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Multi-dimensional manipulation of Solid/Liquid interaction  

Xu Deng, Institute of Fundamental and Frontier Sciences, University of Electronic 
Science and Technology of China, Chengdu, China  

Biography 
Dr. Xu Deng received his PhD in 2013 from 
the Max Planck Institute for Polymer 
Research. In 2014, Dr. Deng served as a 
postdoctoral fellow at UC Berkeley and 
Lawrence Berkeley National Laboratory. In 
2015, he joined the University of Electronic 
Science and Technology of China as a 
professor. In 2017, He was pointed by the 
president of Max Planck Institute as the head 
of Max Planck Partner Group at UESTC. Dr. 
Deng is interested understanding of wetting 
dynamics, physical chemistry at interfaces. He 
has published more than 40 articles as first or 
corresponding author in leading journals such 
as Science, Nature, Nature Materials, Nature 

Communication,PRL, Angew Chem, Advanced Materials. 
 
 
Abstract 
Solid/Liquid interaction play important role in many research and application fields. In 
this presentation, we will introduce a radically new strategy that resolves the 
bottleneck through the creation of an unexplored gradient in surface charge density 
(SCD)1. By leveraging on a facile droplet printing on superamphiphobic surfaces as 
well as the fundamental understanding of the mechanisms underpinning the creation 
of the preferential SCD, we demonstrate the self-propulsion of droplets with a record- 
high velocity over an ultra-long distance without the need for additional energy input. 
We envision that our work enriches and extends our capability in the manipulation of 
droplet transport and would find numerous potential applications otherwise 
impossible. We will also show that robust superhydrophobicity can be realized by 
structuring surfaces at two different length scales, with a nanostructure design to 
provide water repellency and a microstructure design to provide durability. The 
microstructure is an interconnected surface frame containing ‘pockets’ that house 
highly water-repellent and mechanically fragile nanostructures. This surface frame 
acts as ‘armour’, preventing the removal of the nanostructures by abradants that are 
larger than the frame size. We apply this strategy to various substrates—including 
silicon, ceramic, metal and transparent glass—and show that the water repellency of 
the resulting superhydrophobic surfaces is preserved even after abrasion by 
sandpaper and by a sharp steel blade. This design strategy could also guide the 
development of other materials that need to retain effective self-cleaning, anti-fouling 
or heat-transfer abilities in harsh operating environments2.  
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Protein sol-gel transition from liquid-liquid phase separation  

Yi Shen, School of Chemical and Biomolecular Engineering, University of Sydney, 
NSW 2006, Australia 

Biography 
Dr. Yi Shen joined the University of Sydney as a Lecturer 
in the School of Chemical and Biomolecular Engineering 
in September 2020. She aims to be an independent 
researcher in the field of protein biophysics, soft 
materials and microfluidics. Prior to this position, she 
was a postdoctoral research associate in the Chemistry 
Department, Centre for Misfolding Diseases at the 
University of Cambridge, where she was working on 
biophysical studies of protein liquid-liquid phase 
separation with Prof. Tuomas Knowles. She investigated 
the dynamics and probed the mechanical properties of 
biomolecular condensates by using microfluidic 
approaches. She completed her PhD in 2017 under the 

supervision of Prof. Raffaele Mezzenga in the Department of Health Sciences and 
Technology at ETH Zurich, Switzerland, where she developed novel organic-
inorganic hybrid biomaterials based on protein fibrils and nanoparticles for food and 
nutritional purposes. Before her PhD, she also worked as a research staff with Prof. 
Howard Stone at Harvard University and Princeton University in the US, on 
bacteria/biofilm response to shear forces in microfluidic environments. 
 
