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In many areas of materials or life sciences one desires a coating, that interacts with the substrate locally 
and upon a stimulus. This can be achieved with titania , where photoexcitation leads to a charge 
separation, which in contact with water may lead to water splitting. If a titania film is coated with a 
polyelectrolyte multilayer film, illumination may lead to a pH change, and if this film is pH sensitive, this 
may lead to swelling of the film. This is demonstrated in this contribution  for polyelectrolyte multilayer 
films of a positively charged weak polyelectrolyte and weak or strong anionic polyelectrolytes on a titania 
support . Following light irradiation the film can swell, reducing the Young`s modulus by almost 2 orders 
of magnitude, as measured by colloidal probe AFM. Preosteoblasts, preferring a hard template 
consequently move from the swollen part of the film to the harder part /1/. With local pH probes we 
show that the pH can be reduced to about 4, and this remains over many hours/2/.  It also depends on 
the type of polyelectrolyte, enabling a versatile tool to manipulate substrate –coating interactions. 
Estimates of light intensities and charge carrier concentrations also reveal, that this effect is not confined 
to TiO2, but applicable to many semiconductors, including nanoparticles in contact with a responsive 
polymer environment. 

/1/ S. A. Ulasevich et al. Biomacromol.Sci. ,in press, 

 DOI: 10.1002/mabi.201600127    /2/S. A. Ulasevich et al., Angew.Chemie,Int.Ed., in press, DOI: 
10.1002/ anie.201603313 
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Reorganization of hydrogen bond network makes strong polyelectrolyte brushes pH-responsive 
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Weak polyelectrolyte brushes have found extensive practical applications owing to their rich pH-
responsive properties. In contrast, strong polyelectrolyte brushes have long been regarded as pH-
insensitive based on the well-established fact that the average degree of charging of strong 
polyelectrolyte chains is independent of pH. The possible applications of strong polyelectrolyte brushes 
in smart materials have, thus, been severely limited. However, we demonstrate that almost all important 
properties of strong polyelectrolyte brushes, such as chain conformation, hydration, stiffness, surface 
wettability, lubricity, adhesion, and protein adsorption are sensitive to pH. The pH response originates 
from the reorganization of the interchain hydrogen bond network between the grafted chains, triggered 
by the pH-mediated adsorption-desorption equilibrium of hydronium or hydroxide with the brushes. Our 
findings not only provide a new understanding of the fundamental properties of strong polyelectrolyte 
brushes but also uncover an extensive family of building blocks for constructing pH-responsive 
materials. 
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Specific Ion Effects on Thermoresponsive Polymer Brushes 

Grant Webber1, Ben Humphreys1, Timothy Murdoch1, Joshua Willott1, Kasimir Gregory1, Stuart 
Prescott2, Andrew Nelson3, Erica Wanless1 

1University of Newcastle, Newcastle, NSW, Australia, 2UNSW Australia, Sydney, NSW, Australia, 
3Australian Nuclear Science and Technology Organisation, Sydney, NSW, Australia 

Specific ion effects play an important role in determining the conformation of brushes of the 
thermoresponsive polymer poly(N isopropylacrylamide) (PNIPAM).[1] Increasing concentrations of the 
kosmotropic acetate anion lower the lower critical solution temperature (LSCT), while chaotropic 
thiocyanate anions increase the LCST. Neutron reflectivity and atomic force microscopy measurements 
demonstrate these effects impact the physicochemical properties of the brush beyond a simple 
modulation of the temperature response to higher/lower temperatures.[2] 

Here we also discuss specific ion effects on the conformation of brushes of poly(2-2-
(methoxyethoxy)ethyl methacrylate) (MEO2MA) and copolymers with poly(oligo(ethylene glycol) 
methacrylate) (OEGMA). These brushes show a much broader temperature response than PNIPAM 
and a greater influence of anion identity. Finally, we demonstrate the stability and bulk behaviour of 
suspensions of brush-modified colloidal silica particles can be finely controlled by temperature and 
anion identity. 

References: 

1. B. A. Humphreys, J. D. Willott, T.J. Murdoch, G.B Webber, E.J. Wanless, Physical Chemistry 
Chemical Physics, 2016, 18 (8), 6037-6046. 
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G.B. Webber, Macromolecules, 2016, 49(16), 6050-6060. 
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Significant efforts have been undertaken in recent years to understand, and ultimately control, the drying 
patterns of colloidal particle filled droplets on solid substrates. The ubiquitous coffee-ring effect has long 
been attributed to the drag of radial liquid flow towards the droplet edge, driven by diffusive evaporation. 
Here we report new results showing that there is a temporal competition between migrating colloidal 
particles, dispersed randomly inside a droplet, and the air/liquid interface in reaching the solid surface. 
Using the Lagrangian modelling approach to track the motion of non-Brownian colloidal particles within 
the evaporating droplets, we reveal a boundary line that 
separates colloidal particles into two groups: above it 
colloids are captured by the air/liquid interface prior to 
reaching the solid surface and vice versa. This critical 
line allows us to quantify the effectiveness of the two 
emerging routes for manipulating the coffee-ring effect, 
which work by controlling the interaction between 
colloids and either the substrate or the air-liquid 
interface. Our modelling results affirm recent 
experimental evidence that the air-liquid interface of 
sessile droplets plays a vital role in the formation of 
residual deposits. This improved fundamental 
understanding provides versatile strategies to control 
droplet deposition morphology, especially the most 
desired uniform deposit as well as an unusual 
“overhang” shape of the cross section of the ring-like 
deposits. 
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Significant research interest in magnetic core-inorganic shell particles has been fuelled by the large 
range of applications they have in fields such as catalysis, drug delivery and absorption. In particular, 
magnetic core-silica shell particles combine the ease of surface functionalization and the high thermal, 
mechanical and relative chemical stability of the silica shell with the convenience of magnetic 
separation. 

Biomimetic silica synthesis processes may be used in place of traditional silica synthesis methods as a 
more environmentally friendly alternative. A number of particle coating methods utilizing the biomimetic 
polyamine polyethyleneimine (PEI) as the silication catalyst, have been identified and the objective of 
this study is to develop and optimise a PEI-initiated silica coating technique. This work demonstrates 
how biomimetic silica shells can be used to create magnetic core-silica shell particles through various 
synthesis routes. PEI-silica coated iron carbonyl particles were characterized via scanning electron 
microscopy, energy dispersive X-ray spectroscopy and Fourier Transfer Infrared spectroscopy. The 
knowledge gained here will lead to further possibilities such as thiol-silica functionalisation which is 
advantageous in its ability to form strong bonds with metals, opening opportunities for the particles to 
be employed in applications such as precious metal recovery and environmental clean-up. 
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Shape Transitions in Photo-Responsive Surfactant Systems 
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Using Small Angle Neutron Scattering (SANS) we have explored the micellar shape transitions that 
occur when photo-responsive surfactants are irradiated with light. 

Such systems can be used as the basis of several photo-responsive applications.  For example, photo-
rheological systems can be formed by inducing a rod-to-sphere transition which macroscopically 
corresponds to a transition from a gel to a free flowing system.  Other possibilities are photo-induced 
burst release systems composed of vesicles that perforate when irradiated with light to release their 
cargo. 

We have focused mainly on conventional surfactant systems that are made photoactive by addition of 
a photo-sensitive counterion.  For example, cetyltrimethylammonium bromide (CTAB) plus sodium 
trans-cinnamate form rod-like micelles that entangle to gel the solution.  Photo-irradiation causes a 
trans-to-cis isomerization which in turn induces a structural change. 

By systematic variation of concentration, counterion and the surfactant to photo-responsive counterion 
ratio, we elucidate the mechanism of the micelle transition 
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Fluorinated surfactants are prized for their extreme hydrophobicity, along with chemical and biological 
inertness. However, their use is plagued with concerns about environmental persistence, and thus a 
better understanding of their phase behaviour in water is warranted. 

We have recently explored the properties of a model fluorosurfactant anion – perfluorooctanoate [1] – 
with a wide range of counterions, from simple inorganic alkali metals [2] to large organic amines [3]. We 
find that cation selection drives a huge variety of self-assembly behaviour, from small near-spherical 
micelles to lamellar bilayer stacks. Interestingly, it appears that not all lamellar phases are equal, with 
samples ranging from weakly structured fragments to highly ordered paracrystalline materials. 

The effects of temperature on the self-assembly of these fluorinated molecules is varied: some phases 
demonstrate unprecedented thermal stability, while others undergo a variety of phase changes. In 
particular, a unique disordered-to-ordered lamellar transition is seen when organic amine counterions 
are used, and the surfactants that exhibit this transition are also found to be room-temperature ionic 
liquids. 

Moreover, we demonstrate that these properties are not unique to fluorinated molecules, and thus the 
study serves to demonstrate general design principles for lamellar liquid crystals in hydrocarbon 
phases, with particular relevance to similarly hydrophobic lipids. 

[1] M. J. Pottage, T. Kusuma, I. Grillo, C. J. Garvey, A. D. Stickland and R. F. Tabor, Soft Matter, 10 
(2014) 4902-4912. 

[2] M. J. Pottage, T. L. Greaves, C. J. Garvey, S. T. Mudie and R. F. Tabor, Soft Matter 11 (2015) 261-
268. 

[3] M. J. Pottage, T. L. Greaves, C. J. Garvey and R. F. Tabor. Journal of Colloid and Interface Science 
475 (2016) 72-81. 
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Self-assembly of amphiphilic diblock co-oligomers in aqueous solution 
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Amphiphilic diblock co-oligomers are short block copolymers that maintain some of the desirable 
features of conventional surfactants such as water solubility and short equilibration times. The aqueous 
solubility of amphiphilic diblock co-oligomers is significantly better than long block copolymers, while 
their surface activities are similar to conventional surfactants. Amphiphilic diblock co-oligomers 
composed of a common acrylic acid hydrophilic block (AA) and a hydrophobic block (n-butyl acrylate, 
tert-butyl acrylate or ethyl acrylate) were synthesized by RAFT polymerization. Self-assembly of 
BA5AA5, tBAxAA5 (x = 5, 7 or 10) and EAyAA5 (y = 5, 10 or 20) co-oligomers into micelles (L1) and liquid 
crystals, i.e. hexagonal phase (H1), cubic (I1) and lamellar phase (L), was studied using polarizing 
optical microscopy, small angle x-ray scattering (SAXS) and small angle neutron scattering (SANS). 
Self-assembled nanostructures and lyotropic phase stability of these systems, in both concentrated and 
dilute aqueous solutions, are highly responsive to the degree of ionization of acrylic acid block, the 
structure and length of the hydrophobic block. By controlling these parameters, the self-assembly of the 
co-oligomers can be varied and even be switched from insoluble to soluble in water. The self-assembly 
of these co-oligomers has promise for potential applications in industry, e.g. surfactants, detergents and 
drug delivery agents. 
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Star-polyphiles are generalizations of surfactants [1,2]: they are small molecules consisting of 3 
mutually immiscible chains attached to a common center; a hydrocarbon, fluorocarbon and a water 
soluble oligo-ethylene glycol chain. When brought in contact with water, these self-assemble into liquid 
crystals, most of which structurally resemble those found in conventional surfactant lyotropic liquid 
crystals. However, the hydrophobic membrane is split into separate hydrocarbon and fluorocarbon 
domains [3]. 

  

This contribution will give an overview of liquid crystal phases we found so far, and include data from 
the two recently commissioned USANS/SANS instruments Kookaburra and Bilby at ANSTO. 

[1] Hyde S.T., de Campo L., Oguey Ch., Soft Matter, 5, 2782-2794 (2009) 

[2] de Campo, L.; Moghaddam, M. J.; Varslot, T.; Kirby, N.; Mittelbach, R.; Sawkins, T.; Hyde, S. T., 
Chem. Mat, 27 (3), 857-866 (2015) 

[3] de Campo L., Varslot T., Moghaddam M., Kirkensgaard J., Mortensen K., Hyde S.T., PCCP, 13(8), 
3139-3152 (2011) 
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Characterization of polymeric micelles in drug delivery with small angle scattering techniques 
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The potential of supramolecular self-assembly to produce sophisticated structures and functions has 
attracted significant attention to the systems. The driving forces for such supramolecular self-assembly 
consist of multiple anisometric inter- and intra-molecular interactions, including hydrophobic, van der 
Waals, electrostatic, and π-π interactions. Individually, each interaction is subtle and insignificant but 
their combination and balance essentially determine the assembled structures. This chemistry offers 
diverse techniques to design nanoparticles employed 
for drug delivery systems (DDSs). Characterizing the 
inner structures of such particles is essentially 
important. This presentation reviews our recent 
studies on such issue, focusing on polymeric micelles 
for anti-cancer delivery, cationic micelles for gene 
delivery, and a polysaccharide carrier for siRNA. One 
of our final goals is to visualize their inner structures 
by combining small angle X-ray scattering and light 
scattering coupled with separation technique. 

Representative publications 

Polymeric micelles: J. Am. Chem. Soc., 135 (7), 2574–2582(2013). Macromolecules, 45, 6150-6157, 
(2012). J. Phys. Chem. B, 8241–8250, (2012). Polymer Journal, 44, 240-244 (2012). Langmuir, 26 (10), 
pp 7544–7551 (2010). Journal of Controlled Release 203, 77–84,（2015） 

Be-ta1,3glucan/DNA complexes: J. Phys. Chem. B, 116, 87–94 (2012). Molecular Therapy  (Nature), 
20, 1234-1241 (2012).  Journal of Controlled Release, 155-161 (2011). Bioconjugate Chemistry  22 9-
15, (2011). J. Am. Chem. Soc.  126, 8372-8373, (2004). PNAS, 111, 3086-3091, (2014) 

 

 

Figure: (A) A schematic drawing of polymeric micellar structure 
determined by SAXS and (B) a triple helical be-ta1,3 
polysaccharide/DNA complex used for Immunocyte targeting 
delivery of therapeutic DNA. 
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Droplet fusion in oil-in-water Pickering emulsions 
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Emulsion formation is a powerful technique for dispersing immiscible components in a liquid. Emulsions 
are used to assemble two immiscible liquids into composite materials. Functional foods may contain 
several active components (flavours, probiotics, and nutraceuticals) of different solubility that need to 
be encapsulated in the liquid phases. Fusing drops of different liquids together offers a potentially 
flexible way to create large volumes of drops with multiple compartments (or compound drops).1-2 Using 
oppositely charged surfactants and nanoparticles to stabilise emulsions offers a potential route for 
causing drop fusion. Combining the emulsions with appropriately selected surfactant solutions 
destabilises the drops. We triggered destabilisation in Pickering emulsions containing droplets of two 
types of mutually immiscible oils to produce anisotropic fused droplets (Figure 1). We have investigated 
the relationship between the physical properties of the emulsions (drop volume fraction, concentration 
of stabiliser and type of liquid used) combined together and the final structure of the fused drops. 

 

 

 

 

Figure 1. Optical microscope image of a fused drop (on left) in a Pickering emulsion. 

 

1. Fryd, M. M.; Mason, T. G., Self-limiting droplet fusion in ionic emulsions. Soft Matter 2014, 10 (26), 
4662-4673. 

2. Nallamilli, T.; Mani, E.; Basavaraj, M. G., A Model for the Prediction of Droplet Size in Pickering 
Emulsions Stabilized by Oppositely Charged Particles. Langmuir 2014, 30 (31), 9336-9345. 
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Bespoke contrast-matched diblock copolymer nanoparticles enable the rational design of highly 
transparent Pickering double emulsions 
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We describe the preparation of transparent oil-in-water Pickering emulsions using contrast-matched 
organic nanoparticles. This is achieved via addition of either sucrose or glycerol to an aqueous 
dispersion of diblock copolymer nanoparticles prior to homogenization with an equal volume of oil. The 
resulting Pickering emulsions comprise polydisperse oil droplets of 20-100 µm diameter and exhibit up 
to 96 % transmittance across the visible spectrum. In contrast, control experiments using non-contrast-
matched copolymer nanoparticles as a Pickering emulsifier only produced conventional turbid 
emulsions. Therefore, for the preparation of highly transparent Pickering emulsions it is essential to use 
isorefractive nanoparticles in order to minimize light scattering. Finally, contrast-
matched hydrophobic diblock copolymer nanoparticles are prepared and, when employed in 
combination with the hyrophilic nanoparticles, transparent oil-in-water-in-oil Pickering double emulsions 
can be obtained 
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Yielding and flow behaviour of attractive and repulsive Pickering emulsions 
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This work investigates the effect of interactions between emulsion droplets on the yielding and flow of 
particle-stabilised (Pickering) emulsions. The aggregation of the drops was controlled by manipulating 
the interactions between the nanoparticle-coated oil droplets. The resulting flow behaviour was 
investigated through bulk rheology measurements. 

Oil-in-water emulsions stabilised by fumed silica nanoparticles were dispersed in aqueous solutions. 
The salt concentration in the aqueous phase was varied systematically to alter the electrostatic 
interactions between the droplets. This produced emulsions with microstructures ranging from well-
dispersed droplets to flocculated systems. 

This work demonstrated the effect of droplet interactions on the emulsion microstructure, and how this 
was transferred into differences in the rheological properties.  The highly flocculated attractive 
emulsions showed an increased elasticity in comparison to the well dispersed emulsions (Fig. 1). The 
rheological results suggest that highly flocculated Pickering emulsions may show multiple yielding 
events [1]. 

  

Fig. 1 Strain dependence of the viscoelasticity of repulsive (left) and attractive (right) emulsions. 

[1] Pham, K.; Petekidis, G.; Vlassopoulos, D.; Egelhaaf, S.; Pusey, P.; Poon, W. Europhysics Letters 
2006, 75, 624. 
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Guiding chemically active Janus colloids via chemical patterning of walls. 
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Micron-sized particles moving through solution by using self-generated chemical gradients serve as 
model systems for studying active matter. The self-generated hydrodynamic and chemical fields, which 
induce particle motion, probe and are modified by the environment, including its boundaries. Near a 
hard planar wall, where chemi-osmotic hydrodynamic flow at the wall is also induced, this wall-response 
flow couples back to the Janus particle and an interplay with the self-diffusiophoretic motion arises. We 
analyse this system using far-field analytical arguments, complemented and crossed-check by exact 
numerical solutions. We show that this coupling between self-phoresis and the induced wall-response 
leads to an alignment of the symmetry-axis of the particle to the local gradient in surface chemistry of 
the wall; i.e., these man-made objects exhibit a primitive form of thigmo-taxis (in analogy to micro-
organisms sensing the proximity of a physical change in the environment). Furthermore, since this 
coupling can be tuned through suitable chemical patterning of the wall, we predict that one can achieve 
controlled motion of the chemically active 
Janus particle, e.g., the particle following a 
chemical stripe (a), being “docked” at a 
chemical step (b), or exhibiting “rectified 
motion” in the presence of a ratchet-like 
surface-chemistry patterning of the wall. 
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Complex particles, such as compound or multiphase drops, have gained considerable interest due to 
their wide industrial application in areas such as pharmaceuticals, drug delivery, cosmetics and food 
sciences. In particular, there has been keen focus on the generation and study of Janus drops due to 
their potentially advantageous anisotropic properties. Bringing two immiscible fluids into contact within 
a third mutually immiscible fluid creates a Janus drop. Traditionally this has been accomplished by 
agitation, however recent advances in the fabrication of microfluidic devices have allowed greater 
control and precision in the formation of monodisperse particles, making it a recently favourable 
technique for the preparation of Janus drops and emulsions. Existing thermodynamic models dictate 
when Janus drop formation is possible based on the interfacial tensions of the fluids involved. However, 
introducing manipulating solution conditions, surface active materials and drop-drop interactions can 
allow the formation of these anisotropic drops from otherwise unfavourable systems. A microfluidic 
device utilising T-junction and flow-focusing geometry has been designed to allow the generation and 
formation of these Janus drops. Results from a range of experiments involving oils and surfactants were 
used to analyse the formation of thermodynamically complex Janus drops.  The conditions at which this 
was achieved was compared to the existing thermodynamic models from the literature. 
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A widely recognised key parameter to be reported in studies of nanoparticles (NPs) is the particle size 
distribution (PSD). There are a range of measurement techniques available for determining the PSD of 
nanoscale particles; each with inherent advantages, limitations and biases. Recent studies have 
highlighted some of the limitations of existing techniques and have shown that method dependency can 
affect the comparability of the results generated using different instruments. The surface properties of 
NPs such as the stabilising ligands or surface charge further influence the comparability of results of 
different measurement techniques. This variation can also provide information about the stabilising 
ligands. 

In order to investigate some of these challenges, a custom prepared set of gold NPs was sourced from 
a commercial supplier. Nominally 60 nm gold particles, originating from the same batch, were 
subdivided prior to the addition of different stabilisation agents: citrate, tannic acid and poly(vinyl 
pyrrolidone) (PVP). While the core of the particles remained the same, the structure of these ligands is 
very different, giving rise to dissimilar hydrodynamic behaviour. The measurement techniques used in 
this study were dynamic light scattering (DLS), particle tracking analysis (PTA), differential centrifugal 
sedimentation (DCS) and sedimentation field flow fractionation (SdFFF). Where possible, 
measurements of size and zeta potential were carried out in a range of different sodium chloride 
concentrations, in order to enable exploration of matrix effects. 

 

 

 

Fig. 1. Typical PSDs of the PVP coated Au 

 sample, generated using four different 

 measurement techniques. 
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The nucleation of nano and micro sized drops and bubbles often occurs on catalytic surfaces. These 
droplets prevent the contact of the catalytic surface with the chemicals, and thus lower its efficiency. 
The wetting properties, the contact angle hysteresis, and the behavior of the contact line of the droplets 
are a consequence of the pinning from surface heterogeneities and can dramatically affect the stability 
and lifetime of the drop. The existence and stability of a surface bubble can, in fact, be explained and 
theoretically calculated thanks to the assumption of the pinning of the bubble in the case of nano sized 
droplet [Lohse and Zhang, Lohse, D.; Zhang, X., Phys. Rev. E 2015, 91, 031003.]. 

 
In  this work, we experimentally and theoretically study the dissolution behavior of droplets on substrates 
that are patterned with regular concentric rings. The experiments described are done with the aim of 
better understanding the pinning and jumping effect of the droplet caused by this micro structures during 
the dissolution of oil droplets immersed in water. It is possible to predict the depinning angle of a drying 
drop as a function of the geometry of the defect and the receding contact angle. When a drop is 
deposited on top of a group of this concentric rings we experimentally observe the self-centering of the 
drops with the rings and later, when the effective receding angle is achieved, the jumping mode between 
rings. This jumping mode is, however, not really a jump but a relatively slow process. This dewetting 
happens showing the so called zipping behavior. When a weak pinning point of the contact line recedes 
to the immediate smaller ring the geometry of the drop is not a spherical cup anymore until the zipping 
process ends and all the contact line rests in the second ring. During this zipping process the contact 
line has three parts, one pined in the outer ring, another one pinned to the inner ring and a third part 
across the region between the rings connecting the too first parts. This third zone is not pinned to any 
ring and it moves along the azimuthal direction because it is the most favorable in terms of energy 
costs.  We present quantitative data from experiments as well as the experimental techniques used, 
including confocal microscopy and the first analysis and comparison with the already existent theoretical 
models. 
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The precise material properties of engineered microcapsules and microparticles are of paramount 
importance in their design for applications spanning a diverse range from drug delivery to food 
processing. In this talk I demonstrate that neglecting the presence of the rigid substrate in application 
of classic elastic theory, as commonly done in the literature, significantly under-predicts the evaluation 
of material properties such as the Young’s modulus by up to 100% for both micro-capsule and micro-
particle compression. Results are presented in terms of three key parameters that allow for accurate 
calculation of material properties including Young’s modulus for arbitrary shell thicknesses and indenter 
radii, enabling researchers to use this work in order to avoid this error in the future when analyzing 
these types of data. The findings are of fundamental and applied interest in the study of deformable, 
elastic bodies, changing long established methods of material property measurement. 
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Active liquid droplets 
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In modern technology and nature, self-assembly is a powerful and popular tool.[1] Unlike nature, which 
has exquisite control of the time axis, scientists struggle to trigger or manipulate self-assembled 
components in real-time, unless subject to constant external control (e.g. BZ reactions,[2] pH,[3] light,[4] 
magnetic[5] or electric[6] fields). Here we show spontaneous periodic self-assembly in a simple three-
component system of oil droplets, water, and surfactant at fixed temperature. With a few ‘beats’ per 
minute, the oil droplets, sedimented to the bottom of a petri dish, collectively aggregate into a dense 
monolayer cluster whose size oscillates like a ‘beating heart’ for several hours; contracts, relaxes, and 
subsequently re-contracts at a rate of a few ‘beats’ per minute. The active “living” structures[7], emergent 
from the cooperative interaction of the three components, are driven by the competition between 
positive (bulk) and negative (interfacial) feedback processes. This illustration of feedback in action 
reveals a new way to program self-assembled structures to beat with time. 
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Metal Ion Adsorption at the Ionic Liquid–Mica Interface 
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Ionic liquids (ILs), or liquid salts, are unique solvents which can exhibit self-assembled nanostructures 
in the bulk liquid and at solid interfaces. Mica has been employed in many studies of ionic liquid–solid 
interfaces on account of its atomic smoothness and well defined surface properties. Until now it has 
been unclear whether metal ions dissolved in ILs can compete with the IL cation and self-assemble at 
the IL–mica interface. In this work amplitude modulated atomic force microscopy (AM-AFM) has been 
used to probe metal ion adsorption at the interface of mica with propylammonium nitrate (PAN), a room 
temperature IL. Lithium, sodium, potassium, magnesium and calcium nitrate salts were added to PAN 
at a concentration of ~ 60 mM.  
 
