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Session 1 – Surfaces and films
(Invited) Lignin-based Multiphase Materials for 3D printing
M-P Laborie, R Gleuwitz, G Sivasankarapillai, Y Chen, L Ebers, and C Friedrich
University of Freiburg, Germany
For decades Lignin has been the subject of research efforts towards its valorization in advanced materials. Although
there exists a wealth of research efforts on blending lignin with other polymers, one relatively little explored research
avenue resides in its blending with liquid crystalline polymers to produce multiphase materials [1] In this
presentation, our recent efforts at designing new lignin-based multiphase materials by blending it with liquid
crystalline cellulose derivatives will be reviewed. The potential of liquid crystalline multiphase lignin-based materials
as bioinks for direct ink writing will be demonstrated.
[1]

Rials T. and W.G. Glasser J Appl. Polym. Sci. 37 8 2399 (1989)

Characterization of films from plant cell wall materials
A Husmann, J Lyczakowski, L Yu, P Dupree, and J Elliott
University of Cambridge, UK
The extensive use of plastic in food packaging has brought about many advantages for the transport and storage of
food, serving as a barrier to and protection from the environment. However, the production of synthetic plastics
relies on fossil fuels, and their disposal after use has brought an increase in pollution to our environment which has
now reached a critical stage. Development of sustainable biodegradable alternatives has already led to some
commercially available products, but further research into raw materials, improvement of manufacturing processes
and quality of the end products is needed to enable a wide use of these alternatives.
Our project is part of the EPSRC initiative “Circular Economy Approaches to the Elimination of Plastic Waste”
(CirPlas). It is designed to build up from an extensive knowledge of plant polysaccharide structures and the ability of
biosynthetically engineer those structures [1, 2] to the design of novel polymer composites through crosslinking and
self-association. Crosslinkers are chosen with the aim of keeping the environmental footprint low.
We report here on the material characterization of films produced from waste biomass – birch cell wall materials cellulose, xylan and lignins. Scanning electron microscopy (SEM) and atomic force microscopy (AFM) reveal
topographic and mechanical properties on the scale of nano- to micrometres. Advanced Raman spectroscopy is
used for chemical mapping. Most importantly, highly sensitive stress-strain characterization is carried out on films to
inform and optimize mechanical stability depending on manufacturing processes and crosslinkers.

Fig 1: SEM picture of a film made of birch cellulose and xylan by self-association
[1]
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M. Busse-Wicher et al, Biochemical Soc. Trans. 44 (1), 74-78 (2016)
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Thermodynamics of polymer/fullerene thin-films
E Hynes1, J Cabral2, A Parnell3, P Gutfreund4, R Welbourn5, A Dunbar3, D Môn1, and A Higgins1
1

Swansea University, UK 2Imperial College London, UK 3The University of Sheffield, UK 4Institut Laue-Langevin,
France, 5ISIS Pulsed Neutron and Muon Source, UK
Solution-processed organic solar cells (OSC) can now achieve power-conversion efficiencies of over 12%. This
represents a considerable rise in performance over the last two decades that has resulted from the continued
development of new materials, and direct characterisation of the structure and properties of working devices. While
further increases in efficiency are clearly desirable, the main issue that needs to be addressed is device stability;
the need to prevent significant degradation in performance under operation. Domain composition is important here,
as it is a key factor controlling charge transport within conjugated-polymer/small-molecule devices. Several studies
have probed polymer/small-molecule miscibility by examining simplified bilayer architectures, particularly in
fullerene/polymer systems.[1,2] Flory-Huggins theory has also recently been utilised to understand domain
compositions and quantitatively link the interaction parameter, 𝜒𝜒, to the fill
-factor, for a range of polymer/smallmolecule systems. [3] The importance of understanding the phase equilibria between OSC materials was also
recently recognised, in relation to device stability, in terms of the potential evolution of domain composition towards
equilibrium under operation. [4,5] The work presented here robustly examines the applicability of equilibrium theory
to these systems in thermally-annealed model polymer/small-molecule systems.
Behaviour as a function of molecular weight (Mw) is key here. The tunable Mw of polymers allows mixing behaviour
and hence film morphology to be controlled independently of material chemistry. However, a clear understanding of
the impact of Mw on device structure and properties has been difficult to achieve, because of the typically broad
Mw distributions in conjugated polymers. The study presented here uses Mw to test a hypothesis that the
composition profile within model polymer/small-molecule thin-films represents a (metastable) liquid-liquid
equilibrium that forms in advance of any fullerene crystallisation. We use neutron reflectivity to measure
composition profiles, as the high-resolution of this technique allows us to probe both the layer compositions and the
interfacial width between phases, in the same samples, enabling comparison of our results with theoretical

predictions as a function of Mw. Atactic polystyrene (PS) is chosen as a well-understood model amorphous
polymer, that can be synthesised across a wide mass range with control of Mw-distribution that is greatly superior to
conjugated polymers. We present an extensive sample set in which mixing and interfacial broadening is examined
as a function of Mw, annealing time, annealing temperature and layer thickness, in two different PS/fullerene
systems.
[1]
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Session 2 – Surfaces and films; flash presentations
Physical properties of vacuum-deposited polymer coatings on polymer substrates
H Assender
University of Oxford, UK
Functional materials and device systems based on thin films on polymer substrates are of interest for example for
large area devices or wearable technologies. Often a combination of polymer and vacuum-deposited inorganic
layers is desirable, and one route to manufacture of this combination is to migrate the substrate between ambient
ink-based deposition and vacuum deposition. An alternative, more desirable, approach is to develop methods to
deposit the various materials in a single-pass roll-to-roll process under stable conditions. As well as exploring
nanoparticulate routes to ambient deposition of inorganic functional layers, we also explore vacuum routes to
deposition of organics.
Polymer layers can be deposited in vacuum in a roll-to-roll process at web speeds of up to 300 m/min by
deposition of a suitable liquid monomer followed by radiation curing. This presentation will demonstrate how
polymer thin film properties (thickness, roughness, crosslink density and mechanical properties) can be tailored by
the deposition process parameters as well as the polymer chemistry. This, in combination with our development on
in-line in-vacuum patterning methods for building device structures demonstrates the power of combinations of
polymers with inorganics.
Examples of a combination of vacuum deposited polymer and inorganic layers will be described including gas
barrier coatings and electronics devices such as OTFTs.

Session 3 – Blends, composites and hybrid materials
(Invited) Materials design of π-conjugated organic-inorganic polymer hybrids for optical device technologies
R Evans
University of Cambridge, UK
Hybrid materials combine not only the advantages of both the organic (solubility, processability, flexibility) and
inorganic (robustness, transparency, mechanical strength) realms, but also present the exciting possibility of
emergent properties and multifunctionality. We have recently revisited a class of hybrid materials known as ureasils,
which are formed from polyetheramine chains grafted to a siliceous backbone through urea cross-linkages using
sol-gel chemistry. [1] While the ureasils themselves are intrinsically photoluminescent, we have demonstrated that
the introduction of complementary lumophores (light-emitting species) such as π-conjugated polymers or dyes
results in a significant enhancement in the optical properties due to synergistic electronic interactions between the
two components.
In this talk, selected highlights from our recent work will be presented, with specific focus placed on the use of
materials design to modulate the optical properties of π-conjugated organic lumophore-ureasil hybrids. It will be
shown that through judicious selection of the degree of branching and length of the polymer backbone on the
ureasil and the incorporation method (grafting vs immobilization vs permeation), we can control the packing,
orientation and placement of the π-conjugated species in the ureasil host, leading to predictable (and enhanced!)
optical properties, such as photoluminescence quantum yield, [2] colour tenability, [3,4] and refractive index.
Representative examples of the application of these materials in luminescent solar concentrators[5] and visible light
communications[6] will also be discussed.
Acknowledgements: This work was only possible due to the efforts of my fantastic research group (past and present)
and collaborators, including Niamh Willis-Fox, Ilaria Meazzini, Adarsh Kaniyoor, Barry McKenna, Morton Lyu, Ana
Bastos, Rute Ferreira, Sebastien Clement and Ulrich Scherf. Financial support from Science Foundation Ireland is
also acknowledged.
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Spinodal nanostructures in polymer blends: on the validity of the Cahn-Hilliard lengthscale prediction
J Cabral, and J Higgins
Imperial College London, UK
Spinodal decomposition of partially miscible polymer blends has the potential to generate well-defined polymeric
nanostructured materials, with precise control of lengthscale and connectivity, and applications ranging from

membranes and scaffolds to photovoltaics. The well-known theoretical description of the spinodal decomposition
process developed by Cahn and Hilliard1 leads to a simple prediction of the initial spinodal lengthscale, Λ ≡