 
Abstract 
A range of biomolecules exist in the cell as liquid-like condensates and these 
condensates carry out essential biological functions in many systems, such as, 
signaling pathway, embryogenesis and RNA processing in their liquid state. It has 
been shown that a further liquid-to-solid transition (LST) of these condensates can 
lead to aberrant biology resulting cell malfunction. Thus, the kinetics and 
thermodynamics of protein phase behavior are at the heart of the onset and 
development of pathological protein aggregation. The previous studies have focused 
on the fundamentals of liquid- liquid phase separation (LLPS) of intrinsically 
disordered proteins in complex biological systems. However, the nucleation of 
pathological protein aggregates during the LST governed by physical factors remains 
unexplored. The present studies demonstrated that a range of biomolecular 
condensates can undergo a LST driven by shear force, forming beta-sheet rich 
nanofibrils1. Moreover, an approach combining microfluidics, infrared spectroscopy 
and advanced imaging was developed to map out the changes in the mechanical 
properties, secondary structures and thermodynamic stability of protein condensates 
undergoing the LST as a function of time. These studies explored the role of physical 
force in the protein aberrant aggregation and characterized the protein phase 
behavior from a biophysical point of view.  
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Figure 1: Protein phase transitions. Dispersed monomers can undergo LLPS to form 
condensates. The condensates can go further liquid to solid transition to form gels 
and fibrillar aggregates as a function of time. 
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(nano)Balls of (ssRNA) String 
  

Stephen T. Hyde 

School of Chemistry, University of Sydney 

E-mail: stephen.hyde@sydney.edu.au 

Single-stranded RNA (ssRNA) folds onto itself in an extraordinary variety of forms, 
both in vivo and in vitro. Striking examples of ssRNA folds are the packaged RNA in 
viruses, from SARS (CoV-2)1 to COVID-192 . We can think of folding as self-
assembly of a one-dimensional string, due to various interactions between chemical 
groups within the string, including Watson-Crick complementarity (allowing 
substitution of Uracyl (U) for Thymine (T) in RNA), and between those groups and 
the solvent.  

The ‘simplest’ assemblies - which can be very complex - are 
those containing double-helices and strand junctions only, 
induced by the sequence of base pairs along the string and 

Watson-Crick duplexing. I have developed a simple 
taxonomy of string duplexing, allowing for both parallel and anti-

parallel helices3. The simplest fold families are those with an odd 
number of double-helices which wind around each of the (g+1) 

edges of ‘lunar’ nets in a strict order, forming anti-parallel helices 
on each edge of the net, forming genus (g) -2, -4, -6, folds. I 
argue (from a very naive theoretical perspective) that the 
ssRNA sequence can be designed to reproduce a theoretically 
idealised form, which is a symmetric ball-shaped cage, with 
(g+1)-fold rotational symmetry (point group Cg+1). The idea 

suggests a number of interesting novel soft materials, where 
these RNA cages playing the role of (chiral, but with a spherical 

envelope) pseudo-particles. 

References 

1. R.D.C.A. Tavares, G. Mahadeshwar, A.M. Pyle. The global and local distribution of RNA 
structure throughout the SARS-CoV-2 genome. bioRxiv. (2020). 

2. R. Lu, X. Zhao, J. Li, .… Genomic characterisation and epidemiology of 2019 novel 
coronavirus: implications for virus origins and receptor binding. The Lancet. (2020) 395 
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3. S.T. Hyde, Folding and (pseudo)knotting of a duplexed strand by base-pair complementarity, 
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Exploration of the limits of detection of microscopy Fourier 
transform infrared spectroscopy for the detection, quantification 

and identification of microplastics 
Åsa K. Jämting1, Christabelle Phua2, Claire Hedges2, Sebastian Barone2 and Victoria 
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1. Nanometrology Section, National Measurement Institute, 36 Bradfield Rd, Lindfield 

NSW 2070 
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E-mail: Asa.Jamting@measurement.gov.au 
 

 
Microplastics are now widely acknowledged as a significant environmental pollutant, 
and can be found in soils, natural waters, biota and animals. Microplastics are typically 
considered to have a size range spanning five orders of magnitude, from the sub-
micron to millimetre range. In order to fully understand the source, distribution, 
transport, fate and impact of microplastics in the environment it is necessary to be able 
to accurately physico-chemically characterise them. While the detection and 
characterisation of microplastics in the upper range of the size distribution is 
reasonably straight forward, as the size of the particles reduces, it becomes more 
challenging to characterise them appropriately. To do so accurately, it is essential to 
ensure that the testing instrumentation is fit-for-purpose for the sample under study 
and to understand the limitations of the technique being used for characterisation.  
 
