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Tuesday 1 September 2026
	Time
	Speaker
	Talk title

	09:30
	Mark Newton
	Vacancy, nitrogen-vacancy and vacancy cluster production by low energy electron irradiation and annealing in intrinsic and nitrogen doped diamond

	10:15
	Kenny Jolley
	Strain-Driven Defects and Ripple Networks in Layered Two-Dimensional Materials: From Atomistic Mechanisms to Mesoscale Behaviour

	10:45
	Aline Amorim Graf
	Nanosheet size distribution characterisation by optical microscopy

	11:35
	Jack Armitage
	What Lies Beneath the Surface: Understanding Surface Area and Porosity in Nanocarbons

	11:55
	Callum Wood
	Atomistic modelling of porous carbons: A joint computational and experimental approach to understanding the nanostructure of F400

	12:15
	Beren Dempsey
	Tuning Spin Polarisation in Symmetric Graphene Nanoribbons

	14:00
	Alan Dalton
	TBC - NO ABSTRACT AVAILABLE

	14:30
	Peter Lynch
	Near-infrared electrochromism on reflective single-walled and multiwalled carbon nanotube electrochromic devices

	14:50
	Bo Peng
	Fullerene quantum magnets from first principles

	15:20
	Dilara Ickecan
	Local Atomic Environments to Phonons: Machine Learning Potentials for Low-Dimensional Carbon Nanostructures

	16:10
	Chris Ewels
	Nanoscale Modelling of Carbon Defects

	16:40
	Daria Nasartdinova
	Computational study of dislocations and ripples in bilayer graphene and hexagonal boron nitride


Abstracts follow in the same running order.
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What Lies Beneath the Surface: Understanding Surface Area and Porosity in Nanocarbons
Jack Armitage
Verder Scientific
Nanocarbon performance is strongly influenced by surface area, porosity and surface chemistry. Gas adsorption provides a powerful way to measure these properties and reveal structural differences that particle size alone cannot explain.
This presentation explores the fundamentals of gas adsorption, the importance of accurate free-space measurement, and the interpretation of BET surface area and pore-size data. Using examples including carbon black and carbon nanotubes, it highlights how advanced analysis methods can provide deeper insight into complex micro- and mesoporous carbon structures.
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Wednesday 2 September 2026
	Time
	Speaker
	Talk title

	09:00
	Elton Santos
	Pushing the limits of magnetism towards energy-efficient applications

	09:45
	Jason Stafford
	Vibrational synthesis of 2D materials

	10:05
	Ke Hu
	Development of Vitrimer/GNPs Coatings for Corrosion Protection of Magnesium Alloy

	10:25
	Varvara Bolikava
	Transient Cellulose Stabilisation Enables Tap-Water Production of Graphene Nanosheet Inks from Electronic Waste

	11:15
	Geoff Fowler
	The drivers and challenges of recovering and recycling amorphous nano carbons from rubber

	11:45
	Sumudu Adikaram
	Investigating the Trade-off between Conduction and Convection in Graphene-Enhanced Phase Change Materials

	12:05
	Paul Mouratidis
	Emergent Ripplocation Networks in Heterostrained Bilayer Graphene

	14:00
	Cinzia Casiraghi
	Printable Electronics enabled by Supramolecular 2D Material Inks

	14:30
	Matthew Large
	Emissivity of conducting thin films

	14:50
	Johan Vandenborre
	When Radiation Chemistry, Photo-Chemistry and Sono-Chemistry meet, what is their Topic? Fricke Chemistry!

	15:10
	Conor Boland
	The Secret Social Life of Nanosheets in a Centrifuge

	16:00
	Toby Squire
	Electrically Conductive Adhesives Based On Nanomaterials For Effective And Sustainable Joule CFRPs Bonding And Selective Debonding

	16:20
	Yuru Liu
	Flash Reduction of Graphene Oxide-Alginate Films towards Conductive Composite Networks

	16:40
	Joseph Owen
	Rationally Designed Battery Electrodes


Abstracts follow in the same running order.
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Thursday 3 September 2026
	Time
	Speaker
	Talk title

	09:30
	Paola Ayala
	Selective enhancement of photoluminescence in hybrids of single-walled carbon nanotubes encapsulating carbyne - NO ABSTRACT AVAILABLE

	10:15
	Rebekah Wells
	Tailoring the Opto-Electronic Properties in Networks of TMD Nanosheets using Organic Small Molecules

	11:10
	Igor Roncevic
	A Molecule with Half-Mobius Topology

	11:40
	Vjosa Hoda
	Optical Properties of TMDC-Based Hetero-Nanotubes

	12:00
	Shixin Liu
	Scalable and flexible light-emitting diodes based on colloidal 2D semiconductors

	14:00
	Natalia Martsinovich
	Understanding the effects of defects and dopants on the optoelectronic properties of graphene quantum dots: a theoretical study

	14:30
	Ehsan Elahi
	Van der Waals Junction Engineering in 2D Chalcogenides: From Broadband Photodiodes to Quantum Transport

	14:50
	Xue Li
	Polarization-Driven Quantum Confinement at Ferroelectric Domain Boundaries in van der Waals TMDs

	15:10
	Patricia Scully
	Laser Functionalisation of Polymers for Medical Sensing: 3D Subsurface Carbon Structures

	16:00
	Shayan Seyedin
	MXene Yarn Asymmetric Supercapacitors for Powering Future Wearable Technology

	16:20
	Sean Ogilvie
	Interfacial Assembly of Liquid-Exfoliated Nanosheets


Abstracts follow in the same running order.
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Friday 4 September 2026
	Time
	Speaker
	Talk title

	09:30
	Hannah Wood
	High throughput kinetic insights into carbon nanotube properties

	10:15
	Enny Tran
	Thermal conversion of lignin in sustainable carbon fibres spun from a low-cost ionic liquid

	10:25
	Ashish Kumar Rajayan
	Lignin-Stabilized Nanocarbon Dispersions: From Sustainable Conductive Inks to Flow Electrochemical Energy Storage

	11:15
	David J. Lewis
	TBC - NO ABSTRACT AVAILABLE

	11:45
	Indrajit Maity
	Breathing phonons reveal exciton multipolarity in van der Waals heterostructures

	12:05
	Mounika Packirisamy
	Sustainable Biomass-Derived Activated Carbon/PEDOT:PSS Composite Ink for Seamless Printing of Flexible Micro-Supercapacitors


Abstracts follow in the same running order.
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Strain-Driven Defects and Ripple Networks in Layered
Two-Dimensional Materials: From Atomistic Mechanisms
to Mesoscale Behaviour

Kenny Jolley', Paul Mouratidis', Daria Nasartdinova'

"Dept. of Chemistry, Loughborough University Epinal Way, Loughborough LE11 3TU, United Kingdom
K.Jolley@lboro.ac.uk

Layered two-dimensional materials such as bilayer graphene and bilayer hexagonal boron
nitride (h-BN) exhibit a distinctive mechanical response arising from the interplay between
strong in-plane covalent bonding and comparatively weak interlayer van der Waals
interactions. This competition gives rise to a rich spectrum of deformation pathways, in
which in-plane strain is accommodated not only through dislocation climb and glide but also
via out-of-plane buckling, delamination, and the formation of complex ripple and structures.
Using large-scale molecular dynamics (MD) simulations, we access deformation regimes that
bridge atomistic and mesoscale behaviour.

Several interatomic potentials are systematically evaluated to assess their reliability in
describing both interlayer interactions and defect energetics, ensuring robust and transferable
insights across material systems. We begin by examining the role of partial basal
dislocations of mixed screw and edge character, introduced as dipoles within bilayer systems.
Structural optimisation reveals that the edge component of these dislocations plays a
dominant role in driving out-of-plane buckling, with 60° mixed partials adopting
energetically favourable buckled configurations consistent with experimental observations.
Building on this, we explore how dislocation pile-ups lead to surface ripple formation under
increasing compressive strain, identifying a critical threshold beyond which flat
configurations become unstable and ripple structures emerge as the preferred state.

