemistry 
 
 Biological materials such as microbial cells are in their natural condition often highly hydrated. 
Traditionally, surface analysis of these types of materials have been performed on freeze-dried 
specimens. However, the drying procedure may introduce artefacts, rearrange the surface 
morphology and reorganize the distribution of sugars, lipids, and proteins at the interface between 
the material and air. These changes have the potential to alter the chemical composition at the 
surface, giving rise to data that do not correspond to what would be observed in hydrated state. In 
order to avoid this and probe hydrated surfaces, we developed methodologies for analysing 
microbial samples using cryogenic XPS [1,2]. Through the years, we have applied this to bacterial 
cells, biofilms, bacterial vesicles, fungal cells, microalgae and viruses [3,4,5]. This talk will describe 
the methodology used and illustrate the types of data that we have obtained on a few selected 
microorganisms. In addition, I will compare data we obtained from bacterial cells using cryo-XPS 
and NAP-XPS and discuss advantages and disadvantages we experienced between the two methods 
[6].         
 
Selected references 
[1] 2011, Ramstedt M, Nakao R, Wai S N, Uhlin B-E, Boily J-F, Monitoring Surface Chemical 
Changes in the Bacterial Cell Wall – Multivariate analysis of X-ray photoelectron spectroscopy data, 
Journal of Biological Chemistry, DOI: 10.1074/jbc.M110.209536 
[2] 2016, M Ramstedt, A Shchukarev, Analysis of bacterial cell surface chemical composition using 
cryogenic X-ray photoelectron spectroscopy, chapter 16 in Bacterial Cell Wall Homeostasis (Ed) 
Hee-Jeon Hong in Methods in Molecular Biology, vol 1440, Springer, New York, pp 215-223, 
DOI:10.1007/978-1-4939-3676-2_16 
[3] 2020, A Shchukarev, Z Gojkovic, C Funk, M Ramstedt, Cryo-XPS analysis reveals surface 
composition of microalgae, Applied Surface Science, DOI:10.1016/j.apsusc.2020.146538 
[4] 2020, A Hagberg, O Rzhepishevska, A Semenets, D Cisneros Armas, M Ramstedt, Surface 
Analysis of Bacterial Systems Using Cryo-X-ray Photoelectron Spectroscopy, Surface and Interface 
Analysis, DOI:10.1002/sia.6854 
[5] 2021, A Shchukarev, E Backman, S Watts, S Salentinig, C F. Urban, M Ramstedt,  Applying 
cryo-XPS to study the surface chemical composition of fungi and viruses, 
DOI:10.3389/fchem.2021.666853  
[6] 2021, Kjærvik M, Ramstedt M, Schwibbert K, Dietrich P M., Unger E.S. W, Comparative study 
of NAP-XPS and cryo-XPS for the investigation of surface chemistry of the bacterial cell-envelope, 
DOI: 10.3389/fchem.2021.666161 
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K2 - Oxide Films and Corrosion 

5. COR – Corrosion 
Philippe Marcus1 
1 CNRS - Chimie ParisTech, PSL University, Institut de Recherche de Chimie Paris, Physical 
Chemistry of Surfaces Research Group, Paris, France  
 
This lecture with focus  on a surface analytical approach  of corrosion and protection of metals and 
alloys. 
 
Oxide films, such as passive films, occupy a central role in corrosion and protection because without 
such surface oxides nearly no metal or alloy could be used in our environment. 
 
Therefore it is essential to understand the oxide growth,  their protective properties, the origin of 
defects responsible for their local breakdown. This requires the  use of surface analytical techniques 
including XPS, ToF-SIMS, STM. 
 
The best case is when the oxide forms spontaneously on the metal surface as it does on e.g. 
aluminium, titanium, stainless steels, and new highly corrosion resistant alloys such as High Entropy 
Alloys. Oxide layers can also be deposited (e.g. by ALD) on less corrosion resistant alloys. 
 
These various aspects will be presented and exemplified in this lecture, and future trends will be 
discussed.  
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K3 - Electron Beam Attenuation and Energy Dissipation between 0 eV and Relativistic 
Energies.  

6. DAT – Data Analysis and Metrology 
Wolfgang S.M. Werner1 
1 Institut für Angewandte Physik, Technische Universität Wien, Wiedner Hauptstr 8-10, A-1040 
Wien, Austria 
 
The status quo of quantitative nanoanalysis using medium energy electrons 
will be briefly reviewed, demonstrating the impressive progress which has been made over the  
past fifty years. This is in stark contrast to the understanding of the interaction of low 
energy  electrons (LEEs) with surfaces which is rapidly gaining attention due to its importance for a 
variety of processes on the nanoscale: LEEs are not only essential for nanoscale analysis such as 
microscopy, CD metrology or attosecond physics but also act as agents inducing physico-chemical 
processes as in, e.g., electron lithography, electron beam induced deposition, astrochemistry and, last 
but not least, DNA-bond breaking induced by high energy ionising radiation striking biological 
tissue.  Improvement in this field is complicated by the lack of benchmark experiments specifically 
designed to obtain information on individual physical parameters or processes. 
 
In the present talk, a recently proposed experimental approach will be described in which the 
quantitative knowledge of the medium energy range is used to gain information about the (poorly 
understood) low energy range. This is done by using medium energy primary electrons as 
messengers of the depth of creation of low energy secondaries. Measuring the secondary electron 
intensity as a function of depth of creation,  the attenuation law in the low energy range is 
quantified.  
 
In the case of polymethylmethacrylate, it is found that the attenuation law is non-exponential, but is 
rather made up of two exponential functions, corresponding to two different groups of electrons 
playing a role in the energy dissipation process. The attenuation lengths of both groups are measured 
and essentially agree with a theory used for decades in astrophysics ––albeit with units expressed in 
nm rather than lightyears–– and providing electron attenuation lengths in the range between 0 eV 
and relativistic energies (see figure below).  
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K4 - Underused Information from XPS and Avoiding Common Errors 

6. DAT – Data Analysis and Metrology 
Donald Baer1 
1 Pacific Northwest National Laboratory, Richland WA, USA 
 
The value of information obtained using XPS has fueled significant growth in its use in multiple 
disciplines and by a new generation of analysts as well as ‘casual’ users less familiar with the 
method. Accompanying this increased use and changes in the nature of the user community are i) 
increased presence of erroneous data analysis in literature and ii) fewer analysts taking full 
advantage of the types of information that can be extracted from well-constructed XPS experiments. 
This talk will suggest information that experienced XPS analysts can pass along to less experienced 
XPS users to address both issues.   First, the status of several efforts being undertaken to address 
faulty analysis, and incomplete reporting will be described.  These address analysis issues and lack 
of needed information and parameter reporting. Second, several useful but underused approaches to 
XPS data collection and analysis will be described. 
 
Examination of literature shows a significant amount of faulty XPS data analysis, often related to 
peak fitting, and significantly incomplete reporting of data and analysis parameters needed to assess 
result reliability or enable replication. Recent publications highlight common errors in the effort to 
encourage analysts to avoid them as well as enable readers and reviewers to recognize them.1-4 
Analyses also indicate that most publications using XPS ask one or more of three interrelated 
questions: i) What elements are present? ii) How much of each element is on the surface?  iii) What 
are the chemical states of the elements present?  Although very appropriate and important uses of 
XPS, there is a wider range of material and sample information can be obtained that enable XPS to 
address several analysis needs. 
 
An incomplete list of accessible information includes, sample polarizability and dielectric constants, 
chemically resolved electrical measurements, local electric field and potentials, band offsets and 
bending, the nature of electrical double layers and local charge dynamics, and changes in microbe 
cell walls in response to external stimuli. Common XPS analyses assume that the analyzed surface 
layer is uniform and ignore the impact of sample structure on XPS signals.  Information contained 
within XPS spectra can provide information about elemental distribution in the surface region, and 
information about coating thickness and uniformity, and size of nanoparticles. The talk will highlight 
two approaches that require specialized instrumental capabilities (application of AC or DC fields and 
cryoXPS) and other approaches primarily involving data analysis (Auger parameter, band 
information, D-band use, and ‘background’ signals).  
 
Selected references 

1. Pinder JW, Major GH, Baer DR, et al. Avoiding common errors in X-ray photoelectron 
spectroscopy data collection and analysis, and properly reporting instrument parameters. 
Applied Surface Science Advances. 2024/02/01/ 2024;19:100534. 
doi:https://doi.org/10.1016/j.apsadv.2023.100534 

2. Major GH, Pinder JW, Austin DE, et al. Perspective on improving the quality of surface 
and material data analysis in the scientific literature with a focus on x-ray photoelectron 
spectroscopy (XPS). Journal of Vacuum Science & Technology A. 
2023;41(3)doi:10.1116/6.0002437 
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3. Major GH, Clark BM, Cayabyab K, et al. Insufficient reporting of x-ray photoelectron 
spectroscopy instrumental and peak fitting parameters (metadata) in the scientific 
literature. Journal of Vacuum Science & Technology A. 2023;41(4)doi:10.1116/6.0002714 

4. Greczynski G, Hultman L. A step-by-step guide to perform x-ray photoelectron 
spectroscopy. Journal of Applied Physics. 2022;132(1)doi:10.1063/5.0086359 
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K5 - XPS, NAP-XPS, and HAXPES inelastic electrons to characterize nano-structured 
materials 

6. DAT – Data analysis and Metrology 
Sven Tougaard1 
1 Department of Physics, Chem. and Pharm., University of Southern Denmark, Odense M, Denmark 
 
Quantitative characterization of nanostructures by analysis of the inelastic background in 
photoelectron spectroscopy (XPS and HAXPES) is now a widely used method.[1] In the talk, we 
report on recent advancements of this method. First, we discuss the application to characterize core-
shell nanoparticles (CSNPs) and show that both the shell thickness and its heterogeneity can be 
accurately determined, and it also correctly proves if the shell material fully encapsulates the core or 
if part of the core is uncoated [2] (see Figure below). Further, we recently showed how the method 
can be applied to very accurately correct ambient pressure XPS for the spectral distortion caused by 
the gas.[3]                     
 
The only input in the method, besides the IMFP, is the cross section for inelastic electron scattering. 
For cases with stacks of layered materials that have widely different cross sections, this quantity is 
taken as the weighted average of the involved materials.[4] For cases where the involved cross 
sections are unknown, we recently showed that an optimized cross section, that is determined as part 
of the fitting procedure, can reliably be determined without any knowledge of the sample 
composition.[5] 
 
The method is non-destructive, and the probing depth is considerably larger than the usually quoted 
3*IMFP because the inelastically scattered electrons originate from larger depths than the electrons 
in the peak and it is typically ~8*IMFP but can be ~20*IMFP in cases where the background can be 
followed over several hundred eV. The latter is often the case with HAXPES because the separation 
between deep lying core electrons can be much larger compared to conventional XPS. With 
HAXPES, the photoelectron energy and thereby the IMFP and the probing depth is also increased 
and several examples with analysis of structures at > 100 nm depth have been reported.[4,6] Since 
lab based HAXPES is now commercially available it is being installed in many labs and its 
application in nanotechnology is expected to rapidly increase considerably. 
 
Detailed tutorial videos of several of the examples discussed in the talk are available in [7].  
 
Selected references 
[1] S. Tougaard, J Vac Sci Technol A. 2021;39:011201 https://doi.org/10.1116/6.0000661; 
[2] A. Müller et al, Surf Interface Anal. 2020;52(11):770 https://doi.org/10.1002/sia.6865 
[3] S. Tougaard and M. Greiner, Appl Surf Sci. 2020;530:147243. 
https://doi.org/10.1016/j.apsusc.2020.147243 
[4] C. Zborowski, O. Renault, ST. et al J. Appl. Phys 124 (2018) 657 
[5] C. Zborowski, ST., Surf Interface Anal. 2021;1–9  https://doi.org/10.1002/sia.7020 
[6] B. F. Spencer et al. Appl. Surf Sci (2021) 541, 148635, 
https://doi.org/10.1016/j.apsusc.2020.148635 
[7] S. Tougaard Tutorial videos; https://zenodo.org/search?q=tougaard 
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K6 - Hard X-ray photoelectron spectroscopy and its application to the bonding and electronic 
structure of metal dihydrides 

7. DPR – Thin Films, Coatings and Depth Profiling 
Anna Regoutz1 
1 University College London 
 
Metal hydrides hold significant promise in various hydrogen-related technologies, encompassing 
energy storage, hydrogen compression, and hydrogen sensing. Although metal hydrides appear 
simple compared to many other energy materials, understanding the electronic structure and 
chemical environment of hydrogen within them remains a key challenge. This work presents a new 
analytical pathway to explore these aspects in technologically relevant systems using Hard X-ray 
Photoelectron Spectroscopy (HAXPES) on thin films of two prototypical metal dihydrides: 
YH2−δ and TiH2−δ.[1,2] By taking advantage of the tunability of synchrotron radiation, a non-
destructive depth profile of the chemical states is obtained using core-level spectra. Combining 
experimental valence band spectra collected at varying photon energies with theoretical insights 
from density functional theory (DFT) calculations, a description of the bonding nature and the role 
of d versus sp contributions to states near the Fermi energy are provided. Moreover, a reliable 
determination of the enthalpy of formation is proposed by using experimental values of the energy 
position of metal s band features close to the Fermi energy in the HAXPES valence band spectra.  
 
Selected references 
[1] C. Kalha, L. E. Ratcliff, G. Colombi, C. Schlueter, B. Dam, A. Gloskovskii, T.-L. Lee, P. K. 
Thakur, P. Bhatt, Y. Zhu, J. Osterwalder, F. Offi, G. Panaccione, A. Regoutz, “Revealing the 
Bonding Nature and Electronic Structure of Early-Transition-Metal Dihydrides”, PRX Energy, 3, 
013003, 2024, https://doi.org/10.1103/PRXEnergy.3.013003  
[2] C. Kalha, N. K. Fernando, P. Bhatt, F. O. L. Johansson, A. Lindblad, H. Rensmo, L. Zendejas 
Medina, R. Lindblad, S. Siol, L. P. H. Jeurgens, C. Cancellieri, K. Rossnagel, K. Medjanik, G. 
Schönhense, M. Simon, A. X. Gray, S. Nemšák, P. Lömker, C. Schlueter, and A. Regoutz, "Hard X-
ray Photoelectron Spectroscopy – A Snapshot of the State-of-the-Art in 2020", J. Phys. Condens. 
Matter, 33, 233001, 2021, https://doi.org/10.1088/1361-648X/abeacd. 
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K7 - Powder for metal additive manufacturing: Properties, reuse and degradation from 
surface chemistry point of view 

10. MET – Metallic Materials 
Eduard Hryha1 
Lars Nyborg1 
1 Centre for Additive Manufacturing – Metal (CAM2), Department of Industrial and Materials 
Science, Chalmers University of Technology, Gothenburg, Sweden 
 
Metal powder constitutes the most common feedstock used in metal additive manufacturing (AM), 
including powder bed fusion (laser beam PBF-LB, and electron beam - PBF-EB), binder jetting 
(BJT) and powder blown directed energy deposition (DED). Even though the same alloys systems 
are often used for these technologies, they have different requirements to the powder feedstock when 
it comes to its physical and chemical characteristics and utilize different size fractions of the metal 
powder. In addition, this metal powder is exposed to very different conditions during the AM 
manufacturing cycle in case of different AM technologies. However, importance of powder 
properties, specifically powder surface chemistry and its changes during powder manufacturing, 
handling and AM processing is often overlooked. Hence, changes in powder properties during 
manufacturing cycle and its impact on the final component properties differ significantly. 
 
Metal powder used for additive manufacturing is characterized by large surface area of the powder 
that leads to high surface reactivity. This, in combination with the alloy composition, will determine 
powder sensitivity to the powder manufacturing method, handling and AM processing. Powder 
surface chemistry is initially determined by powder manufacturing method and alloy composition. 
This initial chemical composition is, however, not stable, and progressively changes with time in 
dependance on powder handling and processing by metal additive manufacturing. These changes in 
powder surface chemistry during powder reuse have a strong impact on powder quality and 
processability by specific AM technologies. This talk summarizes recent experimental observations 
and thermodynamic simulations of the changes in powder surface chemistry during the whole life-
cycle of metal powder: from its manufacturing through powder handling and AM processing by 
variety of powder-based metal AM technologies. Generic model of the powder degradation in 
dependance on initial powder properties and alloy composition when processed by different AM 
processes, is elaborated. Effect of the reused powder on the defect formation during AM processing 
and its impact on material properties is discussed.  
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K8 - A journey towards operando X-ray photoelectron spectroscopy to follow reactions at 
battery interfaces 

11. NRG – Energy, Environment, geology and heritage 
Julia Maibach1 
1 Department of Physics, Chalmers University of Technology, Gothenburg, Sweden 
 
Electrode/electrolyte interfaces are likely the most important and least understood components of Li-
ion and next-generation batteries. Improving the understanding of interphases in batteries will 
undoubtedly lead to breakthroughs in the field. However, obtaining chemical and electronic 
information with high interface sensitivity is challenging since these interfaces and interphases are 
typically buried between a solid electrode and liquid electrolyte. Traditionally, evaluating those 
interphases therefore involves ex situ surface sensitive techniques, even though ex situ sample 
manipulation is undesirable due to the interphases’ dynamic and reactive nature [1]. 
 
To resolve this issue, we use near-ambient pressure x-ray photoelectron spectroscopy (NAP-XPS). 
With this technique, the vacuum constraints of classical UVH-based XPS are relieved and 
solid/liquid interfaces can be studied. Combing NAP-XPS with specially designed operando setups 
to study the electrode/electrolyte interface under electrochemical bias, we gain more realistic 
information on the reactions between electrode and electrolyte. 
 
In this contribution, I will review the journey from first applications of NAP-XPS to battery systems 
to identifying solid-electrolyte interphase (SEI) formation on model electrodes. As steps along the 
way I will present NAP-XPS characterizations of electrodes and electrolytes [2,3], tracking 
electrochemical potential differences over the solid/liquid interface in model battery systems under 
working conditions [4] and identifying electrode lithiation mechanisms [5].  
 
Selected references 
[1] J. Maibach, J. Rizell, A. Matic, N. Mozhzhukhina, ACS Materials Lett., 2023, 5, 2431-2444. 
[2] J. Maibach, I. Källquist, M. Andersson, S. Urpelainen, K. Edström, H. Rensmo, H. Siegbahn, and 
M. Hahlin, Nat. Commun., 2019, 10, 1-7. 
[3] P. M. Dietrich, L. Gehrlein, J. Maibach, A. Thissen, Crystals, 2020, 10, 1056 . 
[4] I. Källquist, F. Lindgren, M.-T. Lee, A. Shavorskiy, K. Edström, H. Rensmo, L. Nyholm, J. 
Maibach, M. Hahlin, ACS Appl. Mater. Interfaces, 2021, 13, 32989–32996. 
[5] I. Källquist, T. Ericsson, F. Lindgren, H. chen, A. Shavorskiy, J. Maibach, M. Hahlin, ACS Appl. 
Mater Interfaces, 2022, 14, 6465-6475. 
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K9 - The Development of High Energy Sources for XPS 

13. TEC – Technical Development and New Instrumentation 
John Watts1 
1 University of Surrey 
 
Over the last fifty years a number of higher energy X-rays sources have been suggested as 
alternatives for the usual AlKα source found in the first commercial XPS systems, and still the 
standard anode material for XPS today.  This paper reviews the development of a number of such 
sources, predominantly in the author’s laboratory, and the rationale behind the desire to extend the 
standard binding energy range of XPS.  The achromatic sources SiKα, ZrLα and TiKα are described 
along with monochromatic sources AgLα and CrKβ, both based on the standard quartz 
monochromator geometry but taking higher orders of diffraction.  The driving force for much of this 
development was the desire to probe deeper core levels and associated CCC Auger 
transitions.  These can be combined into initial (ξ) or final (α) state Auger parameters as described in 
much of the early work.  The highest energy source considered is the CuKα source based around an 
external X-ray tube, which provide much insight into the electronic structure of steels by 
measurement of the Fe1s and FeKLL peaks.  The last decade or so has seen a significant increase of 
interest in HAXPES, and all manufacturers of turn-key XPS instruments offer HAXPES options of 
one form or another, and there are three dedicated HAXPES systems commercially available, which 
will be briefly described.  
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O1 - Practical approach for standardization of surface free energy and piezoelectric constant 
using atomic force microscopy 

1. ADH – Adhesion and Tribology 
Ehtsham-Ul Haq1 
Charlie O'Mahony1, Joseph O'Donnell1, Yongliang Zhang1, Krittish Roy1, Dinesh Barnana1, Krsitine 
O'Dwyer1, Tewfik Soulimane2, Ning Liu1, Christophe Silien1, Tofail Syed1 
1 Department of Physics and Bernal Institute University of Limerick V94 T9PX, Ireland, V94 T9PX, 
Limerick, Ireland 
2 Department of Chemical Sciences, University of Limerick, Limerick V94 T9PX, Ireland, V94 
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Precise measurement of physical properties at the nanoscale is crucial for designing surfaces with 
control over chemistry, mechanical, electrical, and morphological properties. The surface free 
energy (SFE), wetting, adhesion, and friction plays a vital role in tribology, photonics, scaffold 
materials, drug delivery, and bio-coatings. Similarly, the reliability of electromechanical 
characterization is crucial for the advancement of materials designed for applications in fields as 
diverse as energy storage, electronics, biology, and medicine. Atomic force microscopy (AFM) has 
demonstrated unparalleled efficacy in the characterization of physical properties at the nanoscale. 
Nevertheless, the precise determination of functional properties using AFM is hindered by 
theoretical models that fail to account for experimental results and imprecise tip-related 
characteristics (e.g. contact geometry and surface chemistry). Here we introduce practical 
approaches for standardization of surface free energy and converse piezoelectric constants obtained 
from atomic force microscopy. 
 
We present a step-by-step procedure for quantifying measurements of SFE, establishing a 
dependable link between micrometer-scale measurements and the more traditional macroscopic 
measurements.  For SFE standardization, 10-micron silica and polystyrene (PS) colloids – with a 
contact area of approximately 1 micron in diameter are utilized. A sequence of consistently uniform 
calibration specimens, characterized by contact-angle SFEs, are examined with colloids. The 
colloids are complimentary, and the two colloids work together to refine the SFE result. This process 
facilitates the calibration of a regression model linking main components derived from AFM with 
corresponding contact-angle SFEs. As a result, the SFE is calculated through a single model based 
on contact angles, specifically Owen Wendt's model. The applicability of this SFE analysis method 
is tested on (biological material) Methionine peptide crystals cast onto an ITO-coated glass 
substrate. In the subsequent section of this paper, a pragmatic methodology for the standardisation of 
converse piezoelectric constants derived from piezoresponse force microscopy (PFM) will be 
detailed. Practical aspects of quantitative PFM, including sample preparation, probe selection, and 
the utilisation of control samples, will be covered. 
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Amorphous carbon films have been used widely for solid lubrication purposes with various 
tribological properties depending on their diamond-like features (ratio of sp2/sp3 carbon) or doping, 
e.g. hydrogen or fluorine amount [1]. These properties can modify greatly the films’ mechanical 
properties as well as the lubrication mechanism underwent when used against various counterparts. 
Some formulations, in particular hydrogen-rich amorphous carbons a C:H films, have shown 
extremely low friction coefficient (µ < 0.01) when rubbed against steel under vacuum [2,3]. This 
behavior can be partly explained by a modification of the surface physicochemical properties during 
friction [4]. However, attempts at observing these modifications are hindered by lack of surface 
sensitive techniques able to probe small rubbed areas without exposing the samples to 
contamination. 
 
Indeed, amorphous carbon films are a real challenge to study by common photoemission 
spectroscopy techniques due to the difficulty to separate carbon sp2 and sp3 contributions by XPS 
and the lack of hydrogen quantification. The addition of XAES C KVV spectra can help unravel 
some of these films’ characteristics properties , in particular the D-parameter has shown some 
sensitivity to sp2/sp3 carbon ratio and has been used for amorphous carbon coatings[5,6]. However, 
this technique is limited by the very high signal to noise ratio needed for proper differentiation and 
analysis. 
 
In this work, we used a combination of X-Ray photoemission techniques and Electron beam 
techniques (Reflection Electron Energy Loss Spectroscopy and Auger Electron Spectroscopy), to 
understand the surface modifications induced by friction on hydrogenated amorphous carbon. A 
comparison of all these techniques and thorough spectral processing shows that the rubbed areas 
differ quite sensitively at the topmost surface (first nanometer). Analysis of electron induced C KVV 
maps and REELS spectra evidences a densification and an enrichment in sp2 carbon at the top 
surface, while XPS reveals a measurable decrease in oxygen content. The hydrogen amount 
estimated form the hydrogen quasi-elastic peak in REELS spectra, shows no sign of decrease in the 
friction area.  
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The biocompatibility of implants is often modeled as a surface phenomenon. Biocompatibility is 
dependent on the surface chemistry, roughness, wettability, and surface-free energy of the implant. 
Implant surface modification is used to enhance biocompatibility by tailoring these surface 
properties. Commonly used surface modification techniques like sand-blasting and acid-etching 
create random textures on implant surfaces. Comparatively, Laser surface texturing is more 
environmentally friendly and offers high precision and repeatability. 
 
Antibiofouling implant surfaces are highly essential to prevent bacterial adhesion and proliferation 
[2]. Laser-induced periodic surface structures (LIPSS) texture is generated on 316L stainless steel 
through femtosecond LASER texturing. LIPSS are nanostructured self-organized structures that are 
generated due to the interaction of ultra-short laser pulse with the material [1]. 
 
The surface morphology, chemical composition, and elemental maps of the samples are observed 
through Scanning Electron Microscope (SEM), fitted with Energy Dispersive X-ray Spectroscopy 
(EDS). Surface roughness and wettability are characterized by an optical profilometer and 
goniometer respectively. The bacterial cell adhesion on the surface is evaluated by Live/Dead 
staining of S. aureus and E. coli, and SEM. The protein adsorption on the samples is studied using 
ThermoScientific™ Pierce Micro Bicinchoninic acid (BCA) protein assay kit.  
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Gas cluster ion beam secondary ion mass spectrometry (GCIB-SIMS) presents opportunities for 
extending the SIMS technique into a range of biological application areas where the spatial 
resolution, surface sensitivity and chemical specificity offer advantages over other, complementary, 
techniques.1 
 
Such samples, and their inherent complexity, produce equally complex data and challenges arise 
when handling the hyperspectral images from the multiple specimen required for biologically 
significant studies.1 
 
Here we present different approaches for handling and mining different types of SIMS data from 
microbial samples and human tissue samples. Based on multivariate analysis and machine learning.  
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The introduction of gas cluster ion beams (GCIBs) for secondary ion mass spectrometry (SIMS) 
analysis provides softer ejection of biomolecular ions and has created opportunities for meeting the 
challenges of clinical researchers who require chemical specific imaging of different sample type 
from cells to tissue biopsies. Here we use a J105 Buncher-ToF SIMS instrument (Ionoptika Ltd, UK) 
to perform in situ lipidomics of skin cancer samples. GCIB-SIMS analysis enabled detailed spatial-
lipidomics that could be directly correlated with conventional histopathological analysis of 
consecutive H&E slides. Inn this work melanoma cancer samples were the target in order to 
investigate the chemical changes associated with disease progression and also to investigate if 
different metastatic pathways could be distinguished based on the chemical signature of the tumours. 
Primary tumours were analysed along with "healthy" skin from the same subject along with 
metastatic tumour samples that had spread via either the lymphatic system or through the blood. 
Significant differences in the lipid profiles were found in primary compared to metastatic 
melanomas, notably an increase in phosphatidylethanolamine lipids relative to phosphatidylinositol 
lipids and an increase in GM3 gangliosides in the metastatic samples. Furthermore, analysis of the 
data from in-transit versus distant metastases samples highlighted that specific phospholipids, and a 
difference in the long versus shorter chain GM3 gangliosides, discriminated the metastatic 
routes.  Lipidomic changes could serve as a novel biomarker for tumour progression and even serve 
as a target for novel treatments. Furthermore, analysing the lipid profiles could help to differentiate 
between primary and metastatic melanomas in challenging cases.  
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In 2023, FDA approved 55 new drugs, 13 of which are considered large molecules1. These 
therapeutic proteins, such monoclonal antibodies used to treat a variety of conditions (Alzheimer’s 
disease, rheumatoid arthritis…), may undergo denaturation or changes in their conformation during 
storage, induced by factors such as temperature, pH levels or exposure to chemical agents2 and 
molecules leached from the primary packaging. Additionally, contact with surfaces may cause 
denaturation and aggregation of these proteins leading to a loss of therapeutic activity over time 
(Figure 1). 
 
The evaluation of protein interactions with different type of surfaces is important to understand their 
behavior in pre-filled syringes (PFS) and vials, especially with elastomeric closures such as vial 
stoppers and syringe plungers. These primary packaging systems are the most widely used for 
storage of biomolecules because of their capacity to maintain long term container integrity while 
allowing easy drug delivery3. However, aggregation has been reported during storage, which may be 
induced by a variety of factors. 
 
This work aimed to develop a method to understand which processing parameters of elastomeric 
closure, such as sterilization processes, surface silicone content and coating, most influence the 
immunoglobulin (IgG) aggregation process and its interaction with the surfaces. Firstly, stoppers 
with different processing parameters were surface-characterized. X-ray photoelectron spectroscopy 
(XPS) analyzed the distribution of silicon, oxygen, carbon, and fluorine atoms within a thin surface 
layer (approximately 10 nm). Additionally, attenuated total reflectance infrared (ATR-IR) analysis 
was performed for in-depth surface examination. Finally, static water contact angle measurements 
assessed the stoppers' wettability. An IgG solution free of surfactants was stored in vials sealed with 
different stoppers and rotated at various speeds. Following shaking, the amount of desorbed IgG 
from the stoppers, as well as the size of any nanometer-sized soluble aggregates, IgG monomers, and 
fragments resulting from protein degradation, were quantified. Factor analysis of mixed data 
(FAMD) was used to analyze all parameters together and to explain the variability of the data. Using 
this tool, it was possible to distinguish the influence of each parameter studied on the amount of 
protein desorbed from the surface and the ratio of monomers and aggregates in solution.  
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Oligopeptides are short chains of amino acids, which exhibit a remarkable ability to interact with 
inorganic targets. This has motivated their use in the surface modification of metallic materials, 
showing promising functionalities, which have been explored in broad biomedical applications. 
These include the control of cell-material interaction, biosensing and biomineralization. Probing the 
mechanism by which oligopeptides interact with metallic material in aqueous solution requires, 
however, coping with the state of “real interfaces” [1]. This is mainly due to (i) the omnipresence of 
adventitious contaminants, which considerably limits the selectivity of the characterization of the 
adlayer of interest, and (ii) the surface reactivity, and thus uncontrolled alteration of the metallic 
surfaces in wet conditions (oxidation, hydration, dissolution, etc.). 
 
Herein, we show that the adsorption behavior of peptides in the liquid phase strongly depends on the 
reactivity of the metallic surface. Specifically, an unexpected build-up of a hybrid peptide-copper 
multilayers, whose thickness may reach one hundred of nanometers, was observed [2]. Moreover, it 
is shown that the driving factors for this layer growth is (i) the generation of Cu+ ions, due to the 
dissolution of copper surface in aqueous medium, and (ii) intermolecular interactions between 
peptide-copper entities mainly through a combination of electrostatic interaction and hydrogen 
bonds which stabilize the supramolecular edifice. 
 
To cope with the state of “real interfaces”, we explore the electrospray-ion beam deposition (ES-
IBD) method to adsorb oligopeptides on metallic surfaces. This technique combines an atmospheric 
pressure ionization source and a vacuum deposition technique to adsorb oligopeptide without 
alteration [3]. It is particularly relevant when vacuum evaporation fails, due to the molecule 
disassembling during the sublimation process, or the molecular “landing” at the surface in the form 
of aggregates. Results show that peptides preserve their molecular structure in the adsorbed state, 
and their binding mechanisms are highly impacted by the metal crystal face. 
 
As an alternative to the ensemble-average measurements, described above, where a large number of 
molecules interacts simultaneously in a dynamic chemical equilibrium, the possibility of probing the 
binding mechanism of oligopeptides at the single-molecule level by means of atomic force 
microscopy (AFM) is discussed. Specifically, dynamic force spectroscopy measurements are 
presented and explored to extract kinetic and thermodynamic parameters describing the binding 
mechanism of oligopeptides on the metallic surface.  
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A hybrid multilayer electrospunned scaffold consisting of polycaprolactone (PCL) combined with 
hydroxiapatite (HaP), collagen in acetic acid and sodium alginate (SA) dissolved in poly(vinyl 
alcohol) (PVA), were mixed to obtain nanofibrous membranes using the electrospinning technique. 
Four different hydroxyapatite structures were separately incorporated to the different scaffolds: (1) 
nanometric HaP, (2) micrometric Hap, (3) functionalized nanometric HaPf and (4) natural-
decellularized bovine condyle to produce a hydroxiapatite-lilke compound. These polymeric 
membranes were seeded with mesenchymal cells to evaluate their biocompatible properties on time. 
The morphological characterization was carried out using scanning electron microscopy (SEM) and 
atomic force microscopy (AFM) whereas the mechanical properties were assessed with the tensile 
test. The cell viability and cellular proliferation properties were evaluated with fluorescent staining 
against tactin, DAPI and Ki-67 components. The surface and topography results indicated a 
homogenous crosslinked structure with a low density defects such as porosity. The rounded beads 
morphology and size varied depending on the HaP conditions onto the membrane. Systems (3) and 
(4) achieved a well-dispersed beads incorporated into the nanofibrous mats. Despite of the bead 
formation, the HaP concentration was homogenously dispersed all over the mat architecture without 
agglomerates formation. The roughness profile of all systems was as follows: (1) 10761.nm, (2) 
1458.3 nm, (3) 1977 nm and (4) 2304.3 nm. These data demonstrated that depending on the HaP 
physico-chemical conditions it was possible to induce a rougher surface or a more hydrophobic 
membrane. On the other hand, the mechanical tensile test clearly showed that the crosslinked process 
became more fragile all systems. The mechanical behavior changed in all systems. The highest 
ultimate tensile strength values corresponded to systems (3) and (4). Concerning the cellular assays, 
it was demonstrated that the mesenchymal cells did not change their morphology during the cell 
culture, which revealed that the extracellular matrix (ECM) remained unaltered. This condition 
proved that the hybrid scaffold was nontoxic and thus, biocompatible with the cell culture. The 
systems (3) and (4) developed the highest adhesion features with homogenous distribution of 
mesenchymal cells throughout the polymeric scaffold along the test (Fig 1). The cell culture 
proliferated on the scaffold showed a thick and compact layer that entirely covered the nanofibers. 
Therefore, this study demonstrates that these hybrid scaffolds (PCL/collagen/SA) developed optimal 
preservation and proliferation conditions depending on the nature of the HaP. This material promises 
an innovative way to generate an effective membrane to restore or repair injured 
tissue/cartilage/bone.  
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Cellulose is the most abundant organic polymer found in nature and it has been historically exploited 
for many technological applications. Microcrystalline cellulose (MCM) is a purified, partially 
depolymerized by-product of fibrous plant cellulose that has already regulated and authorized 
applications as food additive. Nano-sized cellulose fibres can then be extracted from their micro-
counterparts. Nanocellulose (NC) is an emerging advanced nanomaterial with several potential 
applications in the fields of medicine, energy, food and consumer products. NC can be classified in 
three types according to its source material: (1) nanofibrillated cellulose (NFC), (2) nanocrystalline 
cellulose (NCC), and (3) bacterial NC (BNC). Several technological pathways exists for the 
production of NC, exploiting the different biological sources, which in turn affect many 
physicochemical properties and ultimately the NC surface chemistry. Understanding the variability 
in the characteristics of different NC materials is crucial for reliable development of NC-based 
products and their safety assessment. 
 
Increased attention towards NC use in food applications requires a thorough risk assessment that 
lays its foundation on a careful evaluation of NC material physicochemical properties. Investigating 
physicochemical properties of NC materials under the conditions applied for in-vitro testing is a 
prerequisite for proper hazard assessment and for understanding the underlying biochemical 
mechanisms occurring during NC interactions with living cells and tissues. Therefore we realized a 
detailed dataset of the physicochemical properties  for each different type of NC material, including 
a microcrystalline cellulose material reference, using a set of orthogonal nano-analytical techniques. 
The objective was the realization of an interpretative framework for the subsequent toxicity 
experiments. The study involved Time-of-Flight Secondary Ions Mass Spectroscopy (ToF-SIMS) for 
the analysis of macromolecular chemistry, x-ray photoelectron spectroscopy (XPS) and Fourier-
transform infrared spectroscopy (FTIR) for the characterization of the functional groups chemistry, 
X-ray diffraction analyses (XRD) for characterization of the crystalline structure and transmission 
electron microscopy (TEM) for morphological characterization. 
 
The NC materials were ranked in order of decreasing crystallinity, as measured by XRD. Functional 
groups chemistry analysis via XPS and FTIR showed the appearance of COO- functionalities in the 
NFC-Tempo (i.e. catalytic oxidation) samples that are absent in other formulations. Chemical 
structure analysis using ToF-SIMS data, processed via multivariate approach (principal component 
analysis,PCA) is able to separate the samples based on a first component describing the glucose 
monosaccharide structure and a second component describing oxidized groups. Samples grouping 
obtained via PCA reflects individual properties differences measured independently with orthogonal 
techniques.  
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Diamond is an ideal candidate for biomedical and biotechnological applications, such as platforms 
for biosensors and DNA-chips, due to its biocompatibility, excellent mechanical properties, large 
electro-chemical potential window and high chemical stability. In the current project we are 
investigating the non-covalent and covalent binding of proteins on the surface of ultrananocrystalline 
diamond (UNCD) films prepared by microwave plasma chemical vapor deposition. For both 
pathways green fluorescence protein (GFP) was used allowing direct measurement of the 
fluorescence signal by a microplate reader. As a first step, the UNCD surface was nanostructured by 
plasma etching to increase the area for interaction with proteins. In the case of non-covalent 
immobilization, UNCD surfaces with hydrogen, oxygen or fluorine terminations, achieved after 
different plasma modifications, were studied. These processes resulted in change of the wettability, 
revealed by contact angle measurements, and of the surface composition, as shown by X-ray 
photoelectron spectroscopy (XPS). The intensity of the fluorescence signal due to binding of GFP 
from solutions with concentrations between 10 μM and 500 pM increased in the order F-UNCD < H-
UNCD < O-UNCD, i.e. with the increase of the hydrophilicity of the surface. For the covalent 
immobilization photochemical grafting of ω-alkene, e.g. of TFAAD (10-Trifluoro-acetamidodec-1-
ene), as linker on H-terminated UNCD was firstly applied for direct binding of GFP. In a second 
series of experiments nanobodies able to bind GFP from solutions were immobilized by the same 
linker molecules. In order to reduce the physical adsorption and to realize GFP capturing mostly by 
the binding nanobodies, milk powder was applied as a blocking protein before the exposure to GFP 
solutions. In both cases the average fluorescence intensity increased with the concentration of GFP 
in a non-linear relation, which can be attributed to saturation in the higher concentration range and to 
depletion in the lower one. These initial results can serve as a starting point for further investigations 
of structured and functionalized UNCD as a bioplatform for immobilization of different binding 
proteins with high affinity and specificity toward target molecules, e.g. neuropeptides released by 
neurons plated on it, which play a vital role in the generation and maintenance of the inner clock in 
different model organisms.  
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 The majority of all new drugs are biological macromolecules rather than small synthetic organic 
compounds. Such biopharmaceuticals, in particular monoclonal antibodies, can provide treatment of 
a great range of diseases, but they come at a great cost. Biopharmaceuticals are produced by living 
cells and although they are efficeint, the target molecule must be purified from the "slurry" produced 
by the bioreactor. While this is feasible, the purification process is extremely resource intense. 
Besides being an environmental burden, the costly production also limits availability of 
biopharmaceuticals in developing countries. In this work we show how polymer brushes and 
electrochemistry can be used to improve the purification. 
 
Polymer brushes consist of end-grafted chains at high surface density, which enforces stretching in 
the direction perpendicular to the surface. If polymer brushes are made with weak polyelectrolytes, 
this can make interfaces pH-responsive, which has attracted a lot of attention for various 
applications. However, the pH of a given bulk environment, for instance a biological solution, is 
static and buffered. At the same time, it is well-known that electrochemical control can be used to 
alter the pH locally at an interface. Still, applying an electrochemical potential tends to destroy the 
polymer brush or remove the chains. Alternatively, the grafting layer is so dense that it prevents 
efficient electron transfer and thus the electrochemical activity. 
 
We recently presented the first example of a polymer brush interface fully compatible with 
electrochemistry by using aryl diazonium salts attached to metals via chemical reduction.[1] This 
grafting chemistry is stable when an electric potential is applied and Faradaic reactions occur 
essentially unhindered. By preparing poly(methacrylic acid) (PMAA) brushes, we were able to show 
complete electrochemical switching over many cycles by pH changes at the interface, i.e. the brush 
altered between fully ionized and fully protonated (or anywhere in between), even while the bulk 
environment was buffered. 
 
Furthermore, by immobilizing receptors inside the polymer brush, it can bind large amounts of 
proteins specifically and release them by electrical control. The system performs excellent with 
respect to all desirable features: high capacity, specificity and reversibility.[2] Using porous 
conductive materials, our technology has been upscaled into a functioning chromatography 
prototype, currently handling quantities on the scale of ~10 mg. The electrochemistry gives precise 
control of bound species, removes the need for elution chemicals and is much milder for proteins. 
This reduces the risk of denaturation, which is devastating for therapeutic antibodies.  
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Liposomes are spheroidal, phospholipid-based bilayer structures with an encapsulated aqueous 
phase. Due to their size, amphiphilic character, biocompatibility and biodegradability, liposomes 
emerged as novel systems for drug delivery and many other applications in health and food 
technology. Liposomes modified with surface-grafted polyethylene glycol(PEG) corona exhibit 
increased hydrophilicity, stability and antifouling character of their surface. In nanotherapeutics 
applications, these properties decrease proteins binding thus improving the possibility to escape 
recognition by the immuno-system and increase the drug’s half-life in circulation. Many of such 
formulations are, since decades, authorized in the EU market but despite their successful 
implementations, knowledge gaps in the in-vivo behaviour still exist. In addition, the understanding 
of such systems is complicated due to the lack of harmonized methodologies for assessing their 
surface properties. Accurate physical-chemical characterization of liposome surface coatings and a 
connection between surface properties and synthesis parameters is a necessary step to build an 
understanding of critical factors determining their antifouling properties that affect complex 
biochemical interactions occurring in-vivo. 
 
Cryo-XPS provides a suitable technique to asses semi-quantitatively the concentrations of surface 
coating functionalities while preserving a realistic, hydrated-state relevant organization of layers in 
such “soft” nanoparticles.(1-2) Moreover, ToF-SIMS on cryogenic samples can be used in parallel to 
obtaining deeper insights on the nanoparticles surface chemistry.(3) ToF-SIMS is capable of label-
free analysis of biomolecules, specifically lipids, with high sensitivity. To detect the abundance of 
different lipid species, it is possible to measure their unique molecular ion fragmentation patterns 
and to analyse intensity variations of low mass fragments using a multi-variate analysis approach. 
 