2𝜋𝜋/�−𝐺𝐺 ′′ /(4𝑘𝑘) where G’’ is the second derivative of the free energy of mixing with respect to composition, and k
is the pre-factor of the square gradient term, accounting for additional free energy arising from concentration
gradients. Despite the simplicity of this prediction, the literature abounds in disagreement about its validity at both
theoretical and experimental level. Both G” and k are experimentally accessible from small angle neutron scattering
(SANS) experiments, and the spinodal process can be observed by light, X-ray or neutron scattering experiments.
Benefitting from the perspective of over 40 years of scattering data, and noting (remaining) misconceptions in the
literature when analysing phase separation, we select an unprecedented series of L estimates, self-consistent with
the theory, matched to independent -G’’(T) and k measurements. Overall, we find the prediction to be remarkably
accurate for all blends and conditions examined.2 We are able therefore to outline design considerations and
limitations for generating polymeric materials via spinodal decomposition, bound by thermodynamics of available
polymer systems, coarsening kinetics governed by rheology, as well as by engineering constraints. The fulfilment of
the potential of this approach in the development of functional materials demands genuinely predictive
thermodynamic theory for polymer blends.
[1]
[2]

J.W. Cahn and J.E. Hilliard, J. Chem. Phys. 31 688 (1959)
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Controlled structure evolution of graphene networks in polymer composites
S Boothroyd1, D Johnson1, M Weir2, C Reynolds1, A Smith3, N Clarke2, R Thompson1, and K Coleman1
1

Durham University, UK, 2Sheffield University, UK, 3Diamond Light Source Ltd, UK

Controlling graphene’s conformation and dispersion within a polymer is key to exploiting its exceptional physical
properties for enhanced composite materials. This however remains a significant challenge, due to the difficulty in
producing composites with uniform and consistent properties. Here we use combined rheometry / impedance
spectroscopy measurements to demonstrate distinctive regimes in morphology and nanocomposite properties,
achievable through systematic control of shear rate and shear history. Remarkable changes in electrical impedance
(Fig. 1), unique to these materials, of several orders of magnitude are observed in composites of graphene
nanoplatelets (GNPs). Low shear rates ≤0.1 s–1 break up the typical GNP agglomerates found in graphene
composites, partially exfoliate the GNPs to few-layer graphene, and reduce orientation, enhancing electrical
conductivity in the composite materials. Higher shear rates induce increasing orientation of the GNPs, and the
conductivity reduces by four orders of magnitude, as the graphene filler network is broken down. Additional changes
in conductivity result when the composite is annealed following shear, reflecting further evolution of the composite
structure. In addition to the rheo-impedance measurements, we support our results with combined rheo-SAXS
(small-angle X-ray scattering) measurements, helping us to elucidate changes in the graphen orientation during
processing. This work provides critical insights for understanding and controlling GNP orientation and dispersion
within composites and will have important consequences in the industrial processing of graphene polymer
composites via the informed design and choice of processing conditions.
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Fig 1: Impedance under shear of Polystyrene + 5 vol.% GNPs
Coupling phase behavior and photochemistry of polymer-fullerene blends and the impact of organic solar cells
S Pont,1 J Durrant,1,2 N Clarke,3 and J Cabral1
1

Imperial College London, UK, 2Swansea University, UK, 3The University of Sheffield, UK

The efficiency of organic solar cells (OSCs) is continuing to increase, now surpassing 15%. However, the stability of
these systems remains a challenge and specifically the morphological stability of polymer-fullerene blends. In this
study, we investigate the phase behaviour and light-induced dimerisation of ubiquitous PCBM in a range of polymer
matrices, under various environmental conditions. The role of fullerene dimerisation appears double-edged.
Previously, we have reported improved stability of the blend matrix under dim-light dimerisation resulting in a 10fold increase in lifetimes [1-3], while bright-light dimerisation has been associated to solar cell degradation [4,5].
Here we use neutron reflectivity and atomic force microscopy to investigate the demixing, coarsening, stratification
and topography evolution of the blend morphology annealed at and above its glass transition temperature.
Separately, we monitor the reaction kinetics of the PCBM dimer population by UV-vis absorption. We find that a twophase system forms, depending on the light intensity used. With this analysis, we can rationalise the discrepancies
in beneficial and detrimental effects in solar cell performance.
Furthermore, we investigate the morphological evolution of blends and the application of machine learning to
predict the microstructure evolution during phase separation in binary systems. Currently, the Cahn-Hilliard-Cook
theory can simulate the early stages of phase separation in a limited number of model systems, and a number of
coarsening mechanisms can rationalise its development. As a potentially more powerful analytical method, neutron
scattering data is combined with machine learning to provide a greater depth of prediction. Here we present
preliminary results of this exploratory work.
[1]
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Effective interaction between fillers immersed in polymer melts and blends and their effect on the static and
dynamical stability of these systems
A Chervanyov
University of Muenster, Germany
By making use of the developed liquid state theory, we study the polymer mediated (PM) interactions between
fillers immersed in polymer melts [1,2], polymer blends [3,4], and cross-linked rubber materials [1]. The
developed theory makes it possible to relate the effective PM interactions acting between fillers to the molecular
interactions between the polymers and filler surfaces, as well as to the structure of the polymer inter-phases formed
around the fillers.
A significance of the effect of the attractive polymer-filler and polymer-polymer interactions on the PM forces acting
between fillers immersed in a homo-polymer melt is shown to drastically depend on the filler-to-polymer size ratio.
By looking into several specific examples we demonstrate that the decisive factor that determines the strength,
range and sign of the PM interaction is the relation between the characteristic lengths describing the polymer
adsorption onto the fillers and the polymer excluded volume screening.
For the case of fillers immersed in polymer blends we predict a novel mechanism of the PM interactions caused by
non-uniformities in the local composition of the polymer blend induced by these fillers. This mechanism manifests
itself in the formation of the compositionally non-uniform inter-phases around the fillers that mediate the PM
interactions. The described mechanism due to the compositional non-uniformity, specific to polymer blends, is
shown to play a dominant role in the PM interactions relative to the conventional compressibility mechanism.
As a practical application of the developed approach, we study the polymer mediated coagulation and aggregation
of fillers immersed in the described host polymer systems. In particular, using the experimental input (adhesive
energies for the polymer-filler pairs), we predict the kinetic stability ratio that has been used for evaluating rubber
reinforcement by different fillers. Further, we investigate the effect of filler particles on the phase separation in
polymer blends. More specifically, we calculate shifts of the spinodal and binodals of polymer blends caused by the
presence of fillers for different enthalpic and entropic interactions between fillers and polymers. In addition, we
discuss several practical examples showing how the effective interactions between fillers induced by polymers can
be used to drive mechanical and electrical properties of selected polymer nano-composites.
[1]
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Session 4 – Suspensions, colloids and solutions
(Invited) Liquid crystals - from simple self-assembled constructs, to autonomous material
J de Pablo
University of Chicago, USA
Polymeric materials comprising mechano-chemically active components are able to undergo spontaneous structural
rearrangements that generate internal stresses and motion. These stresses can be particularly large in the case of

liquid crystalline polymers, where elasticity plays an important role on the structure of the underlying materials.
Understanding how internal activity leads to specific behaviors is important for design of autonomous materials
systems capable of delivering desired functionalities. This lecture will focus on the relationship between structure,
activity, and motion in lyotropic liquid crystalline polymeric systems. More specifically, results will be presented for
actin and tubulin suspensions, where activity is generated by protein motors. A distinctive feature of these
biopolymers is that characteristic contour lengths can range from hundreds of nanometers to tens of microns,
thereby making them amenable for study by optical microscopy. By relying on molecular and meso-scale models, it
is possible to arrive at a comprehensive description of these suspensions that helps explain the connections
between molecular structure, the formation and shape of distinct topological defects, activity, and defect dynamics.
One of the outcomes of such a description is the realization that hydrodynamic interactions can in some cases
exacerbate or mitigate the elasticity of the underlying materials, leading to non-intuitive phenomena that do not
arise at equilibrium. By balancing such effects, these findings raise the possibility of designing functional materials
where specific, macroscopic dynamical responses are engineered into a system to create function.
Effect of co-solvent (Ethanol) and PAA concentration on the structure and dynamics of sodium-polyacrylate (Na+PAA) in solutions investigated by MD Simulations
A Gupta1, and U Natarajan2
1

Pandit Deendayal Petroleum University, India, 2Indian Institute of Technology Madras, India

