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Page # Author Contribution Title 
7 Natalia 

Martsinovich 
Plenary From Disorder to Order and Back Again: 

Insight into Molecular Self-Assembly 
Using Computational Modelling 

9 Alex Ivanov Plenary Single-molecule Label-free Detection and 
Delivery with Nanopores 

10 Stefan Borsley Oral Dynamic Molecular Control of 
Nanoparticle Building Blocks 

11 Daniel Reta Oral Organic magnetism: Structural criteria to 
promote high-spin ground state 
polyradicals 

12 Suchanuch 
Sachdev 

Oral Using emulsion droplets as reactors for 
assembling nanoparticles 

13 Alex Summerfield Oral Strain-Engineered Graphene Grown on 
Boron Nitride and Hexagonal Boron 
Nitride Grown on Graphite using 
High-Temperature Molecular Beam 
Epitaxy 

14 Jack Law Oral Phase transitions on the surface of a 
sphere 

15 Ivan Derbenev Oral Electrostatic interactions between 
charged particles in an electrolyte 
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Plenary Speaker Abstracts 
    

From Disorder to Order and Back Again: Insight into Molecular Self-Assembly 
Using Computational Modelling 
Natalia Martsinovich 
Department of Chemistry, University of Sheffield 
n.martsinovich@sheffield.ac.uk 
 
Molecules can spontaneously assemble into ordered supramolecular structures, guided by 
specific interactions between the molecules. Molecular self-assembly essentially takes a 
collection of simple building blocks in an unorganised system and creates an organised system. 
The best-known examples are found in nature: the self-organisation of proteins into the complex 
alpha-helix structure, and the self-assembly of the DNA into the double helix. 
 
Today’s science and technology aim to learn from nature, working to create ordered and 
controllable self-assembled structures to use, for example, as capsules for drug delivery or as 
molecular analogues of transistors in molecular electronics. A necessary requirement for using 
them in any practical applications is that we should be able to understand and control the 
formation of such self-assembled structures. 
 
This talk will give an overview of several examples where computational modelling was used to 
understand the formation of self-assembled structures in relatively simple model systems: 
molecules adsorbed on solid surfaces, i.e. confined in two dimensions. Two-dimensional systems 
are very attractive, because highly resolved images of their structures can be obtained 
experimentally using scanning tunnelling microscopy (STM). 
 
First, I will show how simple chemical understanding of the hydrogen bond enables us to predict 
analytically the kinds of structures formed organic by molecules, from carboxylic acids to DNA 
bases.[1,2] I will also show that computers (specifically, molecular dynamics and Monte Carlo 
simulations) can do the same job for us and simulate the process of assembly of molecules from 
disorder into ordered structures, showing the steps that the molecules go through on their way to 
ordered structures.[3,4] 

 

It is also possible to obtain quantitative information, such as the energies and free energies for 
self-assembly, which are the key to thermodynamic stability of these structures. Thus, we were 
able to quantify the equilibrium between terephthalic acid molecules in solution and adsorbed at 
the solid (graphite)/liquid interface,[5] and explain why this molecule forms adsorbed 
self-assembled structures at the graphite/heptanoic acid interface but not at the 
graphite/phenyloctane interface.[6]  
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Finally, I will move from weak intermolecular interactions to strong covalent bond formation 
and will show how thiol groups allow small molecules to polymerise on the gold surface and 
form of a variety of structures, from long linear chains to fractal-like triangles.[7] 

In all of these studies, computational modelling goes hand in hand with experiments, creating a 
powerful toolbox which enables us to explore the rich variety of self-assembly in chemistry. 
 

    
1. M. Mura, N. Martsinovich and L. Kantorovich, Nanotechnology 2008, 19, 465704. 
2. R. E. A. Kelly and L. N. Kantorovich, J. Mater. Chem. 2006, 16, 1894, 
3. N. Martsinovich and A. Troisi, J. Phys. Chem. C 2010, 114, 4376–4388. 
4. S. Fortuna, D. L. Cheung and A. Troisi, J. Phys. Chem. B, 2010, 114, 1849-1858. 
5. W. Song, N. Martsinovich, W. M. Heckl and M. Lackinger, J. Am. Chem. Soc. 2013, 135, 14854−14862. 
6. A. Della Pia, D. Luo, R. Blackwell, G. Costantini and N. Martsinovich, Faraday Discussions, 2017, DOI: 

10.1039/C7FD00112F. 
7. A. Rastgoo-Lahrood, N. Martsinovich, M. Lischka et al., ACS Nano 2016, 10, 10901−10911. 
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Single-molecule Label-free Detection and Delivery with Nanopores 
Alex Ivanov 
Department of Chemistry, Imperial College London 
alex.ivanov@imperial.ac.uk 

    
The ability to simultaneously deliver and analyse individual molecules under label-free           
conditions is one of the ultimate goals in nanotechnology and can open up avenues for the                
quantitative analysis of biological, chemical and physical phenomena on an individual           
non-statistical basis. While the field of single-molecule detection is thriving, there is universal             
lack of methods that allow for controlled delivery of individual molecules and label-free             
single-molecule detection at the same time. A relatively new class of label-free bio-sensors is              
nanopores, which have been developed to efficiently detect and analyse single molecules (such             
as DNA, RNA and proteins) under physiologically relevant conditions with high signal-to-noise            
ratio. Until now nanopores have been mainly used as a high sensitivity analytical tool that has                
not been used for the controllable delivery of biomolecular species, in part due to the stochastic                
(random) nature of the transport of analyte through the nanopore. 
 
This talk will address some of the limitations above and the capabilities for controllable              
single-molecule delivery and label-free detection with a nanopore. We show that the delivery and              
detection of single molecules can be a controllable process, enabling on-demand delivery with             
precision of one molecule at a time.1 These findings open the door to using nanopores as a single                  
molecule delivery tool for a broad range of applications, e.g. gene regulation, infection, and              
single-molecule PCR, to name a few. 
 
In addition, I will present nanoscale sensors and platforms that we have recently developed.              
Examples include tunnelling nanopore platforms for high-resolution DNA fragment sizing and           
sequencing applications2, methods for high precision nanoelectrode/ nanopore fabrication2,3,         
molecular trap architectures4, aptamer-functionalised gold nanoparticles sensors5 and single         
molecule detectors based ionic field effect transistors. 
 