In this work, by analysing liposomes produced by varying specific synthesis parameters, the 
observed differences in the surface chemistry compositions (XPS,SIMS) are related to 
measurements of bulk physical-chemical properties (sizing via DLS, lipid content via HPLC and 
Raman) with the aim of linking back to the nominal formulation compositions. With this approach 
we aim to consolidate the operational details of surface-analysis characterization methodology for 
PEG-coated liposomes; semi-quantitatively characterize non-trivial liposomal surface properties 
(grafted PEG chain surface density) and improve the understanding of coated liposome surface 
chemistry by establishing a correlation between external synthesis parameters (e.g. components 
mixing ratio and total flow rate) and internal variables (PEGylated phospholipids excess and 
liposomes size distribution).  
 
Robust characterization methods for liposome coatings will enable more advanced drug designs 
where PEG surface density will be traded-off between surface antifouling properties and the 
possibility to bind protein labels for tracing studies.  
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Titanium alloys are widely used as orthopaedic implant materials due to their mechanical properties, 
corrosion resistance and biocompatibility. Despite these benefits, common problems such as weak 
bonding to bone tissue after implantation and poor antimicrobial properties remained1. 
In this context, the progress in additive manufacturing has opened up new perspectives with the 
possibility of designing scaffolds used as bone substitutes. Among the different technologies 
developed, selective laser melting (SLM) has recently drawn attention for the fabrication of porous 
implants with complex geometries and customized features. Nevertheless, the development of 
surface modifications is required to further improve the mechanical and biological properties and 
finally obtain biomedical materials that meet medical requirements2. 
 
Firstly, we have explored the potential of the Surface Mechanical Attrition Treatment (SMAT) for 
improving the mechanical and surface properties of 2D Ti-6Al-4V (TA6V) substrates. While the 
ultrasonic shot peening surface treatment was effective in increasing the hardness and fatigue 
resistance of the parts and enhancing the roughness, our study focused specifically on surface 
chemical modifications. X-ray Photoelectron Spectroscopy revealed that (1) the SMAT treatment 
caused cross-pollution between the TA6V surface and the 100C6 balls and (2) the wear of the balls 
affected significantly the resultant surface chemistry. Surface pollution decreases corrosion 
resistance particularly when worn balls are used for the SMAT. Further, the bacterial adhesion 
decreased as the surface roughness was improved. 
 
Secondly, we have developed the elaboration of an antibacterial coating on 3D lattices of TA6V. For 
this purpose, the method was first optimised on 2D substrates and then transposed on 3D ones. 
Whereas the unmelted powder particles resulting from the SLM process were effectively removed 
by acid etching on the 2D substrates leading to a smoother surface, heterogeneities subsisted in the 
3D lattices. The following coating involved the deposition of ZnO nanoparticles as seed by dip 
coating for the subsequent growth of nanowires by hydrothermal method3. Several parameters such 
as precursor composition, deposition/ growth time, and temperature were adjusted to obtain 
optimized coating. Scanning Electron Microscopy characterization showed that the nanowires have 
grown perpendicularly from the surface and the formation of ZnO was confirmed by Raman 
spectroscopy and X-Ray Diffraction. On the 3D lattices, most of the surface is covered with the ZnO 
nanowires. 
 
Finally, the antibacterial activity evaluated on the 2D substrates was demonstrated and involves both 
mechanical and chemical effects. The combined actions could be effective in combatting bacterial 
contamination of biomedical implants.  
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This contribution is aimed at surface scientists who may not be active users of Low Energy Ion 
Scattering (LEIS) but come across its results in publications relevant to their research. The guided 
tour could be helpful in planning experiments where the surface or interface composition plays a 
crucial role, demonstrating the potential and challenges of the LEIS technique. 
 
The Low Energy Ion Scattering technique benefits from simple theory and extraordinary surface 
sensitivity. The theory of elastic collision and binary collision approximation can effectively explain 
the position of the measured signals (peaks) in the spectra. Therefore, the qualitative interpretation of 
the results is straightforward in most cases. However, the quantitative analysis of data requires a 
comprehensive understanding of charge exchange processes, as well as the use of well-defined 
reference samples. Several important technical realisations are used in LEIS experiments. Our team 
has practical experience with noble gas ion scattering and analysis by electrostatic energy analyzers 
(used in the dedicated LEIS instrument Qtac100). The spectra presented in our study were obtained 
at a scattering angle of 145°, but they can still be representative of other typical scattering 
geometries to some degree. 
 
The contribution provides a range of results obtained from various materials and surfaces. It explains 
how the physics behind Low Energy Ion Scattering can be observed in the spectra. This helps the 
audience, for example, understand why the spectrum for He+ scattering (3.0 keV, 145°) on a pure Cu 
foil differs significantly from that collected on a Ca surface, as demonstrated in the figure. The 
intensities of peaks and backgrounds are very different and reflect the charge transfer between the 
He+ projectiles and surface atoms. 
 
Scientists with a critical understanding of scattering principles can effectively plan their research 
projects where the LEIS technique could complement established techniques such as XPS and STM.  
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The introduction of organic molecules onto the surface of metal oxides through surface grafting 
provides the ability to tailor the surface properties towards an increased specificity and control of 
interactions. In the field of hybrid organic-inorganic materials, organophosphonic acid (PA) grafted 
metal oxides are becoming increasingly more prominent given their versatility in surface tuning and 
their specific merits in applications ranging from supported metal catalysis(1), hybrid (photo)-electric 
devices(2), biosensing(3) and sorption and separation processes.(4) While synthesis-properties-
performance correlations are being studied for organophosphonic acid grafted TiO2, their stability 
and the impact of exposure conditions on possible changes in the interfacial surface chemistry 
remain unexplored. In addition, a differentiation in the stability of the organic group (carbon chain) 
and the M-O-P bonds is missing. In this study(5), the impact of different ageing conditions on the 
evolution of the surface properties of propyl- and 3-aminopropylphosphonic acid grafted 
mesoporous TiO2 over a period of 2 years is reported, using solid-state 31P and 13C NMR, ToF-
SIMS, EPR and XPS as main techniques. In humid conditions under ambient light exposure, PA-
grafted TiO2 surfaces initiate and facilitate photo-induced oxidative reactions, resulting in the 
formation of phosphate species and degradation of the grafted organic group with a loss of carbon 
content ranging from 40 to 60 wt%. However, the Ti-O-P bonds remain unaffected, confirming its 
reported high hydrolytic stability. Since exposure under dry air does not result in ageing phenomena, 
humidity and more specifically, the interactions of adsorbed water with the grafted surface, play a 
fundamental role in the ageing process. By revealing the underlying ageing mechanism, solutions 
were provided to prevent degradation. This work creates critical awareness in the research 
community working on hybrid titania materials and other possible photo-active materials to evaluate 
changes in photo-activity and stability after surface grafting.  
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Transition-metal oxides, such as TiO2 or ZnO, are widely used in many new applications for 
environmentally friendly energy conversion e.g. photocatalyticly enhanced synthesis of synthetic 
fuels or next generation solar cells. A crucial advantage of these materials is that their electronic, 
optical or chemical properties can be easily tuned by introducing oxygen defects. Since the desired 
property change or the long time stability of the material depends on the nature of the defect or its 
origin the careful characterisation of these defect states is necessary to significantly improve the 
synthesis routes for new functional materials. 
 
Common characterisation methods for defective structures and the subsequent property change in 
metal oxides like optical spectroscopy, X-ray diffraction or electron spin resonance spectroscopy are 
bulk sensitive methods. Changes on the surface or the interface are hard to determine and are often 
overlooked or neglected despite they could have critical influences on the overall performance of the 
future application. In contrast, Photoelectron spectroscopy (PES) is a surface sensitive method which 
gives information about the chemical composition and the chemical states. It is used to determine 
only the presence of oxygen defects by analysing the metal core levels. For some metals (like Zn or 
In) there are no changes in the metal signal and the defects are overlooked. 
 
In this work, a laboratory PE spectrometre (PHI 5600) is used to investigate the surface of transition 
metal oxide thin films. Simple additional features, e.g. an external field, visible light illumination 
during the measurement or a quasi-in-situ surface modification, are introduced to characterise 
possible oxygen defects and their influence on electronic or chemical properties. The transition metal 
oxide thin films are modified by annealing, ion sputter etching or plasma etching in order to 
introduce oxygen defects of different nature. 
 
The correlation between the defect synthesis method and the properties of the materials is evaluated 
by determining the core level states, the valence states and the work function of each sample. 
Additionally, the electronic, optical and chemical changes due to the modification is discussed in 
detail by analysing the behaviour during in-situ measurements.  
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Ammonia is considered a key hydrogen vector for the transport and storage of renewable energy. 
However, the decomposition of ammonia at the point of use is not yet implemented at industrial 
scale due to the high cost of the most active Ru catalyst. The development of highly active, cost-
effective metal catalysts remains in high demand [1]. Recently, a promising non-noble metal catalyst 
was developed: layered double hydroxide-derived MgFeCoO4. Its higher activity compared to the 
mono-metallic MgFe2O4 counterpart has been attributed to a suppression of Fe nitride formation 
under reaction conditions [2]. We present here the results of a combined operando near-ambient 
pressure XPS and NEXAFS study on a MgFeCoO4 catalyst under ammonia decomposition reaction 
conditions. Parallel studies on the less active MgFe2O4 catalyst were also performed to evaluate the 
promotional effect of Co. Elemental composition, surface adsorbates, and alloy formation were 
systematically investigated as a function of reactive gas environment, temperature, and surface 
coverage. On-line mass spectrometry was used to correlate the catalytic activity of the two different 
catalysts with the structural changes under different reaction conditions. By combination of in situ 
soft X-ray spectroscopy with mass-spectrometry measurements, a complete temperature-dependent 
structure-reactivity relationship of ammonia decomposition on Fe and Fe-Co could be revealed. 
Based on Fe and Co 2p core-level XPS and L-edge NEXAFS spectra, there is a mixture of reduced 
and oxide phases present under ammonia decomposition reaction conditions. N 1s spectra reveal that 
the surface of the MgFeCoO4 catalyst contains significantly less iron nitride in the presence of NH3 
compared to MgFe2O4. By monitoring the gas-phase N2 peak in the N 1s spectrum in combination 
with on-line mass-spectrometry, we obtained insights into the correlation between electronic 
structure, adsorbed surface species, and catalytic activity. Overall, our results strongly support that 
the introduction of Co to the Fe-based catalyst leads to a reduction of the amount of surface iron 
nitride species under reaction condition, which is correlated with a higher ammonia decomposition 
activity (see Fig. 1). The results from this work should be very useful in future efforts to design 
cheap and efficient ammonia decomposition catalysts.  
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The aim of this project is to develop novel noble metal-free electrocatalysts that do not rely on 
critical minerals. We focus on Cu-containing multi-principal element alloys (MPEAs) improve the 
efficiency and selectivity of the CO2 reduction reaction. In general, MPEAs consist of more than 
three elements that form solid solutions without intermetallic phases. The unique chemical 
composition and atomic level mixing introduces synergetic effects that play a critical role in 
electrocatalysis, especially in terms of selectivity. The nearly infinite combinations of elements that 
can be incorporated into MPEAs provide ample opportunities to tailor their functionality for various 
applications. 
 
This study presents the development of thin films based on CuNiZn MPEAs for CO2 reduction 
reaction. The one-step electrodeposition of CuNiZn gradient films was performed on carbon 
electrodes using a Hull cell under constant current or potential. The influence of pH, additives and 
current density or potential on the composition and microstructure of the films was characterized by 
scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX). Atomic 
force microscopy (AFM) was used to study the topography and surface roughness of the CuNiZn 
films. The results indicate that the addition of ethylenediaminetetraacetic acid (EDTA) and citrate 
improves the uniformity and adhesion of the thin films. 
 
Electrochemical measurements, including cyclic voltammetry, linear sweep voltammetry, and 
impedance spectroscopy, were performed to investigate the electrocatalytic activity and corrosion 
resistance of CuNiZn thin films. The CuNiZn gradient films deposited in the Hull cell allow high 
throughput screening of the electrocatalytic activity. This approach has identified several 
compositions with high activity, selectivity and stability. Selected electrodeposited films were 
further processed to nanoparticles by means of pulsed laser ablation in liquids (PLAL). Further 
analysis thin film and nanoparticle electrocatalysts was performed with in-line / at line product 
monitoring using a rotating disk electrode setup coupled to gas chromatography (GC) and high 
performance liquid chromatography (HPLC). The presentation will summarize the results of our 
screening study with few deep dives in selected compositions showing superior performance.  
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Alkaline water electrolysis represents one of the simplest methods employed to perform water 
splitting reaction [1]. This process is one of the most efficient ways of producing H2 and O2 at low 
cost and high purity [2]. The bottleneck of this reaction stems from the sluggish kinetics of the 
anodic reaction, i.e., the oxygen evolution reaction (OER), which consists of a four-electron transfer 
process [3]. The extraordinary performance of NiFe as electrocatalysts for the OER is still a subject 
of debate [4] . The changes that occur on the electrode surface during electrochemical reactions add 
another dimension of complexity, which hinders the rational design of electrodes for water splitting. 
Particularly for binary alloy electrodes, there are various phenomena ranging from the formation of 
oxides, (oxy)hydroxides and the associated segregation of metal atoms. In this work, we study 
various NiFe electrodes as model systems for the OER. We have developed the procedure for the 
quantification of chemical depth-profiling by XPS/HAXPES measurement, showing a marked Fe 
segregation and dissolution. The results explain the electrochemical performance of NiFe electrodes 
for OER. All the electrodes studied suffer from segregation of iron and subsequent formation of 
FeOx on the surface, with only minor influence from morphology, porosity and total Fe content.  
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Polymer electrolyte membrane fuel cells (PEMFCs) present a promising avenue for generating 
sustainable electricity with minimal environmental impact. However, their widespread adoption 
faces challenges due to concerns about durability and the sluggish kinetics of the oxygen reduction 
reaction (ORR) at the cathode. Consequently, advancing PEMFCs requires progress in catalyst 
technologies to overcome these limitations. Previous studies have investigated the synthesis of 
extended-surface platinum-nickel (PtNi) nanowires (NWs) through atomic layer deposition (ALD) 
and examined their durability.1 
 
In this work, we demonstrate how the composition and chemical states of the nanowires transform 
after a series of post-synthetic modifications aimed at maximizing their longevity as catalysts.  The 
characteristics of the as synthesized, annealed, acid leached, and reannealed PtNi NWs were 
investigated using several techniques including X-ray photoelectron spectroscopy (XPS), hard X-ray 
photoelectron spectroscopy (HAXPES), and Auger electron spectroscopy (AES).  Preliminary 
results indicate that after synthesis, there are multiple surface oxides of Ni present in all samples, 
with the least amount of oxidation occurring in the acid leached and reannealed 
samples.  Comparison of the XPS and HAXPES results shows there is increased presence of Ni 
metal below the surface for all the samples. Through the integration of complementary surface 
analytical techniques, including XPS, HAXPES, and AES, we construct a more comprehensive 
model of the intricate chemical nature of these catalysts than any individual technique could achieve 
on its own. This approach accelerates the development of more durable and efficient PEMFC 
catalysts.  
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Among the electronic properties, the positions of the electronic band edges and the work function of 
a photocatalyst are essential parameters for determining its ability to function in a solar conversion 
system. A novel type of photocatalysts, called direct Z-schemes, possesses many advantages over 
conventional heterojunctions, which all benefit the catalytic performance under solar light. As 
oxidation and reduction reactions are greatly affected by the electrical characteristics of the material, 
ultraviolet photoelectron spectroscopy (UPS) is a powerful tool to determine and quantify important 
electronic parameters of previously fabricated Cu2OǁTiO2 junctions. TiO2 nanotubes modified with 
Cu2O nanoparticles exhibit a reduction in the value of the work function (WF = 3.67 ± 0.01 eV) and 
ionization potential (IP = 6.01 ± 0.04 eV) with respect to the TiO2 substrate (WF = 4.29 ± 0.02 eV 
and IP = 7.65 ± 0.05 eV). By varying the electrodeposition time, an optimized amount of deposited 
Cu2O nanoparticles was proven to reduce the WF and IP to facilitate the excitation of electrons, 
which could be correlated to the improved absorbance in the visible wavelength range. This work 
proposes a valuable methodology for band diagram tracing from UPS spectra and provides new 
insights in the relationship between synthesis, electronic properties and visible light absorption of 
titania-based Z-schemes for photocatalytic applications with a combination of surface sensitive 
techniques and optical absorption studies.  
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Graphene and related 2D materials (GR2Ms) are now entering an exciting phase of 
commercialization and use in products. Graphene nanoplatelets (GNPs) can be obtained in rather 
large quantities, but the properties of these industrially produced powders can vary depending on the 
production method, and even from batch to batch. Understanding and optimizing the surface 
chemistry of GNPs, modified through chemical functionalization processes is crucial, because it 
affects their dispersibility in solvents and matrices for the purpose of embedding them into real-
world products. Therefore, reliable and repeatable measurements of the surface chemistry of 
functionalized GNPs are an important issue for suppliers as well as users of these materials. To 
address these concerns, international documentary ISO standards for measurement methodologies 
are under development which incorporate protocols that are becoming widely accepted in the 
community. 
 
Recently, it was shown that pelletizing led to lower average O/C atomic ratios than those measured 
for powders [1]. In another study, the influence of the morphology on the degree of functionalization 
was shown [2]. As expected, a higher degree of functionalization was detected for smaller GNPs. 
The functionalization was located at the outermost surfaces of the GNPs by comparing experiments 
using photoelectron with soft (Al Kα, 1.486 keV) and hard X-rays (Cr Kα, 5.405 keV). Therefore, it 
is important for those using GNPs to understand both the physical and chemical properties of these 
particles, when considering their use in different applications. 
 
The next step for reliable characterization protocols was the realization of an interlaboratory 
comparison under the auspices of VAMAS (Versailles Project on Advanced Materials and 
Standards) with 22 participating laboratories from all over the world. Samples of oxygen-, nitrogen-, 
and fluorine- functionalized GNPs were provided to the participants along with a measurement 
protocol. Participants were asked to prepare the samples as powders on a tape, powders in a sample 
holder recess, or as pellets. The lower measured O/C ratio reported for pelletized samples [1] was 
confirmed. The lowest scattering of the results was observed for the powders measured in the recess 
(Fig. 1). Furthermore, an influence of the humidity on the results was observed. 
 
Acknowledgement 
We acknowledge all participants of the VAMAS interlaboratory comparison for their contribution, 
Haydale Ltd. for providing the samples, and financial funding from the EMPIR programme for the 
project ISO-G-Scope (Grant agreement no. 19NRM04)  
 
Selected references 
[1] B.P. Reed, S. Marchesini, G. Chemello et al., Carbon 211 (2023) 118054 
[2] G. Chemello, X. Knigge, D. Ciornii et al., Adv. Mater. Interfaces 10 (2023) 2300166 



 

70 

 
 



 

71 

O23 - Steel surface engineering by non-oxidising wet quenching 

3. CAT – Catalysis and Surface Functionalization 
Erdni Batyrev1 
Peter Beentjes1, Cornelia Ionescu1, Sebastien Lemaire2, Xavier Cluzel2 
1 Tata Steel Europe 
2 Fives Stein 
 
The effect of 4% formic acid solution treatment on the steel surface after the annealing prior to 
dipping into the Zn bath, according to the wet quenching concept proposed by Fives Stein, was 
accessed experimentally. The experiments were done on an ultra-low carbon steel to better 
understand the reaction of steel with the solution prior to continue with ultra-high strength steel of 
highly alloyed compositions as an ultimate goal. 
 
A thin native Fe2O3 oxide layer is reduced to metallic in the range of 430-450 °C in UHV of 10-8 
mbar (required strip temperature before entering the Zn bath) while Mn is diffusing outwards where 
it is also taking part in reducing Fe2O3 since its higher affinity to oxygen. 
 
The metallic iron surface reacts with acid first at 23 °C to form a formate film that apparently 
prevents growth of oxide thickness since metallic iron dominates in XPS spectrum of Fe 2p while a 
limited iron oxidation is taking place confirmed by smaller Fe2O3 contribution. Another, beneficial 
to Zn wetting, effect of acid treatment is that the formed MnO is reasonably fast (within 1 min) 
dissolved in the acid and therefore effectively removed from the steel surface. 
 
Interestingly that the wet quenching with 4% formic acid solution at higher surface temperature 
(>150 °C) leaves only metallic iron, which might be explained by a complete coverage of the steel 
surface by the formate layer thanks to higher rate of acid-iron reaction at 150 °C than at 23 °C. 
Moreover there is less formate left on the steel surface as compared to 23 °C confirmed by XPS in O 
1s and C 1s spectra. This is a clear indication that only the formic acid molecules that reacted with 
iron are left on the surface (as formate) due to the stronger bonding while the weakly bonded groups 
are already desorbed at this temperature. 
 
The Leidenfrost effect at elevated temperatures facilitates the reaction of acid molecules with the 
steel surface prior to the reaction of water with steel. 
 
Another advantage of having the formate layer instead of the oxides is that it is already removed by 
heating above 150 °C prior to the galvanising in diluted 5%H2/N2 atmosphere of the pre-heating 
oven, the strip temperature is set to 450 °C since the strip needs to be at this temperature before 
entering the Zn bath.  
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CuO nanoparticles (NPs) possess large potential for diverse applications, including heterogeneous 
catalysis, energy conversion, magnetic storage, printable electronics, gas sensors, nano-joining, and 
reactive joining. However, due to the high reactivity of the CuO NPs surface with the surrounding 
atmosphere, the chemical surface state during storage can be severely altered. This means that CuO 
nanopowders exhibit continuous and non-uniform changes of their surface chemistry during aging, 
which can cause unpredictable and irreproducible functional surface properties upon processing (e.g. 
dispersing or sintering). To study these changes, in a first step, the changes in the chemical surface 
states of commercial CuO nanopowders during aging under inert and ambient conditions were 
investigated by detailed XPS analysis of the C 1s, O 1s and Cu 2p photoelectron spectra (see Fig. 1). 
Next, various mild surface treatments, including washing, synthetic air-annealing at different 
temperatures and ozone exposure, were performed in an attempt to restore the surface chemistry of 
the aged CuO nanopowders, independent of their aging conditions. These surface treatments allow 
targeted modifications of the surface coverage by different types of surface species (e.g. C-OH, C-O-
C, C-O, O-C=O), as well as of the CuO surface stoichiometry. Practical guidelines are provided to 
restore or modify the initial chemical surface state of aged CuO nanopowders for specific 
applications based on well-defined surface treatments.  
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The purpose of this work is to study the surface reactivity of cerium oxides (CeO2, CeO2-x and 
Ce2O3) by using experimental and theoretical approaches. Experimentally, homogeneous thin films 
of both oxides were prepared and analyzed in-situ at the so-called «LabStation» at JRC Karlsruhe. 
 
A technique of PVD was used to create surfaces of interest by applying an ECR (Electron Cyclotron 
Resonance) plasma source under fixed O2 pressure. Polycrystalline surfaces were produced. The 
Ce3+/Ce4+ ratio in the thin film and at the surface was checked by XPS. The as-prepared surfaces are 
exposed to H2O and H2 and their plasma (increasing the reactivity of species thanks to the 
production of OH·, OH-, H·, H-, H2O2), at different temperatures: from -150°C to 200°C. The nature 
of the surface, as Ce oxidation state and chemisorbed species are characterized using UPS. 
 
Results show clearly the effect of surface defects on the reactivity of CeO2 under H2O, H2 molecular 
and plasma. Adsoprtion and/or formation of H2O and OH- on perfect CeO2 surface is extremely 
lower than on CeO2 showing top surface defects. This difference of reactivity is observed even 
during hydrogen plasma exposures at given pressure and temperature. Moreover, a technic to create 
Ce2O3  thin films and the reactivity of this surface will be presented. 
 
To better understand reactivity mechanisms, this experimental study is coupled with Molecular 
Dynamics (MD) simulations. (111), (110) and (100) CeO2 and Ce2O3 surfaces were modelled and 
exposed to H2O and H2 molecules. The surfaces are perfect or include oxygen vacancies. The results 
have highlighted different mechanisms of adsorption, dissociation and recombination of these 
species. 
 
The experimental data used in this research were generated through access to the ActUsLab/PAMEC 
under the Framework of access to the Joint Research Centre Physical Research Infrastructures of the 
European Commission (CESAR,  Research Infrastructure Access Agreement N°36619/03).  
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Introduction 
With the rapidly increasing demand for polyurethanes and polycarbonates, more elemental chlorine 
(Cl2) or phosgene (COCl2) is consumed.1 This results in substantial quantities of a hydrogen chloride 
(HCl) waste stream. The Deacon process is a sustainable way to recover chlorine by oxidizing HCl 
with molecular oxygen.2 However, at present, the main industrial Cl2 production method is still the 
electrolysis of aqueous solution of sodium chloride. The oxy-chlorination of CO using copper 
catalysts, which involves the Deacon process, to produce phosgene provides the opportunity for the 
expanding isocyanate manufacturing industry to minimise the large quantities of HCl waste stream 
currently generated.3,4 
 
Outline 
When CO reacted with the CuCl2 catalyst as-received from industry, only CO2 was formed. 
However, after pre-treating the CuCl2 catalyst with Cl2, COCl2 was discovered with FT-IR. 
Meanwhile, the yield of CO2 decreased. Both CO2 and COCl2 formation were observed decreasing 
with time, indicating the deactivation of the catalyst. XAFS of copper K edge shows the 
transformation from Cu2+ to Cu+. However, this technique couldn’t provide precise information of 
the surface change of the catalyst. XPS plays a key role in this reaction and proves that the surface 
Cu species is totally transformed to Cu+, which is catalytically inactive.5 
 
Figure 1 shows a series of XPS spectra of a type of CuCl2 industrial catalyst undergoing temperature 
ramping and reacting with CO. The transformation from Cu2+ to Cu+ indicates complete reduction of 
copper species on the surface of the catalyst. This proves the deactivation of the catalyst seen in an 
oxy-chlorination process of CO catalysed by CuCl2 catalyst.5 
 
It was discovered that there’s a competition between CO2 and COCl2 formation. And the pre-
treatment will help increase the latter one whilst suppress the former one.   
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Surface characterization and optical characterization techniques play a vital role in the complete 
understanding of the luminescent properties of phosphor nanomaterials. Auger electron spectroscopy 
(AES), X-ray photo electron spectroscopy (XPS), time of flight scanning ion mass spectrometry 
(TOF SIMS), Photoluminescence (PL) and cathodoluminescence (CL) are used to characterize 
different phosphor materials. The crystal field that is determined by the environment in the host 
material in combination with the various dopant ions with the correct valence state can be used to 
obtain emissions from the Ultraviolet (UV) to the infra-red (IR) wavelength ranges. Phosphor 
materials have been successfully used to improve the efficiency of various applications. 
Nanoparticles both undoped and doped with different rare earth elements were synthesized by 
several synthesized techniques. The defects incorporated into the bulk material play an important 
role in the emission efficiency and colour scheme. XPS in combination with PL can be used to 
identify some of these defects in the material. Degradation of the different phosphors during 
prolonged electron/photon bombardment also played a vital role in their possible applications. The 
combination of CL, PL, AES and XPS techniques helps to determine the mechanisms behind the 
degradation. A small number of impurities in the chemicals used during synthesis can play a large 
role in the final emission intensity and colour of the phosphor materials. TOF SIMS can point out 
these impurities. Examples of different phosphor materials with different applications such as Solid-
State Lighting will be shown. 
 
Keywords: Surface characterization, phosphors, luminescence materials, degradation, defects 
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Abstract: Active photocatalytic switching is desired in many applications like photocatalytic water-
splitting and fuel cells. They rely on metal oxide (MOx) wide bandgap materials that can generate 
electron-hole pairs by absorbing light of frequencies corresponding to UV-visible light. These 
charge carries can be controlled by the thickness, and substrate of the MOx film, for which we 
propose a simple model by testing hydrophobic to hydrophilic wettability switching. [1] We use 
LEDs based latest light sources that provide pure light compared with traditional Xe lamps and in 
wide range from UV 365 nm to deep-UV 275 nm. A complete study is carried out considering 
factors like substrate resistivity, interface layer composition, and crystallinity of the MOx 
heterostructure stack. 
 
Figure: Study schematic of photoinduced hydrophilicity in MOx heterostructures. (a) Bandgap 
analysis of TiO2/Si heterojunction. (b) Thin films deposited using Atomic Layer Deposition (ALD). 
(c) Experimental testing of UV-DUV light induced hydrophilicity using Goniometer to record 
contact angle hysteresis. (d) Reversibility of the photoinduced switching tested for one sample. (e) 
Example of channel induced switching using mask for application in fluid-based devices. (f) 
Introduction of multiple interface layers to study the optimal criteria for faster switching. The 
interface is composed of high bandgap materials SiO2 and Al2O3 of thin (<10 nm) and thick (100 
nm) layers. The substrate used is standard Si wafer of resistivity 1-5 and 5-10 Ωcm. 
 
Results and conclusions: The study shows that deep-UV light alone makes a 10-fold increase in 
switching rate from hydrophobic to hydrophilic contact angle in all heterojunctions. The distinct 
light sources provided by LEDs and availability of precise thickness of thin films, allow for 
systematic study of diffusion of e-h pairs and its concentrations, which can be verified using 
photoinduced switching model based on computed physical properties. Based on the model, better 
interface layering, and crystallinity are verified for enhancement in photoinduced switching. Major 
implications for MOx based fluidic applications are foreseen. 
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Introduction 
Palladium supported on ceria (Pd/CeO2) has recently raised strong interest as an alternative catalyst 
to platinum on the anode electrode in anion exchange membrane fuel cells1,2. The enhanced activity 
of Pd/CeO2 catalysts for hydrogen oxidation reaction (HOR) activity in alkaline media has notably 
been attributed to strong metal-support interactions, but the exact mechanism is still under debate. 
Further understanding is needed to elucidate the role of CeO2. 
 
In this work, we investigate Pd/CeO2 thin films with well-defined compositions and structures to 
gain fundamental understanding of the metal-support interface and its influence on HOR activity in 
alkaline media. Model thin films have not yet been employed for HOR on Pd/CeO2 in alkaline 
media. We develop an approach combining in situ electrochemical quartz crystal microbalance (E-
QCM), ex situ microscopy and spectroscopy, and theoretical calculations to describe the surface 
interactions between Pd and CeO2.  
 
Materials and Methods 
Pd and Pd/CeO2 thin films were synthesized via electron-beam physical vapor deposition on quartz 
crystals (Fig. 1a). Electrochemical activity was studied using cyclic voltammetry (CV) in a standard 
three-electrode electrochemical cell. Mass changes related to adsorption, absorption, physisorption 
or desorption phenomena were evaluated in situ with E-QCM. The structure and composition of the 
thin films were probed using scanning electron microscopy (SEM), high-resolution transmission 
electron microscopy (HRTEM) and x-ray photoelectron spectroscopy (XPS). Density functional 
theory (DFT) calculations were performed to gain insight into the oxidation state and structure of Pd 
on prepared Pd/CeO2 thin films. 
 
Results and Discussion 
Pd/CeO2 leads to expected enhancement of HOR in alkaline media compared to pure Pd (Fig 1b). 
Using E-QCM, we provide new fundamental understanding of the adsorption, absorption, 
physisorption and desorption phenomena occurring during HOR. We show that on pure Pd thin 
films, absorption of hydrogen dominates while on Pd/CeO2 the oxidation/reduction of ceria and 
adsorption of hydroxyl groups are the dominating phenomena (Fig. 1b)3.  
 
One of the hypotheses for enhanced reactivity of Pd/CeO2 in HOR is that CeO2 – at the interface 
with Pd - serves as a source of OH groups which react with adsorbed H to form water4. In this study, 
we provide new quantitative evidence that this hypothesis is valid.  Strong metal-support interactions 
are also confirmed by TEM, XPS and DFT calculations.  
 
Finally, an important finding is that Pd atoms embedded in CeO2 are present on the prepared thin 
films and active for hydrogen activation but are not able to bind CO during CO-stripping 
characterization. 
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Electronic devices made with amorphous oxide semiconductors (AOS) like indium-gallium-zinc 
oxide (IGZO) have come a long way. Outperforming silicon in driver transistors of active-matrix 
displays, they have become a commercial success in flat-screen TVs. To decrease the environmental 
impact of AOS technology, non-critical raw materials and additive manufacturing are being 
explored. Sustainable AOS like zinc-tin oxide, printed directly from solution, can be applied in a 
wide range of electronic devices, from thin-film transistors1 to diodes and memristors.2,3 
 
The electrical performance of Schottky diodes critically depends on the interface properties, which 
directly influence the barrier height. Usually, in situ metal deposition with precise thickness control 
is achieved only via costly UHV transfer chambers, connecting the XPS to adequate deposition 
equipment. An alternative is the use of a common argon sputter gun and a small metal target 
mounted inside the analysis chamber (see Figure).4 This contribution shows the applicability of the 
approach to barrier height measurements and discusses its advantages and shortcomings. The case of 
solution-processed zinc-tin oxide (ZTO) is examined and compared with electrical data from 
corresponding diodes.  
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The effect of adding rare earth elements such as samarium and gadolinium on the structure of cerium 
dioxide has been a subject of scientific inquiry due to the potential applications of these materials in 
various fields, including catalysis, solid oxide fuel cells, and hydrogen storage. 
 
Studies have shown that incorporating Sm and Gd into the CeO2 lattice can lead to modifications in 
its structural and chemical properties. One significant impact is the stabilization of the fluorite 
structure of CeO2. The addition of Sm and Gd ions can suppress the phase transition from the 
fluorite structure to other phases, such as the monoclinic or tetragonal phases, thus enhancing the 
thermal stability of CeO2. 
 
The ionic radius plays a significant role in determining the solid solutions CeO2 and gadolinium and 
samarium. In the case of CeO2 solid solutions with Gd and Sm, the ionic radii of the substituting 
ions (Gd3+ and Sm3+) should closely match the ionic radius of the Ce4+ ions in the CeO2 lattice to 
maintain structural integrity. If the ionic radius of the substituting ion deviates too much from that of 
Ce4+, it can lead to lattice distortion, defects, or even phase separation, affecting the properties of the 
solid solution. 
 
Furthermore, the presence of Sm and Gd dopants can influence the oxygen vacancy formation and 
migration properties in CeO2. These dopants can act as charge compensators for oxygen vacancies, 
affecting the oxygen storage capacity and oxygen ion conductivity of the material. This phenomenon 
has implications for applications such as oxygen sensors and solid oxide fuel cells, where oxygen 
transport properties are crucial. 
 
Additionally, Sm and Gd doping can alter the surface properties of CeO2, affecting its interaction 
with other materials in catalytic processes. The presence of these dopants can modify the surface 
chemistry and create active sites for catalytic reactions, thereby enhancing the catalytic performance 
of CeO2-based materials. 
 
The aim of the present work is to understand the mechanisms underlying these effects and to 
optimize the properties of doped CeO2 materials for specific applications. 
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Metal oxides such as SnO2 and ZnO exhibit n-type semiconductor characteristics, boasting unique 
properties including high transmission within the visible spectrum, notable reflectance in the infrared 
range, and elevated electrical conductivity. These properties are significantly influenced by factors 
such as stoichiometry deviation, oxygen deficiency, and impurity nature. Transparent conducting 
thin films composed of tin oxide find widespread utility across various applications, serving as 
transparent electrodes in solar cells, photovoltaic devices, IR windows, and sensors. 
 
The primary objective of this study was to fabricate thin films of tin oxide and zinc oxide through 
spray pyrolysis and investigate the impact of technological parameters and dopants on their electrical 
and optical properties. The aim was to assess the feasibility of employing these films in position-
sensitive photodetectors. 
 
Characterization of the films was conducted to elucidate their structural properties using techniques 
such as X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS). Additionally, the 
microstructure was analyzed via atomic force microscopy (AFM), while surface morphology was 
examined using scanning electron microscopy (SEM). 
 
The behavior of the films was explored to gauge their suitability for various applications. Optical 
transmission and reflection properties were investigated using UV-VIS spectroscopy, while Hall 
Effect measurements were employed to assess electrical properties. Furthermore, the electronic 
structure of the layers was probed via photoluminescence spectroscopy. Samples with varying 
thicknesses were utilized to delineate the influence of layer thickness on their structure and 
properties. 
 
Finally, the sandwich structure fabricated from the studied layers was evaluated for its potential 
application in position-sensitive configurations. 
 
Acknowledgements: This study is funded by the European Union- Next Generation EU, through the 
National Recovery and Resilience Plan of the Republic of Bulgaria, project № BG-RRP-2.004-
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To protect metal from corrosion, passivation layer are widely used in food-packaging industry. 
Those nanometric protections create a thin oxide nanolayer on the tinplate surface, making it less 
oxidisable. Common passivation are composed by chromium oxide[1] , using hexavalent chromium 
as a reagent and reducing it. However, because of the toxicity of Cr(VI), European Union is 
gradually forbidding its use. 
 
Chromium Free Passivation Alternative is based on transition metal oxides (Sn, Ti, Zr, Mn) and 
polymers. Passivated tinplate presents some roughness in a few microns range  as it has been 
observed by Atomic Force Microscopy. Corrosion-inducing experimenthave been performed, using 
acidic (acetic acid), salted (NaCl) and sulfured (Na2S2O5)  aqueous-based solution. 
 
After pull-off test on coated passivated tinplate, XPS Imaging[2] [3], [4] was performed on the 
coating (polymer) side at different binding energies,  allowing extraction of spectrum in each pixel 
over six XPS core level process (O 1s, Sn 3d, Ti 2p, N 1s, C 1s and S 2s). In this study it was 
possible to measure in XPS imagering different chemicals state of carbone and sulphur using 
CasaXPS. Moreover, this study shows an anti-correlation between atomic concentration of Tin and 
Sulphate Fig(1).Finally, quantification of 2 sulphur chemical state was possible with an average 
amountbellow 1 per thousand. These results bring useful informations to understand corrosion 
mecanisms.  
 
Selected references 
[1] R. Sandenbergh, M. Biermann, and T. von Moltke, ‘Surface Analytical Characterization of 
Chromium Passivation on Tinplate’, in Passivation of Metals and Semiconductors, and Properties of 
Thin Oxide Layers, P. Marcus and V. Maurice, Eds., Amsterdam: Elsevier Science, 2006, pp. 143–
148. doi: 10.1016/B978-044452224-5/50024-X. 
[2] J. Walton and N. Fairley, ‘Characterisation of the Kratos Axis Ultra with spherical mirror 
analyser for XPS imaging’, Surface and Interface Analysis, vol. 38, no. 8, pp. 1230–1235, Aug. 
2006, doi: 10.1002/sia.2381. 
[3] R. Ettouri et al., ‘Combined analysis methods for investigating titanium and nickel surface 
contamination after plasma deep etching’, Surface and Interface Analysis, vol. 54, no. 2, pp. 134–
147, Feb. 2022, doi: 10.1002/sia.7030. 
[4] W. E. S. Unger et al., ‘Summary of ISO/TC 201 International Standard ISO 18516:2019 Surface 
chemical analysis—Determination of lateral resolution and sharpness in beam-based methods with a 
range from nanometres to micrometres and its implementation for imaging laboratory X-ray 
photoelectron spectrometers (XPS)’, Surface and Interface Analysis, vol. 54, no. 4, pp. 320–327, 
Apr. 2022, doi: 10.1002/sia.7025. 
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High entropy materials are known to be composed of five or more elements with concentration 
commonly in equal or near-equal atomic percent. It has been reported that high entropy materials 
have the properties of greater fracture resistance, tensile strength and corrosion resistance than 
conventional alloys. High entropy materials with various components are developed aiming to 
strengthen the desirable mechanical or other properties for industrial applications. For instance, the 
ZrTaTiNbSi high entropy material was reported to have remarkable glass-forming ability because it 
can maintain its amorphous structure even after annealing at 1173 K. The face-centered cubic phase 
of AlCoCrFeNi was reported to have noble corrosion potential than the body-centered cubic phase 
one. Enhancing the corrosion resistance of high entropy materials is always considered a top 
priority. Research has shown that as the entropy increases due to the incorporation of a greater 
number of elements in the alloy composition, high entropy materials exhibit a stable solid solution 
phase, devoid of intermetallic phases. The random arrangement of multiple elements results in a 
particular locally disordered chemical environment, which leads to unique corrosion resistance 
properties. The information of surface variation during corrosion is the key to studying the 
mechanism of high entropy materials against corrosion. In this work, surface techniques, XPS, 
HAXPES and UPS-LEIPS, are utilized to examine the surface of NiCrFeVCuTi high entropy 
materials. XPS provides the chemical state composition of the outmost surface up to approximately 
10 nm, while non-destructive HAXPES enables the investigation of deeper depths, reaching around 
30 nm. Moreover, HAXPES provides more information regarding core level photoelectron 
compared to the XPS. In addition, the energy band diagram from UPS-LEIPS analysis provides 
insight into surface electronic properties. By leveraging the comprehensive energy range, from the 
conduction band with LEIPS to the core level excitation with HAXPES, the surface analysis of 
NiCrFeVCuTi before and after sulfuric acid treatment enables the examination of corrosion 
behaviors in high entropy materials.  
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Multi-principal element alloys (MPEAs) are of great academic and industrial interest as emerging 
materials for engineering applications as well as potential electrode materials in energy conversion 
and storage. Several MPEAs have been studied for their general corrosion behavior, but studies on 
their dissolution in the high anodic “transpassive” potentials relevant for oxygen evolution reaction 
(OER) and local corrosion behavior remained scarce. 
 
In this project we have investigated CrMnFeCoNi, FeCrNi and CrCoNi MPEAs in terms of their 
transpassive behavior in NaCl electrolytes and artificial seawater [1, 2]. We introduced a 
characterization procedure to distinguish the individual contributions of oxygen evolution reaction 
(OER) and alloy dissolution [2]. This scheme utilizes scanning electrochemical microscopy (SECM) 
for detecting the onset of OER and employs quantitative chemical analysis methods, namely 
inductively coupled mass spectrometry (ICP-MS) and ultraviolet-visible light (UV-Vis) 
spectroscopy, to elucidate the processes of metal dissolution. In-situ atomic force microscopy 
(AFM) and scanning Kelvin probe force microscopy (SKPFM) were used to analyze the corrosion 
morphology and surface potentials before, during, and after passivity breakdown. 
 
Our results clearly demonstrate the superior corrosion behavior of CrCoNi and FeCrNi MPEAs in 
comparison to the CrFeMnCoNi HEA, as well as AISI 304 stainless steel. We have observed that 
significant OER occurs in parallel with metal dissolution on the CrCoNi and FeCrNi MPEA surfaces 
during anodic polarization at potentials relevant to water electrolysis. Most importantly, our findings 
underscore the necessity of analyzing metal ions dissolved into the electrolyte to accurately assess 
the Faradaic efficiencies of non-noble metal OER electrocatalysts. The presentation will summarize 
our characterization procedure and give an overview on the key properties of the studied MPEAs. 
  
