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List of Talks 
Mohammed Al Qaraghuli 
 
Point-of-care testing (POCT) kits: Focus on antibodies. 

Point-of-care testing (POCT) is quickly becoming part of the healthcare landscape. When 
compared to complicated laboratory testing- POCT can save significant time and costs 
associated with experiments and staff- but without any compromise in quality. More 
importantly- POCT can instantly detect life-threatening diseases- and provide any required 
data for swift medical intervention. There is a remarkable commercial potential associated 
with developing POCT devices- and the global POCT diagnostics market is poised to reach 
$27.5 billion by 2018. Consequently- a new collaboration will be established with a Glasgow-
based biotech SME called The Antibody Company (TAC)- to optimise the process of 
adsorption of gold nanoparticles to antibodies. The generated data will be used by TAC to 
create novel antibody-nanoparticle conjugates to be used as kits for diagnostic devices to 
detect pathogens at the point of use for medical- food and agricultural applications. The talk 
will cover various aspects of developing antibody-nanoparticle conjugates that can be used 
in POCT devices. 
 
 

Robert Barker 

New Approaches to Surface Confinement: Experimental Structural Studies of Nanomaterials 
Under Realistic Conditions. 

Understanding the forces acting on macromolecular structures at surfaces is vital to a 
number of different branches of science and engineering ranging from bio-fouling to surface 
lubrication. A variety of experimental techniques have been developed to study these forces 
directly, including a lot of pioneering work using surface force apparatus and AFM. However, 
recently we have made a number of innovations in the field of direct surface confinement [1-
3]. Here we discuss this approach along with another promising recent demonstration [4] as 
a further step in the analysis of surface forces and their structural implications in fully 
hydrated systems- using the semi-permeable nature of charged lipid membranes to directly 
compress surface bound polymer layers as a function of the applied electrical potential. In 
this novel 1st approach we have developed a unique surface force type apparatus that 
allows direct measurements of the structure of polymer layers under a confining pressure 
using neutron reflection. We have shown that inflation of the membrane against a solid 
surface provides close and even contact between the interfaces over a large surface area. 
This device has been used to study the structure and the mechanical properties of a number 
of polymer systems under direct confinement as well developing this technique towards the 
broader soft matter community- looking in particular at biorelevant cartilage systems under 
direct stress to focus implant design in the future. The 2nd new approach discussed uses 
biomembranes doped with a small amount of charged lipids in conjunction with an electric 
potential across the sample to compress PEG layers grafted on the surface. The extent of 
compression can be regulated by the amount of charge in the lipid membrane and the 
applied potential. This can be carried out in an entirely hydrated environment where initial 
results suggest that these are completely reversible. These promising new approaches 
along with perspectives on some potential future directions will be discussed during the talk- 
with the hope to open up discussion for future collaborative research.  
 
[1] W.M. de Vos, L.L.E. Mears, R.M. Richardson, T. Cosgrove, R. Barker & S.W. Prescott- 
Macromolecules, 46(3), 1027-1034 (2013).  
[2] S.B. Abbott, W.M. de Vos, L.L.E. Mears, R. Barker, R.M. Richardson, S.W. Prescott- 
Macromolecules, 47(10), 3263–3273 (2014).  
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[3] S.B. Abbott- W.M. de Vos, L.L.E. Mears, B. Cattoz, M.W.A. Skoda, R. Barker, R.M. Richardson, 
S.W. Prescott, Macromolecules, 48(7), 2224–2234 (2015).  
[4] A. Junghans, E.B. Watkins, R.D. Barker, S. Singh, M.J. Waltman, H.L. Smith, L. Pocivavsek, J. 
Majewski, Biointerphases, 10, 019014 (2015). 
 

Roger Bennett 

Probing assembly in functional macromolecules; from solvents to surfaces 

Recently polymeric systems have been developed in which information can be encoded on a 
molecular scale by assessing chain folding that is directed by π-π stacking around novel 
pyrene-based tweezer molecules. The sequence information is “read” by pyrenyl ring-current 
shielding which induces a chemical shift in the NMR of the diimide protons of the solvated 
high molar mass copolyimide chain [1]. In addition to potential exploitation in molecular scale 
information processing the π-π stacking and chain folding can be used to form self-
healing two-component polymer blends [2]. 