Atomistic Molecular dynamic simulations have been performed to study the effect of (a) co-solvent composition and
counter-ion effect on the structure and dynamics of anionic sodium-polyacrylate (Na+-PAA) in water-ethanol
mixtures and (b) structure and dynamics of anionic Na+-PAA in dilute, semi-dilute and concentrated regimes. In the
first work, atomistic MD simulations studies of anionic polyelectrolyte poly(acrylic acid) (PAA) in water–ethanol
solution, specifically Li+-PAA and Cs+-PAA, were carried out across a wide solvent composition range. Chain collapse
(i.e. shrinkage) occurs with increase in фeth for both types of counter-ion systems and in agreement with the
experiments [1]. With increase in фeth the number of hydrogen-bonds between PAA and water decreases while that
between PAA and ethanol increases. The analysis of the radial distribution functions shows that counter-ion binding
distance of Li+ to chain is lesser as compared to that of Cs+, as well as a higher coordination number exhibited by
Li+. Thus, as compared to Cs+-PAA, greater number of contact ion pairs formed between Li+ and PAA induce chain
collapse more easily. The backbone dihedral trans probability of both systems displayed a decrease
with фeth indicating chain shrinkage. In the second work, Structural and dynamic properties of aqueous solution of
atactic poly(acrylic) acid (PAA) in dilute, semi-dilute and concentrated regimes was studied by fully atomistic MD
simulations with explicit solvent description, as a function of polymer concentration c (i.e. volume fraction φp) and
charge density f. PAA size (Rg, R) decreases with φp in semi-dilute and concentrated regimes, due to increase in
counter-ion condensation.For all values of f, in dilute regime (c < c*) chains are expanded, and, in semi-dilute
regime (c*< c < c**) chains are in contact with each other, The number of PAA interchain hydrogen bonds
decreases with f. Number of PAA intra-chain h-bonds is greater than PAA-PAA interchain h-bonds at all values of f
and φp. The PAA self-diffusion coefficient shows decrease with concentration all values of f. Aggregation of chains is
favoured due to PAA-PAA interactions with increase in concentration. Our simulation results are in agreement with
trends seen from available experimental data [2] and model coarse-grained simulations [3] in literature.
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Polymer diffusion in dilute solution: a tale of time scales
O Dyer, and R Ball
University of Warwick, UK
The diffusion of a polymer chain in dilute solution seems a simple problem but exhibits rich behaviour across
multiple time scales. Beyond the time scale of inertial effects, polymer dynamics are described by the overdamped
Langevin equation and governed by the interplay between viscous hydrodynamics and both thermal and internal
forces. These span a range of polymeric length scales from individual monomers through ‘blobs’ up to the overall
coil size, each relaxing over progressively longer polymeric time scales.
The starting point for polymer diffusion is the Kirkwood diffusivity [1], which quantifies the diffusion supplied purely
by thermal fluctuations and their hydrodynamic interactions with the chain. This quantity acts as the ‘zero-time’
diffusivity owing to the thermal noise being white in time, and completely ignores the contribution from the
conservative internal forces. Brownian dynamics simulations have shown the inclusion of these forces reduces the
chain’s diffusivity when measured over non-zero time intervals, albeit only by a few per cent [2,3]. The fact
diffusivity decreases can be intuitively understood as the result of the chain’s bonds working against the diffusion of
individual monomers to hold the chain together.
Unfortunately, the difficulty of accurately measuring this small change in an inherently noisy quantity is
compounded by the considerable computation time needed to run simulations of long polymer chains over many
relaxation times. As a result, work on this problem in the overdamped regime has been extremely limited and has
provided few insights into the physical mechanisms behind the deviation from the Kirkwood diffusivity.
In this work [4] we made use of the computational efficiency of the Wavelet Monte Carlo dynamics algorithm [5] to
study this system, with a focus on the polymer’s velocity autocorrelation to cleanly identify distinct behaviour on
different time scales. Integrated this then found reductions in diffusivity approaching 9% in Gaussian chains and
3.5% in swollen chains. These simulation results will be presented alongside partially successful analytic
descriptions to set out our improved understanding of the underlying physics while opening discussion on the
remaining mysteries.
[1]
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Controlling and measuring the extent of stratification in bimodal mixtures of colloidal polymer particles
M Schulz1, C Crean1, R Brinkhuis2, R Sear1, and J Keddie1
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Multi-layered films are used for numerous applications, ranging from pharmaceuticals to automobiles. Typically
each individual layer must be deposited individually, which adds to the total cost and time for production. Self-

stratification offers the possibility of depositing two (or more) layers of coating with one single application and
designing surface properties. However, there is still more research needed until self-stratification becomes fully
controllable.
Over the past years, intensive research has been conducted on the topic of stratification, with a few different models
[1, 2] being developed to describe stratification in bimodal blends of colloidal particles in an evaporating volatile
liquid. The models predict the stratification of small particles on the top of a film to occur for a high enough particle
size ratio, a suitable solids content, and high evaporation rates. The stratification is described as arising from
diffusiophoresis, which is the diffusion of one particle species in a gradient of the other species. In this work, we are
performing fundamental experimental tests of these models, with the aim of gaining control over the stratification
process and its extent. Until now, less experimental research has been conducted on measuring the stratified layer
thickness. The assessment of whether stratification has occurred is frequently based on the analysis of surface
images without any depth profiling. [3]
In this presentation I will show the results of two different approaches to determine the stratified layer depth profile.
With Raman spectroscopy in combination with low angle microtoming we have mapped across film cross-sections
and determined the depth distribution of the components through the film (Fig. 1). We used a bimodal mixture of
small and large colloidal particles. The second approach is ion beam analysis (IBA), which is used to determine the
atomic composition, including hydrogen and deuterium, as a function of depth in a sample. In this set of
experiments, we use a deuterium-labelled, water-soluble polymer mixed with a colloidal latex.
We have found stratified layer thicknesses of up to several μm. The extent of stratification can be controlled by
tuning the evaporation rate. Other parameters influencing stratification e.g. particle jamming are being considered
and will be presented.

Fig 1: White light image montage of sample surface overlaid with Raman mapping results.
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Session 5 – Theory and simulation
Simulations of Block Copolymer Nanocomposites
J Diaz1, M Pinna1, A Zvelindovsky1, and I Pagonabarraga2
1

University of Lincoln, UK 2Universitat de Barcelona, Spain

Block Copolymers (BCPs) are excellent candidates to control the localisation and alignment of nanoparticles (NPs)
thanks to their microphase-separated, ordered structures in the nanoscale. Nonetheless, nanoparticles do not act
as mere passive fillers. Instead, their presence can hugely modify the morphology of the block copolymer, a well as
its ordering[1,2]. Using simulations, we can gain insight over the BCP/NP co-assembly.
The effects of particle loading, size and shape of NPs as well as the BCP properties have been studied in order to
determine the phase behaviour of the BCP as well as the NP assembly. BCP phase transitions have been identified
in 2D and 3D, which include well-known lamellar-to-cylinders (see Fig. 1) and NP-induced new phases resembling
BCP/Homopolymer blends. On top of that, the conditions for ordered (hexagonal close-packed) and layered
assembly of colloids are studied.

Fig 1: NP-induced transition of a symmetric, lamellar-forming BCP in the presence of a high NP concentration.
Anisotropic NPs with elliptical shape in 2D have been studied in motivated by experiments involving CdSe nanorods
[3]. Rod-like nanoparticles have been found to form side-to-side configuration in block copolymer ultrathin films.
SEM images are compared with simulations, which are used to characterise the assembly of anisotropic
nanoparticles in diblock copolymers.
Janus nanoparticles (JNP) are inhomogeneously coated particles which interact differently with the BCP on each
halve of its surface. JNP are shown to preferentially segregate to the interface between phases with an improved
trapping over chemically homogeneous NPs. Furthermore, JNP are found to be well dispersed within the interface,
displaying a low tendency to aggregate, compared to homogenous NPs. The chemical asymmetry of the JNP is
found to lead to highly ordered layered structures when mix with asymmetric BCP with high NP concentration.
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Fast Monte Carlo simulations of polymers
Q Wang
Colorado State University, USA
The basic idea of fast Monte Carlo (FMC) simulations [1,2] is to use soft potentials that allow particle overlapping,
instead of hard-core repulsions (e.g., the Lennard-Jones potential or the self- and mutual-avoiding walk) as in
conventional molecular simulations. This gives orders of magnitude faster/better sampling of configuration space.
More significantly, using soft potentials is the only way to study experimentally accessible fluctuations in manychain systems. Furthermore, since soft potentials are commonly used in polymer field theories, using the same
Hamiltonian (model system) in both FMC simulations and the theories enables stringent test of the latter, without
any parameter-fitting, to unambiguously quantify the consequences of theoretical approximations. In this talk, I will
use several model systems to demonstrate these great advantages of FMC simulations, which can be performed
either in continuum or on a lattice.
[1]
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Q. Wang and Y. Yin, J. Chem. Phys. 130, 104903 (2009)
Q. Wang, Soft Matter 5, 4564 (2009); ibid. 6, 6206 (2010)

Silk: A natural example of a sticky entangled polymer
C Schaefer1, P Laity2, C Holland1, T McLeish1
1

University of York, UK, 2University of Sheffield, UK

The Bombyx Mori silk worm produces natural silk from an “aquamelt” of randomly coiled proteins, which upon
applying elongational flow and extraction of water rapidly undergoes a transition to a solid fibre with outstanding
mechanical properties. This process is remarkably more efficient than the spinning of synthetic polymers in terms of
both energetic costs and solvent recycling, but remains poorly understood. Recently, it was observed that the
animal stores the silk feedstock in their gland at high viscosity, but just prior to spinning decreases the viscosity by
increasing the potassium content [1]. We theoretically explain this observation using using quantitative modelling of
the linear viscoelastic response of the silk feedstock. We view the silk aquamelt as a supramolecular polymer
netwerk (see Figure 1), where the protein is intrinsically disordered, topologically entangled in a crowded
environment, and uses salt bridges as reversible crosslinks. By comparing the model to experiment, we find that the
macroscopic correlation between the viscosity and potassium content can be explained in terms of variations in the
number of entanglements and reversible crosslinks, as well as variations in the dissociation time of the crosslinks.
Our findings provide a viable starting point to physically understand the “flow-induced self-assembly” of silk fibres.