Selected references 
[1] A. Wetzel, M. von der Au, P.M. Dietrich, J. Radnik, O. Ozcan, J. Witt, The comparison of the 
corrosion behavior of the CrCoNi medium entropy alloy and CrMnFeCoNi high entropy alloy, Appl. 
Surf. Sci., 601 (2022) 154171. 
[2] A. Wetzel, D. Morell, M. von der Au, G. Wittstock, O. Ozcan, J. Witt, Transpassive Metal 
Dissolution vs. Oxygen Evolution Reaction: Implication for Alloy Stability and Electrocatalysis, 
Angew. Chem. Int. Ed. Engl. (2024) e202317058. 
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Thanks to its unique combination of high band gap and high breakdown field, GaN-based high-
electron-mobility transistors (HEMT) have become one of the prime candidates for high-frequency 
and power applications [1]. Despite the remarkable progress in performance, interface traps in 
HEMT devices are still the origin of undesirable effects such as RF dispersion, gate/drain lag, or low 
electron confinement [2] which need to be understood to improve the overall electrical response and 
long-term reliability. To answer this issue, the assessment of the chemistry of the constitutive layers 
and of interfaces is a key point. In the present case, we focus on the implementation of XPS (X-ray 
Photoelectron Spectroscopy) with two challenges to overcome: the unfortunate overlap between Ga 
L2M4.5M4.5 transition (~395 eV) and nitrogen N 1s photopeak (~398 eV) encountered while using the 
conventional Al k-alpha source and passivation layers or barriers thicknesses which can be thinner 
than the XPS probed depth (~10 nm) requiring specific analysis and data treatment procedures [3]. 
Thus, access to an accurate quantification and chemical state analysis of the HEMT structure is not 
straightforward and can end up with erroneous information. Here, we propose an innovative fitting 
procedure based on the nonlinear decomposition of gallium-based references to separate the gallium 
and nitrogen contributions in GaN based-materials by modeling Ga L2M4.5M4.5 and Ga L3M4.5M4.5 X-
AES transitions to extract the Nitrogen photopeak. The originality lies in using the higher energy 
Auger line to fix the right fitting parameters on the lower energy transition where the nitrogen and 
gallium overlap. As experimental conditions during the sample preparation process could be limited 
with possible exposure to air resulting in oxidized surfaces, gallium oxide chemical environment has 
also been considered. To reach buried interfaces, modifications induced by Ar+ sputtering during 
depth profile have been studied for developing a strong and universal methodology for processing 
XPS data of GaN components. The fitting parameters for the N1s-Ga L2M4.5M4.5 region have been 
processed for each reference sample and combined to have a complete decomposition of an N 1s-Ga 
L3M4.5M4.5 spectrum. This methodology will be a powerful tool to investigate the in-depth chemistry 
of HEMTs and especially to perform nano-Auger on device cross-section as the upstream XPS study 
on reference samples is necessary to calibrate Auger Relative Sensitivity Factors (RSF) for each 
constitutive layer of HEMT structure for precise quantification.  
 
Selected references 
[1] F. Medjdoub et al., "Can InAlN/GaN be an alternative to high power / high temperature 
AlGaN/GaN devices?" 2006 International Electron Devices Meeting, San Francisco, CA, USA,2006. 
[2] Vigneshwara Raja, P., Nallatamby, J.-C., DasGupta, N. & DasGupta, A. Trapping effects on 
AlGaN/GaN HEMT characteristics. Solid. State. Electron. 176, 107929 (2021) 
[3] Bourlier, Y. and al. In-depth analysis of InAlN/GaN HEMT heterostructure after annealing using 
angle-resolved X-ray photoelectron spectroscopy. Surf. Interface Anal. 2020. 
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In an industrial context but also e.g. in forensic analysis, samples often have an unknown 
composition. In the analysis of samples showing “good” and “bad” behaviour, minor variations in 
surface composition can cause such differences. Consequently, an identification of such 
compositional differences is required. 
 
In this context, ToF-SIMS is a powerful and well-established screening technique: the surface 
composition of organic and inorganic molecules can simultaneously be analysed with high 
sensitivity. In addition, different analysis modes enable a good lateral and/or high depth resolution. 
Nowadays, ToF-SIMS instruments are highly automated. As a result, complex and meaningful data 
sets can be easily achieved at short time scales containing Gigabytes of data. 
 
However, the data analysis of such huge data sets can be challenging. As a rule of thumb in an 
industrial context, one day of data acquisition results in three days of data analysis if performed 
manually. It therefore does not come as a surprise that multivariate data analysis (MVA) and 
increasingly machine learning methods techniques (ML) are well sought-after methods to simplify 
data analysis. Meanwhile many successful studies and applications have been published. It is, 
however, important to realize that MVA is only a tool for data analysis and does not provide the 
solution to a tricky analytical problem on its own. The interpretation of the results in the context of 
the analytical task and the selection of an appropriate model are essential steps to be performed by 
the analyst. E.g., for samples with an unknown surface composition, it is not sufficient to classify the 
samples into different groups but it is also necessary to find the differences in chemical composition 
responsible for the classification, a still challenging task for unsupervised ML approaches. 
 
In this study, different strategies are presented to simplify data interpretation focusing on samples 
with unknown surface compositions. Samples include, amongst others, SIMS data taken from energy 
materials. A thorough comparison is performed between manual data analysis and MVA/ML 
techniques for each sample system. In a next step, both approaches are combined aiming at a 
comprehensive and efficient interpretation of results from unsupervised ML.  
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We describe an algorithm to combine X-ray photoelectron spectroscopy data taken from the same 
sample and elemental line using two different X-ray energies with different sampling depths. The 
lower energy X-ray data contains information from the surface and the higher energy X-ray data 
contains the same information plus additional information from the subsurface. Following an 
appropriate manipulation, we show that it is feasible to extract spectra and compositional 
information from the subsurface region. The resulting data contains no information from the 
uppermost atomic layer and is representative of a mean electron escape depth which is the sum of 
the effective attenuation lengths of electrons from the two sources. The result is largely free from 
assumptions concerning the sample structure and, unlike angle-resolved analysis, is not influenced 
by the topography of the sample. To make the best practical use of the algorithm, it is necessary to 
have homogeneous reference materials that contain the elements of interest in order to determine 
intensity ratios between the two X-ray sources. The process is simplified if the transmission function 
of the spectrometer over the full energy range is known and then only one homogeneous reference 
material, such as silver, can be employed. 
 
We demonstrate the algorithm using Al Kα and Ag Lα radiation using a range of materials and 
surface layers and show potential applications in reducing the influence of surface contamination for 
compositional measurements and for mitigating the contribution of ion beam damage after surface 
cleaning or during depth profiles. The figure illustrates the application of the algorithm to ion-
damaged MoS2 in black using the data acquired from Al Kα (blue) and Ag Lα (red). The signal from 
the surface damage layer is clearly identifiable and, whilst it contributes the majority of the intensity 
in the Al Kα data, it is a minor contributor to the extracted subsurface spectrum.  
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The new EnviroMETROS series transforms the realm of surface hybrid metrology by employing the 
key techniques of parallel detection angle resolved XPS (PARXPS) and multi-wavelength 
excitation. This method utilizes variable photon energies and emission angles operating under 
diverse environmental conditions for conducting chemical analyses of thin films and bulk materials. 
LEIS facilitates high surface sensitivity, while electronic characterization can be enhanced with 
UPS, IPES, and REELS. Integrated Raman and/or IR spectroscopy provide structural information, 
whereas XPS mapping and SEM/SAM contribute to elemental surface maps correlated with 
morphology. 
 
The relevance of ultrathin films and 2D materials in modern devices is continuously increasing, 
prompting a growing interest in the chemical analysis of these multilayer systems and their surfaces. 
A thorough characterization of stoichiometries, composition, and depth distribution of elements is 
crucial. The EnviroMETROS series novel serves as an ideal tool for routine analysis in this research 
and development field. It combines large sample and wafer handling with a photoelectron 
spectrometer offering variable information depth. When combined with optical and other analytical 
techniques, it enables depth-dependent composition analysis with unparalleled precision, reliability, 
and repeatability.  
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Ternary semiconductor nanostructures such as InxGa1-xN quantum dots are promising materials for a 
large range of optoelectronic applications such as tuneable wavelength LED, laser diodes and 
photovoltaic cells or even single-photon emitters. The most relevant challenge for InxGa1-xN is to 
vary the indium/gallium content by conserving good crystalline properties and both size and 
composition homogeneity for the previously quoted applications. 
 
III-V semiconductor quantum dots were firstly grown by a Stranski-Krastanov growth mode based 
on the lattice mismatch between the epitaxial layer and the substrate. Recently, droplet epitaxy (DE) 
has emerged as an interesting growth process providing a better control and homogeneity of density, 
size and composition of quantum dots. First step of the DE is the deposition of group III metallic 
droplets (Ga, In) on the substrate, followed by the supply of V element (N). Understanding the first 
stage of droplet epitaxy – the deposition of self-assembled InxGa1-x droplets – is then an important 
step for the future growth of InxGa1-xN quantum dots. For this, a relevant tool to control the 
composition and the organisation of the deposited atoms is mandatory. 
 
We provide in this talk the complementary use of X-ray Photoelectron Spectroscopy (XPS) and 
Reflection Electron Energy Loss Spectroscopy (REELS) for the determination in-situ of 
indium/gallium content in self-assembled InxGa1-x droplets on GaAs(111)A substrate. An XPS 
intensity model allows to estimate indium/gallium deposited content based on the intensities of Ga3d 
and In4d core-levels. On the other hand, in REELS, a brand new method of decomposition of the 
loss probabilities curve obtained from raw experimental spectra is firstly required. Then, based on 
decomposition for reference spectra (In, Ga) and the development of an envelope method for the 
substrate, we achieve the resolution of the loss probabilities curve from droplets deposited on 
semiconducting substrate. Finally, by developing a semi-empirical model of the bulk plasmon 
energy shift, we can deduct from REELS the indium/gallium content. Comparison of indium/gallium 
content determined by both XPS and REELS electronic spectroscopies allows to discuss about the 
In/Ga mixing in the binary droplets for different compositions, leading to promising results for 
InxGa1-xN quantum dots grown by droplet epitaxy.  
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Given its excellent redox abilities, the use of cerium dioxide (CeO2, ceria) and related materials in 
catalysis is widespread[1]. The Ce3+/Ce4+ redox shuffle allows for great catalytic ability which can be 
correlated to the ceria oxidation state[2–4]. Given that catalysis is a surface mediated process, XPS is 
critical in the analysis of pre- and post-mortem materials. 
 
However, there has been considerable debate on the degree of reduction of CeO2 caused by XPS 
analysis. Therefore, in continuation of our work on understanding the reduction of materials,[5] we 
have investigated different cerium oxide preparations. Through a combination of principal 
component analysis (PCA), linear algebraic manipulation of spectra (LAMS), and linear least 
squares (LLS) optimization, it is shown that the degree of reduction and surface speciation is 
intrinsically linked to the morphology of the ceria which may, at least in part, account for the 
discrepancies noted in the literature. 
 
Additional evidence to support the incorrect assignment of an O1s peak in the region of 531 – 532 
eV as an oxygen vacancy is also given.[6] 
  
Selected references 
[1] Catalysis by Ceria and Related Materials, 2nd Edition.; Trovarelli, A., Fornasiero, P., Eds.; 
Imperial College Press: London, 2013. 
[2] Smith, L. R.; Sainna, M. A.; Douthwaite, M.; Davies, T. E.; Dummer, N. F.; Willock, D. J.; 
Knight, D. W.; Catlow, C. R. A.; Taylor, S. H.; Hutchings, G. J. “Gas Phase Glycerol Valorization 
over Ceria Nanostructures with Well-Defined Morphologies”. ACS Catal, 2021, 11 (8), 4893–4907. 
[3] Qiao, Z.-A.; Wu, Z.; Dai, S. “Shape-Controlled Ceria-Based Nanostructures for Catalysis 
Applications”. ChemSusChem, 2013, 6 (10), 1821–1833. 
[4] Ziemba, M.; Schilling, C.; Ganduglia-Pirovano, M. V.; Hess, C. “Toward an Atomic-Level 
Understanding of Ceria-Based Catalysts: When Experiment and Theory Go Hand in Hand”. Acc 
Chem Res, 2021, 54 (13), 2884–2893. 
[5] Morgan, D. J. “XPS Insights: Sample Degradation in X‐ray Photoelectron Spectroscopy”. Surf. 
Interface Anal., 2023, 55 (5), 331-335. 
[6] Morgan, D. J. “Photoelectron Spectroscopy of Ceria: Reduction, Quantification and the Myth of 
the Vacancy Peak in XPS Analysis”. Surf. Interface Anal., 2023, 55 (11), 845-850. 
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X-ray photoelectron spectroscopy (XPS) is a well-established technique for non-destructive analysis 
of the chemical composition of thin layers and interfaces. Angle-resolved XPS (AR-XPS) has been 
used to determine the composition of depth profiles and layer thicknesses, traditionally with Al Kα 
(1486.6 eV) X-ray beams for depths up to 5-10 nm below the surface. In recent years, new AR-XPS 
capabilities have been added to Physical Electronics XPS scanning microprobe instruments 
including Cr Kα (5414.8 eV) hard X-ray photoelectron spectroscopy (HAXPES) that can probe 
buried interfaces up to 15-30 nm below the surface. Coinciding with the HAXPES development, the 
StrataPHI analysis software was developed to reconstruct quantitative, non-destructive 
XPS/HAXPES depth profiles from angle-dependent and single-angle photoelectron spectra. 
 
In this talk, we will show that the StrataPHI software has been further developed to combine Al Kα 
and Cr Kα XPS and HAXPES data within a single depth profile to enhance extracted analytical 
information from various depths below the surface. We will explore the method of the combined 
technique as well as its application to multilayered thin film samples. The updated StrataPHI 
software also includes a fractional coverage analysis mode, relevant in situations where ultra-thin 
films exist as discrete islands – commonly observed in early thin-film deposition stages on the 
substrate rather than as a continuous, uniform film. A model system of discrete molybdenum sulfide 
(MoS2) monolayer triangles deposited on SiO2/Si substrate will be discussed. 
 
Such added StrataPHI capabilities allow for scientists and engineers in metrology and research & 
development to analyze multi-layered thin films and ultra-thin films rapidly and non-destructively 
without potentially damaging ion beam sputtering that might otherwise be required to depth-profile 
or sputter-clean adventitious contamination off the surface.  
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In recent years, there has been a push within experimental science to conform to FAIR (Findable, 
Accessible, Interoperable, and Reusable) data principles. However, in the field of photoemission 
spectroscopy (PES), there has been a distinct lack of such efforts. While there exists a widely 
adopted ISO standard for data transfer in surface chemical analysis [1], it does not fully cover all of 
the information that is obtained in modern photoemission experiments. Within the FAIRmat project 
of the German National Research Data Infrastructure (NFDI), we are developing an extensive and 
elaborated standard (called NXmpes [2]) for harmonizing PES data using NeXus, a community-
driven data-modeling framework for experiments [3]. Our NeXus application definition, NXmpes, is 
set to transition into a fully recognized standard following a one-year incubation period, with the 
expectation of being officially endorsed by the NeXus International Advisory Committee (NIAC) as 
the preferred format for data interchange and interoperability in PES by September 2024. Here, we 
will show how FAIR research data in PES can be organized and how we intend to create benefits for 
the scientists who adapt the new standard. Comprehensive guidance on how to establish a FAIR data 
pipeline within a laboratory using NXmpes will be given. Finally, we present our strategy to 
collaborate with leading manufacturers of PES equipment to foster interoperability of NXmpes with 
their software solutions.  
 
Selected references 
[1] Dench, W.A., Hazell, L.B. and Seah, M.P., VAMAS Surface Chemical Analysis Standard Data 
Transfer Format, Surf. Interface Anal. 1988, 12, 161-163. 
[2] https://fairmat-nfdi.github.io/nexus_definitions/classes/contributed_definitions/NXmpes.html 
[3] Könnecke, M., et al., The NeXus data format, J. Appl. Crystallogr. 2015, 48, 1, 301-305. 
 
 



 

103 

O44 - Obstacles and how to approach them – three examples in X-ray photoelectron 
spectroscopy measurement and analysis 

6. DAT – Data analysis and Metrology 
Andreas Schaefer1 
Alexander Nellessen1, Mariavittoria Craighero1, Johan Gustafson2, Per-Anders Carlsson1 
1 Department of Chemistry and Chemical Engineering, Chalmers University of Technology 
2 Division of Synchrotron Radiation Research, Lund University 
 
X-ray photoelectron spectroscopy (XPS) measurements often come with a variety of challanges 
ranging from sample mounting, charge compensation, and binding energy referencing to 
quantification and peak fitting including background subtraction. 
 
In this presentation three cases and the approach used to solve different research questions are going 
to be discussed. The first deals with an ex-situ mesurement of Vanadium oxide supported on titania. 
VOx/TiO2 is a well studied catalyst system for the selective catalytic reduction (SCR) of NOx with 
ammonia. The challenge in the study presented was X-ray beam induced reduction of the vanadium 
oxide and peak fitting of the V 2p region for low concentrations of vanadia. An approach on how to 
obtain meaningful data despite the experimental obstacles will be presented.[1] The second case 
discusses an AP-XPS measurement of CeO2 islands on a rhodium support during thermal reduction 
and exposure to CO2. The challenge of the experiment and data analysis was to extract the oxidation 
state of the ceria as function of CO2 exposure while only the Ce 4d level was experimentally 
accessible. The last experiment mainly deals with peak fitting a sulfur 2p spectrum of a doped 
conductive polymer. The question in this example was whether the doping level can be determined 
by XPS measurements. This case exemplifies the importance of constraining parameters to known 
characteristics when peak fitting complex spectra. Some general points on peak fitting will be 
addressed.  
 
Selected references 
[1] A. Nellessen et al., JPCC 128 (2024) 2894 
[2] A. Schaefer et al., PCCP 20 (2018) 19447 
 

 
 



 

104 

O45 - Reliability of XPS analyses of perovskites: evolution of chemical and optoelectronic 
properties during X-ray irradiation 

6. DAT – Data analysis and Metrology 
Muriel BOUTTEMY1, 2 
Pia DALLY1, 2, Mirella AL KATRIB1, 2, Guillaume VIDON3, Daniel ORY2, 4, Minjin KIM3, Etienne 
SORET3, Eva RANGAYEN2, Marie LEGRAND2, 3, 4, Alexandre BLAIZOT2, Philip SCHULZ3, 
Jean-Baptiste PUEL2, 4, Daniel SUCHET3, Jean-François GUILLEMOLES3, Stéfania CACOVICH3, 
Arnaud ETCHEBERRY1 
1 Institut Lavoisier de Versailles (ILV), Université de Versailles Saint-Quentin-en-Yvelines, 
Université Paris-Saclay, CNRS, UMR 8180, 45 avenue des Etats-Unis, 78035 Versailles Cedex, 
France 
2 Institut Photovoltaïque d’Île de France (IPVF), 18 boulevard Thomas Gobert, 91120, Palaiseau, 
France 
3 CNRS, Institut Photovoltaïque d’Île de France (IPVF), UMR 9006, 18 boulevard Thomas Gobert, 
91120, Palaiseau, France 
4 Electricité de France (EDF) R&D, 18 Boulevard Thomas Gobert, Palaiseau 91120, France 
 
Perovskite materials have proven to be emerging class materials in many domains, in particular, 
optoelectronic and photovoltaic. Metal hybrid perovskites, composed of organic and inorganic 
subunits, are very promising for solar devices applications due to their large carrier mobility, better 
photon absorption, high defaults tolerance, bandgap adjustability and low fabrication cost 1.  Despite 
these advantages, this material suffers from instability issues (water, oxygen, light, …), that are of 
concern of many research groups at present, working to enhance the long-term reliability of 
photovoltaic devices.  XPS (X-ray photoelectron Spectroscopy) is a choice technique to investigate 
the chemistry of the hybrid perovskites active layer but artefacts linked to UHV and X-ray operating 
conditions, have been reported, raising the question of the reliability of such analyses 2, and by 
consequence, of all X-rays based techniques especially when synchrotron sources are considered 3 
(high fluences). 
 
This study apprehends this topic for moderate fluences, enabling to get more insights, at relatively 
short timescale, on the degradation mechanisms of a metal halide perovskites layer during soft X-ray 
exposure. A metrological approach employing XPS and Photoluminescence (PL) to concomitantly 
track the evolution of the chemical and optical properties was employed. This approach, already 
used to determine the impact of Ar+ sputtering during XPS profiling 3, has proven to be a real added 
value for a better chemistry understanding from surface to bulk. In this study, the XPS spectrometer 
serves both as the irradiation source (Al k-alpha source) and analysis tool. Half-cells constituted of 
Glass /FTO/c-TiO2/(Cs0.05(MA0.14, FA0.86)0.95 Pb(I0.84, Br0.16)3) have been exposed to irradiation from 
1h to 16h. The spot area of 400 µm x 650 µm was scrutinized using temporally and spatially 
resolved PL imaging and spatially resolved XPS. For XPS, a novel approach was employed, by 
implementing a series of analysis points of 50µm distributed along horizontal and vertical lines from 
side to side of the 400 µm spot area. Two processes could be identified. For irradiation duration < 1h 
(1013 ph.cm-2), bulk defects are formed without significant change of the surface chemistry. By 
increasing the fluence for longer irradiation exposure until 8h (>1014ph.cm-2), we notice the 
degradation of the organic part (N loss) but also the formation of Pb0 and an increase of the I/Br ratio 
yielding to an increase of both bulk and surface defects. In addition, a new phase was evidenced with 
advanced optical imaging, attributed to I-poor perovskite4.  
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Secondary ion mass spectrometry (SIMS) is a versatile method used in the fields of surface analysis, 
depth profiling, and elemental and molecular mapping. However, it has its limitations that require 
further improvements and optimizations. The matrix effect, which influences the ionization yield of 
secondary ions with respect to the substrate from which the analyzed compounds originate, presents 
a significant drawback for the SIMS technique. It limits the quantification capabilities of the method, 
influences detection limits, and negatively affects depth profiling, especially concerning layer 
identification and interface determination. There are several approaches to the reduction of the 
matrix effect. Our work was mainly done in the field of application of reactive gas atmospheres. We 
previously showed that H2 flooding improves the results of the SIMS depth profiling of thin film and 
multilayered samples composed of metals, metal oxides, and alloys. [1] Furthermore, the H2 
atmosphere reduces surface roughening caused by the intense ion sputtering needed during depth 
profiling analyses. [2] In our recent work, we have further investigated the possibilities of the ToF-
SIMS method for the quantification of selected metals and alloys containing these metals in different 
ratios by reducing the matrix effect in the presence of H2 and also O2. As a means of comparison, the 
measurements were performed in the ultra-high vacuum (UHV) environment as well. H2 flooding 
shows the most significant improvements compared to the UHV analysis, while O2 is also promising 
but has some limitations. Improvements are most evident for the transition metals Ti, Cr, Fe, Co, and 
Ni employed in our study. The p-block elements Al and Si were analyzed as well but changes for 
these two elements are not as prominent. The deviations from the true atomic ratios of Ti, Cr, Fe, 
Co, and Ni in different alloys reach a maximum of only 46% when analyzed in the H2 atmosphere. 
In contrast, these values are 66 and 228% for the O2 atmosphere and UHV environment, 
respectively. Our results suggest that gas adsorption and consequent formation of a new matrix on 
the surface, especially in the case of hydrogen, reduces the differences between the different 
chemical environments and electronic structures of the surface. In this way, the quantitative aspects 
of the SIMS method can be improved.  
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Ensuring robust peak identification is pivotal for precise sample analysis by X-ray photoemission 
spectroscopy (XPS). The automation of peak identification significantly improves this process by 
reducing User error and bias. Modern acquisition software offers enhanced computer-driven peak 
identification for unknown samples, instilling confidence in element identification. This 
advancement forms the foundation for an automated sample analysis workflow known as data-
dependent analysis (DDA). DDA entails identifying peaks in a survey spectrum and subsequently 
acquiring high-resolution spectra from major components. Recent User surveys indicate most users 
rely on the large area survey acquisition mode as the initial step in analysis. 
 
To define confidence in the DDA process, existing spectral analysis data, containing element 
composition information, is utilized to generate reference spectra for testing. These reference spectra 
serve as the foundational dataset against which the performance of automated analysis algorithms 
can be evaluated. By comparing algorithm results with reference spectra, statistical parameters are 
calculated to assess precision, sensitivity, specificity, and accuracy in identifying elements within 
unknown spectra. For experienced analysts, DDA represents a time-saving acquisition method, 
while for inexperienced analysts, it provides assurance in accurate peak identification and 
appropriate high-resolution spectral acquisition. 
 
The application of artificial intelligence and machine learning is a growing area within analytical 
instrumentation. This discussion highlights the current state of automated XPS data acquisition.  We 
highlight the difference between the goal driven 'expert system' paradigm championed in the early 
2000s [1,2] and the novel concept of an ‘A.I. assisted analysis’ system.  
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 Significant growth of electrification and increasing complexity of energy harvesting and distribution 
systems requires components with complex geometries and high electrical and thermal conductivity. 
This creates a breeding ground for additive manufacturing of copper, especially utilizing powder bed 
fusion technologies as powder bed fusion – laser beam (PBF-LB) and powder bed fusion – electron 
beam (PBF-EB), allowing to produce copper components with complex geometries, full density and 
high conductivity. However, even though copper is characterized by low thermodynamic stability of 
its oxide, copper powder is very sensitive to handling and pick-up of trace elements, that is 
especially crucial for electrical conductivity. 
 
Initial state of the powder surface chemistry and its changes during number of reuse cycles as well as 
impact of processing conditions are studied by means of scanning electron microscopy, X-ray 
photoelectron spectroscopy and Auger electron spectroscopy. Results indicate that even though there 
are a lot of similarities between the two powder bed fusion processes, there is significant different in 
powder reuse and degradation during PBF-LB and PBF-EB. Generic model of the powder 
degradation in dependance on initial powder properties and AM process characteristics is elaborated. 
Effect of the reused powder on the defect formation during AM processing and its impact on 
material properties is discussed.  
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With the exception of the modified Auger parameter, X-ray induced Auger electron (X-AES) 
transitions aren’t exploited to their full potential. Indeed, they can provide as much information 
(oxidation degree, chemical environment, atomic composition) as the classic photopeaks used in 
XPS, but their shapes' complexities limit their decompositions. 
 
We offer here to compare two methods of decomposition, the non-linear least square (NLLS) [1] and 
the linear least square (LLS) [2]  analyses for Ga L3M4,5M4,5 and In M4,5N4,5N4,5 X-AES lines of 
Cu(InxGa1-x)Se2 (CIGS) material. CIGS is a p-type absorber used in solar cells which presents some 
progressive oxidation when exposed to relative humidity.[3] Thus, by combining non-linear and 
linear fitting procedures, PCA and vectorial method [4], a tracking of the surface oxidation with time 
was performed on the CIGS material. The growth of oxide phases (Ga2O3 and In2O3, determined by 
PCA, vectorial method and by comparison with reference spectra) was monitored on the X-AES 
lines with NNLS and LLS decompositions, showing an excellent coherence between both, as 
illustrated in Figure 1 for the Ga L3M4,5M4,5 X-AES transition of  CIGS. 
 
However, there are two main differences existing between the NLSS and LSS decompositions. The 
first one is related to the difficulty of the decomposition. The NLLS method requires multiple 
photopeaks (up to 15 for In M4,5N4,5N4,5 for example) to simulate the decomposition, which increases 
the possibility of human error. In contrast, the LLS method uses one photopeak to represent one 
chemical environment, which limits the decomposition error. The second difference is related to the 
evolution of the X-AES lines. When studying a series of X-AES transitions, one may encounter 
slight modifications in terms of position or FWHM values. These parameters can be updated using 
the NLLS method, but not the LSS method. Each method has thus its advantages and disadvantages, 
and their implementation on X-AES lines will be discussed accordingly to the element studied.   
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A comparative study on the X-ray photoelectron spectra (XPS) among three brasses (i.e. alpha 
brass(α), machining brass (α+β) and lead-free brass(α-κ)) is made together with its alloying 
elements, i.e. copper (Cu) and zinc (Zn). Most of the characteristic features in the core level peaks 
(2p, 3p) and the XPS Auger lines from the two major elements are found to be very close. The 
alloying of brass causes positive shifts to all the copper-related peaks, and negative shifts to those 
zinc-related, implying the sharing of valence electron is more dominated by the former element. The 
derivative of valence bands among the samples do show that all measurements have a common 
Fermi level. The highest conductivity is copper, in descending order comes with the duplex brasses, 
alpha brass and then zinc. The binding energy position of the Cu3d has a role here.  
 
Selected references 
Figure 1. Derivative of the XPS spectra near the Fermi Level of three different brasses together with 
pure copper and pure zinc pieces after native oxide removal by sputter cleaning. 
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2D layered materials have attracted outstanding attention due to their strong in-plane covalent bonds 
and weak van der Waals bonds joining adjacent layers which provide extraordinary electron 
mobility, band gap dependence on the number of layers and extremely high  anisotropic optical 
response. 
 
Here, we report the detailed study of controlled synthesis and characterization of graphene and 
transition metal dichalcogenides (TMDC) and their intergation  in optoelectronic and photonic 
devices. As example, the application of graphene and PtSe2 as transparent conductive electrode in 
display devices is demostrated. In addition, surface anchoring energy and pre-tilt angle value were 
determined to characterize the interfaces. Besides the excellent phase modulation repeatability over 
the large-scale area, graphene exhibits great potential for future ITO-free integrated photonic devices 
and bio-oriented technologies. 
 
Next, we focus on synthesis details of MoS2 nanolayers via close proximity re-evaporation of MoS2. 
AFM determined the synthesis of triangular nano flakes with lateral dimensions of over 10 mm and 
flakes’ height of 1.3 nm, approving bi-layer MoS2. Polarization dependence of MoS2-based 
photoresist under illumination with 405 nm LED is demonstrated 
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Many metal structures are protected from corrosion by the application of organic coatings. The 
protection scheme of such hybrid structures is two-fold: a barrier against the ingress of water and 
ionic species and a durable bonding at the interface between the metal and the coating. 
 
In order to analyze the influence of relevant technical environments on coated metal structures, we 
used Odd Random Phase Multisine Electrochemical Impedance Spectrocopy combined with Infrared 
Spectroscopy in the Kretschmann configuration. This approach enabled us the simultaneously 
analyze the dynamic electrochemical response of the hybrid systems, while correlating it with hybrid 
interactions at the buried interface.  
 
In the presented work, we focus on the influence of the composition of coatings and pretreatments of 
aluminium substrates on the uptake of electrolyte species and durability of the complete structure. In 
a first instance, an electrical equivalent circuit was established to identify the individual contribution 
of ions and water in the impedance spectra. The EIS data treatment was validated by analyzing series 
of poly-ethylene glycol diacrylate coatings with varying photo-initiator concentration1,2. 
Furthermore, the contribution of the inert pigment concentration on the coating barrier properties to 
ion uptake was evaluated3.  
 
Next, the surface of aluminium 2024 was varied by a pickling or pickling and anodizing procedure. 
The influence of the changing hybrid interface on the overall electrochemical behavior of the hybrid 
systems and specific contribution to the phenomena observed in the EIS spectra was evaluated4. 
 
Based on this work, we are able to provide a fast evaluation tool for the barrier properties of both 
coatings as well as buried hybrid interfaces in a wide variety of exposure conditions. Furthermore, 
the mechanistic insights as well as derived parameters (such as diffusion coefficient, ion ingress 
front position and velocity) serve as a basis for the ongoing development of electrochemical models 
for the long-term evaluation of hybrid systems5.  
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 A common type of inhalation medicine uses a dry powder formulation where the active 
pharmaceutical ingredient (API) is attached on the surface of carrier particles, often in combination 
with additional components. The spatial distribution of the API on the carrier particle is critical for 
the exposure to the intended target in the body and thus for the efficacy of the drug. In this work, we 
use ToF-SIMS imaging in combination with argon gas cluster sputtering to determine the 3D 
distributions of budesonide (the API) and magnesium stearate (MgSt) on the surface of lactose 
particles. The sample is a so-called adhesive mixture and was prepared by mixing 2 % micronized 
budesonide (particle size < 5 µm) in a high shear mixer with a lactose carrier (approximately 100 µm 
in diameter) coated with 1 % MgSt. The 3D data was acquired by alternating cycles of 2D ToF-
SIMS imaging measurements and sputter erosion, in a M6 instrument (IONTOF GmbH) using 30 
keV Bi3

+ primary ions and 10 keV Ar2000
+ ions for sputtering. The results show that the drug carrier 

particles are initially largely covered by MgSt, with only small spots showing exposed lactose or 
budesonide. Upon sputtering, MgSt is rapidly removed to expose flat regions of lactose as well as 
discrete budesonide particles distributed over the lactose surface (Fig. 1a). Depth profiles show that 
the budesonide signal increases upon initial sputtering to reach a maximum value, after which it 
gradually decreases with additional sputtering (Fig. 1b). These results provide clear evidence that 
budesonide to a large extent is covered with MgSt on the surface of the drug particles. Furthermore, 
if we assume a sputter yield of 40 nm3 (as previously reported for polymers like polystyrene and 
polymethylmethacrylate (1)), the thickness of the MgSt coating on the lactose surface can be 
estimated to 10-20 nm. The results are compared with XPS data for the same sample.  
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Palladium diselenide (PdSe2) is an air-stable 2D layered material with high carrier mobility, a high 
on/off ratio, as well as a widely tunable band gap, making it promising for electronics and photonic 
applications [1]. Although PdSe2 has demonstrated potential for many applications and exfoliated 
flakes have been successfully applied in various optoelectronic devices, the availability of high-
quality large-area PdSe2 crystals and nanolayers remains a challenging issue. Here, we report the 
growth process details of large-area single-crystal PdSe2 using the self-flux method. The crystals 
were characterized by scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy 
(EDS), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and transmission electron 
microscopy (TEM) to confirm the crystal quality, phase, and composition. High-quality large-area 
PdSe2 single crystals are successfully grown by the self-flux method. The crystal structure and 
quality are confirmed by XRD, TEM, and XPS. The performed polarization Raman spectroscopy 
reveals a 2D layered structure mode with anisotropic properties. The control of the crystal growth 
process opens the potential use of PdSe2 for integrated electro-optical applications, field-effect 
transistors, and broadband polarization-sensitive photodetectors and sensors 
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Within the Nano Instrumentation department of TNO, X-ray photoelectron spectroscopy (XPS) 
analysis is used for characterization of optical surfaces (mirrors). This is related to development in 
optics life-time research for extreme ultraviolet (EUV) lithography. 
 
In this work, we focus on understanding the sensitivity of XPS depth profiling to multilayer mirrors 
which are similar to the EUV mirrors. Traditional XPS depth profiling using the Ar ion-gun is 
performed on a commercial Ru-capped Mo/Si multilayer mirror before and after annealing in 
vacuum at 330 °C for 48 hours. Annealing of the mirror was performed to induce intermixing of the 
multilayers. However, traditional XPS depth profiling results in artefacts due to preferential 
sputtering of light elements, and the ion-induced intermixing severely reduces the contrast between 
the layers. Development of sputtering methods that reduce those artefacts is therefore of importance. 
In this respect, a Gas Cluster Ion Source (GCIS), where large ion clusters are used instead of single 
ions might be of interest. Due to larger ion clusters, the energy-to-mass ratio of the impact and its 
effect on the sub-surface is reduced tremendously. Gas Cluster Ion Sources are gaining momentum 
in the field of XPS and are in a fast transit from high-end, academic research towards semi-standard 
add-on for modern instruments. However, since sputtering is material-dependent, the usefulness of a 
GCIS needs to be tested on samples relevant for our field, i.e. EUV mirrors. Secondly, because the 
thickness of the layers in EUV mirrors is smaller than the XPS information depth, we investigated 
the benefit of combining sputter depth profiling with angle-resolved (AR) XPS to enhance the 
surface sensitivity (shown in Figure (a) and (b)). Results obtained from the comparative study of 
traditional XPS depth profiling and GCIS will be presented here. Based on these results, further 
development on the analysis of the EUV mirrors and their degradation mechanisms will be sought 
for.  
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Carbides have many attractive properties like corrosion resistance, mechanical durability, high heat 
resistance and some of them possess catalytic activity, as well. Therefore, their application ranges 
from protective coatings in harsh environments, through structural materials to electrocatalysts. The 
production of certain carbides needs high temperature and high pressure, many substrates can not 
tolerate such conditions, however. In these cases, the stable material might be produced by far from 
equilibrium conditions methods. By applying ion irradiation, it is possible to produce various 
materials at room temperature for which generally high temperatures are needed. If we irradiate a 
layer structure at the interfaces, atomic mixing or ion mixing happens. Herein, the results are shown 
for the production of W2C and Mo2C nano-layers. C/W and C/Mo multilayer structures - with 
individual thicknesses of 10-20 nm - are irradiated by xenon and argon atoms. The irradiation 
conditions are chosen with the help of simulation programs (TRIDYN, SRIM). The layer thickness 
and the in-depth distribution of the formed carbides is investigated by Auger electron spectroscopy 
and XPS depth profiling. [1] We show that the thickness of the carbide-rich region can be tailored by 
changing the ion irradiation conditions and the layer structure. It is shown that the corrosion 
(potentiodynamic corrosion test in 3.5 wt% NaCl) and mechanical resistance (scratch test) of the 
W2C layers is better than a commercially available WC-Co cermet. [2] 
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Hard X-ray photoemission spectroscopy, in particular chemical state analysis on the basis of the 
Auger parameter, are used to study the interface chemistry of magnetron-sputtered metallic 
multilayers. Charge transfer and electronic redistribution may occur for metallic materials when put 
in contact and forming an interface. By performing in situ X-ray photoemission analysis, the Auger 
parameter of W in contact with different metals (Cr, Cu and Mo) in a multilayer structure was 
derived.  The different degree of metal miscibility and intermixing at the interface were found to 
affect the Auger parameter, as attributed to the electronic charge redistribution taking place at the 
multilayer interfaces. The experimental data are supported by ab initio calculations of the charge 
transfer at the metal interfaces. Assessing at the atomic level charge transfer/redistribution at 
metallic interfaces will help in understanding crystal structure variation, order and disorder 
phenomena and their effect on properties like electronic/thermal conductivity when intermixing 
occurs.  
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In the automotive industry, the corrosion protection of hot-dip galvanized (HDG) steel is of pivotal 
importance. To this purpose, a Zr oxide-based conversion pre-treatment of the metal surface for 
passivation and improved adhesion [1], in combination with the application of a polymeric coating is 
here performed. The efficiency and durability of a such hybrid (hydr)oxide-polymer system depend 
on the formation and degradation of the chemical bonds at the buried interface, and this deserves a 
fundamental understanding at the molecular level. 
 
This work aims first at the elucidation of the deposition mechanism of the Zr-based conversion of 
the surface of HDG steel, in presence and absence of a Cu(II) accelerator, that represents the 
substrate for the application of an epoxy-based coating. It is found that the conversion inorganic film 
has a multi-metal and heterogeneous nature, the latter being both laterally and in-depth [2]. Then, the 
interfacial interactions established between this very complex converted metal substrate and an 
amine-functionalized curing agent commonly used in the epoxy-based coatings are investigated. The 
model amine molecule – diethylenetriamine (DETA) – is therefore adsorbed and used as an indicator 
of the acid-base properties of the multi-metal oxide surface [3]. Owing to the high complexity of the 
multi-metal oxide substrate, derivative and simpler systems – namely, pure Zn, Zr, and Cu – are 
employed for a more fundamental understanding of the chemisorption process. The resulting DETA-
adsorbed model and multi-metal surfaces are investigated by X-ray photo-electron spectroscopy 
(XPS), and by examination of the N 1s peak, the interfacial bond densities are determined. Time-of-
flight secondary ion mass spectrometry (ToF-SIMS) analysis is conducted to complement/confirm 
the findings of the XPS investigation.  
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Organic coatings are representing a valuable enhancement of final products in many aspects, 
typically linked to corrosion inhibitive and aesthetic purposes. For gaining deeper understanding of, 
e.g., the formation of chemical gradients or degradation processes, depth-resolved analysis delivers 
crucial information of the interior coating structure [1]. However, in order to assess the complex 
internal composition of high-end paint systems, careful selection of suitable depth profiling methods 
is required. 
 
In this work, a comparative examination of state-of-the art preparation techniques for depth-resolved 
analysis, exemplified on a high-build polyester-polyurethane coating system applied on galvanized 
steel, is reported. The fabrication of wedge-shaped tapers by applying cryo-ultra-low-angle 
microtomy (cryo-ULAM), a standardized paint borer and Ar+-ion flat milling was comprehensively 
evaluated using advanced surface analysis techniques. Scanning electron microscopy (SEM) and 
energy-dispersive X-ray spectroscopy (EDX) were employed to examine the resulting surface 
morphology of extended sections down to the steel substrate and to determine cutting artefacts, 
smearing and structural deformation (Fig. 1). Qualitative and quantitative elemental and chemical 
depth analysis was achieved by X-ray photoelectron spectroscopy (XPS), Fourier-transform infrared 
(FTIR) spectroscopy and sputter depth profiles recorded by Auger electron spectroscopy (AES). 
 
Consequently, thorough correlative investigation allowed to determine the impact of the respective 
preparation process on the accuracy of depth profiling results with regard to gaining profound 
understanding of high-end organic coated material systems. All methods consistently showed that 
cryo-ULAM is preferably used to fabricate extended sections for depth-resolved investigations of 
organic coatings. 
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Thermal atomic layer deposition (ALD) is widely applied to produce ultra-thin amorphous barrier 
oxide films for e.g. microelectronic, photovoltaic and sensing devices. The density, stoichiometry 
and H-impurity content of such amorphous oxide films are known to vary depending on e.g. the 
precursor species and the temperature of the ALD process [1, 2]. As shown in this work, chemical 
state analysis by lab-based XPS/HAXPES (i.e. applying Al-Kα and Cr-Kα X-ray sources [3]) can 
disclose the effect of H incorporation during the ALD process on the local chemical states of Al and 
O in amorphous Al2O3 ALD films. Incorporated H originates from unreacted covalent –OH hydroxyl 
bonds in the nearest-neighbour coordination sphere of the interstitial Al cations [2], thereby affecting 
the final-state electronic screening of core-ionized Al cations during the photoemission and Auger 
processes [1]. The experimental findings are compared with those of well-defined crystalline 
anhydrous α-Al2O3 (sapphire) and hydroxide α-Al(OH)3 (bayerite) reference phases. Molecular 
dynamics simulations were performed to correlate the measured Auger parameter shifts to the 
change in the O ligand polarizability due to the formation of covalent –OH hydroxyl bonds in the 
local chemical environment of Al: see Fig. 1.  
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Layered double hydroxides (LDH) consist of a stack of positively charged brucite-like layers and 
charged-compensating anions. The general formula of LDH is given by [MII

1-x MIII
x (OH)2]x+[(An-

x/n). 
M H2O]x− where MII and MIII are metal cations, An− the interlayer anion and x defines the charge 
density of the layers. For some applications in practical devices or functional coatings, LDH must be 
fabricated into supported films to maximize their functionalities while controlling the surface 
properties. This step can be very challenging as the synthesis methods developed for powder LDH 
samples to control the material composition are not always transposable to the films. 
 