 
[1] ACS Nano 2015, 9 (4), 3587-3595 
[2] Nano Letters 2011, 11 (1), 279-285 
[3] ACS Nano 2014, 8 (2), 1940-1948 
[4] Nature Communications 2016, 7, 10217 
[5] Chemical Science, 2017, 8, 3905–3912 
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Oral Abstracts 
Dynamic Molecular Control of Nanoparticle Building Blocks 
Stefan Borsley 
University of Edinburgh 
S.Borsley@ed.ac.uk 
 
Nanoparticles (NPs) have generated much excitement as a result of the often unique properties 
observed on the nanoscale. However, there is an unmet need for simple and generalizable 
strategies for molecular-level control over NP functionalization and assembly. 
 
Here, we present reversible dynamic covalent boronic ester formation for the controlled and 
predictable reversible assembly of NPs. Molecular-level understanding of the boronic ester 
formation instructs our understanding of the assembly process. 
 
We present a simple, viable, and ultimately more flexible, alternative to existing methods of 
precise and predictable control of NP functionalisation and assembly, helping nanotechnology 
progress towards its undoubtedly revolutionary potential. 
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Organic magnetism: Structural criteria to promote high-spin ground state 
polyradicals 
Daniel Reta 
Univeristy of Manchester 
daniel.reta@manchester.ac.uk 
 
Triraylmethyl-based radicals are promising building blocks for the development of purely 
organic magnetism because they offer plausible ways of i) achieving large numbers of 
through-bond interacting unpaired electrons and ii) steric protection of the reactive radical sites. 
Additionally, their inherent structural flexibility permits thinking of several assembling schemes, 
leading to different sizes and shapes, which affects the expected macromolecular properties. 
In this talk I will discuss how one can use triraylmethyl-based radicals to design different spin 
topologies as an effective way to promote desired magnetic properties such as high-spin ground 
states and anisotropy. 
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Using emulsion droplets as reactors for assembling nanoparticles 
Suchanuch Sachdev*,a, Rhushabh Maugia, Caroline Kirka, Zhaoxia Zhoub, Steven 
D. R. Christiea and Mark Platta 
aDepartment of Chemistry, Loughborough University, Loughborough, LE11 3TU, UK 
bMaterials Engineering, Loughborough University, Loughborough, LE11 3TU, UK 
s.sachdev@lboro.ac.uk 
 
The synthesis and assembly of materials at the interface between two immiscible liquids is an 
area of growing interest. Here we report a versatile method for producing nanomaterials on 
emulsions droplets. The metal ions are added to the continuous aqueous phase and a reductant in 
the organic phase. By controlling the droplet size and concentrations we are able to form 
nanospheres or platelets. We illustrate the concept with the formation of gold nanoparticles and 
expand the concept to palladium. The process also allows for a facile synthesis of core@shell 
particles and we show how the process can be used to cover magnetic particles with a layer of 
palladium, in a rapid, high throughput reaction. 
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Strain-Engineered Graphene Grown on Boron Nitride and Hexagonal Boron 
Nitride Grown on Graphite using High-Temperature Molecular Beam Epitaxy 
  

Alex Summerfield1, Andrew Davies1, Tin S. Cheng1, Yongjin Cho1, Juan D. Albar1, 
Vladimir V. Korolkov1, Christopher J. Mellor1, C. Thomas Foxon1, Andrei N. Khlobystov2, Oleg 
Makarovskiy1, Evgeniy E. Vdovin3, Kenji Watanabe4, Takashi Taniguchi4, Laurence Eaves1, 
Sergei V. Novikov1 and Peter H. Beton1. 

    

1. School of Physics & Astronomy, University of Nottingham, Nottingham, NG7 2RD, UK. 
2. School of Chemistry, University of Nottingham, Nottingham, NG7 2RD, UK. 
3. Istitute of Microelectronics Technology and High-Purity Materials, Russian Academy of 
Sciences, Chernogolovka, Moscow region, 142432 Russia. 
4. The National Institute for Material Science, Advanced Materials Laboratory, 1-1 Namiki, 
Tsukuba, Ibaraki 305-0044, Japan. 
  

To scale up the production of graphene-hexagonal boron nitride (hBN) heterostructure devices, 
direct epitaxial growth of these materials will be necessary. As an alternative to commonly used 
techniques such as the exfoliation of graphene/hBN flakes or growth using chemical vapour 
deposition we have investigated high-temperature molecular beam epitaxy (HT-MBE) in order to 
produce high-quality graphene and hBN monolayers. 
We show that graphene grown using HT-MBE on hBN surfaces form continuous domains with 
dimensions of order 20 μm, and exhibits moiré patterns with large periodicities, up to ~30 nm, 
indicating that the layers are highly strained. Topological defects in the moiré patterns are 
observed using atomic force microscopy (AFM) and attributed to the relaxation of graphene 
islands which nucleate at different sites and subsequently coalesce. In addition, cracks are 
formed leading to strain relaxation, highly anisotropic strain fields, and abrupt boundaries 
between regions with different moiré periods. These cracks can also be formed by modification 
of the layers with a local probe resulting in the contraction and physical displacement of 
graphene layers. The Raman spectra of regions with a large moiré period reveal split and shifted 
G and 2D peaks confirming the presence of strain. 
We also demonstrate the epitaxial growth of high-quality hBN atomic layers on graphite using 
plasma-assisted HTMBE. AFM reveals mono- and few-layer island growth, while conductive 
AFM measurements show that the grown hBN has a resistivity which increases exponentially 
with layer thickness comparable with exfoliated hBN samples. Furthermore, X-Ray 
photoelectron spectroscopy, Raman and spectroscopic ellipsometry confirm the formation of 
sp2-bonded hBN with a band gap of 5.87 eV. Hexagonal moiré patterns of 15-17 nm are also 
observed on the hBN surface, suggesting that the grown layers may be strained due to the lattice 
mismatch with the graphite surface. 
Our work demonstrates a new approach to the growth of epitaxial graphene/hBN and provides a 
route to the production of vertical superlattice structures for use in future devices. 
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Phase transitions on the surface of a sphere 
Jack Owen Law*,1, A. Wong2, H. Kusumaatmaja1, M. A. Miller2 
1. Department of Physics, Durham University, South Road, Durham, DH1 3LE, UK 
2. Department of Chemistry, Durham University, South Road, Durham, DH1 3LE, UK 
* jack.o.law@durham.ac.uk 
 
The phase transitions of systems of attractive colloids confined to the surface of a sphere are 
strongly influenced by both the curvature of the surface and its finite extent [1, 2]. Here, the 
nucleation and growth of a two dimensional liquid confined to a sphere is investigated by Monte 
Carlo simulation. We measure the gas-liquid coexistence curve as well as the free energy profile 
for liquid nucleation from the gas phase. Further we demonstrate that it is possible to construct 
modifications to classical nucleation theory (CNT) which capture the finite size of the system 
and the curvature dependent geometry of a cluster [2, 3]. 
 