In this study, we aim to assess the limit of detection (LoD) of microscopy Fourier-
transform infrared spectroscopy, µFTIR, in transmission and reflection mode using 
certified size standards of spherical polystyrene latex (PSL) particles. The approach 
described here can also be modified for a range of other commonly used techniques 
such as Raman spectroscopy, scanning electron microscopy or other methods.  
 
Samples were prepared using PSL particles ranging from 2 µm to 160 µm diluted with 
ultrapure water and deposited on calcium fluoride slides for transmission mode or gold-
plated reflective slides for reflectance mode. A µFTIR imaging system consisting of an 
Agilent Cary 620 FTIR microscope and an Agilent Cary 670 FTIR spectrometer was 
used for this study. For the instrument set-up used here, the LoD of the FTIR signal 
was established for single particles and clusters of particles. 
 
 
 

 
 
 

   
 Figure 1. µFTIR images of 2 µm, 10 µm and 50 µm PSL particles. 
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Tailoring the mechanics and chemistry of yield stress fluids for 
bioassembly 

  
Kristopher A. Kilian1,2, Thomas G. Molley2, Sara Romanazzo1 Iman Roohani1 

 
1. School of Chemistry, Australian Centre for NanoMedicine, UNSW Sydney 

2. School of Materials Science and Engineering, UNSW Sydney 
 

E-mail: k.kilian@unsw.edu.au 

The extracellular matrix surrounding cells in tissue is a dynamic composite material, 
where the presentation of biophysical and biochemical information directs functional 
bioactivities. My laboratory is interested in how the properties of the extracellular 
matrix guides cell decision making and have developed a suite of engineered 
extracellular matrices to probe the biophysical and biochemical basis underlying cell 
programming and re-programming.  

 

Here I will show how geometric templating of tissue through a bioprinting approach 
within a cell-laden yield stress matrix of microgels can be used to direct cellular 
activity. First, I will demonstrate the direct writing of channels within the suspension 
using thermoresponsive pluronics (Figure 1a). Endothelial cells can be introduced in 
the void space to create prototype vessel structures. Printing tumour aggregates in 
proximity to the vessels provides a means to study cancer cell migration and 
intravasation. Next, I will demonstrate a novel calcium phosphate-based ink that 
rapidly precipitates into a nanostructured hydroxyapatite that shows mechanical 
properties of cortical bone tissue (Figure 1b). This sinterless technique allows 
complex bioceramic structures to be fabricated in the presence of live cells, with 
scope for translation to clinical settings. Finally, I will introduce a new approach for 
hydrogel engineering, where the mechanics and chemistry can be changed through 
applied force. These and other hydrogel-based model systems are changing the way 
in which fundamental biological questions can be probed, which will aid our 
understanding of biological processes while revealing new design parameters for 
regenerative biomaterials.    

 

Figure 1. (a) Pluronics 
mediated printing within 
microgel suspensions. 
(b) endothelial lined 
(HUVEC) channels with 
adipose derived 
mesenchymal cells 
(ADSC) and melanoma 
microtumours (3C6). 
(c) Approach for 
printing ceramic inks 
into microgels with live 
cells. (d) mechanical 
characterisation of 
bone-ink setting.   
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Orientation of Gold Nanorods in Electrophoresis 
  

Yawei Liu1, Asaph Widerm-Cooper1,2  

 
1. ARC Centre of Excellence in Exciton Science, School of Chemistry, University of 

Sydney, Sydney, New South Wales 2006, Australia 
2. The University of Sydney Nano Institute, University of Sydney, Sydney, New South 

Wales 2006, Australia 
 

E-mail: yawei.liu@sydney.edu.au 
 

 
Our experimental collaborators demonstrate that the electrophoretic deposition (EPD) 
method can be used to assemble large arrays of vertically oriented nanorods with 
precise control of position at the single particle level on the patterned PMMA-ITO 
substrate. The orientation of gold nanorods during deposition is controlled by the 
electric dipole moment induced along the rod by the electric field. Using Dissipative 
particle dynamics simulations, we show that the magnitude of this dipole moment is 
dominated by the polarizability of the solution phase electric double layer around the 
nanorod. 
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Nanoparticles and Surfactants: How they live, and how they dry  
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The drying mechanism of surfactant solutions and nanoparticle suspensions is 
important for their applications in coatings and paints, and is decidedly non-trivial. In 
addition to factors such as contact line pinning, surface tension, Marangoni forces, 
etc. that come into play for deposition, the changing concentration due to drying is 
complicated by the self-assembly of surfactant molecules into either micelles or liquid 
crystal phases.1 This worked aimed to examine how the formation of these self-
assembled phases affects the drying process of systems containing both surfactant 
and nanoparticles. 
 