The AM-AFM images obtained when the metal ions were present are different to that of pure PAN, 
indicating that the ions compete effectively with the propylammonium cation and adsorb to negatively 
charged sites on the mica surface despite their much lower concentration (Figure 1). A distinct 
honeycomb pattern is noted for the PAN + Al3+ system, less obviously for the divalent ions and not at 
all for monovalent ions. This difference is attributed to the strength of electrostatic interactions between 
metal ions and mica charge sites increasing with the ion charge, which means that divalent and 
(particularly) trivalent ions are located more precisely above the charged sites of the mica lattice. 
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Switching the interpenetration of confined polymer brushes 
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Surface coatings are used to control properties including wetting, fouling, adhesion and lubrication. 
Polymer brushes, highly dense arrays of polymers grafted to an interface, can provide flexible and 
responsive coatings. In the interactions between two surfaces (the collision of two particles or the 
stick/slip of two planes), the polymer molecules trapped between the impinging interfaces are highly 
perturbed by the confined geometry. 

We have combined a surface force type apparatus with neutron reflection to measure the structure of 
polymer brushes in confined geometries. The brushes consisted of the neutral poly(ethylene oxide), 
PEO, or the weakly charged poly(acrylic acid), PAA and poly(2-(dimethylamino)ethyl methacrylate), 
PDMAEMA. Without confinement the brushes can be highly swollen with water, yielding the expected 
parabolic brush structure. Compression of the PEO brushes with as little as 0.5 bar of confining pressure 
reduces the brush to a dehydrated block of uniform density. For the charged PAA brush, the same 
transition from parabolic profile to nearly dehydrated block profile occurs but at higher confining 
pressures. 

For asymmetric systems where the uncharged PEO is confined against pH-responsive PDMAEMA, the 
interpenetration of the brushes is controllable. At low pH, the charged groups on the PDMAEMA leads 
to interpenetration; raising the pH removes the charges resulting in little to no interpenetration between 
the brushes as they prefer to mutually exclude. 
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Proposed Mechanisms to Explain the Growth of Metal Shells on Polymeric Microcapsules 
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Polymer microcapsules have been used commercially for decades, however they have an inherent flaw 
which renders them useless as a carrier of small, volatile molecules. The porous nature of the polymer 
shell, which allows for diffusion of encapsulated molecules into the bulk. The use of metal shells is an 
innovative way to prevent undesired loss of small molecules from the core of microcapsules. 

Previously we have developed a novel capsule chassis, consisting of a polymer microcapsule with 
platinum nanoparticles (NPs) adsorbed to the surface, allowing the growth of a continuous gold film, by 
electroless plating, around the polymer shell, allowing complete retention of small, molecules 
(hexadecane) for 21 days at elevated temperature. It is important when using expensive metals to 
ensure that the resulting shell is as thin as possible, whilst still providing an impermeable barrier. Here 
we investigate the fundamental mechanisms controlling the gold shell thickness. We consider the NP 
seed layer, and how the nanoparticles are distributed on the capsule surface when different 
concentrations are adsorbed. Quantifying the adsorbed NPs and the resulting shell thickness we 
propose that with multiple layers of NPs heterogeneously distributed, the gold fills in the gaps between 
NPs. At low NP concentrations, thicker metal shells form. We postulate that this is due to the low NP 
density on the surface, forcing the gold clusters to grow larger before they meet the adjacent ones. 

Thus to grow the thinnest possible shells we require a densely packed monolayer on the capsule 
surface, with minimised gold salt availability. 
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Versatile and robust encapsulation systems using hybrid polymer-inorganic microgels 
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Encapsulation is used to deliver reagents to specific reaction sites in a controlled manner. It has seen 
widespread implementation in fields as diverse as catalysis and cosmetics, most notably within the 
pharmaceuticals industry. The complexity and cost involved in encapsulation inhibits its use in the 
broader chemical industries. Due to the current use of toxic and expensive reagents, there is a growing 
need for a simple yet efficient encapsulation system – a system that not only incorporates cost effective 
reagents but is robust and provides enhanced selectivity and sustainability in a range of applications. 

Hybrid polymer-inorganic microgels have been found to be promising encapsulating materials, with the 
potential for controlled and tuneable surface chemistry and sustained cargo release. Polyacrylamide 
(PAM) is a widely used, inexpensive, water soluble polymer, with applications ranging from enhanced 
oil recovery to wastewater treatment. Through entrapment within the gelled structure or electrostatic 
adhesion, a variety of materials, from macroscopic particles to small ions can be encapsulated. This 
phenomenon can be exploited for either sorption or release purposes. Coating the microgel with a silica 
shell provides improved chemical and mechanical properties. Such reinforced particles have increased 
mechanical strength, vital to their long-term performance, and the silica surface offers diverse 
opportunities for chemical functionalisation. This polymer-silica core-shell chemistry results in a facile 
method for encapsulation and delivery, and eliminates the need to modify the underlying polymer 
surface. 

The versatile nature of the hybrid material allows its adaptation toward many applications, from minerals 
processing to soil conditioning. Utilising elementary reactions, mild conditions and ‘one-pot’ reactions 
provides an efficient and easily tailored system. 
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Electrostatically Formed Polymer Latex Stabilised Liquid Marbles 
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Recently we have shown that an electrostatic route for the preparation of liquid marbles,[1] can occur 
more easily for smaller drops and larger particles than traditionally thought.[2] Thus it is clear that the 
‘rules’ for electrostatic formation of liquid marbles vary from those for conventional direct-contact 
formation by rolling liquid droplets on a powder bed.[3] 

Here we present results from our electrostatic formation method as applied to polymer latex stabilised 
liquid marbles. Observations on the influence of drop and particle size and applied potential on this 
process will be discussed by bringing an earthed water drop of volume 3 – 7 μL into proximity with a 
bed of highly-charged polystyrene particles of diameter 22 – 153 μm. Under certain applied potentials 
the particles jump to and coat the drop, producing a particle-liquid aggregate that dropped to the bed 
surface in the form of either a stable liquid marble or a particle-stabilised sessile drop. Comparison is 
made with polypyrrole-coated polystyrene latex stabilised liquid marbles formed via the same route. 
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Microcapsules can be found in a wide spectrum of applications such as medicine, cosmetics, food 
design or coating of textiles/paper, and can be used for the encapsulation and release of agents such 
as drugs, fragrances, flavour additives or dyes. Designing microcapsules for different tasks requires 
understanding and controlling their physico-chemical properties. Permeability of the capsule shells, 
adhesion properties and mechanical properties are key characteristics which have large influence on 
microcapsule transport properties. Atomic force microscopy (AFM) is ideally suited to measuring the 
elastic properties of capsule shells under a point force load, because it provides precise indentation in 
nanometres [1, 2]. RopaqueTM particles are commercially available hollow-sphere polymeric pigments 
with diameters of 400 nm. They are a model microcapsule system for investigating elastic properties of 
polymer shells. A point force load was applied to a particle shell through a sharp AFM tip, and the force 
was successively increased until the shell broke. By recording and analysing force-distance curves, the 
mechanical properties of the hollow particles were directly investigated by AFM. 

[1] L. Zhang, M. D’Acunzi, M. Kappl, G. K. Auernhammer, D. Vollmer, C. M. van Kats and A. van 
Blaaderen, Langmuir,2009, 25, 2711. 

[2] Fery, A.; Weinkamer, R. Polymer 2007, 48, 7221. 
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The chemistry of paint: a colloidal system in action 
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Waterborne paint is a complex mixture of many components which all have a specific function in either 
the wet paint or dried coating. This talk will provide an overview of the materials used in paint and why 
they are there. 

The key components of a typical waterborne paint are pigments, matting agents, a binder and various 
additives. The pigment used for most white paints is titanium dioxide which has had various surface 
treatments applied to enable it to disperse well and be durable. The matting agents are multimicron 
sized particles such as calcium carbonate which roughen the paint film surface in order to scatter light 
and provide the desired gloss. The binder is generally a particulate latex polymer made from acrylic or 
vinyl monomers. 

Maintaining colloidal stability of all of the particles present in the wet paint is critical and the various 
additives and their mode of action will be outlined. The process of paint drying involves the evaporation 
of water and the concomitant approach of particles towards one another, which at some point leads to 
colloidal instability and particle coagulation. 

Some of the challenges facing the coatings industry will be presented. 
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‘The Good, the Bad and the Slippery’: A Tale of Three Solvents in Polymer Film Dewetting, and 
a Happy Ending for Atmospheric Water Capture 
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We investigated the dynamics and morphology of dewetting of bilayers of thin polymer films, made of a 
top poly(4‐vinylpyridine) (P4VP) film on a polystyrene film on silicon substrates, upon exposure to 
vapors of binary and ternary mixtures of ethanol, acetone and water, respectively a good solvent, a 
poor solvent and a non‐solvent for P4VP. The composition of the vapor mixtures affected dramatically 
dewetting rate, dewetting dynamics and the morphology of the dewetted features, with vapor mixtures 
leading always to higher dewetting rates than both pure solvent vapors and thermal annealing. Layer 
inversion and co‐dewetting, often associated with annealing of bilayers, were prevented by tailoring 
solvent vapor annealing conditions. We identified the role that each of the solvent vapors plays in the 
mixture, and concluded that water and acetone induce a transition of the polymer chains to a globule 
conformation, which leads to significant decrease in viscosity that drives the dewetting. In an acetone 
environment, dewetting was seen to further speed up, under the effect of a lubricated flow. The prepared 
patterned surfaces were used to collect atmospheric water, and were shown to be 57% more efficient 
than flat hydrophobic surfaces at collecting water. 

1. Al-Khayat, O.; Geraghty, K.; Shou, K.; Nelson, A.; Neto, C., Macromolecules 2016, 49, 1344–
1352. 

2. Al-Khayat, O.; Hong, J.; Geraghty, K.; Neto, C., Macromolecules accepted 18/8/2016. 

 

 



OC028 

Role of the solvophobic effect in protein-ionic liquid interactions 
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There are many industries and applications which require proteins to be maintained in their native state. 
This is frequently difficult to achieve, primarily because proteins have very complex interactions with 
solvents. Understanding these is the first step in being able to control them through tailoring solvents. 
Here we present our investigation on the stability and activity of the enzyme of Lysozyme in neat and 
aqueous solutions of small molecular solvents and stoichiometric and non-stoichiometric protic ionic 
liquids (PILs). 

Previously we have developed extensive structure-property relationships between the chemical 
structures and mesostructures of non-aqueous solvents and the solvophobic effect experienced by 
amphiphiles for molecular solvents [1] and PILs [2]. Here we have extended this to develop a greater 
understanding of what solvent features are important for protein stability. 

The secondary and tertiary structures of the lysozyme were determined using small angle X-Ray 
scattering (SAXS) and IR spectroscopy. The activity of the lysozyme was assessed based on its lytic 
activity towards Micrococcus lysodiekticusce using UV-Vis spectroscopy. Protein crystallisation studies 
have been successfully conducted for many of these PIL solvent systems, with crystals observed across 
the pH range from 1.3 to 11 (Fig. 1) 

A highly novel aspect of this work involves using stoichiometric and non-stoichiometric PIL solutions.  
Many of these are suitable for biological applications, and we can control and isolate solvent properties 
such as pH, ionicity and salt concentration across very broad ranges, without the addition of new solutes 
(Fig. 2).  Consequently these PIL solutions can be tailored for specific applications. 

[1] E. C. Wijaya, T. L. Greaves and C. J. Drummond, Faraday Discuss. 2013, 167, 191-215. 

[2] T. L. Greaves and C. J. Drummond, Chem. Soc. Rev. 2013, 42, 1096-1120. 
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Age-related macular degeneration (AMD) is a substantial global burden estimated to affect 196 million 
by 2020, increasing to 288 million by 2040. AMD is a chronic disease that causes irreversible vision 
impairment and blindness. Currently, the only effective treatment is highly invasive and frequent (bi-
)monthly injections directly into the eye. There is an urgent need of a drug delivery system that is 
capable of providing on-demand drug release in order to enhance therapeutic efficiency, minimize toxic 
side effects, reduce frequency of administration and selectively deliver drug to the target site. Self-
assembled phospholipid-based liquid crystalline (LC) mesophases can be manipulated to induce a slow 
to fast drug release profile, which has potential to reduce the frequency of injection. In the hopes of 
relieving the burden of the current treatment, this study aims to design a photo-responsive phospholipid-
based LC system that will release drug ‘on-demand’ in response to near-infrared (NIR) light. Light 
sensitive gold nanorods (GNR) are incorporated into the LC system and upon NIR irradiation, the 
photothermal heating effect will cause a phase change and subsequent release of a unit dose of drug, 
mimicking the repeat injections when required. Hence, the frequency of injections will be reduced by 
replacing the repeated injections with a non-invasive on-demand release strategy. The results from this 
study proves that phase transition can be triggered using NIR irradiation and such systems will have 
potential to become less invasive and longer lasting for drug delivery. 
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Differential Dynamic Microscopy (DDM): Measuring Dynamics of Bacteria and Colloids in 
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The dynamics of particles suspended in a solvent are of broad interest, from colloidal fluids, to the 
characterization of micro-organism motility. The most widely used techniques for studying such systems 
are Dynamic Light Scattering (DLS) and Microscopic Tracking. DLS provides excellent ensemble 
averages, but is limited to scattering angles greater than ~ 15° (length scales less than ~ 3 μm), which 
limits the motions which can be probed; Microscopic tracking on the other hand is time consuming, has 
inherently poor statistics, and is limited to objects of order μm in size. 

The new technique of Differential Dynamic Microscopy (DDM) [1-2] involves microscopically imaging a 
time-evolving sample at fast frame rates, and measuring the intensity fluctuations in each pixel. Fast 
Fourier Transformation of the difference images enables extraction of dynamics, much like DLS, but 
DDM accesses larger length scales than DLS, allowing for studies of motile bacteria [3-4], and has been 
shown to work under a variety of sample conditions and imaging techniques [5]. This paper will focus 
on the application of DDM for two cases: characterization of turbid colloidal suspensions; and 
measurement of bacterial motility. 

1. Cerbino, R.; Trappe, V. Phys. Rev. Lett., 2008, 100, 188102. 

2. Giavazzi, F. et al., Phys. Rev. E, 2009, 80: 031403. 
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4. Martinez, V.A. et al. Biophys. J., 2012, 103: 1637–1647. 

5. Lu, P.J. et al., Phys. Rev. Lett., 2012, 108: 218103. 
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Tribotronic control of friction in oil-based lubricants with ionic liquid additives 
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Atomic force microscopy (AFM) reveals that tribotronic control of friction using an external potential 
applied to a gold surface is possible for ionic liquid (IL) concentrations as low as 5 mol % in hexadecane. 
The IL used, trihexyl(tetradecyl)phosphonium bis(2,4,4-trimethylpentyl)phosphinate, is miscible with 
hexadecane in all proportions, and both the cation and anion have surfactant-like structures. For IL 
concentrations less than 5 mol % friction does not vary with surface potential, but for 5 mol % and above 
changing the potential changes to the composition of the IL boundary layer from cation-enriched 
(negative potentials) to anion-enriched (positive potentials). As the lubricities of the cation-rich and 
anion-rich boundary layers differ, the enables active control of friction in oil-based lubricants. 

 



OC032 

The formation of biofilm structure after plasma treatment 
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Most bacterial cells exist as biofilms, in which bacterial cells are embedded in an extracellular 
polysaccharide (EPS) matrix that protects bacterial cells against treatment. The EPS also gives biofilms 
interesting 3D structures that are important to understand how to remove biofilms properly. The EPS 
structure is affected by the environmental conditions during growth, and the structure is often highly 
heterogeneous. But, in the presence of external stress, more homogeneous structures are also seen.1 

Non-thermal plasma is a relatively novel technology used to treat biofilms. Plasma produces streams 
of charged ions that penetrate into mature biofilms, degrading the structure, killing the cells and 
changing their behaviour. Plasma has also been shown to destroy the EPS, significantly affecting 
modifying the biofilm structure.2 Studies have indicated that those charged ions remain after plasma 
treatment.3 This means that after treatment, the charged ions can still affect both bacterial cells and the 
biofilm structure. This study looks at the structure of plasma-treated biofilm, the small-scale structural 
effects of plasma treatment, and the response of cells following treatment. Fluorescent microscopy and 
quantitative image analysis is used to study and quantify biofilm structure as well as the time-dependent 
viability of the bacterial cells. 

(1) Stewart, E.J., Satorius, A.E., Younger, J. G. & Solomon, M. J. ‘Role of environmental and antibiotic 
stress on Staphylococcus epidermidis biofilm microstructure’. Langmuir, 2013, 29, 7017-7024. 

(2) Ferrell, J. R., Shen, F., Grey, S.F. & Woolverton, C.J. ‘Pulse-based non-thermal plasma (NTP) 
disrupts the structural characteristics of bacterial biofilms’. Biofouling, 2013, 29, 585-599. 

(3) Lunov, O., Zablotskii, V., Churpita, O., Chánová, E., Syková, W., Dejneka, A. & Kubinová, Š. ‘Cell 
death induced by ozone and various non-thermal plasmas: therapeutic perspectives and limitations’. 
Sci. Rep, 2014, 4, 7129. 

 



OC033 

Micro-solvent extraction of technology metals 
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Solvent extraction is an important technology for the separation, purification and recovery of metals 
from solutions. For most of these, the separation and purification is challenging and tedious with the 
need for many bulk solvent extraction, scrubbing, and stripping stages. Stream-based microfluidic 
solvent extraction offers a novel alternative to bulk-scale mixer-settler operations. However present 
maximum throughputs are restrictive and there are engineering challenges that need to be overcome 
before the technology is robust. This is especially the case for mineral processing, where circuits must 
be able to handle variable feed streams with long retention times and where maintenance should be 
minimized. 

Here we highlight research directed at investigating and evaluating these challenges for mineral leach 
solutions of metal ions. We investigate the extraction and separation of REEs and Pt in a microfluidic 
setup and compare it to the conventional BulkSX. Scale-up of volumetric throughput, by means of 
numbering up on single devices, as well as, numbering up of devices themselves is explored. 
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Reactive particle deposition combines established wet-coating technology with colloidal particle self-
assembly and self-organization. We use doctor blading, slot-die coating, and wet imprint geometries to 
deposit dispersions of nanoparticles that become attractive and agglomerate during coating. Curtailed 
attractive interactions and hydrodynamic coupling between the particles yields organized films. I will 
discuss the interplay of technological aspects of wet coating and fundamental aspects of colloidal 
dynamics that overlap in such processes. 

Three types of reactive particle deposition will be highlighted: the creation of dense particle layers 
through "convective assembly" of spherical polymer or silica particles with diameters between 50 nm 
and 1 micron [1]; the deposition of 6-nm-diameter metal and semiconductor nanoparticles that assemble 
at the gas-liquid interface [2]; and the fabrication of transparent electrodes from colloidal gold nanowires 
that bundle while confined into a patterned stamp [3]. 

A model of convective assembly [4] will provide a general framework for the discussion. Our model links 
the convection-diffusion of particle transport with colloidal particle interactions, confinement by the gas-
liquid interface, and the formation and action of capillary bridges. The deposition process is split into 
three regions that are dominated by different mechanisms that are described by Peclet and Capillary 
numbers and can be observed using different methods; all regions are linked by boundary conditions 
that result from mass conservation. 
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Rheometry based on free surface velocity for the dam-break problem 
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The rheology of some fluid samples can be difficult to evaluate because the fluid may only be available 
in a small amount, or it may too hot or unsafe for standard rheometers, or the rheology may be 
irreversibly altered when handling. In this work, we explore the possibility to identify the rheology of a 
fluid from the mere observation of the free surface velocity in a gravity-driven flow. As a benchmark 
case, we consider the dam-break problem for which we have developed a test rig and a methodology 
to generate transient free surface velocity maps based on Particle Image Velocimetry of buoyant drogue 
particles. In parallel, we have developed two models for the sudden release of a power-law fluid on a 
pre-wetted bed: one based on the lubrication approximation and one based on the full Navier-Stokes 
equation. Both are solved in the commercial Multiphysics Finite Element program COMSOL. The full 
Navier-Stokes equations are solved using the Arbitrary Lagrangian Eulerian method. By comparing the 
results of these two models with experiments, our preliminary results show that it is, in principle, possible 
to identify the 2 parameters of the power-law rheology. As a corollary to this work, we also map, for the 
first time, the range of validity of the lubrication approximation for the dam-break problem using a direct 
comparison with Navier-Stokes simulations. 

 



OC036 
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Medical device thrombosis is extremely complex, causing significant morbidity and mortality worldwide. 
Medical device use, such as extracorporeal circuits, require systemic anticoagulation and/or antiplatelet 
therapy to allow their function, however, this reduces their safety and can lead to an increased risk of 
bleeding in patients. To solve this challenge, we developed an omniphobic, non-adhesive surface 
coating called tethered-liquid perfluorocarbon (TLP). This consists of a molecular perfluorocarbon layer 
covalently bound to a medical device surface, or tethered perfluorocarbon (TP), and a coating of a freely 
mobile layer of liquid perfluorocarbon (LP), such as perfluorodecalin, which has been used extensively 
in medicine for applications such as an FDA-approved blood substitute. The immobilisation of TP on 
different, medically relevant materials was confirmed by an increase in fluorine on the surface with XPS. 
In vitro, the TLP coating withstood exposure to shear (2000 /s), reduced fibrin polymerisation and 
platelet adhesion and spreading on surfaces. TLP coating also reduced the time to thrombosis in 
microfluidic channels and reduced thrombosis in a peristaltic pumped flow loop. In vivo, medical-grade 
polyurethane arterial cannulae, polycarbonate connectors and PVC blood perfusion tubing treated with 
the TLP coating was tested in a porcine femoral arteriovenous shunt model following sterilisation with 
ethylene oxide gas. Without anticoagulant or antiplatelet administration, the TLP shunts remained 
unobstructed (patent) over 8 hours of 15 L/hr of blood flow, while 4 of 5 untreated control shunts 
occluded completely within 8 hours. The TLP coating is the first surface coating to reduce thrombosis 
under physiological arterial flow in an extracorporeal circuit in vivo without the use of soluble 
anticoagulants. This coating technology offers the potential to significantly reduce anticoagulation in 
patients while preventing thrombotic occlusion of medical devices. 
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In polymer composites, the interface between the composite components plays a defining role in the 
overall material properties.  Theoretical and experimental studies in this area suggest that the structure 
and properties of the matrix interface play a major role in the noncovalent interaction between 
nanoparticles and the polymer matrix. 

Polylactic acid (PLA) based bio-composites offer hope for designing and developing sustainable 
biomedical implants like artificial joints and tissues. An important aspect in designing such implants lies 
in their biocompatibility, together with their strength and physical properties, when compared to natural 
ligaments and tendons. Nanocrystalline cellulose (NCC) is a powerful reinforcing agent, primarily 
because of its high strength and elasticity and we have studied composite materials based on PLA with 
cellulose filler. Although NCC offers a potential reinforcement to the PLA matrix, a challenge remains 
in dispersing the particles sufficiently well in the polymer matrix, and we have employed surface 
acetylation of NCC particles to enhance dispersion and enhance interfacial interaction between the PLA 
matrix and NCC filler. 