Extending beyond isolated defects, we investigate heterostrained bilayer graphene to uncover
the emergence of dense 2D ripple networks. We demonstrate that heterogeneous in-plane
strain induces confined buckling and local delamination, resulting in self-organised arrays of
dislocations and ripples that evolve into extended mesoscale patterns. The insights gained
provide a predictive basis for tailoring mechanical and structural properties in 2D
heterostructures.
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Nanosheet size distribution characterisation by optical microscopy

Aline Amorim Graf, Omkar Shailendra Vaishampayan, Alice A. K. King, Matthew J.
Large, Alan B. Dalton,

University of Sussex, Brighton, East Sussex, United Kingdom
a.amorim-graf@sussex.ac.uk

The growing research interest and uptake of layered nanomaterials for real-world
applications require efficient, reliable, high-quality characterisation methods. Liquid-
exfoliated molybdenum disulfide (MoS,) has well-established Raman spectroscopic metrics
for distributions of size and layer number'. In this work, we explore an extension of the
metrics using optical microscopy, which are compared to the Raman metrics, AFM, UV-
visible spectroscopy, and dynamic light scattering. The developed measurement protocol is
further tested using a free software ImageJ and an open-source 3D-printed microscope. The
use of optical analysis here demonstrated for MoS, facilitates the standardisation of
characterisation, allowing the correlation of size-sensitive applications’ performance with
materials properties. The methodology developed is applicable to open-source hardware and
software which facilitates widespread access to nanomaterials science, such as those in the
Global South countries.

References
1. A. Amorim Graf, S. P. Ogilvie, H. J. Wood, C. J. Brown, M. Tripathi, A. A. K. King, A.
B. Dalton, M. J. Large, Chemistry of Materials, 32, 14, p. 6213 (2020)
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Atomistic modelling of porous carbons: A joint
computational and experimental approach to
understanding the nanostructure of F400

Callum L. Wood', Ronghong Lin?, Nigel Marks', Mark Paskevicius', Richard A Mimna?,
Criag Buckley', Jacob Martin'

ICurtin University, Kent Street, Bentley, Perth, WA 6102, Australia
2 Calgon Carbon Corporation, 3000 GSK Dr, Moon Township, PA 15108, USA

callum.l.wood@curtin.edu.au

Porous carbons such as activated carbons consist of ordered graphenic sheets on the short
range but a disordered porous structure on the long range. This disorder makes them difficult
to characterize, especially with bulk techniques like gas adsorption and small-angle X-ray
scattering (SAXS), where assumptions about the pore shapes and nanostructure often need to
be made. These activated carbons are commonly used for gas adsorption and water filtration
where material characterization is critical for understanding the nanostructure and for
designing effective adsorbents.

Atomistic models provide a way to examine the pore structure and chemistry in great detail,
allowing for direct comparison with experimental data using an iterative approach. These
models however often struggle to accurately reproduce experimental data like nitrogen
adsorption isotherms, high resolution electron microscopy images and SAXS data.
Previously, we have generated atomistic models which were able to reproduce experimental
adsorption isotherms of specific carbide derived carbons [1]. More recently, software to
reproduce experimental adsorption isotherms using a kernel approach of several carbon
models, 3D-VIS, has been developed to describe specific porous carbons [2]. In this talk, we
use this approach to characterize an industrially significant carbon, Calgon Carbon’s
Filtrasorb 400 (F400), used for water filtration and PFAS removal, and build a model to
match experimental data.

We extract the combination of structures which comprise F400 using nitrogen isotherm data
to build a single heterogenous carbon model. Oxygen containing functional groups are added
based on X-ray photoelectron spectroscopy (XPS) data and a range of characteristics such as
elemental composition, SAXS and XRD data, simulated XPS, electron microscopy, fractal
dimensionality and BET surface area compared to experimental data.

This representative model of F400 activated carbon can act as a base to study adsorption
within the nanopores and to help with the design of more effective carbons for waste product
removal.

References

1. de Tomas, C., Suarez-Martinez, L., & Marks, N. A. (2018). Carbide-derived carbons for
dense and tunable 3D graphene networks. Applied Physics Letters, 112(25).

2. Vallejos-Burgos, F., de Tomas, C., Corrente, N. J., Urita, K., Wang, S., Urita, C., ... &
Kaneko, K. (2023). 3D nanostructure prediction of porous carbons via gas adsorption.
Carbon, 215, 118431.
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Tuning Spin Polarisation in Symmetric Graphene Nanoribbons

Beren Dempsey, Igor Roncevi¢, Ashok Keerthi

The University of Manchester, Manchester M13 9GB, UK

E-mail address: beren.dempsey@postgrad.manchester.ac.uk

In low-dimensional materials, using spin as a degree of freedom offers a route to low-energy,
potentially disruptive technologies.[1] Due to their tuneable m-magnetic edge states, graphene
nanoribbons (GNRs) are promising candidates for realising such exotic physics.[2] However,
the ground state of symmetric GNRs is an equal superposition of two Ising configurations
(Fig. 1a), resulting in a non-magnetic singlet ground state. A magnetic ground state can be
restored if GNR edges are chemically desymmetrised, as in the case of the recently reported
Janus nanoribbons (Fig. 1b), but this strategy results in less rich materials with only a single
magnetic edge.
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Fig. 1. (a) Degenerate Ising ground states of symmetric GNRs. (b) Ground state of Janus GNRs [3].

Here we show that replacing the coupled m-magnetic edges with weakly coupled organic
trityl radicals is a promising strategy of realising controllable spin states in GNRs. In these
trityl-GNRs, which have been recently experimentally prepared, the coupling between the
magnetic centres is very weak (~1 cm™, compared to ~100 cm™ in Fig. 1a), suggesting that
their spin state can be manipulated using experimentally accessible magnetic fields.
According to our DFT calculations, a ~1 T/nm magnetic field gradient could lift the
degeneracy between two degenerate Ising configurations in Fig. 1A), reversibly biasing the
ground state towards a single spin-polarised arrangement [4]. Additionally, we find that the
optical gaps of such systems are spin state-dependent meaning that trityl-GNRs could be a
platform for spin-optical interfaces.

References

J. J. Palacios et al. Semicond. Sci. Technol. 2010, 25, 033003.
M. Slota et al. Nature 2018, 557, 691-695.
S. Song et al. Nature 2025, 637, 580-586.
J.

1.
2.
3.
4. J. Zhang, E. P. Fahrenthold. Sci. Rep. 2021, 11, 17088.
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Near-infrared electrochromism on reflective single-walled
and multiwalled carbon nanotube electrochromic devices

Peter J. Lynch', Fatimah Alqahtani', Matthew Large', Aline Amorim Graf', Sean P.
Ogilvie', Alan B. Dalton’

‘Material Physics Group, School of Physics, University of Sussex, United Kingdom

The near-infrared part of the spectrum, invisible to the human eye, hosts approximately 50%
of solar irradiance. It is also particularly relevant in communication systems. We have
developed a reflective electrolyte which allows the top electrode of an electrochromic device
to be the sole contributor to the electrochromic response. This increases device contrast relative
to transparent devices which will improve performance for infrared heat management and
communications applications.

Carbon nanotubes due to their high surface area, conductivity and infrared-scale optical
transitions are of particular interest for near-infrared electrochromics. Due to the ease of
aqueous dispersion and deposition of nanotubes all-liquid processed electrochromic devices
are possible. Comparisons between multi-walled and single-walled carbon nanotube devices
will look at how additional layers affect stability, doping and utility.
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Fullerene quantum magnets from first principles

Bo Peng'

Theory of Condensed Matter Group, Cavendish Laboratory, University of Cambridge, UK
"y P, ) ty 2
bp432@cam.ac.uk

Molecules provide more tuneable building blocks than atoms [1,2] and can self-assemble into
larger structures [3,4] with richer structural behaviours [5] for quantum devices. Using pure-
carbon fullerene molecules that were believed to be non-magnetic [6], we show that
magnetism in this material family can be induced purely by symmetry [7]. We can then use
this pure-carbon magnetic material to design various quantum platforms, based on
experimentally synthesised monolayers [8,9], to realise exotic quantum phenomena such as
ferromagnetic Chern insulators [10], antiferromagnetic spin chain [11], altermagnetism and
quantum spin liquid [12], as well as magnetoelectrics where spins can be controlled by
electric fields. If time allows, I will also discuss my ongoing research that combines both
atomic and molecular building blocks. With this approach, we can unlock even more exciting
applications such as quantum timekeeping and quantum simulation.

Symmetry-induced magnetism Ferromagnetic Chern insulator Antiferromagnetic spin chain
s
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Figure. A zoo of magnetic fullerene monolayers.

References

BP*. Journal of the American Chemical Society 144, 19921 (2022).

J. Wu & BP*. Journal of the American Chemical Society 147, 1749 (2025).
BP*. Nano Letters 23, 652 (2023).

BP* & M. Pizzochero*. ACS Nano 19, 29637 (2025).

