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Hydrothermal Synthesis and Characterization of Nitrogen-Doped Carbon 
Quantum Dots (NCQDs) Derived from Waste PET Plastic 

Dr Amany Ayman Aly Aboulrous1, Ashraf Ashour1, Maria katsikogianni1, Mostafa Mohamed1 
1Bradford university, United Kingdom 
 
The growing accumulation of post-consumer plastic waste, particularly polyethylene terephthalate 
(PET), represents a persistent environmental challenge that has driven interest in converting such 
waste into value-added carbon nanomaterials. In this study, nitrogen-doped carbon quantum dots 
(NCQDs) were synthesized from waste PET bottles via a one-pot hydrothermal carbonization route 
using urea as the nitrogen dopant source. PET waste was first chemically depolymerized under 
alkaline conditions to generate carbon-rich oligomeric precursors, which were subsequently 
carbonized hydrothermally at varying urea-to-precursor ratios and reaction temperatures. The 
resulting NCQDs exhibited a quasi-spherical, uniform morphology with an average particle size of 
~4.2 nm, as confirmed by transmission electron microscopy (TEM). FTIR analysis confirmed 
successful nitrogen incorporation into the carbon framework, predominantly as pyridinic and 
graphitic species, alongside abundant oxygen-containing surface functional groups (–OH, –COOH, 
C=O) that enhanced aqueous colloidal stability. These findings establish a low-cost, scalable, and 
environmentally beneficial route for transforming hazardous plastic waste into structurally well-
defined, highly fluorescent carbon nanomaterials, underscoring their broader potential for future 
use in optoelectronic, sensing, and bioimaging technologies. 
 



 Direct observation of hydrogen-driven surface evolution of HEA revealed 
by in situ XPS, NAP-XPS and NEXAFS from 1 mbar up to 1 bar  

Samiyah Alghamdi1, James  O'Shea1 
1University Of Nottingham, United Kingdom 
 
The evolution of the surface electronic structure of High Entropy Alloy (HEA) 
((Ti0.65Zr0.35)1.05MnCr0.8Fe0.2) was investigated using synchrotron-based X-ray Photoelectron 
Spectroscopy (XPS), Near-Ambient Pressure XPS (NAP-XPS), and Near-Edge X-ray Absorption Fine 
Structure (NEXAFS) under sequential activation conditions, involving high and moderate hydrogen 
pressures and various heating degrees. HEA was investigated using a connected off-line reactor; 
the near-ambient x-ray photoemission (NAP-XPS) cell is separated from the ultra-high vacuum 
(UHV) chamber and the high-pressure reactor (HPR) but connected via a vacuum transfer system. 
A reference sample was measured under Ultra High Vacuum (UHV) for comparison. The following 
samples were measured at moderate pressure in the NAP cell, high pressure in the HPR, and laser 
heating in the NAP. The findings show a selective reduction process on the HEA surface, where Fe 
is fully reduced to the metallic state. In contrast, Mn exhibits mixed oxidation states due to its 
multivalent nature, while Ti and Zr exhibit resistance to full reduction, maintaining partial oxide 
and suboxide states. This combination, created by hydrogen-induced electronic restructuring, is 
useful for hydrogen absorption and desorption, as the metallic states are efficient for hydrogen 
dissociation; meanwhile, the suboxide state facilitates hydrogen diffusion within the alloy. 
 



Towards Arsenic in Germanium Quantum Devices: STM-Characterised δ-
layer Fabrication 

Sean Egan1,2, David Schrago3, Andrea-Georgia Predila1,2, Byron Gamble1,2, Yasin  Ekinci3, Steven 
Schofield1,2 
1London Centre for Nanotechnology, University College London, United Kingdom, 2Department of 
Physics and Astronomy, University College London, United Kingdom, 3Photon Science Division, 
Paul Scherrer Institut, Switzerland 
 