The spatial distribution of the components of acetylated nanocrystalline cellulose (AC-NCC) in polylactic 
acid (PLA) was studied by synchrotron Fourier Transform Infrared (FTIR) microspectroscopy.  
Microtomed sections of AC-NCC in PLA showed strong, localized carbonyl stretching (νC=O) 
absorbance characteristic of the cellulose acetylation, and this was observed on the surface of larger 
AC-NCC particles. A shift in the νC=O IR absorption peak of AC-NCC in PLA, relative to unblended 
AC-NCC was observed, indication an intermolecular interaction between AC-NCC and PLA matrix. 
Acetylation can therefore potentially improve the performance of the composite by enabling linkages 
between carbonyl groups, helping to establish a good stress transfer between the filler and the matrix. 
This is the first reported chemical imaging of acetylated nanocrystalline cellulose-based composite 
materials using synchrotron FTIR microspectroscopy. 
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Adaptation of Nanopipetting Apparatus for Nanoaspiration 

Ankita Gangotra, Geoff Willmott 

MacDiarmid Institute, Departments of Physics and Chemistry, University Of Auckland, Auckland, New 
Zealand 

We report on the development of a new technology, nanoaspiration, in which a nanopipette is used to 
probe the mechanical properties of soft matter. As a first step, a nanoscale sample should be located 
on a substrate using the nanopipette, via scanning ion conductance microscopy (SICM). Presently, an 
SICM system is being developed in our lab, consisting of two electrodes in an electrolyte, with one 
electrode suspended inside the pipette. On applying a potential, this system simply measures the ionic 
current moving between the two electrodes.1 When the pipette is brought close to a non-conducting 
particle on the surface, the flow of ions is impeded. By applying this principle, the pipette is scanned 
across a surface, mapping the local conductivity and topography of the surface. 

 

Fig. 1. SICM scan of a nanopore using 50 nm pipette. 

Recently, we have scanned the topography and electrical conductivity of nanopore membranes with 
our SICM system. Fig. 1 shows a typical topography scan of a ~10 µm sized pore. We are currently 
working on tailoring an aspiration technique to fit with our SICM system, which would enable mechanical 
transducing at the nanoscale. In particular, this project requires us to understand how electrochemical 
measurements are affected by surface charges during aspiration. 

References 

1. C. Chen, Y. Zhou and L. Baker, Annual Review of Analytical Chemistry, 2012, 5, 207-228. 
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Tuning of Cell Receptor-Ligand Bond Complexes by Electrical Stimulation 

Hongrui Zhang, Gordon Wallace, Michael Higgins 

University of Wollongong, Wollongong, Australia 

Electrical stimulation of cells is conventionally thought as modulating action potentials via ion channels 
or inducing changes in ion gradients and flow that are important for wound healing and tissue 
development. Though with the advent dynamic electrode interfaces, enabling electrical switching of 
adsorbed proteins and ligands, the use of electrical stimulation can impart significant effects through 
physiochemical interactions at the cell-electrode interface. Thus far, such effects on the physiochemical 
interactions, specifically molecular recognition and tensile forces responsible for extracellular 
mechnosensing in regulating cell function, are not well understood. One of the challenges in this 
research area, and more broadly in studying cell interactions on materials, is having a physical 
measurement probe that can get direct access to the cell-material interface. Here, we apply 
electrochemical-single cell force spectroscopy to quantify the binding properties of single integrin α5β1 
receptor-fibronectin complexes during electrical stimulation at conducting polymer interfaces. We reveal 
that oxidizing constant voltage stimulation enhances the cell adhesion, with changes in the single bond 
force and stiffness. Conversely, pulsed stimulation inducing transient current decreases the binding 
affinity of complexes and bioavailability of the integrin binding v-region of the fibronectin, leading to 
reduced cell adhesion. The study demonstrates the concept of electrical tuning of molecular bond 
parameters for modulating physical interactions involved in transmitting information across the cell-
material interface. 
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Structure and Rheology of Sheared Dairy Gels Formed from Aggregated Colloidal Particles 

Marjan Javanmard, Jason Stokes 

The University of Queensland, Brisbane, QLD, Australia 

The rheological properties of dairy products critically depend on the underlying organisation of proteins 
at multiple length scales. When heated and acidified, milk proteins form a particle gel that is a 
viscoelastic, solvent rich, ‘soft’ material. The rheology of such particle gels depends on the interactive 
forces between the proteins and their structural arrangement. However, the structure-rheology is also 
affected by the shearing procedure. Shearing of gels during or following their formation causes the 
structure to breakup into smaller “gelled” domains. Changes induced by shear in the microscopic 
structure are profound and often irreversible. We demonstrate that the rheology of sheared Acid Milk 
Gels (Sh- AMG) can be interrupted by assuming it is a densely packed suspension of soft spheres, 
where the spheres are domains of aggregated proteins with characteristics of the bulk set-gel (prior to 
shear). Models applied to microgel systems have been applied to investigate the hypothesis that Sh-
AMG creates micro domains of protein network (i.e. microgel–like structures) that these microdomains 
have similarities to the initial set gel but at another scale. The viscosity of the Sh-AMG up to the random 
close packing fraction is predicted using a rheological model for hard spheres, assuming the 
voluminosity is constant. Above random close packing the suspensions progressively turn into soft 
solids as the volume fraction increases, elastic modulus increases that are nearly frequency 
independent. The rheology in this regime is reasonably well described by the Hertzian contact model. 
Findings of this work has potential to aid in rational design and control of food structure-properties. In 
addition, this work will challenge colloidal and soft matter scientists to delve into the significantly 
complex world of food materials. 
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The use of tribology as a prediction tool for sensory perception of dairy food 

Phuong Nguyen, Sangeeta Prakash 

University of Queensland, Brisbane, Queensland, Australia 

Dairy food often has diverse structures consisting of various components such as protein, fat, and 
carbohydrates which are in different forms from colloidal solution (eg. milk, whey drink), to complex 
cross-linking gel network (e.g. yoghurt, cheese) to a composite of multiple phases of liquid, solid and 
emulsifiers (e.g. ice-cream). The perception of texture and mouthfeel of dairy food are believed to 
involve flow and lubrication of food material during the complex oral process including squeezing, 
rubbing of food between teeth, tongue and palate and their interaction with saliva [1-3]. Sensory panels 
are commonly used to assess dairy food texture, but these are time consuming, expensive and 
susceptible to a wide range of variations. Therefore, the application of tribology to predict the mouthfeel 
properties of dairy foods is of growing interest to the dairy industry [4]. In a tribological test, dynamic 
friction and coefficient of friction between the tribo-geometry and the solid substrate are measured as a 
function of their relative entrainment speed. Depending on physical and chemical properties of the food 
fluid, the friction curve consists of different zones each of which correlates with certain sensory attributes 
of the product. In this work, we develop a tribology model to understand the behaviour of dairy fluid in 
different stages of oral processing to predict its mouthfeel attributes. The obtained results will be 
compared against the conventional method of using trained sensory panel. 

References 

1. Engelen, L. and R.A. de Wijk, Oral Processing and Texture Perception, in Food Oral Processing. 
2012, Wiley-Blackwell. p. 157-176. 

2. Chen, J. and L. Engelen, Food oral processing: fundamentals of eating and sensory perception. 
2012, Chichester: Wiley Blackwell. 

3. Dresselhuis, D.M., et al., Direct observation of adhesion and spreading of emulsion droplets at solid 
surfaces. Soft Matter, 2008. 4(5): p. 1079-1085. 

4. Nguyen, P.T.M., B. Bhandari, and S. Prakash, Tribological method to measure lubricating properties 
of dairy products. Journal of Food Engineering, 2016. 168: p. 27-34. 
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Interfacial interactions within emulsified systems containing phytosterols and whey proteins 

Lisa M. Zychowski1,2, Srinivas Mettu3, Matthew D. Biviano3, Raymond R. Dagastine3, Alan L. Kelly2, 
James A. O’ Mahony2, Mark A. E. Auty1 

1Teagasc Food Research Centre, Fermoy, Cork, Ireland, 2University College Cork, Cork City, Cork, 
Ireland, 3University of Melbourne, Melbourne, Victoria, Australia 

Phytosterols, or plant sterols, are natural plant bioactives that possess anti-inflammatory and anti-
carcinogenic properties. Phytosterols also have the ability to significantly lower LDL-cholesterol levels 
in the blood, but their bioavailability is highly dependent upon the solubility of the phytosterol within the 
carrier matrix. In order to improve phytosterol solubility, emulsion-based delivery systems have been 
employed and proven successful. However, there is limited knowledge about how phytosterols interact 
at oil-water interfaces, despite research indicating this can lead to the crystallisation of phytosterols and 
decreased bioavailability. Previous work has shown that emulsions containing 6% phytosterol in the oil 
phase exhibited crystalline material at and oil-water interface and a smaller particle size, compared to 
the 0.0% and 3% phytosterol-enriched emulsions. The aim of this study was to continue this work by 
investigating the interfacial interactions of phytosterols with whey proteins. Phytosterols and whey 
protein constituents were shown to have a synergistic effect on interfacial tension, when they were 
dispersed into the oil and aqueous phases, respectively. Additionally, at a fixed protein level of 1%, 
when phytosterol levels varied from 1-6%, a decrease in interfacial tension from 9.98 ± 0.35 to 2.6 ± 
0.13 was observed within the first 5 min for phytosterol concentrations ranging from 4-6%. To further 
understand the interfacial forces present, dynamic force measurements were carried out on droplets 
with or without protein and on droplets containing both protein and phytosterols using an atomic force 
microscope (AFM). AFM measurements between two droplets can be used to understand the 
differences in depletion forces, as a result of phytosterol and protein addition. Modeling of the AFM data 
is currently being conducted and will be presented at the ACIS conference. A deeper understanding of 
the interfacial behavior of phytosterols in emulsions can provide the functional food and pharmaceutical 
industry with the knowledge needed to design more bioavailable phytosterol-enriched products. 
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Provoking Liquids to Dewet and to Slide: About concave Drops and Hungry Droplets 

Karin Jacobs1,2, Jonas Heppe1,2 

1Saarland University, Saarbruecken, Germany, 2Institute for New Materials, Saarbruecken, Germany 

Usually, liquids exhibit a ’no-slip’ boundary condition to a solid substrate, i.e. the atoms or molecules of 
a liquid that are the closest to the solid substrate are at rest. However, a polystyrene film that moves 
over hydrophobized (by a self-assembled monolayer of silanes) Si wafers can be provoked to slide, i.e. 
there is a non-zero interfacial velocity of the fluid in contact with the solid, and friction occurs [1,2]. This 
implies variations in the energy dissipation mechanisms in these systems and leads to a strikingly 
different behaviour of fluids in different geometric situations [3-5]: With slippage, the dewetting of flat 
films is faster on solid surfaces (A), Rayleigh-Plateau-type instabilities exhibit an increased dynamics 
(B) and droplets that were prepared in a non-equilibrium situation can reach equilibrium via a stadium 
where their topology is concave (C), see Figure displaying in situ evolution of drop profiles recorded by 
AFM (mirrored at center line) [5]. Yet, why does a liquid slide? Possible explanations including recent 
findings by scattering methods will be reviewed. Moreover, if more liquids were sliding, would that 
change things in our everyday life? 

[1] Bäumchen O. et al., Phys. Rev. Lett. 2014, 113, 014501. [2] McGraw J.C. et al., Coll. Interf. Sci. 
2014, 210, 13. [3] Haefner S. et al., Nature Comm.,2015, 6, 7409. [4] Haefner S., Bäumchen O., Jacobs 
K., Soft Matter, 2015, 11, 6921. [5] McGraw J.D.et al., PNAS, 2016, 113, 1168. 
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Lateral adhesion forces at liquid-solid interfaces 

Nan Gao1,2, Florian Geyer2, Dominik Pilat2, Sanghyuk Wooh2, Doris Vollmer2, Hans-Juergen Butt2, 
Ruediger Berger2 

1University of Sydney, Sydney, Australia, 2The Max-Planck Institute for Polymer Research, Mainz, 
Germany 

Using a laser deflection system we investigate lateral adhesion forces at liquid-solid interfaces. Our set-
up consists of a laser, a deflectable capillary, and a position sensitive detector (PSD). Drops of liquid 
are moved laterally against solid substrates using the deflectable capillary. A laser beam incident on 
the capillary is reflected to the PSD, which instantly generates electric signals according to the lateral 
adhesion forces. With assistance of optical imaging, we have been able to resolve the drop motion 
synchronised to the force measurement. Our results have demonstrated that the instantaneous lateral 
adhesion forces at the liquid-solid interfaces are determined by the front and rear contact angles as well 
as the contact width. The measurements are in good agreement with theoretical predictions. 
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Micro-wicking liquid films for new insight into physicochemical processes 

Koki Nakamura, Claudia Binder, Frederik Kriel, Craig Priest 

University of South Australia, Mawson Lakes, SA, Australia 

Studying the physicochemical processes of phase change and mass transfer (such as crystallisation, 
third phase formation, extraction, and evaporation) can be challenging when time-scales and sample 
volumes are small. We have developed micro-pillar “cuvettes” that are rapidly loaded with sub-microlitre 
volumes of sample in controlled environments and easily monitored using optical microscopy. The 
loaded liquid forms a thin (e.g. 14 m) film that can be exposed to controlled environments, such as 
humidity, temperature, and immiscible liquids, to investigate phase change and mass transfer 
behaviour. Crystallisation of orthorhombic microcrystals (KMnO4), see figure, are shown to orient 
preferentially with specific paths in the pillar array. For increasing surface coverage of pillars, the 
number of possible growth paths reduces. Micro-spectroscopy revealed mass transfer rates in proximity 
of growing crystals that were consistent with predicted diffusion time-scales. Crystal formation is 
triggered by supersaturation due to gradual evaporation of water at approx. 0.11 nL/s.mm2, consistent 
with theoretical estimates. These well-defined wicking films are useful for studying complex 
physicochemical processes, including third 
phase formation in solvent extraction which is 
very difficult to study using bulk-scale 
approaches. 
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Droplet Spreading Dynamics: Role of Interfacial Shear Elasticity 

Emily James, David Harbottle, Timothy Hunter, Olivier Cayre 

University of Leeds, Leeds, UK 

The dynamics of droplet spreading are extremely important to the performance of products produced 
by several industries including: paints, printing inks, coatings, and agrochemicals to name just a few. 
However, many product formulations include a range of soluble and insoluble species that can not only 
alter the rheology of the droplet, but due to their surface activity often modify the droplet interfacial 
rheology. The effect of strongly elastic interfaces on droplet spreading dynamics has not previously 
been studied. 

Saponin, a bio-surfactant, was used to significantly increase the interfacial shear elasticity of a droplet 
air-water interface. Studying the rheology of these solutions, using a DHR-II TA Instruments rheometer, 
it was identified that the condition 0.01 wt.% saponin in water provided rapid interfacial film build up, 
with a G’:G’’ ratio equal to 10:1 after 5 mins of aging. While the viscosity of the bulk fluid remained 
almost equivalent to that of water ethanol solution, the relative viscosity (µsap/µwat:eth) at 10 s-1 and 100 
s-1  equaled 1.1 and 0.97 respectively. 

The spreading dynamics of droplets were 
captured at 10,000 fps as a droplet was gradually 
brought into contact with a silicon substrate. 
Figure 1 shows differences in the droplets inertial 
and viscous spreading regimes for 0.01 wt% 
saponin in water 5 wt % ethanol/water mixture (i.e 
the surface tension is maintained = 57 mN/m). The 
purely viscous system (ethanol/water) satisfies 
Tanners law, r = tn, with n ~ 0.5 in the inertial 
regime and n~0.1 in the viscous regime. However 
water/saponin exhibits faster spreading in the 
inertial regime and almost ceasing spreading in 
the viscous regime. For the first time research 
highlights the importance of interfacial shear 
elasticity on modifying the spreading of ‘’viscous’’ 
fluids. 
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Figure1: Spreading dynamics of a 0.01 wt% 
saponin/water and 5% ethanol/water droplet. 

Tanners law r = t0.1 



OC047 

The impact of surface chemistry on the deposition of polymer-surfactant complexes in product 
formulation 

Tianyi Bai1, Raymond Dagastine2 

1University of Melbourne, Victoria, Australia, 2Particulate Fluids Processing Centre, Victoria, Australia 

Polymer-surfactant (PS) mixtures are widely used to control both solution and surface properties. The 
behaviours of PS complexes have been of great interests over the last 50 years. Yet the link between 
the molecular structure of polymers and surfactants and their associative behaviours is still not well 
known. 

The aim of this work is to determine the structural-functional relationships between the molecular 
structure of PS complexes and their functions in a formulation, for example, in hair care products. This 
requires a systematic approach to a number of parameters, where this presentation will focus on how 
PS complexes adsorb to oil-water and rigid interfaces relevant to their use in formulations. To 
investigate the influence of surface chemistry, including surface hydrophobicity and charge density, on 
the size or adsorbed length of PS complex, the thickness of deposited PS layer was measured as the 
function of surface hydrophobicity and charge density using colloidal probe Atomic Force Microscopy 
(AFM) using self-assembled monolayers compromised of mixtures of alkane thiols with varying terminal 
groups. Imaging the PS complex film using AFM as auxiliary technique was applied to characterize the 
PS complex layer thickness as well. 
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Lipid Self-assembly in Milk Fat Digestion Products and the Consequences for the Fate of Co-
administered Drugs 

Jamal Khan1, Malinda Salim1, Anna Pham1, Adrian Hawley2, Andrew Clulow1, Ben Boyd1 

1Monash Institute of Pharmaceutical Science, Monash University, Parkville, VIC 3052, Australia, 
2SAXS/WAXS Beamline, Australian Synchrotron, Clayton, VIC 3168, Australia 

Lipid-based formulations that form oil-in-water (OIW) emulsions have long been used to increase the 
bioavailability of poorly water soluble drugs.1 Recent research has examined the application of 
digestible lipids, which are broken down by endogenous lipase in the gut to form more hydrophilic 
amphiphiles, thereby altering drug solubility and promoting controlled drug release by precipitation or 
dissolution. Milk is a ready-made complex OIW emulsion comprising fat globules made up of a myriad 
of triglycerides, proteins, vitamins, minerals and sugars, which is essential to the survival of mammalian 
life in its early stages and an ongoing source of nutrition thereafter. Small angle X-ray scattering (SAXS) 
has been used to show that digestion of the triglycerides in cow milk and human milk in vitro leads to 
the formation of various liquid crystalline phases as the water content of the fat globules increases with 
the extent of digestion.2, 3 This talk will focus on our recent findings on the structure of milk fat digestion 
products obtained using SAXS. The influence of the prominent fatty acid chains on the liquid crystalline 
ordering during digestion will be discussed in the context of the solubility of co-administered drug 
molecules. 

[1] Williams, H. D. et al. Strategies to Address Low Drug Solubility in Discovery and Development. 
Pharmacol. Rev. 2013, 65, 315-499. [2] Salentinig, S. et al. Formation of Highly Organized 
Nanostructures during the Digestion of Milk. ACS Nano 2013, 7, 10904-10911. [3] Salentinig, S. et al. 
Self-Assembly Structure Formation during the Digestion of Human Breast Milk. Angew. Chem. Int. Ed. 
2015, 54, 1600-1603. 
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Glutamic acids bearing calix[4]arene micelle with pH-controllable aggregation number 
corresponding to regular polyhedra 

Shota Fujii, Kazuo Sakurai 

Department of Chemistry and Biochemistry, University of Kitakyushu, Kitakyushu, Japan 

We have recently found that some calix[4]arene-based lipids form completely monodisperse micelle 
whose aggregation number agree with the face number of Platonic solids, thus we named them Platonic 
micelles. 

In this paper, we have designed and synthesized an amino acid-based zwitterion bearing calix[4]arene-
based lipid composed of four propyl chains in the lower rim and four glutamic acids in the upper rim. 
The functional groups of the glutamic acid including the α-amine and the γ-glutamic acid are separated 
by a three carbon spacer, which endows a difference in the 
magnitude of the tail length (h). When the amines are only 
charged, the hydrophilic/hydrophobic interface is created 
between the amine and calix[4]arene moieties, which gives 
the shorter tail length h than that of carboxylic acid charged 
state, while the magnitude of the interfacial area (ae) is 
almost identical between the charged states. The present 
paper describes the controlling ECaL3 micellar 
aggregation behavior including the morphology, the 
aggregation number, and the dispersity by tuning the tail 
length h. 
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Visualization of bio-molecules on deuterated cellulose surface 

Vikram Singh Raghuwanshi1, Jielong Su1, Christopher Garvey2, Warwick Raverty1, Stephen Holt2, Peter 
Holden2, Rico Tabor1, Marie Gillion2, Warren Batchelor1, Gil Garnier1 

1Monash university, Clayton, Victoria, Australia, 2Australian Nuclear Science and Technology 
organization, Sydney, New South Wales, Australia 

Cellulose is a widely available organic polymer materials which is renewable and biodegradable. 
Cellulose contains three hydroxyl groups per anhydroglucose monomer which can be functionalize 
easily for specific application. Adsorption of functional proteins, such as enzymes and antibodies, on 
the thin film surface of cellulose is useful for multiple biomedical applications. Here, we report on the 
visualization of adsorbed biomolecules at the deuterated cellulose (DC) thin film surface using neutron 
reflectivity (NR) methodology. The deuterated cellulose provide sufficient contrast (scattering length 
density difference) for the adsorbed proteins or enzymes as compared to the hydrogenated cellulose. 
DC was produced by growing Gluconacetobacter xylinus strain ATCC 53524 in deuterated glucose and 
deuterated glycerol carbon sources dissolved in growth media containing D2O. Soluble derivative of 
deuterated cellulose was achieved by trimethylsilylation (TMSC) in ionic liquid and then this was 
dissolved in toluene and spin coated onto polished silicon wafers to produce thin films. Final DC films 
were obtained by regeneration under exposure to vapour of aqueous hydrochloric acid. NR data 
analysis show that the DC films are smooth and have thickness in nanometre scale (up to 15 nm). 
Moreover, the obtained film provide significant contrast to neutron scattering for biomolecules which 
enables to visualize and determine quantitative the conformation of adsorbed biomolecules. The 
developed methodology will help in the development of low-cost medical diagnostic devices and to 
understand the fundamental interaction mechanisms of biomolecules. 
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Model biomimetic lipid membranes based on quaternary lipid-water systems for encapsulation 
of bioactive molecules 

Sampa Sarkar, Charlotte Conn, Calum Drummond 

RMIT University, Melbourne, Australia 

The cell membrane environment, which is ubiquitous in biological systems, provides an exceptional 
model to devise “smart nanostructures” based on the molecular self-assembly of biological 
macromolecules such as carbohydrates, lipids, nucleic acids, and proteins. Amphiphilic biomolecules 
such as lipids can self-assemble into nanostructures of well-defined geometry (1). The most common 
of these nanostructures is the lamellar phase which is analogous to the lipid bilayer structure of the cell 
membrane. Other, more complex architectures may also self-assemble including the lipidic cubic 
phase, which retains the fundamental lipid bilayer structure (1). Proteins, especially membrane proteins, 
and peptides, are very fragile when removed from their native cell membrane environment (Figure1,(1). 
An appropriate biomimetic environment is required for long-term storage, as well as for various 
applications of protein-based systems including in meso crystallization, delivery of therapeutic proteins 
and peptides, biosensors and cosmeceuticals (1). To date, synthetic lipid nanomaterials have lacked 
the complexity of the biological cell membrane, which is composed of hundreds of different lipids. In 
this work, we investigate the phase behavior of quaternary lipid systems, based on the lipid Monoolein, 
with two additional lipid additives and water.  The investigated additives are mainly endogenous and 
include phospholipids, sphingomyelin and cholesterol. A systematic variation of lipid composition has 
allowed us to extract the effect of different physiologically relevant lipids on bilayer properties and the 
nanostructure of the lipidic cubic phase. 

1. Conn, C. E., and Drummond, C. J. (2013) Soft Matter 9, 3449-3464 

 

Figure 1 
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Ultrasound generated Pea Protein encapsulates characterized via Nano-mechanical AFM 
methods. 

Matthew Biviano, Qianyu Ye, Srinivas Mettu, Meifang Zhou, Raymond Dagastine, Muthupandian 
Ashokkumar 

University of Melbourne, Melbourne, Victoria, Australia 

Microcapsules produced via a one step ultrasonic method are of particular interest in the food and 
personal care industry due to the simplicity of production. Our study investigated the ultrasound 
synthesis of microcapsules consisting of a pea protein isolate shell and a tetradecane core using high 
intensity ultrasonication at 20 kHz to form the emulsion and crosslink the shell. The pea protein isolate 
was denatured via sonication in either PBS buffer at pH 7.4 or Tris/HCl buffer at pH 8. It was found that 
sonication increased the solubility of the pea protein. Compared to the Tris buffer, PBS indiscriminately 
shields the exposed charged groups in the proteins, preventing charged interactions and hydrogen 
bonding. This was confirmed by the sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) analysis. 