[1] G. Meng, J. Paulose, D. R. Nelson, V. N. Manoharan, “Elastic instability of a crystal growing 
on a curved surface”, Science, vol. 343, no. 6171, pp. 634-637, 2014. 
[2] L. R. Gómez, N. A. García, V. Vitelli, J. Lorenzana, D. A. Vega, “Phase nucleation in curved 
space”, Nature Communications, vol. 6, pp. 6856-6865, Apr 2015. 
[3] M. Rao, B. J. Berne, “Nucleation in finite systems: Theory and computer simulation”, 
Astrophysics and Space Science, vol. 65, no. 1, pp. 39-46, 1979. 
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Electrostatic interactions between charged particles in an electrolyte solution 
Ivan Derbenev 
University of Nottingham 
Ivan.Derbenev@nottingham.ac.uk 
 
Theory is developed to address a significant problem of how two charged dielectric particles 
interact in the presence of a polarizable medium that is a dilute solution of a strong electrolyte. 
The electrostatic force is defined by characteristic parameters for the interacting particles 
(charge, radius, and dielectric constant) and for the medium (permittivity and Debye length), and 
is expressed in the form of a converging infinite series. The limiting cases of weak and strong 
screening are considered. Results from the theory are compared with DLVO theory and with 
experimental measurements for the electrostatic force. 
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Superlubricity State on Two-Dimensional Materials: an Interplay between 
Multiscale Modelling and Experiments 
Declan Scullion*,1, Aleksey Falin2, Qiran Cai2, Dong Qian4, Rui Zhang4,5, Zhi Yang6, 
Shaoming Huang6, Kenji Watanabe7, Takashi Taniguchi7, Matthew R. Barnett2, Ying Chen2, 
Rodney S. Ruoff8,9,10, Lu Hua Li2, Elton J. G. Santos1,3  
1. School of Mathematics and Physics, Queen’s University Belfast, BT7 1NN, United 
Kingdom  
2. Institute for Frontier Materials, Deakin University, Geelong Waurn Ponds Campus, VIC 3216, Australia  
3. School of Chemistry and Chemical Engineering, Queen's University Belfast, BT9 5AL, United Kingdom  
4. Department of Mechanical Engineering, The University of Texas at Dallas, Richardson, TX 75080, USA  
5. School of Astronautics, Northwestern Polytechnical University, Xi'an 710072, China  
6. Nanomaterials and Chemistry Key Laboratory, Wenzhou University, 276 Xueyuan Middle Road, Wenzhou, 
Zhejiang 325027, China  
7. National Institute for Materials Science, Namiki 1-1, Tsukuba, Ibaraki 305-0044, Japan  
8. Center for Multidimensional Carbon Materials, Institute for Basic Science (IBS), Ulsan 44919, Republic of Korea  
9. Department of Chemistry, Ulsan National Institute of Science and Technology (UNIST), Ulsan 44919, Republic 
of Korea  
10. School of Materials Science and Engineering, Ulsan National Institute of Science and Technology (UNIST), 
Ulsan 44919, Republic of Korea 
 
* dscullion12@qub.ac.uk 
 
Atomically thin graphene and hexagonal boron nitride (h-BN) nanosheets are extremely 
important materials for several technological applications from bio-sensors to mechanical 
reinforcements. Although much work has been carried out on the mechanical properties of 
graphene, relatively little has been done on h-BN. Here we perform experiments on the breaking 
strength and Youngs modulus of graphene and h-BN sheets using nano-indentation and 
multiscale simulations involving finite element methods along with atomistic many-body (MB) 
interactions and van der Waals (vdW) dispersion approaches. We find from experimental 
measurements that the Youngs modulus of h-BN is independent of the layer number whereas 
graphene shows a strong reduction of 0.084 TPa moving from monolayer to 8 layers. Values of 
strain and pressure of the two materials under indentation were calculated using finite element 
analysis close to and far away from the indenter. Using these values, we carry out first principles 
calculations including vdWs and MB interactions on bilayer graphene and h-BN to simulate the 
sliding energy under these different situations. It was found that the two materials exhibit 
inherently different responses to the applied strain and pressure with graphene exhibiting 
superlubricity, where spontaneous sliding processes take place, and h-BN increasing the barriers 
for any displacement. Our findings open new avenues on the understanding and design of device 
platforms based on the advanced mechanical properties of layered materials. 
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Metal-Organic Nanosheets: Sensing and Catalysis in Two Dimensions 
David Ashworth*, Adam Cooper, Max Flint, Jonathan Foster 
University of Sheffield 
*djashworth1@sheffield.ac.uk 
 
Metal-organic nanosheets (MONs) present an exciting opportunity to design novel 2D materials 
for targeted applications. With thicknesses of only a few nanometres, but lateral dimensions of 
up to several micrometres, these modular, crystalline materials possess very large, accessible 
surface areas. The properties of MONs can be “tuned” through systematic alteration of organic 
ligands used within the repeating structure. We have utilised liquid exfoliation [1] in order to 
increase the surface area of layered copper metal-organic frameworks to create colloidal MON 
suspensions. We have shown these to be active as both sensors [2] and catalysts [3], through the 
increased exposure of the labile axial copper coordination sites. 
 