Fig 1: (left) Native Silk Fibroin (NSF) viewed as a sticky reptating polymer, i.e, the protein is intrinsically disordered
and entangled with neighbouring proteins (purple), and reversibly binds using calcium bridges (blue). (right)
Comparison between the sticky-reptation model (lines) and measurements (symbols) of silk feedstock with varying
potassium content.
[1]

P. R. Laity, E. Baldwin, C. Holland, Macromol. Biosci. 1800188 (2018)

Fluidisation of semiflexible filament networks
F Meng1, and E Terentjev2
1
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Semiflexible filament networks are ubiquitous in bio-systems, existing as cytoskeleton, extracellular matrix,
connective tissues, etc. These filament networks exhibit unique mechanic properties compared with flexible polymer
networks such as rubbers. The nonlinear elasticity of a permanently crosslinked filament network has been well
studied and understood [1, 2]. However, the filament networks are usually transient in the sense that the filaments
can dynamically break from and re-bonded to crosslinks which can be different proteins and biological motors.
Because of the complexity in the spatial and the temporal evolution of the network structure induced by crosslink
dynamics, the rheological properties of a transiently crosslinked filament network are poorly investigated. Recently,
we proposed a theory where the total energy of the transient filament network is expressed as a function of time by
incorporating the breakage and the re-formation of crosslinks [3]. With the theory, we successfully explain
experimental observations including stress relaxation, shape recovery, and necking formation of the filament
networks. Moreover, we provide a phase diagram detailing the conditions for a transient filament network to behave
elastically, plastically or in a mixed way.

Fig 1: (a) sketch of a transient filament network; (b) shape recovery of a filament network; (c) the responsive
diagram (elasticity, plasticity and necking) of a filament network under a ramp uniaxial stretch.
[1]
[2]
[3]

F. Meng, E. Terentjev, Soft Matter 12, 6749 (2016)
F. Meng, E. Terentjev, Polymers, 9, 52 (2017)
F. Meng, E. Terentjev, Macromolecules 51, 4660 (2018)

Founders’ Prize Lecure
Variational principle in soft matter dynamics
M Doi
Beihang University, China
In the celebrated paper on the reciprocal relation for the kinetic coefficients in irreversible processes, Onsager
extended Rayleigh's principle of the least energy dissipation to general irreversible processes[1]. The principle has
been shown to be useful in deriving many basic equations which describe non-linear and non-equilibrium
phenomena in soft matter[2,3]. Here I will show that the principle is useful in getting an approximation solutions[4].
I will also show that the variational principle can be formulated in the minimal path principle which says that nature
chooses the path that minimizes certain time integral of modified Rayleighian[5].
[1]
[2]
[3]
[4]
[5]

Lars Onsager, Reciprocal relations in irreversible processes, Part 1,Phys. Rev. 37 405-426 (1931), Part 2,
ibid, 38 2265-2279 (1931)
Masao Doi, Onsager's variational principle in soft matter, J. Phys. Cond Matt. 23 (2011) 284118
Masao Doi, Soft Matter Physics, Oxford University Press, p1-257 (2013)
Masao Doi, Onsager principle as a tool for approximation, Chinese. Phys. B Vol. 24, 020505, (2015)
Masao Doi, Jiajia Zhou, Yana Di and Xianmin Xu, Application of Onsager Machlup integral in solving
dynamic equations in non-equilibrium systems, accepted for publication in PRE(2019)

Session 7 – Dynamics, response and rheology
(Invited) Dynamic contact imaging of polymers and soft solids
J Sharp
University of Nottingham, UK
Frustrated total internal reflection (FTIR) is a valuable tool for imaging the regions of conformal contact between soft
solids and the surface of a hard optical waveguide (see figure 1a). Under conditions of normal operation, light is
totally internally reflected inside a large transparent slab of material (usually acrylic or glass, figure 1b+c). When a
soft object is brought into contact with the surface, the optical boundary conditions change and light can escape
from the waveguide and be scattered by the contacting material i.e. the total internal reflection condition is said to
be frustrated. The intensity of the scattered light is found to increase with the applied force due to changes in the
conformity of contact between the object and the waveguide (figure 1d). The FTIR imaging technique therefore has
great potential as a low-cost remote pressure sensing device.

Fig 1: FTIR imaging. Panel a) shows the construction of a typical imaging device. Light is totally internally reflected
inside a large acrylic slab by wrapping LEDs around its outside edge (panels b and c). The intensity of the light
scattered light by the contacting object is detected using a camera placed beneath the acrylic slab. Increasing the
force on the contacting object increases the scattered light intensity (panel d).
In the present work, a simple device based upon frustrated total internal reflection has been developed and is being
used as a sensor for measuring the pressure exerted beneath elastomer samples [1], sport shoe outsoles [1,2],
human fingers [3] and feet [1]. This device uses a high frame rate camera to collect images of the light scattered by
the contact regions between soft objects and a waveguide surface. A number of simple image analysis steps are
then performed to produce force/pressure maps.
A simple theory that combines evanescent wave scattering and contact mechanics has been derived to explain the
phenomenon and to determine how the scattered light intensity depends upon the mechanical properties,
roughness, scatterer density and colour of the contacting object.
[1]

J. S. Sharp, S. F. Poole, and B. W. Kleiman, Phys. Rev. Applied 10, 034051 (2018)

[2]
[3]

N.D. Smith and J.S.Sharp. Science and Justice, 57(3), 193-198 (2017)
J.A. Needham and J.S. Sharp, Scientific Reports, 6, 21290 (2016) doi: 10.1038/srep21290

i-Rheo GT: transforming from time to frequency domain without artefacts
M Tassieri1, J Ramírez,2 N Karayiannis,2 S Sukumaran,3 and Y Masubuchi4
1
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“The nature of matter is to be found in the structure and motion of its constituent building blocks, and the dynamics

is contained in the solution to the N-body problem. Given that the classical N-body problem lacks a general
analytical solution, the only path open is the numerical one” [1]. In the field of rheology, it has been shown that the
mechanical properties of (complex) materials are governed by the ensemble of inter- and intra-molecular
interactions occurring at different time- and length-scales. This indeed is a classical N-body problem, for which a full
analytical solution is still yearned. However, despite the multitude and the complexity of molecular interactions,
rheologists have successfully drawn ‘simplistic’ representations of materials' topology that have substantially
reduced the number of variables required to educe the materials' linear viscoelastic (LVE) properties by means of
computer-aided numerical simulations. Nevertheless, despite their effectiveness in interpreting many experimental
results, coarse-grained models lack of microscopic interpretations of molecular dynamics (MD) because of their
inherent discrete nature. For this reason and concurrently with the continuous development of powerful central
processing units and graphics processing units, rheologists have been encouraged to embark on MD simulations
based on atomistic models. In this regard, we have developed a new rheological ‘tool’ to evaluate the materials’ LVE
properties over the widest range of experimentally accessible frequencies from MD simulations, without the need of
preconceived models. This is achieved by evaluating the Fourier transforms of raw simulation data describing the
temporal behaviour of the shear relaxation modulus (G(t)) by means of the analytical method introduced by Tassieri
et al. [2]. The latter has been implemented into a new open access executable named ‘i-Rheo GT’ and its
effectiveness has been corroborated both by analysing the dynamic response of model systems and by direct
comparison with both bulk-rheology experimental data and coarse-grained molecular dynamics simulations data
transformed via a generalised Maxwell model. Moreover, we fully exploit the results of previous rheological studies
[3], and we demonstrate that, when i-Rheo GT is adopted to analyse the results obtained from atomistic MD
simulations, it offers the opportunity to gain new insights into the materials' LVE properties, especially at highfrequencies (i.e., in the glassy region and above), where conventional tools struggle to interpret the data and MD
simulations actually provide their most statistically accurate predictions of G(t).

Fig 1: (Left) Front panel of i-Rheo GT; (centre) G(t) from atomistic MD simulations of monodisperse linear
polyethylene; (right) comparison between the complex modulus from atomistic simulations via Reptate and i-Rheo
GT. For more information see Tassieri et al. [Macromolecules 51, (2018)].

[1]
[2]
[3]

D.C. Rapaport, Cambridge university press (2004)
M. Tassieri, et al, New Journal of Physics, 14, (2012)
A.E. Likhtman, et al, Macromolecules, 40, (2007)

Modelling fluctuating viscoelastic fluid flow
L Cooper, and J Sprittles
University of Warwick, UK
Flows through microfluidic networks generally occur at low Reynolds' number due to the small length scales
involved. This means that the viscous effects dominate, and the flow is not expected to vary over time. However,
viscoelastic fluids display time-dependent behaviour above a critical Weissenburg number, i.e. when the elastic
forces are large enough. We investigate the time dependent flow of viscoelastic fluids through periodic microfluidic
geometries using computational modelling. The Oldroyd-B constitutive equations are implemented in Comsol
Multiphysics, a commercial finite element software, and used to investigate the onset of unsteady flow behaviour in
different microscale geometries. The initial aim is to understand how unsteady viscoelastic flow can be used to
enhance oil recovery. The results from the model show that, compared to Newtonian fluids, the viscoelastic fluid
increases the pressure on the surface of trapped oil droplets. This increase in pressure could be the reason why
viscoelastic fluids are known to be able to recover more oil than Newtonian fluids [1]. If the elastic forces are large
enough to create a time dependent flow, the fluctuations may also assist in increasing the amount of oil recovered.