The microcapsules made from the denatured pea proteins were compressed using Atomic Force 
Microscopy (AFM) and the force spectra is analyzed via Reissner’s model. This showed that the 
strongest capsules were made in the Tris buffer, with a stiffness ranging from 9.9 to 18.2 mN/m, and 
the shell’s Young’s modulus of 1.19 to 2.35MPa. The PBS capsules became weaker as further 
denaturation occurred as expected from our mechanism, with stiffness ranging from 9.5 to 22nN/M and 

Young’s modulus ranging from 1.2 to .58MPa. Both capsule systems were stable for 1 month at 4
o

C. 
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Change in the Physical Properties of Langmuir Monolayers of Polymer Particles at Air/Water 
Interfaces via Cross-linking 

Cathy McNamee, Yuka Azakami 

Shinshu University, Ueda, Japan 

Foams and emulsions that are stabilized by the adsorption of particles to air/liquid or liquid/liquid 
interfaces are used extensively in the pharmaceutical, food and cosmetic industries. However, particle 
stabilized emulsions have been shown to be deformable after the collision of a foreign particle or 
material, due to the induced movement of the particles at the interface[1]. It is necessary to be able to 
control the deformability of particle-stabilized foams and emulsions, in order improve the applications 
of these emulsions. Cross-linking the particles at the interface may improve the physical properties of 
the emulsion, due to the introduction of adhesions between the particles. 
 
A particle stabilized emulsion was modeled by a Langmuir film of polystyrene particles with poly[2-
(dimethylamino)ethylmethacrylate] hairs  at an air/aqueous interface. The particles were cross-linked 
using 1,2-bis (2-iodoethoxy) ethane. The physical properties of the films were studied by measuring 
surface pressure–area isotherms of the films at the air/aqueous interface and by imaging the particle 
film using the Atomic Force Microscope  after the film was deposited to a mica substrate. As the charge 
of the particles decrease with a pH increase, the effect of the particle charge on the physical properties 
of the films was also determined by using subphases with pH of 5.8 and 9. 
 
 [1] C.E. McNamee, S. Fujii, S.Yusa, Y. Azakami, H.-J. Butt, M. Kappl, Colloid Surf. A-Physicochem. 
Eng. Asp. 470 (2015) 332-332. 
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Plasmonic Nanomeshes in Organic Solar Cells: a Fundamental Dilemma 

Christian Stelling1, Chetan R. Singh1, Matthias Karg2, Tobias König3, Mukundan Thelakkat1, Markus 
Retsch1 

1University of Bayreuth, Bayreuth, Germany, 2Heinrich-Heine-Universität, Düsseldorf, Germany, 
3Leibniz Institute for Polymer Research, Dresden, Germany 

Metallic nanomeshes have been discussed to replace ITO as transparent conducting electrodes in 
optoelectronic devices. In this contribution we systematically study the optical losses and benefits 
attributed to nanomesh electrodes in polymer solar cells. Colloidal lithography was used to fabricate 
thin gold nanomeshes with hexagonally ordered holes and periodicities ranging from 202 nm to 2560 
nm. When incorporated into polymer solar cells, no electrical losses were observed for the nanomesh 
electrodes yielding high fill factors (FF) and open circuit voltages (VOC). By using two different active 
layer materials (P3HT:PC61BM and PTB7:PC71BM) and simultaneously tuning the periodicity of the 
nanomesh, we were able to correlate the optical properties with the power conversion efficiency of the 
solar cells. A cavity mode was identified located at the absorption edge of the active layer material. 
Interestingly, the resonance wavelength of this cavity mode was hardly defined by the nanomesh 
periodicity but by the absorption of the photoactive layer. The highest plasmonic enhancement was 
found for small nanomesh periodicities. However, these small periodicities also exhibit the highest 
absorption and reflectance losses leading to lower efficiencies compared to the ITO reference devices. 
Instead, the PCE increased for higher nanomesh periodicities due to lower absorption losses up to a 
maximum of ~ 77 % compared to ITO reference devices. 
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Stabilization of Oil/Water Emulsion using Cellulose Nanocrystals 

Swambabu Varanasi, Rico Tabor, Warren Batchelor, Gil Garnier 

Monash University, Clayton, Australia 

Nano cellulosic materials as promising emulsion stabilizers have attracted great interest in the food 
industry. Cellulose nanocrystals (CNCs), which are rod-like particles with 6nm width and 200nm long, 
used to stabilize oil-water emulsions through the so-called Pickering effect. The CNC aqueous 
dispersion showed a typical shear thinning behaviour.  In a Hexadecane/ water (30/70, v/v) model 
solutions, stable emulsion was formed with the addition of CNCs using ultrasonication, and their sizes 
are in the range of 3 to 10 µm based on optical microscopy observation. Emulsion stability was tested 
using centrifugation immediately after emulsion preparation. Emulsion is stable even after 40 days. 
Effect of parameters including CNC concentration, salt and pH on the emulsion stability will be studied. 
The nontoxicity, sustainability and low cost of CNCs and the abundant availability of cellulose renders 
these CNCs potentially highly suited for preparing O/W emulsions. 

 



OC056 

Cationic Polyelectrolytes for Soft Colloid Flocculation 

Praveena Raj1, Warren Batchelor1, Angeles Blanco2, Elena de la Fuente2, Carlos Negro2, Gil Garnier1 

1Monash university, Victoria, Australia, 2Complutense University of Madrid, Madrid, Spain 

Polyelectrolytes are commonly used in many industries to control soft colloidal stability, for example in 
water treatment, paper and pulp. Polyelectrolytes are also used for emerging applications, such as in 
sensors and energy materials. This study investigates the effect of polyelectrolyte structure, charge 
density, dosage on soft colloids coagulations dynamics. The 4 polyelectrolytes investigated are: 
Cationic Polyacrylamide (CPAM), Polyethylenimine (PEI), Polydadmac (PDADMAC) and Poly-
aluminium Chloride (PAC). The soft colloid flocs were analysed through gel point, focussed beam 
reflectance measurements, adsorption isotherms and zeta potential. PAC formed small dense flocs with 
MFC and caused aggregation by the reduction of electrical double layer. Linear CPAM and branched 
PEI interacted by pure bridging mechanism and charge neutralisation mechanisms, respectively. 
PDADMAC-MFC flocs showed a mixture of charge neutralisation and bridging mechanism. A linear 
master curve was obtained, showing a decrease in maximum surface coverage with cationic 
polyelectrolyte charge density, independent of polyelectrolyte morphology. 
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Transfer of Ordered Phospholipid Films onto Solid Substrates from a Drained Foam Film 

Gunther Andersson 

Flinders University, Adelaide, SA, Australia 

Bubbles have been formed from solutions of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) 
in formamide. The bubbles were transferred onto a hydrophobic substrate after drainage time of 0 to 
20 minutes.[1] Drainage time of 20 minutes is sufficient to generate fully drained bubbles. The structure 
of the transferred films was investigated with X-ray photoelectron spectroscopy and metastable induced 
electron spectroscopy. Films transferred after a drainage time of 5 minutes or less show random 
orientation of the molecules in the films. Films transferred after a drainage time of 10 minutes or longer 
result in films forming a mixture of two different types of structures. The smaller fraction of the 
transferred film shows random orientation of the molecules. The larger fraction shows preferred 
orientation of the POPC molecules. In the fraction with preferred orientation the polar part of the POPC 
molecules forms to a large degree the outermost layer which is different to surfaces of surfactant 
solutions and to the surface of foam films formed by surfactant molecules. A surface formed by polar 
groups has a higher surface energy than a film formed by non-polar groups. The possible reasons for 
the orientation of the molecules with the polar group pointing to the surface are discussed. 

[1] Naif Alshehri, Trystan Bennett, Gregory F. Metha, and Gunther G. Andersson, JPCC, 119 (2015) 
22496 
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Attenuated total reflection Fourier transform infrared (ATR-FTIR) technique has been widely used for 
probing surface-specific molecular information of materials.1,2 Unlike traditional micro ATR-FTIR 
method that repeatedly applies large amount of pressure onto individual sampling spots, macro ATR-
FTIR approach requires only a single contact between the ATR crystal and the sample throughout the 
measurement minimising potential damage to the sample.3 This work presents recent advances in 
macro ATR-FTIR devices developed at Australian Synchrotron IR Beamline. One of our macro ATR-
FTIR devices, which was designed specifically for analysis of delicate and soft materials, used a unique 
combination of piezo-controlled linear translation stages to achieve precise positioning and gentle 
approach of the sample towards the ATR crystal (Fig. 1A). Spatial resolution is further improved by the 
high refractive index of the ATR crystal, allowing spatially resolved chemical mapping of surfaces at a 
lateral resolution down to 2 μm when coupled to synchrotron-IR radiation. Figures 1B and 1C illustrates 
the results from the studies of hydration on multi-layered polymer membrane, and lipid distribution on 
an insect wing, respectively. 

 

Fig. 1: [A] Piezo-controlled macro ATR-FTIR unit, [B] OH absorption (top) and molecular fingerprints 
(bottom) of hydrated multi-layered polystyrene sulfonate/poly(allylamine hydrochloride) (PSS/PAH) 
membrane observed at the centre of the contact as indicated by the appearance of the Newton’s rings 
(inset), [C] lipid distribution on a leaf hopper (Desudaba danae) wing. 

References: 

1. S. G. Kazarian and K. L. A. Chan, in Polymer Morphology: Principles, Characterization, and 
Processing, ed. Q. Guo, John Wiley & Sons, 2016. 

2. S. G. Kazarian and K. L. A. Chan, Analyst, 2013, 138, 1940-1951. 

3. B. M. Patterson, G. J. Havrilla, C. Marcott and G. M. Story, Appl. Spectrosc., 2007, 61, 1147-1152. 
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Simultaneous SAXS/WAXS investigation of electro-active fluorinated copolymers 
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Among the Electro-Active Polymers with large electromechanical responses, copolymers based on 
poly(vinylidene fluoride) are especially interesting because of their relatively high electroactive response 
and thermal and chemical stability. While copolymers with trifluoroethylene P(VDF-TrFE) are 
piezoelectric and ferroelectric, copolymers with TrFE and chlorotrifluoroethylene P(VDF-TrFE-CTFE) 
are relaxor-ferroelectric and electrostrictive. These copolymers, developed by Piezotech, show 
promising potential in high-tech applications such as energy harvesting, actuation in micropumps, 
artificial muscles.... 

The incorporation of CTFE into the P(VDF-TrFE) copolymers enables the conversion of the normal 
ferroelectric copolymer into the relaxor-ferroelectric copolymers with high mechanical strain and narrow 
polarization hysteresis. This conversion is associated with a structural conversion characterized with 
Differential Scanning Calorimeter (DSC) and dielectric spectroscopy [1,2]. For P(VDF-TrFE-CTFE), 
upon heating from room temperature to the melt, the Curie transition disappears and a maximum of the 
constant dielectric is observed. This maximum becomes frequency dependant for copolymers with 
CTFE. 

The crystalline structure and the morphology are correlated with the electrical and mechanical 
properties so structural knowledge is essential to understand and improve these materials. 
Simultaneous SAXS-WAXS experiments are here of particular interest since both scales will be probed 
during heating and correlated without ambiguity with the Curie transition and with the constant dielectric 
evolution. 

In this paper, we will present recent results on the thermal behavior of copolymers with and without 
CTFE. Simultaneous SAXS and WAXS experiments are performed using the Nano-inXider instrument 
from Xenocs allowing in-situ dynamic investigation of the crystalline phase and the morphology and 
kinetic interdependencies. 

Upon heating at 1°C/min, between -50°C and +130°C, evolution of the morphology (SAXS) and of the 
structure (WAXS) are recorded. The structural evolution observed is well correlated with the DSC and 
dielectric spectroscopy measurements. These experiments are essential to understand the two 
behaviors ferroelectric and relaxor-ferroelectric [3]. 

References 

[1] - Li Hengfeng, Tan Kaiyuan, Hao Zeming and He Guowen ;J. Therm Anal Calorim 105 357-364  
(2011) 

[2] - Yang Lianyun, Tyburski Brady A. Domingues Dos Santos Fabrice, Endoh Maya K., Koga Tadanori, 
Huang Daniel, Wang Yijun and Zhu Lei ; Macromolecules 47 8119-8125 (2014) 

[3] François Bargain, Pierre Panine, Fabrice Domingues Dos Santos, Sylvie Tencé-Girault, Polymer, 
105, 144-156 (2016) 
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SAXS Investigations of Block Copolymers Micro-Phases 
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Block copolymers are comprised of two or more homopolymers which are joined covalently and they 
are used in a vast range of applications, e.g. in drug delivery, photolithography, chemical sensors, 
surfactants, or as templates for the production of hard materials for energy storage/harvesting. The 
properties of these materials and hence the range of potential applications arise from the ability to 
combine an array of chemical functionalities and architectures that can be synthesised using 
contemporary polymerisation techniques. 

More recently, the addition of low molecular weight diluents has been shown to modify as well as allow 
for the control of the microstructures adopted by these systems. In addition advancements in 
characterisation methods have opened up the possibility to interrogate these materials at the molecular- 
and nano-scale and to, therefore, better understand structure-property- performance relationships 
within them. 

This work will focus on recent studies by us carried out in part at the Australian Synchrotron using high-
throughput and grazing-incidence SAXS on a range of block copolymers and ionic liquid (IL) blends. 
The addition of ILs, which selectively swell one of the polymer blocks, allow for control of both the 
accessible block copolymer phases and the resulting properties of the materials. These studies have 
provided both insights into physical properties of the materials, e.g. scaling properties of the polymers, 
and practical methods for fabricating microphases such as the co-continuous phases. 
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With an aging population and the consequent increasing use of medical implants, managing the 
possible infections arising from implant surgery remains a global challenge. In this work, it is 
demonstrated for the first time that a precise substrate nanotopology provides an effective intervention 
in bacterial co-colonization, enabling the proliferation of eukaryotic cells on a substratum surface that 
has been pre-infected by both live Gram-negative, Pseudomonas aeruginosa, and Gram-positive, 
Staphylococcus aureus, pathogenic bacteria. 

The nanotopology of the model black silicon substratum, which is based on the surface structure found 
on some species of antibacterial dragonfly wings, not only favours the proliferation of eukaryotic cells, 
but is biocompatible, not triggering an inflammatory response when implanted in mice. The attachment 
behaviour and development of filopodia when COS-7 fibroblast cells are placed in contact with the black 
silicon surface has been demonstrated in a dynamic study, which is based on the use of real-time 
sequential confocal imaging. 

This work now provides the first demonstration of the dual behaviour of a specific surface 

nanotopology. The black silicon surface exhibits bactericidal properties while affording the surface the 
ability to selectively eliminate only bacterial cells whilst promoting the growth and proliferation of 
eukaryotic cells. This type of bactericidal nanotopology may enhance the prospects of developing 
inherently responsive antibacterial nanomaterials for bionic applications such as prosthetics and 
medical implants. 
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Tethered bilayer lipid membrane systems: Structure and Function 
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Tethered bilayer lipid membranes (tBLMs) are solid supported model membrane systems that have 
shown to be stable and versatile model architectures, which enable systematic studies of a wide range 
of membrane related processes. 

We have used various surface analytical techniques such as impedance spectroscopy, SPR and 
neutron reflectometry to study the detailed structure of these surface bound membranes and to 
investigate their interaction with a range of membrane active drugs. 

Combining different techniques allows analysing, in detail, how drugs interact with membranes and with 
integrated membrane proteins. 

We have been able to mimic both mammalian as well as bacterial cell membranes, allowing a study for 
example the effect of antibiotic drugs. 

Additionally, the model platform has been used to host various membrane proteins a their functional 
properties have been investigated. 
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Direct Proof of Spontaneous Translocation of Lipid-Covered Hydrophobic Nanoparticles 
Through a Phospholipid Bilayer 

Yachong Guo,1, Emmanuel Terazzi2, Ralf Seemann3, Jean-Baptiste Fleury3, Vladimir A. Baulin1 

1Universitat Rovira i Virgili, Departament d’Enginyeria Quimica, 43007 Tarragona, Spain, 2University of 
Geneva, Department of Inorganic and Analytical Chemistry, CH-1211 Geneva 4, Switzerland, 3Saarland 
University, Experimental Physics, D-66123 Saarbücken, Germany 

Hydrophobic nanoparticles (NPs) introduced into living systems may lead to increased toxicity, can 
activate immune cells or can be used as nano-carriers for drug or gene delivery. The interaction of NPs 
with bilayers is essential of an in depth understanding of these processes. It is generally accepted that 
small hydrophobic NPs are blocked by lipid bilayers and accumulate in the bilayer core, while big NPs 
can only penetrate cells through a slow energy-dependent processes such as endocytosis, lasting 
minutes. In contrast to these expectations, we demonstrate that lipid-covered hydrophobic NPs may 
size dependent translocate through lipid membranes by direct penetration within milliseconds. While 
NPs with diameters smaller than 5 nm stay trapped in the bilayer, NPs larger than 5 nm insert into the 
bilayer and open transient pores in the bilayer. The direct proof of such size-dependent translocation 
and its kinetic pathway was provided by in situ observation of individual NPs escaping the bilayer. This 
was achieved by combined optical fluorescence microscopy and electrophysiological measurements 
using a microfluidic setup. The quantitative analysis of the kinetic translocation pathway in view of 
numerical results demonstrated that the redistribution of lipids between NP and the bilayer during the 
translocation does not allow the NP to translocate twice. 
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Food-Dependent Aggregation of Silver Nanoparticles during an Artificial Digestion 
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In the last decade the utilization of silver nanoparticles in consumer related products is strongly 
enhanced. Therefore, many studies focus on investigations regarding their toxicological potential. This 
includes investigations concerning uptake, distribution and excretion of the particles. However, little 
attention was paid to changes of physical and chemical properties of the particles in the human body. 
A major question is if the particles are size and shape persistent and can survive the digestion process. 
In this study we analytically monitored the changes in the size distribution of colloidal silver during an 
artificial digestion process with the help of small angle X-ray scattering. We synthesized poly(acrylic 
acid) stabilized ultra-small silver nanoparticles with a radius of 3.1 nm and a size distribution width of 
20%. The artificial digestion process mimics the gastro-intestinal passage and simulates the oral, gastric 
and small intestinal conditions. Additionally, we used as food components oil, starch, skimmed milk 
powder and mixture thereof to provide a preferably realistic environment. Large aggregates of up to 
56 nm were determined in the absence of food additives. In contrast, the presence of oil and starch limit 
the radii of aggregates to about 10 nm. Only small aggregates of 6 nm radii were found in the presence 
of milk powder. It prevents primary particles from etching in the intestinal juice. Our results indicate that 
the silver nanoparticles can pass the digestion process in a nanoscale form but undergo a strong and 
food-dependent transformation in their state of aggregation. 
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Visualizing Amyloid Beta Peptide Dynamics using High-Speed Atomic Force Microscopy 
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Highly-structured protein aggregates are responsible for degenerative diseases such as Alzheimer’s. 
At present, the oligomeric or smaller aggregates are believed to be the toxic species, however the exact 
stages of the polymerization process underlying the disease pathogenesis is unclear. Understanding 
the kinetic pathways and transition states leading to the different populations of amyloid species is 
believed to be fundamentally important. Introducing agonist-antagonists such as nanoparticles, metal 
ions and drugs is an emerging strategy to prevent amyloid beta aggregation. 

This presentation will highlight research on the use of High-Speed Atomic Force Microscopy (HS-AFM) 
to observe the amyloid beta peptide. HS-AFM massively surpasses the capabilities of conventional 
AFM systems by enabling acquisition times of 50-100 milliseconds per image (10 - 20 frames/second). 
Coupled with the ability to achieve 1-2 nanometer lateral image resolution in liquid, the HS-AFM has 
the unique ability to provide significant insight into both the nanoscale structural and interaction 
dynamics of single molecules and molecular assembly processes on surfaces in real-time. We will show 
the amyloid beta peptides as they diffuse, transition between bound and unbound states, aggregate 
and the effects of changing the local environmental conditions (e.g. pH and electrical field). 
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A wide range of solution behavior for polymer-surfactant (PS) complexes can be achieved in response 
to changes in bulk surfactant and electrolyte concentration, which has driven their use in applications 
in personal care products, food formulations and pharmaceuticals. The association of the surfactant to 
the polymer provides a means to mediate a range of polymer properties including microstructure phase 
behavior and surface adsorption. PS complexes have a long history of study from surface tension 
measurements and phase diagrams to more sophisticated scattering methods to probe solution and 
interfacial structure. Yet, there are still challenges in directly measuring the microscopic structure of 
adsorbed PS complex in a wide range of solution conditions as well as the molecular configurations of 
these complexes. In this work, a combination of colloidal probe force microscopy, force spectroscopy 
and a novel soft matter imaging method were used to determine the microstructure of oppositely 
charged PS complexes at a solid-liquid interface. Both colloidal probe measurements and a novel soft 
matter imaging approach were used to directly measure the PS complex layer thickness immobilized 
on surfaces with carefully controlled surface chemistry as a function of surfactant and electrolyte 
concentration. In addition, through both physical adsorption and covalent bonding of the PS complex to 
surfaces, force spectroscopy was used to probe the configuration of individual PS complexes. These 
data provide insight into the microscopic and molecular response of PS complexes to changes in 
surfactant and ionic strength when on surfaces. 
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Adhesions of polymer on organic/inorganic surfaces in an aqueous medium have attracted a great deal 
of interests, as it is of paramount importance in a wide range of scientific research and practical 
applications. However, the adhesion of polymer on substrates in single-molecule level and the key 
factors determining the strength of adhesion in such systems remain ambiguous. 

Adhesion of a thermal/salt dual responsive oligo (ethylene glycol) copolymer on a molecular smooth 
hydrophobic MoS2 surface was studied by single molecule force spectroscopy (SMFS). The stimuli 
responsive property of the polymer provides the opportunity to probe the single-molecule adhesion 
force as a function of hydrophobicity using one polymer-substrate combination. In this study, the 
adhesion force of peeling a single polymer chain from the MoS2 substrate was measured over a wide 
range of NaCl concentrations in isothermal condition. The adhesion force was found highly sensitive to 
the hydrophobicity of the polymer. A quantitative thermodynamic model was then derived and used to 
calculate the adhesion force which agrees well with the experimentally measured values. 

 

 



OC069 

Catalytic polymers inspired by enzymes 
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Currently enzymes are being explored for a variety of applications. In fact, enzymes are already well 
established in common technologies, for example; active ingredients in detergents, food additives, and 
paper and pulp processing. Recently, enzymes have also been developed as useful catalysts in 
pharmaceutical and specialty chemical synthesis. Enzymes have also attracted attention for the 
renewable preparation of bioethanol and biodiesel. The downfall in the majority of these applications is 
the small operating range, limited stability, and the cost of enzymes. Enzyme mimics could address all 
of these issues and create new, high-value products for a range of industries. This presentation will 
develop platform chemistries to mimic some of the complex mechanisms of enzymes. Specifically, this 
work will develop self-assembled macromolecular mimics of hydrolytic enzymes. 
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Pinning of the contact line and gas oversaturation explain the stability of single surface nanobubbles 
[1]. Complementing our prior theoretical work on this issue [2], here we give numerical evidence through 
MD simulations [3]. In addition, we theoretically show that the pinning also suppresses the Ostwald 
ripening process between neighboring surface nanobubbles [4], thus explaining why in a population of 
neighboring surface nanobubbles different radii of curvature of the nanobubbles can be observed. 
Again, the theoretical results are supported by those of MD simulations. 

[1] D. Lohse and X. Zhang, Surface nanobubble and surface nanodroplets, Rev. Mod. Phys. 87, 981 
(2015).   

[2] D. Lohse and X. Zhang, Pinning and gas oversaturation imply stable single surface nanobubble, 
Phys. Rev. E 91, 031003(R) (2015). 

[3] S. Maheshwari, M. van der Hoef, X. Zhang, and D. Lohse, Stability of Surface Nanobubbles: A 
Molecular Dynamics Study, Langmuir 10.1021/acs.langmuir.6b00963 (2016). 

 

[4] B. Dollet and D. Lohse, Pinning Stabilizes Neighboring Surface Nanobubbles against Ostwald 
Ripening, Langmuir 10.1021/acs.langmuir.6b02136 (2016). 
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Surface nanobubbles exhibit a number of unusual properties that have so far eluded explanation, such 
as a remarkably long lifetime and unusually small contact angles. Although these properties are yet to 
be explained satisfactorily, there is already a growing theoretical and computational consensus that the 
key to any answer should lie in the apparently strong force that pins a nanobubble to its substrate. This 
pinning force has not been measured before, despite attempts to subject nanobubbles to invasive forces 
or to measure an effective line tension on nanobubbles. Here, surface-attached nanobubbles are pulled 
with an atomic force microscope tip while their mechanical responses are simultaneously observed with 
total internal reflection fluorescence microscopy (TIRFM). By modelling the neck pulled from the bubble 
as a free energy surface, we estimate that a force per unit length of ~50 mN/m is required to trigger the 
unpinning, in fair agreement with the lattice density functional theory calculations by Liu et al (J. Chem. 
Phys. 140, 054705 (2014).). The maximum pulling force is limited by the stability of the neck pulled from 
the bubble and is greatly enhanced by the use of a hydrophobic AFM tip. 
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The dynamic equilibrium model for a bulk nanobubble (an ultrafine bubble) partly covered with 
hydrophobic material is studied theoretically and numerically [1]. Gas diffuses into a bubble near the 
peripheral edge of the hydrophobic material attached on the bubble surface. It balances with the gas 
diffusion out of a bubble from the other part of the uncovered bubble surface. It is shown that the model 
satisfies both the first and the second laws of thermodynamics. It is numerically shown that a bulk 
nanobubble could be stable when the fraction of the surface coverage by hydrophobic material is more 
than 0.5. The stable size of a bulk nanobubble changes with the liquid temperature and the degree of 
gas saturation of water. It is also suggested that aggregates of bulk nanobubbles could be present in 
the actual experiments. 