In this work, ZnAl–NO3 LDH films were first grown in situ onto Al-based substrates and the 
morphology of the coating was controlled by varying the thickness of the Al-precursor layer. The 
anion exchange properties were then specifically investigated depending on the film morphology 
following the exchange dynamics and the structural, morphological and chemical modifications by 
Scanning Electron Microscopy, X-Ray Diffraction and vibrational spectroscopies. Different organic 
anions were studied regarding their size and potential functionalities1. 
 
The initial LDH film morphology and structure were demonstrated to impact significantly the 
intercalation of anions by constraining the expansion of the interlayer space. Indeed, whereas the 
intercalation of benzoates was successfully achieved in 1.9 μm-thick films, the anion exchange in a 
denser 2.4 μm- thick film resulted in the detachment of the LDH particles from the surface as a 
result of mechanical stress. After optimizing the starting film morphology, the intercalation of 
functional anions with potential antimicrobial properties was successfully achieved with the 
possibility to expand the interlayer space up to 150 % while holding the film integrity. 
The stability of the coatings was then addressed in saline solution following the anion release 
kinetics. The rapid release (from minutes to hours) of the intercalated anions would need to be 
improved. The regeneration capacity of the film was demonstrated as it could be key for practical 
applications. 
 
This experimental work provides a fundamental understanding of the structural and dynamic 
behaviour of the interlayer space of LDH coatings which would largely open the possibilities of 
applications. Additional work is ongoing to demonstrate the functionality of the loaded and released 
anions. Antimicrobial, antiadhesive or antifouling properties could be obtained with these surfaces 
which would be of great interest either as a release/uptake system or active coating for food 
packaging, self-disinfecting surfaces in medicine, waste-water treatment or marine environments.  
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Gas Cluster Ion Beam (GCIB) assisted deposition is used to build multilayered protein biofilms. In 
this process, Ar3000-5000

+ clusters bombard and sputter molecules from a reservoir (target) to a 
collector, an operation that can be sequentially repeated with multiple targets. The process occurs 
under vacuum, making it adequate for further sample conservation in the dry state, since many 
proteins do not have long-term storage stability in the aqueous state.  An important advantage of the 
method is that the thickness and the bioactivity of the deposited protein layers are both proportional 
to the argon ion dose (number of Arn

+ clusters), a parameter meticulously regulated. The impact of 
large clusters composed of a few thousands of atoms is sufficiently soft to transfer large molecules. 
Indeed, the internal energy of the desorbed molecules is low enough to avoid fragmentation. The 
detection of large intact proteins by SDS-page gel electrophoresis and bioassay (trypsin at ≈25 kDa 
and glucose oxidase at ≈80 kDa) after their deposition on a collector was recently demonstrated, in 
agreement with the predictions of molecular dynamics (MD) simulations.       [1]       In turn, 
multilayered biofilms can be fabricated by successive transfers (Figure 1). These multilayers remain 
separate and can be built on any substrate, as shown by ToF-SIMS measurements. As an example, 
glucose oxidase (GOx) and horseradish peroxidase (HRP), two proteins involved in the same 
enzymatic cascade, were successively deposited on β-D-glucose to build an on-demand delivery 
system. On-demand means that the enzymes and the substrate (β-D-glucose) are combined in a 
trilayer, and the reaction occurs only upon reintroduction into solution.  
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Perovskites are finding strong interest as thin film solar cell materials for space applications. XPS 
depth profiling of a spin-coated formamidimium lead Iodide (CH5N2PbI3) perovskite based thin film 
solar cell, both as-deposited and following environmental testing has been performed. Profiles have 
been recorded using traditional monatomic and cluster ion beam bombardment and compared to 
those recorded using a new femtosecond laser ablation (fs-LA) approach. The femtosecond laser 
employed has a 1030 nm peak wavelength and pulse length of 160 fs. Monatomic and cluster ion 
sputter depth profiling of the perovskite results in preferential sputtering of C, N, and I whilst fs-LA 
retains the original composition and chemical state information with no observed damage. The fs-
LA XPS depth profiles highlight important changes in the perovskite chemical composition 
following environmental testing affecting the device performance.  
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XPS depth profiling is a widely employed analytical technique to determine the chemical 
composition of thin films, coatings and multi-layered structures, due to its ease of quantification, 
good sensitivity and chemical state information. Since the introduction of XPS as a surface 
analytical technique more than 50 years ago, depth profiles have been performed using ion beam 
sputtering. However, many organic and inorganic materials suffer from ion beam damage, resulting 
in incorrect chemical compositions to be recorded during the depth profile. This problem has been 
resolved for most polymers through the use of argon gas cluster ion beams (GCIBs), but the use of 
GCIBs does not solve the issue for inorganics. A prototype XPS depth profiling instrument has been 
constructed which employs a femtosecond laser rather than an ion beam for XPS depth profiling 
purposes. This novel technique has shown the capability of eradicating chemical damage during 
XPS depth profiling for all initial inorganic, compound semiconductor and organic materials 
examined. The technique is also capable of profiling to much greater depths (several 10s microns) 
and is much faster than sputter XPS sputter depth profiling. fs-LA XPS depth profiles results will be 
shown for selected thin films, coatings, multilayers and oxidised surfaces and the outlook for this 
new technique discussed.     
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Superhydrophobic coating As advancements in material engineering and coating industries progress, 
the interest in superhydrophobic coatings with exceptional water repellent properties has intensified 
among researchers. A superhydrophobic surface is typically characterised by a water droplet contact 
angle (CA) exceeding 150°, and when the surface is gently tilted at an angle of 5° or less, the droplet 
tends to roll off or slide away. 
 
Superhydrophobic coatings offer versatile performance across various sectors. They find 
applications in self-cleaning for automotive windshields and solar photovoltaic (PV) panels in the 
solar power industry, corrosion resistance for maritime infrastructures and vessels in the marine 
sector, and anti-icing properties for airfoils and empennage in the aircraft field, among others. 
 
This study emphasizes the development of dust-repellent coatings specifically tailored for PV panels 
used in the UAE region, known for its challenging environmental conditions. Transparency emerges 
as a critical attribute of superhydrophobic coatings, particularly for optical surfaces like car 
windshields, PV panels, and solar collectors. These panels utilize sunlight for heat and electricity 
generation, necessitating optimal light transmission. Superhydrophobic coatings possess anti-
reflective properties that minimize solar energy loss due to sunlight reflection, thereby enhancing 
photoelectric and photothermal conversion efficiency. 
 
The results presented herein outline a dip coating method for creating transparent superhydrophobic 
films, incorporating functionalized nanoparticles within a binder matrix. By adjusting nanoparticle 
concentration within the thin film, surface roughness and chemistry can be finely tuned to achieve 
superhydrophobic properties while maintaining transparency. 
 
The dip-coated films exhibit a significant increase in contact angle (WCA) as nanoparticle 
concentration increases. The WCA drastically increases from 80° for the reference sample (without 
nanoparticles) to up to 155° for the nanoparticle-incorporated films. It is demonstrated that the 
superhydrophobicity of the films mainly depends on surface roughness and/or chemical 
composition. Scanning electron microscopy (SEM) measurements indicate that roughness increases 
with nanoparticle incorporation. Additionally, XPS measurements show an increase in silanol group 
(Si-OH) density at the surface, contributing to higher hydrophobicity of the films. Moreover, the 
transmittance of the deposited film is enhanced with the addition of nanoparticles. 
 
XPS Versa Probe III equipped with a Hot/cold stage providing temperatures from -140°C to 
+600°C, was used to conduct temperature-dependent analysis to assess the durability of the films 
under varied temperature conditions.  
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Epoxy coatings are found in several industrial applications. A special trend are water-borne epoxies 
which allow for rather thin coating layers. For delayed crosslinking of epoxy varnishes, 
dicyandiamide (DICY) is established as latent curing agent. The amine-based hardener of the coating 
formulation is highly reactive. In a previous study, chemical interactions of DICY with metal 
surfaces were ascertained. The main focus of this work is a more comprehensive and systematic 
assessment considering various metal substrates differing in the isoelectric point (IEP) of the metal 
oxide. Six metal (oxides) with IEPs ranging from 3 to 12 were examined. First, immersion tests of 
the metal substrates in a boiling solution of DICY in pure water were performed. The products of the 
reaction were characterized by X-ray photoelectron spectroscopy (XPS). It was confirmed that an 
isoelectric point of the metal oxide below, above or close the pH of the used solution results in 
different chemical interactions. While a low IEP caused the amine groups to protonate, a higher IEP 
increased the peak intensity of the imine group. Less pronounced interactions were confirmed when 
the IEP was similar to the pH values. Under certain conditions such as catalytic TiO2, also nitro 
groups were detected. 
 
In a next step, epoxy coated metal sheets were evaluated using cryo ultra-low-angle microtomy 
(cryo-ULAM) and XPS. In agreement with previous work, an enrichment of the hardener at the 
exposed metal/polymer interface was deduced for some of the substrates. In comparison to the 
results of the immersion tests, a good agreement of the detectable reaction products and the 
relationship between IEP of the substrate and the pH of the varnish was ascertained.  
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Evaluation methods for the monitoring of industrial fluids such biofuel, milk products, oils, soft 
drinks, or alcoholic beverages are needed to control evolution of liquid phase reactions and quality 
of the final products. Among the technique’s available, high-pressure liquid chromatography or mass 
spectrometry provide analysis with great precision, however they are not very attractive for 
automatic label-free monitoring of industrial processes because they are slow, complex and 
expensive to operate online. An analytical technique capable of overcoming these drawbacks is Near 
Infrared Spectroscopy (NIRS) [1], which has been extensively used in the pharmaceutical and agri-
food industry. In fact, there are several commercial NIRS based apparatus for label-free analysis of 
liquid samples available on the market. However, they are often designed for static laboratory 
applications and they are difficult to adapt to for automatic evaluation in an industrial environment. 
 
In this presentation we will introduce a new low cost NIRS based fluid analyzer prototype that 
allows static (for traceability and quality control) and dynamic (for monitoring transformation 
processes) liquid analysis. It is based on an optofluidic cell that operates in transflectance mode and 
a specific interferometric variable NIR band-pass filters that replace expensive NIR monochromators 
based on diffraction gratings or Fourier Transform optics. The filters consist of Fabry-Perot wedged 
cavities built up by Si/SiO2 multilayers fabricated by a magnetron sputtering deposition process. The 
optical path of the optofluidic cell as well as the filter response are designed to optimize the signals 
from the overtones and combination bands of O-H and C-H functional groups of the molecular 
components of liquid samples in the 1500-2000 nm NIR range. We will focus on the description of 
the multilayer manufacturing procedure and the physico-chemical and optical analysis of the 
interferometric variable band pass filter, as well as the performance of the device to monitor 
alcoholic fermentation processes. 
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Surface and Interface corrosion studies require the use of complementary analytical techniques as 
each instrumentation provides results based on the interaction of the investigated material with a 
probing medium [1]. 
 
Obtaining elemental and molecular information for different probing size and depth are especially 
crucial  HORIBA offers a Platform with multiple instruments able to tackle these complex analytical 
challenges. 
 
Glow Discharge Optical Emission (GD) relies on a plasma to sputter a representative area of a 
material and provides fast elemental depth profile with nanometer resolution [2]. 
 
Coupling GD and Raman microscopy allows to obtain molecular information at various depths with 
micrometer lateral resolution [3,4]. 
 
Applying the GD software ideal to follow transient signals to a simultaneous ICP instrument coupled 
with an electrochemical cell (AESEC technique) offers deep insight on dissolution mechanisms and 
metallic surfaces performances [5]. 
 
We will illustrate the benefit of this Surface Platform for Elemental and Molecular Analysis with 
selected results on metallic parts for high temperature fuel cells, hard facing materials in Na fast 
reactors, perovskite solar cells, hydratation of anodic films and DCL coatings on bipolar plates.  
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Large cluster ion beams, especially Gas Cluster Ion Beams (GCIBs), are a low-damaging, highly 
versatile ion source used predominantly for surface analysis of organic and biological samples. 
Ionised clusters of atoms/molecules accelerated to high energies (keV) are highly efficient at 
sputtering intact molecules from surfaces with reduced damage, making them suitable for 
applications from fundamental biology to materials science. Meanwhile, use of smaller-cluster 
GCIBs has also been reported as an efficient technique to provide chemical information in depth 
profiling of inorganic and organic hybrid multilayer semiconductor materials such as OLEDs, 
perovskite solar cells, and nano/micro-structured films. Smaller-cluster GCIBs have the feature of 
combining the strengths of monoatomic ion beam and large-cluster beams for depth profiles on 
hybrid materials. 
 
When compared to traditional monoatomic or even C60 ion beams, these smaller GCIBs could 
potentially provide sufficient energy (over 20 eV/atom) to sputter inorganics effectively, whilst 
maintaining the advantages of larger cluster beams such as reduced inter-laying mixing, lower sub-
surface damage and no carbon deposition. However, previous studies have been hindered by the low 
total beam energy available for analyses. 
 
In this work, we demonstrate the advantages of using smaller GCIBs to hybrid materials including 
semiconductor devices and TiO coating on polymer film as fast and less preferential sputtering when 
compared to both monoatomic ion beam and large-cluster beams. 
 
Utilising the 70 keV GCIB on the J105 Cluster SIMS (Ionoptika Ltd, UK) allows the potential for 
higher total beam energy, offering the ability to study a wide range of cluster parameters including 
various gas species such as (Ar)n

+ and (CO2)n
+ and also C60

+ cluster ion beams with a range of beam 
energies and cluster sizes. 
 
Initial results show that C60@20 kV (333 eV/atom) had the preferential sputtering effect from a 
TiO/polymer sample, but Ar210@ 70keV (333 eV/atom) did not as shown in the figure below. 
Included in the results, we will discuss the phenomenon amongst the cluster beams to optimise the 
best sputter conditions for hybrid materials. 
 
There is no universal condition for depth analysis, however, it is possible to choose a set of 
conditions that will be more or less optimal depending on the experimental goals, i.e. maximising 
sputter rate, depth resolution, or molecular ion yield with fewer artefacts due to sputtering. These 
results are valid for XPS, SIMS, and any technique that utilises GCIBs.  
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The NH3(liq)/n-InP junction allows to perform a passivation by dissolution anodic/precipitation of a 
polyphosphazene film (PPP). The electrochemical responses allow us to assume the existence of an 
ultra-thin nitrided passivating film, with high reproducibility of overlap and remarkable post-growth 
chemical stability. XPS film analysis demonstrates the "phosphazene-like" signature of the film and 
reinforces the electrochemical hypothesis of an ultra-thin film (e PPP<10nm). The passivated surface can 
be chemically described as a polymer/SC heterojunction: -(NH2-P=N)-(n-InP). This hypothesis is 
consistent with the photoemission response. It implies a very particular chemical arrangement on the 
surface that implicates a double energy distribution for nitrogen as well as for phosphate and a 
matrix signal attenuated by the overlay. All these points have been established, it remains to work on 
the spatial organization of the film, known to be perpendicular to the surface. This is what will be 
presented in this contribution.   
 
To differentiate the spatial arrangement of the film, an angularly resolved XPS response was used. 
The analysis was performed in a p-ARXPS configuration (Thermo Theta Probe spectrometer) which 
allows, by angular sectorization of the emission without rotation, to determine the evolution of the 
different signals. 
 
The angular dependence of the "double" energy bond distribution of the N1s level has been 
established as well as the correlated dependence of the P2p – 133eV contribution following the 
previous XPS information. The “buried” nature of the In3d contribution as well as that of P2p-
129eV has also been demonstrated by this approach. The work on the angular dependence of the O1s 
and C1s signals present in the responses showed that these two elements are involved in the 
outermost part of the film. These points must be considered to describe the contribution of the 
carbon contamination but also the reactivity of the film on the "external carpet of amine 
functionalities" at the time of the rupture of the junction and the extraction of the passivated surface. 
Figure 1 summarizes the spatial arrangement of the film by working together on the angular 
evolutions of the intensities of the different components of each core level. To complete this study, 
an XPS profiling was performed, which allowed us to reflect on the "peeling" of the laminated 
structure as soon as the inorganic polymer skeleton was partially destructured. The 
confrontation/complementarity between these two approaches will be discussed by way of 
conclusion.         
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The X-ray photoelectron spectroscopy (XPS) technique was employed to quantify the adsorption of 
differently charged cationic polyelectrolytes from aqueous solutions of low ionic strength onto 
negatively charged mica, glass, and silica substrates. Before the adsorption experiments, the silica 
surfaces were pretreated in two ways, using either base or acid media as the last step (silica-base last 
or silica-acid last, respectively). 
 
Two quantification approaches to calculate the adsorbed amount, expressed as a surface density 
(atoms/nm2 or mg/m2), will be outlined in the presentation. These approaches are based on using 
either mica, or the atomic density of the substrate, as calibration standard. Consistent results for the 
adsorbed amount of polyelectrolyte were obtained independent of the approach chosen. Since only 
one set of measurement is necessary using the atomic density approach, instead of two when 
employing the mica calibration method, it is suggested that the atomic density approach is more 
convenient. 
 
The adsorbed amount for each polyelectrolyte was dependent on the surface and followed the order 
mica > silica-base last ≈ glass > silica-acid last (see figure below). For each substrate the adsorbed 
amount increased with decreasing polyelectrolyte charge density of the polyelectrolyte (100% to 1% 
of segments being charged). In the figure different colors are used for the differently charged 
polyelectrolytes:  100% (white), 10% (light grey) and 1% (dark grey). 
 
For the low charge density polyelectrolytes the adsorbed amounts were high, but at the same time 
the number of charged segments per square nanometer was low. The reason for this is that steric 
repulsion between the polyelectrolyte chains limited the adsorption. 
 
For the highly charged polyelectrolytes the adsorbed amounts were controlled by electrostatic 
interactions, and the adsorbed amount therefore closely correspond to that needed to neutralize the 
surface charges on the substrate. The number of charged segments per square nanometer in the 
adsorbed polyelectrolyte layer thus gives an estimate of the surface charge density for each substrate, 
decreasing in the following order mica > silica-base last ≈ glass > silica-acid last. 
 
For silica the choice of cleaning method strongly affected the adsorbed amount, indicating that the 
cleaning process influenced the surface concentration and fraction of different silanol groups. Our 
results show that a higher density and/or more acidic silanol groups are formed when using base, 
instead of acid, treatment in the last step.  
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Atomic layer deposition (ALD) has been used extensively to grow homogeneous films with 
excellent coverage and atomic-scale thickness control for a variety of applications. However, 
remaining challenges include unraveling the complex interplay between substrate and deposit as 
well as the oxide film and potential capping layers, which can cause significant deviations from bulk 
properties, especially for ultrathin (< 20nm) layers. In this work, we present a detailed investigation 
of ultrathin cerium oxide films grown using the novel Ce(dpdmg)3 precursor with H2O, O2, and O3 
on different substrates. Using in-situ X-ray photoelectron spectroscopy and operando spectroscopic 
ellipsometry allows us to gain first-hand information on the growth dynamics without exposure to 
ambient conditions, revealing distinct changes in growth mode, oxide stoichiometry (see Fig. 1a), 
and residual contamination (see Fig. 1b-c) mediated by the use of different oxidants. Combined with 
ex-situ characterization by Raman spectroscopy and transmission electron microscopy, we are able 
to establish the connection between our in-situ observations and the formation of a stable oxide-
substrate interface under ambient conditions, which is crucial for use in future applications.  
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Advanced and smart materials nowadays consist of various materials featuring layers and layer 
systems at the nanoscale. In order to monitor the development process as well as production and 
customer returns, analytical techniques are required which have an information depth suited for the 
layered samples. 
 
Starting with information from the outermost atomic layer using Low Energy Ion Scattering (LEIS), 
adding Time-of-Flight SIMS (ToF-SIMS) for the outermost 3-5 monolayers and ending with X-ray 
Photoelectron Spectroscopy (XPS) for accessing up to 20 monolayers, a detailed insight can be 
gained into the composition of layers at the nanoscale. On the other hand, layer systems the structure 
of which is well known can help to better understand the performance features of the different 
analytical techniques. 
 
In our ongoing studies we have compared analytical results from LEIS, ToF-SIMS and XPS for 
various layered systems. We will report on films produced by Atomic Layer Deposition (ALD) as 
well as core-shell nanoparticles. Amongst the three, XPS is the most often used technique in industry 
because of its power to obtain quantitative results. Our comparative data will help to put XPS data in 
a suited information depth perspective.  
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New strategies for design and implementation of ultrathin coatings of various materials on a 
multitude of different substrates have been on the rise for the past decades now. At the moment, we 
experience the opportunity to utilize a vast spectrum of possible methods for both, synthesis and 
characterization of these new materials. While many established methods for the deposition of thin 
films (CVD, PVD) offer outstanding properties in terms of speed, scalability and cost-effectiveness, 
they are somewhat limited in terms of uniformity of coatings on surfaces of complex geometry and 
often restricted to producing materials of lower complexity, like oxides or nitrides. 
 
Atomic layer deposition (ALD) may be seen as a state-of-the-art thin-film deposition technique 
capable of bypassing these limitations, since the coating process is self-limited and diffusion-
controlled, thus, enabling coating of highly complex substrates with a very uniform layer and 
allowing for thickness control in the sub-nm region. The large variety of existing – and constantly 
expanding – precursors, very recently, allowed for coating with intricate matter, like transition-metal 
dichalcogenides (TMDs) and metal organic frameworks (MOFs). 1,2 
 
Herein, we report on the first attempt of all-gas-phase ALD synthesis of the MOF Ti-MIL-125 on 
silicon wafers and silicon nanoparticles followed by alternating layers consisting of Ti-MIL-125 and 
UiO-66. The ALD films have been characterized by means of STEM-EDX (Fig 1a) and TOFSIMS 
as well as XPS depth-profiling (Fig 1b). The data confirmed that (i) ALD is suitable for synthesis of 
ultrathin MOF-films on complex substrates, such as nanoparticles, and (ii) high-quality nano-
laminates consisting of various different MOFs can be synthesized. 
 
Since materials produced by ALD often lack crystallinity, structure determination using XRD does 
not provide sufficient understanding. Anyway, the use of Raman Spectroscopy, ssNMR and EXAFS 
provides a good explanation of the atomic arrangement in these materials. A set of further 
characterization techniques, like BET-physisorption measurements, enabling an even deeper 
understanding on these novel MOF-like materials will be presented.  
 
Selected references 
(1) Cai, J.; Han, X.; Wang, X.; Meng, X. Atomic Layer Deposition of Two-Dimensional Layered 
Materials: Processes, Growth Mechanisms, and Characteristics. Matter 2020, 2 (3), 587–630. 
https://doi.org/10.1016/j.matt.2019.12.026. 
(2) Lausund, K. B.; Nilsen, O. All-Gas-Phase Synthesis of UiO-66 through Modulated Atomic Layer 
Deposition. Nat. Commun. 2016, 7 (1), 13578. https://doi.org/10.1038/ncomms13578. 



 

146 

 
 



 

147 

O75 - The effects of substrate interaction on the chemical properties of atomic layer deposited 
ultrathin ceria layers 

7. DPR – Thin Films, Coatings and Depth Profiling 
Carlos Morales1 
Rudi Tschammer1, Julia Kosto1, Carlos Alvarado-Chavarin2, Christian Wenger2, Ignacio Villar-
Garcia3, Virginia Pérez-Dieste3, Karsten Henkel1, Jan Ingo Flege1 
1 Brandenburg University of Technology, Cottbus, Germany 
2 IHP - Leibniz-Institut für innovative Mikroelektronik, IHP, Frankfurt (Oder), Germany 
3 NAPP Station, CIRCE Beamline, ALBA synchrotron, Cerdanyola del Valles̀, Spain 
 
Nowadays, atomic layer deposition (ALD) has gained prominence in the materials and surface 
science communities owing to its well-controlled layer-by-layer deposition and growth conformity 
on 3D structures [1], finding multiple uses in various fields. Besides, the ALD technique is also well 
known to lead to amorphous and defective, non-stoichiometric thin films, resulting in modified 
material properties that may even preferentially be used in certain applications. For example, the 
formation, diffusion, and recovery of oxygen vacancies in reducible metal oxides can be favored in 
disordered films compared to more ordered deposits, whereas interdiffusion processes can critically 
affect the film/substrate interface region. However, most ALD-based studies deal with relatively 
thick layers (>10 nm) that neglect film/substrate interaction, which might initially modify the growth 
reaction mechanism, create complex interfaces, and change the electronic and chemical properties. 
 
These effects have extensively been studied for thin ALD-ceria films grown using the commercial 
Ce(thd)4 organometallic precursor and O3/O2 by combining in-situ and ex-situ characterization 
techniques in our lab [2] and at synchrotron radiation facilities, focusing on its early stages of 
growth, the effects of film/substrate interaction on catalytic applications, and its reducibility at low 
temperatures as a function of different growth parameters. Interestingly, initial in-situ X-ray 
photoemission spectroscopy (XPS) measurements of ceria ALD-deposits on Al2O3/Si, sapphire, and 
SiO2 substrates confirm a Ce3+/Ce4+ mixture dependent on the substrate interaction, deposit 
thickness, and morphology. Using near-ambient pressure XPS, we have significantly reduced 
ultrathin (<10 nm) ALD-ceria films by exposing them to different H2/O2 partial pressures at lower 
temperatures (300 – 525 K) than thicker films grown by physical vapor deposition techniques [3]. 
Interestingly, these experiments combined with hard-X-ray photoemission spectroscopy (HAXPES) 
measurements have shown that this reducibility at moderate temperatures critically depends on the 
film/substrate interaction, inhibited for alumina substrates due to the formation of aluminates at the 
interface regions, which prevent further oxidation. Furthermore, the comparison with more ordered 
films grown by other methods indicates a key role of the defective structure of ALD films in 
Ce3+/Ce4+ conversion.  
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Analyzing materials composed of multiple elements with spectroscopic techniques such as X-ray 
Photoelectron Spectroscopy (XPS), Auger-Electron Spectroscopy (AES) or Electron Probe 
Microanalysis (EPMA), can be challenging due to spectral overlap. Moreover, each analytical 
method introduces its own set of challenges, e.g., the strong secondary fluorescence effect for 
neighbor elements in EPMA, thus, making the accurate elemental quantification in such materials 
difficult. When the material is available as thin film, additional constraints are inherently present. To 
provide a reference material for these analytical challenges high entropy alloys (HEAs) are excellent 
candidates. Currently, there is no thin film reference available containing more than 2 elements. 
 
Unlike traditional alloys, which typically consist of one or two main elements and smaller amounts 
of secondary elements, HEAs are characterized by the presence of multiple principal elements in 
almost equal proportions. This unique composition results in a high degree of disorder at the atomic 
level, leading to exceptional mechanical, physical, and often unexpected properties. HEAs have 
garnered significant attention in materials science and engineering due to their potential applications 
in a wide range of industries, from aerospace and automotive to electronics and renewable energy. 
[1] 
 
For the preparation of a dedicated thin film reference material, we have chosen to prepare HEAs by 
magnetron sputtering, since it is not associated with elemental segregation that may occur due to the 
high configurational entropy of HEAs, which promotes atomic rearrangements [2]. Our goal was to 
prepare films with a homogeneous thickness and defined chemical composition to be analyzed by 
various methods dedicated to surface analysis. 
 
The material, consisting of titanium, chromium, manganese, iron, and nickel was deposited as film 
on silicon substrates - to our knowledge the first HEA thin film of this type reported in literature. A 
set of different thickness of the films was chosen, on the one hand to facilitate the analysis with 
different techniques, and on the other side to evaluate the limitations of the respective methods. The 
films morphology was characterized as prepared by SEM followed by the analysis of their 2D 
compositional homogeneity by EDX, XRF, ToF-SIMS and XPS. in-depth chemical composition was 
evaluated by ToF-SIMS and AES. The outcomes of analyzing the initial batches of films will be 
presented. 
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The effect of hot active plasma (HAP) on the surface chemistry and structure of phosphated zinc 
coated steel was investigated in detail by means of electron microscopy and spectroscopy, with x-ray 
photoelectron (XPS) and scanning Auger electron spectroscopy (AES) used in a complementary 
way. In order to extend the scope of the methods from the surface down to the bulk of the 
investigated coatings, Ar+ ion sputter depth profiling coupled with XPS was utilized. The results 
confirmed, at first, an assumed relationship between the intensity and the impact of the HAP 
treatment on the coating chemistry and structure. While a mild surface cleaning effect was observed 
for weak plasma treatments, with increased intensity the plasma caused already significant chemical 
and structural changes on the surface as well as down to the bulk of the treated material. Initially, a 
partial decomposition of zinc orthophosphate (Zn3(PO4)2), as the sole surface constituent of the 
untreated coating, led to a mixed zinc metaphosphate (Zn(PO3)x) and zinc oxide (ZnO) phase, highly 
localized in randomly distributed micrometer sized stains on the treated surface. Finally, the most 
intensive HAP treatment led into a complete transformation of the zinc phosphate material into a 
porous and rough ZnO layer. Moreover, the heat contribution of the HAP treatment leading to a 
temperature rise of the treated sample up to 700 ⁰C as revealed by in-situ temperature measurements 
induced also remarkable modifications within the bulk of the coating – diffusion of zinc into the 
steel substrate – an effect mimicking a galvannealing process.  
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Recently, the efficiency of the organic/inorganic hybrid perovskite solar cell reached 25.7% in 2023. 
One of the next challenges is the long-term stability of perovskite crystals for further 
commercialization. In this study, we conducted a photo-induced degradation on three cationic 
compositional engineered perovskites, FA0.83MA0.17PbI3, Cs0.05(FA0.83MA0.17)0.95PbI3 and 
Cs0.05(FA0.83MA0.17)0.95Pb(I0.83Br0.17)3 upon exposure to AM1.5G solar spectra in a 
controlled environment. X-ray photoelectron spectroscopy (XPS), Auger electron spectroscopy 
(AES), and time-of-flight secondary ion mass spectrometry (ToF-SIMS) are used to confirm surface 
chemistry, 2D elemental mapping, and 3D molecular distribution, respectively. Here, it is found that 
methylammonium (MA) would preferentially escape during photo-degradation, which leads to the 
structural collapse of the crystal. The Cesium and formamidinium (FA) help to stabilize perovskite 
crystal with FAI and CsI bonding, which locks iodine down from vaporization. It is further 
demonstrated that chlorine-related molecules appear under 3 days of illumination, which is proved 
by the stabilizer MACl in the precursor. Moreover, the bromide doping helps to stabilize perovskite 
initially but leads to phase separation and material degradation eventually.  
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AlN-based acoustic filters serve as crucial components in Radio Frequency (RF) communications. 
The current performances of these devices are limited on silicon substrates because of poor AlN 
crystal quality. This could be improved using ALD-grown 2D-MoS2 thin film as a template on 
silicon. Nevertheless, after deposition of thicker sputtered AlN films (≥ 200 nm), a systematic 
delamination of the AlN/MoS2 stack occurs which prohibits the integration of these materials in RF 
devices [1]. That is why a new elaboration process to grow thick AlN films with an improved crystal 
quality while avoiding the delamination issue is proposed in this work. This process is based on the 
chemical conversion of the MoS2 through a very thin 5 nm AlN seed layer using an ammonia (NH3) 
heat treatment [2]. A thorough XPS study was carried out to optimize a trade-off between the AlN 
thickness and the reactive annealing conditions allowing the diffusion of NH3 towards the 
underlaying MoS2 and its conversion into Mo(Ox)Ny. The synthesis and the analysis of molybdenum 
oxynitride by nitriding a well-controlled uniform molybdenum disulfide (MoS2) layer via a 700 °C 
ammonia NH3 reactive heat treatment without AlN seed layer was previously performed as reference 
[3,4]. The MoS2 nitriding reaction has also been demonstrated by in-plane XRD analysis and its 
progressive conversion has been monitored by in situ reflectance measurements. To support the XPS 
measurements mentioned above, the films were also characterized by combining Raman micro-
spectroscopy and TEM (transmission electron microscopy). Moreover, ToF-SIMS analysis 
highlighted the MoS2 conversion even after a regrowth of a thick AlN film avoiding any interface (of 
interest AlN/MoNx) air exposure.  Finally, this new synthesis route allowed to improve the crystal 
quality of thick AlN layers deposited on low cost silicon substrate. 
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Black metals (BM) are highly porous nanocrystalline materials with a sponge-like structure with a 
high surface-to-volume ratio, and the ability to effectively capture incident light. The porous 
structure of these materials is the result of the presence of impurities during the growth of the metal 
film, which creates a structure with pores ranging from micron to subatomic sizes. BMs have been 
used in many applications such as electronics, including optical sensing, enhancement of thermal 
emitters and electrochemical sensing. Especially recent studies reported surface desorption processes 
on thin ferrous metal layers [1]. Different properties of BM can be achieved by changing the 
deposition conditions or by subsequent annealing. 
 
Thin layers of various ferrous metals (Au, Ag, Pd, Al) were prepared and characterized, and their 
surface properties were characterized using XPS depth profiling and contact angle measurements. 
Gold BM films were then tested for the detection of hydrogen gas. The films exhibited micro- and 
nanostructured surfaces with nanoporous columnar morphologies consisting of gold grains and 
nanoparticles. The sensing mechanism was found to be primarily related to the interaction between 
hydrogen molecules and the nanoporous surface rather than hydrogen absorption in the gold lattice. 
Even after interacting with hydrogen, gold remained in a metallic state. The results showed a linear 
response in the hydrogen concentration range from 0.4% to 1.0% [2]. 
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The increasing complexity of the production chain for microelectronics chips manufacturing leads to 
an increasing number of process steps. In fact, wafer’s queue time and storage conditions between 
them are becoming more and more critical, especially for materials and surfaces sensible to Airborn 
Molecular Contamination (AMC). For those materials, oxidation, organic contamination, or surface 
instability when exposed to atmosphere are issues that need to be avoided or accurately controlled. 
 
In addition to this problematic of surface control between process steps, preserving the surface 
physico-chemical state is also a key point for advanced characterization studies. 
In our case, keeping the surface chemical integrity during transfer between a process tool and an 
advanced characterization tool allows performing so called “quasi in situ” analyses. 
This transfer concept, based on keeping a high quality static vacuum inside a specific carrier [1] has 
been demonstrated to be a key advantage for processes development and associated mechanisms 
understanding, especially when considering highly air-reactive surfaces [2] [3] [4]. 
 
After a brief reminder about the actual capabilities and details of this unique setup, the study focus 
on AMC contamination inside the carrier on several highly sensitives surfaces. Thus, the influence 
of the vacuum « nature » inside the carrier is investigated, thanks to the direct transfer chain under 
vacuum between several industrial 300mm tools (passivation and plasma etch tools) towards a 
300mm pARXPS spectrometer. 
 
Based on the monitoring of surface C and O residual “adsorbed” species after a very rigorous 
protocol including a base line acquisition followed by significant queue times inside the carrier 
(fig.1), the study takes advantage of the pARXPS acquisitions, systematically considered at grazing 
angle in order to enhance extreme surface sensitivity. In addition, the high reproducibility level 
brought thanks to the use of industrial 300mm tools enforce the robustness of the results. 
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Organic LEDs (OLEDs) are widedly used in many types of displays, however understanding their 
degradation mechanisms to help improve electro-optical and lifetime performances remains a 
challenge. Recently, we developed a correlative analysis protocol that minimises damages related to 
analysis beams. It uses a shallow angle bevel crater fabricated inside a ToF-SIMS analysis chamber 
[1]. With this preparation method, the in-depth information is displayed over the surface of the bevel 
crater. XPS profiles and high-resolution spectra paired with ToF-SIMS images enable an easy 
identification of the organic layers and complete understanding of their chemistry. Here, we present 
the results of a study on OLEDs after constant-current electrical ageing, based on this methodology 
and combining XPS & ToF-SIMS, using the spectra of single layers as reference. The ageing of 
OLEDs is first characterized by the evolution of the profile and fragmentation of molecular ions 
analyzed by ToF-SIMS and tandem MS, while XPS brings details in terms of chemical changes and 
evolution of the energy band diagram. Both emissive and electron-transport layers are degraded the 
most during ageing, whereas other layers show virtually no changes. In the degraded layers, the 
observed fragmentation of the characteristic molecules upon ageing would create defect states in the 
HOMO-LUMO molecular gap and introduce non-radiative traps closely related to the decreased 
electro-optical performances of the devices. 
 
Acknowledgements: This work, carried out on the Platform for Nanocharacterisation (PFNC), was 
supported by the “Recherche Technologique de Base” and "France 2030 - ANR-22-PEEL-0014" 
programs of the French National Research Agency (ANR) ”  
 
Selected references 
[1] C. Guyot, J.-P. Barnes, O. Renault, T. Maindron, Surf. Interface Anal. 2024; 56:129-135. 
 



 

160 

 

9. IMA – Nanomaterials and Imaging 

 



 

161 

O83 - A new XPS test material for more reliable surface analysis of microstructures 

9. IMA – Nanomaterials and Imaging 
Jörg M. Stockmann1 
Jörg Radnik1, Vasile-Dan Hodoroaba1, Thomas Weimann2, Sebastian Bütefisch2 
1 Bundesanstalt für Materialforschung und -prüfung (BAM), 6.1 Surface and Thin Film Analysis, 
Unter den Eichen 87, 12205, Berlin, Germany 
2 Physikalisch-Technische Bundesanstalt (PTB), 5.22 Displacement Interferometry, Bundesallee 
100, 38116, Braunschweig, Germany 
 
Small-area XPS analysis is one of the most popular and powerful methods for analysing the surface 
of features in the micro-range. When measuring microstructures, the question arises whether the 
measuring point is really located at the point intended to be analysed. Information in a measured 
spectrum might originate within the field of view (FoV) on the surface of the sample, from outside 
the FoV, or even from inherent contamination. To ensure that small structures can be measured 
correctly regardless of user and instrument, certain instrument and sample settings must be known 
and selected correctly: beam and aperture size as well as the aperture settings and the approximate 
dimensions of the structure to be analysed. This is the only way to ensure that the information in the 
spectrum originates only from the FoV on the analysed structure. 
 
To test the performance of the XPS instruments, a dedicated test material was developed that 
consists of a gold surface on which 8 circles and 8 squares of chrome are incorporated using a 
masking process, so that the Au substrate and the Cr structure surfaces are in the same surface plane. 
In order to be able to test as many as possible instruments from different manufacturers, the 
structures have been designed with a size ranging from 300 µm down to 7 µm. The layout of the test 
material has been optimised in regard of the handling, see figure 1. The structures are arranged along 
lines instead of a circumference, marking arrows around the smaller structures (≤ 50 µm) are added, 
and the lithography mask is optimised regarding edge and diffraction effects. Furthermore, the 
manufacturing process was changed from electron-beam deposition to mask lithography due to costs 
reasons. The structures on the test material were measured with a metrological SEM to determine 
their accurate dimensions and check the repeatability of the manufacturing process. XPS 
investigations with a Kratos AXIS Ultra DLD and an ULVAC-Phi Quantes demonstrates the 
suitability of this new test material for measuring the analysed area.  
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Graphene has been commercialized for over a decade. It is usually used in the form of suspensions 
or inks [1]. In this study, we analyze the starting material for commercial functionalized graphene 
(FG) solutions and inks as well as their starting material (FG powders) using X-ray photoelectron 
spectroscopy (XPS), scanning electron microscope (SEM), energy-dispersive X-Ray spectroscopy 
(EDX), time of flight secondary ion mass spectrometry (ToF-SIMS) and Auger electron 
spectroscopy (AES). Graphene was functionalized with fluorine, oxygen, ammonia, and carboxylic 
acid. 
 
Our results suggest a significant effect of water and commercial resins on the presence as well as the 
morphological behavior of graphene and associated functionalized group. For example, XPS 
analysis shows some significant differences between the solutions and the starting materials 
(powders). These changes can be explained by the location of the functionalization at the outer most 
surface as indicated by Chemello et al [2].  
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Since its isolation, a single atomically thin layer of graphite, called graphene, has received a lot of 
attention from the research community as well as industry. Taking inspiration from graphene, the 
materials community started atomically exploring materials, which resulted in the development of a 
two-dimensional (2D) materials family consisting of elemental metals, metal carbides, 
dichalcogenide, oxide, nitride, and others. Engineering such atomically thin materials is different 
from conventional materials. In the current talks, the different methods/processes of engineering 
materials at atomic scale have been summarized. In the first section, the exfoliation of 2D materials 
from their bulk phase and tuning of their composition, thickness, and other physical, chemical, and 
optical properties are discussed. Taking inspiration from atomically engineered topological complex 
architectures have been 3D printed. Such architecture shows superior structural and functional 
properties. In the last section of the paper, nature-inspired processes have been utilized to build 
advanced/unique materials using energy-efficient methods. The bio-inspired 3D printed using 2D 
materials have been utilized in the environment, energy, and health care.  
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Strain-induced growth techniques, based on the Stranski-Krastanov mechanism, are commonly used 
to elaborate self-assembled nano-structures. The mechanism of this technique requires lattice-
mismatched material systems, which significantly limits the range of materials for nano-structure 
formation, despite its extensive use. An alternative approach is the droplet epitaxy (DE) technique, 
first reported in the 1990s [1]. Although much research effort has been devoted to DE since then, it 
is only recently that DE has gained worldwide attention. DE, which consists of droplet formation 
and crystallization, enables three-dimensional nanostructure manufacture in both mismatched and 
lattice-matched material systems, enabling the use of a wide range of material combinations [2, 3]. 
Among these combinations, the fabrication of III-N/III-V nano-structures by DE could present 
important assets for optoelectronic applications (such as solar cells, LEDs, photodetectors) and 
microelectronic (such as bipolar field effect transistors, biomedical sensors) applications [4, 5, 6]. 
 