[1] V. Nicolosi, M. Chhowalla, M. G. Kanatzidis, M. S. Strano, J. N. Coleman, Science, 2013, 
340, 1420. 
[2] J. A. Foster, S. Henke, A. Schneemann, R. A. Fischer, A. K. Cheetham, Chem. Commun., 
2016, 52, 10474-10477. 
[3] D. J. Ashworth, J. A. Foster, in preparation. 
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Towards the design of Polymer Lipid Hybrid nanoparticles: Impact of triblock 
copolymers on the mechanical properties of lipid bilayers under tension 
Afroditi-Maria Zaki 
University of Manchester 
afroditimaria.zaki@manchester.ac.uk 
 
An emerging approach towards the improvement of drug nanocarriers is the incorporation of 
amphiphilic copolymers into lipid vesicles towards the formation of lipid-polymer hybrid 
nanoparticles. To elucidate the effect of polymers on lipid membranes, we employ MD 
simulations to investigate how various membrane properties are altered by incorporating the 
Pluronic® L64 copolymer in varying lipid/polymer ratios. The pure DPPC and the hybrid 
bilayers are expanded by applying lateral pressure in the range 1 to -130 bar. The simulations 
reveal that the critical rupture pressure is 20 bar higher for the hybrid bilayers, indicating 
improved mechanical stability of the latter. Indeed, further analysis of elastic, structural and 
dynamic properties reveals that the polymers interact strongly with the lipids in the vicinity, 
restraining their mobility and, therefore, decreasing their diffusivity. The trapped lipids resist the 
area expansion and are highly ordered. The hybrid membrane becomes more rigid and the 
rupture is hindered. The membrane rupture mechanism is also explored and two discrete modes 
of pore formation are observed depending on the polymer concentration. These findings show 
that the studied copolymer could be exploited for the formation of hybrid nanoparticles with 
controlled properties.  
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Poster Abstracts 
Monolayer-to-thin-film transition in supramolecular assemblies on graphene: the 
role of topological protection 
Alex Marsden 
University of Manchester 
alex.marsden@manchester.ac.uk 
 
We study the supramolecular assembly of benzene-1,4-dicarboxylic acid (terephthalic acid, 
TPA), and benzene-1,3,5-tricarboxylic acid (trimesic acid, TMA) on graphene. The thin film 
structure is investigated using transmission electron microscopy (TEM) and is compared to the 
monolayer structure found using scanning tunneling microscopy (STM). At the monolayer, both 
molecules display a structure dictated by hydrogen bonding between molecules. Above a 
monolayer, TMA and TPA behave differently. TMA templates its structure through increasing 
film thickness. On the other hand, TPA forms fibre-like islands, with the in-plane lattice 
parameters gradually changing with increasing thickness to those consistent with the bulk 
structure. These differences are thought to be anchored in the differences between the 2D and 
bulk structures for the two molecules: TPA can transition from its 2D structure to its bulk form 
through tilting whereas TMA cannot. 
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Strain-Engineered Graphene Grown on Boron Nitride by Molecular Beam Epitaxy 
Alex Summerfield 
University of Nottingham 
alex.summerfield@nottingham.ac.uk 
 
We show that graphene grown by high temperature molecular beam epitaxy (MBE) on 
hexagonal boron nitride (hBN) forms continuous domains with dimensions of order 20 μm, and 
exhibits moiré patterns with large periodicities, up to ~30 nm, indicating that the layers are 
highly strained. Topological defects in the moiré patterns are observed and attributed to the 
relaxation of graphene islands which nucleate at different sites and subsequently coalesce. In 
addition, cracks are formed leading to strain relaxation, highly anisotropic strain fields, and 
abrupt boundaries between regions with different moiré periods. These cracks can also be formed 
by modification of the layers with a local probe resulting in the contraction and physical 
displacement of graphene layers. The Raman spectra of regions with a large moiré period reveal 
split and shifted G and 2D peaks confirming the presence of strain. Our work demonstrates a 
new approach to the growth of epitaxial graphene and a means of generating and modifying 
strain in graphene. 
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Transient species in catalytic oxidation of CO on oxide supported silver 
nanoclusters 
Andrew Thomas 
University of Manchester 
a.g.thomas@manchester.ac.uk 
 
We have examined the growth of the Ag clusters on the anatase TiO2(101) surface by XPS and 
STM to determine growth and morphology. Near Ambient Pressure X-ray Photoelectron 
Spectroscopy has been employed to study the interaction of CO/H2O vapour with in-situ 
deposited Ag nano clusters on an anatase TiO2 (101) surface. We find that at pressures above 1 
mbar the Ag nano clusters become oxidised following attachment of CO to the clusters.  
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Inhibition of polyimide photodegradation by incorporation of titanate nanotubes 
into the composite 
Christian Harito 
University of Southampton 
ch8g13@soton.ac.uk 
 
The effect of UV exposure on hexafluoroisopropylidene-diphthalic anhydride - oxydianiline 
(6FDA-ODA) polyimide (PI) and polyimide-titanate nanotubes (PI-TiNT) nanocomposite has 
been studied using Raman spectroscopy, optical microscope, nanoidentation and TEM. The 
method of MB adsorption was adapted to estimate the rate of PI photodegradation. Functional 
group such as phenol, amine, and carboxylic acid might be created during UV irradiation and 
adsorbed methylene blue. In PI sample, a significant increment of MB absorption was observed 
after a few minutes and reached its plateau after 1 h. In PI-TiNT sample, the absence of 
degradation moieties yielded no significant change on PI-TiNT sample even after 4 h of UV 
irradiation. Raman spectra indicated cleavage of C=O and C-F bonds of polyimide while only 
the C-F bond was damaged in PI-TiNT implying the protection of polyimide by titanate 
nanotubes. Shorter cracks (≈40 µm) appeared in PI-TiNT samples while macro cracks (>100 
µm) were visible in PI after 3 hours of UV exposure. Brittleness was studied by comparing 
plasticity index which is varied from 0 to 1 (0 corresponding to the most brittle material and 1 for 
the most ductile one). Plasticity index reduced by 51% and 2% for PI and PI-TiNT, respectively 
after 3 h UV irradiation indicating that titanate nanotubes protected the polyimide underneath 
from further damage. 
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Electric Field-Driven Single-Molecule Switches 
Cina Foroutan-Nejad*,1, Michal Straka2 
1. CEITEC - Central European Institute of Technology, Masaryk University, Brno, Czech 
Republic 
2. Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Prague, Czech 
Republic 
*canyslopus@yahoo.co.uk 
 
We propose a two-state electric field-driven high-temperature single-molecule switch based on a dipolar 
molecule enclosed inside ellipsoidal fullerene C70. We show that the two low-energy minima of the 
molecular dipole inside C70 cage provide distinguishable molecular states of the system that can be can 
be switched by application of an external electric potential. To read the state of the switch we showed that 
there are two possible methods on the basis of spectroscopy[1] and electric conductance. The latter 
method is possible because polar endohedral molecules can induce strong polarization in the electron 
density of C70, thus turn it to a single-molecule rectifier. 
 