 

[1] Yasui, K.; Tuziuti, T.; Kanematsu, W.; Kato, K. Langmuir (in press),  DOI: 
10.1021/acs.langmuir.5b04703 
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Regulating formation and growth of microscopic bubbles at solid-liquid interfaces is essential in many 
physical, chemical and catalytic processes. The growth of bubbles in a group is influenced by the 
neighbouring bubbles as well as the overall gas concentration in the 
system. In this work, we have investigated the growth of multiple 
microbubbles on highly ordered hydrophobic microcavity arrays, seeded by 
pre-existing gas pockets trapped inside the cavities. A pulse of gas 
oversaturation at an extremely low level was supplied by solvent exchange. 
Our results show that the distance between the seeding air pockets has 
significant effects on the location, number density and size of bubbles on 
the array. With closely spaced microcavities, growing microbubbles self-
organized into symmetric patterns. Their growth rate was enhanced at the 
corners and edges of the array, and interior bubbles dissolved due to the 
competitive growth. By contrast, no symmetric patterns were observed 
when the space between the microcavities was large. The findings reported 
in this work provide important insights into solvent exchange and collective 
interactions in the formation of surface nanobubbles. 
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microbubbles on 
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Addressing the challenges facing current society requires creative use of techniques, materials and 
approaches on the nanoscale and beyond. We have focussed efforts on anilines, looking beyond their 
well-known conductive properties for solutions to a range of challenges facing the nanosciences and 
wider society.[1] Novel use of modern cross-coupling approaches to the synthesis of aniline-based 
materials allow us to exploit the conjugated N-containing (and thus dopable) backbone structures as 
well as the tuneable redox and optical properties. 

Applying such reactions for the formation of conjugated microporous polymers provided routes to 
efficient and highly selective CO2 capture, with obvious environmental impact and applications. These 
materials also show exceptional I2 uptake properties (>300 wt%), making them promising candidates 
for application in nuclear waste management.[2] 

Using 2-photon polymerisation-based direct laser writing (DLW), finely controlled 3D-printed conjugated 
structures can be prepared.[3] The ability to print redox-active addressable periodic 3D structures 
enables the formation of actively tuneable photonic structures.  We show that simple acid-base 
chemistry enables reversible switching of the refractive index of such structures, with negligible 
corresponding dimensional changes. 

Finally, to exploit the tuneable nature of these functional aniline-based materials, we prepared and 
investigated the supramolecular organisation of an oligo(aniline)-based cationic surfactant into self-
assembled nanowires in solution.[4] Using the dopable nature of these electroactive tail groups, we can 
now actively tune their packing parameter, and thus the assembly of these novel electrostatic supra-
amphiphiles in a reversible fashion. 

These results highlight novel solutions to current challenges faced in the broader chemical sciences. 

References: 

1) C. F. J. Faul, Acc. Chem. Res. 2014, 47, 3428;  2a) Y. Liao et al.,  Chem. Commun. 2014, 50, 8002; 
b) Y. Liao et al., Macromolecules 2016, 49, acs.macromol.6b00901; 3) Y. Y. Hu et al., submitted 2016; 
4) O. A. Bell et al., J. Am. Chem. Soc. 2015, 137, 14288 
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The control over metallic nanoparticle morphology gained increasing significance with respect to 
tailoring localized surface plasmon resonances. To get a reproducible Au-nanorod synthesis in high 
quality, the widely used ascorbic acid is replaced by an excess of hydroquinone. As a weaker reducing 
agent, this influences the growth kinetics of the building nanorods considerably. The combination of 
microfluidics with microfocus X-ray diffraction enables time-resolved experiments providing direct in-
situ structural information. Specially developed microfluidic chips are used to mix the reaction solutions 
fast and efficiently, such that only homogeneous growth occurs. The growth kinetics and structural 
evolution of nanoparticles can then be easily followed in situ by microbeam SAXS and WAXS as well 
as UV/Vis-spectroscopy using lab-based X-ray setups. 

We studied the seeded growth of Au-nanorods regarding the influence of variation the precursor 
concentration and solvent composition on reaction kinetics. For fast mixing of the solutions, they were 
pumped with a high precision syringe pump through a PDMS-based microfluidic device into a quartz 
capillary, which enables the tracking of the structural evolution at the nanoscale and the evolution of 
optical properties simultaneously. A continuous, well-reproducible and size-controlled preparation of 
uniform Au-nanorods with different sizes and aspect ratios could be investigated, which creates new 
opportunities for the on-demand on-site preparation of tailored nanostructures advantageous for 
applications in science, medicine and industry. 
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While incredible advances have been made in the synthesis of nanometer-scale objects with controlled 
optical and electronic properties, organizing such nanoparticles into extended structures that could 
revolutionize technology remains a challenge. Recently, there have been extensive efforts to assemble 
nanorods into compact monolayers with the rods aligned perpendicular to a substrate or to the plane of 
a membrane (see middle Fig.), due to the potential use of such structures in water purification, sensing 
and solar energy capture. Such assembly, however, has proved difficult to achieve reproducibly as the 
monolayer structure can often only be accessed kinetically, e.g. via 
electrophoresis or drying-mediated assembly [1]. 

The synthesis of matchstick rods, however, has opened up new possibilities for 
tuning assembly [2]. Similar to Janus particles, these rods (top Fig.) have one 
end that differs chemically from the rest of the particle. In this work we use coarse-grained Monte Carlo 
simulations to characterise the phase behaviour of matchstick rods in the 
presence of a solid-liquid interface and show that a subtle balance between rod-
rod and rod-substrate interactions determines whether nucleation and growth of 
assemblies occurs with the rods oriented parallel (bottom Fig.) or perpendicular 
to the interface. We find that both surface smectic and crystal phases can form, 
and that formation of the perpendicular monolayer structure is thermodynamically 
stable for these particles over a wide range of parameter space, including 
changes in the rod aspect ratio and the length- and orientation-dependence of 
the rod-rod and rod-substrate interactions. 

[1] Baker, J. L et al. Nano Lett. 2010, 10, 195–201. 

[2] Sadtler, B. et al. J. Am. Chem. Soc. 2009, 131, 5285–5293. 
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We use molecular dynamics simulations to study the dynamics of Janus particles, micro- or 
nanoparticles that are not spherically symmetric, in the uniform flow of a simple liquid1. In particular, we 
consider spheres with an asymmetry in the solid-liquid interaction over their surfaces and calculate the 
forces and torques experienced by the particles as a function of their orientation with respect to the 
flow. We also examine particles that are deformed slightly from a spherical shape. We compare the 
simulation results to the predictions of a previously introduced theoretical approach, which computes 
the forces and torques on particles with variable slip lengths or aspherical deformations that are much 
smaller than the particle radius. We find that there is good agreement between the forces and torques 
computed from our simulations and the theoretical predictions, when the slip condition is applied to the 
first layer of liquid molecules adjacent to the surface. 
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Classical rheological measurements reveal information on macroscopic material properties, typically as 
a function of temperature. The combination of other techniques, e.g. microscopy, pressures, 
mechanical analysis, etc. with rheological measurements have become more popular in recent years. 
We classify these methods into three main categories. 

The first encompasses techniques providing additional structural information, e.g. microscopy or light 
scattering. Since the mechanical properties of materials strongly depend on the microstructure, 
information on a microscopic scale is often valuable for a better understanding of the rheological 
behaviour. The second category includes all systems in which the rheological behaviour is studied as 
a function of an environmental parameter, such as pressure or humidity. The third category uses special 
geometries to transform the rotational or axial movements of the rheometer into different types of flow 
conditions. These geometries impose mechanical loads in different orientations onto various sample 
types. 

The aim of this paper is to describe new technologies for colloidal and interfacial applications including 
Rheo-microscopy, Rheo-SALS, Rheo-SANS, and Rheo-SAXS techniques. Measurement results and 
examples will also be presented. 
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Microscale Yielding of Cellulose Fiber Gels 
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Yield stress fluids are a unique class of non-Newtonian fluids that behave as a solid below a critical 
stress but flow above it. Suspending colloidal particles with attractive interactions to form a network is 
a common way to impart a yield stress to a fluid. Large aspect ratio cellulose nanofibers are able to a 
form poroelastic network at low volume fractions via aggregation and entanglement.1 Such sparse fiber 
network can dissipate stress more efficiently then non-interacting higher volume fraction glasses 
through restructuring.2 Yielding behavior can thus strongly depend on the fluid microstructure type. 

In our study, a new active microrheology technique is developed and applied to study deformation and 
yielding of weak cellulose fiber gels. The gel micro suspension stress is around ten times larger than 
its bulk. Also, the critical suspension stress of gel can be a strong function of the structural deformation 
rates because of localized network restructuring, as observed by confocal imaging. Increased fiber 
density and alignments were found at low strain rates. Understanding the mechanism of strain- and 
length-scale dependent yielding will enhance our ability to formulate, model, and design complex fluids 
with novel performance. 

(1) Solomon, M. J.; Spicer, P. T. Soft Matter 2010, 6 , 1391. 

(2) Rich, J. P.; Lammerding, J.; McKinley, G. H.; Doyle, P. S. Soft Matter 2011, 7 (21), 9933 
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Ultrafast Agglomeration of Hydrophobic Particles 

Kevin Galvin, Daniel Borrow, Kim van Netten 

University of Newcastle, Callaghan, NSW, Australia 

The mining industry has relied upon froth flotation for more than a century to recover and concentrate 
high value hydrophobic particles. With declining grades, and the need to recover ever finer particles, 
there is a need to consider new options that are faster and more efficient. 

We report on a new method for selectively agglomerating hydrophobic particles, utilizing a high-internal-
phase water in oil emulsion as the binder, achieving an order of magnitude reduction in the dose of oil 
needed compared to conventional oil agglomeration. The agglomeration is ultrafast, arguably 100 times 
greater than froth flotation, requiring as little as 3 seconds under batch conditions and well below 1 s 
under plug flow conditions. 

Almost complete recovery of the hydrophobic particles can be achieved. Moreover, we observe no 
particle size selectivity, meaning the agglomeration kinetics of the sub-micron particles is as high as for 
particles larger than 100 microns. We show the required oil dose increases linearly with the specific 
surface area of the particles, resulting in a thin film of the oil over the particle surface. 

Our binder consists of tightly packed drops of water, with a Sauter mean of approximately 3 microns, 
stabilised by thin films of oil and emulsifier, approximately 30 nm thick. The microstructure of the binder 
is directly responsible for the observations described. While the hydrophobic force is likely to play a key 
role, we explain how a novel close-range and long-range mechanism is also needed to properly explain 
the research findings. 
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Detachment of bubbles from electrode surfaces is impeded by redox electron transfer 

Drew Parsons 
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The appearance of gas bubbles at electrode surfaces affects the efficiency of electrolytic processes 
such as metal refining by electrowinning. A traditional DLVO style analysis of the force between bubble 
and electrode anticipates detachment of bubbles due to a repulsive air-water-metal van der Waals force. 
But until recently a DLVO-style theory of surface forces was not available for redox systems involving 
electron transfer between electrode and electrolyte. 

A theory of redox surface forces is now available [1,2]. It shows that a significant contribution to the total 
force arises from the nonelectrostatic physisorption energies of the electrolyte species involved in the 
redox reaction. Significantly, the magnitude of the nonelectrostatic redox contribution depends not on 
electrolyte concentration but on the magnitude of the electrode charge (that is, the amount of redox 
electron transfer that has occurred). Different regimes of bubble detachment from a charged electrode 
can thus be found, depending on whether electron transfer does (redox electrode) or does not 
(supercapacitative electrode) take place. 

A comparison of the two regimes can be made by taking an Fe2+ electrolyte for the redox case with 
electron transfer, converting Fe2+ to iron, and Ca2+ for the supercapacitative case without electron 
transfer. Fe2+ and Ca2+ are otherwise nearly identical, in size, polarisability and hydration. The redox 
(Fe2+) force between an air bubble and a gold electrode surface is found by theory to be attractive at 
close range (<2nm in 0.1M electrolyte), thereby impeding detachment, where the supercapacitative 
(Ca2+) force remains repulsive. 

[1]  D. F. Parsons, The impact of nonelectrostatic physisorption of ions on free energies and forces 
between redox electrodes: ion-specific repulsive peaks, Electrochimica Acta 189 (2016) 137-146. 

[2]   D. F. Parsons, A. Salis, Hofmeister effects at low salt concentration due to surface charge transfer, 
Current Opinion in Colloid & Interface Science 23 (2016) 41-49. 
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The electric and electrochemical performance of nano bubble (NB) in pure water, is reported herein. 
Recently, NB has found applications in various fields, However, the detailed mechanism underlying the 
performance of NB is not known, although the relevance of ions (proton and hydroxide ion) in solution 
has been discussed. Therefore, we investigated NB through electric and electrochemical 
measurements. First, we conducted a preliminary experiment in an nano bubble generator and a 
measuring device for the concentration of nano-particles. We also measured the electrical conductivity 
and found that the amount of flowing gas and the gas species did not influence the NB concentration. 
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Recent experimental measurements showed that there exist a population of nanobubbles with different 
curvature radii, while both computer simulation and theoretical analysis indicated that the curvature radii 
for different nanobubbles should be the same at a given supersaturation. To resolve such inconsistency, 
we perform molecular dynamics simulations on surface nanobubbles that are stabilized by 
heterogeneous substrate in either geometrically heterogeneous model (GHM) or chemically 
heterogeneous model (CHM), and propose that the inconsistency could be ascribed to the substrate-
induced nanobubble deformation. We find that, as expected from theory and computer simulation, for 
either GHM or CHM there exist a universal upper limit of contact angle for the nanobubbles, which is 
determined alone by the degree of supersaturation. Through analyzing the shape evolution of 
nanobubbles as a function of the liquid-solid interaction, two different origins of nanobubble deformation 
are identified. For the GHM that the contact line is pinned by surface roughness, variation in the liquid-
solid interaction only changes the location of contact line and the measured contact angle, without 
causing the change of the nanobubble curvature. For the CHM, however, the liquid-solid interaction 
exerted by the bottom substrate can deform the vapor-liquid interface, resulting in variation of both the 
curvature of vapor-liquid interface and the contact angle. 
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Hospital acquired infections are increasing. Many of these associated with biomaterials (e.g. catheter 
cannula or implant devices). Of great concern is antibiotic use, intended to eliminate biofilm-related 
infections, is ineffectual and may contribute to the development of antimicrobial resistance. New 
strategies for combating microbial biofilms on surfaces are needed. 

Surface coatings that present physically immobilized antimicrobial agents could have many advantages 
in preventing biofilm formation. In order for these benefits to be clinically realised, we have identified 
three key questions which could predict success or failure to translate. 1) Can one prove that agents 
are covalently bound to the surface? 2) Does surface protein fouling conceal immobilized agents? 3) 
Can modified surfaces be sterilized prior to implantation without losing activity? 

To answer these questions, we have evaluated antimicrobial materials using detailed surface analysis 
and in vitro biological assays. We found that XPS and ToF-SIMS analysis show that physisorption of 
antibiotic agents could explain how some materials likely act through an unintended drug release 
mechanism. We also present data on the effect of protein fouling and autoclaving on the biological 
activity of surface coatings. Our study provides important insights into the design of anti-infective 
surfaces and, more generally, a broader understanding of bioconjugation reactions for modifying 
biointerfaces. 
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Understanding and controlling the interaction between triglyceride molecules and pancreatic lipase is 
of fundamental importance for the rational design of new functional foods and drug formulations. 
However, the mechanism of lipase action is a complex, interfacial process with significant conjecture in 
literature regarding parameters that influence catalytic activity. Strategic investigations were performed 
to analyse the interplay between key material characteristics and lipolysis kinetics by fabricating novel 
particle-lipid hybrid systems with controlled nanostructures and surface chemistries. Several important 
factors contributing to enhanced or inhibited lipase activity were identified: (i) the interfacial surface area 
of lipid modulates the interaction between lipase and the lipid substrate; (ii) a pore size slightly larger 
than the molecular diameter of lipase is optimal for catalytic activity; (iii) adsorption of lipase molecules 
to hydrophilic silica promotes exposure of catalytic domains away from the silica surface, enhancing 
lipase-mediated digestion kinetics; while adsorption to hydrophobic silica hindered conformational 
changes to lipase molecules and retarded lipolysis; and (iv) the interference effect of digestion products 
was significantly reduced in porous silica due to the electrostatic repulsion between the negatively 
charged digestion products and the silica surface. These findings can be harnessed to control the 
uptake of fat and bioactive lipophilic molecules into the bloodstream. 
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Hydrogels have similar properties to human tissue and extensively applied in biomedical applications 
such as tissue regeneration or wound healing. The integration, or even replacement, of human tissue 
with hydrogels remains challenging due to the complexity of the native cell environment. A greater 
understanding of the mechanical properties of hydrogels in liquid and their behaviour in response to 
ionic gradients and electrical fields, which are stimuli present in the native tissue environment, is also 
important for the further development of these materials. 

Here, we quantify the nanoscale and molecular-level properties of Gelatin Methacrylate (GelMA), which 
is a hydrogel rich in collagen and photo-crosslinkable to provide suitable materials for supporting cell-
based applications. In-situ Electrochemical-Atomic Force Microscopy (EC-AFM) is used to investigate 
changes in the GelMA nanomechanical properties, including Young’s modulus and actuation, as a 
function of electrical stimulation that “pumps” electrolyte ions in and out of hydrogel. In addition, we 
attempt to relate the hydrogel properties to their interactions with human neural stem cells. 
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Direct measurement of surface forces between materials requires that the surfaces are prepared in a 
suitable geometry with minimal surface roughness. For this reason, very few direct surface force 
investigations of mineral oxide surfaces have been reported as they generally cannot be prepared in a 
suitable form. Recently, Atomic Layer Deposition (ALD), a process whereby a film of material is grown 
in a layer by layer fashion onto a substrate has been successfully employed in surface force 
measurement. We have produced extremely smooth ALD hafnium oxide films with properties 
representative of bulk phases. Once these surfaces were characterized by numerous techniques the 
Atomic Force Microscope (AFM) was used to measure the surface force which had not been previously 
investigated. At pH values away from its isoelectric point (IEP), it was found that the forces remained 
repulsive up until contact and no van der Waals attraction was present1. This result disagrees with the 
DLVO theory which predicts that the van der Waals attraction should be observed at small separation 
at all values of the pH studied in this project. This absence of an attraction was also previously observed 
in the surface force between titanium oxide surfaces and it cannot be explained by the DLVO theory or 
by the presence of hydration forces. A recently developed method2 of incorporating surface roughness 
into DLVO theory has successfully explained the repulsive forces measured at small separations. 

References 

1. Eom, N., Walsh, R. B., Liu, G., Parsons, D. F., Craig, V. S. J.; Surface forces in particle technology : 
Wet systems. Procedia Engineering 2015, 102, 24-34. 

2. Parsons, D.F., Walsh, R.B., and Craig, V.S.J.; Surface forces: Surface roughness in theory and 
experiment, J.Chem.Phys., (2014), 140, 164701. 
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The influence of shape and composition anisotropy on the diffusion and interaction of nanoparticles in 
solution is poorly understood. Existing surface force measurement and microscopy techniques are 
generally optimised to study systems of isotropic particles (viz. homogeneous spheres), and cannot 
provide the spatiotemporal resolution required to capture the dynamics of individual anisotropic 
nanoparticles as they move and rotate. This is problematic in application areas such as drug delivery 
and the self-assembly of nanoscale building blocks into mesostructured materials, since orientation 
effects are known to be important but experimental data is severely limited. Our recent work has been 
focused on extending an evanescent-field scattering technique known as total internal reflection 
microscopy (TIRM) in order to observe these orientation effects. In a conventional TIRM apparatus, the 
intensity of light scattered by a colloidal nanosphere is used to measure position with nanometre 
resolution at millisecond timescales. By incorporating additional light fields and constructing a theory to 
interpret spatially correlated scattering signals, the instrument we have developed retains the high 
spatiotemporal resolution of TIRM while also tracking up to three additional angular dimensions to 
account for each of a nanoparticle’s non-degenerate rotational degrees of freedom (i.e. pitch, yaw and 
roll). This talk will outline our development of anisotropic TIRM, and present the first measurements 
arising from its use in observing the diffusion of individual zinc oxide nanorods near an interface. 

 



OC090 

Inter-Particle Friction and Suspension Rheology 

Anthony Stickland, Tiara Kusuma, Raymond Dagastine 

The University of Melbourne, Parkville, VIC, Australia 

Concentrated particulate suspensions such as paints, sludges and slurries typically show non-
Newtonian rheology including solid-like behaviour prior to yielding and shear-rate dependent thinning 
and thickening in flow.  Recent advances to particle-scale models have shown that inter-particle friction 
may be the missing piece to predicting this complex behaviour.  In order to validate this requires three 
steps: 1) direct measurement of inter-particle friction; 2) particle-scale prediction of bulk behaviour using 
the measured friction; and 3) comparison with bulk rheological measurements. 

This work presents a new method to directly measure inter-particle friction in which one particle is 
attached to an AFM cantilever and then moved over another particle that is stuck to a substrate. The 
normal and lateral deflections of the cantilever relative to the surface are measured and converted to 
the axial and friction forces relative to the particles.  The frictional behaviour of silica particles has been 
examined in deionized water, 1 and 10 mM NaNO3, and in the presence of surfactant CTAC, above 
and below the CMC.  There was no difference in friction with salt, indicating no electrostatic repulsion, 
and the addition of surfactant reduced the friction.  Our analysis shows that a single friction coefficient 
is not enough to describe the results.  Whilst this may make life difficult for the theoretical physicists, it 
does provide a complete set of inter-particle friction and bulk rheology for model validation. 

 



OC091 

Sizing up ultrafine bubbles 

Åsa Jämting, Victoria Coleman, Jan Herrmann 

National Measurement Institute Australia, Lindfield, NSW, Australia 

As the interest in applications utilising ultrafine bubble technology increase, the characterisation of these 
systems becomes more important. Properties such as size, surface charge and number concentration 
can be measured using techniques traditionally applied to particle characterisation. Here we present an 
overview of some of the more suitable approaches to both sizing and number concentration 
measurements. The benefits and limitations associated with each example are discussed. 

Dynamic light scattering (DLS), particle tracking analysis (PTA) and resonant mass measurement 
(RMM) are the three most commonly applied techniques for the characterisation of ultra-fine bubbles in 
liquid. RMM is a particularly attractive technique for ultrafine bubble characterisation as it allows bubbles 
to be differentiated from particles, based on their buoyant mass (i.e. bubbles float in water whereas 
particles sink). Here, we present the different techniques and use mono- and multi-modal dispersions 
of nanoparticles to highlight their capabilities such as accuracy, detection limit and resolution. 

 

 

 

 

 

 

 

Figure 1. A bi-modal silica sample is used to test the size resolution between different measurement 
techniques. The graphs show results from measurements using DLS (left; intensity-weighted) and PTA 
(right; number-weighted). 
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Nanobubbles at solid/water interface, often called surface nanobubbles or interfacial nanobubbles 
(INBs), have attracted much attention because of their potential implications for various interfacial 
phenomena and technical applications [1,2]. To date, most studies have focused on why INBs exhibit 
high stability and why they adopt a rather flat morphology. Although several models have been 
proposed to explain the high stability, no consensus has been reached. In addition, the nature of INBs 
remains highly debated. Another fundamental but rarely addressed issue is the mechanism by which 
INBs nucleate at hydrophobic/water interfaces. Here, we used advanced atomic force microscopy 
(AFM), frequency-modulation and PeakForce modes, to investigate the initial formation of gas-
containing structures at the interface between water and highly ordered pyrolytic graphite (HOPG). In 
the very initial stage, a fluid phase first appeared as a circular wetting layer ~0.3 nm in thickness and 
was later transformed into a cap-shaped nanostructure (an INB). Two-dimensional gas-containing 
ordered domains [3,4] were nucleated and grew over time outside or at the perimeter of the fluid regions, 
eventually confining growth of the fluid regions to the vertical direction. We determined that INBs and 
fluid layers have very similar mechanical properties, suggesting low interfacial tension with water and a 
liquid-like nature, explaining their high stability and their roles in boundary slip and bubble nucleation. 
Our observations suggest that the ordered domains may be the interfacial hydrophilic gas hydrates 
and/or the long-sought chemical surface heterogeneities responsible for contact line pinning [2,5]. The 
gradual nucleation and growth of hydrophilic ordered domains renders the original homogeneous 
hydrophobic/water interface more heterogeneous over time. Scenarios are proposed to explain the 
evolution of the interfacial structures of gases. 