In our work, the deposition of Volmer-Weber-grown Ga droplets on a GaAs substrate was followed 
by their N2 plasma nitriding to grow self-assembled GaN nanostructures. These two steps were 
carried out in an ultra-high vacuum environment and studied in situ by XPS. Innovating modelling 
of XPS intensities was developed, taking the spherical cap shape of the droplets into account to 
monitor surface organization. Scanning electron microscopy (SEM) and atomic force microscopy 
(AFM) were used to determine the morphologies of the nano-structures, which are highly sensitive 
to growth parameters. These characterizations were coupled with kinetic Monte Carlo simulations to 
precisely understand the phenomena occurring during the nitridation and to find the optimum 
conditions for complete nitridation of gallium droplets. The HRTEM observation showed a cubic 
crystal structure (zinc blende) of the GaN nanodots for nitriding at 300°C. Increasing the 
temperature from 100°C to 350°C during droplet nitriding achieved a very high density (>1011 cm-2) 
of GaN nanodots with the zinc blende crystallinity. In addition, varying the materials provided (Ga, 
In) and the growth parameters make it possible to obtain different cluster shapes on III-V substrates.  
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Piezo-response Force Microscopy (PFM) is a variant of Atomic Force Microscopy (AFM) that 
enables the imaging of ferroelectric domains, measurement of hysteresis loops, local ferroelectric 
behaviour and, as the name suggests, the local piezoelectric response of a material. The method 
involves applying an AC signal of a specified frequency, from tip to sample or vice versa, and 
measuring the samples inverse piezo-response from stress (or shear strain) induced in the sample, of 
the same specified frequency due to the electric field. This work looks to expand on previously 
conducted works in PFM, looking to better quantify and determine the orientation dependencies of 
piezo-response. [1-2] Along with addressing due scepticism that arises from PFM measurements in 
piezo- and ferro-electric material determination. [3] 
 
PFM is split into two amplitudes and phases, in terms of Vertical-PFM (VPFM) and Lateral-PFM 
(LPFM). These arise from the out-of-plane presumed as the d33 + d15 piezo-constants or in-plane 
presumed as the d34/d15 (though also components such as d22 have effects). This presents, in part, 
the current difficulties associated with quantification in PFM. The signal measured contains 
contributions from numerous piezoelectric properties, and this is before we consider the actual 
orientation on the crystal and all non-piezoelectric effects a sample can undergo during PFM. By 
dissecting the individual effect of piezo-tensors, in the geometric orientation of the validation 
samples, we can further determine the inverse piezoelectric effects induced on the AFM cantilever. 
[4] 
 
Through the use of finite element modelling of the PFM measurements, accompanied by validation, 
we look to solve the inverse problem that piezo-response signal from PFM gives us. Through these 
models we can interpret cases such as non-standard conduction paths (allowing measurements 
agnostic to the orientation and conduction path necessary through the sample), effect of all piezo-
response on tip deflection and explore into other variables generally considered as constant in PFM 
measurements (e.g. temperature and topography).  
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The generation of secondary ions in a ToF-SIMS experiment depends upon numerous factors. While 
the operator can optimize the instrument settings to control the secondary ion yield, certain aspects 
such as ionization probability, variations in species concentrations, and the uniformity of the spatial 
distribution within the sample are beyond control. Consequently, challenging samples may push the 
dynamic range of a contemporary SIMS instrument, which spans around five orders of magnitude, to 
its limits. In such instances, the operator is tasked with finding a balance that mitigates noise in low 
intensity signals and regions while preventing oversaturation of high intensity signals or regions. 
 
In photography, a technique known as "High Dynamic Range" (HDR) is employed to circumvent 
similar limitations. This method involves capturing multiple images in quick succession with 
varying exposure times and subsequently merging them to create a single composite image. 
This method was adapted to the TOF-SIMS technology and recently implemented in IONTOFs 
software for TOF-SIMS instrument operation and data analysis. It effectively reduces noise in low 
intensity regions and saturation effects in high intensity regions, thereby simplifying data 
interpretation on challenging samples. 
 
In our prior work, we demonstrated the feasibility of collecting multiple datasets during a single 
acquisition pseudo simultaneously, each obtained using distinct instrument parameters. This 
approach minimized the effects of changes in the sample or the environment using multiplexing. In 
this presentation, we will show application examples utilizing the capability to generate combined 
profiles and images for substances of interest from a dataset, using our HDR-like algorithm.  
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Nanomaterials have a wide variety of applications, but may also come with potential hazards to both 
humans and the environment. To assess these hazards, effective characterisation of their physical 
and chemical properties is necessary so that relevant structure-property relationships and behaviour 
can be determined. The development of effective and reliable analytical methods is therefore of key 
importance for the regulation of nanomaterials. 
 
The high specific surface area of nanoparticles, which is orders of magnitude higher than for bulk 
materials, has a large influence on the material properties as well as offering high potential for 
interaction with the surrounding environment. The results of surface analysis can therefore be highly 
dependent on the history of the particles, particularly regarding sample preparation and storage. 
Because of the highly surface-sensitive nature of ToF-SIMS analysis, the sample preparation method 
in particular has a significant potential to influence the measurement results. Hence, various 
commonly used sample preparation methods should be tested and compared by means of inter-
laboratory comparisons (ILC), in order to determine which sample preparation method provides the 
most intra- and interlaboratory consistency and the least amount of sample contamination. 
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Here we present results from an ILC undertaken as part of the VAMAS TWA2 (Versailles Project 
on Advanced Materials and Standards Technical Working Area 2 - Surface Chemical Analysis), 
which compared three different sample preparation methods (two wet and one dry) for ToF-SIMS 
surface analysis of nanoparticles. The study used the reference material BAM-P110 (TiO2 
nanoparticles with a mean Feret diameter of 19 nm) provided by the German Federal Institute for 
Materials Research and Testing (BAM). A total of 11 participants using instruments from three 
different manufacturers provided ToF-SIMS data. 
 
No sample preparation method stood out as clearly superior, which is a disadvantage for method 
standardization but has the advantage that suitable methods are available for both wet and dry 
nanoparticle samples. The results showed that the largest sources of variation within the entire data 
set were caused by adventitious hydrocarbon contamination or incomplete substrate coverage, with 
the spin-coating protocol applied in this ILC showing a tendency toward incomplete substrate 
coverage. Additionally, no single participant stood out in the main sources of variance, which is a 
positive result for the ToF-SIMS community. This study provides a basis for the development of 
best-practice methods for the preparation of nanoparticles for surface analysis, which should be 
developed and monitored in each individual laboratory.  
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A series of graphene oxide (GO) films were fabricated starting from chemical oxidation of graphite 
powder, which was afterwards purified, dispersed in water and used for solution casting to obtain 
thin solid GO films. Two different methods of thermal GO reduction were performed at 
temperatures up to 200 °C. The first one was carried out in static oven at room pressure and 
atmosphere, whereas the second one was done in autoclave by using saturated steam and higher 
pressure. The chemical composition of obtained conductive films was investigated by X-ray 
photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES), whereas the surface 
morphology was examined by scanning electron microscopy (SEM). 
 
GO films reduced by the hydrothermal autoclave method were characterized by significantly lower 
values of electrical resistivity and oxidation degree. These promising results indicate the possibility 
to apply this ecological route for sustainable fabrication of graphene-based conductive materials.  
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Chemical state X-ray photoelectron spectroscopic (XPS) analysis of first row transition metals and 
their oxides and hydroxides is challenging due to the complexity of the 2p spectra resulting from 
peak asymmetries, complex multiplet splitting, shake-up and plasmon loss structure, and uncertain, 
overlapping binding energies. Our work has shown that all the values of the spectral fitting 
parameters for each specific species, i.e. binding energy (eV), full width at half maximum (FWHM) 
value (eV) for each pass energy, spin-orbit splitting values and asymmetric peak shape fitting 
parameters, are not all normally provided in the literature and databases, and are necessary for 
reproducible, quantitative chemical state analysis. 
 
We have worked toward a consistent, practical, and effective approach to curve fitting based on a 
combination of 1) standard spectra from quality reference samples, 2) a survey of appropriate 
literature databases and/or a compilation of literature references, 3) specific literature references 
where fitting procedures are available and 4) theoretical fittings, where available, of multiplet split 
reference spectra. The use of well characterized standard samples and fitting of the entire peak shape 
has been shown to increase our ability to accurately identify and (semi) quantify the various species 
present in mixed oxide/hydroxide systems [1,2]. Additional chemical information has also been 
elucidated from Auger parameters and by using Wagner plots for compounds of Ni, Cu, Ga, In, Cd, 
and Zn. The unique spectral shapes of the LMM Auger peaks for these transition metals, particularly 
for Cu [3], as well as for Zn, In and Cd, have also been shown to be of use for chemical speciation. 
These methods have been shown to be effective in a wide variety of applications. 
 
Additionally, a recent assessment [4] of available charge corrections procedures for insulating 
samples will also be shown including recent work on defining the nature of adventitious carbon and 
improving its merit for charge correction usage [5].   
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Powder degradation during additive manufacturing poses a significant challenge to achieving 
optimal part quality as well as maximal powder feedstock utilization and hence sustainability of the 
process. Pure copper possesses high optical reflectivity and excellent thermal and electrical 
conductivity. Powder bed fusion electron-beam is a promising method for fabricating pure copper 
parts as it can melt materials regardless of their reflectivity and operates under vacuum, preventing 
oxidation. This study investigates the influence of pure copper powder properties and reuse on the 
powder surface oxide chemistry and hence processability by PBF-EB. Changes in powder surface 
chemistry were studied by HR SEM and X-ray Photoelectron Spectroscopy in virgin and reused 
state. Results indicate that there is evident degradation in powder properties during reuse with 
increase in oxygen content, connected to increase in surface oxide layer as well as transformation of 
CuO into Cu2O and formation of Cu(OH)2 on top surface during handling.  
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Additive manufacturing (AM) is the general term for all manufacturing techniques where the 
component is built by adding material layer by layer from a CAD (computer-aided design) model. 
Laser beam Powder-Bed-Fusion (LPBF) is a core AM technique in the context of metallic materials. 
This study aims to establish the correlation of local chemistry with the fatigue fracture in LBPF-
produced Ti-6Al-4V. The strain-controlled fatigue test was performed at room temperature with R = 
0. Four specimens with two different strain levels (Δε = 0.65% and 0.8%) and varied fatigue lives 
were chosen to be studied. 
 
The fatigue fractured surfaces were investigated using surface analysis techniques - X-ray 
photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES). The crack initiation, 
propagation and final fracture region were identified. Thanks to the small area XPS together with 
AES having high lateral resolution, the chemistry of the features at different locations on the fracture 
surface was investigated. The role of some elements or impurities in crack development was 
examined, especially for crack initiation. A comparison was made between the specimens with low 
and high fatigue life at two strain levels. This study provides some insight into fatigue life 
improvement and scatter reduction for LBPF-produced Ti-6Al-4V.  
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Introduction/Purpose 
The first wall of a fusion reactor is the material directly facing the extremely high temperature 
plasma. Hence, the plasma-facing materials (PFM) should stand with high-energy neutron 
irradiation, high-density plasma irradiation, and high thermal loads [1]. Long time H plasma 
irradiation could cause PFM hydrogen bubbles, which is detrimental to the material's properties. 
Therefore, it is critical to improve the plasma irradiation resistance of the PFM. In the past few 
years, high entropy alloys (HEA) have received much attention due to their excellent radiation 
resistance and high-temperature properties [2]. It is challenge that how to prepare refractory high-
entropy alloys using industrial methods. 
 
Method 
A WTaCrVTi refractory high-entropy alloy was fabricated by suspension melting. Then the alloy 
was solution treated at 1300 ℃ for 2 h. After that, the samples were irradiated with 200 eV H ions at 
500 °C.  Finally, thermal desorption experiments and positron annihilation experiments were 
performed. 
 
Results 
Mircro-segregation and the oxidation of Ti was found in the as-cast samples. Therefore, solution 
treatment was performed to homogenize element distribution. SEM and EDS were used to 
characteristic the microstructure and compostion evolution. Compareing the pure tungsten, 
WTaCrVTi refractory high-entropy alloy showed a better resistance of H plasma irradiation. In 
addition, the thermal desorption experiments were performed to examine the H retention, positron 
annihilation experiments were used to inspect the lattice vacancy defects of the irradiated samples . 
 
Conclusions 
It is expected to clarify plasma irradiation resistance of refractory high-entropy alloy fabricated by 
suspension melting. 
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The applications of advanced high strength steels AHSS in the automotive industry due to their 
advantages in fuel consumption, passenger safety and material usage underlines their importance in 
the future. However, they are especially susceptible to hydrogen embrittlement HE calling for a 
better understanding of the interaction of hydrogen with steel microstructures. Therefore, our work 
wants to contribute in this field with in situ XPS experiments as an indirect way to detect hydrogen 
through the reduction of iron oxides in dual phase steel DP1000. With a self-developed liquid in situ 
cell, hydrogen is introduced via the reaction of perchloric acid with the zinc layer of the galvanized 
steel samples at the hydrogen entry side of the steel sheet. At the same time, an iterative XPS 
measurement is performed on the opposite, hydrogen exit side, at which changes in the high-
resolution Fe2p peak are detected (see Fig. 1). Iron is reduced from the third to the second oxidation 
state Fe3+ → Fe2+ leading to a shift of the main Fe2p iron oxide peak towards lower binding energies 
as well as the disappearance and emergence of the shake-up satellite loss feature of Fe3+ and Fe2+, 
respectively. An adequate fitting procedure was applied to the Fe2p3/2 peak with which the 
percentual amount of converted iron was estimated. An oxide layer with various oxide species is 
presented, with their respective thicknesses calculated using the modified Strohmeier equation.  
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Compared to (α+β) titanium alloys widely used in manifold e.g., aerospace and biomedical 
applications, β-Ti alloys exhibit a number of unique properties, such as a low modulus of elasticity 
and high yield strength combined with excellent formability. Among the β-Ti alloys, Ti-Nb-Ta-Zr 
alloys are especially attractive as structural materials considering high potential of their utilization 
for metal additive manufacturing (AM). Powder degradation during powder-based metal additive 
manufacturing, especially in case of such an oxygen- sensitive alloys as Ti-Nb-Ta-Zr, significantly 
impact powder reusability and hence economic and environmental feasibility of powder-based metal 
AM of such alloys. Ti-Nb-Ta-Zr is particularly demanding and interesting in this respect, as all 
alloying elements are very prone to oxidation. At the same time, the oxygen content is very 
important for the final microstructure and component properties. Thus, X-ray photoelectron 
spectroscopy (XPS) was used to comparatively analyze the oxidation state of the virgin powder and 
its changes during powder bed fusion - electron beam (PBF-EB) and powder bed fusion - laser beam 
(PBF-LB) processing. Auger electron spectroscopy (AES) was additionally used to understand size, 
chemistry and distribution of the specific particulate phases on the powder surface. Supplementary 
scanning electron microscopy (SEM) and bulk chemical analysis of powders and printed parts were 
performed to understand powder morphology and chemistry and draw conclusions about the 
significance of the observations for component properties.  
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Advanced high-strength steels (AHSS) are of great importance in the fabrication of automotive parts 
due to their outstanding mechanical properties. Since wear can occur between two displacement 
surfaces that are in contact after ensamble, knowing their wear resistance response becomes very 
significant during the workpiece metallurgical design, processing and final application. Based on the 
above, this work explores the effect of boron as microalloying element in the wear behavior of an 
experimental complex-phase (CP) steel under different microstructural conditions. For this purpose, 
samples of two CP steels identified as CP-B0 (reference steel) and CP-B60 (steel with 60 ppm of B) 
were processed separately from the as-cast condition as follows: i) as-cast microstructure + quench 
and tempering heat treatment (CP-BO-QT and CP-B60-QT), ii) as-cast microstructure + one-step 
quenching and partitioning heat treatment (CP-BO-Q&P and CP-B60-Q&P), and iii) as-cast 
microstructure + hot and cold rolling + stress relieve heat treatment (CP-BO-SR and CP-B60-SR). 
After achieving each desired microstructural condition, samples were obtained for microstructural 
and wear characterization. Wear testing was carried out by the pin-on-disk method accordingly with 
the ASTM-G99 standard using a force of 24.5 N, a testing velocity of 0.471 m/s and a total rotating 
distance of 2.544 km during three hours. Also, a commercial alumina disc was employed as the 
wearing disk. Results showed that the combination of boron microaddition and the deformed + stress 
relieve condition (i.e., CP-B60-SR steel) has a beneficial effect on the wear resistance due to the 
grain refinement, cold working and particle precipitation hardening competing mechanisms instead 
of the rest material conditions. Thus, CP-B60-SR steel has manifested the highest hardness, less 
plowing and the least mass removal, and in consequence, less superficial oxidation. However, all the 
evaluated material conditions present good wear displacement resistance by the fact of presenting 
wearing rate values between 10-8 and 10-10. Finally, fatigue was found to be the primary abrasive 
wear mechanism acting in all the tested material conditions.  
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One of the most important maritime artefacts in the United Kingdom is to be found in 
Portsmouth.  The Mary Rose, the favourite warship of Henry VIII, was retrieved from the Solent in 
1982 long after it sank while engaged in a battle with the French in 1545.  After spending so long in 
the sea, it was crucial to find a method to conserve the Mary Rose following retrieval from the silt of 
the Solent.  Various “washing” methods were used initially, followed by a spray of polyethylene 
glycol (PEG) of two different molecular weights inspired by the protocol followed for the Vasa [1] 
in Sweden.  While the ship seems to be holding well, we do not have a detailed picture of  the depth 
reached by the PEG or its chemical stability or exactly what impurities are to be found within the 
wood. 
 
Core samples were taken by the Mary Rose Trust in various locations on the ship and two of those 
were tested at the Universities of Surrey and Nottingham, using X-ray photoelectron spectroscopy 
and secondary mass spectrometry (both with ToF and Orbitrap analysers).  These core specimens 
were sectioned at regular intervals to investigate the chemistry of the timber as a function of depth 
into the hull.  Both sides of the specimens were analysed using a specially designed rotating sample 
holder. 
 
Elements indicative of the wash using tap water (e.g. calcium) and seawater (e.g. chlorine and 
sodium) were observed.  The presence of PEG was demonstrated at a depth of at least 20mm as well 
as its degradation via cleavage of entire portions of the polymer chain.  Its presence is 
inhomogeneous, this probably due to the inherent structure of the wood as well as the presence of 
cracks within the material (likely pre and post sampling).  In addition, the drop in PEG concentration 
as a function of depth is concomitant with the uptake in concentration of sodium and chlorine 
possibly indicating that the initial water wash was not entirely successful for the full thickness of the 
planks.  Several possible sources of the PEG degradation may be identified such as ultra-violet light 
or the presence of bacteria.  
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The performances of lithium-ion batteries are set by the electrodes materials capacity to exchange 
lithium ions and electrons faster and reversibly. Understanding the mechanism behind these 
processes sets the direction for designing high density cathode materials with good structural and 
chemical stability upon different cycling regime. Our study focuses on LiNiO2 materials for 
advanced high-energy positive electrode materials. This material is currently at the center of all 
expectations to remove cobalt in Li-ion batteries at the industrial scale. However, the link between 
electronic correlations and the redox mechanism during (de-)lithiation is not well understood. The 
performances of LiNiO2 based electrodes are strongly linked to their electronic structure which plays 
a fundamental role in the charge and discharge processes, and therefore in their capacity retention 
and stability. Since the redox mechanism is at the center of the electrochemical processes, the role of 
transition metals and oxygen ions in the redox process is yet to be clarified and resolved in-depth 
from the surface towards the bulk of the electrode. Therefore, a global picture considering the charge 
compensation mechanism involving both anion and cation is needed but also it must be 
demonstrated experimentally. Recently, we demonstrated the self-regulation of the charge transfer 
process between oxygen and cobalt upon delithiation in LixCoO2, an electrode material considered as 
an archetypical one.[1] To widen this picture, we studied herein the charge transfer process in 
LixNiO2 by using for the first time a combined laboratory and synchrotron-based XPS/HAXPES 
supported by dedicated DFT based calculation to resolve the role of nickel and oxygen in the redox 
process down to 30 nm with a depth resolution of 5 nm[2]. We highlight the negative charge transfer 
and bond/charge-disproportionation characters of LiNiO2. By combining non-destructive core-level 
depth profiling coupled to appropriate cluster model simulation, we bring new insights on the overall 
charge transfer process involving Nickel and oxygen in cooperative way.  
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Perovskite solar cells (PSC) have aroused unprecedented interest in research and industry within the 
past few years.  After their first introduction in 2009, the maximum power conversion efficiency 
rose quickly up to 26.1 % in 2023[1]. There are two main fields of development. First, the scale up 
of area from small cells to commercial module sizes. Second, the combination with another solar 
material as silicon, CIGS or CdTe in tandem cells to reach higher conversion efficiencies. 
 
A typical inverted cell stack consist of a transparent conduction layer (TCO) as front contact, a hole 
transport layer (HTL), the perovskite absorber, an electron transport layer (ETL) and the back 
contact. Common materials are ITO as TCO, PEDOT:PSS, PTAA, NiOx or self-assembled 
monolayers (SAMs) as HTL, PCBM/BCP, C60/BCP or C60/SnO2 as ETL and Ag, Cu or TCO 
materials as back contact. The quality of the layer interfaces plays a major role to gain high 
efficiencies and to avoid a large hysteresis of JV-measurements. Therefore, a good coverage of all 
the subsequent solution-processed wet films is necessary to obtain uniform and homogeneous layers. 
 
The use of some SAM as HTL reveals a bad wetting behavior and can lead to a not fully covered 
perovskite layer. Usually, we deposit SiO2 nanoparticles to assist a good wetting of the perovskite on 
the SAM. In this work, we examine an alternative way by using a mixture of perovskite and SAM as 
precursor formulation. This saves two process steps while maintaining similarly high power 
conversion efficiencies. However, fill factor and open circuit voltage decrease. We investigate the 
SAM distribution in the stack by ToF-SIMS measurements for a better understanding of this effect. 
We observe a decrease of SAM intensity beyond perovskite for the mixed process compared to the 
reference process with the sequential deposition of the perovskite and SAM layers. Furthermore, 
some of the SAM molecules occur also on top of the perovskite layer. 
 
Our investigations thus help to explain the behavior of these perovskite solar cells with SAMs as 
HTL and pave the way for further improvements in the power conversion efficiency.  
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The Chalcogenide perovskite family have gained strong interest[1],[2] recently as photovoltaic 
materials, offering a promising lead-free alternative to halide perovskites. While the flexibility of the 
perovskite structure allows for effective band engineering, its exceptional chemical stability also 
offers possibilities for large-scale manufacturing, in the quest of finding affordable and sustainable 
clean energy solutions. Among them, the prototypical chalcogenide perovskite BaZrS3, characterized 
by its direct band gap, exceptionally strong light-harvesting ability, and good carrier transport 
properties, meets fundamental prerequisites for a promising photovoltaic material. 
 
This motivated us to synthesize and characterize BaZrS3 thin films[3] using sputtering and rapid 
thermal processing, aimed at device fabrication for future optoelectronic applications and compare it 
to BaZrS3 microcrystals as the reference. The films were characterized in terms of their short- and 
long-range geometric structures, phase distribution, surface, sub- surface and bulk chemical and 
electronic structures and how they correlate to the optical absorption and band gap data. Combining 
XRD, XAFS, EDX and PL measurements allowed us to directly link the temperature-evolution of 
PL to material formation and growth, film crystallinity, down to the atomic-level Zr-S bond variance 
[4], as annealing induces crystallization and growth of BaZrS3 from an amorphous matrix of Ba, Zr, 
and S atoms. The depth-profiling information on material chemistry obtained from photoelectron 
spectroscopy identified minimal surface effects on the valence band edge position. This led us to 
conclude the semiconductor films to be close to intrinsic in nature, determined from the energy 
difference between the valence band edge and the Fermi level with respect to the measured optical 
band gap of BaZrS3. This is of particular interest from a materials fabrication perspective since the 
surface of the film contributes to the properties of subsequent interfaces in a multilayer device like a 
solar cell. 
 
Finally, we map the experimental valence band spectra to the theoretically calculated one from 
DFT+U method, resolving different orbital contributions[5], specifically S 3p in the valence band 
and unoccupied S 3d and empty cationic d states (Ba 5d, Zr 4d) in the conduction band, and how it 
connects to the distorted orthorhombic structure. Our findings provide a deeper understanding of the 
electronic structure of BaZrS3 in relation to the fundamental bonding properties of the material, 
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which, in the context of current prospects and challenges, provide vital knowledge for future 
interfaces development, and consequently, for device integration.  
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Solid-aqueous solution interfaces are common in nature and can be considered as two-dimensional 
nanoreactors. These interfaces are responsible for the mediation and catalysis of many (a)biotic 
environmental processes, including reactions in organisms. Experimental resolution of the 
composition of interfaces is crucial to our understanding of key phenomena in technology, nature, 
and life. This can be readily achieved by X-ray photoelectron spectroscopy (XPS), which is an ultra-
high vacuum (UHV) based ex situ technique for analyzing the composition of solid surfaces. From 
the start of this century, we have been continuously developing the cryogenic XPS technique [1] in 
order to secure, identify and quantify the surface and interfacial chemistry on wet, fast-frozen, 
samples. 
 
We review how the technique was developed from a first set of “proof of principle” studies [2,3]. 
We then describe how it was followed by applications on (i) the Electrical Double layer (EDL) at 
mineral/water interfaces in electrolyte solutions [4,5], (ii) bacterial surfaces [6] as well as other 
microorganisms (algae, fungi, viruses/bacteriophages) [7,8], (iii) atmospheric ice nucleation [9], and 
(iv) nanomedicine [10]. 
 
The key problem in Cryogenic XPS is a reliable and reproducible sample preparation technique. It 
should ideally make use of UHV-stable samples, with ideally no alterations in the composition and 
structure of the solid-solution interface, and with a solution layer that is thinner than XPS depth of 
analysis (e.g. ~10 nm). To this end, we present our most recent recommended sample preparation 
protocols for wet pastes and aqueous solution/gel drops [11], and first bacterial (Pseudomonas 
fluorescens DSM50090) reference set of cryo-XPS spectra [12].  
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The use of the sulphate ester 1,3,2-dioxathiolane 2,2-dioxide (DTD) as electrolyte additive in KIB, 
was recently suggested to improve the performance of cathode materials in a half-cell1. Zhang et al.2 
demonstrated the positive influence of DTD in both half and full cell of sodium-ion batteries (NIBs), 
through observation of a dense and uniformly distributed surface film. In contrast, in KIBs the 
additive showed poor compatibility with graphite negative electrodes. Its role in the formation of 
electrode surfaces in KIB full cell configurations, both the solid electrolyte interphase (SEI) and 
cathode electrolyte interphase (CEI), and degradation mechanism have so far not been fully 
understood. 
 
In order to shed more light in the surface chemistry of DTD, we herein present an in-depth X-ray 
photoelectron spectroscopy (XPS) study on KIB full cells based on graphite negative and Prussian 
white (PW; K2Fe[Fe(CN)6]) positive electrodes. As a basis for this study, a detailed XPS study on 
PW electrodes in battery materials was performed, which will be valuable for future surface 
investigations. In the following study, the surface film formation at different state-of-charge is 
investigated, with an emphasis on the differences between the surface layer formation in full-cell and 
half-cell (i.e. against K-metal). By utilizing DTD in the full cell, a higher discharge capacity can be 
achieved, making it a suitable choice for KIB with proper tuning. This emphasizes the fact that 
electrolytes behave differently in full and half-cell K-ion systems, and generalizing findings from 
one system to another is not effective. The work presented herein is a continuation of our previous 
study on the surface layers on graphite3,4 and contributes to a more detailed understanding of the role 
of DTD at the electrode surfaces of KIB anode and cathode materials.  
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[2] Zhang et al., Journal of Power Sources, 541, 231726 (2022). 
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[4] Allgayer et al.; ACS Appl Energy Mater, 5, 1136–1148 (2022). 
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Nowadays, one of the flagship solar absorbers is the quaternary alloy Cu(InxGa1-x)Se2 (CIGS), with 
solar cells reaching up to 23.6% efficiencies[1]. In addition to achieving high efficiencies, the CIGS 
community is also concerned with the durability of the solar cells. Several studies have been 
performed on the aging of CIGS solar cells, according to different aging conditions[2], yet only a 
few papers deal with the interaction of the CIGS absorber itself with the surrounding 
environment[3,4,5]. 
 
Here we propose to investigate the evolution of the CIGS absorber network from the surface to the 
bulk, when exposed to relative humidity and light, and thus, at different aging times. To this scope, 
X-ray photoelectron spectroscopy (XPS), hard X-ray photoelectron spectroscopy (HaXPES) and 
energy-dispersive spectroscopy (EDS) analysis have been performed. On one hand, by the 
complementary use of two lab X-ray sources, Al Kα (1486 eV) and Cr Kα (5414 eV) we were able 
to investigate CIGS material from the extreme surface (XPS) up to 20 nm depth probing (HaXPES). 
Furthermore, by considering different photopeaks along the energy scale but also the take-off angle, 
and therefore different escape depths, we managed to obtain a precise evolution of the degradation at 
3, 8, 15 and 20 nm depth. On the other hand, EDS analysis provided us access to the composition 
deeper into CIGS material, till ~ 1µm. 
 
These different routes for chemical analyses allowed us to explore the reactivity of our elements 
when facing drastic aging conditions (80 % relative humidity and different aging times). Starting 
with the conventional Al  Kα X-ray source, we had already evidenced that the formation of oxides is 
first observed on Ga 2p3/2 and In 3d5/2 photopeaks, more surface sensitive with their inelastic mean 
free paths of 3 nm and 5 nm respectively, before affecting Ga 3d and In 4d peaks representative of 
the subsurface at 8 nm.[4] With the complementary study using the Cr Kα source, slightly higher 
probing depths were reached and we observed a progressive decrease of the oxygen content in depth, 
in correlation with the decrease of the oxide phases on the CIGS constitutive elements. To do so, we 
compared the O 1s photopeak monitored at 45° (15 nm) with the one at 85° (22 nm). This recent 
result is confirmed with the EDS measurements, where neither modification in the atomic 
composition, nor oxygen incorporation in the CIGS network has been noticed at 1 µm of depth 
probing.  
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[4]. S. Béchu, et al., Appl. Surf. Sci. 2022, 576, 151898. 
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In this work, porous silicon nanowires of mesoporous types were developed by single-step metal-
assisted chemical etching. These porous silicon nanowires have sufficient electronic conductivity 
along the longitudinal axis and can provide very high capacitance with the addition of carbon. The 
stability of porous silicon nanowires being the most difficult parameter to control during cycling, we 
opted for a new energy storage approach that consists of depositing a CHX hydrocarbon on the 
surface of the latter. The PSiNWs are covered with a CHX layer deposited by methane plasma 
created in a triode reactor at RF 13.5 MHZ, synchronized under an argon atmosphere on the surface 
of the porous silicon nanowires. The PSiNWs powder is recovered by ultrasound and then 
characterized by different characterization methods: FTIR, MEB and XPS. Metallic lithium is a 
negative electrode, a glass fiber separator, and the electrolyte LP30 (1 M LIPF6 in 1:1 by mass of 
EC/DMC, (ethylene carbonate and dimethyl carbonate)). Cycling is carried out at 25 °C at a rate of 1 
lithium in 10 hours (C/10) with a “loading” of 0.2 mg of silicon per cm2. Their electrochemical 
performances will be studied by the CV, CDG, and EIS methods. Galvanostatic discharge was 
evaluated between 2 and 0.01 V for the two PSiNWs and PSiNWs/CHx electrodes. The evolution of 
the capacity as a function of the number of cycles makes it possible to exploit a capacity of 2800 
mAh/g for the PSiNWs electrode, whereas with the PSiNWs/CHx electrode, the starting capacity is 
3700 mAh/g. Furthermore, after a drop in the first cycle in all cases, the capacity is stable over 50 
cycles in the case of the PSiNWs/ CHx anode.  
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Thin film chalcogenides have established themselves as one of the main photovoltaic technologies 
complementary to silicon, showing technological and industrial attractiveness due to their high 
efficiency (> 20% in the case of CIGS or CdTe), stability and versatility. Nevertheless, the 
potentially unstable supply of scarce elements such as In or Ga, and the toxicity of Cd, have diverted 
interest towards technologies that involve emerging and abundant materials on Earth. Sb2Se3 
emerges as a promising candidate for photovoltaic applications, distinguished by its advantageous 
characteristics such as binary stoichiometry and a suitable bandgap approximately 1.2 eV. This 
material further exhibits anisotropic electrical properties, which are particularly beneficial when 
aligned in a "quasi-1D" structure, optimizing light absorption and charge transport. Remarkably, the 
efficiency of Sb2Se3 -based solar cells has experienced a significant leap in less than 10 years, 
escalating from 0 to over 10%. 
 
To elevate the Sb2Se3 technology into its next phase of advancement, it is imperative to devise and 
implement strategies that meticulously control its crystalline orientation, a key factor for attaining 
optimal material properties. Furthermore, achieving precise band alignment across various layers is 
crucial. This alignment significantly influences the movement of photocurrent, thereby enhancing 
the power conversion efficiency (PCE) of the solar cell. Therefore, we present an innovative 
approach to synthesise Sb2Se3 thin films, employing a co-evaporation method followed by a novel 
heat treatment process performed at elevated pressures ranging from 2 to 15 atmospheres, for 
assisting in the good orientation of the material. Subsequent surface modifications, including 
chemical etching and the application of ozone and UV light treatments, were meticulously executed 
to improve the efficiency of the resulting films. 
 
We have performed a complete characterization by XRD, XRF and SEM to study grain size, 
stoichiometric and crystalline orientation, and by XPS and UPS to optimize the different layers and 
interfaces. Finally, a full optoelectronic characterization, including JV characteristics (dark and 
under illumination) and external quantum efficiency have been done. Our findings lay the 
foundation for a new paradigm in the high-efficiency synthesis of Sb2Se3 thin films by high-pressure 
techniques, which could lead to a significant breakthrough in photovoltaic technology.  
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Hydrogen has gained international attention as energy carrier, as the impact of predominant fossil 
energies has raised similar attention. At the same time, a hydrogen-based energy economy has 
significant potential for regulating locally operating renewable energy sources like wind and solar 
power that are inherently volatile. 
 
Membrane based fuel cells are a highly dynamic and lightweight set piece of a hydrogen-based 
economy and are in particular applicable in mobile applications. They directly convert the chemical 
energy of hydrogen and oxygen into electrical energy. The gas diffusion layer (GDL) is one 
component that has to maintain two opposing requirements in fuel cells: a humidified ion conduction 
membrane and dry gas supply structure. Typically, it consists of a carbon paper or cloth (the 
backing) and a micro porous layer (MPL); it is impregnated with PTFE to adjust its hydrophobic 
properties. Ideally, it has to be functional under a broad range of operational load [1]for dynamic 
operation [2] and thus a broad range of water production as result of the hydrogen-oxygen reaction, 
the basic principle of fuel cells. 
 
In an evolving industry, the need for reliable and controllable mass production of fuel components 
arises. Product quality control is a necessary part of a functional hydrogen economy, and ideal 
quality control technologies have to be fast, continuous and provide results at the point in time of 
production. 
 
Laser induced plasma spectroscopy was applied and evaluated regarding its usability for a fast 
quality control in a conveyor belt production line. The method utilises the emission spectra of 
material evaporated by short pulsed laser irradiation. Elemental compositions are derived from the 
resulting spectra. The results of GDL characterisation with this method are compared to other 
methods regarding availability, precision, applicability and limitations. 
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Lithium metal anodes with a theoretical capacity of 3860 mAh g-1 and the lowest redox potential 
(‑3.04 V vs. SHE) are the preferred option for the next generation of lithium batteries, where high 
energy density and longer cycle life are required. Sodium metal anodes, with a high theoretical 
capacity of 1166 mAh g−1 and a low reduction potential (-2.71V vs. SHE) are emerging as an 
attractive alternative due to sodium’s large availability, low-cost, the possibility of using copper-free 
current collectors. 
 
However, lithium (Li) and sodium (Na) metal batteries are far from reaching their high theoretical 
energy densities since it is common to work with a great excess of alkali metal due to irreversible 
losses and difficulties in processing the metal anodes, especially Na [1, 2]. In fact, a new battery 
design eliminating the metal anode in the discharged state provides the highest achievable energy 
density with reduced safety hazards, though this anode-free concept is far from the practical 
application [2]. On the other hand, the difficulty in processing the Na metal has resulted in a lack of 
Na thin anodes that at least approach the energy density demands [1]. 
 
 Here, we show the potential of thermal evaporation towards reaching that target. First, we 
demonstrate the feasibility of fabricating Na thin anodes < 10 µm by thermal evaporation, achieving 
a stable cycling in a full battery configuration (as stable as with a thick Na conventional anode and 
considerably more stable than the anode-less case) [1]. Second, we prove how a thermally 
evaporated ultrathin Li layer ∼ 3 µm enables the platting of a more homogenous Li layer compared 
to the case of bare copper current collector, while a functional native solid electrolyte interphase 
(SEI) gives greater protection to the anode/electrolyte interface, leading to a more stable cycling of 
the battery [2].  
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Lead halide perovskites have been used as active materials in various opto-electronic applications, 
such as solar cells, detectors or light emitting diodes. However, the material’s instability towards 
external impacts such as light or moisture remains a challenge to overcome in these devices. 
Particularly in their application in solar cells, in-depth understanding of the intrinsic behavior of the 
lead halide perovskites under light is necessary to further their development. This includes a need to 
understand the intrinsic electron and ion dynamics under light. So far, most studies on behavior 
under light exposure focused on perovskite thin films. However, slight differences in the preparation 
of the thin films lead to different grain sizes, which affects the thin film’s properties. Studying single 
crystals instead of thin films excludes these variations and allows to study the intrinsic properties of 
different compositions. Furthermore, especially the surface and interfaces of the material interact 
with the environment and possible other device layers. Therefore, there is a need to understand the 
intrinsic behavior of the surfaces of lead halide perovskites in detail. Therefore, we used the surface-
sensitive technique photoelectron spectroscopy (PES) to study compositional and electronic changes 
of the material’s surface. 
 
Here I will present the laser light-induced electron and ion dynamics of two clean lead halide 
perovskite single crystal surfaces: CsPbBr3 (cesium lead bromide) and CsFAPbI3 (cesium 
formamidinium lead iodide). To ensure that we are studying the intrinsic properties without effects 
from adsorbed species on the surface, we cleaved the crystals under ultrahigh vacuum conditions to 
obtain clean surfaces. By using PES in combination with pulsed green laser light to characterize 
these crystal surfaces, we were able to follow both compositional and electronic changes and we 
found distinct behaviors for the different crystal compositions.  
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Evidence for preserved proteins in up to 100 million years old fossils have been met with 
controversy due to analytical difficulties to prove endogeneity and lack of verified mechanisms 
capable of explaining such long preservation of these relatively labile molecular structures. With its 
capacity to detect and associate detailed molecular signatures with specific microstructural features, 
ToF-SIMS has proven to be a powerful method for molecular characterization and identification in 
fossils, particularly in combination with scanning electron microscopy (SEM) (1-2). However, while 
ToF-SIMS can provide evidence for molecular structures containing specific amino acids (AA), the 
technique is typically not capable of verifying the presence of extended peptides or intact proteins. In 
this work, we use artificial aging/maturation in combination with ToF-SIMS and N1s NEXAFS to 
study degradation patterns of two common structural proteins, collagen and elastin, and to determine 
how the protein degradation can be monitored using these techniques, with the final goal to detect 
and characterize partially degraded protein structures in fossils. Collagen and elastin were matured in 
a high-pressure cell at high temperatures and inert (Ar) or synthetic air atmospheres, followed by 
analysis with ToF-SIMS and N1s-NEXAFS. ToF-SIMS analysis was made in a TOFSIMSIV 
instrument (IONTOF GmbH) using Bi3

+ primary ions and the N1s NEXAFS measurements were 
carried out on the FlexPES beamline at the MAXIV synchrotron facility in Lund, Sweden. 
Degradation of the protein structures was clearly observed in the ToF-SIMS mass spectra for 
maturation at temperatures above 180-200 °C, and differences between elastin and collagen were 
gradually diminished to be essentially gone at 250 °C (see score plot from principal components 
analysis (PCA) in Fig. 1a). The PC loadings reveal that increasing maturation temperatures is 
associated with reduced intensities of AA-related peaks and increased intensities of N-containing 
organic fragment ions that may be assigned to so called N-heterocycles, in agreement with previous 
suggestions for protein degradation in fossils (3). N1s NEXAFS spectra of the same samples show 
decreasing absorption of a peak assigned to nitrogen in an amide configuration (from the peptide 
bond) and increasing absorption of pyridine-bonded nitrogen (4) for increasing maturation 
temperatures (Fig. 1b), in agreement with the ToF-SIMS results. The results of the artificially 
matured proteins are compared to similar data from bone and teeth fossils of different age, ranging 
from ~35,000 (Mammoth) to ~70 million (Mosasaur, Tyrannosaurus Rex) years old.  
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Next-generation battery materials are needed to achieve high energy density, fast charging times, 
and long device lifetimes while remaining reliable and low-cost. Lithium metal batteries are a 
promising alternative to lithium-ion batteries but face stability concerns such as unstable solid-
electrolyte interphase (SEI) growth and Li dendrite formation. Similarly, high-energy-density 
cathode materials like nickel manganese cobalt (NMC) and lithium cobalt oxide (LCO) have stable 
performance at high potentials but are susceptible to cathode dissolution in the electrolyte as well as 
unstable SEIs. Engineered particles (Ep) can stabilize electrode interactions, improving battery 
safety, SEI formation, and performance. However, batteries are multi-layered, complex systems with 
many components and interfaces that are difficult to handle and characterize. Understanding the 
chemical composition, distribution, and morphology of Ep-treated anodes/cathodes is necessary to 
prepare uniform, well-dispersed, high-capacity electrodes for optimized performance. 
 
Developments in X-ray photoelectron spectrometers expand capabilities to address these challenges. 
X-ray photoelectron spectroscopy (XPS) is ideal for analyzing thin layers and interfaces of battery 
materials due to its surface (~10nm) and chemical state sensitivity. Multi-technique XPS instruments 
offer additional operating modes and analytical options to enable the thorough characterization of 
battery materials. In this talk, a fully automated, multi-technique scanning XPS/HAXPES 
microprobe was used to address many challenges of analyzing battery materials, including an inert 
environment transfer vessel for air-free handling; microprobe X-ray source with <5µm spatial 
resolution for 100% certainty of area selection for small-area spectroscopic analysis and chemical 
mapping; and the hard X-ray source and cluster ion gun source for analyzing buried interfaces 
without damaging the chemistry. Combined, these powerful capabilities enable thorough 
characterization of macro- and microscopic battery materials for a direct link between the chemistry 
and performance of Ep-treated battery electrodes.  
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 Many efforts worldwide are put into solidstate batteries as the next generation of safe high energy 
batteries. Among these, polymer electrolyte based batteries are one subgroup that has already been 
commercialized, i.e. by Blue Solution.  
 
The cycle stability of those poly(ethylene oxide) (PEO) batteries with lithium 
bis(trifluoromethanesulfonyl)imide (LiTFSI) is, as in most battery technologies, hampered by 
interfacial decomposition, which is commonly probed through X-ray photoelectron spectroscopy 
(XPS). However, since these specific polymer materials are also prone to X-ray 
photodecomposition, it is not straight forward to link decomposition products found in XPS to 
chemical degradation during cell operation[1].  
 
We investigate X-ray photodecomposition in PEO-LiTFSI systems, often mistaken for chemical 
decay, including those with NCM cathodes. Our study uncovers heightened photodecomposition 
when LiTFSI is dissolved, rather than in its pure state. This decomposition is seen in the F1s signal 
of the samples, which should exhibit only one peak around 688.5 eV for the pristine electrolyte but 
also show a strongly increasing peak at around 685 eV representing LiF. We present a measurement 
approaches to reduce the effect of photodecomposition on the result of the analysis and discuss 
pitfalls in data acquisition. 
 