Phases were designed with 0-60 % w/w dodecyltrimethylammonium bromide (DTAB, 
a cationic surfactant) and 0-5 % w/w 10 nm (diameter) silica nanoparticles. Larger 
concentrations effectively represented structures that were drier. Structural analysis 
was undertaken using small-angle neutron scattering (SANS), ultra-small-angle 
neutron scattering (USANS), and polarising light microscopy (PLM). Viscosity 
measurements were taken using a benchtop rheometer with a cone-and-plate set-up. 
 
Silica nanoparticles were found to flocculate in these systems, though the size of 
these flocs decreased as the concentration of DTAB was increased. In turn, this 
decreased the opacity of the systems. Additionally, the viscosity of these systems 
increased as the concentration of either component was increased. 
 
When droplets of silica solution were dried and examined using PLM, it was found 
that silica particles dried into large structures in the centre of the droplet. When DTAB 
was present, the far more birefringent surfactant crystals were found beyond the 
silica structures, and were also apparently incorporated into the silica structure. At 
higher concentrations of DTAB, the silica structures were disrupted, likely as a 
consequence of the smaller flocs in solution. This caused a more homogeneous 
drying process compared to the samples with silica, but with a decreased 
birefringence compared to a silica-free system. This latter effect was likely because 
the smaller silica flocculates could act as defects in the wider surfactant crystal 
structure, weakening the long-range order and birefringence. 
 
References 
 

1. X. Shao, F. Duan, Y. Hou, and X. Zhong. Role of surfactant in controlling the deposition 
pattern of a particle-laden droplet: Fundamentals and strategies. Adv. Colloid Interface Sci. 
275 (2020) 102049. 
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Time resolved in-situ grazing incidence scattering from a 

surfactant/magnetic nanoparticle composite under oscillatory shear  
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Technology Organisation 
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E-mail: andrew.nelson@ansto.gov.au 

 
The horizontal sample plane of the PLATYPUS neutron reflectometer permits in-situ 
rheology measurements using the cone and plate geometry of a rheometer. 
PLATYPUS is normally used for determining surface normal interfacial structures, but 
it can also be used for examining in-plane lateral structure using Grazing Incidence 
Small-Angle Scattering. Historically the majority of these type of in-situ experiments 
have studied steady state conditions (“what happens to my adsorbed layers at different 
shear rates?”). It is relatively straightforward to perform such equilibrium 
measurements, but significantly more difficult to examine time-dependent processes; 
mainly because neutron scattering is signal limited and neutron instrumentation was 
not developed enough. PLATYPUS was specifically designed to study kinetic 
processes. It acquires data in event-mode (every scattered neutron is recorded), which 
allows both single shot, and stroboscopic, measurements to be performed 
Stroboscopic measurements apply a period impulse to a sample, with counting 
statistics built up over many cycles. Recently we developed the capability of recording 
event-mode information from the sample, in a parallel stream to the neutron events, 
allowing timescales of ~ 40 ms to be probed. Here we leveraged this world-leading 
capability to study a concentrated F127 mesophase with magnetic nanoparticles 
dispersed in the interstial holes, with a view to developing magnetically tuneable 
properties of a surfactant crystal [1]. The system was studied under oscillatory shear, 
with NR and GISANS scattering patterns being obtained from each point of the 
sinusoidal strain/velocity curve. The intensity of the <111> peak (=degree of ordering) 
of the FCC micellar crystal depends on the shear rate, with the signal being maximised 
at lowest shear rates. 