Fig 1: (a) Fluid flow through periodic domain where missing corner represents trapped oil droplet. A snapshot from
the time dependent flow with Wi=1.5 is shown. The colour legend shows the pressure. The white streamlines show
the flow from the left inlet and the black streamlines show the flow from the top inlet. The arrows indicate the
direction of the flow. (b) Pressure profile along oil droplet surface comparing Newtonian flow (Wi=0) to unsteady
viscoelastic flow (Wi=1.5) where sd is standard deviation
[1]

A. Clarke, A. M. Howe, J. Mitchell, J. Staniland, L. Hawkes and K. Leeper, Soft Matter, 11, 3536 (2015)

Synthesis of well-defined pyrrolidone-based stimulus-responsive diblock copolymers via RAFT aqueous solution
polymerization of 2-(N-Acryloyloxy)ethylpyrrolidone
O Deane1, J Lovett1, O Musa2, A Fernyhough2, and S Armes1
1
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Poly(N-vinylpyrrolidone) (PNVP) is a well-known, highly polar, nonionic water-soluble polymer. However, Nvinylpyrrolidone (NVP) usually exhibits strongly non-ideal behavior when copolymerized with methacrylic or styrenic
monomers. Moreover, NVP is not particularly well-controlled under living radical polymerization conditions. For these
reasons, alternative pyrrolidone-based monomers have been investigated. For example, the reversible addition–
fragmentation chain transfer (RAFT) polymerization of 2-(N-methacryloyloxy)ethylpyrrolidone (NMEP) has been
recently investigated using various polymerization formulations. However, PNMEP homopolymers are significantly
less hydrophilic than PNVP and exhibit inverse temperature solubility in aqueous solution. In the present work, we
studied the RAFT aqueous solution polymerization of 2-(N-acryloyloxy)ethylpyrrolidone (NAEP) using either AIBN at
70 °C or a low-temperature redox initiator at 30 °C. PNAEP homopolymers are obtained in high yield (>99%) with
good control (Mw/Mn < 1.20) for target degrees of polymerization (DP) of up to 400 using the latter initiator, which
produced relatively fast rates of polymerization. However, targeting DPs above 400 led to lower NAEP conversions
and broader molecular weight distributions. 2-Hydroxyethyl acrylate (HEA) and oligo(ethylene glycol) methyl ether
acrylate (OEGA) were chain-extended using a PNAEPx macro-CTA via RAFT aqueous solution polymerization, yielding
double-hydrophilic acrylic diblock copolymers with high conversions (>99%) and good control (Mw/Mn < 1.31). In
addition, a PNAEP95 macro-CTA was chain-extended via RAFT aqueous solution polymerization of Nisopropylacrylamide (NIPAM) at 22 °C. Dynamic light scattering (DLS) analysis indicated that heating above the
lower critical solution temperature of PNIPAM led to so-called “anomalous micellization” at 35 °C and the formation
of near-monodisperse spherical micelles at 40 °C. Finally, 2-(diethylamino)ethyl methacrylate (DEA) was
polymerized using an N-morpholine-functionalized trithiocarbonate-based RAFT chain transfer agent and
subsequently chain-extended using NAEP to form a novel pH-responsive diblock copolymer. Above the pKa of PDEA
(∼7.3), DLS and 1H NMR studies indicated the formation of well-defined PDEA-core spherical micelles.

Session 8 – APS/DPOLY Exchange Lecture; additives
(Invited) Visualizing and controlling self-assembly through in situ imaging and synthesis
M Wang
Northwestern University, USA
Polymer self-assembly has continually attracted interest because of the bottom-up control over order and the need
to cheaply manufacture smaller structures, with many applications including nanolithography, organic electronics,
biomaterials, and drug delivery. As self-assembly addresses these increasingly advanced applications, exact control
of the resulting nanostructures requires visualization of these processes in situ.
Single-molecule super-resolution microscopy offers an exciting method for non-invasive real-space observation at
nanometer resolutions. Most previous studies have applied these techniques to important scientific problems in the
biological community, but little work has explored their use in materials science, where important effects such as
dye chemistry and fluorophore orientation introduce new demands. Using lithographically patterned polymer thin
films as model samples, we demonstrate that features as small as 20 nm are clearly resolvable. We also visualize
local nanoscale distributions of fluorophore orientation to image films fabricated by nanoimprint lithography, where
mechanical deformation can be detected in areas as small as 15 nm. Finally, we demonstrate time lapse imaging in
solvent-swollen polymer blends, where coarsening behavior and self-assembly is readily observed.
Further control of self-assembly requires on-demand tunability of the underlying polymer chemistry. Many previous
have treated chemistry and physics separately, where polymers are first synthesized and then fabricated into their
desired morphologies in a second step. Here, we demonstrate a process for photopolymerization within a selfassembled block copolymer film. The regions of photopolymerization can be modulated by photomasks for
obtaining distinct morphologies on a single substrate. Because the resulting nanostructures are controlled by the
underlying composition, they are in local equilibrium and can thus be combined with other techniques for alignment
control and ordering improvement. By successfully integrating polymer chemistry and self-assembly physics, our
approach enables on-demand synthesis for hierarchical control over the resulting morphology, functionality, and
properties.
Functional polymer scaffolds - from viscosity control to magnetic resonance imaging
O Scaife, T Berki, S Butler, and H Willcock
Loughborough University, UK
In order to modify the properties of polymers, it is necessary to control their molecular weight, architecture and
composition. This has been made possible by the advent of techniques such as reversible addition fragmentation
chain transfer (RAFT) polymerisation. RAFT is a radical polymerisation technique that allows complex polymer
scaffolds to be realised by incorporating functional monomer units and/or end groups (Fig. 1.)

Fig 1: Some benefits of RAFT polymerisation.
Examples of functional polymer synthesis from the group will be described, including the synthesis of a series of H
bonding dendronised polymers for solution viscosity modification (Fig. 2 (a)), and the integration of Gd magnetic
resonance imaging (MRI) agents into polymer scaffolds (Fig. 2 (b)). Recent data will be presented, including
unpublished work.

Fig 2: (a) H bonding dendronised polymers; (b) Monomeric Gd MRI contrast agent.
Elucidating the impact of Perterlin approximation on drag reduction via a new class of multi-scale models for
polymer solutions
S Singh, L Cooper, and J Sprittles
University of Warwick, Coventry, UK
Although the phenomenon of drag reduction in pipe flows when adding small quantities of a polymer molecule has
been known for over 50 years, the theoretical understanding behind its mechanism remains incompletely
understood from a mechanistic viewpoint due to lack of realistic models of flexible polymers [1]. So far most of our
predictive knowledge of polymer-flow interactions comes from computational modeling based on adhoc closure
approximations. The most popular model which is used in the study of polymer solutions is the pre-averaged FENE
(finitely extensible non-linear elastic) model dubbed as FENE-P [2] approximation and is well known to fail in the
region of high strain which is often the case in turbulent flows.
We have devised a new class of multi-scale models for polymer solutions wherein the polymer-solvent coupling
occurs in velocity phase space, thus eliminating the need of any closure approximations [3]. The method is build
along the lines of lattice Boltzmann method. Due to its meso-scopic nature, this coupling scheme (for the first time)

provides access to the detailed information on elastic stress via distribution function of the polymer configuration.
Therefore, calculation of the kinetic quantities like polymer mean extension, alongside polymer stress in the region
of different velocity gradient is possible. Using this scheme, we shed the light on the impact of the Peterlin
approximation on drag reduction in turbulent flow through a detailed study of statistics of polymer deformation in
turbulent flow as well as its feedback effect to the flow.
[1]
[2]
[3]
[4]
[5]
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Disentangling the role of chain conformation on the mechanics of polymer grafted nanoparticle materials
J Midya, and A Nikoubashman
Johannes Gutenberg University Mainz, Germany
Polymer grafted nanoparticles are promising materials with a wide range of applications in drug delivery, gas
transport, photonic and electric materials. The mechanical properties of such materials can be controlled through
the volume fraction and distribution of the nanoparticles (NPs), which can be achieved by changing the degree of
polymerization of the grafted chains and their grafting density. Previous studies have tried to explain the elastic
properties of nanocomposite materials through the effective medium theory, which relates the elastic modulus
directly to the volume fractions of the hard NPs and of the soft polymer matrix. However, recent experiments have
shown significant variations of the elastic modulus for nanocomposites with the same volume fractions but different
grafting densities and chain lengths. This behavior cannot be explained by the existing effective medium theory. To
investigate the origin of this effect we have performed molecular dynamics (MD) simulations. We demonstrate that
the chain conformations and the interdigitation between the chains, coming from different NPs, play a crucial role
for the elastic modulus of the nanocomposite, a contribution which has not been taken into account in the effective
medium theory.
Molecular migration in poly(vinyl alcohol) mixtures
K Majerczak, and Z Zhang
University of Birmingham, UK
Introducing additives such as plasticisers into polymer materials is a common way to enhance their mechanical
properties while also retaining the inherent advantages of these materials. Although characteristics are improved
upon modification with additives, unintended changes in materials’ structure (e.g. blooming or segregation) due to
guest molecule migration may occur. As a result, these systems can exhibit long term non-equilibrium
characteristics, potentially affecting their operational life cycle. As these phenomena cannot be explained by current
scientific theories, there are no design rules to control (either to facilitate or hinder) such movement. Developing an
understanding of these phenomena may result in enhanced, environmentally friendly products with improved
performance and extended shelf life.