Notably, we find that cryogenic conditions significantly reduce this degradation, up to almost 
completely preventing it. This suggests that the photodecomposition reaction is actually limited by 
transport effects in the polymer. Also, our comprehensive results did not support the presence of 
LiF-containing decomposition products in pristine PEO-LiTFSI or PEO-LiTFSI in contact with 
NCM. These insights advance understanding of photodecomposition in XPS and propose a 
reproducible approach for accurate polymer electrolyte characterization in lithium batteries.  
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All-solid-state batteries still face many obstacles that prevent the application in consumer products. 
One lingering issue is the chemical instability between common cathode active materials (CAMs) 
and the highly conductive thiophosphate-based solid electrolytes. To overcome this, various coatings 
on the CAMs are utilized to prevent or at least reduce the degradation occurring at the solid 
electrolyte/CAM interface. The coated CAMs and their effect on the degradation phenomena in the 
composite cathode are regularly analyzed by means of X-ray photoelectron spectroscopy to get an 
idea of the working principle of the coatings applied, which in turn would be helpful to design more 
advanced protective coatings. 
 
In this study we report on XPS data collected on Li2CO3/LiNbO3-coated LiNi0.6Co0.2Mn0.2O2 

(NCM622) particles utilized in a Li4Ti5O12/Li6PS5Cl/Super 
C65|Li6PS5Cl|NCM622/Li6PS5Cl/Super C65 all-solid-state cells and analyzed at different state of 
charge (SOC) and cycle number. The experiments were conducted within a broader study and the 
samples were also characterized using time-of-flight secondary ion mass spectrometry (ToF-SIMS), 
focused ion beam scanning electron microscopy (FIB-SEM) and electrochemical measurements [1]. 
We were able to show the partial protection of the CAM and the Li6PS5Cl solid electrolyte from 
degradation, but the signals of the coating as well as the CAM bulk signals still show pronounced 
binding energy shifts for different SOCs. While this could be interpreted as reduction and oxidation 
processes, we show that the observed shift arises most probably from band-band-interactions of the 
utilized semiconductor materials resulting in electric potential gradient [2]. We show that such 
relative binding energy shifts between battery material components can easily result in a misleading 
interpretation of XPS data and discuss several effects that need to be considered when measuring 
battery materials with XPS.  
 
Selected references 
[1] Walther, F., et al., Chem. Mater. 2021, 33, 2110−2125 
[2] Maibach, J., et al., J. Phys. Chem. Lett. 2016, 7, 1775−1780. 
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O114 - Optimized surface functionalization of food-grade PVC with polyhexamethylene 
guanidine for antimicrobial food packaging 
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Giulio Casula1 
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2 Laboratorio Chimico Nuorese SRLS,08100 Nuoro, Italy. 
 
The interest toward the development of new food-packaging materials with antimicrobial activity is 
growing due to the prevention of the proliferation of bacteria that compromises the shelf-life of food 
products. One route to obtain antimicrobial food-packaging is the surface functionalization of 
commercially available food-grade polymers with antimicrobial active agents1. In this work, the 
development of an optimized protocol for the surface functionalization of food-grade polyvinyl 
chloride (PVC) with polyhexametilenguanidine (PHMG) as antimicrobial active agent is presented. 
The food-grade PVC was functionalized with a bottom-up approach modifying a protocol used on 
medical-grade PVC reported by Villanueva et alii 2. Food-grade PVC functionalized with PHMG 
was obtained immersing 1 cm2 of the as received PVC in a 10% ethanol solution of (3-
mercaptopropyl) trimethoxysilane (MPTMS) for 1 h, followed by the grafting of (3-amminopropil) 
trietoxyisilane (APTES), glutaraldehyde, and finally with PHMG. The functionalization steps were 
monitored by ATR-FTIR spectroscopy that allowed confirming the functionalization by assigning 
the characteristic absorption of the Si-O, NH2 and S-C bands. X-ray photoelectron spectroscopy 
(XPS) and angle-resolved XPS (ARXPS) were exploited to determine the surface composition of the 
functionalized PVC, to assess the lateral homogeneity and estimate the layer thickness. The results 
obtained by XPS after the first two steps of functionalization with MPTMS and APTES suggest a 
reaction between the two molecules in ratio 2:1 respectively. Moreover, ARXPS data allowed 
determining the in-depth disposition of the functional groups by means of the relative depth-plot. 
The relative depth plot shows (Fig. 1) the NH2 groups oriented towards the outer layer and the 
sulphur at the functionalization layer-substrate interface, confirming the theoretical spatial 
disposition of the functional groups expected. The film thickness calculated from the ARXPS results 
was found to be 0.5 ± 0.2 nm 3 after the grafting of MPTMS and 1.2 ± 0.3 nm after the grafting of 
APTES.  The results obtained confirmed the functionalization of the PVC and were in good 
agreement with the literature2. The surface analytical results obtained after the four steps will be 
discussed together with the results on the antimicrobial activity against Escherichia Coli and 
Staphylococcus Aureus.  
 
Selected references 

1. 1. Bastarrachea, L. J., Wong, D. E., Roman, M. J., Lin, Z. & Goddard, J. M. Active 
Packaging Coatings. Coatings 5, 771–791 (2015). 

2. Villanueva, M. E., González, J. A., Rodríguez-Castellón, E., Teves, S. & Copello, G. J. 
Antimicrobial surface functionalization of PVC by a guanidine based antimicrobial 
polymer. Mater. Sci. Eng. C 67, 214–220 (2016). 

3. Casula, G., Fantauzzi, M., Elsener, B. & Rossi, A. Surface modification of food-grade 
PVC monitored by angle-resolved XPS. Vacuum 113010 (2024) 
doi:10.1016/j.vacuum.2024.113010. 
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O115 - A study on electron spectrum imaging measurements using electron microprobe 
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In recent years, energy dispersive X-ray spectroscopy (EDX), which can perform elemental analysis 
at high throughput, has become popular in scanning electron microscopy analysis, and has become a 
common analysis tool as a visualization technology for elemental distribution in materials analysis. 
On the other hand, from the perspective of material analysis, more detailed material information 
needs to be investigated, such as the distinction of chemical states, which is difficult to achieve with 
EDX analysis. Electron spectroscopy such as X-ray photoelectron spectroscopy (XPS) and Auger 
electron spectroscopy (AES) are used as surface analysis techniques. By analyzing the electron 
spectrum, it is possible to analyze not only chemical elements, but also chemical states. In addition, 
electron spectroscopy is expected to be further utilized as an evaluation technique in materials 
analysis that can be applied to elements such as Li, which is difficult to evaluate in detail with EDX 
[1-2]. This means that electron microscopy, which has excellent spatial resolution, can be combined 
with electron spectroscopy to investigate spatial and local changes in materials in greater detail than 
ever before. 
 
We have continued to focus on scanning Auger electron spectroscopy (AES), a technique that 
enables detailed material analysis from both electron microscopy and spectral analysis. Specifically, 
we are developing materials evaluation techniques using spectrum imaging (hyperspectral images, 
data cubes) obtained via electron spectroscopy. spectrum imaging methods are very useful in terms 
of data confirmation, post-processing, and versatility of the analysis process [3-6]. We perform 
spectrum imaging acquisition using a method that involves continuously acquiring secondary 
electron images of different energies through beam scanning with a scanning electron microscope, 
and subsequently generating image stacks. It has been demonstrated that existing commercially 
available instruments are capable of measuring and analyzing data cubes obtained through post-
processing [6]. 
 
In this presentation, we will report on our efforts to acquire and analyze spectrum imaging in recent 
analysis cases (Fig. 1).  
 
Selected references 
[1] N. Taguchi et al., J. Electron Spec. Relat. Phenom. 203 (2015) 40 
[2] N. Taguchi et al., Surf. Interface Anal. 48 (2016) 1144 
[3] M. Prutton et al., Appl. Surf. Sci. 144 (1999) 1 
[4] N. Urushihara et al., J. Vac. Sci. Technol. A 26 (2008) 668 
[5] D.B. Durham et al., Surf Interface Anal. 50 (2018) 1174 
[6] N. Taguchi et al., Ultramicroscopy 233 (2022) 113450 
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Various material systems will be examined to provide an in-depth understanding of how X-ray 
Photoelectron Spectroscopy (XPS) can elucidate the distribution and chemical composition of 
battery materials. Na-ion batteries, touted as environmentally preferable alternatives to Li-ion 
batteries, especially for large-scale grid storage due to the abundance of sodium, face challenges in 
achieving competitive performance. Despite the promise of ternary materials, issues such as poor 
stability in air and inadequate long-term cycling have hindered progress. Through systematic XPS 
investigations, the stability in air and moisture is thoroughly explored, offering insights into 
modifying material stability through informed design strategies. Correlations between chemical 
assignments, battery performance, and oxidation degradation are established. Additionally, the 
discussion will encompass the importance of sensitivity and detection limits, comparisons between 
surface and bulk analyses, and pragmatic approaches for peak fitting difficult elemental lines. 
Considerations such as etch artifacts and degradation will also be addressed. [Reference: Shipeng Jia 
et al., J. Mater. Chem. A, 2022,10, 251-265]  
 
Selected references 
Shipeng Jia et al., J. Mater. Chem. A, 2022,10, 251-265 
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Auger electron spectroscopes (AES) and X-ray photoelectron spectroscopes (XPS) are widely used 
for purposes such as qualitative analysis, quantitative analysis, elemental maps and chemical state 
analysis. This versatility is derived from a hemispherical analyzer (HSA) which can be changed to 
variable energy resolution by controlling pass energy, and is generating applications in many 
academic/industrial fields [1]. On the other hands, it has a big issue that it is too slow to acquire even 
a spectrum with a reasonable signal-to-noise ratio occasionally taking more than 5 minutes. 
Therefore, recent developments reported new methods focusing on parallel detection for AES [2, 3]. 
To decrease such a long acquisition time, we tried to improve the energy scan speed of HSA by a 
shorter time constant stabilizing the sweeping voltage to inner/outer electrodes. Especially, fast 
voltage controls from zero to some kV needs completely new hardware design. However, the 
conventional spectrometer attached to JAMP-9510F manufactured by JEOL Ltd. has a lower limit of 
dwell time of 10 ms for a wide scan spectrum analysis. 
 
In this presentation, we will report a new hemi-spherical analyzer system which can sweep wide 
energy range 10 times faster than the commercial Auger instrument, JAMP-9510F. It was called the 
fast HSA(f-HSA) shown in Figure 1. The spectrometer control unit was redesigned and dedicated to 
realize a fast and stable voltage control to the inner/outer electrode in f-HSA with a shorter time 
constant. Figure 2 shows step response difference of the inner electrode voltage between JAMP-
9510F (a black line) and f-HSA (a red line). The voltage of f-HSA rises more than 10 times as fast as 
that of JAMP-9510F. Then, we checked representability of the high energy resolution spectra with 
the pass energy being 10 eV at constant analyzing energy mode. Figure 3 indicates the electron 
spectra of copper with different energy sweep rates. The black line was measured with dwell time of 
10 ms at each 0.1 eV/step and accumulated 10 sweeps. The red line was acquired with 1 ms at each 
0.1 eV/step and accumulated 100 sweeps. These results reveal that the new analyzer can acquire 
spectra at the faster sweep rate without any problem. Furthermore, we will also demonstrate the 
possibilities of other applications including spectrum imaging by using f-HSA.  
 
Selected references 
[1] N. Taguchi et al., ECASIA (2019) 
[2] N. Taguchi, T. Uchida, K. Ikita, A. Tanaka, N. Ikeo, K. Yokouchi, K. Tsutsumi: 
Ultramicroscopy 233 (2022) 113450 
[3] T. Uchida, K. Ikita, A. Tanaka, K. Yokouchi, N. Ikeo, K. Tsutsumi, N. Taguchi: JEOL News 
2022, 57, 40-47 
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TOF-SIMS with kilo-electron volt collision-induced dissociation (CID) tandem MS is a powerful 
tool for compositional identification and structural elucidation of molecules, metabolites, and 
degradation products due to its ability to isolate ions of interest and provide further insights into its 
molecular structure and composition. TOF-SIMS tandem MS has been used to unambiguously verify 
analytes and to generate 2D and 3D maps of a brass corrosion inhibitor1, to image organelles in 
single cells2, and to discern the degradation pathway of OLEDs3.    
 
In this presentation, we will explore the application of surface-induced dissociation (SID) coupled 
with CID, to assist in the confirmation of molecular assignments. In contrast to CID, which 
promotes cleavage at every molecular bond, SID is more subtle in that the bond cleavages result 
predominantly in the observation of functional group chemistry, as shown in Figure 1. The 
fragmentation energetics between SID and CID are distinct, even at the same kinetic energy.  This 
difference in fragmentation energies can have a significant effect on calibration, which we will 
address using isotopic abundancies to confirm compositional assignments.  
 
Selected references 

1. Finšgar, Corrosion Science. 182 (2021) 109269. 
2. Agüi-Gonzalez, et. al, J. Anal. At. Spectrom. 34 (2019) 1355-1368 
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Hard X-ray photoelectron spectroscopy (HAXPES) is a powerful tool for investigating the chemical 
and electronic states of bulk and buried interfaces non-destructively due to its large probing 
depth[1]. However, the probing depth of HAXPES of a several tens of nanometers is insufficient to 
analyze the actual device structure for the semiconductor materials, and in some cases, the thickness 
of the insulating film or electrode must be reduced for evaluation. Therefore, to obtain a much larger 
probing depth and measure deeper regions than conventional HAXPES, we have developed a high-
energy HAXPES (HE-HAXPES) system excited by photon energies up to 30 keV[2]. This system is 
achieved by combining an applied bias voltage upon the sample with a conventional hemispherical 
electron energy analyzer. 
 
By utilizing this system, we successfully observed a Si 1s peak from the bulk-Si substrate 
underneath the 110-nm-thick SiO2 film at the photon energy of 30 keV. Figure 1 shows Si 1s spectra 
of 110-nm-thick SiO2 film/ n-type crystalline Si-substrate measured by using photon energies from 
14 to 30 keV in the 2 keV step. In the spectrum at photon energy of 14 keV, a week signal assigned 
to a bulk-Si substrate is observed around a binding energy of 1840.5 eV. The signal intensities 
gradually increased with increasing the photon energy and the Si substrate signal is clearly observed 
at a photon energy of 30 keV. Additionally, from the Si substrate signals with photon energy over 24 
keV, the asymmetric shapes with a shoulder appear at the higher binding energy side. It was 
suggested that these spectral shapes may originate from the band bending in the Si substrate. 
The HE-HAXPES system excited by the photon energy up to 30 keV could be a very useful tool to 
yield genuine insights into the chemical and electronic states in deeply buried regions. We will also 
present the results on the application of this method to other semiconductor materials.  
 
Selected references 

1. Kobayashi, Nucl. Instrum. Methods Phys. Res. A601, 32 (2009) 
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X-ray photoelectron spectroscopy (XPS) is a surface sensitive (< 10 nm) characterisation technique 
used to investigate material properties including chemical composition, chemical depth distribution, 
and electronic structure [1, 2]. Especially in recent years, XPS has become a reliable and advanced 
experimental technique across various disciplines of science and engineering resulting in the 
generation of large spectral datasets. Extracting quantitative information from these datasets has 
traditionally required trained spectroscopists to perform empirical peak-fitting routines for each 
individual spectrum. For example, to obtain the atomic fraction of a particular element in a sample, 
the expert needs to determine the integrated peak area from complex fitting routines based on the 
inelastic scattering background and zero energy loss line shapes and normalize it according to 
relative sensitivity factors [3].  
 
In response to the increasing demand for reliable and instantaneous spectral analysis, we propose an 
automated quantitative X-ray photoelectron spectrum analysis pipeline by combining the Simulation 
of Electron Spectra for Surface Analysis (SESSA) software with a convolutional neural network 
(CNN). SESSA serves as an important tool in the field of XPS either as a database for material 
parameter retrieval or as a Monte Carlo-based simulation software for quantitative interpretation of 
XP spectra or Auger electron spectra (AES) for a variety of materials (bulk, nanostructures, layered 
spheres, etc.) [4, 5]. In this work SESSA is applied to generate approximately 270’000 spectra for 
2500 materials (of varying complexity) and single elements, illustrated by the histogram overlaid 
with the periodic table in Fig. 1. To increase the variability in the simulated dataset and to reflect 
experimental conditions we simulated spectra with different chemical shifts, different peak widths, 
and different peak shapes (Gauss, Lorentz, Doniach-Sunjic).  
 
In a first preliminary study, these simulated spectra together with their corresponding chemical 
labels were used to train a CNN to classify the chemical abundance. The study aims to investigate 
the feasibility of applying deep learning models to high-throughput material characterization within 
XPS. In the future, we plan to compare their performance on experimental data with classical peak-
fitting routines and to improve the deep learning model further to predict more complex sample 
features such as thin film thickness and electronic properties.  
 
Selected references 
[1] D. Nanda Gopala Krishna and John Philip. “Review on surface-characterization applications of 
X-ray photoelectron spectroscopy (XPS): Recent developments and challenges”. In: Applied Surface 
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Recently there has been renewed interest in probing deeper into surfaces using HAXPES in addition 
to the more surface sensitive (soft X-ray) XPS. On modern XPS systems, with high sensitivity, the 
total sampling depth may be somewhere between 10nm and 15nm but HAXPES enables the analyst 
to look deeper, without having to destructively sputter the surface with ions. For a complementary, 
more comprehensive analysis, XPS and HAXPES can be combined with Ion Scattering 
Spectroscopy (ISS). ISS is far more surface sensitive than XPS, typically being thought of as a 
technique to analyse the top monolayer of a sample for elemental information. 
 
In this work, the combination of XPS, HAXPES and ISS on a single tool has been used to give a 
non-destructive depth differentiated analysis of a range of samples, including a perovskite and an 
industrially relevant material containing multiple transition metals. The combination of all three 
techniques provides insight into the depth distributions of elements and chemical states, from the top 
monolayer to beyond 20nm into the surface.  
 
 
 



 

222 

O122 - Operando Cells for high-pressure solid-gas and solid-liquid interface analysis 

13. TEC – Technical Development and New Instrumentation 
Georg Held1 
David C. Grinter1, Pilar Ferrer1, Santosh Kumar1, James Counter1, 2, Matthijs van Spronsen1, Paul 
Webb3 
1 Diamond Light Source, Didcot, UK 
2 University of Reading, Reading, UK 
3 University of St Andrews, St Andrews, UK 
 
The two branch lines of the VerSoX beamline (B07) at Diamond Light Source (UK) deliver medium 
flux X-rays in the range 45-2800 eV and are dedicated mainly to studies of catalyst surfaces and 
interfaces under reaction conditions. The beamline has endstations for high-throughput X-ray 
Photoelectron Spectroscopy (XPS) under ultrahigh vacuum conditions, Near-Edge X-ray Absorption 
Fine Spectroscopy (NEXAFS) under ambient conditions, and XPS/NEXAFS under near-ambient 
pressure conditions in the mbar range. This enables studies of a wide range of surfaces and gas-solid 
interfaces over many decades of pressure, as well as solid-liquid interfaces using custom-built 
operando cells. We will present the designs of the two cells, a microreactor for NEXAFS 
measurements at elevated pressures and temperatures up to 1 bar and 400 °C, respectively, and an 
electrochemical cell with exchangeable windows for both XPS and NEXAFS measurements. First 
results demonstrate the performance of both cells. Using the Total Electron Yield (TEY) detection 
mode to probe the first few nanometres of the catalyst sample, the high-pressure microreactor was 
used to study the Fischer-Tropsch (FT) reaction over Co catalysts. The combination of high 
temperature, high pressures of toxic and flammable gases, mechanistic complexity, and a product 
slate comprising both gases and liquids makes this an ambitious and relevant study. The 
electrochemical cell was used to in a NEXAFS only study of the Cu-redox chemistry and a NAP-
XPS and NEXAFS study of water oxidation on a Nafion-based polymer membrane 
(Nafion/mesoporous C/IrOx catalyst). Both studies are related to electrochemical water splitting.  
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Characterizing and understanding the dynamic processes at the solid/solid interface in solid-state Li-
ion batteries SSBs is crucial for designing resilient, durable, and high-energy density SSBs [1][2].  
X-ray photoelectron spectroscopy (XPS) is one of the most widely used surface analysis techniques 
for a broad range of battery materials and provides valuable quantitative and chemical state 
information from the surface. Unfortunately, the XPS results of SSBs are often convoluted due to the 
complex chemistry involved. Operando XPS is a combined approach that enables monitoring of the 
chemical and electronic properties of the electrolyte-electrode interface in SSBs [3][4][5]. Besides 
the surface analysis techniques, electrochemical impedance spectroscopy (EIS) is a powerful 
technique for characterizing the state of charge and state of health of battery materials. The in-house 
developed operando odd random phase EIS (ORP- EIS) allows for achieving valid EIS 
measurements in dynamic conditions and can reveal the continuous evolution of the interfacial 
phenomena [6]. 
 
In this work, we couple Operando/in-situ XPS with Operando ORP-EIS to study solid-state Li-ion 
batteries. This approach provides a unique way of exploring dynamic interfacial chemistry 
concurrently. Cross-section samples on the cross-section of SSBs (full-cell configuration) are 
prepared to enable access to the buried interfaces. A dedicated electrochemical cell is capable of 
maintaining a mechanical stuck pressure and heating the cross-section SSB samples. The control 
over these two parameters allows for more realistic operating conditions during the operando 
characterizations. This approach remains essential for a better understanding of the interfacial 
chemistry and future development of next-generation SSB systems.  
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The European XFEL is an X-ray Free-Electron Laser (XFEL) facility providing femtosecond short, 
extremely intense coherent X-ray pulses for scattering, imaging and spectroscopy. Within the 
facility, we establish a photoelectron spectroscopy (PES) user laboratory. Here we intended to offer 
unique possibilities of pre- and post-characterization of samples by means of photoelectron emission 
microscopy (PEEM) and band probing with ARPES method, along with classic XPS and UPS. The 
system is equipped with Kreios 150 MM analyzer (SPECS) with MCP DLD detector (Surface 
Concept), allowing acquisition of 3D data sets of kx/ky images versus energy scale. LHe cryostat 
and heating post embedded in sample holder allows experiments in the temperature range 500-16 K, 
now possibility to achieve 4.2 K is examined. Two excitation sources are conventional X-ray twin 
Al-Mg anode (PreVac) with 600 / 450W peak power and HIS 14 HD UV-source (Focus) with 
1.1·1013 Ph/mm2/s photon density. Setup has preparation chamber with 4-axis manipulator with 
cryostat for cooling with liquid nitrogen or helium. E-beam heating and Ar ion-sputter gun with 
energy up to 3 keV allows annealing and sputtering of samples. Spectrometer has RGA head and 
open ports to install evaporators or custom devices. LEED with MCP screen is used to observe 
crystal structure and surface purity of samples within preparation cycles. Fast entry lock hosts up to 
4 flag-type sample holders and provides installation of vacuum suitcase.  
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The quantity of secondary electrons emitted from a surface is an important parameter for the 
simulation of physical phenomena for applications, where electron multiplication is either desired or 
detrimental. In such cases, the secondary electron yield (SEY) in dependence of primary electron 
energy as integrated parameter is utilized for material qualification as its measurement is relatively 
straight-forward. Nonetheless, for quantitative modeling of electron emission processes, the 
knowledge of the angular and energy dependence of the number of emitted electrons is necessary. 
The challenge in measuring these values is the wide range of kinetic energy of the emitted electrons 
from 0 to 50 eV for the true secondary electrons up to the primary electron energy of several keV. 
The angle integrated energy distribution of emitted electrons was already studied using 
hemispherical retarding-field analyzers and assuming an energy independent detection efficiency 
[1,2]. In this work we utilize a concentric hemispherical electron analyzer for the measurement of 
the energy-distribution of emitted secondary, backscattered, and elastically reflected electrons in 
normal emission and in the range from 0 to 1500 eV. Special experimental conditions consider the 
consequences of Liouville's theorem to define a constant angular acceptance angle, while assuring an 
analyzer acceptance area larger than the spot size of the impinging electron beam. These 
measurements are combined with Monte-Carlo simulations to determine the transmission function 
and detection efficiency correction derived from experimental data, which are essential for a 
quantitative assessment of the emitted electrons beyond pure spectroscopic considerations. To 
benchmark the quantitative accuracy of the corrections, the numerical integration of the spectra is 
compared to classical SEY measurements, and a very good agreement is found. We have conducted 
such measurements for different materials that are of relevance for electron cloud build-up and its 
mitigation in particle accelerators, i.e. pure and oxidized copper surfaces, laser-treated and 
amorphous carbon (a-C) coated Cu, as well as for selected standard crystals with interesting features 
in the secondary electron spectrum such as HOPG and MoS2. A detailed analysis of the energy-
dependence of the electron spectra of the various surfaces will be presented and reveals differences 
in the respective contribution of secondary electrons, of the wide range of backscattered electrons 
and of the elastically reflected electrons to the total electron yield. For example, the two surface 
modification technologies for SEY reduction, a-C coating and laser-roughening, result in different 
characteristics in the suppression of low-energy and high-energy electrons.  
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[1] M. Azzolini, M. Angelucci, R. Cimino, R. Larciprete, N. M. Pugno, S. Taioli, and M. Dapor, J. 
Phys. Condens. Matter 31 (2019), 055901. 
[2] S. Schulte, G. Hartung, J. Kröger, M. Himmerlich, V. Petit, M. Taborelli, Phys. Rev. Accel. 
Beams 23 (2020), 103101. 
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Recent semiconductors are designed with the process rules of 10 nm or less, and it is very important 
to grasp accurately about a p-n junction with high spatial resolution of nanometers. Some people 
reported to visualize a p-n junction with an electron spectroscopy by the onset position difference of 
secondary electrons or by the peak position difference in Auger spectra [1][2]. These methods are 
difficult to obtain reproducibility without controlling surface contamination and oxidation during 
sample preparation, and furthermore, it is not easy to distinguish the peak shifts from those caused 
by charging due to beam irradiation. In addition, in the conventional Auger electron spectroscopy 
(AES), the peak top and background are specified respectively to obtain a mapping of the intensity 
difference, so that the expected result is often not obtained when the peak position is shifted. In order 
to solve this problem, we have developed a spectrum image method using AES [3]. Using this 
method, a spectrum measured at any energy resolution in an arbitrary wide energy range including a 
several peaks in each pixel is stored in cube data format. By postprocessing, it is possible to extract 
spectra from any area and form an intensity map. 
 
In this presentation, we used the Spectrum Image to visualize the Fermi level difference using the 
peak shift of Si KLL at the p-n junction and evaluated its effectiveness. The sample was a pnp 
epitaxial planner transistor that was mechanically polished, and p-n junction was exposed. A native 
oxide layer of 1~2 nm was formed on the surface, so oxide Si and pure Si peaks were detected. The 
measurement conditions were an acceleration voltage of 20 kV, an irradiation current of 30 nA and 
an energy resolution of 10 eV for pass energy. Fig.1 (a) shows the spectra extracted from the cube 
data at the p-typed and n-typed Si areas respectively, and Figs. 1(b) and (c) show the intensity maps 
calculated by these peak differences. In this result, the work function of the top surface was 
estimated the same at both p-typed and n-typed area because it was observed no peak shift of the 
oxide Si KLL peak.  On the other hand, it was confirmed only a Si KLL peak shift of about 0.6 eV 
among both area, which was considered the Fermi level difference of the p-type / n-type silicon in 
the bulk.  
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[2] Y. Sakai, M. Kudo and C. Nielsen. J. Vac. Sci. Technol. A, Vol. 19, No.4 (2001) 
[3] Noboru Taguchi, Tatsuya Uchida, Konomi Ikita, AkihiroTanaka, Nobuyuki Ikeo, Kazushiro 
Yokouchi and Kenichi Tsutsumi, Ultra microscopy, 233,113450 (2022). 
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The effects of surface texturing via picosecond pulsed laser processing on wear behaviors of 
titanium alloys in contact with zirconia (ZrO2) was investigated by comparing three different types 
of alloys. As the α-, α+β-, and β-type titanium alloys, commercially-pure titanium (CP-Ti), Ti-6Al-
4V ELI (Ti64), and Ti-29Nb-13Ta-4.6Zr (TNTZ) were used. The wear behaviors of these alloys 
were dominated by different wear modes, depending on the types of alloys. The abrasive and 
adhesive wear modes dominated in Ti64 and TNTZ, respectively. On the other hand, adhesion of 
wear debris was observed in CP-Ti, but the amount of it was smaller than that in TNTZ. The wear 
debris of Ti64 acted as abrasive particles. The wear debris of TNTZ adhered to the surface easily, 
and then the adhered wear debris turned into a hard wear-protective layer. The wear debris of CP-Ti 
were also adhered to the surface, but the amount of them was smaller and the protective effect was 
weaker than those of TNTZ. These differences in wear debris character leaded to the different effect 
of surface texturing on wear behaviors of titanium alloys. Because the dimples fabricated on surface 
can trap the wear debris, they were effective for reducing wear in Ti64 but were detrimental in 
TNTZ. Similar effects on wear were obtained between the dimples on CP-Ti and TNTZ, but the 
increase in wear loss due to the presence of dimples was less in CP-Ti than TNTZ.  
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Metal matrix composite coatings represent a cutting-edge approach to surface engineering by 
combining the robust properties of metal with the exceptional characteristics of ceramics [1]. 
Graphene emerges as a promising additive for lubricant materials, capable of enhancing tribological 
characteristics on a micro- and nano-scale [2]. Despite its promise, there are still challenges to 
homogeneously add graphene into metal matrix with nanoscale distribution. One potential method to 
address this challenge is the integration of a polymerized conductive polymer to improve the 
interface interaction of graphene and metal [3]–[5]. However, the co-deposition processes of 
electroplating metal and electrochemical polymerization inherently hindered each other from their 
reduction and oxidation natures, respectively. In this work, the crystalline and conductive 
polyaniline (PANI) nanofibers were grown on the surface of graphene-oxide (GO) (PANI@GO). In 
tandem with the co-deposition of Cu matrix to form PANI@GO-Cu with controllable thickness and 
surface properties for the surface coating. The deposition was achieved by electrochemical 
deposition with various ratios and concentrations. The presence of PANI increases the interaction 
between graphene and the Cu matrix, leading to a homogeneous distribution of the three 
components. Structural and morphological information of PANI@GO and PANI@GO-Cu was 
attained through X-ray diffraction, Fourier transform infrared spectroscopy, Raman spectroscopy, 
thermogravimetric analysis, scanning electron microscopy, and transmission electron microscopy. 
The results demonstrate well-grown PANI on GO sheets with worm-like structures. The surface 
morphology and nanostructures of PANI@GO-Cu composite coatings were significantly affected by 
PANI content. In addition, tribological tests illustrated the effectively reduced coefficient of friction 
(CoF) of Cu after the coatings. The lubricant behavior of coatings presented a strong correlation with 
the GO:PANI ratio, concentration, and applied load. This study presents a novel approach to co-
deposit multiple components for surface coating to enhance the tribological performance, providing 
a critical function in the isolation, connection, and interruption of electrical current.  
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[1] A. Ramakrishnan and G. P. Dinda, “Functionally graded metal matrix composite of Haynes 282 
and SiC fabricated by laser metal deposition,” Mater. Des., vol. 179, p. 107877, 2019, doi: 
10.1016/j.matdes.2019.107877. 
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oxide with different aspect ratios,” Prog. Org. Coatings, vol. 127, no. May 2018, pp. 70–79, 2019, 
doi: 10.1016/j.porgcoat.2018.11.008. 
[3] S. Shahabuddin, N. M. Sarih, M. A. Kamboh, H. R. Nodeh, and S. Mohamad, “Synthesis of 
polyaniline-coated graphene oxide@SrTiO3 nanocube nanocomposites for enhanced removal of 
carcinogenic dyes from aqueous solution,” Polymers (Basel)., vol. 8, no. 9, 2016, doi: 
10.3390/polym8090305. 
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Nature has developed strategies to produce complex materials. Biomaterials is an important and 
inspiring field and needs special attention from scientists and engineers to create new reasonable 
biostructures. X-ray photoelectron spectroscopy (XPS) is valuable for the characterization of 
biomaterials [1], biointerfaces [2,3], and polymer surfaces [4,5] with detailed chemical and 
elemental information of the surface composition. We would like to promote the latest equipment, 
technology solutions, and innovations in the photoelectron spectroscopies field. Here it will be 
presented an innovative and compact spectrometer for routine X-ray photoemission spectroscopy 
and ambient pressure photoemission spectroscopy for the study of important phenomena in the 
current research. The design, construction, and technical parameters of a new X-ray source for 
imaging of biomedical surfaces with two types of analyser will be presented. We will report the 
technical solution of the new X-ray source and research results of XPS measurements conducted on 
the surface chemistry and electronic structures can be investigated, and the elemental composition is 
obtained in the imaging mode, with a micrometer resolution.  Moreover, it will be demonstrated the 
investigation in ambient pressure conditions.  
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Extracellular vesicles (EVs) are increasingly suggested as innovative biomarkers correlated to the 
diagnosis, progression and therapy of several diseases. Small EVs, often called exosomes, are 
possibly the most studied EVs, having a diameter ranging from about 30 – 150 nm and being 
secreted by almost all type of cells. These vesicles play an important role in cell-to-cell 
communication, carrying various molecular cargo, which includes proteins, lipids, nucleic acids and 
metabolites. The EVs cargo varies depending on the physiological and pathological state of the 
secreting cells and therefore it could be considered as a source of biomarkers informative about the 
health of an individual. Several techniques have been developed for the specific separation of small 
EVs, but they are often scarcely efficient and give solutions enriched in vesicles, but still containing 
other unwanted materials. 
 
New methods for an efficient and reliable isolation of small EVs are therefore desirable. Surface 
functionalizations can help in setting up new isolation techniques, which can be implemented on-
chip once developed. Silicon oxide surfaces were used as starting substrates for functionalization 
with different divalent cations in order to obtain positively charged surfaces. These surfaces were 
tested for their efficiency for the capture of small EVS previously purified via serial 
ultracentrifugations of cell supernatants. The two better-performing cations, i.e. Cu2+ and Ni2+, were 
then selected to functionalize magnetic microbeads to be inserted in microfluidic chips. The correct 
functionalization of microbeads was assessed by X-ray photoelectron spectroscopy (XPS), which 
allowed quantifying the chemical composition of beads upon the different treatments. The 
functionalized microbeads were inserted in a microdevice and evaluated for their efficiency in 
capturing EVs and releasing EVs biomarkers. The best protocol setup was explored for the capture 
of EVs from cell culture supernatants and for the analysis of EVs biomarkers, i.e. microRNAs, via 
RT-PCR. The promising results obtained with this on-chip approach allow to move a step forward 
toward the integration in simple and fast biosensors capable of analyzing the desired biomarkers 
present in EVs, helping the spread of biomarkers analysis both in clinical settings and in research. 
 
Funding: This work was partially funded by European Union (NextGeneration EU) through the 
MUR-PNRR project SAMOTHRACE (ECS00000022).  
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Wettability and surface free energy are among the most useful determinants of solid surface 
morphology and its role in bacterial adhesion. Biofilm formation and encrustation pose significant 
threat to stented patients with the bio-environment proving hostile through the interface of the 
material surface and salts contained within urine. is The mitigation of bioburden on urinary stents is 
observed in bio-coatings such as lubricating or anti-fouling coatings, using low-friction hydrophilic 
surfaces [1]. Most bacteria possess a negative surface charge, facilitating adhesion. This adhesion is 
consequential of the interfacial relationship between the bacteria and surface free energy, owing to 
long-range electrostatic charge, vdW-Ld interactions, and hydrophobic interactions [2]. Polylactic 
Acid (PLA), a widely utilised hydrophobic biomaterial with extensive functionality is often 
copolymerised with hydrophilic materials making it more favourable in vivo [3]. Surface charges 
may be altered through manipulation of the piezoelectric coefficient of the biomaterial. This is 
achieved through charge injection. Utilising contact poling to manipulate the piezoelectric effect in 
PLA, surface energy is being investigated through alterations in hydrophobicity via sessile drop 
method, and quantification of surface potential via the Kelvin probe method. The contact angle (CA) 
for unpoled PLA is 75˚   – 85˚  [4], with poling at 2.2kV in this study resulting in a CA increase 
from (76.4 – 76.99˚ ) to (87.88 - 87.9˚ ). Surface potential of PLA changed from -77KmV to 
86KmV, moving from negative to positive in experiments as expected [5]. The globular protein 
Lysozyme, identified as displaying significant piezoelectric coefficient, has the ability to catalyse the 
hydrolysis of the peptidoglycan layer of bacterial cell walls [6]. It is found to possess a piezoelectric 
coefficient of 6.5pC N-1 [6], comparable to that of Glycine, 6.13 ± 1.13 pC N-1 [7], with Glycine 
reported as a suitable candidate for biomedical applications and also possessing antimicrobial 
properties [8]. PLA and its optical isomers (L and D-lactide )are widely used in medical applications 
with PLLA being reported to have a D33 value of 7-12 pC N-1. Given these observations, it may be 
inferred that Lysozyme could be utilised as an antimicrobial and bio-compatible coating for urinary 
stents, using a multilayered approach. Considering the hostile environment it must perform in, layers 
prevent biofilm formation in the first instance by peeling away upon bioburden contact to reveal a 
fresh layer analogous to the preceding layer.  
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Cholesterol is of a paramount importance in the structure and function of the central nervous system 
(CNS). The transfer of cholesterol to apolipoproteins and lipoproteins within the CSF plays an 
important role in brain homeostasis. Moreover, brain Cholesterol (Chol) is the main component of 
myelin and plays and essential role in neurotransmitter release..[1] Chol in the CNS is almost entirely 
produced locally and the (BBB) prevents direct transfer of sterols from the blood to the brain, 
especially when they are contained in lipoprotein particles However, to compensate for the steady-
state synthesis of cholesterol within the brain, there is a specific brain clearance mechanism allowing 
a limited transfer of Chol through the BBB.[2] 
 
The Huntington’s disease (HD) is a genetic, adult-onset, neurodegenerative disorder characterized 
by motor and cognitive defects with loss of striatal and cortical neurons. One dysfunction identified 
is related to brain cholesterol which is essential for synaptic function. Brain Chol biosynthesis is 
early reduced in HD animal models and this defect is measured in HD patients by the plasma level 
of the brain-specific Chol catabolite 24-hydroxy-cholesterol. As reported above, all brain Chol is 
produced locally and the decreased of Chol biosynthesis in HD brain leads to a lower availability of 
newly synthesized Chol to satisfy proper synaptic functioning.[3] Since, brain Chol replacement with 
Chol from circulation is prevented by the BBB, routes to restore cholesterol levels in the brain are 
investigated. Chol-based nanocarrier formulations to deliver exogenous cholesterol have been 
successfully applied to reduce the cognitive decline in animal experiments.[4] 
 
In this work, cholesterol loaded brain- permeable nanoparticles (NPs), termed hybrid-g7-NPs, 
prepared with a hybrid composition of biodegradable poly-lactide-co-glycolide (PLGA) and 
cholesterol mixture and engineered with a well-known ligand (g7 peptide) for BBB crossing have 
been synthesized via established protocols.[5] Detailed physico-chemical characterization was 
performed by means of dynamic light scattering (DLS) and Asymmetric flow-field flow 
fractionation (AF4) to determine nanoparticles size and size distribution, whilst X-ray photoelectron 
spectroscopy (XPS) and Time of Flight secondary ion mass spectrometry (ToF-SIMS) were used to 
assess the surface chemistry of the nanoparticles (Fig. 1).  
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Metal-organic frameworks (MOFs) have emerged as a revolutionary class of materials with 
remarkable versatility and wide-ranging applications across multiple scientific disciplines. MOFs, 
consisting of metal nodes interconnected by organic linkers, possess exceptional tunability, high 
surface areas, and intriguing porosity. These distinctive characteristics bestow upon MOFs 
extraordinary properties, making them highly desirable for diverse applications encompassing gas 
storage and separation, catalysis, sensing, and drug delivery systems. 
 
Amid the extensive assortment of MOFs, the NU-1000 structure has garnered substantial attention 
due to its exceptional properties and potential in various fields. NU-1000 is an exceptionally sturdy 
and highly stable MOF characterized by a well-defined structure comprising 558 atoms (264 C, 180 
H, 96 O, 18 Zr) within its unit cell. The deliberate design and synthesis of NU-1000 provide a 
platform for investigating the fundamental principles governing MOF behavior and offer a pathway 
for the development of advanced functional materials. 
 
In this study, density functional theory (DFT) calculations are employed to investigate the 
functionalization of cluster-nodes with a focus on the catalysis, adsorption energies, and structural 
parameters of the NU-1000 metal-organic framework (MOF) in the presence of phenyl phosphonic 
acid (PhPA) molecules adsorbed on its metallic nodes. Molecular dynamics simulations, accounting 
for temperature effects, are utilized to compute infrared (IR) spectra, while nuclear magnetic 
resonance (NMR) and X-ray photoelectron spectroscopy (XPS) spectra are also calculated. A 
comparison between the simulated and experimentally measured spectra establishes the reliability of 
the DFT calculations. This work, conducted as part of the PHOSPORE project, advances the 
understanding of MOFs and facilitates the tailored design of MOFs for a wide range of applications 
in catalysis and functional materials.  
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Understanding the electronic and optical properties of nanomaterials is essential for tailoring their 
behaviour as semiconductors, insulators, or conductors. Quantum confinement effects in 
nanomaterials significantly influence band gap and valence/conduction band energies, offering the 
potential for tailored electronic transitions and band gap modulation [1]. Manipulating these band 
energies enables the creation of nanomaterials with specifically designed optical and electrical 
characteristics, essential for pioneering nanoscale technologies in electronics, sensors, photonics, 
and energy harvesting. Recently, there has been a growing interest in nanomaterials and quantum 
dots (QDs) for gas sensors, leveraging their catalytic and chemoresistive properties through 
photoactivation using radiation energy in the UV-visible wavelength range. This approach enables 
the development of gas sensors with enhanced specificity and lower power consumption compared 
to thermally activated devices. However, challenges include low sensitivity and the need for high-
energy UV radiation due to the band gap of the material. Recent efforts have concentrated on 
developing materials and composites with tailored band gaps, particularly exploring the advantages 
of combining metal oxides with QDs. 
 
In this study, CuInS2@ZnS quantum dots were synthesized and characterized for their potential to 
form composite materials with metal oxides. The chemical synthesis process was carried out by a 
modified procedure of [2], yielding CuInS2@ZnS formation with a In/Cu ratio of 3:1. The energy 
values of the valence and conduction bands were estimated through X-ray photoelectron 
spectroscopy (XPS) and UV-Vis characterization. 
 
The XPS characterization revealed a valence band energy of 0.63 eV for CuInS2@ZnS quantum dots 
(Figure 1a). The conduction band energy was determined to be 3.89 eV using a tauc plot obtained 
from the absorption spectra (Figure 1b-c). These high-energy values suggest that CuInS2@ZnS 
quantum dots can facilitate energy-allowed electronic transfer, making them suitable as photo-
antennas for the photo-activation of metal oxides using visible light. 
 