In this talk I will introduce the polymer system 
and discuss ongoing experiments to investigate 
how macrocyclic analogues of the key 
components of the chain folding behave once 
adsorbed on single crystal surfaces in the 
absence of solvent. We electrospray deposit the 
molecules onto Au(111) from solution and 
perform scanning tunnelling microscopy, 
NEXAFS, NIXSW in ultra-high vacuum. The 
macrocycles self-assemble on the surface in a 
number of motifs. Comparison of DFT 
simulations and STM images allows recognition 
of the geometry and to some degree the 
orientation of the macrocycles in the adsorbed 
layer. Detailed comparison to the experiments show that internal conformational changes 
take place with good agreement between geometries found by NEXAFS and DFT.  

 [1] “Sterically Controlled Recognition of Macromolecular Sequence Information by Molecular 
Tweezers”, H.M. Colquhoun et al, J. AM. CHEM. SOC. 2007, 129, 16163-16174 

[2] “A Supramolecular Polymer Based on Tweezer-Type π−π Stacking Interactions: Molecular Design 
for Healability and Enhanced Toughness”, S. Burattini et al, Chem. Mater., 2011, 23, 6–8 

 

Alasdair Clark 

Dual-colour plasmonic nano-pixels. 

We demonstrate polarization-dependent, dual-colour plasmonic filters based upon arrays of 
asymmetric cross-shaped nano-apertures. Acting as individual colour emitting nano-pixels, 
each aperture can selectively transmit one of 2 colours, switched by controlling the 
polarization of white-light incident on the rear of each pixel. Tuning the pixel dimensions 
enables a polarization sensitive colour palette to be constructed at resolutions far beyond the 
diffraction limit. Using this switchable colour palette we are able to generate complex optical 

Figure 1 The pyromellitic diimide-macrocycle 
electrosprayed from DMSO onto Au(111) 
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surfaces encoded with dual colour and information states; allowing us to embed two colour 
images within the same unit area, using the same set of nano-apertures. These new pixel 
types hold the potential to improve upon current plasmonic pixel technology by enabling 
smaller, more versatile filter sets for imaging applications (where a single array can function 
at two selectable filtering regimes within the same unit area, rather than building two 
separate arrays), while also having potential applications in display technologies, image 
‘printing’, storage, anti-counterfeiting, and biosensing. 

 

Eden May Dela Pena 

Pulse deposition of copper using an additive-containing EnFACE electrolyte. 

EnFACE is a novel microfabrication process that allows maskless pattern transfers onto a 
metallic substrate. EnFACE uses a novel acid-free additive-free plating bath containing low 
concentrations of metal salts as the process requires electroplating under conditions of fast 
kinetics and low electrolyte conductivity. A previous work proved that using organic additives 
in the EnFACE electrolyte enhanced the quality of direct current (DC) plated copper deposit 
[1]. It is also known that pulse current plating can bring significant improvements in deposit 
properties such as grain structure- mechanical strength and throwing power [2]. The 
objective of this study is to investigate the effect of pulsed current on the properties of 
copper deposits from the additive-bearing EnFACE electrolyte. Copper films were 
electroplated on stainless steel coupons from electrolytes containing different concentrations 
of additives (0%- 17%- 33%- 50%- 100%- 200% of the industry recommended additive 
concentration). The additives used were a mixture of Copper Gleam A, Copper Gleam B, 
and chloride ions (Cl-). The deposit was characterised using electron backscattered 
diffraction(EBSD), tensile test machine (UTM) and the four-point probe. EBSD images 
indicated that the additive caused a concentration-dependent decrease in the grain size of 
the deposit. This grain refinement (Figure 1) resulted in improvements in yield and tensile 
strength- but reduced the ductility and resistivity of deposits. The use of pulsed current 
reduced the required additive amount by 67% to create copper films that meet industry 
quality standards. 