[1] C. Foroutan-Nejad, V. Andrushchenjo, M. Straka, Phys. Chem. Chem. Phys. 2016, 18, 32673-32677 
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Construction of a Fully Interwoven 2D Organic Polymeric Material 
David August*, Jean-Francois Lemonnier, Leoni Palmer** 
University of Manchester 
*David.August@manchester.ac.uk 
**leoni.palmer@manchester.ac.uk 
 
Recently, Yaghi et al. showed how simple copper (I) complexes can be combined to form 2D 
materials.1,2 The complexes were functionalised with aldehydes and combined with benzidine 
as a spacer and connector. The proceeding imine formation, under thermodynamic control, 
results in a 3D organic interwoven organic polymer as a crystalline network. Inspired by this, we 
propose the formation of covalent organic frameworks from helicates, 2x2 and 3x3 grids already 
developed within our laboratory.3,4 By using systems with many pre-determined crossing points, 
a 2D interwoven material can be generated with greater certainty and with fewer defects. 
 
[1] H. Furukak, Z. Liu, H. Zhu, C. Zhu and K. Suenaga, Science, 2016, 351, 365-369 
[2] E. Gutierrez-Puebla, Science, 2016, 351, 336-336 
[3] J. E. Beves, J. J. Danon, D. A. Leigh, J. F. Lemmonnier, I. J. Vitorica-Yrezabel, Angew. 
[4] D. A. Leigh, R. G. Pritchard, A. J. Stephens, Nat. Chem., 2014, 6, 978-982. 
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Release Behavior and Toxicity Profiles of a Nanodrug Based on Graphene 
oxide-6-Mercaptopurine towards Leukemia (WEHI-3B) Cell Lines 
Dena Dorniani*,1,2, Bullo Saifullah2, Palanisamy Arulselvan3, Mohd Zobir bin 
Hussein2, Sebastian G. Spain1 
1. Department of Chemistry, Dainton Building, University of Sheffield, Brook Hill, Sheffield, S3 
7HF, United Kingdom. 
2. Materials Synthesis and Characterization Laboratory, Institute of Advanced Technology, 
Universiti Putra Malaysia, Selangor, Malaysia. 
3. Vaccines and Immunotherapeutics Laboratory, Institute of Bioscience (IBS), Universiti Putra 
Malaysia, Selangor, Malaysia 
 
*d.dorniani@sheffield.ac.uk 
 
We synthesized the biocompatible nanoscaled drug delivery system based on graphene oxide 
(GO) using improved Hummer's method for an active anticancer agent, 6-mercaptopurine (MP). 
The physico-chemical properties of the GO nanocarrier and the GOMP nanocomposite were 
studied via powder XRD, FTIR spectroscopy, high HRTEM, Raman and UV-Vis spectroscopy. 
The release studies of MP from GOMP nanocomposite occurs in a sustained manner in the 
human body simulated phosphate saline buffer solution at pH 7.4. Cytotoxicity results showed 
that GOMP nanocomposite seems not to be toxic against normal fibroblast cell lines while it is 
showing cytotoxicity nature against leukemia cancer cells (WEHI-3B). 
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Soft Materials for the Lithium-air Battery Electrode 
Emily Gould 
University of Edinburgh 
e.m.gould@sms.ed.ac.uk 
 
Lithium-air batteries provide a promising high-energy-density alternative to traditional 
Lithium-ion technologies, particularly for use in electric vehicles. We investigate the use of soft 
materials to create a Li-air cathode that brings the three key components: electrolyte, electrode 
and air, into close contact with each other, increasing the contact area between the components 
and reducing the likelihood of the reaction product choking the meeting points between the three 
components. We use high internal phase colloid-stabilised emulsions to create a ‘tricontinuous’ 
structure, in which the conducting colloids on the interface and both liquid phases are all 
continuous in 3D space. When fully realised, this structure should allow us to create a cathode 
where the build-up of reaction product over repeated charge cycles has very little effect on the 
ability of the electrolyte to react with oxygen from the air at the electrode surface during 
discharge. 
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Utilisation of the RAFT chain transfer agent end group as an oxidation sensitive 
trigger 
Emma Owens 
University of Sheffield 
elowens1@sheffield.ac.uk 
 

Many autoimmune diseases are caused by/cause inflammation, which in turn produces reactive 
oxygen species such as hydrogen peroxide. Targeting a particular molecule which is involved in 
oxidative stress, such as hydrogen peroxide, enables drugs to be released where they are needed 
in the body. Without a targeting system, the drugs would circulate the body, with a lot of the 
administered drug not reaching the site where it is needed before it is excreted. In order to 
demonstrate this, a series of polymers of N-isopropylacrylamide (NIPAM) were synthesised with 
varying degrees of polymerisation from DP 10 – 100 via reversible addition-fragmentation 
chain-transfer polymerisation (RAFT) using different chain transfer agents (CTA). The CTA end 
group has been utilised as an oxidation-sensitive trigger. The polymer synthesised is 
poly(N-isopropylacrylamide), which is a temperature responsive polymer.These were purified by 
dialysis and analysed via 1H NMR, GPC and their cloud points were found. For the lowest 
molecular weight polymer using methyl 2-(propylthiocarbonothioylthio)propanoate (MPP) as the 
chain transfer agent (DP10), IR spectra and mass spectra were also collected. These polymers 
were oxidised to determine the applicability of the CTA end group as oxidative triggers for 
morphological change. After oxidation, they were purified and freeze dried as above before 
repeating all the analysis. A difference was seen in the colour of the polymer samples, before 
oxidation the polymer was yellow in colour, and after oxidation, the polymer was white in 
colour. 
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Complex Morphologies From Block-copolymer Self-assembly: Building Blocks for 
Mesostructured Porous Materials  
Gerardo Campos Villalobos 
University of Manchester 
gerardodejesus.camposvillalobos@manchester.ac.uk 
 
Amphiphilic block copolymers exhibit a very intriguing phase and aggregation behaviour in 
aqueous solution. More specifically, they are able to self-assemble into micelles or more 
complex mesophases including bicontinuous phases. In particular, bicontinuous phases have 
recently been employed as templates for the synthesis of porous materials, incorporating micro-, 
meso- and macropores [McKenzie et al., 2013]. By varying the hydrophobic/hydrophilic ratio 
and molecular weight of the copolymer as well as the solvent conditions, the shape and size of 
the aggregates can be controlled. Therefore, the success of self-assembly as a technique to 
synthesize new materials with specific physical, chemical and biological properties relies on the 
ability of recognizing the contributions that play an important role in the self-organization 
mechanism, i.e. the driving forces (hydrophobic effect, chain conformational entropy and 
excluded volume repulsive interactions), and in this way to set the conditions for the synthesis: 
solvent composition, temperature, pressure and the architecture of the building blocks. In this 
work, we apply molecular simulation techniques to unveil the phase behaviour of diblock 
copolymers that have been successfully employed in the synthesis of bicontinuous phases: 
PEO-b-PBMA and PEO-b-PODMA. In particular we aim to obtain the phase diagram of these 
copolymers in solution, which will confirm or expand the tendencies observed in experiments. 
The simulation results will be validated by comparison with experimental data, which will 
provide the basis to optimize our coarse-grained model and employ it for the design of new 
building blocks.  