To achieve the desired properties in composite materials, the conduction band energy of the metal 
oxide must be lower than that of the quantum dot, allowing efficient electronic transfer. The study 
underscores the importance of tailored band gaps in designing composite materials for improved gas 
sensing applications. Overall, this work contributes to the ongoing efforts in advancing 
nanomaterials for innovative applications in electronics, sensors, photonics, and energy harvesting.  
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The direct conversion of methane to value-added chemicals such as methanol, ethers and aromatics 
is a key-factor in the efficient use of natural gas resources. Methane can be transformed to hydrogen, 
ethylene, and aromatics by employing molybdenum-modified zeolite catalysts at elevated 
temperatures [1]. Rapid catalyst deactivation makes this reaction highly dynamic, while in situ 
reduced Mo oxycarbides and carbides are discussed to be the active species [2]. In this study a 
laboratory based near ambient pressure X-ray photoelectron spectrometer (NAP-XPS) is used to 
investigate Mo/HZSM-5 and Nb doped Mo/HZSM-5 catalysts with a nominal Mo loading of 6 wt.% 
under operando non-oxidative methane dehydroaromatization conditions [3,4]. At a reaction 
temperature of 900 K the evolution of the electronic properties of the catalyst is followed with time 
on stream under continuous flow of reaction gas (90% CH4/10% N2; 2 mbar) revealing a pronounced 
change of the molybdenum oxidation state. The Mo 3d signal is deconvoluted assuming 
contributions of Mo2+, Mo4+, Mo5+, and Mo6+ using similar peak shapes / FWMH as described by 
Murugappan et. al [5]. The deconvolution shows a stepwise reduction of Mo6+ to Mo5+ and Mo4+ 
before a further reduction to Mo2+ starts, see Figure 1. The obtained results are discussed in 
connection with activity measurements under ambient pressure conditions, effect of Nb doping and 
corresponding ex situ and pseudo in situ XPS results.  
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Surface mineral–water interactions are decisive for any photocatalytic process. Resolving the 
atomistic structure of mineral–water interfaces is thus crucial for understanding these processes. In 
this study, we investigated fibrous rutile TiO2 mesocrystals grown homoepitaxially on twinned rutile 
seeds under highly acidic conditions (1). Fibrous rutile grown under such conditions was shown to 
possess unusual lattice displacements, that trigger spontaneous dissociation of water. Interface 
translation, atomic structure, and surface chemistry of fibrous rutile were studied using advanced 
microscopy (HRTEM) and spectroscopy methods (XPS, EDS, EELS) combined with structure 
modeling and density functional theory calculations. High energy resolution X-ray photoelectron 
spectra Ti 2p and O 1s were used to identify and quantify the oxidation states of Ti-atoms and the 
presence of OH and H2O groups on the rutile surface. XPS data and the band gaps of fibrous TiO2 
were compared to the values obtained for twinned seeds and commercial rutile nanocrystals. Stable 
fibrous mesostructure that results from hydrothermal growth displays a strong acidic response that is 
manifested through spontaneous dissociation of interfacial H2O, which otherwise does not take place 
on regular {110} rutile surfaces, and an increased bandgap value of 3.25 eV, which surpasses the 
reported values for rutile. It was shown that TiO2 fibers while staying in stable separation during 
their growth, adopt a special crystallographic registry that is controlled by the repulsion forces 
between fully hydroxylated and protonated (110) surfaces. This specific interface structure can be 
implemented to induce acidic response in an initially neutral medium when re-immersed, 
representing the first demonstration of a quantum-confined mineral–water interface, capable of 
memorizing its past and conveying its structurally encoded properties into a new environment.  
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The two-dimensional (2D) waveguides were fabricated through ion implantation, utilizing a 
photoresist mask, in three types of silicate glasses: S-1, GIL11, and BK7, respectively. The 2D 
waveguide was formed by the single and the multi-energy C+ ion implantation with different ion 
fluences, resulting in 1×1016 cm -2. Multi-energy implantation processes were conducted at energies 
ranging from 0.8 to 1.6 MeV to establish a 1 µm wide barrier for the optical signal, positioned 
approximately 2 µm below the sample surface. For precise methodology, Rutherford Backscattering 
Spectroscopy (RBS) was initially employed to ascertain the composition of the photoresist mask 
and, in conjunction with X-ray fluorescence (XRF) analysis, determine the compositions of the 
glasses prior to ion implantation. Subsequently, the dimensions of the photoresist mask, glass 
compositions, and derived glass density values were utilized for SRIM simulations of the C+ ion 
projected range. Characterization of the optical waveguides in various glasses was performed using 
absorption and m-line spectroscopy. The optical modes (TE0 and TE1) exhibited significance in S-1 
glass, where the carbon ion range was anticipated to be the deepest, resulting in a wider layer. 
Additionally, a distinction was evident between multi- and single-energy implantation processes: at 
473 nm, only one mode of light propagated for single C+ ion implantation, whereas two modes were 
observed for multi-energy implantation.  
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Modification of binder composition is an effective way to improve the oxidation resistance of WC-
Co-Ni-Cr cemented carbide. Since the adjustment of Ni and Cr contents in the Co-Ni-Cr binder 
alters the oxidation behavior and oxidation products, WC-Co-Ni-Cr cemented carbide is expected to 
achieve excellent oxidation resistance in severe service conditions. In this paper, the influences of Cr 
contents in Co-Ni-Cr binder phase with a fixed total amount of Co and Ni on the oxidation behavior 
of WC-Co-Ni-Cr cemented carbides at 900 ℃ was investigated. The oxide morphology and phase 
distribution were focused. The oxidation mechanism of WC-Co-Ni-Cr cemented carbide was 
discussed. It has been shown that Co-rich regions are preferentially oxidized in the initial stage of 
oxidation. As oxidation proceeds (60 min), the dominant oxidation product on the alloy surface is 
NiO. The oxidation resistance of the WC-Co-Ni-Cr cemented carbide increases with increasing Cr 
content in the binder. Compared to the series of WC-2Co-11Ni-xCr, WC-6.5Co-6.5Ni-xCr presents 
a better overall oxidation resistance due to the formation of Cr2O5 in the middle of the oxide layer.  
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Austenitic stainless steel AISI 304 is widely used for hydrogen storage and transportation due to 
their low hydrogen diffusivity, excellent resistance to hydrogen embrittlement, good corrosion 
resistance, formability, and weldability [1-4]. However, metastable AISI 304 is susceptible to strain-
induced martensitic transformation [5]. This may accelerate the corrosion process, especially in 
hydrogen-containing environments [6]. Therefore, it is important to investigate the effect of 
hydrogen on corrosion behavior and develop effective protection methods to reduce the damage of 
hydrogen on the corrosion resistance of austenitic stainless steels. Low-temperature carburising [7] 
can improve the surface hardness of ASS without decreasing the corrosion resistance. The present 
work focuses on the effect of hydrogen uptake on the corrosion behavior of low-temperature 
carburised AISI 304 austenitic stainless steel in 3.5 wt.% NaCl solution. Low-temperature 
carburizing treatment introduces super-hard and supersaturated carbon-stabilized austenite (S-phase) 
with a thickness of ~ 22 μm on the surface of AISI304. Hydrogen uptake reduces the corrosion and 
pitting potential and accelerates the local corrosion of AISI 304. Hydrogen-induced martensitic 
transformation and surface cracking lead to reduced corrosion resistance in austenite, while S-phase 
inhibits martensitic transformation and improves corrosion resistance. XPS results show that 
hydrogen uptake changes the chemistry of the passivation film on stainless steel. It promotes carbon 
and chromium depletion and oxide layer destruction.  
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 A fatal drawback of an almost equiatomic superelastic nickel-titanium (NiTi) alloy when using as a 
medical implant material is a Ni ion release in a human body. Anodization is the surface 
modification process that enables to form an oxide layer with a corrosion protective functions, yet 
have been considered to be inapplicable to NiTi alloy due to the presence of Ni that impedes the 
layer growth. Our research group found out that selecting an appropriate electrolyte together with 
applying a pulsed voltage led to the formation of an almost Ni-free TiO2 layer through the removal 
of Ni content from the surface1. Here, detailed layer characteristics such as surface morphology, and 
remaining Ni vary depending on the electrolyte and voltage settings, that influences to the 
suppression efficacy2. In this study, thus, we prepared the several types of anodized layer, and 
characterized through the electrochemical and surface analyses, to discuss the dominant 
characteristics to suppress Ni ion release. 
 
The NiTi alloy plate was used as the substrate. Electrolytes for anodization were 100 mM HNO3, 
H2SO4, and H3PO4 aqueous solutions, and constant or pulsed voltages (pulse width was 100 ms, and 
the duty ratio was 50%) was applied to the alloy. Applied voltage was set to 3.5 V, and its duration 
was 60 min. The resultant surfaces were characterized by XPS and SEM, as well as the 
electrochemical polarization technique. Also, the anodized alloys were soaked in phosphate buffered 
saline (PBS) solution for 24 h, and the amount of Ni ion release was determined using graphite 
furnace atomic adsorption spectrometry. 
 
Overall, the suppression of Ni ion release became prominent when employing the pulsed voltage. 
Regardless of the electrolyte, the Ni ion release was dropped below half. Among the electrolytes, 
selecting the H2SO4 electrolyte resulted in the lowest Ni-ion release. Nevertheless, SEM images for 
the H2SO4 surface with both the constant and pulsed voltages showed the submicron-scaled bumpy 
microstructure, that is unbeneficial for the corrosion protection. Also, remarkable difference was not 
found in the value of passive current density via polarization curve. Apart from these, there was 
good correlation between the amount of Ni ion release and the Ni content presenting as Ni(OH)2 
evaluated by XPS (Fig.). Based on the electrochemical and surface analyses, in conclusion, we 
elucidated that the dominant characteristic of an anodized NiTi alloy surface that suppress a Ni ion 
release is the remaining Ni content in the topmost surface. 
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Hydrogen and its associated technologies will play a protagonist role in the ongoing global energy 
transition. However, as we embrace a hydrogen-driven society, we must confront a relevant number 
of challenges arising from its interaction with steel across various stages of production, storage, and 
transportation. Furthermore, the generation and adsorption of hydrogen are unavoidable in many 
processes such as pickling, cathodic protection, and galvanizing. 
 
While extensive research has been conducted on hydrogen embrittlement, little attention has been 
paid to the significance of the passive oxide layer naturally forming on the steel surface in a natural 
or controlled atmosphere. This layer not only can protect steel from corrosion but also serves as a 
barrier against hydrogen penetration. In this study, an organized methodology and approach is 
developed for the use of soft and hard X-ray photoelectron spectroscopy (XPS/HAXPES) in the 
investigation of the effect of hydrogen in passivated steel materials. 
 
To this end, an electrochemical flow cell is specifically designed to electrochemical charge H on one 
side and passivate on the other side of the thin steel sheets in a controlled way. This cell can also be 
operated in a glovebox (i.e. an inert Ar atmosphere), as attached to our combinatorial in-situ UHV 
facilities for thin film deposition (by magnetron sputtering), post-processing (annealing, oxidation, 
reduction) and in-situ surface analysis using XPS/HAXPES. 
 
After electrochemical charging, a comprehensive analysis of hydrogen's impact on the passive oxide 
layers of diverse steel types is conducted using XPS/HAXPES to determine features such as the 
thickness, composition, oxide/hydroxide phase constitution, the Fe3+-to-Fe2+ ratio in the oxide films, 
as well as the chemical state of the elements in the oxide and close to the alloy/oxide interface. Aside 
from allowing for the direct measurement of the effect of hydrogen on the oxide and its distribution 
within its thickness, the combined use of Rutherford backscattering (RBS) and elastic recoil 
detection analysis (ERDA) alongside XPS and HAXPES could facilitate the development of an 
analytical framework to examine the concentration of hydrogen within the passive layer using only 
XPS/HAXPES spectra. This framework involves measuring the shift of the peaks and relating it to 
the chemical state of the elements in the oxide layer. This integrated approach stands as a valuable 
tool in this field of research, offering possible insights into the intricate processes of hydrogen 
adsorption, absorption, and penetration within steel materials.  
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Silicon Nitride (SiN) is a material with chemical and structural properties that make it a suitable 
candidate for protecting metallic substrates exposed to corrosive environments and wear. This type 
of aggressive environment is characteristic of orthopaedic prostheses inside the human body. In 
addition, SiN has low cytotoxicity, making it a biocompatible material that allows a higher rate of 
cell growth and integration into the human body. On the other hand, 316L stainless steel is a material 
commonly used in the medical prosthesis industry, but the corrosion of this alloy can lead to health 
risks such as metalosis, vascular damage and the reduction of the life span of the prosthesis. Then, 
the use of a protection system to decrease the corrosion rate of the metallic substrate is necessary to 
increase the life span of orthopaedic implants and the quality of life of patients. In this study, a SiN 
nanostructured coating was deposited on 316L stainless steel bars using magnetron RF sputtering 
technique with different deposition temperatures. The samples were then characterized using 
scanning electron microscopy, atomic force microscopy, and electrochemical impedance 
spectroscopy. The samples were immersed in Hanks' solution to mimic human body fluids. The 
results show that the surface morphology and nanometric features of the thin film are modified with 
temperature, promoting a higher amount of "cauliflower-like" structures and increasing the 
roughness. Also, the electrochemical response is modified by the characteristics of the 
nanostructured coating, increasing the corrosion protection as the barrier film thickness increases  
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Ductile iron is a widely used alloy with advantageous mechanical properties compared to other cast 
irons. Also, represents a sustainable approach in the manufacturing sector due to its recyclability, 
lower melting temperature and low density. All these characteristics make it suitable for a broad 
range of applications such as the automotive industry, machinery, aerospace, mining, pumping and 
piping. In general, this alloy is used in circumstances where the mechanical properties, wear and 
corrosion resistance are mandatory. In this work, a Ni-Obsidian composite coating was 
electrodeposited over a ferritic ductile iron for 1 hour to increase corrosion resistance and hardness. 
The samples were immersed in a solution containing nickel salts, surfactants and obsidian particles. 
The obsidian particles were obtained by rotary milling.  The current density was modified in each 
case to determine its influence on saline corrosion, micro Vickers hardness and roughness of the 
coated samples. The results show that as the applied current increases, the corrosion resistance, 
hardness and roughness of each coating increases. This behavior is related to a higher growth rate, as 
the higher applied current density enhances the growth kinetics of the coating layer, promoting a 
higher blocking effect of the Ni deposit. However, adding of obsidian particles results in detrimental 
corrosion behavior as the cracks formed in the surface coating allow access of aggressive electrolyte. 
Figure 1 shows the Bode diagram of the nickel coated with and without obsidian particles. The 
coatings increase the corrosion resistance of the blank ductile iron. However, the composite coating 
shows a lower impedance modulus and the time constant is shifted towards higher frequencies 
indicating a higher corrosion activity than the Ni-coated sample. The addition of obsidian particles to 
the Ni coating allows increasing the hardness and surface roughness of the coating but the corrosion 
performance is reduced.  
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The interpretation of the X-ray photoelectron spectroscopy (XPS) spectra of Ni-bearing materials is 
challenging when more than one chemical state is present. The complexity of Ni 2p peaks is due to 
the presence of peak asymmetries, multiplet splitting, shake-up and plasmon loss structure. Several 
curve-fitting procedures have been proposed in the literature 1–3 for processing and interpreting the 
different phenomena involved, necessary for an accurate qualitative analysis and for the 
quantification of each chemical state. 
 
The aim of this work is the development of an approach for the identification of different chemical 
states of Nickel that contribute to XPS and XAES spectra. Different approaches for curve-fitting the 
spectra will be presented and discussed, considering the progresses in data processing programs, the 
importance of well-defined sample preparation procedures and the characteristics of the instrument. 
The control of all them allow obtaining accurate results. The XPS analyses of Ni reference 
compounds were performed with a Theta Probe spectrometer (Thermo Fisher, UK) equipped with a 
monochromatic Alkα source (hν = 1486.6 eV). The high-resolution spectra were processed using 
CasaXPS software (v.2.3.25 PR1.0) and applying the Shirley-Sherwood background. 
 
The analysis of the NiO reference sample showed that the O 1s peak exhibits two components, one 
attributable to NiO, and the second one to the presence of hydroxide species.

2 
The analysis of Ni(OH)2, allowed determining the curve-fitting parameters that provided to obtain 
the expected stoichiometry on NiO sample, considering also the Ni(OH)2 component in the Ni 2p3/2 
signal (Fig. 1). 
 
The interpretation of the fine structure of the XAES spectra and the calculation of the Auger 
parameter for all Ni samples analysed will be also discussed.  
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Understanding the transformation of steel during the hot rolling process requires a meticulous 
investigation of the oxidation kinetics and surface morphology, to adapt the process parameters and 
ensure a good product quality. Moreover, the new production routes for steel process decarbonation 
require agile and multi-scale approach to understand and provide solutions to key open questions. 
 
In the industrial steel hot-rolling process, the strip is oxidized in the reheating furnace. After 
unloading, a millimeter scale layer is formed on the strip surface. Oxidation is crucial as it can be at 
the origin of surface defects.  
 
Oxidation studies require to analyze the influence of the new oxidizing environment and to 
comprehend the effect of steel composition - presence of residual elements. 
 
To evaluate the kinetic oxidation parameters, thermogravimetric analyses are conducted. These 
parameters are used to simulate scale growth in reheating furnaces for different heating cycles and 
temperatures. 
 
For classical steels, the scale is mainly composed of wüstite (FeO) covered by thin layers of 
magnetite (Fe3O4) and hematite (Fe2O3) which also depends on the cooling rate. For alloyed steel 
grades, some compounds might melt especially eutectics as Fayalite. However, external oxidation is 
not the only phenomenon impairing the steel surface. Among all surface phenomenon, internal and 
selective oxidation is also observed. It corresponds to the precipitation of oxides from residual 
elements more prone to oxidation than Fe in the bulk. Internal oxidation can be also located at the 
grain boundary. In parallel, metal denaturation occurs with the diffusion of carbon, alloying 
elements and the possible accumulation of residuals elements at the scale/metal interface.  
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Degradation studies of the ASnX3 perovskites to the A2SnX6 double perovskites have been well 
researched, but there is a lack of the complete degradation pathway including the degradation 
undertaken by the double perovskites. We have synthesized and characterized FA-doped 
(NH4)2SnBr6, (NH4)1−xFAx)2SnBr6 x = 0, 0.03, 0.04, 0.06, 0.09, 1 confirmed by X-ray diffraction 
and the doping content was quantified using X-ray Photoelectron Spectroscopy (XPS) and elemental 
combustion analysis. X-ray radiation damage studies were investigated for the FA2SnBr6, 
(NH4)2SnBr6 and (NH4)1−xFAx)2SnBr6 x = 0.03, 0.09 samples to, qualitatively and quantitatively, find 
degradation mechanisms. Correlation analysis was used to fortify peak fitting models, to understand 
the degradation. Correlation analysis in general is an established statistical procedure for revealing 
relationships (which may be causal or coincidental) between variables.1 For XPS, this was done by 
comparing shifts in binding energies between two selected elements (phase models) and phase 
fraction calculations, based on a method used to determine the ratios of intensities two known 
compounds.2 
 
Correlation analysis revealed the degradation of FA into an amine species, that promulgated the 
degradation in the (NH4)1−xFAx)2SnBr6 solid solution series, depending on the FA doping level. 
There is also formation of a Sn (II) bromide environment only in FA containing compounds. For 
(NH4)2SnBr6 , preferential damaging into NH4 and Br2 is suspected.   
 
Selected references 
1. P. Bhatt, Y. Liu, M. Isaacs, R. Palgrave, Correlation analysis in X-ray photoemission 
spectroscopy 2024, doi:10.26434/chemrxiv-2024-m32rt. 
2. Shard, A. G., Practical guides for x-ray photoelectron spectroscopy: Quantitative XPS. Journal of 
Vacuum Science & Technology A 2020, 38 (4). 
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Literature analyses indicate growing use of XPS in multiple disciplines and increasing observations 
of faulty analysis. To ensure reliable results it is important that care be paid to XPS data acquisition 
and analysis. Our laboratory has instruments from three vendors, and it may be necessary to collect 
data from the available instrument. Users increasingly export data for analysis using alternative 
software. It is useful to know the consistency of data collected on “identical” samples collected on 
different systems and analyzed using “native” and other software packages. This paper describes a 
“simple” test of data collection on three different systems and analysis using the native software for 
each system and analysis when naively “blindly” exported to a non-native analysis package.  Copper 
foil was the test specimen from which survey and high-resolution spectra were collected using 
Kratos Axis DLD Ultra, Thermo-Fischer NEXSA, and Phi Quantera spectrometers. Using both 
survey and narrow window data the analyses included: i) comparison of Cu 3p and Cu 2p peak 
ratios, ii) Cu 3p and Cu 2p atom ratios using native software and iii) when exported to CasaXPS. We 
also compared the wide scan spectra shapes to the ideal Cu spectra provided by the National 
Physical Laboratory to obtain an approximate instrument response function.  Although simple in 
concept, these comparisons were found to be less than straightforward. High count rate survey 
spectra ratioed to the ideal spectra produced unexpected variations in the instrument response 
functions. These ratios made more sense when count rates were reduced by lowering the X-ray 
intensity of decreasing the pass energy.   Cu 3p and Cu 2p peak ratios were determined using peak 
intensities after removal of an iterated Shirley background between 58.0 eV and 91.0 eV for Cu 3p 
and 920.0 eV to 970.0 eV for Cu 2p.  Because of variations in the instrument transmission functions, 
raw peak ratios among the three spectrometers differed by > 2.  However, native software analysis 
on each instrument produced similar amounts of Cu to roughly ± 5%. Note that sensitivity factors 
are more established for Cu 2p peaks than for Cu 3p peaks which may account for some variation. 
Naive transfer of data for analysis by non-native software was found to produce results significantly 
different than expected.  This can be due to sensitivity factors or complications related to the 
instrument response function. These issues can be corrected but require care and verification or 
incorrect may result.  
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The HAXPES spectra of bulk Mo and MoSe2 compounds obtained with Cr Ka1 excitation (hn= 
5414.8 eV) are presented, with special attention paid to binding energy scale correction, 
quantification and repeatability aspects [1]. Cr Kα HAXPES allows to ionize all Mo and Se core-
levels of principal quantum numbers N=2, 3 and 4. 
 
Empirically determined sensitivity factors (RSFs) were provided by the PHI Multipak software 
version 9.9.0.8, from the most recently released RSF database. The RSFs were derived from the 
pure-element relative sensitivity factor as defined in ISO 18118:2015 [2] which were measured on 
pure element samples using a Cr Kα source. Using the determined pure element RSF’s leads to 
quantification error of ~5% for the MoSe2 compound. 
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The HAXPES spectra of bulk W and WSe2 compounds obtained with Cr Kα1 excitation (hν= 5414.8 
eV) are presented. Cr Ka HAXPES allows to ionize all W and Se core-levels of principal quantum 
numbers N= 2, 3 and 4. 
 
We emphasize aspects related to binding energy scale correction – which can no longer rely on the C 
1s line- and peculiarities of some HAXPES core-level spectra, such as the W 4f core-level spectrum 
(Fig. 1), compared to the XPS case [1]. 
 
The quantification procedure will be presented. It is based on empirically determined sensitivity 
factors (RSFs) provided by the PHI Multipak software version 9.9.0.8, from the most recently 
released RSF database. The RSFs were derived from the pure-element relative sensitivity factors as 
defined in ISO 18118:2015 [2] which were measured on pure element samples using a Cr Kα source. 
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The recent development of X-ray photoelectron spectroscopy using excitation sources different from 
the usual lab-source Mg Kα and Al Kα and spectrometers with more sophisticated lense systems 
(like ambient pressure setups) requires more flexible approaches for determining the transmission 
function than the well-established ones using reference spectra of noble metals. Therefore, the 
approach using quantified peak areas (QPA) was refined. A new algorithm allows a more precise 
estimation of the transmission function which could be shown by comparing the results obtained 
with the new version with former calculations. Furthermore, reference materials others than Cu, Ag 
and Au can be used. Ionic liquids can be used as reference for estimating the transmission function 
at beamlines with variable excitation energies. Comparison between the measured and stoichiometric 
composition of reference samples shows that a transmission function was determined which allows a 
reasonable quantification.  
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Nowadays, “more Moore” and “more than Moore” device architectures have strongly increased the 
importance of novel materials thereby necessitating the availability of adequate characterization and 
metrology for reliable process control. For instance, the introduction of SiGe or SiP compounds used 
in Multi Channel Field Effect devices or raised sources and drain leads to the need for the 
determination of the exact composition of the resulting films. In this work, the quantification of 
binary materials such as SiP and SiGe has been investigated using mainly non-destructive Hard X-
ray Spectroelectron Spectroscopy (HAXPES) and Time of Flight Secondary Ion Mass Spectrometry 
(ToF-SIMS). Indeed, while the main obstacle to the use of RBS is the characterization of thin films, 
techniques with appropriate quantification capabilities like Atom Probe Tomography and 
Transmission Electron Microscopy are both time consuming and suffer from a lack of sensitivity due 
to their highly localized analysis volume. For quantitative characterization, the conventional X-ray 
Photoelectron Spectroscopy (XPS) is a powerful tool. Yet, its low analysis depth remains a major 
limiting factor to study buried interfaces and especially in this study, since the obtained Si-based 
layers are oxidized in ambient conditions (or because they should be protected by metallic layers of a 
few nanometers). A recent lab-based hard x-ray sources was used to investigate both the chemical 
composition at the binary material surface and the in-depth distribution of SiO2 within the layer 
thanks to the increase of the inelastic mean free path of electrons with increasing photon energy 
(Chromium Kα, hν = 5414.7 eV) [1]. To confirm the composition of the materials of interest 
obtained by HAXPES measurements and to calculate the adequate relative sensitive factor (RSF), 
the same films were characterized by ToF-SIMS. However, such as for HAXPES, Secondary Ion 
Mass Spectrometry (SIMS) characterization of SiP/SiGe layers often suffers from matrix effects due 
to the non-linear variation of ionization yields with P/Ge content. This limitation can be surpassed 
by analyzing reference samples, by following MCs2+ secondary ions or using the full spectrum 
protocol [2]. Finally, the P and Ge (Si) compositions of the secondary ion beam were calculated and 
compared with the reference composition as determined by X-ray Diffraction. The repeatability of 
the measurements and the influence of the layer oxidation were also studied. To conclude, the in-
depth composition of the layers and the thickness of surface oxide were accurately evaluated by 
coupling the HAXPES results with ToF-SIMS.  
 
Selected references 
[1] O. Renault et al., Faraday Disc. 236, 288-310 (2022). 
[2] M. Py, et al., Rapid Commun. Mass Spectrom. 2011, 25, 629–638 
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Main focus of the advancement of UNIFIT 2023/UNIFIT 2024 were the optimization of the saving 
and loading procedure of Unifit projects and the batch processing sub-routine. For a better and faster 
operation of the software the common Windows shortcuts were integrated. 
The definition and display of the preferences were reworked and newly designed. The dialogue 
‘Programme Parameters’ was redesigned and expanded. The definition of the excitation satellites 
was reworked completely. The pop-up and pull-down commands were improved. The setting 
options of the X-axis and Y-axis dialogues were refreshed. New export functions were implemented. 
In order to increase the processing speed of the software, the programme code was reworked and 
optimized.  
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Main focus of the advancement of UNIFIT 2025 was the optimization of the iteration procedure for 
the estimation of the transmission function T(E) (IERF). Now, the three methods of the T(E) 
estimation, i) Survey Spectra Approach SSA, ii) Quantified Peak-Area Approach QPA and iii) 
Approach Transmission Function, are clearly separated. The dialogs of the sub-menu ‘Calibration 
Intensity Scale’ were reworked. The currently used method, the iteration error and calculation time 
are displayed. The disadvantage of the QOA method, the very long estimation time, was removed. In 
order to accelerate the iteration i) the existing programme code (Step by Step) was completely 
reworked and ii) a new iteration method (Randomize) was implemented. A comparison of both 
methods will be presented. 
 
Additionally, the dialogue ‘Programme Parameters’ was redesigned and expanded. The definition of 
the QPA-iteration method and design option were implemented. 
 
The options of the window-selection dialogue and quantification dialogue were expanded. The 
selected windows can be activated or deactivated optionally. 
 
The menus ‘Plot Energy/Wavenumber Axis’ and ‘Plot Intensity Axis’ have now two new defining 
options: i) Size of Increments and ii) –DS and +DS for the changing of the dialogue size. 
 
Regarding the dark-mode options of Windows a corresponding dark-mode option was implemented 
in UNIFIT 2025 software.      
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Thin film characterization is fundamental across materials science, engineering, and beyond, 
providing crucial insights into film composition, morphology, crystallinity, and optical properties. 
This understanding optimizes thin film performance in various applications, enhances fabrication 
processes, and ultimately advances technology and innovation in diverse industries. Thus, in this 
study, we aim to systematically investigate the nanoscale structure and chemistry of the Ni-Si layer 
formed at high temperature using Transmission Electron Microscopy (TEM), Energy Dispersive X-
Ray Spectroscopy (EDS), X-ray Photoelectron Spectroscopy (XPS), and Auger Electron 
Spectroscopy. The evolution of various phases within the Ni-Si layer at high temperatures exhibits 
critical implications for its structural integrity and functional properties. Initially, during the 
annealing process, the formation of Ni-Si phases undergoes a sequential transformation, starting 
with the formation of NiSi, progressing to NiSi2, and ultimately reaching Ni2Si. Each phase 
transition is accompanied by distinct changes in microstructure and chemical composition, 
significantly impacting the layer's mechanical and electrical properties [1]. 
 
Our TEM results in conjunction with EDS elemental analysis revealed significant microstructural 
changes and a mixture of various Ni-Si phases, namely, NiSi, NiSi2, and Ni2Si. Subsequently, XPS 
provided chemical information by probing the surface composition and oxidation states of elements 
within the Ni-Si layer, facilitating the identification of surface species and the monitoring of 
chemical reactions occurring at elevated temperatures. Finally, AES analysis, with its higher lateral 
resolution, and enhanced sensitivity to surface elemental compositions, as well as its depth profiling 
capabilities, confirmed EDS findings and enabled a comprehensive characterization of elemental 
distribution and diffusion phenomena within the Ni-Si layer.  
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Diamond-Like Carbon (DLC) coatings can be used for various applications but play in particular an 
important role in the field of tribology based on their good resistance to wear and their low friction 
behaviour [1]. The composition of their surface in terms of sp2 and sp3 hybridized carbons as well as 
hydrogen content is of importance and influence their properties. 
 
A comprehensive characterization approach is necessary and requires the use of different surface 
analysis techniques in order to identify the different species. 
 
The sp2/sp3 ratio can be commonly determined by X-Ray Photoelectron Spectroscopy (XPS). This 
ratio should also be determined by considering the complementary C KLL X-ray induced Auger 
spectrum (XAES) in order to determine the D-parameter from the spectrums derivative since its 
value can be related to the ratio sp2/sp3 carbon [2]. Furthermore, Reflection Electron Energy Loss 
Spectroscopy (REELS) can provide some complementary qualitative information about the 
hydrogen content. 
 
Not only the first nanometers of the surface are of interest in this study. The effect of mechanical 
constraints on the composition of DLC under the surface can be followed by use of depth profiling. 
This demands to proper identify and avoid possible induced effects of the sputtering itself on the 
composition. For this purpose, different carbon-based materials (like diamond, graphite) are used as 
model and compared with DLCs for the characterization of the sputter effects in order to determine 
an adapted depth profiling protocol delivering reliable insights on the near surface material 
composition.  
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 INTRODUCTION  
Buried interfaces in electronic devices such as batteries, solar cells, transistors etc. are highly 
chemically sensitive and reliable instrumentation is necessary for material development. While X-
ray photoelectron spectroscopy (XPS) is a powerful method to investigate the chemical nature of 
surfaces, buried interfaces in device electronics are more difficult to investigate due to scattering. 
Hard X-rays giving increased information depth, have therefore been increasingly used in the 
photoelectron spectroscopy field [1].  
 
HAXPES AND XPS APPLICATIONS  
Having access to XPS and HAXPES X-ray sources enables measurements of core levels with 
different resulting kinetic energy of the photoelectrons. With a soft X-ray XPS source, the kinetic 
energy is low and thus the obtained information is very surface sensitive. With Hard X-rays it is 
possible to be both surface and bulk sensitive, as electrons stemming from deep core levels will have 
lower kinetic energy and contain more surface sensitive information. Similarly, electrons stemming 
from shallow “XPS” core levels will have higher kinetic energy and contain more bulk sensitive 
information. This is especially valuable when detecting artefacts formed by sample exposure to 
different environments (e.g. air, moisture, heat, cold etc.) or by preparation steps known to induce 
chemical changes on the surface (e.g. sputtering). Scienta Omicron’s HAXPES Lab uses both an 
XPS Al Kα source and a monochromatic Ga Kα MetalJet HAXPES source with excitation energy of 
9.25 keV, therefore enabling artefact-free investigations with superior information depth, which 
clearly extends beyond limits of conventional XPS surface analysis. This unlocks a comprehensive 
and effective characterisation of layered materials. Combined with a hemispherical electron analyzer 
with a ±30 degree acceptance angle [2], investigation of buried interfaces, operando devices and 
real-world samples becomes easily achievable. (Fig.1). Over the years it has proven invaluable in 
research of semiconductor materials in thin film electronic devices including the operando 
characterization of bias induced changes in chemical composition of material interfaces [3]. Other 
applications include polymer materials, metal surfaces and coatings. This presentation will give an 
overview of HAXPES applications with focus on buried interfaces in electronic devices such as 
passivation of luminescent quantum dots studied through a 35 nm overlayer, and semiconductor 
device band alignment by operando measurement with the Si substrate signal as reference detected 
through 20 nm TiN + 4 nm ZrO stack without sputtering and risk of artifacts.     
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The framework of this study is nanodevice technology and the need for nondestructive thickness 
confirmation of the deeply buried layers that make up increasingly complex semiconductor 
components. X-ray photoelectron spectroscopy (XPS) is widely used as it allows to obtain the 
chemical environment of an element nondestructively. The limiting factor of XPS measurements, 
however, is the probing depth of 3xIMFP which is not beyond 9 nm with soft X-ray laboratory 
sources. Increasing the probing depth through analysis of the inelastic background (IBA) allows to 
retrieve the depth distribution of deeply buried layers many times past that of core peak analysis. 
The IBA technique [1] was originally developed for soft X-ray energy. 
 
The goal of this study is to provide a comprehensive study of IBA when applied to lab-based HArd 
X-ray PhotoElectron Spectroscopy (HAXPES). Two types of novel laboratory spectrometers fitted 
with Cr K∝ (hv = 5.41472 keV) and Ga K∝ (hv = 9.25174 keV) photon sources have been used 
which allow the IMFP to increase over 10 nm for many core transitions. Lab-based HAXPES-IBA 
was tested on bilayer stacks of Al2O3 and HfO2 produced by Atomic Layer Deposition (ALD)[2]. 
Samples of Al2O3 and HfO2 with increasingly thick overlayers up to 24.4 nm and buried layers of 
approximately 2.5 nm were measured with Cr K∝ and Ga K∝ sources to give maximum O1s IMFPs 
of 8.4 and 13.6 nm, respectively. Then, we applied the method to more realistic samples with 
applications in well-defined technologies: Al2O3 deposited over GaN by ALD representative of a 
recessed gate metal oxide semiconductor channel High Electron Mobility Transistor. Finally, an 
error correction applied to the IBA solution presented the challenges of a semi-automated method, 
highlighting the previously presented case studies and comparing the error correction to a visual 
inspection of the IBA result. IBA results from buried Hf 3d5/2 and Ga 2p3/2 yielded similar 
solutions for mean squared error (MSE) and visual inspection of the spectra.  
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The diffusion between metal thin films is a valuable research area for a wide range of applications. 
Typically, two or more different metal layers are deposited in sequence on top of each other. These 
layers are then subjected to a controlled annealing program that causes diffusion to occur between 
the two layers. If in-situ heating is possible, only one sample is needed. A depth profile is measured 
before annealing, and then again after every annealing step. If in-situ heating is not possible, a set of 
identical samples is prepared; one sample is kept as-deposited, and the rest are annealed at different 
temperatures and for different time periods, usually in a vacuum. To study the diffusion that happens 
between the different layers as well as possible, the other factors that cause mixing between the 
layers should be minimised so that the annealing is the predominant factor that causes the two layers 
to mix through diffusion. One of the factors that can cause mixing is the morphology of the layers. 
 
In an attempt to produce the absorber layer for a CZTS solar cell, a multilayer of Cu, Zn, and Sn was 
deposited on a SiO2 substrate using an electron beam evaporator. Depth profiles were subsequently 
obtained using an Auger Electron Spectrometer and a Time of Flight Secondary Ion Mass 
Spectrometer. The depth profiles measured for the unannealed multilayers showed that substantial 
layer mixing had already occurred. A series of single-layered samples of each element were 
produced on a SiO2 substrate in order to look into the reason for the significant premixing of the as-
deposited multilayer. These single-layer thin films were studied using a Scanning Electron 
Microscope, and it was found that Sn, and Zn formed islands on the surface and were not smooth 
layers. The deposition rate (for the single-layer thin films) was varied while surface morphology was 
recorded, and it was found that there was a reduction in island formation with an increase in 
deposition rate for Sn (See Fig. 1).  
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Developing novel multifunctional implantable devices is essential to improve the success rate of 
orthopedic procedures. Recent studies have shown that the functionalization of implants with drug-
eluting bioactive coatings leads to enhanced osteointegration and can alleviate persisting 
postoperative complications resulting from infection and inflammation at the implantation site. 
However, the main challenges associated with coating fabrication are attributed to inadequate 
mechanical durability and adhesion of the coatings, necessary to withstand load-bearing clinical 
applications [1, 2]. 
In this study, the 3D-printed TiAl6V4 discs with customizable porosity were prepared by selective 
laser melting and served as model implants. The pores of the 3D-printed discs were embedded with a 
combination of biocompatible and biodegradable polymer chitosan and two drugs, i.e., the antibiotic 
clindamycin hydrochloride and the non-steroidal anti-inflammatory drug ketoprofen. An improved 
solubility and homogeneous distribution of ketoprofen within the chitosan matrix was achieved by 
using β-cyclodextrins for drug entrapment. The presented approach was selected as it allows for the 
development of personalized implants tailored to the patient’s anatomy, the perseverance of the 
drugs within the implant structure during implantation, and controlled localized drug release by 
altering the pore dimensions [3]. 
As a part of the initial stage characterization, a variety of surface analytical techniques were 
employed to investigate the chemical structure, interactions, and morphology of the as-prepared 
multi-component material. Time-of-flight secondary ion mass spectrometry (ToF-SIMS) and X-ray 
photoelectron spectroscopy (XPS) analyses were performed to confirm the presence of the two drugs 
on the surface. Chemically non-destructive sputtering was performed using a gas cluster ion beam 
(GCIB) combined with ToF-SIMS and XPS to analyze the chemical composition of different species 
in the coating in depth. Moreover, the acquisition of 3D SIMS images revealed the spatial 
distribution of the drugs within the polymer matrix. The morphological and topographical properties 
were investigated using atomic force microscopy on a small scale and 3D profilometry on a larger 
scale. The performance of the prepared materials was additionally evaluated by in vitro drug release 
tests to determine the drug release kinetics in simulated body fluids. The results demonstrate that the 
developed materials provide a good foundation for future biocompatibility and bioactivity studies.   
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Nanomaterials can be game changers in the arena of sustainable energy production because they may 
enable highly efficient thermoelectric energy conversion and harvesting. For this purpose, doped 
thin film oxides have been proven to be promising systems for achieving high thermoelectric 
performances. A promising material due to its stability over a wide temperature range, high electrical 
conductivity, and Seebeck (S), is Al-doped ZnO (AZO). With the material benefiting further from 
the high natural abundance of constituent elements allowing for resource conscience energy 
harvesting. The deposition of highly uniform and conformal AZO thin films were deposited onto 
glass substrates by RF magnetron sputtering with an Al doping level in the range of 2–8 at.% In this 
work, the design, realization, and experimental investigation of the thermoelectric properties 
exhibited by a set of five Al:ZnO thin films with thicknesses of 300 nm and Al doping levels ranging 
from 2 to 8 at.% are described, highly uniform and conformal AZO thin films were deposited onto 
glass substrates by RF magnetron sputtering. Using a multi-technique approach, the main structural 
and morphological features of the grown thin films are addressed, as well as the electrical and 
thermoelectrical transport properties. The results show that the samples exhibited a Seebeck 
coefficient absolute value in the range of 22–33 µV/K, assuming their maximum doping level was 8 
at.%, while the samples’ resistivity was decreased below 2 × 10-3 Ohm·cm with a doping level of 3 
at.%. The findings shine light on the perspectives of the applications of the metal ZnO thin film 
technology for thermoelectric. 
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In the challenge to reduce emissions globally, hydrogen is one of the possible solutions as energy 
carrier. Production, storage, and transportation of hydrogen are demanding both for fundamental and 
applied research. This research focuses on the investigation of tungsten as hydrogen permeation 
barrier (HPB) on steel X60 to prevent or at least reduce the hydrogen uptake into steel and avoid the 
phenomenon known as hydrogen embrittlement. 
 
In this context, physical vapor deposition (PVD), was employed to deposit tungsten onto a steel X60 
substrate, the surface morphology, and the composition of steel X60 and tungsten-coated steel X60 
(W-coated steel X60) were characterized by scanning electron microscopy- energy dispersive X-ray 
spectroscopy (SEM-EDS), X-ray photoelectron spectroscopy (XPS) and X-ray fluorescence 
spectroscopy (XRF).Furthermore, the hydrogen permeation test of steel X60 was performed using 
the Stachurski’s cell. 
 
SEM and XPS results confirmed the formation of tungsten coating on steel: The thickness of the 
tungsten coating is found to be 0.2mm. The preliminary hydrogen electrochemical tests of Steel X60 
demonstrated excellent reproducibility. The results from XPS and SEM-EDX analyses will be 
compared with results of in-situ electrochemistry and discussed. 
 
In overall, this work research provides an important insight for the application of tungsten coating as 
a promising hydrogen permeation barrier on steel X60.  
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Gallium nitride (GaN) is a wide-gap semiconductor that has attracted increasing attention in recent 
decades. For power electronic applications, its physical properties enable the fabrication of devices 
operating at higher voltage, temperature, and frequency compared to mainstream silicon-based 
devices. However, the difficulty of forming a high-performance ohmic contact on GaN represents 
today a major challenge to the development of related technologies. An inefficient contact acts as a 
series resistor within the device, leading to the generation of excess heat and compromising its 
overall efficiency. 
 
A contact being a metal/semiconductor interface, the properties of the material surface play an 
important role in the obtained performances. Typically, developing surface preparation schemes that 
allow the removal of native oxides prior to contact formation is crucial. GaN’s native oxide is known 
to be difficult to remove and tends to regrow rapidly when exposed to air. To overcome these 
difficulties, inspiration was drawn from previous works on InP and InGaAs [1], adopting the use of a 
plasma surface treatment chamber directly coupled with an in-situ parallel angular resolved XPS 
(pARXPS) analysis. 
 