[1] Dela Pena EM, Bains N, Hussain A, Cobley A, Roy S. 2015. Trans. of IMF. 93(6), 288-293. 
[2] Hansal W. and Roy S. 2014. Pulse Plating. 1st ed. Eugen G. Leuze Verlag KG- Germany. 
 
 

Stephen Euston 

Modelling Structure Formation in Food Organo-gels. 

Organogels are defined as gels where an organic liquid is trapped in a thermo-reversible gel 
network formed by self-association of low concentrations of organogelator molecules [1]. 
The food industry has become interested in this technology because it may offer a method 
for making solid-fat gels from liquid polyunsaturated oils without resorting to structuring 
based on crystallising saturated fats [2]. Edible food organogels are formed when the 
organogelators self-assemble into crystalline fibres that form a 3-D network and trap 
triglycerides within pores in the gel. The organogelators are usually only required at low 
concentrations, often as low as a few percent of the total mass. In addition, it is possible to 
use plant phytosterols such as sitosterol and sterol esters such as oryzanol as the 
organogelator molecule [3]. These have been shown to reduce cholesterol uptake and thus 
an organogel based spread made from these will have cholesterol reducing properties. 
Mixtures of the two sterols have been observed experimentally to form tubules that lead to 
formation of a network gel that traps the triglyceride molecules. SAXS/SANS [3-4] studies 
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suggest the building block of the tubules is a sterol/sterol-ester dimer arranged in a parallel 
conformation where the alkyl chains sit on the same side for both molecules, stabilised by an 
H-bond between the sterol hydroxyl and the ester bond. Preliminary results of molecular 
dynamics simulations carried out using an equimolar mixture of ß-sitosterol and oryzanol 
embedded in aqueous and non-aqueous solvent (hydrocarbon and triglyceride) will be 
presented. Models with both explicit (water, decane, decano, decanoic acid, triglyceride) and 
implicit solvent have been used. Explicit solvent models have proven difficult due to probable 
super-cooling/nucleation problems with self-association of the sterols being slow and 
aggregates small and marginally stable. Attempts to overcome the super-cooling through 
use of replica exchange MD have not to date been successful. Implicit solvent models 
(effective dielectric medium as solvent phase) on the other hand show rapid clustering with 
cluster structure dependent on the dielectric constant used. In low dielectric constant implicit 
solvent simulations large clusters are formed than for high dielectric constant simulations. In 
addition, the clusters appear to elongate and align as the simulation proceeds. Although so 
far we have not seen formation of tubules in the simulations, the results to date are 
encouraging.  It is hoped that models of this type will allow a better understanding of the self-
association process, which in turn will provide information as to how better to control 
organogel formation and structure.  
 
[1] Terech, P. and Weiss, R. G. Low molecular mass gelators of organic liquids and the properties of 
their gels, Chem. Rev., 97, 3133–3159, (1997).  
[2] Pernetti M, van Malssen KF, Flöter E & Bot A. Structuring of edible oil by alternatives to crystalline 
fat. Curr. Opin. Colloid Int. Sci., 12, 221–231 (2007).  
[3] Bot, A. & Flöter, E. Edible oil organogels based on self-assembled ß-sitosterol and oryzanol 
tubules. In Edible oleogels: Structure and health implications (editors: A.G. Marangoni & N. Garti). 
AOCS Press, Urbana, 2011, chapter 3, p. 49-79.  
[4] Bot A, Gilbert EP, Bouwman WG, Sawalha H, den Adel R, Garamus VM, Venema P, van der 
Linden E & Flöter E. Elucidation of density profile of self-assembled sitosterol + oryzanol tubules with 
small-angle neutron scattering. Faraday Discussions 158, 223-238 (2012).  
 
 
 
Sara Fortuna 

Self-organisation of surface adsorbed molecular monolayers: does the surface matter? 