This work aims to understand the migration characteristics of small molecules in formulated polymer films
replicating one such complex mixture - poly(vinyl alcohol) (PVA) packaging materials that are in contact with
concentrated detergent. Thin films of PVA containing glycerol, surfactants of various headgroup chemistry, and
Rhodamine B (RhB) as a fluorescent tracer were examined using Fluorescence Recovery After Photobleaching
(FRAP) and Fluorescence Correlation Spectroscopy (FCS). It was found that the migration is determined by both
molecular arrangement within the film and the magnitude of inter-species molecular interactions. Addition of
glycerol could improve the flexibility of PVA chains initially, but imposed steric inhibition once the concentration
exceeded the threshold of 44 wt%, as depicted in Fig. 1a-c. Furthermore, the presence of surfactants reduced the
diffusivity of RhB in PVA matrix in both thin films and bulk solutions. In general, steric inhibition effects seem to
explain this phenomenon in compositions doped with non-ionic surfactant (Fig. 1d). However, for films with the
addition of cationic or anionic surfactant, molecular interactions and consequent change in diffusivity of RhB are the
likely explanation (Fig. 1e).
By using thin polymer films as a proxy for an industrial formulation, we were able to reveal fundamental migration
mechanisms within these materials. Both molecular arrangement and molecular interactions could control the
migration at the macroscopic scale, therefore this simplified system can be used to create a set of design rules for
commercial polymer film products.

Fig 1: Scheme of factors controlling RhB (orange sphere) diffusion through a polymer matrix (lines). Dashed lines –
PVA-PVA hydrogen bonding, green spheres – glycerol, blue spheres – non-ionic surfactant, purple spheres – anionic
surfactant

Poster Session
P1 Systematic construction of dynamic density functional theories for inhomogeneous polymer systems
S Mantha1, S Qi2, and F Schmid1
1
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Density function models have proven to be successful in understanding the structure and thermodynamics of
inhomogeneous polymer systems. However, extending these models to study the dynamic properties of polymers is
not straightforward and the available methods are not accurate. In a recent article, Qi and Schmid [1] have
presented a systematic evaluation of different non-local and local schemes to conduct diffusive density functional
theoretic calculations. In their work the authors proposed a mixed local/non-local dynamic density functional to
reproduce the behaviour of interface broadening in A/B homopolymer blend and microphase separation in A:B type
diblock copolymer melt, as it is obtained from brownian dynamic simulations of a microscopic reference model.
Here we propose an alternative scheme to derive dynamic density functionals for polymer systems. Using such an
approach we will attempt to throw light on the physical origin of the mixed local/non-local scheme proposed in the
earlier work.
[1]

S.Qi and F.Schmid, Macromolecules, 50, 9831 (2017)

P2 Phase behaviour and solution structure of sodium carboxymethyl cellulose in the presence of multivalent salts
W Sharratt1, C Lopez2, and J Cabral1
1
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Polyelectrolyte solutions are often the building blocks of remarkably versatile materials e.g. microcapsules,
coatings, and membranes. They are also key components of bio-medical, personal care, cosmetic and food
formulations. Their interactions in solutions are predominately determined by long-range electrostatic forces
between monomers, counterions and additional salt. Given the ability to tune their viscoelasticity, complexation to
other species, and phase behavior through electrostatic interactions in solution, understanding the effect of added
salt on polyelectrolytes on the chain conformation, is extremely important for future design of functional
polyelectrolyte materials.
We employ turbidimetry, small angle neutron scattering (SANS) and dynamic light scattering (DLS) to investigate
the phase behavior and probe conformation and dynamics of aqueous NaCMC solutions with addition of salt
(mono, di and trivalent). We use multivalent salts to induce the gelation and/or precipitation of NaCMC solutions,
which is spatiotemporally resolved by SANS and microscopy, establishing salt front propagation kinetics and
accompanying conformational changes of the polymer. Equipped with this knowledge, we design and fabricate CMC
gel capsules and particles with prescribed microscale dimensions, morphology (external and internal) and
dissolution profile.

P3 Design of bio-inspired surface topographies via wrinkling superposition
L Pellegrino, S Khodaparast, and J Cabral
Imperial College London, UK
Naturally occurring patterns on surfaces have evolved to form topological micro- and nano-structures with a variety
of functionalities, such as drag reduction, tuneable wetting, anti-microbial resistance, and optical effects, often
found in insect wings and plant leaves. Besides other growth/death-induced mechanical stresses, buckling
instabilities are involved in regulating the formation and evolution of such topological patterns in natural soft
substrates. Wrinkling of bi- and multi-layered materials provides a powerful, and versatile, large-surface area
patterning methodology to fabricate complex periodic structures with features ranging from 10s of nm to 100s of
m, thus allows replication of intricate natural patterns. Wrinkling occurs spontaneously when a bilayer system of a
stiff film supported on a soft substrate is compressed beyond a critical limit, via a well-known mechanical instability.
Here, we investigate the formation of analogous 2D wrinkling patterns in artificial soft materials, built as a
superposition of single frequency or 1D features, with orientations set by the strain field. The pattern superposition
is achieved sequentially, starting from single frequency wrinkles and generated by stretching a cross-linked
elastomer slab that is simultaneously plasma oxidised. The wrinkled surface formed upon the strain release is first
replicated to obtain a stress-free yet patterned substrate, then stretched in the direction perpendicular to the first
generation wrinkling and plasma treated simultaneously at independent settings; and finally relaxed back to yield a
prescribed wrinkling second generation. This fabrication approach provides an exceptional tool to obtain an
unprecedented array of unique 2D topographies, in particular large-scale checkerboard patterns, with structural
characteristics that are independently tuneable via changing the plasma oxidation parameters, strain orientation
and magnitude. Preliminary results suggests that such patterns provide an effective means to tune initial
attachment and spreading of bacteria during biofilm formation.
P4 SANS study of the thermodynamics and demixing of highly interacting PaMSAN/dPMMA blends
Y Aoki, J Higgins, and J Cabral
Imperial College London, UK
Spinodal decomposition of partially miscible polymer blends has the potential to generate well-defined polymeric
nanostructured materials. While the Cahn-Hilliard (CH) theory prediction for the initial spinodal lengthscale
generally holds, phase sizes attained by thermally-induced demixing are, however, stubbornly much greater that Rg.
Using Small Angle Neutron Scattering (SANS), we investigate a series of LCST poly(𝛼𝛼-methyl styrene-coacrylonitrile) and deuterated poly(methyl methacrylate) (PMSAN/dPMMA) blends which exhibit a remarkably
steep temperature dependence of G’’ (and thus 𝜒𝜒), the driving force for demixing . We explore the role of PMMA
molecular mass (MW= 40-130 kg/mol), tacticity (atactic/syndiotactic), composition, and temperature and to map
G’’ and 𝜒𝜒 as a function of these parameters in the one-phase region, employing Random Phase Approximation
theory. We then carry out a series of rapid jumps across the phase boundary and analyse SANS data by CahnHilliard-Cook theory, establishing a comprehensive map of lengthscales achieved and theoretically expected, and
limits and opportunities for bicontinuous nanostructure design by this approach.

P5 The viscosity of hydroxypropyl methylcellulose (HPMC)/propylene glycol (PG) blends correlated with
electrospinnability
J Ahad, E Wright, and N Tucker
University of Lincoln, UK
Electrospinning is a simple and cost-effective technique for the fabrication of nanofibers. A high voltage is applied to
a polymer solution causing the liquid polymer to be ejected from a spinneret as a thin jet that will impact on the
nearest grounded surface. Studies have shown that a range of polymers can be spun, and that their physical
characteristics, such as viscosity, impact on electrospinning ability. It has been observed that there is an upper
viscosity limit, above which a polymer will not spin as the solution is too resistant to flow and is therefore unable to
eject from the spinneret; conversely at too low a viscosity there is insufficient molecular cohesion to form fibers.
Links between the concentration of a polymer and nanofiber size and uniformity have been described, but this
paper quantifies a correlation between the viscosity of the chosen polymer and the ease of electrospinning.
A range of concentrations of aqueous hydroxypropyl methylcellulose (HPMC) solutions were spun to obtain the point
at which electrospinning was the most efficient. Then through the addition of solvents such as dimethyl sulfoxide
(DMSO) and propylene glycol (PG), we were able to observe the relationship between viscosity and quality of the
electrospun nanofibre. Electrospinning HPMC alone proved difficult, characterised by spitting and bead formation;
the process parameters could not be optimised. The addition of DMSO did not improve the quality of the electrified
jet. However, it was found the addition of propylene glycol (PG) did provide a smoother jet with a reduction in
spitting.
The solutions were rheologically characterised showing that, while all solutions maintained a dominant viscous
behaviour, the addition of PG increased both the storage and loss moduli indicating an overall increase in elasticity.
It was also observed that although the overall moduli increased with the addition of PG there was also a similarity
between the ratio of the two moduli (tan delta) showing the internal friction and the energy loss per cycle was
similar to that of stand-alone HPMC. This could be due to PG acting as an internal lubricant or plasticiser. The PG
molecules are small enough able to fit in-between the HPMC polymer chains allowing greater flexibility and flow to
be observed at the macro scale.
This systematic study of the relationship between viscosity and spinnability offers a route to optimising both the
production and electrospun fibre product made from natural HPMC. This material has clear potential for a variety of
pharmaceutical and environmental impacts.