A. Shaikh, J. Wu & BP*. Physical Review Letters 135, 126103 (2025).
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J. Wu, L. W. Pingen, T. K. Dickens & BP*. arXiv:2508.18125.
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] L. W. Pingen, J. Wu & BP*. arXiv:2508.19849. [Physical Review Letters, in revision]
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Local Atomic Environments to Phonons: Machine Learning
Potentials for Low-Dimensional Carbon Nanostructures

Dilara ICKECAN"", Yunus Emre OKYAYLI’, Dogan ERBAHAR®

'Istanbul Ticaret University, Dept. of Computer Programming, Istanbul, Turkey
Dogus University, Erbahar Research Lab., Istanbul, Turkey
“Dogus University, Dept. of Mechanical Engineering., Tstanbul, Turkey
“dickecan@ticaret.edu.tr

Machine learning applications have become increasingly important in condensed matter
physics, offering efficient alternatives to computationally expensive first-principles
calculations [1,2]. In particular, machine learning interatomic potentials provide a powerful
framework for studying complex material systems. However, a major challenge associated
with these potentials is their limited transferability, as they are typically trained to reproduce
specific physical properties of particular systems [3]. In this presentation, we introduce a
local-environment-based approach aimed at improving transferability in low-dimensional
carbon nanostructures. Building on our previous work [4], in which we demonstrated that
vibrational properties can be related to local atomic environments, we present our strategy for
generating machine learning potentials and describe the corresponding training dataset. We
also include phonon calculations for two-dimensional carbon structures to further evaluate
the ability of the trained potentials to capture vibrational behavior. Finally, we discuss
preliminary results on defect formation, migration, and lattice dynamics in low-dimensional
carbon systems.

Acknowledgements: This work was supported by the Scientific and Technological Research
Council of Turkey (TUBITAK) through the 1002-A Emergency Support Module (Project No.
125F096) and the TUBITAK 1001 Program (Project No. 122F022). Additional support was
provided by the Istanbul Ticaret University Scientific Research Projects (BAP) under GAP
Project No. TSA-2025-60. Part of the simulations was carried out using the computational
resources provided by the TUBITAK ULAKBIM High Performance and Grid Computing
Center (TRUBA).

References
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Nanoscale Modelling of Carbon Defects

Chris Ewels

IMN, CNRS UMRG6502, 2 Rue de la Houssiniere, BP 32229, 44322 Nantes, France

chris.ewels@cnrs-imn.fr

Atomic-scale computational modelling typically focusses on point defects in nanocarbon
materials and nanostructure topology. In this talk, I explore ways that modelling can be
useful to better understand extended structures such as dislocation cores and grain
boundaries, balancing the requirements for accurate local bonding with long range subtle
effects from interlayer stacking. New tools, notably machine learning potentials, are creating
new opportunities to model large and extended systems at DET-level precision.

These extended tools can also be used to explore self-organisation, such as fullerene-based
arrays on surfaces, of great interest for quantum information storage and exploring unusual
magnetic coupling effects such as quantum spin liquids.

References

1. All articles available at www.ewels.info
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Computational study of dislocations and ripples in bilayer
graphene and hexagonal boron nitride

Daria Nasartdinova', Paul Mouratidis', Kenny Jolley"

"Dept. of Chemistry, Loughborough University Epinal Way, Loughborough LE11 3TU, United Kingdom

D.Nasartdinova@lboro.ac.uk

Dislocations are fundamental to materials science, acting as the primary carriers of plastic
deformation in crystalline materials. Near surfaces dislocation pile-ups can lead to
delamination, out-of-plane buckling, and the formation of surface ripples that influence both
structural and chemical properties. In this work, we employ molecular dynamics simulations
to investigate partial basal dislocations and ripple formation in bilayer graphene, bilayer
hexagonal boron nitride (h-BN), and epitaxial graphene on h-BN. Four interatomic potentials
are evaluated: the h-BN interlayer potential (ILP) fitted to TS-vdW-corrected density
functional theory, AIREBO, the machine-learned carbon ACE potential, and the hybrid
neural network (hNN) potential.

Partial basal dislocations of mixed screw and edge character are introduced as dipoles in our
bilayers and these structures are then optimised. We then analyse the out-of-plane buckling
arising from the induced strain due to the dislocation core expansion. Our results confirm
that buckling in layered materials is governed predominantly by the edge component of
dislocations, and show that 60° mixed partials adopt notably low-energy buckled
configurations, in agreement with experimental observations. We then study surface ripples
which are formed of a pile up partial basal dislocations. This is achieved by introducing extra
unit cells of material on the top layer which is compressed in plane. Initially the structures
remain flat but beyond a critical threshold of added material atomic-scale surface ripples are
formed as they are more energetically favourable.
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Pushing the limits of magnetism towards energy-efficient applications

Elton J. G. Santos

Higgs Centre for Theoretical Physics
Institute for Condensed Matter and Complex Systems
School of Physics and Astronomy, The University of Edinburgh, EH9 3FD, UK
esantos@ed.ac.uk

Abstract:

As the world population approaches 8.2 billion, it is estimated that 67% of its people have
access to different types of data networks. This has led to an escalating demand for storage
and electricity consumption with information technology predicted to exceed the world
electricity supply by 2037. In this presentation, we will discuss how different quantum
materials (Weyls, van der Waals (vdW), Kagome, etc.) can provide new playgrounds for
applications and fundamental exploration of quantum-effects, topological spin-excitations
and ultrafast laser pulses towards energy-efficient device platforms. Some recent results of
ultrafast laser excitations on different vdW heterostructures will be shown towards all-optical
control of their magnetic properties with efficient heat management. We will discuss how the
interplay between magnet, substrate choice and femtosecond excitations can be used to
achieve all-heat control of magnetization dynamics on-demand. We will finalize discussing
the current and near-future challenges on the implementation of novel magnets in high
performance storage technologies.
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Vibrational synthesis of 2D materials

Jason Stafford'?, Aadam Rabani', Irwing Ramirez!, Faysal Khaleel', Fahad Al-Gburi',

ISchool of Engineering, University of Birmingham, Birmingham, UK
2Birmingham Centre for Mechanochemistry and Mechanical Processing, University of Birmingham, Birmingham, UK

3School of Chemistry, University of Birmingham, Birmingham, UK
stafford@bham.ac.uk

Liquid phase exfoliation has emerged as a key approach for the formulation and application
of solution-processed carbon-based materials. Contemporary methods, such as shear mixing
and sonication, are sensitive to solid loadings and mixture rheology, limiting their production
capacity. Here, we present an alternative technique based on the vibration of graphitic
dispersions at accelerations up to 100g to address this [1]. We find that this vibrational
exfoliation approach produces few-layer graphene nanosheets through a unique material
synthesis pathway. Precursor particles impact vessel boundaries leading to edge folding,
particle fracture, and sheet peeling. We reveal the hydrodynamics behind this vibration
process using computational multi-phase modelling, and identify the conditions where
mechanical forces in the dispersion exceed the interlayer binding energy and produce few-
layer nanosheets. Vibration exfoliation is shown to process dispersions containing extremely
high solid loadings of up to 1000 mg mL! with negligible change in yield. This performance
insensitivity to a broad mixture rheology substantially increases production rates and can
support diverse formulations of functional inks and composites. We examine the application
of this method for other layered materials such as h-BN, MoS,, and WS,, and establish
opportunities for future optimization. Finally, we will also discuss the opportunity for using
mechanical methods to rapidly and sustainably tune the performance of other layered carbon-
based materials, such as graphitic carbon nitride and van der Waals heterojunctions [2].

References

1. A. Rabani, F.A. Khaleel, F.S. Al-Gburi, I. Ramirez, T. Fri§¢i¢ and J. Stafford, Small
11652 (2026) (https:/doi.org/10.1002/sml11.202511652).

2.J. Brown, L. Ramirez, J. Burt, N. Chourmouziadi Laleni, P. Davies, L. Orsini and J.
Stafford, npj 2D Materials & Applications 10 (54), 1118 (2026)
(https://doi.org/10.1038/s41699-026-00690-5).
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Development of Vitrimer/GNPs Coatings for Corrosion
Protection of Magnesium Alloy AZ31

Ke Hu!, Cristina Vallés', Beatriz Mingo'

'Department of Materials, Henry Royce Institute, The University of Manchester, Oxford Rd Manchester, M13 9PL, UK
ke.h-3@postgrad manchester.ac.uk

Designing protective coatings that combine passive barrier enhancement with active self-
repair represents a central challenge in functional nanocomposite engineering. Conventional
coatings rely solely on physical isolation of the substrate, leaving damaged areas permanently
exposed. This work addresses this limitation by exploiting the synergy between two-
dimensional graphene nanoplates (GNPs) and vitrimer dynamic covalent networks to
engineer a dual-functional nanocomposite coating capable of both superior ionic transport

suppression and thermally triggered intrinsic self-healing.