The relative strengths of intermolecular and molecule-substrate interactions generally 
controls the pattern formed by surface-adsorbed self-organised molecules. When the role of 
the surface is only that of keeping the molecules planar, such as in the case of the two-
dimensional self-assembly of planar molecules capable of complementary interactions (like 
hydrogen bonding) physisorbed on the Au(111) surface, the patterns are simply controlled 
by the strength of the intermolecular interactions involved [1]. Instead, when the substrate 
can easily reconstruct upon molecular adsorption, a self-templating effect on the metallic 
support can be observed. This is the case for Fe-phthalocyanine (FePc) molecules adsorbed 
on the Au(110) surface, where molecules self-organize into ordered chains along the [11¯0] 
direction driving the formation of reconstructed channels on the underlying Au substrate [2]. 
Finally, systems showing two distinct adsorption states: a physisorbed state and a 
chemisorbed state are capable of expressing a very rich phase behavior. This is what 
happens for halogenated benzene derivatives on platinum where the interplay between the 
two adsorption states can be controlled by their level of halogenation [3,4]. While in general 
the observed self-assembled patterns are rationalized either on the basis of density 
functional theory calculations revealing the energetic origins of the molecule-substrate 
interactions [2-4], or lattice models for the study of the collective behavior of a large set of 
molecules [1,5-6], here we merged the two representations by developing a lattice model 
that explicitly includes multiple adsorption states, with representative interactions 
parameterised using density functional theory calculations. This model was used in Monte 
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Carlo simulations to investigate pattern formation of hexahalogenated benzene molecules 
on the platinum surface [5]. The model can be further generalized for exploring the pattern 
formed by any combination of molecule-molecule, molecule-substrate interactions [6].  

[1] S. Fortuna, D. L. Cheung, and A. Troisi, Hexagonal lattice model of the patterns formed by 
hydrogen-bonded molecules on the surface, J. Phys. Chem. B, 2010, 114 (5), pp 1849-1858 

[2] S. Fortuna, P. Gargiani, M.G. Betti, C. Mariani, A. Calzolari, S. Modesti, and S. Fabris, Molecule-
Driven Substrate Reconstruction in the Two-Dimensional Self-Organization of Fe-Phthalocyanines on 
Au(110), J. Phys. Chem. C, 2012, 116 (10), pp 6251-6258  

[3] R. Pekoz, K. Johnston, D. Donadio, Tuning the adsorption of aromatic molecules on platinum via 
halogenation, J. Phys. Chem. C. 118, 12, p. 6235-6241  

[4] K. Johnston, R. Pekoz, D. Donadio, Adsorption of polyiodobenzene molecules on the Pt(111) 
surface using van der Waals density functional theory, Surf. Sci. 644, p. 113-121  

[5] S. Fortuna, D.L. Cheung, K. Johnston, Phase behaviour of self-assembled monolayers controlled 
by tuning physisorbed and chemisorbed states: a lattice-model view, J. Chem. Phys., 2016, 144(13), 
134707. [6] S. Fortuna, et al., in preparation 

 
 
Adam Hardy 

A New Approach to Screening and Designing Solvents for Low Dimensional Systems. 

Despite more than 25 years of intensive research we are still lacking solvents for many 1D 
and 2D nanomaterials such as carbon nanotubes (CNTs) and graphene that are good 
enough for industrial processing not to mention solvents that are also environmentally 
friendly- non-toxic and generally safe to use. Intriguingly a molecule (cyclohexyl-
pyrrolidinone, CHP) has been found to be at least 5 times better at dissolving CNTs than all 
other tested substances. This has raised confidence that even better solvents can be 
discovered in the future. However, experimental testing is time consuming, costly, limited to 
immediately available substances and potentially unsafe. We propose to use computational 
discovery that takes advantage of the readily accessible structure/function relationships. A 
new technique will be presented: The Theory of Corresponding Distances, which improves 
the computational speed of potential of mean force (PMF) calculations more than 20-fold 
and yields the entire PMF curve at very high resolution in a single simulation. 

 

Barbara Jachimska 

Dendrimers as a platform for designing biologically active carriers. 