P6 Nano carbon composite simulator SOBA (Soft Blends Analyzer)
T Honda
Research Association of High-Throughput Design and Development for Advanced Functional Materials, Japan
Polymer composites are used in various applications. However, those meso-structures are complicated by the
influence of polymer phase separation phenomenon, thus observations in the experiments require a lot of time and
cost, and affects the speed of material development. In our projects, several simulation engines and AI tools were
developed for the purpose of shortening the period of such material development. SOBA (Soft Blends Analyzer) is
one of such simulation engines.

SOBA consists of two functions. One is SCFT engine using CPU, MPI, or MPI + GPGPU to simulate the system in
which the fillers exists. The other is Python interface for usability improvement.
The SCFT engine has adopted two methods for polymer composites. One is a method of introducing an adaptive
mesh for interfaces of fillers for accurate optimization of phase separated structure of polymer matrix [1]. The other
method assumes that a particle obstacle is object of liquid with a fixed shape and a concentration-graded interface
(diffuse interface particle). This method reduces the CPU cost and we can optimize both phase separated structure
and positions of fillers.
The Python interface of SOBA is designed as Fig. 1. The engines of OCTA system [2] are wrapped by Python
interface with C++ Boost library and we can call the engines in Python scripts with importing soba library of Python.
SOBA ver.1 has wrapped COGNAC (MD) and SUSHI (SCFT) engines thus we can do multiscale simulations by using
Python scripts importing SOBA.
We can register an account and download SOBA and other new systems developed by our project for free download
at OCTA BBS.
This work was funded by New Energy and Industrial Technology Development Organization of Japan (NEDO) Grant
(P16010).

Fig 1: Design concept of Soft Blends Analyzer (SOBA)
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P7 Diblock copolymer melt at experimental molecular weights: fluctuation effects, domain spacing, renormalization
and thermodynamic integration
B Vorselaars1, R Spencer2, and M Matsen2
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Polymers with specific architectures are known to self-organize into numerous complex structures. This creates
opportunities for future applications. It is therefore desirable to have a predictive instrument for guiding the
synthesis and design of polymeric materials. Here simulations play an important role, as they can provide the
necessary insight and allow for changing in interactions and topology in a relatively straightforward matter.
Self-consistent field theory (SCFT) is in this respect highly successful for situations where fluctuations do not play an
important role. However, these fluctuations can sometimes destabilize certain morphologies, and in these cases one

should switch to a different approach for allowing a realistic comparison with experimental conditions. Here we
employ the field- theoretic Monte Carlo (FTMC) technique, which was recently used for the first time for 3dimensional geometries.
We report on the influence of fluctuations on standard SCFT results, in particular with respect to the order-todisorder transition in symmetric diblock copolymers and the lamellar domain spacing [1]. Furthermore, results of a
thermodynamic integration technique are presented [2].
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P8 Spontaneous surface wrinkling for tuneable gratings and photonics application
A Tan, L Pellegrino, and J Cabral
Imperial College London, UK
Naturally occurring surface topographies, such as those found in animals and plants, often exhibit properties
including super-hydrophobicity, drag reduction, antimicrobial resistance and structural colour that are desirable in a
number of practical applications. Depending on the pattern morphology, optical effects ranging from tuneable
diffraction/reflection to photonic bandgaps can be observed. Spontaneous wrinkling of bi-layered materials allows
for the facile and precise patterning of periodic structures ranging from 10s of nm to 100s of
m and beyond.
Wrinkling occurs spontaneously when a bi-layer system of a stiff film on a soft substrate undergoes a compression
upon exceeding a critical strain value. Here, we systematically investigate the manipulation of light propagation with
different surface patterns formed via spontaneous wrinkling of bi-layer systems generated via plasma oxidation of
polydimethylsiloxane (PDMS). This process generates a thin glassy layer on top of the soft elastomeric substrate
under a controlled strain field. Once the stress is relieved, ordered sinusoidal and higher order patterns can be
generated by adjusting the plasma parameters and strain field.[1-3] More complex patterns can be attained under
multi-directional strains, providing a route to mimicking natural surfaces. In this work, we systematically investigate
model wrinkled surfaces as tuneable diffraction gratings, employing PDMS plasma oxidation rather than film floating
[4] as a means to creating bilayers. Plasma-induced glassy conversion of PDMS is a directional process yielding a
conversion front whose impact on optical response has not been investigated. Laser light diffraction experiments
were carried out as function of strain and glassy skin thickness, as well as strain field order parameter, enabling us
to resolve film nano/microstructure and demonstrating the potential of this method.
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P9 Factors Affecting Surfactant Distribution in Pressure-Sensitive Adhesives during Film Formation
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Pressure-sensitive adhesives (PSAs) adhere to nearly any surface under the application of light pressure. To reduce
emission of organic solvents, that can be deposited from polymer colloids dispersed in water (latex). Surfactant is
included to aid the synthesis of the latex and to impart stability. Surfactant accumulation at the surface of PSAs is
known to cause detrimental effects on properties [1] and it is thought that the drying conditions play a role in
determining the final surfactant distribution. Inspiration for this research has been taken from the modelling work of
Gromer et al. [2] who showed that two dimensionless parameters (Peclet number (Pe) and λ) can have a marked
effect on the vertical surfactant distribution in a drying latex film.
Pe is defined as the rate of water evaporation from a film compared to the rate of particle diffusion for either colloids
or surfactant [3]. λ is defined as the time for viscous deformation of the particles compared to the drying time [4].
By careful control of these parameters via film thickness, evaporation rate, drying temperature and polymer
viscosity, we have explored the parameter space and compared the experimental distribution of surfactant to the
model predictions.
Rutherford Backscattering (RBS) and Elastic Recoil Detection (ERD) analysis techniques have been employed to
probe the surface and depth profiles of an ionic surfactant in acrylate copolymer latex films with carefully controlled
Pe and λ. Using RBS, we have detected heavy elements from the surfactant (sodium and sulfur) near the surface of
the films. ERD has probed films containing post-added deuterated surfactant to obtain depth profiles using the
deuterium labels. To obtain a range of λ (tunable through the polymer viscosity), two acrylic copolymer PSAs with
low Tg (-34°C and -40°C) have been used, as well as an acrylic colloid with a higher Tg (-2.9°C).
During the analysis of the raw RBS/ERD data obtained at the Surrey Ion Beam Centre, we have identified certain
trends in the surface enrichment of surfactant (see Figure 1). It has been observed in both the RBS and ERD that as
Pe for the surfactant is increased, the surfactant surface excess decreases. This result is in contradiction to the
predictions of Gromer et al. [2], who found that as Pe is increased, surfactant surface excess should similarly
increase. Further work is required to explain the observed discrepancies with the model. Possibilities include
electrophoretic effects from the ionic surfactant, which are not considered in the model, as well as skin formation
during drying inhibiting surfactant migration.