[1] V.S.J. Craig, Soft Matter 7, 40 (2011). 

[2] D. Lohse. & X. Zhang, Rev. Mod. Phys. 37, 981 (2015). 

[3] Y.-H. Lu, C.-W. Yang, and I.-S. Hwang, Langmuir 28, 12691 (2012). 

[4] Y.-H. Lu, C.-W. Yang , C.-K. Fang, H.-C. Ko, I.-S. Hwang, Sci. Rep. 4, 7189 (2014) 

[5] C.-K. Fang, H.-C. Ko, C.-W. Yang , Y.-H. Lu, I.-S. Hwang, Sci. Rep. 6, 24651 (2016). 
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Extreme hydrodynamic conditions in cavitating systems can be achieved in a wide range of 
heterogeneous systems. Cavitation energy can be dissipated via interparticle collisions and via bubble 
collapse near / at liquid-solid interfaces. It is important that together with shock heating cavitation drives 
the shear stress on solids. 

In order to elucidate cavitation driven processes in solids we used heterogeneous AlNi alloys [1]. The 
analysis of the kinetics of crystal growth shows, that the crystallite sizes of the intermetallic phases in 
AlNi alloys non-monotonously depends on treatment time (Figure 1) [2]. These very interesting results 
raise questions about the mechanism of non-monotonous changes of crystal sizes vs. time of cavitation 
impact, especially from the aspect of dissipative systems. 

It is possible that the interdependence between crystalline surfaces and nucleation of cavitation bubbles 
leads to self-organization in solids. However, the discrepancy between the time-scale of periodic 
bubbles collapse and oscillation of the grain size remains an important question. 

 

Figure 1. Non-monotonous dependence of the crystallite size on sonication time in AlNi alloys [2]. 

We demonstrate that propagation of cavitation generated huge temperature gradients in solids lead to 
crystal growth and formation of materials with compositional gradient. Shear stress at liquid-solid 
interfaces causes dislocations and the formation of new grain boundaries and, thus, leads to a decrease 
in the size of grains. 

In order to study cavitation near surfaces we directly imaged the bubble growth by a high speed camera 
coupled with a microscope. We realized a strong dependence on the vapour pressure of the liquid and, 
most importantly, a growth till collapse within one ultrasonic cycle. This contradicts the conventional 
rectified diffusion model and will be discussed more quantitatively. 

[1] Cherepanov, P. V.; et al., Green Chem. 2015, 17, 2745-2748. 

[2] Cherepanov, P. V.; Kollath, A.; Andreeva, D. V. Ultrason. Sonochem. 2015, 26, 9-12. 
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It has long been known that biological inert gases play important roles in the biological functionality of 
proteins. But their biological effects are still very hard to be understood since those gases are very 
chemically stable and have a very weak physical absorption on biological tissues. Here, combining 
experiments and molecular dynamics (MD) simulations we show that the aggregation of those inert 
gases near the hydrophobic active cavity of pepsin should be the origin of deactivation of protein. Micro 
X-ray fluorescence spectra shows that pepsin solution can contain high concentration of Xe or Kr after 
gassing and the gas concentrations decrease quickly with the degassed time. Biological activity 
experiments indicate the reversible deactivation of protein while inert gases gassing and degassing. 
Further, MD simulations indicate that gas molecules can aggregate into bubble shape and occupy the 
hydrophobic active cavity of pepsin, suggesting their reduction ability of the biological function. The 
findings in this work provide fundamental insights into the function of inert gases in biological systems. 
It may be also important for understanding the roles of other hydrophobic gases that can aggregate on 
the hydrophobic residues of the biomolecules. 
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a facile way for robust coatings to immobilize antifungals 
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Fungal infections are an underestimated killer, being the fourth leading course of hospital-acquired 
bloodstream infections1; even worse, systemic infections, candidiasis, have mortality rates of up to 
40%.2 Fungi prove to be formidable foes, partly due to being eukaryotic like human cells and partly due 
to their polymorphic adaptability, arguably making them harder to fight than bacteria. This struggle is 
further exacerbated due to the small pool of antifungal drugs of which many can’t be administered 
systematically due to their toxicity to the host.3 All these aspects taken together call for a shift in 
paradigm where these cytotoxic drugs are covalently tethered onto surfaces to prevent fungal 
colonization without the drug leaching into the host. This tethering, however, requires to be adjustable 
in length and chemical nature to reach important cell wall and membrane targets protected by a very 
thick cell envelope. Surface initiated ARGET-ATRP is a well-controlled polymerization process which 
has the flexibility and precision to control the tether but requires the use of laborious chemistry to install 
the ATRP initiator.4 In contrast, we hereby report the use of an industrial grade process, plasma 
polymerization, to generate a thin and well adherent covalent coating which then is further used to 
immobilize an ATRP initiator. This coating is then used to grow poly-(Hydroxyethyl)methacrylate 
(pHEMA) in air via surface initiated ARGET-ATRP up to thicknesses of 100nm. Despite the non-fouling 
properties of pHEMA, pathogenic C. albicans can colonize these surfaces within 24h which is why, for 
proof of concept, they were further modified to attach the antifungal drug caspofungin. In contrast, 
caspofungin modified surfaces reliably resist fungal attachment and colonization. This novel 
combination of non-classical plasma polymerization and ARGET-ATRP holds the promise to provide a 
platform for novel antifungals or “rediscovering” off-patent or toxic antifungal drugs as surface active 
agents to prevent implant associated fungal infections. 

(1) Brown, G. D.; Denning, D. W.; Levitz, S. M. Science 2012, 336, 647. 

(2) Pfaller, M. A.; Diekema, D. J. Clinical Microbiology Reviews 2007, 20, 133. 

(3) Dixon, D. M.; Walsh, T. J. In Medical Microbiology 4th edition; S, B., Ed. University of Texas   
Medical Branch at Galveston, 1996. 

(4) Barbey, R.; Lavanant, L.; Paripovic, D.; Schuwer, N.; Sugnaux, C.; Tugulu, S.; Klok, H. A. 
Chem. Rev. 2009, 109, 5437. 
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  Brush-like polymers are commonly found in nature at biological interfaces.  They function by providing 
barrier and protective properties. This presentation considers the role of weak interactive forces 
between side chains that contribute to the unique mechanical/rheological properties of brush-like 
polymer films. We illustrate their properties through characterisation and analysis of the rheological, 
tribological and surface behaviour of two biopolymer systems: mucilage polysaccharides found at the 
surface of roots and seeds of plants, and animal mucin glycoproteins that operate at mucosal 
membranes. 

  Plantago seed mucilage predominately consists of brush-like arabinoxylan. We find that these unique 
polysaccharides form a weak physical gel through interactions between side chains.  Small changes in 
the structure and distribution of the side chains along the backbone is found to have profound impact 
on viscoelastic properties, which we consider to influence seed germination by modulating water 
transport at seed interfaces. 

  Mucosal membranes predominately consist of brush-like mucin glycoproteins. Mucins form gel-like 
network structures that provide a barrier capable of entrapping particles and large polymer molecules, 
including dietary fibre polysaccharides. We find that hydrated neutral polysaccharides interact with 
mucin through attractive depletion forces, whereby water molecules deplete the zone where hydration 
shells of mucin and polysaccharide overlap. The resulting attraction leads to the shrinkage of the mucin 
mesh, which in turn slows diffusion. 

    These findings highlight the general principle; a big collective of side-chains can greatly amplify weak 
interactions leading to many wondrous mechanical, structural, and rheological properties of brush-like 
polymers. This may have implications on the functionality of mucins and mucilages, as well as other 
biological brushes such as glycosaminoglycans in extracellular matrix of animal tissues, and 
peptidoglycans and arabinogalactan proteins in bacteria and plant cell walls, respectively. 
Understanding and mimicking such phenomena may also lead to applications across biomaterial, 
pharmaceutical and food industries for modulating mucus secretion, tissue regeneration, 
mucoadhesion, oral hydration, and biolubrication. 
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Developing a Variety of Functional Surfaces by Plasma Polymerisation 
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Plasma polymerization modifies surfaces via the deposition of a thin film possessing specific functional 
groups. The organic monomer is introduced into the low pressure chamber as a vapour, fragmented 
via radio frequency and deposited onto all surfaces in contact with the plasma. Commonly used 
monomers such as octadiene, allylamine and acrylic acid enable the deposition of hydrocarbon, amine 
and carboxylic acid terminated surfaces respectively. A less commonly used monomer for plasma 
polymerisation is cineole which produces antibacterial surfaces. A variety of plasma polymerised 
coatings have been used to modify the surface of electrospun polystyrene fibers for wound dressings 
and flat substrates for supported lipid bilayers. The coated electrospun fibers were exposed to E. Coli 
bacteria which resulted in the highest proportion of live cells on the allylamine coated fibers while cineole 
coated fibers had only minor bacterial cell attachment. For supported lipid bilayers, acrylic acid coated 
surfaces could be used to form a variety of lipid structures while allylamine coated surfaces produced 
immobile vesicular layers. Antibacterial plasma polymerised cineole films were produced and exposed 
to both S. aureus and E. Coli bacteria which resulted in reductions in the number of bacteria by 63% 
and 99% respectively. Plasma polymerisation has shown to be a versatile technique that enables the 
modification of a variety of surfaces for a number of applications. 

 



OC098 

Comparative Antibacterial Performance of Black Silicon Surfaces 
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Black silicon is a synthetic nanostructured material, possessing high aspect ratio nanopillars on the 
surface, which is produced through anisotropic Reactive Ion Etching (RIE). Nanopillars form in a 
hierarchical pattern of clustered nanoprotrusions, similar to that of the wings of the dragonfly Diplacodes 
bipunctata. Bactericidal activity of the surface is a result of mechanical disruption of the bacterial cell 
membrane, leading to cell deformation and death. Current limitations for the fabrication of bactericidal 
black silicon surfaces lie with the unique character of each RIE machine. Ion-inhibitor RIE has been 
found to show inconsistency in the reproducibility of etch results for both the same machine and across 
different machines. Etch results regularly show a ‘randomness’ in the size, shape and spatial distribution 
of the nanopillar structures. 

Through optimisation of the fabrication parameters we aim to achieve reproducible antibacterial 
nanopatterns and comparatively evaluate the bactericidal black silicon surfaces in order to provide an 
overview of their efficacy as antibacterial materials and shed some light on the biocidal mechanism/s. 
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Interaction Forces between Silanated Silica Surfaces of Different Hydrophobicity 
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Despite the recent progress in understanding hydrophobic attraction, the origin and nature of the 
attraction have not been completely clarified so far. Particularly, the relationship between surface 
hydrophobicity and the forces acting on surfaces has not been fully understood. 

In this study, we have conducted force measurements between hydrophobic surfaces of different 
hydrophobicity using atomic force microscopy in order to investigate how surface hydrophobicity affects 
the resulting interaction forces. Silica particles and silicon wafers were hydrophobised with 
octadecyltrichlorosilane. Interactions between a hydrophobic particle with a contact angle of 108° and 
a silicon wafer with various hydrophobicity were evaluated. The force curves obtained between the 
hydrophobic particle and a completely hydrophilic silicon wafer fitted well to DLVO theoretical 
predictions, indicating that no additional forces were present between the surfaces. On the other hand, 
when the silicon wafer was slightly hydrophobised, with a contact angle of 40°, an additional attractive 
force which was longer-ranged than van der Waals attraction was observed between the surfaces. This 
suggests that, when one surface is highly hydrophobic, the hydrophobic attraction can occur even when 
the other surface is weakly hydrophobic. We also found that the range of the additional attractive force 
depends weakly on the contact angle, whereas the adhesion force steeply increases with increasing 
hydrophobicity of the wafer. 
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Mumbai, India, 4International Center for Theoretical Physis, Trieste, Italy 

The hydrophobic effect plays a central role in various self-assembly processes in the environment.1 
However, despite its importance, mechanistic understanding of the hydrophobic interaction is not 
entirely clear. For example, it is very common to describe the hydrophobic interaction with an 
exponential fit with an ad hoc decay length, DH ≈ 1 nm. 2 Other decay lengths have also been proposed.3 
4 We considered that an experimental investigation of hydrophobic interactions in heavy water (D2O) 
compared to water (H2O) could provide valuable clues, for example into the role of proton delocalization 
and isothermal compressibility5. To this end, we employed a surface forces apparatus to compare 
hydrophobic interactions between two extended perfluorodecyltrichlorosilane (FDTS) surfaces in H2O 
and D2O. Intriguingly, the hydrophobic interaction was found to be consistently lower in the heavy water 
compared to the ordinary water despite that fact that the oxygen-deuterium bond is more polarizable 
and the surface tensions of water and heavy water are almost identical under experimental conditions. 
To understand these unexpected results, ab initio calculations with nuclear quantum effects are 
underway and will be presented at the meeting along with the experimental results. 

1. (a) Sanchez-Iglesias, A.; Grzelczak, M.; Altantzis, T.; Goris, B.; Perez-Juste, J.; Bals, S.; Van 
Tendeloo, G.; Donaldson, S. H.; Chmelka, B. F.; Israelachvili, J. N.; Liz-Marzan, L. M., Hydrophobic 
Interactions Modulate Self-Assembly of Nanoparticles. Acs Nano 2012, 6 (12), 11059-11065; (b) 
Chandler, D., Interfaces and the driving force of hydrophobic assembly. Nature 2005, 437 (7059), 640-
647. 

2. Donaldson, S. H.; Royne, A.; Kristiansen, K.; Rapp, M. V.; Das, S.; Gebbie, M. A.; Lee, D. W.; 
Stock, P.; Valtiner, M.; Israelachvili, J., Developing a General Interaction Potential for Hydrophobic and 
Hydrophilic Interactions. Langmuir 2015, 31 (7), 2051-2064. 

3. Tabor, R. F.; Wu, C.; Grieser, F.; Dagastine, R. R.; Chan, D. Y. C., Measurement of the 
Hydrophobic Force in a Soft Matter System. J Phys Chem Lett 2013, 4 (22), 3872-3877. 

4. Ducker, W. A.; Mastropietro, D., Forces between extended hydrophobic solids: Is there a long-
range hydrophobic force? Curr Opin Colloid In 2016, 22, 51-58. 

5. Hummer, G.; Garde, S.; Garcia, A. E.; Pratt, L. R., New perspectives on hydrophobic effects. 
Chemical Physics 2000, 258, 349-370. 
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Boundary regularised integral method for Debye-Hückel model of colloidal and molecular 
electrostatic interactions 

Qiang Sun, Derek Chan 

The University of Melbourne, Melbourne, Australia 

Electrostatic interactions in colloidal and molecular systems are central to the role of areas ranging from 
biology, chemical engineering and material science. For general qualitative understanding, the Debye-
Hückel model or linearised Poisson-Boltzmann model has served as a start point that captures most of 
the physics. In this talk, we introduce a novel and robust boundary integral method for the Debye-Hückel 
model which analytically removes the mathematical singularities and solid angle that have been taken 
as intrinsic parts of the conventional boundary integral method. The method reflects the true non-
singular physical behaviour on boundaries of the colloidal and molecular systems. Also, compared to 
the traditional method, it offers the following benefits: (i) all surface integrals can be calculated 
accurately by quadrature, and no special numerical treatment, such as local coordinate transformation, 
is needed; (ii) high order elements and interpolation functions, for instance quadratic elements and 
interpolation functions, are readily to be used to represent the surface and approximate the calculation 
functions more accurately; (iii) a reliable way to solve multi-scale problems with extreme geometrical 
configurations in which different parts of the boundary can be close to each other; (iv) removing the part 
to handle singularities and solid angle in algorithms leads to savings in code efforts and reductions of 
coding errors. To illustrate these benefits, we show examples of electrostatic interactions from 
molecular systems to colloidal systems. 
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A Virtual Instrument to Standardise the Calibration of Atomic Force Microscope Cantilevers 
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The Atomic Force Microscope (AFM) is used widely in colloid and surface science to image surfaces 
and measure interfacial forces with atomic/molecular scale resolution. Users of the AFM often calibrate 
the spring constants of its cantilevers using functionality built into individual instruments. This calibration 
is performed without reference to a global standard, hindering the robust comparison of force 
measurements reported by different laboratories. Here, we describe a virtual instrument (an internet-
based initiative) whereby users from all laboratories can instantly and quantitatively compare their 
calibration measurements to those of others – standardising AFM force measurements – and 
simultaneously enabling non-invasive calibration of AFM cantilevers of any geometry. This global 
calibration initiative requires no additional instrumentation or data processing on the part of the user. It 
utilises a single website where users upload currently available data. A proof-of-principle demonstration 
of this initiative is presented using measured data from five independent laboratories across three 
countries, which also allows for an assessment of current calibration. 
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Microscopic droplets located on a solid substrate in contact with an immiscible liquid promise a broad 
range of applications in miniaturized analytical techniques, fabrication of antireflective coatings, high-
resolution near-field imaging techniques, and many others. A simple method of producing oil 
nanodroplets with desirable morphology is a bottom-up approach called solvent exchange, where 
nanodroplets nucleate and grow, as a good solvent of oil is displaced by a poor solvent. In our work, 
we have achieved the production of surface nanodroplets over a large surface area on planar or curved 
surfaces, guided by the principles of the solvent exchange. The droplet size is uniform over the entire 
surface of a planar or curved substrate and tunable. The production rate is extremely high at 10^6 
nanodroplets per second. This advance in the nanodroplet production provides a general platform for 
droplet-based applications. Here we demonstrate that the application of surface nanodroplets in 
microextraction of hydrophobic solute (dye) from its highly diluted aqueous solution and in situ detection 
of the dye in a simple process, and in fabrication of highly ordered array of microlens arrays and 
polymer-capped microstructures by simple processes. 
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Femtoliter Sessile Droplet-Arrays Formation by Solvent Exchange 
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Substrate droplet patterning is highly relevant to many fundamental studies in addition to a wide range 
of droplet-based applications. We demonstrate a bottom-up approach to arbitrary control of the size, 
morphology and positioning of femtoliter volume droplets in highly-ordered arrays on an immersed pre-
patterned substrate by solvent exchange [1]. Nucleation and growth of the droplets in the planar 
micropatterns on the surface are monitored in situ, which follows the constant contact angle mode and 
later transit to constant contact area mode. Significantly, we quantitatively show that the growth of those 
droplets can be tailored through the laminar flow of the solvent exchange. The Peclet number (Pe) of 
the flow condition determines the growth mode of growing droplets on the chemically patterned surface. 
The experimental results are in the good agreement with the analysis through our theoretical model that 
describes the dependence of the final droplet size on Pe [2]. In addition to providing insight into 
fundamental mechanism, the presented highly-ordered droplet arrays also have great potential for 
applications, such as droplet-based surface modification and light manipulation. 

[1] Bao, L.; Rezk, A. R.; Yeo, L. Y.; Zhang, X. Small 2015, 11, 330 4850−4855. 

[2] Bao,L.; Werbiuk Z.; Lohse D.; Zhang, X. 
J.Phy.Chem.Lett. 2016,7,6,1055-1059. 
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The Puzzling Existence of Nanobubbles in Aqueous Solution 
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The existence of bulk nanobubbles is controversial as they should dissolve on a timescale of 1- 100 µs, 
calculated through the use of a widely accepted theory of bubble dissolution1,2. Currently the existence 
of long-lived sub-micron bubbles in the bulk is not widely accepted. The aim of this work was to 
investigate if long-lived bulk nanobubbles could be produced and if so to characterize them, with the 
ultimate aim of understanding their stability. In this study, the presence of nitrogen nanobubbles 
generated by a chemical reaction has been investigated through the use of dynamic light scattering and 
nanoparticle tracking analysis, to observe their stability over time. Based on the chemical reaction (1) 
any particles generated should be gas filled bubbles 

NH4Cl(aq) + NaNO2(aq)            NaCl(aq) + H2O(l) + N2(g)        (1) 

Although, bulk nanobubbles represent a relatively new field, surprisingly, they already have applications 
in various areas, including surface cleaning3, and ultrasound imaging4. It is expected that the 
fundamental science outcomes from this study will enhance our understanding of nanobubbles. 

(1)  Epstein, P. S.; Plesset, M. S. J. Chem. Phys. 1950, 18 (11), 1505. 

(2)  Ljunggren, S.; Eriksson, J. C. Colloids Surfaces A Physicochem. Eng. Asp. 1997, 129-130, 151–
155. 

(3)  Zhu, J.; An, H.; Alheshibri, M.; Liu, L.; Terpstra, P. M. J.; Liu, G.; Craig, V. S. J. Langmuir 2016. 

(4)  Wheatley, M. A.; Forsberg, F.; Dube, N.; Patel, M.; Oeffinger, B. E. Ultrasound Med. Biol. 2006, 
32 (1), 83–93. 
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There is mounting evidence that the formation of a protein corona around engineered drug delivery 
vehicles is the primary determinant of their biological behaviour in vitro and in vivo, as this changes the 
particle’s ‘synthetic identity’ to a ‘biological identity’. Therefore, it is crucial to fully understand how 
particle design as well as the biological milieu influence this process. This understanding will facilitate 
predicting protein corona formation and composition and therefore bio-nano interactions. Furthermore, 
it will assist in the design of smarter drug delivery vehicles which take advantage of the adsorbed 
corona. 

In this study, we synthesize nanoparticles with different protein affinities to study their interactions with 
human serum and human blood under controlled flow conditions and compare them to conventional 
static incubation. Furthermore, comprehensive kinetic studies of protein corona formation are 
conducted. For all dynamic measurements, a well-defined microfluidic set-up is used, equipped with 
three-dimensional polydimethylsiloxane chips, which guarantees highly controlled fluid-flows. Corona 
composition is qualitatively and semi-quantitatively assessed by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and mass spectrometry. As particle systems, we use mesoporous silica particles as 
high-fouling material, zwitterionic poly(2-methacryloyloxyethyl phosphorylcholine) replica particles 
which consist of low protein-adhesive polymers, and silica-polymer hybrid particles as intermediate. 
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Amphiphilic carbohydrates play essential roles in biology as structural motifs for membrane support and 
function, and as mediators for cellular communication.1 These molecules are also of major industrial 
importance given their applications as detergents, wetting agents and emulsifiers.2 The self-assembly 
of naturally occurring and synthetic carbohydrate-based amphiphiles in water is well-documented and 
gives rise to micellar structures with diverse morphologies and useful properties.3 The ability to control 
the interfacial activity and self-assembly properties of glycoamphiphiles with an external stimuli provides 
exciting opportunities for controlling biomolecular recognition processes, and the development of 
vehicles for triggered release applications in organic synthesis, bio- and nanotechnology, and 
biomedical research.4 In the following presentation, we discuss the modular synthesis, 
photocontrollable interfacial activity and self-assembly properties of carbohydrate-based amphiphiles, 
including surfactants and cluster glycosides (dendrons) (Figure 1).5,6 We will also highlight the 
photocontrollable biological activity of these amphiphiles as potential light-addressable 
cryoprotectants7 and bacterial biofilm inhibitors.8 

 

 

 

 

 

Figure 1. 

[1] R. L. Schnaar, A. Suzuki, P. Stanley, in Essentials of Glycobiology, ed. A. Varki, 

[2] Ruiz, C. ed. Sugar-Based Surfactants Fundamentals and Applications. CRC Press, 2009.ISBN978-1-4200-5166-7. 

[3] a) Dane, D. L; Ballok, A. E.; O’ Toole, G. A.; Grinstaff, M. W. Chem. Sci. 2014, 5, 551. b) Q. Yang, in Engineered carbohydrate-
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The development of biosensors for continuous monitoring of biomarkers in biological environments is a 
key challenge1. Ion-selective polymeric nanoparticles (“optodes”) have emerged as sensitive and 
tuneable biosensors, using chromo/ionophores to generate analyte-responsive changes in 
fluorescence spectra in a dynamic and reversible manner. However, key limitations of these materials 
include leaching of reagents from the nanoparticles over time, combined with poor colloidal stability in 
biological fluids. 

Organosilica is a promising material for developing stable biosensors, allowing simple control over size, 
interfacial chemistry and porosity. This presentation will describe the development of a core-shell 
nanoparticle containing a mixture of covalently incorporated pH-sensitive (shell) and pH-insensitive 
(core) fluorescent dyes. Fluorescent analysis of the resulting nanoparticles reveal that the ratio of the 
fluorescent intensities is highly sensitive to pH over a physiological range. Anti-fouling polymers can 
also be coated onto the surface to reduce aggregation and biofouling. Here we will present our latest 
results focussed on using this particle as a pH sensor, including analysis of the response time, stability 
to leaching, and colloidal stability in protein and serum-containing fluids. 