Dendrimers are a special class of polyelectrolytes, which are characterized by their densely 
branched and well-defined spherical geometry. Amino-terminal dendrimers resemble 
spheres, whose uniform surface charge densities can be continuously modulated by pH or 
ionic strength. Dendrimers have a wide range of applications, including biomedical 
applications such as drug delivery, gene delivery, cancer therapy and diagnostic agents. 
Their unique properties originate in their macromolecular structure. It is known that 
dendrimers can undergo irreversible swelling, and this process is directly connected to the 
degree of protonation of dendrimer molecules [1]. The hydration of dendrimer films seems to 
be a crucial aspect in their implementation. In all biological systems, the conformational 
stability is intrinsically connected with natural hydration. Therefore, the estimation of the 
degree of hydration in dendrimer films on a model surface is essential for the study of their 
potential applications.  
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The present study focuses on the structure of dendrimer monolayers on gold surfaces. We 
used multi parametric surface plasmon resonance (MP-SPR) and a quartz crystal 
microbalance with dissipation energy monitoring (QCM-D) to investigate the conformational 
behaviour of the 6th generation of PAMAM molecules. The combination of MP-SPR and 
QCM-D measurements allows the investigation of factors that govern the immobilization of 
PAMAM dendrimers on a gold coated sensor surface. Changes in pH have a strong effect 
on the binding affinity of the polymer to the surface and additionally, indicate very different 
conformation behaviours. The trends in the binding affinity and the surface saturation 
amount correspond well with the degree of change of protonation of the adsorbed 
molecules. This data very clearly indicates how the structure of the dendrimer can influence 
the properties of the polymer film formed on the gold surface. PAMAM films on gold surfaces 
are composed of 80% water. This is a particularly large value compared to the amount of 
water associated with the dendrimer molecules during the swelling process, which was 
estimated at 25-30%. This is one of the additional advantages of dendrimeric systems. 
 
These investigations lead to a more profound understanding of the self-assembling 
behaviour of branched polyelectrolytes, which are interesting candidates for reversibly 
tuneable swelling materials for drug delivery or smart molecules for surface functionalization.  

Acknowledgement: This work was supported by Grant NCN OPUS4 2012/07/B/ST5/00767.  

[1] B. Jachimska, M. Łapczynska, S. Zapotoczny, J.  Phys. Chem. C, 117 (2013) 1136-1145 

 

Joseph Manning 

Understanding molecular interactions to develop sustainable synthesis of green nanosilicas. 

Bioinspired silica- synthesised using biologically inspired organic “additives”- are greener 
alternatives to many existing silicas (Chem. Commun.- 2011- 47- 7567). However- 
bioinspired (and other templated) silicas require high energy purification (e.g. high-
temperature calcination) before they can be used- increasing the overall cost of synthesis 
and destroying the expensive organic precursors. Although alternatives to calcination have 
been reported- e.g. solvent extraction- they are not as effective and also have high energy 
requirements (Chem. Soc. Rev.- 2013- 42- 4217).  The lack of a green method to purify 
bioinspired silica leads to problems with high material and energy wastefulness- thus 
preventing their industrial implementation. - By extensively investigating the molecular 
interactions between additives and silica- we discovered that pH can be used to controllably 
extract (partly or fully) additives from silica hybrids. By changing the speciation states of 
silica and additives to remove charged interactions present during the synthesis- additives 
are released into solution without the need for high temperature treatment or organic 
solvents. This significantly reduces the cost and wastefulness of the bioinspired synthesis 
both directly and incidentally - process calculations indicate that extraction and additive 
reuse can reduce additive and water requirements by over 90%- while the room temperature 
reaction can reduce energy requirements by >90% (Chem. Eng. J.- 2014- 244- 483). - From 
these developments- we have been able to scale-up from producing grams to hundreds of 
grams per day without the need for specialist equipment- demonstrating the improved 
scalability of the new technique. Finally- we show that this method provides an effective 
route to synthesising green nanosilicas for applications ranging from environmental 
remediation (Environ. Sci. Technol.- 2012- 46- 13354) to drug delivery (J. Mater. Chem. B- 
2014- 2- 5028).  
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John McBride 

Directed self-assembly of spherical cap particles. 