In this paper, the effects of Ar, He, and H2 plasma on the GaN surface are investigated, focusing on 
their oxide removal effectiveness and their impact on the substrate surface morphology. The plasma 
etch step was conducted in a dedicated 300 mm surface preparation chamber. Subsequently, the 
wafers were transported to the pARXPS chamber using a specific vacuum carrier. This carrier 
allows the wafer transport from one compatible equipment to another without exposure to air (Fig 
1). Thus, eliminating the uncertainty brought by the air-break allows the so-called quasi in-situ 
characterization [2]. This study on highly air-sensitive GaN surfaces particularly benefits from these 
specific features.  
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The ion beam irradiation were used in two ways to prepare micro-scale structures for sensory and 
electronic application in graphene oxide (GO), reduced graphene oxide (RGO) and polyimide (PI). 
One way involved ion beam writing, while a second way utilized ion beam implantation through a 
polymeric mask. The polymeric mask was prepared directly on the surface of substrates by spin 
coating of PMMA, followed by proton beam writing and development in isopropyl alcohol. After 
the ion beam implantation, the mask was removed using acetone. The GO, RGO and PI foils were 
irradiated by 2.5 MeV ion beams with the ion fluence 3.75x1014 cm-2 (1800 nC.mm-2). Subsequently, 
the shape of the created micro-structures and compositional changes of the irradiated materials were 
studied using Scanning Electron Microscopy (SEM)/Energy-Dispersive X-ray spectroscopy (EDS) 
methods, respectively. Complementary structure and compositional changes in the irradiated area 
were characterized by micro-Raman spectroscopy, X-ray Photoelectron Spectroscopy (XPS), 
Rutherford Back-scattering Spectroscopy (RBS) and Elastic Recoil Detection Analysis (ERDA) 
spectroscopy. The electrical and humidity sensing properties of the prepared microstructures were 
also tested and compared.  In this work, we have demonstrated a method to create a structure with 
comparable properties using both ion beam writing and ion beam implantation through a mask.  
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Ni-Fe oxide nanoparticles have gained a lot of interest because of their high activity in the oxygen 
evolution reaction (OER) which is crucial for water splitting. [1] Although there have been great 
efforts in the last years, the understanding of the synergistic effect between Fe and Ni is still under 
discussion. 
 
Therefore, we prepared different Ni-Fe oxide nanoparticles with different compositions from pure 
iron oxide to pure nickel oxide adapting a known procedure. [2,3] Size and morphology of the 
nanoparticles depend on the composition which was shown with Transmission Electron Microscopy 
(TEM). The compositions of the nanoparticles were measured with a comparative approach using X-
ray Photoelectron Spectroscopy (XPS), Hard X-ray Photoelectron Spectroscopy (HAXPES), and 
Energy Dispersive X-Ray Spectroscopy (EDS) coupled with the TEM providing detailed chemical 
information of the nanoparticles in different sample regions. EDS reveals that the different sample 
regions are dominated by one of the components, Fe or Ni, but a slight mixing between the 
components can be found (see Figure 1), which was confirmed with X-ray Diffraction (XRD). XPS 
indicates the enrichment of Fe at the sample surface, while HAXPES and EDS data agree on the 
stoichiometry of the bulk. High-resolution XPS and HAXPES exhibit some differences in the 
valence states of Fe and Ni, whereas Ni seems to be easier to reduce than Fe. Further investigations 
combining these different techniques and additionally Secondary Ion Mass Spectrometry (ToF-
SIMS) are ongoing by using in situ approaches and coupling cyclic voltammetry to the analytical 
techniques.  
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Since the original report in 2004 by Novoselov and Geim[1], Graphene gained incredible attention 
due to its fascinating properties[2]. In the past 20 years, the synthesis and functionalization of 
graphene has evolved significantly[3]. Different synthesis techniques were developed which led to 
other graphene-related materials such as graphene oxide (GO) or elemental-doped graphene[4]. 
Further chemical functionalization can enhance but also alter or reduce specific properties of the 
graphene. To reveal the nature of these materials a proper physico‑chemical characterization with 
different analytical techniques is crucial.[5] 
 
Single-layer GO flakes kindly provided by Graphenea (Spain) were prepared for systematic image 
analysis. These flakes were disposed on an alignment-marked SiO2 substrate and correlatively 
imaged by scanning electron microscopy (SEM), atomic force microscopy (AFM), X-ray 
photoelectron spectroscopy (XPS), time-of-flight secondary ion mass spectrometry (ToF-SIMS) and 
Raman spectroscopy. The high lateral resolution and/ or extreme surface sensitivity of the mentioned 
techniques is necessary to explore monolayers. The ToF-SIMS images match well with the SEM and 
AFM images and provide information about the chemistry. With 2D Raman spectroscopy it is 
possible to differentiate between the number of stacked single-layer flakes. This is visualized in a 3D 
image (Figure b). Well-defined GO flakes could be used as a reference material for imaging of 
graphene-like structures but also of other types of 2D materials. 
 
In addition to these monolayer GO flakes, commercial graphene-containing inks (Haydale) with a 
more complex morphology were also correlatively imaged. ToF-SIMS and SEM images were 
merged to identify the origin of different chemical fragments. The findings correlate closely with the 
expectation that the specific functionalizations (with fluorine and nitrogen as marker elements) are 
present only on the graphene flakes as presumed from the SEM images. Energy-dispersive X-ray 
spectroscopy (EDX) supports these results, yet with a much lower sensitivity compared to ToF-
SIMS.  
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Single-layer, 2-dimensional materials are actively being investigated across a wide range of fields 
due to the unique properties they exhibit compared to their bulk equivalents. Materials such as 
molybdenum disulfide (MoS2) and graphene, for instance, are seeing potential uses in electronics, 
medicine, and in materials for engineering. Notably, the properties of 2D materials can be tailored to 
specific applications through careful modification of their surface chemistry and structure. In order 
to fully understand these materials and monitor their chemistry, multi-modal observation is often 
necessary, pairing multiple imaging and analysis techniques to deconvolute molecular-scale 
changes. In this presentation we show how such a correlative approach can be used to characterise 
2D materials deposited on substrates, a sample of MoS2 which has been applied in an 
inhomogeneous way onto a silicon substarte, and a BN sample deposited onto a copper foil. The 
workflow used combines scanning electron microscopy (SEM) and X-ray photoelectron 
spectroscopy (XPS) instrumentation into a correlated process, enabling the same regions of interest 
to be investigated; providing both high-resolution imaging and surface analysis from the same 
positions, even when collected using separate tools. While SEM can easily visualize 2D materials, 
these layers are typically too thin to be easily characterized with the analytics commonly present on 
the microscope such as energy dispersive X-ray (EDX) analysis. XPS, meanwhile, cannot easily 
resolve surface structures at the required resolution, but can clearly detect what material is present at 
the surface, and quantify any chemical changes that might have occurred. XPS instrumentation 
typically also incorporates additional analytical techniques, and in the examples presented an in-situ 
Raman spectrometer, that is coincident with the XPS analysis position, is used to obtain further 
information.  
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Transition metal dichalcogenides (TMDCs) have established as being one of the most studied classes 
of two-dimensional (2D) materials. Molybdenum disulfide (MoS2) in particular has gained a lot of 
interest due to the tunability of its remarkable electronic and optical properties based on the number 
of layers: the unique band structure changes from an indirect to a direct band gap when going from 
bulk to single layer and it allows for enhanced light emission and absorption, thus making it 
promising for nanoscale photonics and optoelectronics. A straightforward method for the deposition 
of wafer-scale continuous crystalline MoS2 monolayers is still a challenge for researchers for many 
reasons, such as achieving high crystallinity, a precise thickness control and homogeneity. 
 
Herein, we report on MoS2 films deposited in different ways (e.g. mechanical exfoliation, drop 
casting, spin coating, Chemical Vapor Deposition (CVD),  Atomic Layer Deposition (ALD)) and on 
different substrates (e.g. metal, semimetal, semiconductor) to shed light on how much these 
parameters influence the quality and properties of the films. In order to obtain a holistic picture, 
complementary surface analytical tools were applied: X-ray Photoelectron Spectroscopy (XPS) was 
used to investigate the chemical composition and homogeneity, Auger Electron Spectroscopy (AES) 
has been used for chemical mapping with high lateral resolution and compared to Secondary 
Electron Microscopy (SEM) and Energy Dispersion X-ray spectroscopy (EDX) measurements, Low 
Energy Ion Scattering spectroscopy (LEIS) - as the most surface sensitive technique - was used to 
probe for contaminations, Atomic Force Microscopy coupled with Raman spectroscopy (AFM-
Raman) to conclude on mono-, bi- and multilayer structures and Photoluminescence spectroscopy 
(PL) to study the films` bandgap. 
 
Main outcome of this comprehensive instigation will be summarized in this contribution.  
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Nanopipettes are a type of solid-state nanopore with needle-like geometry. Their applications range 
from imaging, sensing, diagnostics, and use as injectors. The response of nanopipette sensors is 
highly dependent on the size, geometry and chemical properties of the sensing region (1,2). As they 
are increasingly tuned and modified for specific analytes, a better understanding of the surface 
chemistry and morphology of the inner channel is necessary. With the aim of developing a 
comprehensive approach for characterisation of such nanopipettes, this research focuses on 
combining surface-sensitive analysis methods with advanced sample preparation techniques. Quartz 
substrates were modified by gas phase silanization, a well-utilised technique in the field to enhance 
performance of nanopipettes (3), and further functionalised with a metal bis thiolate complex, to aid 
in chemical analysis (4). The sample characterisation involved scanning electron microscopy (SEM), 
low-energy dispersive x-ray spectroscopy (EDX), time-of-flight secondary ion mass spectrometry 
(ToF-SIMS) and Auger electron spectroscopy (AES). Using focused ion beam (FIB) milling under 
gentle conditions, the inner surface of quartz nanopipettes was exposed whilst preserving the 
integrity of the overall structure (see figure). Owing to the challenging analysis conditions, 
modification and analysis of flat quartz substrates has been performed in parallel for optimisation 
purposes. The results demonstrate the first steps towards full characterisation of nanopipettes at the 
nanoscale, notably with access to the inner channel. The methods used here can be applied to gain 
further understanding of the response of these sensors to complex analytes and allow for the study of 
different surface functionalisations at the all-important sensing region.  
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The NanoSIMS is a unique secondary ion nanoprobe, capable of measuring elemental, isotopic, 
inorganic, organic, and biomolecular distributions with excellent sensitivity (ppm), and 2D/3D 
imaging with nanometer spatial resolution (~ 50 nm laterally, 10 nm axially). The instrument is 
featured with a coaxial optical design for the primary ion beam and secondary ion extraction, along 
with an innovative magnetic sector mass analyzer with multicollection. NanoSIMS has been 
increasingly applied in various research fields, especially material, environmental and life science to 
visualize the nanoscale structure and compositions of samples. NanoSIMS can also be combined 
with other imaging techniques, such as fluorescence microscopy, electron microscopy, atomic force 
microscopy to obtain complementary information of sample properties. Moreover, absolute 
quantification of the compounds or elements of interest can be performed with NanoSIMS. This has 
been particularly applied as a new approach to assess the absolute accumulation of drugs at the 
subcellular level, a crucial aspect in therapeutic design. 
 
Here, we provide a showcase of NanoSIMS applications in material, environmental and life science 
to demonstrate a vast potential of the technology, particularly, characterization of protein turnover in 
human neural progenitor cells at an organelle level; tracking accumulation and quantification of an 
antisense oligonucleotide drug in single human hepatocyte cells, 3D imaging of light metal 
distribution in alloys, visualization of the carbon and nitrogen assimilation in phytoplankton in the 
central arctic ocean, and examination of uranyl accumulation in hepatic caeca of Daphnia. 
NanoSIMS imaging, with a capability of correlating with other imaging techniques, offers a new 
window of opportunity to explore the chemical ultrastructures unravelling complex sample 
properties, as well as connections between the samples’ structures and functions.  
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Owing to their exceptional properties, which are usually determined by growth conditions, 2D 
transition metal dichalcogenides (TMDCs) offer numerous research directions for applications in 
spintronics, valleytronics, and optoelectronics. Here, we focus on the chemical vapor deposition 
(CVD) synthesis of WSe2 (tungsten diselenide) nanoclusters/nanoflakes using a liquid precursor for 
tungsten (ammonium metatungstate) on Si/SiO2, fused silica, and sapphire substrates. Various 
WSe2 clusters with different sizes, thicknesses, and geometries were analyzed using optical and 
atomic force microscopy (AFM) as well as Raman spectroscopy. The observed structures were 
mostly WSe2 multilayers; however, monolayer formations were also found. They exhibited 
significant morphological differences, as well as wide nucleation density and size variations, 
possibly related to precursor/substrate surface interactions under the same CVD synthesis 
conditions. The largest WSe2 domains, with lateral sizes of up to hundreds of micrometers, were 
observed on sapphire, likely caused by a higher growth rate of singular nucleation sites. WSe2 
domains with irregular and triangular shapes were simultaneously identified on fused silica, whereas 
multilayered pyramidal WSe2 structures predominated in the case of Si/SiO2 substrates. The 
application of polarized Raman spectroscopy to precisely determine and differentiate the 
characteristic vibrational modes (A1g, E2g, and 2LA(M)) enabled the unambiguous identification of 
2D mono- and/or multilayered WSe2 formations with a high crystallinity level. The presented 
comparative analysis of samples prepared under relatively simple synthesis conditions (moderate 
working temperatures and ambient pressure) lays the foundation for further progress in the facile 
metatungstate CVD method and provides relevant opportunities for exploring 2D TMDC materials. 
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In a previous work [1] 316L steel samples, manufactured by laser powder bed fusion (L-PBF), were 
submitted to low temperature carburizing treatments assisted by plasma with different gas mixtures 
(treatment time of 7 hours). All these treatments resulted in a surface layer of expanded austenite (S-
phase) with thickness of ~ 25 μm covered by a 2 μm thick DLC over-layer that is brittle and much 
harder than S-phase. Tribological tests indicated that the DLC over-layer fractures and detaches from 
the metal surface during the tests and the hard debris take part to the wear process acting as abrasive 
particles and increasing the wear rate. 
 
In order to optimize tribological behavior, the treatments should induce the formation of S-phase but 
not of DLC over-layer. Therefore, treatments for shorter time (30, 45, 60, 90, 105 and 120 minutes) 
by using the plasma gas mixture (2.5% CH4 + H2) that allowed to get the best wear resistance, have 
been carried out and the surface chemical composition of the samples has been then investigated by 
XPS measurements. Present work illustrates and discusses the results.  
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Hydrogen has the potential to be widely used in various energy systems, such as fuel cells, gas 
turbines, and internal combustion engines. Materials play a crucial role in the energy transition from 
conventional fossil fuels to hydrogen [1]. Fuel storage, feeding, and reaction/combustion processes 
challenge the materials used. It is known that loading metallic material with hydrogen uptake can 
result in a decrease in the mechanical properties, leading to hydrogen embrittlement (HE). In this 
study, the low cycle fatigue (LCF) test was performed for a metastable austenitic stainless steel in 
high pressure gaseous hydrogen in various conditions to examine its effect on embrittlement 
susceptibility. It was found that exposure to hydrogen significantly reduced fatigue life.  The fracture 
surface investigated using optical microscopy (OM) and scanning electron microscopy (SEM) 
revealed a different morphology compared to that of air-tested specimens. 
 
Auger electron spectroscopy (AES) is a powerful tool for surface analysis. It was utilized in the 
present study to examine LCF fracture surfaces tested in-situ in high pressure gaseous hydrogen. 
Hydrogen-induced segregation of elements was revealed both laterally and in depth. The latter was 
realized by alternating argon ion sputtering and AES analysis. Comparison with air-tested specimens 
provided insight into the role of hydrogen in the initiation and propagation of fatigue cracks.  
 
Selected references 
[1] Jiaxing Liu, Mingjiu Zhao, Lijian Rong, Overview of hydrogen-resistant alloys for high-pressure 
hydrogen environment: on the hydrogen energy structural materials, Clean Energy, Volume 7, Issue 
1, February 2023, Pages 99–115. 
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Nickel-base superalloys are nowadays widely used in aerospace, aeronautic and energy sectors. 
Throughout their operational lifespan, the components work in a very hostile environment and are 
exposed to high temperature and stress which can lead to the formation of cracks compromising their 
performance. Laser welding is a suitable high-energy density method to repair the damaged parts. 
The IN792 is a superalloy commonly employed in blades and rotors of jet engines owing to its 
excellent mechanical properties and corrosion resistance at high temperature. The IN792 alloy with 
equiaxed grains has been laser welded, however radiographic analyses revealed a significant 
presence of transverse cracks in samples after bead-on-plate (BoP) tests. Cracks are perpendicular to 
the welding direction of the laser beam and scanning electron microscopy (SEM) observations 
showed that some areas of the fracture surfaces exhibit the typical morphological features of 
intercrystalline fracture mode. Therefore, XPS investigations have been performed to assess possible 
elemental segregation phenomena which can favour the formation and propagation of cracks. The 
results are presented and discussed.  
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The emergence of electric transportation demands high-performance electric motors with improved 
efficiency, emphasizing the importance of soft magnetic materials. While traditional silicon steel 
(Fe-3.2 wt.% Si) suffices for low-frequency applications, its limitations at higher frequencies 
demand alternatives [1]. High silicon steel (Fe-6.5 wt.% Si) is a promising candidate with superior 
properties like high electrical resistivity, low iron loss, and near-zero magnetostriction, ideal for 
reducing energy losses, failure, and noise at high frequencies. However, its brittleness poses 
manufacturing challenges due to ordered phase formation during conventional methods. Additive 
manufacturing offers a solution, providing precise control over texture and a high cooling rate to 
enhance ductility [2]. We investigated the potential of Laser-based Powder Bed Fusion (L-PBF) to 
produce Fe-6.5wt%Si magnetic materials with improved multi-properties required for high-
frequency electric machines. The influence of the surface structure of Fe-6.5Si alloy powders, 
analyzed by X-ray photoelectron spectroscopy, on powder processibility and the properties of 
printed components is established. Subsequently, the process parameters for printing highly dense 
(>99%) and defect-free Fe-6.5Si alloys are optimized. A correlation between part density, 
microstructure, crystallographic texture, multi-properties such as hardness, electrical resistivity, 
saturation magnetization, etc., and laser fluence is established. This optimized surface structure and 
process parameter window for printing defect-free Fe-6.5Si materials using L-PBF can be utilized 
for developing soft magnetic components required in next-generation real-world applications.  
 
 Keywords: Fe-Si alloys, High silicon Steel, Additive Manufacturing, Laser- Powder Bed Fusion, 
Soft magnetic materials    
Selected references 
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CoCrMo alloys exhibit excellent wear resistance and mechanical strength combined with long-term 
corrosion resistance thus they are widely used for the production of medical devices such as 
orthopedic and dental implants. Of particular relevance is the possibility to customize through 
additive manufacturing (AM) the device for fitting the patient anatomy. Moreover, in the case of Co-
based alloys, AM allows to overcome some manufacturing limits typical of conventional processes. 
 
Mechanical Spectroscopy (MS) experiments have been carried out by present authors on an alloy 
with the following chemical composition: Cr 27.0-30.0, Mo 5.0-7.0, Si < 1.0, Mn < 1.0, Fe < 0.75, 
Ni 0.25-0.50, C < 0.16, W < 0.20, Ti < 0.10, O < 0.10, Co to balance (wt.%). They evidenced that 
two main anelastic phenomena occur during heating from room temperature to 800 °C. During the 
tests part of the metastable γ phase transforms into the stable ε phase. An anelastic phenomenon is 
due to the sliding of the γ-ε interphase boundaries while the other one has been attributed to surface 
diffusion of Mo that contributes to the disaggregation of cellular structure.  
 
The sample surface, before and after MS tests, has been investigated by XPS to identify the possible 
segregation of alloying elements and changes of in chemical distribution. The results of such 
experiments are illustrated and discussed. 
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Multiple interfaces and interphases are formed in battery cells during operation, and they are 
imperative for the performance of the cells. Of particular interest is the solid electrolyte interphase 
(SEI) formed at the contact between the negative electrode and electrolyte during battery cell 
cycling. This decomposition layer, formed due to the electrochemical instability of the electrolyte at 
electrode voltage, acts as a passivating film, preventing further decomposition and loss of active 
species and enables stable cycling. Furthermore, proper characterization of the SEI, identifying the 
species involved in its formation and evolution during cycling gives important guidance when 
deciding on chemistries and cycling protocols in battery research. 
 
In previous studies on Lithium-ion batteries, an extended voltage hold during discharge, that is the 
de-intercalation or de-alloying of lithium from the negative electrode, has been shown to improve 
capacity retention and therefore extend the cycle life of the cell [1],[2]. In NMC 
(LiNixMnyCo1−x−yO2) /graphite cells, similar trends have been observed but the mechanisms behind 
the capacity recovery after voltage holds are not fully understood, and mechanisms connected to the 
evolution of the SEI cannot be excluded. At the same time, voltage holds are often used in sample 
preparation for post-mortem XPS studies on cycled battery electrodes to ensure stable electrode 
potentials. But what if these voltage holds change the SEI or the general surface composition? 
 
Therefore, we study the effect of extended voltage holds on the SEI layer in graphite electrodes with 
X-ray photoelectron spectroscopy (XPS). Changes in the composition at the graphite electrode 
surface indicate that the loss and gain of active lithium during cycling and potential holds, 
respectively, is a result of side reactions or reparations in and of the SEI layer or lithium plating 
effects and not necessarily the recovery of deeply intercalated lithium from the bulk. Furthermore, 
we present a study into important factors when measuring battery interphases, such as the SEI and 
areas of plated lithium on graphite. These include effects of electrode washing as well as the impact 
of chosen measuring spots and sample homogeneity.  
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Electron spectroscopy with X-ray photoelectron spectroscopy (XPS) and Auger electron 
spectroscopy (AES) plays an important role for the characterization of the chemical processes 
occurring in batteries. The interpretation of the chemical species is not always straightforward 
because of the high reactivity of the alkaline elements. We therefore performed a series of 
measurements for reference materials based on the elements lithium (Li), sodium (Na) and 
potassium (K). All sample preparation was done under glove box atmosphere and with Ar-transfer to 
the analysis chambers, because otherwise only thick oxide products could be observed. For the thin 
reaction layers from this preparations never surface charging was observed during the 
measurements. 
 
Metals 
The clean metal samples always were covered by thin reaction layers: mixed oxides, carbonates, 
(fluorides). Clean metal surfaces were prepared by mechanical scraping or long-time Ar+ sputtering. 
The metallic state for Na and K is characterized in XPS by the occurrence of strong plasmon satellite 
peaks. Short storage on air led in all cases mainly to carbonate formation, never nitrogen could be 
found.  Despite not real charging occurred, all peaks of the surface layers including the C-H 
contamination and the implanted Ar are shifted stable 3 eV to higher BE values. This was described 
by a surface “potential barrier” at the alkaline-rich surfaces. AES measurements confirmed the 
observations, however, for K the overlay of CKLL and KLMM leads to complications. 
 
Intercalated Graphite 
Graphite is of interest because it is the mainly used anode material. As reference material highly-
oriented graphite (HOPG) was used which was intercalated with the alkaline elements (Li, K) by a 
thermo-chemical process. The surface oxides were removed by delamination with adhesive tape. 
Full intercalation could be observed and the XPS C1s peaks of this states were characterized by a 
shift and an asymmetric shape. Also in the AES spectra such characteristics were found. 
 
Beam damage 
During only XPS measurements no spectral changes were observed. Drastic damage could be 
observed, however, by both ion beams (Ar+ sputtering) and electron beam (AES). Ion beam led to 
oxide reduction and to drastic out-diffusion (more than factor 4) of Li and K from the intercalated 
HOPG. For the electron beam dose-depended oxide reduction and lateral and in-depth diffusion of 
the alkaline elements were observed. 
 
All these observations must be carefully considered for the interpretation of the surface analytical 
results in battery research.  
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The FeSi grain oriented (GO) steels are iron - 3% silicon alloys developed with a strong also called 
the Goss – type texture to provide very low core losses and high permeability in the rolling direction. 
These steels are predominantly employed for the transformers with high efficiency. With an 
additional surface treatment after the rolling process, it is possible to improve the magnetic 
properties of the core material, especially the core losses. At the same time, it is well known that 
laser radiation influence on domain structure with subsequent decrease of specific power losses. 
 
In the present work the influence of pulse and continuous laser treatment technique on the magnetic 
domains modification with positive impact on the final magnetic properties of grain-oriented electro-
technical steel has been investigated. The conventional GO steel with silicon content 3 % wt, taken 
from industrial line after final heat treatment, was chosen as an experimental material. The laser 
scribing at pulse and continuous processing conditions was applied on the material surface in order 
to induce thermal stresses, which influence on the modification of the internal structure of magnetic 
domains. The final domain structures were optimized in relation to the minimization of magnetic 
losses of the experimental material and to the optimization of thermal stresses application on the 
surface. The magneto-optical Kerr effect was employed to obtain a visible contrast between 
antiparallel domains. The domain structures showed that domain-walls positions did not repeat 
precisely from cycle to cycle, particularly at high inductions, and that the average domain-wall 
spacing decreased with increasing density of laser scribing lines. Also, the samples were subjected to 
magnetic measurements as well as nano-hardness and EBSD analysis of heat affected zone before 
and after laser processing. Clear improvements in final magnetic characteristics were observed for 
all the regimes using the power density of the laser beam up to 24W. A semi quantitative 
relationship has been found between the domain patterns and the used fiber laser treating method. 
The magnetic properties of the experimental samples were measured in DC and AC (50Hz) magnetic 
field. The obtained modified domain structure led to a significant decrease in coercivity measured in 
DC magnetic field from 20 A/m to 12 A/m. 
 
This work was carried out within the research projects under contract No. APVV-18-0207, APVV-
21-0418, and VEGA 2/0092/24.  
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Potassium-ion batteries (PIBs) have emerged as promising candidates for low-cost, high-energy 
storage systems, driven by their fast ionic conductivity and high operating voltage. To develop high 
energy and high power PIBs, the performance is often first evaluated in half-cell tests using the 
highly reactive K metal as anode that often leads to misinterpretation of the results because 
degradation processes between metal anode and electrolyte components are often neglected. 
However, the influence of impurities in potassium metal, on the performance remains a critical area 
requiring investigation. This study investigates the impact of different potassium grades used as 
negative electrode, on metallurgy softness and overall battery performance in half-cell tests. Using 
sputter depth profiling X-ray Photoelectron Spectroscopy (XPS) we were able to identify sodium 
impurities as a major source for different aging behaviors. This discovery is crucial, as these sodium 
impurities significantly influence the battery performance. This insight informs ongoing research, 
where the primary challenge lies in scrutinizing the interpretation of aging mechanisms outlined in 
existing literature, such as the varying aging patterns observed in graphite. This finding highlights 
the crucial role of analytical methods such as XPS in detecting subtle variations in potassium metals 
that affect PIB results.  
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Upon sodium ion battery (SIB) cycling, solid-electrolyte interphases (SEI) are formed on top of the 
active electrode’s material. These interphases are crucial for enhancing battery performance by 
ensuring stable and efficient ion exchange between the electrode and electrolyte. Hard carbon (HC) 
materials stand out as the predominant choice for negative electrodes in SIBs, yet they are affected 
by notable drawbacks, including diminished initial coulombic efficiency (ICE), inadequate rate 
performance, and low stability. To address these challenges, the surface of the corn cob-derived hard 
carbon (HC) materials has been modified utilizing short-chain organic compounds: two that 
incorporate -SH groups, 3-mercaptopropionic acid (MPA), 1,2-ethanedithiol (EDT), and an oxalic 
acid (OxA). Prepared electrodes were electrochemically cycled to probe the changes in functional 
properties and compared to the pristine HC material. Ex situ X-ray photoelectron spectroscopy 
(XPS) analysis following the initial discharge-charge cycle was employed to identify and quantify of 
the key species constituting the SEI formed on the HC electrode's surface. EDT and MPA 
treatments, which incorporate -SH groups, lead to increased Nax-HC content linked to a thinner SEI 
and reduced -CO3

-2- levels, enhancing ionic conductivity. Conversely, treatments with -COOH group 
ligands such as OxA increase -CO3

-2- formation, potentially impairing performance. Analysis of O 
1s spectra revealed more Na2O in MPA and EDT treated samples (14.2% and 10.9% atomic, 
respectively) compared to pristine HC (9.1%), indicating enhanced stability and Na+ conductivity. 
OxA treated sample showed similar but lower Na2O levels (8.2%) than HC, correlating with its 
reduced performance. Analysis of F 1s spectra showed an increased amount of NaF content in all 
treated samples compared to that identified for HC. Here, thiol containing molecules seem to 
promote higher content of NaF in MPA- and EDT-treated materials. This in its turn leads to the 
formation of SEI that is more beneficial in terms of Na+ ions diffusion and batteries capacity 
retention.  
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High-voltage spinel LNMO (LiNi0.5Mn1.5O4) has attracted widespread attention as a promising 
cathode material for the next generation LIBs[1] due to its numerous advantages such as a 3D spinel 
structure that improves the flow of lithium ions with open Li+ sites2, high operating voltage (∼4.7 V 
vs. Li/Li+), and energy density3, with a theoretical capacity of 147 mAh.g−1. However, this material 
faces significant challenges due to electrolyte decomposition and concurrent side degradation 
reactions at the electrode/electrolyte interfaces. Capacity fading in LNMO/graphite full cells occurs 
as a result of active Li+ loss, which has been suggested to be linked to the Mn dissolution 
problem. Moreover, the Mn2+/Mn3+ and Ni2+ cations migrate towards the anode, causing detrimental 
effects on the solid-electrolyte interphase and depleting available Li+ ions, resulting in the rapid 
deterioration of battery performance. 
 
Many studies report different way to manage the electrolyte degradations reactions by designing the 
particles morphology and composition4. The ALF method is a fluorination process based on the use 
of atomic fluorine radicals to modify the surface of materials in a single step at room temperature, 
and has been successfully applied to negative and positive electrode materials5 to improve their 
electrochemical properties. 
 
This study focuses on the surface modification of disordered LNMO using the ALF method, with 
xenon difluoride as a fluorination agent. Characterization techniques such as XPS, AES, NMR, and 
SEM confirm the successful fluorination and validate the structural and compositional integrity of 
the material. Electrochemical tests reveal significant improvements in the battery performance of 
fluorinated LNMO, including enhanced rate capability and cycling stability. Based on surface 
characterization probes as X-ray and Auger electron spectroscopies, we highlight the formation of a 
shell-like fluorinated layer “Li-F” surrounding the LNMO aggregates associated to a reduction of the 
Mn atom and formation of oxyfluorine species. Surface reactivity of the fluorinated LNMO has been 
compared to a non-fluorinated LNMO electrode. Under cycling, the ALF method clearly modulates 
the surface reactivity of the electrode despite a self-consumption-reconstruction of the protection 
layer. 
 
The results suggest that ALF surface modification, in conjunction with appropriate electrolyte 
additives, holds promise for optimizing the electrochemical performance of LNMO positive 
electrodes in lithium-ion batteries, offering potential applications in next-generation energy storage 
systems.  
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We investigate the role of tin fluoride in defining the complex surface chemistry of tin halide 
perovskite thin films, prepared via solution processing. We show that oxygen is found on the surface 
of tin perovskite thin films even if never exposed to ambient air; however, the use of SnF2 in the 
precursors solution strongly affects the chemical nature of the found species. Indeed, oxygen 
primarily binds to tin in the form of SnO2 only when SnF2 is added to the precursor solution, while it 
is mainly due to adventitiuos species when SnF2 is not used. We therefore highlight that the presence 
of a predominant single chemical state in the XPS Sn core level does not necessarily correspond 
only to Sn2+ species in the perovskite form but could also indicate the formation of superficial SnO2. 
Thanks to spatial mapping of both the local chemical environment and surface photoluminescence, 
we show that pristine films have higher accumulation of I2 at the grain boundaries while the addition 
of SnF2 allows preserving the perovskite phase and reducing chemical and optical heterogeneities. 
Finally, we show that SnF2 does not help in avoiding nor slowing down the degradation of the 
perovskite film when exposed to ambient air and that oxidation occurs on the whole grain surface. 
These results provide insightful guidance towards understanding oxidation in tin halide perovskites 
and elucidate its detrimental effect on material’s properties.  
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The wettability of polymers must be just right tuned to ensure the appropriate spreading of liquids 
and to enable the required adhesion of coatings. A standard ecologically benign method for 
increasing the polymer wettability is a treatment with a non-equilibrium plasma rich in reactive 
oxygen species. The basic laws of the evolution of the kinetics of surface wettability of selected 
aromatic polymers (polystyrene, polyethylene terephthalate, polyetheretherketone, and 
polyphenylene sulphide) were investigated by exposing polymers to various precisely dosed fluxes 
of oxygen atoms and measuring the water contact angle (WCA). The O-atom fluxes were varied 
between 3x1020 and 1x1023 m−2s−1, and the treatment time was varied between 0.01 and 1000 s. It 
was found that the kinetics of the evolution of the WCA versus the O-atom fluence (i.e., a product of 
the O-atom flux and treatment time) for all aromatic polymers followed the same curve. This was 
not the case if WCA was plotted versus treatment time for various O-atom fluxes. Results clearly 
show that the most important parameter governing the wettability is the fluence and not treatment 
time as often reported in the literature. By knowing the general correlation between fluence and 
WCA, one can foresee the appropriate plasma parameters to achieve the desired wettability for 
aromatic polymers. The statistically significant decrease of the WCA from the original value of 
untreated polymers was observed after the fluence of approximately 1021 m−2. The WCA stabilized 
below 20° after the fluence of 1023 m−2. The experimental results were interpreted in terms of the 
available theoretical models of the interaction between oxygen atoms and aromatic polymers.  
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Polylactide (PLA) is an excellent candidate to replace the conventional, petroleum-based plastics for 
packaging applications, due to its biodegradable characteristics and small carbon footprint. However, 
PLA has limited gas barrier properties and therefore enhancing its barrier properties is essential for 
the use in food packaging. A combination of SiOx barrier films and thin SiOCH interfacial adhesion 
layers have been shown to improve the barrier properties of PET and PP substrates. [1, 2] In this 
work we address the deposition of such thin films on PLA substrates using in-situ polarisation 
modulation FTIR spectroscopy under grazing incidence (PM-IRRAS). 
 
PLA thin films were deposited on Au coated substrates via spin-coating. Hexamethyldisiloxane was 
used as precursor gas for the plasma enhanced chemical vapour deposition of ultra-thin SiOx or 
SiOCH films in a vacuum chamber with optical windows allowing real time in-situ PM-IRRAS 
measurements during surface activation and film growth. [3] Relevant surfaces were characterised 
ex-situ using X-ray photoelectron spectroscopy (XPS). As an example, real-time spectroscopic data 
of the SiOx film growth on PLA in combination with the illustration of the in-situ spectroscopic cell 
are shown in Figure 1. During the SiOx deposition, a slight shift in the peak maximum could be 
noticed and attributed to an increasing crosslink density with increasing film thickness. In addition, 
plasma etching of the PLA coating was recorded during early stages of the deposition process. 
 
The in-situ spectroscopic studies were further complemented by AFM analysis of film nucleation 
and growth. Deposited films showed promising barrier properties which could be correlated to the 
film structure.  
 
Selected references 
[1]  T. de los Arcos, P. Awakowicz, J. Benedikt, B. Biskup, M. Böke, N. Boysen, R. Buschhaus, R. 
Dahlmann, A. Devi, T. Gergs, J. Jenderny, A. von Keudell, T.D. Kühne, S. Kusmierz, H. Müller, T. 
Mussenbrock, J. Trieschmann, D. Zanders, F. Zysk, G. Grundmeier, Plasma Processes & Polymers 
21 (2024). 
[2]  F. Mitschker, L. Schücke, C. Hoppe, M. Jaritz, R. Dahlmann, T. de los Arcos, C. Hopmann, G. 
Grundmeier, P. Awakowicz, J. Phys. D: Appl. Phys. 51, 235201 (2018). 
[3]  M. Maxisch, P. Thissen, M. Giza, G. Grundmeier, Langmuir the ACS journal of surfaces and 
colloids 27, 6042 (2011). 



 

317 

 
 



 

318 

P59 - Revealing surface functionalities of micro- and nanoplastic particles’ surface by means of 
XPS 

12. POL – Polymers 
Dmitri Ciornii1 
Jörg Radnik1, Xenia Knigge1, Vasile-Dan Hodoroaba1, Andreas Thünemann1, Roland Drexel2, 
Marta Fadda3, Alessio Sacco3, Andrea Mario Giovannozzi3, Korinna Altmann1 
1 Bundesanstalt für Materialforschung und -prüfung (BAM), Berlin, Germany 
2 Postnova Analytics GmbH, Landsberg am Lech, Germany 
3 Quantum Metrology and Nanotechnology Division, Istituto Nazionale di Ricerca Metrologica 
(INRiM), Torino, Itally 
 
Over the last 20 years, many researchers, politicians, and citizens themselves have become 
increasingly aware of the growing plastic problem of our time. Inadequate recycling concepts, 
collection points, and careless dumping of plastic products in the environment lead to an 
accumulation of plastic. External weather influences can cause these to degrade and fractionate, so 
that today microplastics (1-1000 µm, ISO/TR 21960:2020) [1] of different polymer materials can be 
detected in all parts of the world. 
The precautionary principle applies to microplastics. The particles can break down further to form 
nanoplastics (<1 µm, ISO/TR 21960:2020) [1]. Whether microplastics or nanoplastics pose a 
toxicological hazard is being investigated in a variety of ways. Valid results are still pending, 
however, investigations into the frequency, transport, possible sinks and entry paths must be taken 
into account. This is why monitoring of microplastics is already required in the revision of the 
Drinking Water Framework Directive [2]. The same is still pending in the final version of the 
revision of the Waste Water Framework Directive this year, but is expected. 
Nanoplastics are particularly under discussion for having a toxic effect on humans and animals, as 
these particles are small enough to be absorbed by cells. For targeted toxicological studies, it is 
important to have test and reference materials that resemble the particles found in the environment. 
To mimic environmental samples, these materials should also have an irregular shape and show 
aging at the surface, which can be detected with XPS or SEM/EDS. 
BAM in collaboration with the EMPIR project "PlasticTrace" works on a reference material 
candidate of nano-sized polypropylene (nano-PP) [3]. The nano-PP vials were tested for 
homogeneity with PTA and further characterized with bulk and surface-sensitive techniques. An 
SEM image and a corresponding XPS spectrum are presented in Figure 1. Raman measurements as 
well as XPS indicate an aged surface.   
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Studying the interactions of molecular particles with solid surfaces is not only of fundamental 
importance but also crucial for the advancement of various fields such as biotechnology, 
nanotechnology, heterogeneous catalysis, and gas analytical instrumentation. Consequently, the 
development of ionization methods, particularly mass spectrometric techniques, holds significant 
importance in this field. 
 
Thermal or surface ionization (SI) is one of the most informative among many methods for 
determining the characteristics of the interaction of polyatomic particles with a solid. An important 
feature of the SI method is the information obtained in the region of high temperatures of the 
adsorbate, which is difficult to access for other methods. Therefore, the use of SI analysis methods 
for the study of organic, bioorganic and inorganic compounds will provide the necessary information 
both on the physicochemical properties of ionizing particles and the ionizing surface, and on the 
characteristics of their interaction with the surface of a solid.Thermal desorption of polyatomic ions 
of organic compounds was discovered relatively recently [1]. The method has a high selectivity to 
the ionization potential of the substances. For example, if the ionization potentials of two 
compounds differ by 1 eV, their ionization efficiency by surface ionization can differ up to 105 
times. 
In this work, the ionization of aniline molecules in a strong electric field was experimentally studied 
using the method of surface ionization mass spectrometry in order to reveal the patterns of SI of 
these molecules. 
The experiments were conducted using a serial isotope mass spectrometer MI-1201B, for which the 
SI ion source underwent modernization to fıt the experimental tasks. 
The process of thermal ionization of organic molecules involves heterogeneous chemical reactions 
of molecules adsorbed on the surface of a heated SI emitter through various channels, along with the 
desorption of chemical reaction products and molecules that have not undergone this process. Initial 
calculations suggest that a strong electric field can exert influence at each stage of these processes 
and can be controlled by adjusting the electric field voltage applied to the emitter. Mass spectra and 
temperature dependencies of aniline ionic currents were obtained at a strong electric field intensity 
of E ≥ 107 V/sm. Preliminary results indicate that the process of formation and ionization of sample 
particles is indeed influenced by a strong electric field. 
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The use of wind turbines is a core component within Europe's current energy policy. Especially 
offshore use places high demands on the materials used in terms of stability, service life and 
processing. Various protective coatings are applied to steel monopiles to prevent corrosion and thus 
wear of the material. An optimally cleaned and roughened surface is a prerequisite for a well 
adhering and sealed coating. In the process which is used here, this is produced by blasting with 
abrasive particles such as corundum. 
 
The following publication presents a system for automatic optical non-contact in-situ analysis of 
blasted surfaces. The basis of the measuring system is an optical laser triangulation scanner, which 
was mounted on a precision linear stage (XYZ) on a laboratory scale. This scanner projects a laser 
line onto the surface to be scanned which, depending on the surface structure, reflects onto a CMOS 
sensor located at a defined angle. The CMOS sensor calculates the height from this and provides a 
height profile. In combination with the coordinates of the linear stage, a 3D point cloud is generated. 
 
This data is now processed and analyzed in a specially developed control software and various 
roughness parameters for lines and planes are calculated. This data serves as the basis for the next 
process step. 
 
The surface, that the scanner has analyzed, is captured in parallel using a color CMOS camera and 
correlated with the point cloud in the software. In the next step, an AI model was created and trained 
using the training data obtained by measuring different prepared surface samples. In the first step, a 
classic machine learning classifier was created and trained. The overall image of the test surface is 
split into tiles and a good/bad classification is carried out for each. A good surface is characterized 
by a uniform reflection pattern or a uniformly chaotic structure. Any imperfections in the blasting 
process can be represented by existing rust spots or shiny surfaces with little or no reflection. If such 
a tile is identified as faulty, the AI model recognizes it and marks it for subsequent reworking. 
 
Another current development is the implementation of a CNN (Convolutional Neural Network) for 
the direct estimation of roughness values from the recorded camera images of the training data. The 
complete setup is planned to be implemented into an automatic blasting system for large-scale metal 
structures with an automated detection of defects.  
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AZ 31 is a biodegradable magnesium alloy for biomedical applications. In orthopaedics, it is 
adopted for temporary implants thanks to its biocompatibility, osseointegration, and elastic 
modulus comparable to that of human bone. Furthermore, Mg is essential for the metabolism 
in biological mechanisms and AZ31 contains a reduced amount of Al. The main drawback is 
quick degradation in bio-fluids. Corrosive processes lead to a reduction of mechanical 
properties, compromising its functionality. The growth of LDHs (Layered Double Hydroxides) 
on alloy surface delays corrosion and also allows to incorporate drugs which can be released 
in-situ from the implant with local anti-inflammatory, analgesic, and antimicrobial action. This 
work is aimed to establish the optimal conditions for LDHs growth on the surface of AZ31 alloy 
and to characterize the coatings.  
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