 
[McKenzie et al., 2013] McKenzie, B. E., de Visser, J. F., Friedrich, H., Wirix, M. J., Bomans, P. H., de 
With, G., Holder, S. J., and Sommerdijk, N. A. (2013). Bicontinuous nanospheres from simple amorphous 
amphiphilic diblock copolymers. Macromolecules, 46(24):9845–9848.  
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Processing, morphology and properties of graphene oxide reinforced polymer 
nanocomposites 
Haia Aldosari*,1, Michael Weir1, Patrick Fairclough2, and Nigel Clarke1 

1. Department of Physics and Astronomy, University of Sheffield 
2. Department of Mechanical Engineering, University of Sheffield 
HHAldosari1@sheffield.ac.uk 

Polymer nanocomposites are materials composed of polymers filled with organic or inorganic 
materials where at least one dimension of the dispersed particles is in the nanometre range [1]. 
Polyethylene and polypropylene, when reinforced with nanofillers, show high stiffness, strength, 
electrical and thermal conductivity , and have many potential applications in the automotive and 
aerospace industries [2]. Many nanocomposites are prepared by mixing the nanofiller with the 
polymer in its molten state [3]. In this procedure, the nanofiller particles tend to agglomerate 
rather than disperse, which is a disadvantage. Solvent-processing methods, i.e. the dissolving 
both polymer and nanofiller in solvent, shows promising results for the improvement of 
nanofiller dispersion in the polymeric matrix [4,5]. A good dispersion is of critical importance 
for the final properties of the nanocomposite. 
 
This study investigates the preparation, characterization and properties of graphene oxide (GO) 
based on metallocene linear low density polyethylene (PE) and homo polypropylene (PP). These 
nanocomposites were prepared by solvent processing, where GO nanopowder was dispersed with 
DMF solvent for the GO and O-Xylene for the polymers . Small- and wide-angle X-ray 
scattering (SAXS and WAXS) have been used to analyse the polymers’ semicrystalline 
morphology . The interlayer spacing (d spacing) and the lamellar thickness (Lp) increase by 
added the GO while the crystalline size decreased. The chemical structure properties were 
characterized by Fourier transform infrared spectroscopy (FTIR) and Raman spectroscopy. 
 
The thermal properties were investigated by DSC and TGA, and showed that the addition of 
graphene oxide did not have a pronounced effect on the crystallization temperatures of the 
nanocomposites, while thermal stability was improved. The addition of GO did not improve the 
mechanical properties as measured by the tensile strength. Electrical studies confirmed that GO, 
with conductivity far inferior to pristine graphene, did not improve the conductivity of the 
nanocomposites. These studies form the basis of a wider study of various forms of graphene in 
nanocomposites with industrially relevant polymers. 
 
[1] Alexandre, M., & Dubois, P. (2000). Polymer-layered silicate nanocomposites: Preparation, properties 
and uses of a new class of materials. Materials Science and Engineering R: Reports, 28(1), 1–63. 
[2] Garcøs, B. J. M., Moll, D. J., Bicerano, J., Fibiger, R., & Mcleod, D. G. (2000). Polymeric 
Nanocomposites for Automotive Applications, (23), 1835–1839. 
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[3] Moniruzzaman M, Winey KI.( 2006) .Polymer nanocomposites containing carbon nanotubes. 
Macromolecules,(39), 5194-5205. 
[4] Pluta, M., Alexandre, M., Blacher, S., Dubois, P., & Jérôme, R. (2001). Metallocene-catalyzed 
polymerization of ethylene in the presence of graphite. II. Structure and electrical properties of the 
composites. Polymer, 42(22), 9293–9300. 
[5] Zheng, G., Wu, J., Wang, W., & Pan, C. (2004). Characterizations of expanded graphite/polymer 
composites prepared by in situ polymerization. Carbon, 42(14), 2839–2847.  
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Preparation of novel nanocomposite particles for corrosion protection 
Jack Saunders 
University of Manchester 
jack.saunders-5@postgrad.manchester.ac.uk 
 
Sometimes overlooked as nanocomposites, paint consists of binder, fillers and solvent. When 
combined, the polymeric binder, metallic/polymeric fillers and solvent give intriguing barrier 
properties. Currently, manufacturers are moving away from metallic oxides (cf. chromates and 
zinc) occluded in paints and towards waterborne systems. A waterborne system offers many 
advantages over solvent-borne systems, primarily that water is incredibly environmentally 
friendly. Nevertheless this increases the substrates’ exposure to water. The aim of the project is 
to demonstrate new approaches to prepare waterborne composite latexes by synthesising a series 
of waterborne coatings with dispersed acrylic/styrenic nanoparticles to improve corrosion 
protection. The size, morphology and composition of the dispersed nanoparticles will be 
investigated and the particles characterised by a wide variety of techniques. We aim to gain a 
mechanistic understanding of how particle structure/composition relates to corrosion protection 
provided. 
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Transition metal atoms embedded in graphene vacancy defects 
Jack Wadey*,1, Alexander Markevich,1 Elena Besley1  
1 School of Chemistry, University of Nottingham, Nottingham, NG7 2RD, UK  
*pcxjdwa@nottingham.ac.uk 
 
An in-depth spin polarised density functional theory (DFT) study has been performed for 
transition metal atoms situated at both the graphene monovacancy (MV) and divacancy (DV). 
The generalised gradient approximation of Perdew-Burke-Ernzerhof (PBE GGA) [1] 
implemented in CASTEP [2] with Vanderbilt ultrasoft pseudopotentials [3] were used to 
calculate binding energies (Eb), metal-carbon bond lengths (d), magnetic moments (M) and 
elevations (h) of transition metal atoms above the graphene plane. The obtained results allow us 
to find trends in binding energies, structural and electronic properties for metals along the 
periodic table and facilitate better understanding of metal-carbon interactions at the nanoscale. 