A current aim of materials science is the directed self-assembly of nanoparticles into 
targeted structures – e.g. photonic crystals, porous structures, etc. In order to design these 
particles effectively we need to understand how their various characteristics affect their self-
assembly. One important characteristic for larger particles, from nano to colloidal, is the 
particle shape [1]. Indeed, it is now possible to synthesise particles of arbitrary shape so it is 
important to investigate this parameter [2]. In order to isolate the effect of particle shape we 
simulate the spherical cap (SC) particle with a hard-core interaction as the shape varies from 
a sphere, via a hemisphere, to an infinitely thin SC. This model has been previously shown 
to describe the behaviour of similar mushroom-cap-shaped colloids under planar 
confinement [3][4]. Along with the particle model we use Monte Carlo NPT simulations, 
crystal structure prediction [5] and free energy calculations [6] in order to determine the SC 
bulk phase diagram. While SCs do exhibit interesting phase behaviour including crystals, 
rotator crystals and mesophases, most do not self-assemble from an isotropic fluid using MC 
NPT simulations. We use additional MC NVT simulations with a gravity field and a template, 
finding that this is sufficient to improve the ability of SCs to self-assemble. 
 
[1] S.C. Glotzer and M. J. Solomon, Anisotropic of building blocks and their assembly into complex 
structures, Nat. Mater., 6, 557 (2007). 
[2] S. Sacanna and D. J. Pine, Shape-anisotropic colloids: Building blocks for complex assemblies, 
Curr. Opin. Colloid Interface Sci., 16, 96 (2011). 
[3] E. K. Riley and C. M. Liddell Confinement-controlled self-assembly of colloids with simultaneous 
isotropic and anisotropic cross-section, Langmuir, 26, 11648 (2010). 
[4] C. Avendaño, C. M. Liddell-Watson, and F. A. Escobedo Directed self-assembly of spherical caps 
via confinement, Soft Matter, 9, 9153 (2013). 
[5] De Graaf J, Filion L, Marechal M, van Roij R, Dijkstra M, Crystal-structure prediction via the Flopy-
Box Monte Carlo algorithm: Method and application to hard (non)convex particles, J Chem Phys, 137 
(2012). 
[6] Frenkel D, Ladd A, New Monte Carlo method to compute the free energy of arbitrary solids, J 
Chem Phys, 81 (1984). 
 
 
Monika Michaelis 

Molecular Structure Elucidation via a Combined Approach of Circular Dichroism and 
Advanced Sampling Methods. 

In order to elucidate the native ensembles of secondary structures in two representative 
oligopetides featuring a preferential a-helical [1] and ß-hairpin [2] motif- we developed a 
combined experimental and theoretical approach. Circular dichroism (CD) spectra were 
determined experimentally and the main structural components analysed using BeStSel [3]. 
Secondary structures were also predicted using a “de novo” prediction tool [4] and molecular 
dynamics simulations based on replica exchange with solute tempering (REST) combined 
with metadynamics [5]. The results were analysed regarding the peptide structures and their 
theoretically predicted CD spectra by means of the DichroCalc software package [6]. While 
the agreement between the CD spectra of individual de-novo predicted structures and the 
measured spectra is generally poor, calculated spectra from REST metadynamics 
simulations led to intensities and band positions in much better agreement with the 
experimental oberservations. We believe that this is due to the correct consideration of the 
whole ensemble of peptide structure conformations in the latter method. However- both the 
choice of the collective variables for the phase- space sampling and the parameter sets 
employed in DichroCalc have a significant influence on the predicted CD spectra. In future 
investigations- the analysis shall be extended to study the structural ensemble associated 
with intrinsically disordered structures.  
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[1] M.J. Read and S.L. Burkett, J. Colloid Interf. Sci. 2003, 261, 2, 255-263 
[2] A.E. García and K.Y. Sanbonmatsu- Proteins 2001, 42: 345–354.  
[3] A. Micsonai et al.- PNAS 2015-112:E3095-103.  
[4] P. Th venet et al., Nucleic Acids Res. 2012, 40, W288-293., J. Maupetit et al., Nucleic Acids Res. 
2009, 37, W498-503., J. Maupetit et al., J. Comput. Chem. 2010, 31,726-38.  
[5] R.H. Meißner et al.- Langmuir 2014, 30, 12, 3487-3494.  
[6] B.M. Bulheller and J.D. Hirst- Online Bioinformatics 2009, 25, 539–540 
 