Deterministically placed single dopant atoms in semiconductors are attractive candidates for 
qubits and other atomic-scale devices [1]. In these devices, the dopants and the nanoscale wires 
and gates that address them are patterned together in a single plane on the semiconductor 
surface, then encapsulated by molecular beam epitaxy (MBE). Phosphorus in silicon is by far the 
most studied donor-semiconductor combination, but recent work suggests that arsenic in 
germanium may be superior in several key respects [2]. 
Here we demonstrate the fabrication of atomically thin arsenic doping planes (δ-layers) in 
Ge(001), formed by dosing the surface with gas-phase arsine (AsH₃) and encapsulating with 
epitaxial Ge, entirely under ultra-high vacuum. Scanning tunnelling microscopy (STM) at every 
stage, from the clean Ge(001) and arsine-dosed surfaces through to the completed overgrowth, 
allows us to determine fabrication quality at the atomic scale. The δ-layers are patterned into Hall 
bars by conventional lithography and electrically contacted. Magnetotransport measurements will 
elucidate the electronic properties of the δ-layer's highly confined two-dimensional electron gas 
(2DEG), complemented by soft X-ray angle-resolved photoemission spectroscopy (SX-ARPES) of its 
band structure [3]. 
This work forms part of a close collaboration with the Paul Scherrer Institute (PSI) to develop 
large-scale donor devices in silicon and germanium using industry-compatible extreme-ultraviolet 
(EUV) lithography [4,5]. 
 
[1] Schofield et al., Nano Futures 9, 012001 (2025) 
[2] Hofmann et al., Angew. Chem. Int. Ed. 62, e202213982 (2023) 
[3] Constantinou et al., Advanced Science 10, 2302101 (2023) 
[4] Constantinou et al., Nature Communications 15, 694 (2024) 
[5] Tseng et al., Science Advances 9, eadf5997 (2023) 
 
 



Characterization of superconducting niobium nitride thin films grown by 
thermal Atomic Layer Deposition 

Annika Häkkinen1, Timo Sajavaara1, Jaakko  Julin1, Mikko  Laitinen1, Manu Lahtinen1, Oona  
Turpeinen1, Aki Ruhtinas1 
1University Of Jyväskylä, Finland 
 
Metal nitrides are a promising group of superconducting materials for a wide range of quantum 
technologies and advanced electronic applications. The quality of superconducting thin film is very 
critical for its properties and achieving high-quality films requires precise thickness control and 
high conformality. These demands are met when growing the films with Atomic Layer Deposition 
(ALD).  Among metal nitrides, niobium nitride (NbN) is especially interesting due to its relatively 
high theoretical critical temperature (17 K) and compatibility with thermal ALD processes. 
 
In this work superconducting NbN thin films were grown by thermal ALD at 400–500 °C using 
NbCl5 and NH3 as precursors. Film thicknesses varied between 16.9 nm and 128 nm and the 
depositions were done on Si, SiN and sapphire substrates. The effects of film thickness, deposition 
temperature, substrate choice, and post-deposition annealing (700–1000 °C) on the 
superconducting and structural properties were investigated. Film characterization was carried out 
using electrical resistivity and critical temperature measurements, Atomic Force Microscopy 
(AFM), X-Ray Diffraction (XRD), and Time-of-Flight Elastic Recoil Detection Analysis (ToF-ERDA). 
 
Deposited films exhibited promising superconducting properties with critical temperatures up to 
13.6 K after annealing at 850 °C and 14.1 K after annealing at 1000 °C. As-deposited films exhibited 
resistivities down to 524 μΩcm and after annealing resistivities decreased even further to 54 
μΩcm. As-deposited films were slightly nitrogen rich and contained low concentrations of 
impurities such as O (< 3.2 at.%), Cl (< 3.4 at.%), C (< 0.26 at.%) and H (< 0.45 at.%). After annealing 
nitrogen content of the films decreased and films became more niobium rich. Superconducting 
critical temperature was dependent on the film thickness but even the thinnest films (16.9 nm) 
had a transition temperature of 11.35 K.  These results highlight thermal ALD as a viable method 
for producing high-quality superconducting NbN thin films. 
 



 
 



Nanostructure and Stability of Perovskite Solar Cells 

Ms Jemisha Sherolin Jackson1, Karen Syres1, Udit Tiwari2, Sergey Zlatogorsky3, Zoë Henderson4 
1School of Engineering and Computing, University of Lancashire, United Kingdom, 2School of 
Medicine and Dentistry, University of Lancashire, United Kingdom, 3School of Pharmacy and 
Biomedical Sciences, University of Lancashire, United Kingdom, 4NSG Group, Pilkington, United 
Kingdom 
 