GNPs (0-3 wt.%) were incorporated into two epoxy-based coating systems: a conventional
hardener-cured system and a vitrimer system crosslinked via reversible dynamic disulfide (S—
S) exchange bonds, and the resulting coatings were deposited on AZ31 Mg alloy. FTIR
indicated successful curing and confirmed the presence of S-S bonds in all vitrimer
formulations. SEM revealed progressive GNP agglomeration with increasing GNP loading.
Systematic Electrochemical Impedance Spectroscopy (EIS) and potentiodynamic polarization
(PDP) tests identified the vitrimer coating containing 1 wt.% GNPs as the optimal
formulation, achieving a corrosion current density (icom) of 2.06 x 1072 A-cm?,
corresponding to a 9 orders of magnitude reduction relative to the uncoated substrate.
Following scratch damage, the coating recovered its protective barrier after mild thermal
treatment at 135 °C for 1 h, as evidenced by post-healing 3D confocal microscopy and EIS
analyses, confirming scratch-gap closure and barrier-property recovery. These findings
demonstrate a scalable nanocomposite coating strategy with broad applicability to corrosion-

sensitive lightweight structures.
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Transient Cellulose Stabilisation Enables Tap-Water
Production of Graphene Nanosheet Inks from Electronic
Waste

Varvara Bolikava'*', Jessica O’Mahony"", Cencen Wei'?, Yuru Liu'?, Michael May' ,
Robert O’Connor’, Rajani K. Vijayaraghavan*, and Conor S. Boland'"*

1 Schoolof Mechanicaland Manafacturing Engineering, Dublin City Universiy Glasnevin, Dublin9 reand
2 RAPID Instiute, Dublin ity Universiy, Glasnevin, Dublin 9, reland
3 Schoolof hysical Sciences, Dublin ity Universiy, Glasnevin, Dublin reand
4 -Form, The SFI Research Gentr or Advanced Manufocuring, Advanced Procesing Technology Rescarch Cenre (APT), Skl of Elecronic Engincering, Dublin Ciy Universs, Glasnevin, Dublin,Ieland
ot authors conbuted equally 1o the work

saruune bllna2@naideuie

Liquid-phase exfoliation (LPE) of graphene typically relies on purified graphite, engineered
stabilisers and controlled solvent systems. Here, we report a low-infrastructure waste-to-ink
route that combines electronics-derived graphite thermal-management materials with
discarded newspaper-derived cellulose in untreated tap water. A commercial graphite
thermal-interface sheet was used as a reproducible model feedstock, while graphite recovered
from a discarded smartphone provided device-level validation. The newspaper-derived
cellulose phase suppressed rapid aggregation during and after shear exfoliation, enabling
metastable graphene dispersions without organic solvents, purified water or conventional
molecular surfactants. Raman spectroscopy, electron microscopy and statistical atomic force
microscopy confirmed few-layer graphene nanosheets, with extended blending increasing
exfoliation while reducing nanosheet thickness and lateral dimensions. For the 120 min
model-feedstock dispersion, nanosheets had mean lateral dimensions of 103.27 + 2.85 nm by
74.84 + 1.61 nm, an apparent thickness of 2.58 + 0.07 nm and an estimated layer number of
~6. Drop-cast graphene/cellulose films became conductive above ~250 pg cm™ and reached
sheet resistances of 3.8 kQ/J at 1.0 mg cm™. This work positions aqueous LPE as a tolerant
route for converting paired waste-derived carbon and cellulose streams into functional
graphene nanosheet inks.
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The drivers and challenges of recovering and recycling
amorphous nano carbons from rubber
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The major commercial product in the amorphous nano-carbon market is carbon black — with
an estimated annual global production of over 20 million tonnes. It is derived from fossil-
carbon based feedstock and every tonne produced is responsible for releasing between 3&5
tonnes of CO,.

The commercial uses of carbon black are multiple, but most of the global production
(approximately 75%) is used in tyre rubber as a filler, reinforcing agent and chemical stabiliser.
Tyres are the largest single globally manufactured rubber product and over 1 billion units are
produced annually.

From a resources, circular materials and environmental perspective, recycling tyres has become
a major global resource recovery imperative, and the carbon component being the material of
most interest.

Thermal disassembly of rubber by pyrolysis has been shown to be the most easily applied
technology to recover carbon black from tyre rubber, but the recovered carbon is chemically
and physically different to virgin carbon black. The resulting carbon quality is influenced by
several factors, especially the design of the pyrolysis reactor’, inclusion of pyrolysis additives,
process control and post-production treatments.

One of the major contaminating factors in the recovered carbon black are extensive deposits of
char associated with the rubber-carbon bonds not breaking cleanly due to the complex nature
of the thermal decomposition reactions and the bond strength between the rubber and carbon
black due to vulcanisation. These “carbonaceous deposits” can be readily seen in TEM images
(figure 1) as dark spots. The deposits change the surface chemistry of the carbon black and
make the material a poor substitute for virgin carbon black.

Figure 1: TEM image of Carbonaceous
deposits in recovered carbon black

This presentation will discuss the ongoing
research helping to understand the reasons
for their formation as well as research to
reduce their formation and hence improve
the reinforcement and chemical properties of
the recovered carbon black.

1. A.J. Bowles, G. D. Fowler (2022)
Assessing the impacts of feedstock and process control on pyrolysis outputs for tyre
recycling, Resources Conservation and Recycling, 182,
Dol 10.1016/j.resconrec.2022.106277
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Investigating the Trade-off between Conduction and
Convection in Graphene-Enhanced Phase Change
Materials

Sumudu Adikaram', Adel Nasser?, Cristina Vallés?, Chamil Abeykoon'

'Northwest Composites Centre, Henry Royce Institute for Advanced Materials and Department of Materials, Faculty of
Science and Engineering, University of Manchester, Manchester, UK
2Thermo-Fluids Group, Department of Mechanical and Aerospace Engineering, University of Manchester, Manchester, UK
3Henry Royce Institute, National Graphene Institute and Department of Materials, University of Manchester, Manchester,
UK
sumudu.adikaram@postgrad.manchester.ac.uk
Phase Change Materials (PCMs) can absorb and store large amounts of thermal energy as
latent heat during a phase transition with minimal temperature change. Due to their high
energy storage capacity, they are widely considered for Thermal Energy Storage (TES) and
thermal management applications including building temperature regulation, electronic and
battery cooling, solar thermal energy storage [1]. However, their performance is limited by
the low thermal conductivity. As a solution, nanoparticles with high intrinsic thermal
conductivities such as Graphene Nanoplatelets (GNPs) can be incorporated into PCMs to
form Nanocomposite PCMs (NCPCMs) [2]. However, the addition of nanofillers increases
PCM viscosity, suppressing natural convection during melting and affecting overall heat
transfer [3].
This study investigates the thermal properties and thermal propagation behaviour of
Paraffin/GNP NCPCMs in order to develop a better understanding of the combined effect of
conduction enhancement and convection suppression by GNP addition on the overall thermal
propagation of NCPCMs. Thermal conductivity measurements showed that the addition of 5
wt.% GNPs increased the thermal conductivity of paraffin by 55%. Paraffin and paraffin/1
wt.% GNP samples were compared for their overall thermal propagation from the bottom to
the top of the sample. Both samples exhibited similar temperature increases during the initial
heating stage. After 40 minutes, the paraffin sample showed a rapid temperature rise. It
exceeded the phase change temperature, completely melted, and reached the maximum
temperature within 1.5 hours. In contrast, the NCPCM sample exhibited a gradual
temperature increase that plateaued near the phase change temperature, with only a slight
subsequent temperature rise. The NCPCM sample did not completely melt even after 6 hours
of heating.
These observations suggest that thermal propagation in the NCPCM was dominated by
conduction, with minimal contribution from natural convection due to the increased viscosity
caused by GNP addition. The results highlight the critical role of convection in accelerating
heat transfer during PCM melting and demonstrate that improvements in thermal
conductivity alone may not translate into enhanced overall thermal performance.
This work provides important insight into the practical effects of nanofiller addition on PCM
thermal propagation. It is required to further investigate alternative enhancement strategies
that improve heat transfer while preserving the beneficial convective behaviour of PCMs.

References
[1]  A. Stonehouse and C. Abeykoon, “Thermal properties of phase change materials reinforced

with multi-dimensional carbon nanomaterials,” Int. J. Heat Mass Transf., vol. 183, p. 122166,
2022, doi: 10.1016/j.ijheatmasstransfer.2021.122166.
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Emergent Ripplocation Networks in Heterostrained Bilayer
Graphene
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Layered carbon systems exhibit a rich interplay between in-plane elasticity and out-of-plane
buckling, driven by the competition between strong covalent bonding and comparatively
weak van der Waals interactions. In this work, we present a comprehensive investigation of
the structural landscape of heterostrained bilayer graphene using large-scale molecular
dynamics (MD) simulations, employing supercells containing in excess of one million atoms.
This scale enables direct access to collective deformation mechanisms and emergent defect
networks that are inaccessible to smaller models.