 
Carole Perry 

Combined Experimental and Computational Studies of (Nano) particle –peptide interactions 

Events occurring at the solid/ aqueous interface underpin a variety of technologies used in 
the biomedical and technological fields. Interactions occurring at interfaces are also used to 
good effect in nature where biomolecules guide and control the formation of biominerals. My 
research group studies biomineralisation in vivo and transitions the mechanistic information 
so gained to laboratory-based reaction systems. A major goal of our research is to develop a 
detailed understanding of interactions between biomolecules such as peptides and surfaces 
including preformed particles in solution. Using examples from our recent studies, this 
presentation will describe our current understanding of the mechanisms of biological-
material interactions for a number of inorganic materials. 

 
 
David Quigley 

Modelling the kinetics of crystal nucleation  

Abstract: Nucleation of a crystal from within a supercooled melt, or supersaturated solution, 
is the first stage in forming many materials, from pharmaceuticals to biomaterials. As a 
genuinely nanoscale process, the process would seem ideally suited to study via atomistic 
simulation methods. Various schemes have been used to calculate the nucleation rate in 
simple systems, a quantity directly comparable to experiment. However, the disagreement 
with experiment is typically measured in tens of orders of magnitude – far from predictive. In 
this talk I’ll discuss some of the difficulties in obtaining quantitative information on nucleation 
via simulation, illustrated with a number of examples in chemical and soft matter systems. I 
will also present a direct comparison between several popular methods for calculating 
nucleation rates, illustrating a failure in the standard kinetic assumptions of classical 
nucleation theory. 

 
 
Carolina Vannozzi 

Effect on drop coalescence of polymer-coated Janus gold nanoparticle compatibilizers: van 
der Waals interactions and Marangoni stresses. 

Polymer-coated Janus gold nanoparticles (PJGNPs) are amphiphilic, highly surface active 
particles and have been proposed as new compatibilizers in immiscible polymer blends as 
an alternative to block-copolymers (BCs) to increase the optical, magnetic and mechanical 
properties of the resulting composite materials. However, the gold cores in PJGNPs also 
increase the magnitude of the disjoining pressure (DP), i.e. the van der Waals interactions 
per unit area, in the thin film between the polymeric drops, accelerating unwanted 
coalescence. Here, we evaluate for the first time quantitatively the effect on the drainage 
time, a measure of coalescence speed, of PJGNP-stabilized drops by performing scaling 
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and parametric boundary integral simulations of two drops stabilized by PJGNPs undergoing 
a head-on collision in extensional flow. The PJGNPs are treated as surfactants and an ad 
hoc expression for DP is used that takes into account the nanoparticle concentration and 
size. The PJGNP interfacial diffusivity (Ds) via the surface Peclet number (Pes) and the 
surface elasticity via the Marangoni number (Ma) were also varied. Flow-induced 
coalescence was found very sensitive to all three parameters. Compared to a BC stabilized 
system the gold cores in PJGNP stabilized blends reduce dramatically the drainage time 
when the interparticle distance is small: up to 60% for 3nm core diameter and touching 
cores, increasing significantly the coalescence probability for drop sizes <5µm. However, 
polymeric ligands on PJGNPs diminish this effect considerably. Thus, we can design the 
ligands to hinder enhanced VDW interactions and at the same time retain PJGPNs’ 
appealing properties. Additionally, our simulations suggest that besides the enhanced DP 
other causes like a Ds higher than the one estimated via the Stokes-Einstein relation and the 
presence of entropic attraction between the drop interfaces stabilized by PJGNPs have to be 
simultaneously present to explain the dramatic drainage time reduction reported in recent 
experiments with PJGNP-stabilized drops compared to the BC-stabilized drops. The results 
of this work are not limited to polymeric materials- but are extendible to oil/water emulsions 
and drug-delivery. 