 [1] Perdew, J. P., Burke, K., & Ernzerhof, M. (1996). Phys. Rev. Lett., 77, 3865–3868. 
 [2] Clark, S. J., Segall, M. D., Pickard, C. J., Hasnip, P. J., Probert, M. I. J., Refson, K., & 
Payne, M. C. (2005). Z. Kristallogr., 220, 567–570. 
 [3] Garrity, K. F., Bennett, J. W., Rabe, K. M., & Vanderbilt, D. (2014). Comp. Mat. Sci., 81, 
446–452. 
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Stress Transfer in a Graphene/Cellulose Nanocrystal Bilayer 
Joe Morgan 
University of Exeter 
j.j.morgan@exeter.ac.uk 
 
Cellulose nanocrystals and graphene are both desirable materials in films and composites. So far 
little work has explored the interfacial strength between the two. In this work Raman 
spectroscopy is used to determine the interfacial bonding strength of the two materials. This is 
done through monitoring shifts in characteristic Raman bands as a tensile load is applied to a 
graphene/cellulose bilayer. This work is crucial for understanding the nanoscale bonding 
mechanics and failure mechanisms of devices made out of graphene and cellulose.  
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A Novel Micro-Emulsion Phase Transition: The Case of Third Phase Formation in 
Spent Nuclear Fuel Reprocessing 
Junju Mu 
University of Manchester 
junju.mu@postgrad.macnhester.ac.uk 
 
Oil/water/surfactant mixtures often have a complex phase diagram. As one changes composition 
or temperature, one may observe spherical micelles, either in an isotropic phase or in a crystals, 
hexagonal, lamellar and gyroid phases. The transitions are first order and show a change of 
symmetry. We would like to present results on a system that shows a transition between two 
micro-emulsions of the same symmetry. This system, however, is not just of academic interest. 
These phases are observed in the PUREX extraction process for the recovery of uranium and 
plutonium from spent nuclear fuel. An understanding of the structures of these phases will 
hopefully permit better thermodynamic modelling and thus lead to more efficient processing 
conditions. 
 
The system we study is that of tri-butyl phosphate (TBP), water, nitric acid and n-dodecane. 
Typically this system phase separates into a water-rich and a dodecane-rich system. At high 
nitric acid concentrations, however, the organic phase itself separates into two phases – one 
phase dilute in TBP and nitric acid and one phase concentrated in these species. The same thing 
happens at high concentrations of uranium and plutonium in the PUREX system, but here we 
focus on this somewhat simplified system. 
 
We investigate these organic phases using both molecular dynamics and Gibbs Ensemble Monte 
Carlo simulations. The force-field needs careful parameterisation, which we have achieved by 
verification against available thermodynamic properties and X-ray and neutron scattering 
experiments.[1] The structure of these organic phases is that of a micro-emulsion, with the TBP 
playing the role of a surfactant. Worm-like reverse-micelles appear to form, with the polar 
molecules in the interior and the dodecane outside. The two co-existing phases (organic and 
third-phase) both, unusually, have this worm-like micelle structure, but with differing 
compositions and differing molecular arrangements of the polar species in the interior of the 
micelle. 
 
[1] Mu, J., Motokawa. R., Williams. C.D., Akutsu. K., Shotaro Nishitsuji, Masters. A.J. J. Phys. 
Chem. B 2016, 120, 5183-5193. 
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Strong coupling between plasmonic and molecular vibrational resonances in the 
mid-infrared range 
Kishan Menghrajani*, G. Nash, W. L. Barnes 
School of Physics and Astronomy, University of Exeter, Stocker Road, Exeter, Devon, EX4 4QL 
UK 
*km508@exeter.ac.uk 
 
We numerically demonstrate strong coupling between plasmonic and molecular vibrational 
resonances of polymethyl methacrylate (PMMA) molecules in the mid-infrared range. The 
plasmonic resonances are tuned across the molecular resonance of the PMMA molecules at 1730 
cm-1 to observe strong coupling, which manifests itself as an anti-crossing feature with two 
newly formed hybrid polariton modes. 
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Synthesis of Polyacid-functionalised Diblock Copolymer Nano-Objects via 
Polymerisation-Induced Self-Assembly 
Lee Fielding 
University of Manchester 
lee.fielding@manchester.ac.uk 
 
Well-defined diblock copolymer nanoparticles such as spheres, worms and vesicles can readily 
be prepared via RAFT aqueous dispersion polymerisation. This approach is a powerful and 
versatile technique for the preparation of a wide range of bespoke organic diblock copolymer 
nano-objects of controllable size, morphology, and surface functionality at relatively high 
concentrations. In this presentation, a binary mixture of anionic and non-ionic macromolecular 
chain transfer agents is used to design novel polyacid-functionalised nanoparticles with 
controllable anionic character and morphology. The nanoparticles are characterised by electron 
microscopy, aqueous electrophoresis and oscillatory rheology. The worm-like micelles form 
free-standing gels of varying strength, depending on their composition.  
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Modelling the gelation of porous nanomaterials 
Martin Prostredny 
University of Strathclyde 
martin.prostredny@strath.ac.uk 
 
Resorcinol-formaldehyde (RF) gels have been studied extensively, subsequently finding many 
uses. However, despite significant research effort, there is still no accepted model describing the 
formation of these structures. This work combines experiments and simulations in order to better 
understand the process of creating and growing of clusters during RF gel formation. The 
investigated areas include the influence of gelation temperature and concentration and type of 
catalyst used. The experimental data form the basis of a model for the growth and gelation of RF 
clusters with which we intend to develop predictive capabilities for future work. Currently, the 
model is in development and uses a kinetic Monte Carlo method in two-dimensions. 
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Modeling the Effects of pH on the Synthesis of Mesoporous Silica Materials  
Olivia Nile Sobek 
University of Strathclyde  
olivia.sobek@strath.ac.uk 
 