‘We demonstrate that heterogeneous in-plane strain systematically induces confined buckling
and delamination, giving rise to dense arrays of dislocations and ripplocations that self-
organise into extended mesoscale patterns. We identify multi-layer ripplocation assemblies
as the energetically favourable state under high compressive loading, highlighting the critical
role of subsurface wrinkling in accommodating strain. We show that these macroscopic
dimensional changes can be rationalised in terms of the evolution and interaction of
ripplocation networks. By resolving the atomistic pathways that connect local defect
formation to bulk deformation, this study establishes a predictive picture of strain
accommodation in layered materials.
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Printable Electronics enabled by Supramolecular 2D
Material Inks
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Two-dimensional (2D) materials have emerged as promising candidates for the Internet of
Things (IoTs) and next-generation wearable electronics, owing to their exceptional properties
and compatibility with solution-processed approaches, hence enabling the use of simple and
cost-effective techniques — such as inkjet printing — for device fabrication onto flexible
substrates.

In this talk, I will present the development of biocompatible, water-based inks of conducting,
semiconducting, and insulating 2D materials [1-2], based on the supramolecular chemistry
approach that enables simultaneous exfoliation and functionalization of nanosheets, allowing
to produce 2D materials with tailored surface chemistries, specifically designed for sensing
and biomedical applications [3-4]. I will discuss fully printed photodetectors [2,5],
memristors [6-7], and diodes [8] made onto paper. Finally, I will present the first flexible and
fully solution processed 2D material transistor operating without ion-liquid gating. [9]
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Emissivity of conducting thin films
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In an age of rising global temperatures and increasing power demand, there is a growing need
for heat flow control. In particular, heating and cooling demand in buildings constitutes the
overwhelming majority of domestic energy usage. Active control of heat flow is often done
using heat pumps and Peltier devices, but passive control can also be achieved by modifying
the emissivity of internal and external surfaces. In the case of the built environment, the
ability to passively modulate heat flow can act to reduce heating and cooling demand.

‘We have developed a simple model to describe the emissivity of semi-transparent conducting
thin films on emissive substrates, by a sum of partial emissivities approach. The model is
applied to nanomaterials such as single-walled carbon nanotubes and few-layer graphene, as
well as mixtures of these with other materials including layered semiconductors and
transparent conducting oxides.

Beyond passive emissivity control, we demonstrate how the understanding of static films can
be applied to active electrochromic devices operating in the LWIR band.
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When Radiation Chemistry, Photo-Chemistry and Sono-
Chemistry meet, what is their Topic? Fricke Chemistry!
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Radiation Chemistry, Photo-Chemistry and Sono-Chemistry of water all produce oxidative
radical species such as HO°, HO,°/O,* and so on. Fricke Chemistry is a well-known
methodology in radiation chemistry (radiolysis) to measure the dose. It uses ferrous ion
which are oxidized by these radicals into ferric ions (see below), which are then detected by
UV-Vis spectroscopy [1; 2]. However, this method seems to be unknown for Photo-
Chemistry community that prefer actinometry [3], and is not well defined for Sono-Chemistry
where the yield G-values of Fe'" ions are questionable [4-6]. I will present three experiments
using Fricke chemistry performed with three different sources of energy (Ionizing Radiation,
UV photons, Ultrasonic waves) and compare the results. These new G(Fe"") values for Photo-
chemistry and Sono-chemistry, could lead to new application as reference for photocatalysis
and sonication experiments as well, paving the way for normalized and “easy to compare”
chemical yields obtained in different literature experimental designs [7].
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Figure : (Left) Ferric oxidation mechanisms during Fricke Dosimetry, (Right) Ferric
complexes evolution vs. time experiments
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The Secret Social Life of Nanosheets in a Centrifuge
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Centrifugation is one of the most widely used tools in colloid, nanomaterial and soft-matter
processing, yet it is commonly interpreted through an independent-particle picture: each
suspended object sediments according to its own size, shape and density. Here, we show that
this assumption can break down for liquid-exfoliated two-dimensional materials, where
nanosheets do not simply sediment as isolated particles but can enter a collective, collision-
mediated regime under experimentally relevant conditions.

Using graphene nanosheets as a model system, we track the evolution of supernatant and
sediment populations as a function of concentration, centrifugation time and centrifugal field.
In the independent-particle limit, increasing the starting concentration should scale the
amount of material recovered without changing the apparent sedimentation fraction for a
fixed nanosheet population. Instead, we find that sediment recovery becomes systematically
concentration dependent even at early times, indicating that nanosheet encounters, transient
clustering and crowding-assisted sedimentation actively influence the separation process.
These results reframe centrifugation from a passive sorting method into an interaction-driven
processing environment. Under sufficiently crowded conditions, the centrifugal field does not
merely reveal a pre-existing size distribution; it can reshape the population through
concentration-dependent nanosheet interactions. This crossover has implications beyond
graphene fractionation, pointing to a broader need to reconsider centrifugation models in
nanosheet dispersions and other anisotropic colloidal systems where particle encounters may
alter sedimentation pathways, separation outcomes and manufacturing reproducibility.
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Electrically Conductive Adhesives Based On
Nanomaterials For Effective And Sustainable Joule CFRPs
Bonding And Selective Debonding
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Growing demand for lightweight structures and reduced CO: emissions is driving rapid
expansion in the use of carbon-fibre-reinforced polymers (CFRPs). Traditionally, reliable
bonding between similar and dissimilar materials (metals, CFRPs, etc.) relies on highly
crosslinked thermoset structural epoxies, requiring energy-intensive autoclave curing.

Electrically conductive epoxy nanocomposites filled with carbon nanomaterials offer a
promising out-of-autoclave (OoA) alternative as they can be effectively used as Joule
adhesives. These nanocomposites can convert electrical energy into heat through Joule
heating of the electrically conductive, percolating network of nanoparticles in the matrix,
leading to effective and complete curing of the bonding areas, hence, efficiently bonding
complex geometries while preserving adherend integrity and functionality.

These bonded joints can also be reversibly Joule debonded, allowing for easy deconstruction
of the joints for the components reuse, supporting circularity in composite manufacturing.

However, the intrinsic brittleness of structural epoxies limits the joint’s toughness, urging for
the development of both conductive and toughened nanocomposites which can be used as
Joule adhesives. This project studies the influence of adding toughening agents on the
electrical conductivity, thermal and mechanical behaviour, and Joule heating performance of
epoxy/CNT/GNP nanocomposites, and its effect on their performance as Joule adhesives for
adherend bonding and selective debonding.
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Flash Reduction of Graphene Oxide-Alginate Films towards Conductive Composite
Networks

Yuru Liu?, Conor Boland'?

'School of Mechanical and Manufacturing Engineering , Dublin City University , DCU Glasnevin Campus, Dublin 9, Ireland
“RAPID Institute (Research Advances in Personalized Integrated Diagnostics), Dublin City University , DCU Glasnevin Campus, Dublin
9, Ireland

yuruliu2@mail.deu.ie

Graphene oxide (GO) is widely used in polymer composites due to its oxygen-containing
functional groups, sheet-like structure and good processability. Alginate is a useful polymer
matrix because it can form stable films and hydrogel networks. Combining GO with alginate
provides a route to polymer—carbon composite materials with both structural support and
carbon-based functionality. However, GO is intrinsically poorly conductive, so reduction is
required to improve its electrical performance.

In this work, flash reduction was used as a rapid post-treatment method for GO—alginate
composite films. The aim was to convert initially insulating GO-alginate films into
conductive reduced graphene oxide (rGO)-alginate composite networks. Previous work has
shown that flash reduction can reduce and pattern graphite oxide and its polymer composites
111, Here, this approach is applied to GO-alginate films as a simple route towards conductive
polymer—carbon networks.

After flash treatment, two-point electrical resistance measurements showed a clear change in
electrical behaviour, with the films becoming measurably conductive. Scanning electron
microscopy (SEM) was used to examine changes in surface morphology and composite
network structure before and after flash reduction. Raman spectroscopy was used to analyse
the D and G bands, which provide information on defects, disorder and changes in the sp?
carbon network during reduction 2.

The current results show that flash reduction can modify both the electrical behaviour and
carbon structure of GO—-alginate composite films. SEM images indicate morphological
changes after treatment, while Raman spectra show changes associated with the carbon
network. These results suggest that flash reduction is an effective method for producing
conductive GO-alginate-based composite films. Further work will investigate whether the
flash-reduced films can be crosslinked into hydrogel networks while retaining useful
electrical and mechanical properties.