Perovskite solar cells (PSCs) have achieved power conversion efficiencies exceeding 26%, making 
them one of the most promising emerging photovoltaic technologies. However, their long-term 
stability remains limited by interfacial degradation, defect formation, and environmental 
exposure. Ionic liquid (IL) additives and IL-based interfacial layers have recently attracted 
considerable attention as effective strategies for controlling perovskite crystallisation, passivating 
defects, and improving charge transport at buried interfaces. Despite these promising advances, 
the chemical interactions between ILs and electron transport layers (ETLs) remain insufficiently 
understood. 
This project investigates the influence of ionic liquid additives and IL interfacial layers on SnO₂ 
electron transport layers using advanced synchrotron-based photoelectron spectroscopy. Thin-
film samples were prepared on titanium (Ti) foil substrates using the spin-coating method. For half 
of the samples, a SnO₂ layer was spin-coated onto the Ti substrates, while for the remaining 
samples, a NiOₓ layer was deposited using the same technique. Subsequently, various ionic liquids, 
including BMIMBF₄, BMIMCl, C₁C₁₄ImBr, and C₄C₈ImBr, were spin-coated onto the SnO₂ and NiOₓ 
coated Ti substrates. A MAPbI3-xClx perovskite layer was then deposited over these substrates by 
spin coating. In addition, samples were prepared by incorporating the ionic liquids as additives 
into the perovskite precursor ink. The resulting ionic liquid-containing perovskite inks were spin-
coated onto both SnO₂ and NiOₓ coated Ti substrates. By correlating interfacial chemistry with 
photovoltaic performance, the work aims to establish structure, property relationships that 
underpin enhanced device stability. 
Measurements were carried out at beamline MATline at ASTRID2 synchrotron in Aarhus 
University, where X-ray photoelectron spectroscopy (XPS) and near-edge X-ray absorption fine 
structure (NEXAFS) spectroscopy measurements were employed to investigate the elemental 
composition, chemical bonding and electronic structure. Together, these complementary 
techniques provide detailed insight into surface passivation mechanisms, oxygen vacancy 
modification, and the formation of chemically stable interfacial layers. 
By combining advanced spectroscopy with materials engineering, this work seeks to improve 
understanding of the interfacial processes governing charge extraction and degradation in 
perovskite solar cells. 



 
 



Thermoelectric properties of the high-quality nanocomposite alloy 
K0.005Cu1.95S 

Marzhan Kubenova1 
1L.N. GUMILYOV EURASIAN NATIONAL UNIVERSITY, Kazakhstan 
 
Abstract: In this work, the compound K0.005Cu1.95S, belonging to the family of potassium-
containing copper sulfides, was obtained and studied. K0.005Cu1.95S  by low-temperature 
method in molten alkali metal hydroxides. According to X-ray phase analysis, the sample consists 
of a tetragonal Cu1.96S phase (72%), a monoclinic Cu2S phase (22%) and a KCu4S3 phase (6%). 
Electrical conductivity, Seebeck coefficient, heat capacity and thermal conductivity were studied in 
the range of 300–700 K. In the region of 550–610 K, anomalies in transport properties were 
revealed, accompanied by an increase in the Seebeck coefficient while maintaining low thermal 
conductivity at the level of 0.18–0.20 W m⁻¹ K⁻¹. It has been established that the high 
thermoelectric efficiency of the material is due to a combination of structural heterogeneity, 
defectiveness of the copper sublattice, and the presence of interphase boundaries that ensure 
effective phonon scattering. The maximum value of the thermoelectric figure of merit reaches ZT = 
3.2 at 700 K, which indicates that the K0.005Cu1.95S compound is promising for thermoelectric 
applications in the region of 500–700 K.  
 
Keywords: copper sulfide; superionic conductor; thermal conductivity, Seebeck coefficient, 
electronic conductivity . 
 
Funding: This research was funded by Science Committee of the Republic of Kazakhstan, which is 
part of the Ministry of Science and Higher Education, grant number “AP23490700”. 
 