1. Corrie, S. R. et al.,  Blood, sweat, and tears: developing clinically relevant protein biosensors for 
integrated body fluid analysis, Analyst, 2015, 140, 4350-4364 
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The electric current carried through a small orifice by ions in aqueous electrolyte can exhibit rectification, 
among other phenomena. This presentation will discuss such effects in relation to two experimental 
systems. The first is resistive pulse sensing (RPS, particularly tunable RPS [1]), in which a particle 
moving through a nanopore momentarily blocks the current. The resulting resistive pulse can provide 
information about the particle. The second is nanopipetting, in which the conductivity through a pipette 
is used to study materials near the opening – as in scanning ion conductance microscopy (SICM). The 
orifice surface charge plays an important role, and efforts to measure and control this charge will be 
described. The ionic current ultimately depends on various interacting effects, including electrophoresis, 
electro-osmosis, pressure-driven flow, and dielectrophoresis. Orifice geometries are also not 
straightforward, so finite element modelling (FEM) has been used [2] to calculate distributions of salt 
concentration and the electric field, for example (see Figure). 

 

        

Figure (from [2]): In tunable RPS, FEM models of pulses for different particle trajectories (left) are 
explained by the electric field (right) and salt concentration near the pore opening. 

[1] E. Weatherall and G.R. Willmott (2015). Analyst 140, 3318-3334. 

[2] E. Weatherall et al. (2016). Anal. Chem. doi:10.1021/acs.analchem.6b01818. 
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Ions of equal electrostatic charge affect the characteristics of their solutions in a specific manner, and 
this specificity is not included in the available theories of electrolytes and colloids. The trend of specific-
ion effects is the same across several measurable properties of electrolyte solutions and often orders 
according to the Hofmeister series. As electrolyte solutions are ubiquitous, the achievement of a 
comprehensive theory of specific-ion effects is of primary importance. Our focus is on ion-solvent 
interactions, and in particular on the role played by the solvent. We are conducting experiments in a 
range of polar nonaqueous liquids. Here we report the results of our studies in this area, including 
electrostriction and size exclusion chromatography. In this contribution, we also present a summary of 
the first review on specific-ion effects in non-aqueous solvents, which we recently concluded. Specific-
ion effects are observed in water as well as in non-aqueous solvents. The Hofmeister series is the most 
common, but not the only ordering of specific-ion effects found in water and non-aqueous solvents, and 
this calls for a reflection on the origins of these series. Also, no correlation emerges between specific-
ion effects and hydrogen-bonding ability of the solvent. The need for a larger number of comprehensive 
investigations in non-aqueous solvents is evident. Our work contributes to the present understanding 
and provides significant proving ground for theories of specific ion effects. The achievement of a general 
picture of specific-ion effect will ultimately work towards a better understanding of the most solvent 
that’s most relevant for our existence, water. 
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The pH-stat titration of the formation of an oil-in-water emulsion is strong evidence for the negative 
surface charge at the oil/water interface. A parallel determination of the surface  charge density of 
bubbles has not been reported, but the close similarity between the pH dependence of the zeta 
potentials of air bubbles and oil droplets indicates that the air/water interface is similarly charged. The 
presence of substantial charge in the double layer requires by the Gibbs Equation a significant reduction 
of the surface tension from that of an uncharged pristine interface. This means the accepted value of 
73 mN/m at 298 K is that of a charged interface. 

If the charge arises from the spontaneous adsorption of hydroxide ions then a pH dependence of the 
surface tension might be expected and the pH independent value used as a reference standard is 
anomalous. The constant value is a consequence of the reciprocal relationship between hydroxide ion 
concentrations and hydronium ion concentrations. Thus if H+ and OH-- are the only ions that adsorb 
then by charge neutrality their double layer concentrations in neat water are equal. If the pH is 
decreased by one unit then the surface excess of hydronium ions is decreased by ten but the surface 
excess of hydroxide ions is increased by ten, leaving no net change. 

There are reports in the literature of dynamic surface tension effects occurring in a few milliseconds but 
the time resolution is poor. The Bonn group has developed a high speed photographic technique to 
observe the formation of water drops from the shrinking neck of a pendant drop. A millisecond relaxation 
is clearly observed but its molecular origin is obscure. 
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Characterisation of Ultrafine Bubbles Using Different Types of Particle Measurement 
Instruments 

Shigeo Maeda, Hideaki Kobayashi, Naoyuki Enomoto, Ikkan Nishihara, Toshihiro Fujita 

IDEC CORPORATION, Osaka, Japan 

Gas bubbles smaller than 100 μm are called fine bubbles, and gas bubbles smaller than 1 μm ultrafine 
bubbles. There had been some concerns among scientists and engineers whether 1) ultrafine bubbles 
(UFB) actually existed in the liquid and what size they would be, 2) what range of number concentration 
would be found, and 3) if it was possible to distinguish between gas bubbles and solid particles. To 
respond to these concerns, IDEC has spent several years actively investigating different measurement 
technologies to prove the existence of UFB [1], but also to measure characteristics such as surface 
charge and bubble lifetime in the liquid. 

The graph shows the mode diameter of UFBs measured on each instrument and the measurable range 
involved. The particles in the 100-200 nm range were measured with all instruments, between the 
different measurement methods, there is significant uniformity on the particle size distribution in UFB 
water. 

 

[1] Kobayashi, H.; Maeda, S.; Kashiwa, M.; Fujita, T. Proc. SPIE 2014, 9232, 92320U. 
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AFM observation of bulk ozone nanobubbles 

Masayoshi Takahashi1, Shinichi Arakawa2, Ryou Nakatsuka3, Keisuke Miyamoto4 

1National Institute of Advanced Industrial Science and Technology, Tsukuba, Ibaraki, Japan, 2Tokyo 
Medical and Dental University, Bunkyo-ku, Tokyo, Japan, 3Research Institute of Biomolecule Metrology 
Co., Ltd., Tsukuba, Ibaraki, Japan, 4Chiba Institute Technology, Chiba, Chiba, Japan 

Microbubbles are tiny gas bubbles (<50 μm in diameter) that collapse underwater as a result of the 
rapid dissolution of interior gases to the surrounding water. Here, we describe stabilised bubble-like 
objects of nanoscale dimensions that are generated by ozone microbubble dispersion in saline water. 
The gas–water interface of the microbubbles was negatively charged because of the adsorption of 
hydroxide ions, and aqueous cations were attracted by an electrostatic effect [1]. During the collapse 
of the microbubbles, ions accumulated around the shrinking gas–water interface [2]. Condensing ionic-
clouds around the microbubbles suppressed the dissolution of interior gases via a salting-out effect, in 
which aqueous ions reduced gas solubility, thereby increasing the longevity of the microbubble 
residues. Atomic-force microscopy (AFM) indicated that the negatively charged residues remained 
stable as typically spherical objects < 50 nm in diameter. The ozone nanobubble water possesses 
bactericidal activity and is not cytotoxic to cells of human oral tissues. 

 

                                  

                            AFM image of ozone nanobubble water 

 

1. Takahashi, M. J. Phys. Chem. B. 2005,109, 21858–21864. 

2. Takahashi, M.; Chiba, K.; Li, P. J. Phys. Chem. B. 2007, 111, 1343–1347. 
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Lateral Force Characterization of Nanobubbles at a Solid-Water Interface 

Chih-Wen Yang, Hsien-Chen Ko, Ren-Feng Ding, Ing-Shouh Hwang 

Institute of Physics, Academia Sinica, Taipei, Taiwan 

Presence of nanobubbles at solid-water interfaces (interfacial nanobubbles) was proposed based on 
measurement of interactions between hydrophobic surfaces in solution [1]. The interfacial nanobubbles 
were later observed at solid/water interface with atomic force microscopy (AFM). Previous AFM studies 
measured the out-of-plane mechanical properties of interfacial nanobubbles and revealed that they are 
soft and deformable nanostructures [2,3]. In this work, we present the lateral force imaging of 
nanobubbles at HOPG-water interface with contact-mode AFM. We find that the hysteresis gap of the 
lateral force loop almost disappears when the tip scans over interfacial nanobubbles, indicating a strong 
friction-reduction on nanobubble (figure 1). Interestingly, titled friction loops are measured on the 
nanobubbles and the tilting slop varied with the load force of the tip (figures 1(g) and 1(i)). The 
measurements suggest the occurrence of contact line pinning when the tip touches a nanobubble. 
Based on the assumption of contact line pinning, a scenario is proposed to explain the origin of the 
titled friction loop measured on the nanobubble. The new finding reported in this work would be useful 
for better understanding of nanobubbles at solid-liquid interfaces. 

 

 

Figure 1. (a)-(c) are the height images of an INB acquired at the normal force of -800, -90 and +650pN, 
respectively. (d)-(f) are the trace/retrace height profiles across the INB along the dashed line in (a)-(c), 
respectively.(g)-(i) show the corresponding trace/retrace lateral force profiles along the dashed line in 
(a)-(c), respectively. The positive and negative titled friction loops are measured under the contact 
forces of -800 and +650pN. Scan rate = 5 Hz/line. Normal spring constant, kn~ 0.07 N/m. 

[1] Parker J. L., Claesson P. M. and Attard P., J. Phys. Chem., 1994, 98, 8468–80 

[2] Zhang X. H., Maeda N. and Craig V. S. J., Langmuir, 2006, 22, 5025–35 

[3] Yang C. W., Lu Y. H. and Hwang I. S., J. Phys.: Condens. Matter, 2013, 25, 184010 
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Nanobubble-nanoparticle interactions in bulk 

Minmin Zhang, James Seddon 

University of Twente, Enshcede, The Netherlands 

Bulk nanobubbles are formed in solution via supersaturation and are found to create a stable colloidal 
suspension. Bubble-particle interactions are of great importance in optimising parameters of bubble 
separation systems, such as froth flotation for the separation of solid particles from liquid. Herein we 
demonstrate the interactions of bulk nanobubbles with gold nanoparticles. We found that, unlike froth 
flotation, where bubbles and particles interact via attachment, nanobubbles interact with gold 
nanoparticles through new nucleation on the gold surfaces. This gives insight into new technologies of 
separation as well as industrial cleaning. 
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On the stability of Nanobubbles at the surface and in bulk: an experimental approach 

Muidh Alheshibri1, Jane Qian1, Claire Tjokrowidjaja1, Yifu Jiang1, Guangming Liu2, Marie Jehannin1, 
Vincent Craig1 

1Australian National Univversity, Canberra ACT, Australia, 2University of Science and Technology of 
China, Hefei, Hefei, Anhui Province, China 

I will talk about our recent research that has focussed on understanding the stability of nanobubbles. 

Firstly I will address surface nanobubbles, discuss the extant explanations for their stability and describe 
a number of experiments designed to test these explanations. 

I will address the following questions: Are surface nanobubbles closed systems? What do our 
observations of surface nanobubbles in different solvents tell us? Can the stability of surface 
nanobubbles be explained by a combination of pinning and the swarm effect? Are the current 
explanations supported by the available experimental evidence? 

I will also discuss our recent efforts to produce and characterise ultrafine or bulk nanobubbles, using a 
range of approaches and techniques.  Through supersaturation of gas are we able to produce nano-
sized particles that are long-lived. Can we control their size and population? Can we manipulate their 
properties? Can we show that these particles are gaseous – and what are the challenges in doing so?  
Can we develop a method that anyone can use to test whether a dispersion of nanoparticles are gas 
filled? 

Finally, I will discuss the implications of this work for our understanding of the stability of both surface 
and bulk nanobubbles and for the many proposed applications of bubbles. 
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Layered Double Hydroxides Nanoparticles as an Assembling Platform for Protein Vaccine 
Delivery 

Zhi Ping (Gordon) Xu, Shiyu Yan, Weiyu Chen, Wenyi Gu 

The University of Queensland, Brisbane, Queensland, Australia 

Layered double hydroxides (LDHs), also known as anionic clays and exemplified by hydrotalcite 
(Mg6Al2(OH)16CO34H2O), find a high potential as the drug/gene delivery vehicle. In this talk, I will report 
our findings that LDH NPs can be also used as assembling platform for protein vaccine delivery.  First, 
we investigated the assembling of model protein albumin onto the LDH NPs, and found that LDH is able 
to assemble up to 0.7 mg(albumin)/mg(LDH), for which the electrostatic interaction between LDH NP 
surface and albumin is responsible. We then used the protein-assembling property of LDH NPs to load 
two vaccines and deliver them in vivo. The first vaccine is model antigen ovalbumin combined with toll-
like receptor ligand CpG for anti-cancer immunisation. Using MgAl-LDH to carry OVA induced a high 
antibody response, and resulted in a high IgG2a:IgG1 ratio if combined with CpG, demonstrating 
polarisation of the immune response from Th2 towards Th1. Moreover, CpG-OVA-loaded LDH retarded 
tumour growth in vivo, further confirming LDH-CpG adjuvant activity. The second vaccine is antigen 
Intimin-beta (IB) for anti-bacterial immunisation. LDH NPs is able to load 1.1 mg (IB)/mg (LDH) and 
facilitate the cellular uptake. LDH-IB composite induced strong antibody and cell-mediated immune 
responses, which are well maintained for at least four months in the mouse model. Collectively these 
data demonstrate the suitability of LDH   nanoparticles as useful platform to assemble and deliver 
protein vaccines to control various cancerous and infectious diseases. 
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Bioinspired polymer materials 

Thomas Scheibel 

University of Bayreuth, Bayreuth, Germany 

Proteins reflect one fascinating class of natural polymers with huge potential for technical as well as 
biomedical applications. One well-known example is spider silk, a protein fiber with excellent 
mechanical properties such as strength and toughness. During 400 million years of evolution spiders 
became outstanding silk producers. Most spider silks are used for building the web, which reflects an 
optimized trap for flying prey. Another example of an outstanding protein fiber is mussel byssus. Some 
marine species like the blue mussel (Mytilus galloprovencialis) are able to settle among seabed stones, 
pales and harbor walls. These mussels have successfully adapted to changes in tides, wind and sun. 
Their success is based on a unique anchorage, the mussel byssus. Byssus threads show unusual 
mechanical properties, since they resemble soft rubber at one end and rigid nylon at the other, and 
these properties are found with a seamless and gradual transition. We have developed biotechnological 
methods using bacteria as production hosts which produce structural proteins mimicking the natural 
ones. Besides the recombinant protein production we analyzed the natural assembly processes and 
we have developed spinning techniques to produce protein threads closely resembling natural silk or 
mussel fibers. Importantly, we can employ the bio-inspired proteins also in other application forms such 
as hydrogels, particles, non-woven mats, foams or films. Our bio-inspired approach serves as a basis 
for new materials in a variety of medical, biological, or chemical applications. 
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Silver Nanoparticle Size Maps as Versatile Platform for Optical Screening 

Julian Sindram, Joseph P. S. Fitzgerald, Matthias Karg 

Physical Chemistry I - Heinrich-Heine-University, Duesseldorf, Germany 

The unique optical properties of plasmonic nanoparticles are of great interest for a broad range of 
applications in sensing, photovoltaics, and nano-optics. In particular, substrate-supported arrays of 
plasmonic particles represent a convenient basis for the fabrication of modern, functional devices. 
Controlling parameters such as the arrangement, material, shape and size of plasmonic particles, the 
optical response of these arrays can be tailored to suit the respective application. Despite recent 
advances in particle synthesis and colloidal self-assembly, this optimization process can be very 
elaborate. 

We developed a new protocol for controlled seed-mediated growth of substrate-supported silver 
nanoparticles. Our method features simple growth kinetics with good size control, exclusively spherical 
particle morphology, and effective suppression of secondary nucleation. This direct overgrowth of 
substrate-supported particles also allows the preparation of continuous gradients of particle size on a 
single, macroscopic substrate. These plasmonic gradients can be used for an efficient screening of 
particle size-dependent optical properties, for instance interactions between fluorescent dyes and silver 
nanoparticles. 

[1] Müller, M. B.; Kuttner, C.; König, T. A. F.; Tsukruk, V. V.; Förster, S.; Karg, M.; Fery, A. 
 ACS Nano 2014, 8, 9410-9421. 

[2] Sindram, J.; Fitzgerald, J. P. S.; Karg, M. In preparation. 
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Predicting the release rates of small molecules from within the lipidic bicontinuous cubic phase 
using pulsed field gradient NMR 

Charlotte Conn1, Thomas Meikle2, Shenggen Yao2, Alexandru Zabara3, Calum Drummond1, Frances 
Separovic2 

1RMIT University, Melbourne, VIC, Australia, 2University of Melbourne, Melbourne, VIC, Australia, 
3ETH, Zurich, Switzerland 

Biopharmaceuticals, including therapeutic proteins and peptides, represent the fastest growing class of 
new pharmaceuticals.  Significant efforts have converged towards the design and development of more 
sophisticated delivery systems for protein-based pharmaceuticals, able to ensure controlled release of 
these bioactive compounds as well as protect the encapsulated therapeutic from denaturing processes 
such as enzymatic or acidic hydrolysis.  Lipid-based nanomaterials are particularly useful for the 
encapsulation of amphiphilic proteins and peptides [1], as their bilayer structure mimics the native cell 
membrane environment and may assist in retaining the protein in a functionally active form.  Control of 
drug release rates from such materials has been shown to depend on the structural parameters of the 
lipid mesophase.  However, the release of drugs from these materials can be difficult to measure 
experimentally, particularly for hydrophobic or amphiphilic proteins.  The diffusion coefficient for amino 
acids encapsulated within a range of different cubic phase lipids, as obtained by pulsed field gradient 
NMR, was used to predict their release profile.  Predicted release profiles tracked closely the measured 
release profiles, indicating that NMR determined diffusion measurements can be used to accurately 
predict the release profile of a model drug. 

[1] Conn, C.E. and C.J. Drummond, Soft Matter, 2013. 9(13): p. 3449-3464 
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pH-responsive microcapsules synthesised from multiple emulsion templates for targeted 
delivery of bioactives to an invasive pest 

Calum Ferguson, Elwyn Isaac, Olivier Cayre 

University of Leeds, Leeds, West Yorkshire, UK 

Bioactives are becoming increasingly employed in both the therapeutic and agrochemical industries as 
an alternative to synthetic chemicals, due to their specificity for a target. However, they are often 
unstable and require protection upon application and ingestion. There exist several examples in the 
literature where the protection is achieved via encapsulation of the bioactive within a core-shell 
structure. We have investigated encapsulating bioactives within a responsive polymer microcapsule. 
These microcapsules are formed from a complex multiple emulsion template, where we have a water 
soluble bioactive separated from the 
aqueous continuous phase by an oil 
layer, comprised, in part, of a pH-
responsive monomer that is 
subsequently polymerised to yield solid 
microcapsules [1]. 

For bioactives to be efficient at 
controlling a pest, they must be 
released from the protective 
microcapsule at a specific site, the 
midgut, as this is the main site of uptake 
into the pest [2]. Therefore, in this work 
we aim to use the intrinsic changes in pH across the pest gut to trigger release of the bioactives. 
Specifically, in the invasive pest Drosophila suzukii, the pH of the gut shifts from a neutral pH to an 
acidic pH of ~4 in the midgut. We have demonstrated both in vivo and in vitro that the prepared 
responsive microcapsules rapidly dissolve upon transitioning into this acidic environment, as shown in 
the figure.  The resulting dissolved polymer matrix then adheres to the anionic gut wall where it co-
localises the bioactive encapsulate, increasing uptake by random endocytosis into the pest. 

We have thoroughly investigated the properties of the microcapsules emulsion template in order to gain 
a greater understanding of the entrapment and leaching of bioactives. Specifically, we have investigated 
the composition of the oil phase and how this affects monomer conversion efficiency, emulsion stability 
and leaching through micellar transport of bioactives. 

 

[1] Takei, T., et.al., 2010. Preparation of polymeric microcapsules enclosing microbial cells by radical 
suspension polymerization via water-in-oil-in-water emulsion. Polymer Bulletin, 65(3), pp.283-291 

[2] Swevers, L. and Smagghe, G., 2012. Use of RNAi for control of insect crop pests. Arthropod-Plant 
Interactions, pp. 177-197 
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Pregnant Liposomes – Controlling the Formation of Nanocrystalline Drugs Within Liposomal 
Shells 

Tang Li1, Andrew Clulow1, Adrian Hawley2, Ben Boyd1 

1Monash Institute of Pharmaceutical Science, Monash University, Parkville, VIC 3052, Australia, 
2SAXS/WAXS Beamline, Australian Synchrotron, Clayton, VIC 3168, Australia 

It is well known that the solid-state form of administered drugs has a dramatic impact on their release 
and bioavailability. Preparing drugs in a nanocrystalline form has a number of proposed advantages 
including greater control over dissolution and release rates when compared to amorphous drug particles 
along with access to specific target tissues via the vascular system. Whilst it has been shown that drugs 
can be prepared within liposomes by active loading, doing so in a controlled manner has proven 
challenging with certain target drugs.1, 2 A simple freeze-thaw method was recently reported for the 
preparation of nanoscale ciprofloxacin crystals within unilamellar and multilamellar liposomes, which 
we refer to as pregnant liposomes.3 This presentation will discuss our efforts to control the 
nanocrystallisation of ciprofloxacin within actively loaded liposomes and thereby control the drug 
release properties of the encapsulated ciprofloxacin. We will show how simple changes to the freeze-
thaw method can affect the resulting morphology of the drug crystals formed using a combination of 
microscopy and small angle scattering techniques. 

[1] Abraham, S. A. et al. An evaluation of transmembrane ion gradient-mediated encapsulation of 
topotecan within liposomes. J. Controlled Release 2004, 96, 449-461. [2] Zhigaltsev, I. V. et al. 
Formation of drug–arylsulfonate complexes inside liposomes: A novel approach to improve drug 
retention. J. Controlled Release 2006, 110, 378-386. [3] Cipolla, D. et al. Formation of drug nanocrystals 
under nanoconfinement afforded by liposomes. RSC Advances 2016, 6, 6223-6233. 
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Surface nanobubble nucleation dynamics during water-ethanol exchange 

Chon U Chan, Claus-Dieter Ohl 

Nanyang Technological University, Singapore, Singapore 

Water-ethanol exchange has been a promising nucleation method for surface attached nanobubbles 
since their discovery. In order to detail the nucleation mechanism, here we propose a controlled 
exchange method with quantitative concentration profiles in microfluidic channels. Mixing takes place 
at the interface of co-flowing water/ethanol, this leads to a gradient of concentration, refractive index 
and surface tension. Ray tracing in gradient-index media can resolve the concentration profile. Surface 
tension gradient leads to a Marangoni flow above nanobubbles, which is confirmed by particle tracking 
and simulation. Our quantitative approach is able to measure the saturation concentration required for 
nanobubble nucleation. 
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Interaction of gaseous nanobubble with immersed solid surface: Implication for nanostructuring 
and imaging 

Pavel Janda, Hana Tarabkova, Jiri Klima 

J. Heyrovsky Institute of Physical Chemistry, ASCR, Prague, Czech Republic 

Gaseous nanobubbles pinned to surface of water-immersed polystyrene film were found to cause its 
rearrangement in a process triggered by short moderate pressure drop applied on liquid phase. In this 
case forces originated in surface tension, acting at ternary nanobubble interface, exceed polymer 
stiffness. Resulting is the “nanobubble-assisted” imprint with characteristic order and nanopattern 
ranging from nanoprotrusions (Fig.1) to nanopinholes (Fig. 2) depending on experimental conditions 
[1], [2]. 

                 

                                Figure 1                                 Figure 2 

The utilization of above phenomena for polymer surface nanostructuring and nanoperforation under 
biocompatible conditions and ex situ identification of surface gaseous nanobubble assemblies is 
considered and patterning mechanism is discussed. 

[1] Tarabkova, H.;, Bastl, Z; Janda, P. Langmuir 2014, 30, 14522−14531 

[2] Tarabkova, H.; Janda, P. Langmuir 2016, (ASAP), DOI: 10.1021/acs.langmuir.6b01645 
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Manipulation of Surface Nanobubbles via Substrate Nanostructures 

Lijuan Zhang1, Lei Wang1,2, Mengdong He2, Xuehua Zhang3, Jun Hu1 

1Shanghai Institute of Applied Physics, Shanghai, China, 2Central South University of Forestry and 
Technology, Changsha, China, 3RMIT University, Melbourne, Australia 

Nucleation and stability of nanoscale gas bubbles located at the solid/liquid interface are drawing 
significant research interest. It is known that physical and chemical properties of the solid surface are 
crucial for the formation and properties of surface nanobubbles. Herein, we experimentally and 
numerically investigate the formation of nanobubbles on nanostructured substrates. Two kinds of 
nanopatterned surfaces, nanotrenches and nanopores, were fabricated by using electron beam 
lithography technique and used as the substrates for nanobubble formation.  Atomic force microscopic 
images showed that all nanobubbles selectively sit on hydrophobic domains but not on hydrophilic 
domain.  The size and contact angle of nanobubbles become smaller with the decrease in the domain 
size of the hydrophobic area. The results show that the formation and stability of nanobubbles could be 
controlled by regulating the sizes and periods of the confinement of the hydrophobic nanopatterns. The 
experimental results are supported by the results from our molecular dynamics simulations. The present 
study will help to understand the effects of surface features on nucleation and stability of nanobubbles 
at the solid/liquid interface. 
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Nanobubbles in Mixtures of Water and Non-Aqueous Solvents. 