Overall, this poster presents flash reduction as a fast and practical method for preparing
conductive GO-alginate composite films. This approach may be useful for conductive
patterns, flexible sensors and carbon-based hydrogel platforms.
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Rationally Designed Battery Electrodes
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Commercial rechargeable battery electrodes are typically manufacturing by slurry casting a
blend of active and passive components onto a metallic foil current collector. This process
limits cell performance relative to theoretical limits by introducing electrochemically inactive

mass and volume. Furthermore, the resulting electrode architectures feature
networks that limit viable thickness (<100 um) and impede ion transport an
fast (dis)charge conditions [1].

Here we show that freestanding graphitic electrodes with zero inac
geometrically optimised microstructures allow for thicker electrode formats w!
favourable ion transport kinetics.

Using ultra-short pulse laser ablation, we realised high aspect ra
microchannels with one-step interface nano structuring, in a monolithic, pure!
that mitigate the diffusion limitations associated with increased electrode t

tortuous pore
storage under

tive mass and
hile preserving

tio electrolyte
ly graphite foil
hickness. This

allows for improved gravimetric and volumetric energy densities at the cell level, and
optimise the trade-off between capacity and rate performance, while avoiding issues with

electrode delamination and solvent use in traditional slurry-cast manufacturing.
Our results refine our understanding of ion transport mechanisms and d

lemonstrate the

potential of ultra-short pulse laser ablation as a scalable strategy for fabrication of advanced,

computationally optimised electrode architectures. This research challenges

the ubiquitous

slurry casting method with a highly tuneable, cost effective, zero-inactive mass alternative,

potentially allowing for improved performance, cost and sustainability.
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The remarkable properties of electrochemically exfoliated transition metal dichalcogenide
(TMDs) nanosheets have transformed the field of solution-processed 2D materials. Their
high-aspect ratios, low defect densities, and ease of production have yielded many recent
major advances in electronic, optoelectronic, and superconducting applications. However,
post-processing control of their optoelectronic properties using scalable methods remains a
critical challenge, particularly for large-area and flexible device structures. [1]

In this presentation, we demonstrate a simple and scalable approach using small organic
solvent molecules to simultaneously dope and engineer nanosheet interfaces in networks of
MoS, nanosheets, efficiently tuning their optoelectronic properties. We begin by outlining
our method for producing monolayer-enriched MoS, dispersions via electrochemical
exfoliation. [2] We then describe a liquid-liquid interfacial self-assembly process used to
fabricate tiled monolayer-rich films, scalable up to square-meter areas. [2,3]

Using a range of organic molecules, we showcase remarkable and reversible tunability for
key performance metrics including photoluminescence, electronic mobilities, and on/off
current ratios. Furthermore, we highlight critical solvent parameters (e.g. polarity, material
affinity) required for a material to be susceptible to solvent-tuning. By performing electronic
and optoelectronic measurements in parallel, we aim to provide a comprehensive picture of
how solvent interactions can be harnessed to engineer device-specific behaviors in nanosheet-
based large-area systems. Critically, this strategy is suitable for post-processing on a range of
substrates, including flexible platforms, and is readily scaled up (or down) for devices of all
sizes and profiles.
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A Molecule with Half-Mobius Topology
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The particle-on-a-ring model provides a simple framework for understanding the stability,
magnetic properties, and topology of m-conjugated systems. When a weak perpendicular
magnetic field is added to this model, the quantisation of angular momentum reveals the
Hiickel 4n+2 rule and ring currents, resulting in aromaticity.' At larger magnetic fields, the
same physics gives rise to a Berry phase, and Aharonov-Bohm oscillations between trivial
and non-trivial (Mgbius) topologies.

Molecular structure offers an alternative, field-free handle on the Berry phase. For example,
geometrically twisting a carbon macrocycle into a Mébius geometry modifies the boundary
conditions experienced by the delocalised electrons, affecting the molecular properties due to
a change in topology.”

This talk will present our recent work on the characterization of a molecule with half-Mébius
topology (Fig. 1), in which the orbital basis twists by 90° upon one circulation of the ring.?
We will also present preliminary results on the relationship between magnetic flux and
molecular structure in half-Mébius systems, using molecular transmission as a diagnostic.

—— g g

Figure 1. Hiickel, Mébius, and half-Mébius topologies.
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Optical Properties of TMDC-Based Hetero-Nanotubes
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Transition metal dichalcogenides (TMDCs) have been traditionally studied over the last
decades as two-dimensional (2D) semiconductors. They are a family of materials with a
broad scope of heterostructures with promising applications owing unique optical, electronic,
and mechanical properties. Stacking layers of different TMDCs, researchers have found a
method to create materials with tailored properties that can dramatically differ from those
found in their individual components.

In this context, beyond studying the stoichiometries and stacking arrangements, further
exploring tubular TMDC structures can offer enormous potential for new applications
facilitated by new and unexplored properties. As well as the 2D arrangements, TMDC-based
hetero-nanotubes can give rise to revolutionary materials. This work focuses on a thorough
spectroscopic study to understand the relationship between their structure and their physical
properties. Our results will exemplified by investigating the optical properties of both
WS2@ReSe2 and WS2@ReS2. Peculiar excitonic features have been observed for these two
specific types of materials and their origin will be discussed. Understanding these properties
is essential for unlocking their potential for future applications, especially in fields such as
optoelectronics, photonics, and nanoelectronics.
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Scalable and flexible light-emitting diodes based on
colloidal 2D semiconductors
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Two-dimensional (2D) semiconductors are attractive materials for ultrathin, lightweight, and
flexible light-emitting devices, yet existing 2D LEDs predominantly rely on mechanically
exfoliated flakes or vapor-grown films that are incompatible with scalable manufacturing. *
Here, we demonstrate fully solution-processed flexible visible light-emitting diodes based on
colloidal MoS, monolayers produced by electrochemical exfoliation. A systematic
investigation of solvent compatibility establishes an orthogonal processing strategy that
enables sequential deposition of multi-layered vertical heterostructures without damaging
underlying layers. To improve device performance, MoS, nanosheets are incorporated into a
poly(N-vinylcarbazole) (PVK) nanocomposite emissive layer, simultaneously suppressing
electrical leakage and enhancing optical out-coupling. Compared with MoS,-only devices, the
nanocomposite architecture reduces the turn-on voltage from approximately 6.2 V to 3.6 V
while increasing the emitted irradiance by nearly an order of magnitude. The fabrication
strategy is readily extended to colloidal nanosheets derived from synthetic MoS, and WS,
crystals and is compatible with flexible PET substrates, where the devices exhibit stable
electroluminescence during repeated mechanical deformation. These results establish a
scalable platform for printed flexible 2D optoelectronics and provide practical design principles
for future large-area colloidal light-emitting devices.
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Figure. Colloidal 2D-LEDs. (a) Schematic demonstration of the device structure. (b)
Photograph of a WS, based LED on a PET substrate during operation upon manual bending.
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immense potential

nanomaterials with tunable electronic
for applications in optoelectronics,

sensing, and energy harvesting. These optoelectronic properties are determined by a variety

of structural factors, such as the
presence of dopants. Theoretical

modelling enables

size and shape of the GQDs, spsp’ carbon ratio and the

atomic-scale understanding of these

factors and their effects on the GQDs’ properties. In this study, we investigated the effect of

the carbon core structure (presence of sp® carbons) an
doping on the electronic and optic

We used density functional t

al properties of graphene quantum dots.
heory (DFT) and time-dependent DFT and modelled
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circumcoronene as a model graphene quantum dot. A variety of possible arrangements of sp*-

hybridised carbon atoms were examined. We found

that sp® carbons could form stable

arrangements as dimers or continuous chains along the GQD edge. Calculated optical
absorption spectra showed a blue shift of the main absorption peak for most of the sp*-

containing structures; additional

absorption into the red and infrared region of the sol

ly, the presence of sp’ carbons extended the optical

ar spectrum (600 to 900 nm). These

results suggest that controlling the amount of residual sp* carbon content during synthesis can

be a useful strategy for tailoring the properties of GQDs [1].