 



Laser treatment of aluminium-doped Zinc Oxide thin films deposited via 
magnetron sputtering 

Johannes Roscher1,2, Konstantinos Iliopoulos1, Laurent Gallais1, Matteo Balestrieri2 
1Aix Marseille Univ, CNRS, Centrale Méditerranée, Institut Fresnel, France, 2Surface du Verre et 
Interfaces, UMR 125 CNRS/Saint-Gobain, France 
 
Transparent conductive oxides (TCOs) are a class of materials that are both electrically conductive 
and highly transparent in the visible spectrum. In many applications, indium tin oxide (ITO) is the 
industry standard due to its suitability for deposition on large surfaces and its excellent balance of 
conductivity and transparency. However, due to indium’s toxicity, rising cost, and limited 
availability, there is a significant need for an alternative to ITO, and aluminium-doped zinc oxide 
(AZO) is one of the most promising candidates: it is cheap, non-toxic, and crystallizes 
spontaneously during magnetron sputtering. It is therefore important to improve the performance 
of this material, which depends heavily on intrinsic defects—such as vacancies and interstitials—as 
well as on crystal quality and microstructure [1]. Laser-assisted processing can lead to an increase 
in the mobility and/or density of charge carriers by improving dopant activation and/or reducing 
defect formation. In the linear and thermal regime, this change is associated with faster heating 
and cooling of the thin film, which leads to better control of chemical diffusion while allowing for 
recrystallization and grain growth [3], [4]. On the other hand, the use of ultrashort-pulse lasers (in 
the order of picoseconds and below) can induce nonlinear and nonthermal processes, such as 
multiphoton absorption and/or avalanche ionization phenomena, which may lead to profound 
changes in interatomic bonds [5]. In our studies, thin-film AZO samples with varying Al contents, 
deposited on glass and fused silica substrates via magnetron sputtering, are subjected to various 
laser treatment conditions, ranging from CW to sub-ps annealing.. Initial results obtained using a 
1080 nm CW laser are promising, showing a reduction of the resistivity and a systematic 
improvement of the transmittance.  
This work is part of the ANR-24-CE08-7917 project.  
 



 
 



Molecule Surface Energy Transfer in a Reactive System 

Mr Akash Sajeev Sheeja1, Guodong Zhang2, Gil Alexandrowicz3, Helen  Chadwick4 
1Chemistry Surface Dynamics Lab, Dept of Chemistry, United Kingdom, 2Chemistry Surface 
Dynamics Lab, Dept of Chemistry, Swansea University, United Kingdom, 3Chemistry Surface 
Dynamics Lab, Dept of Chemistry, Swansea University, United Kingdom , 4Chemistry Surface 
Dynamics Lab, Dept of Chemistry, Swansea University, United Kingdom  
 
Energy transfer between molecules and surfaces dictates fundamental surface chemistry 
processes, such as heterogeneous catalysis and gas-surface reactions. Traditional time-of-flight 
methods used to measure this energy transfer are fundamentally limited in their energy resolution 
by the velocity spread of the incident molecular beam [1]. Recent advances in molecular spin-echo 
interferometry have overcome this limitation, achieving ultra-high energy resolution to 
successfully measure surface phonons using a D2 beam scattered from a non-reactive Cu (111) 
surface [2]. Building upon this proof-of-concept, our current research extends the spin-echo 
technique to investigate molecule-surface energy transfer in a reactive system, specifically D2 
scattering from a reactive Ni (111) surface, where energy transfer processes directly influence 
catalytic reaction pathways. D2 molecule scattering measurements have been performed to study 
molecular surface energy transfer close to specular at different incident energies. By analysing 
complex signals and applying a tilted projection of 1 where the magnetic fields in both arms of the 
spectrometer are scanned identically (B1= B2)-we aim to eliminate the intense diffuse elastic 
scattering peak from the spectrum. This technique helps us to resolve low inelastic energy transfer 
features close to the specular region. As a comparison, 3He spin-echo measurements were 
performed at three different nozzle temperatures. We observe the same phonon energy (ΔE) and 
momentum (ΔK) transfer features for both D2 and 3He, despite these different 3He beam 
conditions. To overcome instrumental limits and beam velocity spread, these experiments utilised 
optimised tilted projection angles by scanning the magnetic fields proportionally [3]. This 
eliminates beam broadening, enabling the ultra-high energy resolution required to resolve the 
closely spaced Rayleigh and longitudinal mode phonons [4]. Provisional analysis suggests that the 
ratio between the excitation of the longitudinal mode and the Rayleigh mode does not change as 
the incident kinetic energy changes. Ultimately, this work sets up the essential framework for 
future coherent control experiments with H2, aiming to directly quantify how a molecule's 
anisotropic rotational orientation—specifically helicopter versus cartwheel modes—governs 
inelastic scattering probabilities and energy dissipation during gas-surface collisions [5]. 
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Using the electrochemical-surface force balance (e-SFB) to study 
electrode-electrolyte interfaces 