Fig 1: RBS and ERD raw spectra for a Fig 1: RBS and ERD raw spectra for a PSA film. The spectra show the trends in
surface enrichment of surfactant from low Pe to high Pe. The greatest surface enrichment is seen for low Pe.
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P10 Prediction of molecular topologies in free radical polymerisation
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The physical properties of polymeric materials largely depend on the way the constituting monomers connect, or the
topology of the polymer network. Apart from a few, generic properties, such as the molecular weight distribution,
many topological properties of interest, such as degree of branching and formation of cycles, cannot easily be
measured using experimental methods at the current state. Computational methods offer more direct access to
almost any relevant physical property that is included in the model description, but fully atomistic simulations may
only be run on small systems, representing a fraction of the bulk of the material.
In the work presented here, a full-atomistic, Molecular Dynamics (MD), and a coarse-grained, Kinetic Monte Carlo
(KMC) method are developed in symbiosis to provide an accurate description of mass diffusion and chemical
reactions in the system, whilst allowing the effective modelling of polymerisation processes on a large scale. The
number of monomers in the simulations can be vastly extended by using coarse-grained models, but at the cost of
sacrificing the physical accuracy of the system’s dynamics.
The dynamics of the KMC simulations are controlled based on the local topological properties of the monomers, and
are parametrised using results from MD simulations. The main purpose of this work is to establish a connection
between the two methods, and identify the key local properties, which affect the global topological evolution of free
radical polymerisation processes. This combination of approaches has the potential to provide detailed and realistic
information on the system evolution, which can considerably help the design of novel polymeric materials.
P11 Influence of filler size and concentration on structure and mechanical properties of polymer composite coatings
J Hall1, 2, E Kynaston2, C Lindsay2, M Ramaioli1, and J Keddie1
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Colloidal polymers (often mixed with larger filler particles) have many applications, such as in paints, adhesives,
and inks. For some applications surface structure is particularly important, but in much of the literature only bulk
properties, such as strength and elastic modulus, are studied. This research aims to investigate the effect of
changing the filler size and concentration on the microstructure and surface mechanical properties of latex polymer
films with model filler particles of calcium carbonate. Three different micromechanical properties of thick (ca. 200300 μm) composite films have been characterised using indentation techniques in a single cyclical measurement.
The hardness was determined during indentation, the creep was measured while holding at a constant load, and the
tack was found when withdrawing the probe. Measurements were made as a function of various temperatures
(above and below the polymer’s glass transition temperature), filler concentrations, and filler sizes. The protrusion of
filler particles from the coating surface has effectively lowered the measured tack when compared to pure polymer

films. Using smaller filler particles, creep is reduced with increased volume fraction, but using larger particles, the
effective creep is increased, possibly due to crushing of particle clusters.
P12 Insights into the structure and self-assembly of inorganic nanocrystals with small organic semiconductors via in
situ grazing incidence X-ray scattering
D Toolan,1 M Weir,1 N Greenham,2 R Friend,2 A Rao,2 R Jones1, and A Ryan1
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Solar energy conversion materials coupling small-molecule organic semiconductors (OSC) with inorganic
semiconducting quantum dots (QDs), capable of photon up- or down-conversion via multiexcitonic processes, offer
routes for increasing the efficiencies of for single-junction photovoltaics.1-7 In such hybrid organic/inorganic
materials, “active” OSC-ligands are often directly attached to the QD surface, post-synthesis via ligand exchange.8, 9
This work demonstrates how controlling the proportion of active OSC-ligands bound to QDs affects the subsequent
self-assembly of an OSC:QD blend during film formation via solution processing.
Combined small angle scattering [both Xray(SAXS) and neutron (SANS)] studies are employed to provide
quantitative structural insights into a series of OSC-ligated QD species, possessing different grafting densities of
OSC ligands. To gain insight into the self-assembly behaviour of blends of OSC with the series of OSC-ligated QDs at
relevant lengthscales, spanning; Å (OSC crystallinity) -> nm (QD distribution/ordering) in situ grazing incidence Xray scattering is performed on dropcast solutions of blends of OSC with OSC-ligated QDs.

Fig 1: GIWAXS for drop-cast films at 2 and 7 mins for; a) OSC, b) OSC:native-QD , c) OSC:OSC-ligated QD showing
the evolution of OSC crystalline structure and QD ordering with corresponding radially integrated scattering data
highlighting QD ordering for; d) OSC:native-QD, and e) OSC:OSC-ligated QD. Fit results showing; f) arbitrary scaling
factor of GIWAXS allowing straightforward tracking of drying progress and g) a simple order parameter to quantify
the of fraction of QDs in either hardsphere or FCC conformations.

Results show that the QDs dramatically alter the crystallization kinetics of the OSC and that the grafting density of
OSC ligand bound the QD surface is crucial in determining how the QDs self-assemble within a crystalline OSC
matrix (Fig.1). For low OSC ligand grafting densities QDs form face-centred-cubic colloidal crystal structures, whilst
for high OSC ligand grafting densities promotes dispersion of the QDs within the OSC crystalline matrix, with >90%
of dots well-dispersed with liquid-like order. This work demonstrates how controlling QD ligand chemistry controls
the self-assembly of a hybrid OSC:QD blend during solution processing and builds an important road map for the
use of multi-scale Xray/neutron scattering and grazing incidence X-ray scattering techniques to understand the selfassembly of Solar energy conversion materials.
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P13 Theoretical calculation and machine learning study for the microphase-separated structure and elastic property
of block copolymers
T Aoyagi
AIST, Japan
Block copolymers show various microphase-separated structure depending on its chain architecture and miscibility
(χ parameter) between different segment type. The phase behavior of simple block copolymer such as linear diblock
and triblock has been well studied both experimentally [1] and self-consistent field (SCF) calculation [2]. The
morphology changes from body-center cubic (BCC) sphere, hexagonal cylinder to lamellar, depending on the
volume fraction of the segments. Co-continuous structure, double gyroid (DG) and Fddd (O70) are also known as
stable phases in narrow regions.
Thermoplastic elastomer (TPE) is a typical industrial product where microphase separation of block copolymer is
utilized. We had studied the elastic behavior of TPE in BCC phase by self-consistent field (SCF) calculation and
coarse-grained molecular dynamics (CGMD) simulation [3]. We extended this approach to co-continuous structure
consisting glassy network. Many metastable structures are obtained by the SCF calculation in addition to the stable
structure, even if the chain architecture and χ parameter are the same. Fig.1 shows examples of the stable structure
and metastable structures of DG phase, and Fig.2 shows the stress-strain curve of respective structures obtained by
CGMD simulation. The result shows that the highest modulus was obtained from the stable and highly symmetrical
DG structure.

Fig 1: Double gyroid (DG) structure and metastable structures of DG phase

Fig 2: Stress-strain curve of double gyroid (DG) and metastable structures
This elastic behavior is one of the examples where the phase separated structure affects the physical properties.
However, it is not simple to find the relation between complicate network structure and stress-strain behavior. To
tackle the problem, we applied machine learning technique. For the first approach, we applied 3D-convolutional
neural network (3D-CNN) to classify the metastable morphology obtained from the crude SCF calculation.
Metastable morphology of linear diblock copolymer and the label of stable phase in the well-known phase diagram
are used for training set. The optimized 3D-CNN network can predict the stable morphology of not only linear diblock
copolymers of arbitral volume fraction and χ parameter but also asymmetric linear triblock copolymers. We are
extending machine learning approach to make regression between the structure and stress-strain behavior. The
detail will be shown in the presentation.
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P14 Mixtures of anisotropic nanoparticles and block copolymer melts
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Recently, complex nanoparticles have been commonly synthesized. Chemically inhomogeneous Janus
Nanoparticles (JNPs) for instance possess two distinct sides which results in a tendency to anchor at interfaces
between two fluids. Similarly, the entropic interactions of non-spherical nanoparticles such as nanorods can lead to
interesting ordered configurations. The additional degree of freedom that each anisotropic nanoparticle introduce
can lead to highly ordered structures of nanoparticles and phase-separated block copolymer.
We present results on the co-assembly of Janus nanoparticles and block copolymers, which can be related to the
more general case of Janus nanoparticles in solution. Furthermore, direct comparison between simulation and
experiments can be done in the case of ellipse shaped and CdSe nanorods. Finally, a general model to simulate a
variety of nanoparticle shapes is presented. This allows to study the assembly of squares, rectangular or
diamondshaped nanoparticles within block copolymer melts.

Fig 1: Simulations and experiments of elongated nanoparticles and asymmetric block copolymer
P15 Designing nanostructured porous polymeric gas sensors: from solution thermodynamics to phase inversion
R O’Connell, A Porter, J Higgins, J Cabral
Imperial College London, UK
Micro- and nanoporous polymeric materials are important for a wide range of applications and, in particular
separations and sensing, and it is thus important to fundamentally understand their design, synthesis and
functionality [1]. Porous polymers can be designed, either at the molecular level (bottom up approach) or through a
secondary process (top down approach), to have a defined and controllable pore sizes and connectivity [2]. These
are extensively employed in membranes [3], nanoparticles [4] and hollow capsules [5] given the easy
processibility and versatility of polymer solution and process design, with applications, including but not limited to
carbon capture, gas storage, separation and purification, catalysis, drug delivery, and sensing.

The porous polymer material of particular interest for this work is poly(2,6-diphenyl-p-phenylene oxide) (PPPO).
PPPO nanoporous materials are produced via a demixing process from solution, generally via spinodal
decomposition, caused by the addition of a non-solvent (heptane) and subsequent phase inversion and kinetic
arrest. Partial crystallisation of the polymer-rich phase expedites this kinetic arrest and likely enables the formation
of nano-sized phase domains. A detailed understanding of the system thermodynamics, demixing mechanisms and
kinetics would enable the predictive and versatile design on PPPO nanoporous adsorbers and the widening of
current applications [6].
Using SANS, we determine the polymer conformation and interaction in solution, both in good solvent (DCM) across
the concentration range relevant for nanomaterial formation, as well as upon non-solvent addition. Data is analysed
using regular polymer solution theory from below c* to above c**. We obtain Rg as a function of polymer
concentration (following Graessley [7]) and the virial coefficient or χ parameter. These are important to define the
original solution conformation before collapse induced by the non-solvent.
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