Because of their highly ordered pores, high surface areas, high functionality, low cost, and high 
synthesis ability, mesoporous silica has been of great interest for an increasing variety of 
applications and research. One avenue of particular interest has been capturing the detailed 
synthesis of mesoporous silicas through coarse-grained molecular modeling. To that end, this 
study aims to produce an accurate coarse-grained model of the synthesis of SBA-15 mesoporous 
silica through a triblock copolymer surfactant, and ultimately of the effect of high pH on that 
synthesis. 
Our research is based on the established Martini coarse-grained force field and previous work 
into modeling the self-assembly step of mesoporous synthesis by Paula Carbone. This study has 
thus far been unable to reproduce micelle aggregation self-assembly with our desired surfactant 
through current Martini force field parameters, so our focus has been to evaluate and understand 
Martini’s parameters to tailor them to our simulation needs. This has been done through such 
evaluation tools as Gibb’s free energy of solvation of coarse-grained alkane solvents and other 
types of surfactants. 
Through these reported results we will potentially optimize the Martini force field parameters for 
our triblock copolymer surfactants to effectively replicate the micelle aggregation and formation 
processes. This will allow us to eventually refine, test, and adapt the coarse-grained synthesis 
simulation for higher pH values. 
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Au-SiO2 -WOx Core-Shell Nanocomposites For Biomedical Imaging Applications. 
Pablo Martinez Pancorbo 
University of Exeter 
pm404@exeter.ac.uk 
 
Au-SiO2 -WOx Core-Shell Nanocomposites For Biomedical Imaging Applications. 
Abstract: This project aims to investigate the structural, magnetic, optical, thermal properties and 
surface plasmon enhancement of a new class of composite nanoparticles towards bioimaging 
applications. In the first stage, Au-SiO2-WOx core-shell nanocomposites have been prepared, 
and characterized using combined techniques. Future work will expand to further control and 
characterization of nanocomposites. 
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Modelling kinetics of silica growth in aggregates of block copolymer 
Pallabi Haldar*, Flor Siperstein, Alessandro Patti 
School of Chemical Engineering and Analytical Science, University of Manchester Sackville 
Street, M13 9PL, United Kingdom 
*pallabi.haldar@manchester.ac.uk 
 
Periodic porous materials have important industrial applications, such as, selective adsorption 
and catalysis. This is because, these materials can be functionalised according to our needs by 
controlling the pore sizes, which in turn, can be controlled by varying the synthesis conditions. 
Such materials are formed due to the self-assembly of amphiphilic diblock copolymers. 
Interestingly, this process is affected by a number of factors, such as, the presence of silicates, 
solvent, cosolvent, temperature. The presence of silica play a key role in the formation of these 
ordered structures. Despite recent studies on understanding how the presence of silica affect the 
self-assembly of these block copolymers, there is still an ambiguity on whether these materials 
follow a cooperative template mechanism or a liquid crystal templating mechanism 
[Pérez-Sánchez et al, 2016]. In this work, particularly, we aim to address this question as well as 
understand the different types of interactions between the polymer and silicates. In pursuit of 
this, we employ molecular dynamics simulations of coarse-grained models of amphiphilic 
diblock copolymer PEO-b-PBMA with silicates in water and cosolvent system, where PEO 
represents the hydrophilic block and PBMA, the hydrophobic block. Later then, we will proceed 
to study a similar yet more complicated block copolymer PEO-b-PODMA. Finally, our 
simulation results will be validated by comparing with the experimental observations so as to 
employ these models towards future applications. 
 
[Pérez-Sánchez et al.,2016] Pérez-Sánchez, G., Chien, S.-C., Gomes, J. R., DS Cordeiro, M. N., 
Auerbach, S. M., Monson, P. A., and Jorge, M. (2016). Multiscale model for the templated 
synthesis of mesoporous silica: The essential role of silica oligomers. Chemistry of Materials, 
28(8):2715- 2727 
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Porosity in Nitride LEDs: Beyond the Blue 
Peter Griffin 
Cambridge Centre for Galium Nitride 
phg23@cam.ac.uk 
 
Using a simple electrochemical set-up we have created porous structures with a range of 
morphologies in nitride semiconductors. We have demonstrated distributed Bragg Reflectors that 
use porosity to change refractive index in layered nitride structures. These have wide and 
tuneable reflectivity whilst remaining lattice matched and therefore preserving material quality 
for the LED structure. We now look to improve the currently low efficiency of green and UV 
LEDs by applying porosity to the active regions to exploit quantum confinement and localization 
effects. Preliminary porosity experiments for InGaN and GaN are presented that explore the 
relationships between etch conditions, morphology and luminescence. 
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Tailoring the plasmon modes in graphene nanoribbons 
P.Gowda*, T.Pool, I. J. Luxmoore, G. R. Nash 
College of Engineering, Mathematics and Physical Sciences, University of Exeter, Exeter, 
United Kingdom 
*P.P.Vadegadde-Dakappa@exeter.ac.uk 
 
Plasmons-polaritons in graphene nanoribbon devices1 offer great potential for the development 
of sensitive and selective biosensors2,3 and photodetectors4. In this work we aim to tailor the 
plasmon modes in graphene nanoribbons by introducing a periodic spatial modulation, which 
leads to a rich spectrum of additional plasmon-phonon-polariton modes. The additional modes 
excited can be varied as a function of polarisation, which coupled with the ability to also tune 
them through electrostatic gating, will allow the development of plasmon based devices for a 
wide range of sensing applications.  
 
1 I. J. Luxmoore, C. H. Gan, P. Q. Liu, F. Valmorra, P. Li, J Faist, G. R. Nash, Strong Coupling 
in the Far-Infrared between Graphene Plasmons and the Surface Optical Phonons of Silicon 
Dioxide, ACS Photonics, 2015, 1, 1151-1155. 
 
2 D. Rodrigo, O. Limaj, D. Janner, D. Etezadi, F. J. G. de Abajo, V. Pruneri, H. Altug, 
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Advances in the synthesis of porous materials have introduced an enormous variety of possible 
materials for addressing issues such as carbon capture, catalysis and hydrogen storage. To 
evaluate these materials, a computational screening method is needed which will require GCMC 
simulations. However with a variety of programs available to do this, it is not clear which can be 
trusted and which will perform quickest. 
 
In this work we assess the computational performance of five freely available programs. We first 
quantify the rate of sampling by each program, then critically compare the performance of the 
programs. 
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In this work, liquid|liquid interfaces are used for the assembly and testing of the catalytic 
efficiency of a number of 2D materials (MoS2, WS2, and graphene), exploiting the ability of the 
materials to self-assemble at these interfaces and be tested electrochemically in situ. The 
exfoliation process was carried out in 1,2-dichlorobenzene (DCB): when assembled at the 
water|DCB interface, these materials acted as efficient HER catalysts. HER was investigated 
using voltammetry, with bulk reaction kinetics monitored by in-situ UV-visible spectroscopy at a 
constant potential (+0.5 V). MoS2 exhibited the highest performance with an average rate 
constant of 0.0132 min-1. 
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