Ms Neave Taylor1, Susan Perkin1 
1University Of Oxford, United Kingdom 
 
The surface force balance (SFB) is the gold-standard technique for directly measuring surface 
forces.1 In an SFB experiment, white light interferometry is used to precisely determine the 
separation and interaction force between two atomically smooth mica surfaces separated by a 
medium of interest. The resulting force versus distance curves give us insight into the free energy 
of the interaction between the surfaces, as mediated by the liquid. Conventional SFB 
measurements have been used to better understand the interfacial structuring of battery 
electrolytes to date, however, the applicability of these results to understanding a real battery 
environment is somewhat limited by the electrically insulating nature of the mica surfaces used in 
the experiments.  
 
The electrochemical-surface force balance (e-SFB) replaces one of the mica surfaces with a 
conductive metal surface, most commonly gold.2-3 The potential of this surface can then be 
controlled to act as an electrode, allowing surface forces to be measured at an interface with the 
range of applied potentials that an electrolyte would encounter in electrochemical applications. 
Force versus distance data from the e-SFB is analogous to electrochemical-atomic force 
microscopy but has the additional benefits of giving access to absolute, rather than relative, 
distances.  
 
This poster will summarise new measurements of highly concentrated electrolytes, including ionic 
liquids and water-in-salt electrolytes, in contact with a gold electrode using the e-SFB technique. 
Measurements of ionic liquids reveal interfacial structuring that changes as the potential applied 
to the gold surface is varied. Additional measurements of lithium-based electrolytes where solid 
electrolyte interphases (SEIs) are grown in-situ on the gold electrode will also be presented.4 
 
1. Hayler, H. J.; Groves, T. S.; Guerrini, A.; Southam, A.; Zheng, W.; Perkin, S. Reports on 
Progress in Physics 2024, 87 (4), 046601. 
2. Fréchette, J.; Vanderlick, T. K. Double Layer Forces over Large Potential Ranges as 
Measured in an Electrochemical Surface Forces Apparatus. Langmuir 2001, 17 (24), 7620–7627.  
3. Chai, L.; Klein, J. Large Area, Molecularly Smooth (0.2 nm rms) Gold Films for Surface Forces 
and Other Studies. Langmuir 2007, 23 (14), 7777–7783.  
4. Taylor, N.; Perkin, S. Operando studies of solid electrolyte interphase (SEI) formation with 
the electrochemical-Surface Force Balance (e-SFB). Faraday Discussions 2026. 
 



Electrochemical and Atomic-Scale Evolution of Amorphous Ti–O 
Interfaces under Oxidative Conditions 

Dr. Riya Thomas1, Sana  Khayyamifar1, Johan  Hektor1, Philip Miguel  Kofoed1, Tautgirdas  Ruzgas1, 
Harald J.  Wallander1, Alexander  Yaroslavtsev2, Denis Music1 
1Malmo University, Sweden, 2MAX IV Laboratory, Lund University, Sweden 
 
Titanium implants are widely used in clinical practice due to their excellent corrosion resistance 
and biocompatibility, which rely on the stability of a nanoscale surface oxide layer. However, the 
integrity of this passive film under oxidative stress, particularly in the presence of reactive oxygen 
species such as hydrogen peroxide (H₂O₂), remains insufficiently understood. To address this, 
sputter-deposited Ti–O thin films were employed as model systems and exposed to phosphate-
buffered saline solutions with and without H₂O₂. Electrochemical measurements revealed 
suppressed anodic currents and increased charge-transfer resistance upon H₂O₂ exposure, 
suggesting enhanced passivation. In contrast, high-resolution X-ray photoelectron spectroscopy 
performed at the MAX IV Laboratory identified subtle shifts in titanium oxidation states and 
oxygen species, indicating early-stage chemical modifications of the oxide layer. Complementary 
density functional theory simulations provided atomistic insights into H₂O₂ interactions with Ti–O 
surfaces, supporting the experimental findings. Together, this integrated electrochemical, 
spectroscopic, and theoretical approach uncovers early indicators of peroxide-induced surface 
modification and highlights the importance of engineered Ti–O nanofilms as robust platforms for 
evaluating implant durability under oxidative stress. 
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