Marie Jehannin, Vincent Craig 

Australian National University, Canberra, ACT, Australia 

Surface nanobubbles are stable in water for up to a few days[1]. More recently, it has been 
reported that no nanobubble could be imaged in pure DMSO or formamide on HOPG[2]. Based on those 
results, we have investigated the stability of nanobubbles in mixtures of water and non-aqueous 
solvents.  We show that surface nanobubbles are stable in water/DMSO mixtures up to a high 
percentage of DMSO (See Figure 1).  We have also studied the evolution of the nanobubble 
characteristics with the increase of the non-aqueous solvent proportion. We will discuss the implication 
of this work for surface nanobubble stability. 

 

 

Figure 1: Nanobubbles observed by Atomic Force Microscopy in a) water, b) 50% water 50% DMSO, 
c) 20% water 80% DMSO. No evidence of nanobubbles in pure DMSO (d). Image size 10 µm × 10 µm. 
Scale 20 nm. 

[1] Zhang, X. H.; Quinn, A.; Ducker, W. A.; Langmuir, 2004, 24, 4756-4764. 

[2] An, H.; Lui, G.; Atkin, R.; Craig, V. S. J., ACSNano, 2015, 9, 7596-7607. 
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Current Generation in Metal Nanopores 

Tri Nguyen, Sean O'Shea 
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This work is motivated by recent papers [1, 2] which measure water flow in single boron nitride and 
single nanopores in MoS2, respectively.  Both papers show large osmotic currents can be generated by 
a salinity gradient imposed across the nanopores, suggesting possible applications in power harvesting.  
However, the membrane structures described (single nanopores in 2D materials) are fragile and not 
suitable for scale-up. 

Metal film membranes are robust and can withstand high hydrostatic pressures.  Here we show single 
nanopores can be made in metals and display high current generation capability when a salinity gradient 
is placed across the membrane. The generation of current is possible because the metal oxide formed 
on the surface prevents electrical shorting across the membrane, and we postulate that the oxide also 
allows for charge on the surface.  The finding opens up a new set of materials to explore in nanoscale 
fluid flow and associated problems such as surface charge. 

[1] Siria, A.; Poncharal, P.; Biance, A.L.; Fulcrand, R.; Blasé, X.; Purcell, S.T.; Bocquet, L. Nature, 2013, 
494, 455-458. 

[2] Feng, J.; Graf, M.; Ke Liu; Ovchinnikov, D.; Dumcenco, D.; Heiranian, M.; Nandigana, V.; Aluru, 
N.R.; Kis, A.; Aleksandra Radenovic, A. Nature, 2016, 536, 197-200. 
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Soft colloidal polyhedra: Giant cubosomes 

Haiqiao Wang1, Patrick Spicer1, Per Zetterlund1, Cyrille Boyer1, Ben Boyd2, Stuart Prescott1 

1UNSW Australia, Sydney, NSW, Australia, 2Monash University, Melbourne, VIC, Australia 

The development of faceted, polyhedral colloids has been shown by simulations to be a powerful route 
to self-assembly of metamaterials and other advanced hierarchies. Often synthesis of polyhedra 
requires carefully-controlled crystallization of hard oxides or other crystalline solids. We explore here 
the flexible creation of soft polyhedral microparticles with a range of shapes as a subset of the cubic 
symmetry group. The process is based on a previous approach for creating cubosome nanoparticles, 
meaning it is easily scalable using controlled solvent removal to direct particle size and shape. A broad 
range of additional geometries are also accessible thanks to the system’s controllable deformability. 
The work demonstrates the ability to prototype chemical additive effects on cubosomes and more 
complex soft nanoparticles using simple optical microscopy techniques. Because the particles form 
from liquid droplet precursors, their synthesis via microfluidic approaches is also demonstrated. 

 



OC129 

DNA Barrels: Cylindrical NanoPegboards Assembled from DNA 

Shelley F Wickham 

University of Sydney, Sydney, NSW, Australia 

DNA is the molecule that encodes the genetic information in all known living organisms. To physical 
scientists and engineers, it also has huge potential as a programmable building material for 
biocompatible nanostructures, which can be self-assembled from the bottom up. We have designed a 
set of DNA origami barrel architectures that are robust and modular. This provides a versatile nanoscale 
pegboard for applications requiring complex 3D arrangements of matter, with as many as 2000 uniquely 
addressable pixels spaced 9 nm apart. The DNA barrels are now being used for a range of diverse 
applications, including tools for biophysics, platforms for diagnostics and therapeutics, and templates 
for nanofabrication. 

A The DNA barrels. B TEM images 
of the DNA barrels. Diameters 
range from 30nm (i – top, ii-side), 
to 60nm (iv), 90nm (v) and 120 nm 
(vi), monomers can be assembled 
hierarchically into polymers (iii). 
(Scale 100nm.) 
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High internal phase emulsions stabilized by functionalized copolymer: Effect of emulsion 
formulation and RAFT end-group on the pore structure of polyHIPEs 

Aminreza Khodabandeh1,4, R. Dario Arrua2, Thomas Rodemann3, Stuart C. Thickett4, Emily F. Hilder2 

1Australian Centre for Research on Separation Science (ACROSS), University of Tasmania, TAS, 
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GPO Box 2471, Adelaide 5001, SA, Australia, 3Central Science Laboratory, University of Tasmania, 
Private Bag 74, Hobart 7001, Australia, 4School of Physical Sciences, University of Tasmania, Private 
Bag 75, Hobart 7001, TAS, Australia 

High internal phase emulsions (HIPEs) are concentrated mixtures of liquid droplets dispersed in another 
liquid, defined by a minimum droplet volume fraction of 74%. These HIPEs are commonly stabilized by 
commercially available non-ionic surfactants, where these amphiphilic species decrease the interfacial 
tension between the oil and the aqueous phases, allowing emulsification. However stabilization of a 
new system often requires a different choice of surfactant. 

Novel amphiphilic polymeric emulsifiers with versatile synthesis and ease of functionalization are highly 
desired, as this may allow the stabilization of multiple systems by simply altering the ratio of hydrophilic 
to hydrophobic portions of the molecule. The reversible addition-fragmentation chain transfer (RAFT) 
process allows the synthesis of such amphiphilic polymers, with the most common method through 
sequential polymerization of two monomers. 

In this work a Poly(styrene)-b-poly(acrylic acid) copolymer (or macro-RAFT agent), prepared through 
the RAFT process, was utilised for the stabilisation of a water-in-oil system. The pore structure of the 
obtained polyHIPE was closed or non-droplet shaped, depending on the amount of the cross-linker 
monomer used in the oil phase. The FTIR mapping technique confirmed the presence of the C=O 
groups in the same physical location as the walls of the polyHIPE voids. Further study shows that by 
removing the RAFT-end group of the amphiphilic macro-RAFT agent, the obtained polyHIPE possess 
an open structure within voids. 
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Dynamic formation of nanostructured particles from vesicles via invertase hydrolysis for on-
demand delivery 

Wye-Khay Fong1,2, Antoni Sánchez-Ferrer1, Francesco Giovanni Ortelli1, Wenjie Sun1, Ben J Boyd2, 
Raffaele Mezzenga1 

1ETH, Zürich, Switzerland, 2Monash University, Parkville, Australia 

The development of enzymatically responsive nanomaterials has been of recent interest in drug delivery 
as it can take advantage of enzymes that are over-expressed in diseases in order to trigger the release 
of encapsulated molecules. These ‘smart’ materials have the potential to provide early detection of 
disease and provide site selective drug release, thereby minimising exposure of healthy tissues to drug 
and maximising drug effectiveness. 

In this study, geometrically ordered lipid nanoparticles with internal bicontinuous cubic phase structure 
were dynamically formed via enzymatic digestion with invertase. A simple liposome formulation 
containing a non-digestible lipid (phytantriol) and a digestible sugar ester (sucrose laurate) was 
transformed to the cubic phase via enzymatic hydrolysis of the sugar head group. The digestion of the 
headgroup results in the exit of a monosaccharide from the interface and consequently crystallization 
of the cubic-phase internal nanostructure (Fig a). Time-resolved small-angle X-ray scattering revealed 
the kinetics of the order-to-order transition (Fig b), with HPLC used to quantify the digestion kinetics of 
the sugar ester. Controlled release was then demonstrated with this invertase responsive matrix. A 
model dye, fluorescein, was encapsulated into the vesicles and release was triggered upon digestion 
with invertase (Fig c). 

This designer approach to creating specialised drug delivery systems, whereby an amphiphile 
susceptible to digestion by a specific enzyme results in a phase transition and therefore drug release, 
presents a highly sought after enzymatic method for triggered release. 
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Impermeable metal micro-capsules for drug delivery without side effects 

James Hitchcock 

University of Leeds, West Yorkshire, UK 

Small cytotoxic drug molecules can have dramatic side effects on healthy tissue. Several different 
encapsulation systems for targeted delivery have been proposed and some have shown success. 
However, two drastic shortfalls are; systems are typically not able to fully stop the leaching of the drugs 
and therefore still cause, albeit reduced, side effects for the patients and systems typically deliver low 
doses to the affected areas of the body due to the physical location of the drugs within the encapsulation 
systems. This typically means that there is still a requirement for a completely new approach to ensure 
that the drugs do not damage healthy tissue and that their concentration in the affected areas can be 
sufficiently high to combat the disease efficiently. Our recent work has demonstrated permanent 
encapsulation and controlled release of small molecular species using a metal shell. We have shown 
that our microcapsules retain small molecule drugs within their cores that can be released remotely 
through the use of either IR laser irradiation or ultrasound, both of which are suitable for activation 
through the tissues of the human body. In addition, extremely high loading of drugs can easily be 
achieved and shells can be made of gold, which allows for further functionalization of the shell creating 
a suitable surface for the attachment of biological moieties and therefore improved biocompatibility. On 
this basis, the capsules we have developed are potentially ideal for remote delivery of drugs that are 
toxic to non-malignant tissues as they can entirely suppress the release of relatively large ‘payloads’ of 
therapeutic drug until remotely triggered. 
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Objectives: Magnetic resonance imaging (MRI) has been used as a powerful and indispensable tool 
in medical research, clinical diagnosis and patient care. Both T1-positive and T2-negative MRI contrast 
agents have their own advantages and disadvantages. Therefore, it is highly desirable and a great 
challenge to prepare robust dual contrast agents for overcoming the disadvantages of single modality 
contrast agents. Here we report the development of multimodal iron oxide nanoparticles for targeted 
MRI of atherothrombosis using a combination of chemical and biological techniques. Methods: 
Monodispersed water-soluble and biocompatible ultra-small magnetic iron oxide nanoparticles (IONPs) 
were generated from a high-temperature co-precipitation route and appeared to be efficient positive 
and negative dual contrast agents of magnetic resonance imaging. Using a unique chemo-enzymatic 
approach involving copper-free click chemistry and Staphylococcus aureus sortase A enzyme, IONPs 
were functionalized with single-chain antibody (scFv) for targeting purpose. Results: The antigen 
binding activity of the scFv was retained and resulted in the successful targeting of contrast agents to 
thrombosis as demonstrated in a range of in-vitro and in-vivo experiments. T1- and T2-weighted MRI 
of thrombosis was also conducted and showed the great potential of dual contrast IONPs in imaging of 
cardiovascular disease. Conclusions: We have successfully developed targeted multimodal iron oxide 
nanoparticles and have demonstrated their potential use for thrombosis imaging. 
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1University of Adelaide, Adelaide, Australia, 2University of South Australia, Adelaide, Australia 

Infectious diseases are linked to bacterial biofilms which are clusters of bacteria embedded in a 
protective matrix. Biofilms enable bacteria to withstand the immune response and medical treatments, 
thereby contributing to the emergence of antibiotic resistance. Whilst spherical silver nanoparticles 
(AgNP) are well described in planktonic bacteria as alter-native therapy, little is known about the 
antibiofilm effect and the influence of particle shape. We hypothesised that spherical and cubic AgNP 
exhibit different antibiofilm efficacy, while being not toxic to airway epithelial cells. 

Biofilms of Staphylococcus aureus (SA), methicillin-resistant SA (MRSA) and Pseudomonas 
aeruginosa (PA) were grown in microtiter dishes for 48 h following a 1 h exposure to spherical or cubic 
AgNP or ciprofloxacin (CIP) as control. The antibiofilm activity was assessed by the AlamarBlue viability 
assay. Toxicity studies were carried out using the lactate dehydrogenase assay in Nuli-1 airway 
epithelial cells. 

Silver cubes achieved 100% biofilm killing (BK) in all biofilms, however, cell culture data revealed toxicity 
in Nuli-1 cells (25% viability). In contrast, silver spheres were not toxic (99% viable cells) and exhibited 
significant (p<0.05) antibiofilm activity against SA, MRSA and PA biofilms with 98%, 94% and 95% BK, 
respectively, compared to CIP with 90%, 74% and 93% BK. 

This study confirmed significant antibiofilm efficacy of spherical and cubic AgNP against SA, MRSA and 
PA biofilm compared to CIP. While toxicity limits the utilisation of silver cubes, silver spheres are a safe 
and promising non-antibiotic approach to tackle clinically relevant biofilms. 
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The strength of the hydrophobic interaction between two surfaces in a solution is strongly influenced by 
hydrogen bonding therein. For example, the hydrophobic interaction is stronger in water compared to 
most apolar solvents.1 However, a clear understanding of the effects of formation/disruption of long-
range hydrogen-bonded percolation networks at water-hydrophobe interfaces, for instance, 
characterized by number of bonds per unit area and/or per unit volume, on the hydrophobic interaction 
is not available. Herein, we employ a surface forces apparatus to unambiguously measure the force-
distance spectra of the hydrophobic interaction between two molecularly smooth hydrophobic surfaces 
in water, ethanol and isopropanol. Furthermore, molecular dynamics (MD) simulations is being 
employed to understand the experimental results through a hydrogen-bonding network analysis: 
Thermodynamic integration will be used to reversibly convert a single molecule of tetrahedral water to 
a molecule of linear-water, i.e. water with the same dispersion interactions and dipole moment as 
tetrahedral water, but with a linear geometry. In addition, new metrics to quantify percolation density of 
hydrogen bonded networkswill be identified, such as based on (a) H-bond density (b) Dangling OH 
density (c) Spanning Probability in 2-D (across interface) (d) Spanning Probability in 3-D (across water 
slab), and correlation with experimental force spectra were drawn.2 Together, experimental and 
theoretical results will advance our understanding of hydrogen bonding networks at phobic interfaces. 

1. (a) Kokkoli, E.; Zukoski, C. F., Effect of Solvents on Interactions between Hydrophobic Self-
Assembled Monolayers. Journal of Colloid and Interface Science 1999, 209, 60-65; (b) Dixit, S.; Crain, 
J.; Poon, W. C. K.; Finney, J. L.; Soper, A. K., Molecular segregation observed in a concentrated 
alcohol-water solution. Nature 2002, 416, 829-832; (c) Wang, J.; Li, Z.; Yoon, R.-H.; Eriksson, J. C., 
Surface forces in thin liquid films of n-alcohols and of water-ethanol mixtures confined between 
hydrophobic surfaces. Journal of Colloid and Interface Science 2012, 379, 114-120. 
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Aqueous lubrication is a complex phenomenon involving multiple biomolecules assembled on biological 
surfaces in a synergistic way, to provide efficient lubrication and wear resistance in a wide range of 
conditions. The tribology of those interfaces depends on the nature and conformation of the molecules 
as well as the physico-chemical properties of the surface films. 

Inspired by the properties of the salivary film, new lubricating surfaces were developed that comprise a 
layer of polysaccharides anchored to a polydimethylsiloxane (PDMS) substrate. Pectins with varying 
compositions were chosen as the model polysaccharide. Successful grafting of pectin was 
characterised using X-Ray Photoelectron Spectroscopy (XPS) and the physical and lubrication 
properties of the resulting surfaces were assessed using ball-on-disc tribometry, as well as coupling of 
ellipsometry and Quartz Crystal Microbalance with Dissipation Monitoring (QCM-D). While adsorbed 
polysaccharide layers can wear relatively easily under load, it was found that the chemical grafting of 
pectin to the surface provides enhanced lubrication and wear resistance. The responsiveness of the 
grafted pectin layer to environmental cues such as pH or ionic strength has been investigated. Finally, 
the interactions between salivary proteins and the pectin layer were evaluated to test the hypothesis 
that synergistic effects between the layers provide superior lubricating properties. This study provides 
a deeper understanding of the mechanisms involved at biological interfaces and opens the way to the 
rational design of efficient lubricating surfaces for a wide range of biomedical applications where low 
friction and high load bearing capacity are paramount to the fulfilment of biological functions, such as 
contact lenses, joint replacements and oral care products. 
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Inspired by mechanisms by which many natural aqueous lubricants operate, we seek to engineer food 
colloids with enhanced lubrication by complexing polysaccharides and surface-active proteins. The 
hydrated complexes are formed through electrostatic interactions between anionic residues on 
polysaccharide molecules and positively charged proteins. Pectic polymers from Plantago ovata seeds 
were used in combination with a range of positively charged proteins. The interaction between pectin 
and protein was controlled using pH (2.5 – 12) and ionic strength (0 – 1M). Complex formation was 
quantified with UV-Vis Spectroscopy, while the boundary friction was measured between hydrophobic 
PDMS surfaces using ball-and-disk soft-contact tribometry. The formation of a surface layer was 
assessed by the Quart-Crystal Microbalance technique with dissipation monitoring (QCM-D). The 
results reveal that complexation varies with pH and ionic strength, which in turn alters the lubrication of 
these mixtures.  Below the pKa of the pectic  
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Global expansion of aquaculture is accompanied by emerging pathogens within the increased stocking 
densities that are now required to supply seafood demands. Disease outbreaks often require the use 
of vaccines, feed supplements, immune-stimulants and/or chemical additives to meet production 
targets. However, these methods not only are laborious, costly and time consuming in large scale 
applications, but also may have negative environmental consequences. Encapsulation technology is a 
promising approach to deliver pharmaceutically active agents, probiotics and vaccines into aquatic 
animals. Encapsulation techniques have been mostly applied in medical and food industries, but a few 
studies have highlighted the potential application in aquaculture industry. Encapsulation technology can 
be an efficient strategy to deliver probiotics, vaccines, immune-stimulants or bioactive compound in 
aquaculture settings. This concept can be utilised to retain viability and activity of encapsulated cells or 
compounds against diverse conditions during preparation, storage, consumption and delivery to a 
specific target site in the animals’ body. In addition, encapsulation technology can be utilised to 
package, preserve and deliver high value extracted products from aquaculture, such as bioactive 
compounds. This presentation aims to introduce the potential use of encapsulation techniques for 
various aquaculture applications. To illustrate this approach, an encapsulated probiotics feed was 
developed for abalone (Haliotis iris) to improve digestibility of feed. Subsequently, the use of 
encapsulation technology to increase the stability of Aquatic Blue Pigment (ABP) extracted from H. iris 
will be discussed in this presentation. 
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We report on the formation and applications of high fidelity nanocrystal arrays of arbitrary periodicity 
and geometry. 

Nanopatterned surfaces are a key technology for a variety of areas and applications, including 
photovoltaics, tissue-surface interactions, and biosensors. Generating these patterns typically proceeds 
via top-down methods, e.g. electron beam lithography, or bottom-up techniques such as block 
copolymer self-assembly. 

The arrays we present are composed of either single or clusters of metal nanoparticles originating from 
a solution-phase synthesis. A robust protocol consisting of an aqueous phase silanization of a 
lithographic template followed by dip-coating in a suspension spontaneously led to the generation of 
nanocrystal patterns without any need for template lift-off. 

Altering simple parameters, such as the pattern size, particle diameter, ligand chemistry and ionic 
strength can lead to unusual plasmonic structures that are otherwise extremely difficult to generate in 
suspension based self-assembly. We characterise their scattering spectrum, and generate silver shell 
gradients across large areas. In addition, the arrays can be used as an optical biosensor where we 
present strategies utilising single particle detection of small RNA molecules. 

The simplicity of the platform offers huge promise in a variety of fields, especially now given the ease 
of which we can simultaneously investigate a massive number of nanoparticles on a single particle 
level. 
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Intravenously delivered nanoparticles formulated for targeted therapy, promptly recruit circulating 
biomolecules present in blood plasma onto their surface. This complex biomolecular layer, referred to 
as the protein corona, inevitably changes the synthetic and pristine nanoparticle surface, conferring 
them a biological identity.1 This in turn impacts physiological and pathological responses, which could 
potentially limit the success of targeted nanotherapy.2 This study had qualitatively and quantitatively 
compared the protein corona composition on polyethylene glycol (PEG) conjugated poly (glycidyl 
methacrylate) (PGMA)-based nanoparticles to those that were not PEGylated. Considering the dynamic 
and competitive nature of protein adsorption on nanoparticle surfaces, the study had harnessed 
statistical processing of proteomics data to reveal that specific serum proteins of varied biological 
functions had preferentially adsorbed on nanoparticle variants. The findings suggested that the in vivo 
behaviour of these nanoparticles could be dependent on the combinatorial nature of serum proteins 
favourably enshrouding them, based on surface functionalization. 

1. Tenzer, S.; Docter, D.; Kuharev, J.; Musyanovych, A.; Fetz, V.; Hecht, R.; Schlenk, F.; Fischer, 
D.; Kiouptsi, K.; Reinhardt, C.; Landfester, K.; Schild, H.; Maskos, M.; Knauer, S. K.; Stauber, R. H., 
Rapid formation of plasma protein corona critically affects nanoparticle pathophysiology. Nat Nano 
2013, 8 (10), 772-781. 

2. Deng, Z. J.; Liang, M.; Monteiro, M.; Toth, I.; Minchin, R. F., Nanoparticle-induced unfolding of 
fibrinogen promotes Mac-1 receptor activation and inflammation. Nat Nano 2011, 6 (1), 39-44. 
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Cellulose nanofibre sheets have exciting future prospects as barriers. The most important barrier 
properties of cellulose nanofibre sheets are water vapour permeability (WVP) and oxygen permeability 
(OP). Many commercially available packaging materials are associated with wax, aluminium and plastic 
materials, which has low WVP, but such materials are not recyclable and biodegradable. Therefore, 
keeping low OP while reducing WVP is a key challenge to the utilisation of cellulose nanofibres as 
recyclable barrier material today. One way to address this issue is to increase the tortuosity of the 
nanofibre sheet thereby water vapours find it difficult to travel across the membrane. Composites were 
prepared through filtration process by addition of nanocellulose and montmorillonite. The nanoclay 
composition varied between 5-70wt%. The effect of fibre fibrillation on the WVP of the sheet and the 
effect of nanoclay addition on WVP of the composite sheet were determined. The WVP values obtained 
for composites showed an improved results when compared with the performance of other cellulose 
sheets reported in literature. 
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  Dispersed liquid crystalline particle shapes are controlled by their underlying molecular architecture. 

Attempts have been made to understand their complex morphology with electron microscopy but small 
sample size can hinder broader understanding.1,2 In this work, large amounts of micron-scale 
hexasomes are made to enable systematic study of the microscopic shapes they form. The particles 
are formed using a dilution process previously developed for cubosome nanoparticle production and 
added hydrophobic molecules are used to transform the system into hexagonal liquid crystalline 
particles, hexasomes. The formation of hexagonal phase is confirmed by small angle X-ray scattering 
(SAXS) measurements and the unique shapes of the hexasomes are studied using brightfield and 
polarized light microscopy (Figure 1). The ability to easily form micron-scale hexasomes provides a 
route to understanding the effects of molecular interactions on the crystalline structure for smaller 
particles as well as the production of well-controlled colloidal shapes with unique symmetry. 

 

Figure 1. Micrographs of hexasome microparticles and SAXS result for dispersions of the particles. 
Scale bar 50 μm. 

(1) Boyd, B. J.; Rizwan, S. B.; Dong, Y. D., et al. Langmuir 2007, 23, 12461-12464. 

(2) Spicer, P. T.; Hayden, K. L.; Lynch, M. L., et al. Langmuir 2001, 17, 5748-5756. 
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