We also carried out a systematic investigation of the effects of nitrogen and sulphur doping
and co-doping, to explore the experimentally reported synergistic N and S co-doping [2].
Dopant positions at the edge of the graphene dot were found to be the most
thermodynamically favourable for all dopants, with amino nitrogen and thiol sulphur being
particularly stable. Co-doping with nitrogen and sulphur atoms placed close to each other was
found to be more energetically favourable than isolated dopants. Co-doping was also more
effective than single doping in reducing the HOMO-LUMO gaps and improving the light-
harvesting ability of the doped graphene dots. This study provides a theoretical foundation for
nitrogen and sulphur co-doping and illustrates these dopants' synergistic behaviour in

graphene quantum dots.
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Abstract

Two-dimensional chalcogenides provide a versatile platform in which van der Waals
junctions, contacts, interfaces, and built-in dipoles can be engineered to regulate charge
transport and device functionality. We adopted a unified scientific narrative across a series of
recent studies on chalcogenide-based heterojunctions, homojunctions, hybrid photodiodes,
floating-gate memories, and encapsulated semimetallic transport devices. Rather than treating
each device as an isolated demonstration, the we examine how different junction-level design
levers control rectification, broadband photodetection, bipolar photoresponse, photogating-
assisted gain, non-volatile synaptic memory, avalanche multiplication, and magneto-
thermoelectric transport. Gate-tunable p-n junctions based on layered semiconductors
establish efficient charge separation [1,2], while semimetallic two-dimensional contacts
illustrate how electrode engineering can reshape carrier injection and photoresponse polarity
[3]. A single-material homojunction strategy further reduces heterointerface disorder and
enables access to tunnelling and avalanche-related transport regimes [4]. In parallel, Janus
materials demonstrate routes toward self-powered sensing and neuromorphic functionality,
whereas h-BN encapsulated WTe, highlights the connection between clean interfaces,
compensated carrier dynamics, and quantum transport signatures [5]. Together, these studies
show that the decisive functional unit in emerging two-dimensional electronics is not only the
material, but the engineered junction. The resulting design principles point toward scalable,

low-dimensional optoelectronic, memory, and quantum-sensitive device platforms.
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dimensional transition metal dichalcogenides

(TMDs) arises from inversion-symmetry breaking,
leading to interlayer charge redistribution, out-of-
plane polarization, and strong internal -electric
fields. At miror twin boundaries (mTBs) 1
separating oppositely polarized domains, these __ | |
built-in fields form atomically thin quantum wells
that confine electrons and holes[1-2]. We combine density functional theory (DFT) and a
Thomas—Fermi model to develop a predictive framework for polarization-driven quantum
confinement at ferroelectric twin boundaries across a range of TMDs. To improve electronic-
structure accuracy, we employ optimized DFT+U+V methods that reproduce experimental
band gaps and spin-orbit splittings while accurately describing metal-chalcogen
hybridization[3]. This provides a reliable foundation for modelling the confined electronic
states and their valley-spin characteristics at ferroelectric interfaces. Our results establish
ferroelectric mTBs as a promising quantum well platform, which can further promote

correlated effects through application of a twist at the interface of twins.
‘Table 1: The difference between the binding and Fermi energies (E, — Ex), characteristic length of confined states (1), maximum 2D carrier
density (n), and spin degeneracy factor (g) for electron (¢) and hole (h) at mirror twin boundaries and on surfaces.
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New carbons, such as graphene, create novel electronics at an ultra-compact scale, replacing
metals, silicon and semiconductors, but remain disadvantaged by complex, toxic
manufacturing methods, requiring process liquids/gases, clean rooms and controlled
atmospheres. We demonstrate a direct write laser (DLW) process to create conducting carbon
tracks inside the volume of transparent flexible polymers, to detect spatial variations in
temperature and strain, and other chemical and/or physical parameters. The carbon layer is
protected within the polymer, ideal for MedTech sensors such as smart polymer skins for
monitoring physiological parameters; smart dressings for wound healing; smart catheters or
flexible probes for memristor applications in neurosurgery. Laser parameters (pulse energy,
pulse duration, rep rate, polarization and scan speed) control carbon quality (amorphous,
crystalline), without need for clean room or controlled atmospheres.

Our innovation involves creating three-dimensional graphitic structures within the polymer
bulk, by holographic inscription, advancing beyond the highly investigated area of surface
modification. We create sub surface vias and layers of carbon, forming resistive, piezoelectric
and capacitive structures at dimensions approaching the writing wavelength of ~1 micron.
Our prior work, demonstrated DLW vias to connect nanowires and micro-LEDs, illustrating
electrical connection of single nano-objects embedded inside a protective solid (1, 2).
Recently, we have inscribed subsurface structures below the surface of 125pm Kapton, of
dimensions 10pm wide, and resistance of 3002, and demonstrated piezoresistive strain gauge
performance with gauge factors up to 200.

Here, we compare the performance of a new class of portable, small footprint, low energy
ultrafast ytterbium fibre lasers, designed for multi-photon spectroscopy, at 1030/1040nm,
with a 1kHz, 180fs, 775nm (Clark-MXR) Ti:Sapphire laser source to create carbon
structures on micron scale inside polyimide films (Kapton-H), 120pm thick (3).
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As wearable technology evolves, there is a paradigm shift from rigid, heavy, and bulky
accessories to soft, lightweight, and textile-integrated platforms. A new generation of
wearable technology is emerging that uses soft electronic textiles (E-textiles) to seamlessly
integrate a wide range of functionalities while retaining the original properties of
conventional textiles. As E-textiles continues to advance, there is a growing need for energy
storage solutions that match the inherent textile’s flexible form factor while being seamlessly
integrable into garments to power the embedded electronic devices. However, a significant
challenge remains in developing high-performance yarn-based energy storage systems that
can be seamlessly integrated into everyday textiles for unobstructive application as embedded
power supply units. Two-dimensional (2D) nanosheets of transition metal carbides and
nitrides, known as MXene (M, X, T, — M: transition metal, X: carbon and/or nitrogen, n: 1-4,
and T, surface functional groups), offer an outstanding electrical conductivity of up to
~15,000 S cm™ (on a par with metals) [1] and a high specific capacitance of up to ~1,500 F
cm™ (>10 times higher than activated carbon used in commercial supercapacitors). TiCzTx
MXene has been processed into fibre electrodes for symmetric supercapacitors [2]. This
presentation addresses the need for a fully integrated soft energy storage system by reporting
novel yarn asymmetric supercapacitors (YSCs) that are seamlessly integrated into textiles
through a customizable riveted interconnection strategy [3]. TisC.T, MXene-coated cotton
yarns (negative electrode) are developed that achieve a remarkable specific capacitance of
~268 F g™'. To complement the negative electrode, positive yarn electrodes based on reduced
graphene oxide (rGO) and MoS, composite are then achieved through a tailored synthesis
process. A YSC fabrication strategy based on matching the capacitance of the yarn electrodes
results in an impressive specific capacitance of #53 F g™, energy density of #12.3 Wh kg,
and power density of 650 W kg™'. The practical applicability of the YSCs is demonstrated
via a novel yet simple integration design, whereby YSCs are connected to conductive rivets
which serve as buttons capable of toggling charge/discharge and easy removal from clothes
for washing. This innovative textile integration strategy is facile, cost-effective, and
compatible with the existing textile manufacturing technology, allowing for the seamless
integration of a wide range of YSCs into everyday textiles with minimal infrastructure
adjustments, opening new avenues for the widespread adoption of YSCs for wearable
electronics. These advancements enable on-the-go powering of a diverse range of wearable
systems such as health monitoring systems, sensors, display devices, and the Internet of
things.
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Networks of two-dimensional nanosheets have demonstrated potential for a range of solution-
processed device applications. While recent trends combining interfacial assembly for film
formation and electrochemical exfoliation have improved understanding and transport
properties in such networks[1], electrochemical exfoliation induces doping hinders device
performance which hinders device performance. In addition, the relative influences of
nanosheet aspect ratio and the interfacial film formation remain unclear, and electrochemical
exfoliation remains less scalable than liquid-phase exfoliation (LPE). This work applies
liquid-liquid interfacial assembly to scalable LPE nanosheets to investigate the influence of
controlled assembly on networks of lower aspect ratio nanosheets. Layer-by-layer deposition
allows measurement of thickness-dependent electrical conductivity and Seebeck coefficient,
to develop understanding of the influence of network formation and doping, and to screen
materials for emerging device applications.
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While techniques to assess few-wall carbon nanotubes (FWCNTs) properties are well
understood and give a wealth of information, limitations still exist when considering sample
viability across a larger, industrial scale. FWCNT properties such as length, tube/bundle
diameter, degree of crystallinity, tube chirality, density, catalyst content, and purity are
determined through multiple characterisation techniques. Here we asses FWCNTs grown via
chemical vapor deposition (CVD) using scanning electron microscopy (SEM), transmission
electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), Raman spectroscopy,
X-ray diffraction (XRD), and thermogravimetric analysis (TGA). We are able to provide
valuable insights into the aforementioned FWCNT properties yet see variability between
batches of samples grown via the same experimental parameters and conditions. Through
TGA we are able to highlight kinetic insights as the primary method of determining growth
viability, assessing differences between each growth while reactor and conditions remain
constant. This technique allowed us to explore not only the differences between each batch
but we simultaneously deduced optimised purification methods in various environments and
time scales. Thermal characterisation and use of the Kissinger-Akahira-Sunose (KAS)
method meant activation energies could be extracted for each sample at varying stages of
decomposition independently of thermodynamic model. The increase in activation energy in
the later stages of decomposition suggests an increase in thermal stability and is thereby
indicative of a more highly crystalline material. With this information we are able to assess
the resulting viability of FWCNT spinnability into fibers with desirable tensile strengths,
conductivity, and aspect ratio. Through TGA we are able to determine this viability of the as
grown or purified material through a robust and fast-paced method indicative of the entire
sample. We believe TGA could be used to determine properties and suitability of CNTs for
different applications.
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Carbon fibres possess excellent mechanical properties and are lightweight, making them
attractive reinforcements in structural composite materials. The majority of commercial carbon
fibre production uses the highly oriented linear precursor, poly(acrylonitrile) (PAN), which is
expensive and petroleum-derived, in addition to using expensive solvents for solution-based
fibre spinning.' The high cost presents a barrier to the wider application of carbon fibres in
industry. An alternative precursor for the fabrication of carbon fibres is the renewable
polyaromatic biopolymer, lignin, which is cheap and readily available, and has a high carbon
yield (30-40% compared to 10-20% of cellulose).” Challenges lie in the valorisation of lignin
to produce carbon fibres with ordered or turbostratic carbon and which can achieve target
mechanical properties.?

Here, sustainable lignin-rich fibres were spun directly into a water coagulation bath from lignin
with a) a thermoplastic fibre-forming polymer, poly(vinyl alcohol) (PVA), and separately with
b) single-walled carbon nanotubes (SWCNTs), dissolved and/or dispersed in a low-cost ionic
liquid (<$0.6 /kg) and water solvent, N,N - dimethylbutylammonium hydrogen sulfate
[DMBA][HSO.4]. Thermal post-processing (hot-stretching, oxidative stabilisation, and
carbonisation) of the lignin-rich fibres was performed and the effect on the carbon
microstructure was observed through Wide Angle X-ray Scattering, Raman Spectroscopy, and
Transmission Electron Microscopy. The structure-property relationship was also explored for
lignin-rich carbon fibre mechanical properties.
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Lignin is one of the most abundant renewable aromatic biopolymers on Earth and represents
an attractive sustainable alternative to petroleum-derived functional materials [1]. However,
the limited water solubility of native lignin restricts its direct utilization as a molecular
surfactant in aqueous formulations. In this work, kraft lignin was enzymatically modified
using bilirubin oxidase (BOD), yielding a low-sulfur, high-molecular-weight lignin fraction
readily soluble in water at neutral pH [2].

The modified lignin was subsequently employed as a sustainable surfactant for the
preparation of aqueous carbon black dispersions over a broad concentration range. A
comprehensive phase diagram was constructed to identify stable, homogeneous, and unstable
dispersion regions as a function of lignin and carbon black concentrations. Further, zeta
potential measurements indicate that the long-term stability of the nanoparticle dispersions
arises from the combined effects of electrostatic repulsion and steric stabilization provided by
the adsorbed lignin layer on the carbon surface. Subsequently, the formulated
nanocarbon/lignin dispersions were processed into conductive inks. This work opens new
opportunities for the development of biosourced conductive inks, coatings, and advanced
carbon-based formulations where both functionality and sustainability are key considerations

3.

The redox activity of lignin, combined with its ability to stabilize nanocarbon particles in
water, offers a unique platform for the development of redox-active carbon flowable
electrodes. Such formulations are particularly attractive for emerging flow electrochemical
energy storage technologies, including electrochemical flow pseudocapacitors and redox flow
batteries. Preliminary examples of lignin-based redox-active carbon slurries and their
electrochemical characterization will be presented, illustrating the potential of this approach
for sustainable and scalable energy storage systems.
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Ultrafast control of lattice and electronic dynamics on femtosecond-to-picosecond timescales
is central to next-generation optoelectronic devices. Van der Waals (vdW) heterostructures,
formed by stacking dissimilar 2D materials, offer a promising route for engineering such dy-
namics, but existing studies are mainly limited to bilayers. Here, using atomistic exciton—
phonon calculations, we demonstrate that exciton multipolarity gives rise to distinct ultrafast
responses in alternating WSe, and MoSe, multilayers. In bilayer, linear exciton-phonon cou-
pling drives the displacive excitation of a coherent 0.82 THz breathing phonon upon photoex-
citation, consistent with recent pump-probe experiment. In contrast, trilayers show qualita-
tively distinct behavior: the dominant exciton-phonon coupling to a 1.04 THz breathing phonon
switches from quadratic at zero field to linear under a vertical electric field, reflecting a field-
driven change in exciton multipolarity. As a result, photoexcitation drives the same phonon
mode from a squeezed phonon state to a displacively excited coherent oscillation. In thicker
multilayers, coexisting linear and quadratic coupling generates hybrid phonon states with si-
multaneous coherent and squeezed character. Our results identify exciton multipolarity as a
general and electrically tunable design principle for engineering phonon quantum states in vdW
heterostructures, with implications for THz quantum phononics and nanophotonic technolo-
gies.
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Sustainable and scalable energy storage technologies are critical for the advancement of
flexible and wearable electronics. However, the development of environmentally friendly,
printable electrode materials with high electrochemical performance and mechanical
durability remains a significant challenge. In this work, we synthesise a biomass-derived
conductive ink based on activated carbon (AC) obtained from sugarcane bagasse and mix it
with the conducting polymer PEDOT:PSS for the fabrication of printed micro-
Supercapacitors (m-SCs). AC synthesised at an optimised pyrolysis temperature of 800°C
exhibits a high surface area of 649.3 m? g', a mesoporous structure with pore sizes of 5.08—
6.03 nm, and a specific capacitance of 201.87 F g'. The composite ink formulation was
systematically optimised through investigation of additive composition, carbon-to-polymer
ratio, and printing layer count to achieve suitable rheological properties, excellent printability
and electrochemical performance. Flexible m-SCs are fabricated by direct ink writing on
polyethylene terephthalate (PET), employing a PVA/HsPOs gel electrolyte and PDMS
encapsulation for device protection. The devices deliver a high areal capacitance of 78 mF
cm? and retain 95% of their initial capacitance after 10,000 charge-discharge cycles,
demonstrating exceptional long-term electrochemical stability. Furthermore, the m-SCs
exhibit excellent mechanical robustness, maintaining nearly identical CV curves under
different bending angles indicating stable electrochemical performance under mechanical
deformation. The synergistic combination of sustainable activated carbon and conductive
polymer enables a low-cost, scalable, and environmentally friendly approach for high-
performance printed energy storage devices. These findings further demonstrate the potential
of high value waste-derived materials for next-generation wearable and printed electronics.
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Electron irradiation and annealing treatments are regularly used for colour centre/defect creation in
diamond. The nitrogen-vacancy (NV) centre in diamond is a point defect that has received significant
interest in recent years. [1] The negatively charged state of the centre (NV") exhibits long spin
coherence times and due to its sensitivity to electric and magnetic fields and intrinsic room-
temperature optical spin initialisation and readout it has many potential applications such as sensing,
nano-photonics, quantum memory and quantum information processing. [2-5]

The precise positioning of functional defects, such as single NV~ centres, and the optimisation of NV~
ensembles, whilst minimising the concentration of unwanted defects that degrade the useful NV~
properties, is desirable. To achieve this it is important to understand defect diffusion/migration and
the formation/destruction kinetics of defect complexes. Intrinsic defects such as interstitials and
vacancies are known to assist the diffusion of carbon atoms and impurities. Therefore, the
understanding of these intrinsic defects is key in the pursuit of deterministic defect creation and
optimising the properties of the desired defects. In the work reported here we have analysed, with
confocal photoluminescence spectroscopy, the nature and distribution of defects created by variable
dose, variable temperature, low energy (200 keV) electron irradiation and subsequent annealing in
high purity, “electronic grade” diamond (< 5 ppb nitrogen, < 1 ppb boron) and nitrogen doped
diamond (up to 12 ppm), grown by Chemical Vapour Deposition.

The depth profile of the vacancies produced with 200 keV electrons in intrinsic diamond at
temperatures where the vacancy is believed to be immobile is discussed, is found not to be in
agreement with recent theoretical predictions. [6] It is shown that the observed NV profiles can be
explained in terms of a simple model which includes the formation of vacancy clusters and the
nitrogen-divacancy (NV) defect as well as NV®". The role and importance of defects involving
multiple vacancies is discussed and strategies for optimising the location (e.g. near surface ensembles)
and useful properties of NV~ defects produced by “doping + electron irradiation + annealing” or “ion
implantation + annealing” are described.
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