 
References 
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Figure 1. (Top panel): Schematics of the experimental setup on Platypus. The pulsed neutron beam
(repetition rate 24 Hz) impinges onto the sample while it is under a periodic deformation (periodicity
1 Hz). The incident neutron pulses are illustrated by Gaussians. (Bottom panel): Photograph of the
experimental setup on Platypus.
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Figure 2. (Left panel): Intensity collected at the detector of Platypus and plotted versus out-of-plane
exit beam angles and neutron wavelength. The line of specular intensity as well as the 111 reflection of
the fcc structure are indicated. (Right panel): TEM image of the magnetic particles.

We intended to assemble magnetic nanoparticles by using thermo-reversible block-copolymer
cubic crystal formed by Pluronic F127 as a three-dimensional template. The particles are expected to
remain trapped in the interstitial cavities of the cubic crystal and form an ordered array since these
cavities also follow the crystal lattice. Hence, the crystal structure would consist of an FCC crystal
of smaller atoms (particles) intercalated in an FCC crystal of larger atoms (micelles). From previous
studies we know that the addition of magnetic nanoparticles influences the crystal quality [23] and
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NMR relaxometry:  a non-invasive probe of surface phenomena in 
porous media 

 
Neil Robinson1 and Michael L. Johns1  
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Understanding the surface interactions of liquids confined to porous solids is of 
importance across a range of chemical processes including catalysis and separations. 
NMR relaxation measurements offer a non-invasive and chemically selective route for 
the elucidation of such phenomena. Utilising appropriate NMR pulse sequences and 
hardware this experimental approach measures the longitudinal and/or transverse 
relaxation behaviour of the spin system under study, as characterised by the relaxation 
time constants !" and !#, respectively. Within the unrestricted bulk phase these time 
constants conform to a well-defined correspondence with molecular dynamics. For 
fluids restricted within porous media, however, such measurements are complicated 
by the pore structure and surface chemistry properties of the confining material, 
providing a potential route for the characterisation of surface phenomena. In particular, 
the use of 2D correlation data allows the clear comparison relaxation phenomena 
exhibited by liquid mixtures, or by different chemical groups, such as the alkyl and 
hydroxyl proton behaviours of adsorbed alcohols (see image below). This talk will 
provide a general introduction to this rapidly developing field of investigation, and 
highlight recent advances in the interpretation of NMR relaxation phenomena in terms 
of adsorption energetics,1 and as a potential method for fingerprinting adsorbate 
interactions at the pore surface. 

References 
 

1. Robinson, N., Robertson, C., Gladden, L. F., Jenkins, S. J. & D’Agostino, C., Direct correlation 
between adsorption energetics and nuclear spin relaxation in a liquid-saturated catalyst 
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Structural and Double Layer Forces between Silica Surfaces in 
Suspensions of Negatively Charged Nanoparticles 
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Concentrated suspensions of charged nanoparticles are relevant in numerous 
applications, such as papermaking, ceramic processing, and food technology. One of 
their unique properties is the liquid-like structuring of nanoparticles, which has been 
shown to originate from the double layer repulsion between them. This property has 
been heavily explored in the last 10 years, predominately by colloidal probe atomic 
force microscopy (AFM) using like charged confining surfaces (Fig. 1a).1 Here, the 
resulting force profiles show an oscillatory behaviour with wavelengths of several 
nanometres (Fig. 1b) as nanoparticle layers are squeezed out. However, despite the 
wealth of knowledge of these oscillatory structural forces, less information is available 
on the double layer forces acting in these systems at confining surfaces which 
dominate at smaller separations resulting in a particle-free layer. Here, we present 
direct force measurements between negatively charged silica microparticles carried 
out in suspensions of like-charged nanoparticles with colloidal probe AFM. At smaller 
distances, soft and strongly repulsive forces are present due to double layer repulsion 
between the like-charged surfaces, which is quantitatively interpreted with the 
Poisson–Boltzmann (PB) model adapted to a strongly asymmetric electrolyte to 
capture the nonexponential nature of these forces. By modelling the nanoparticles as 
highly charged co-ions, while the counter ions are monovalent, this model permits 
extraction of the effective charge of the nanoparticles and helps further understanding 
of the particle-free layer at confining surfaces.2  
 

 
 
Figure 1. (a) Schematic of a commonly used colloidal probe AFM experiment for 
probing nanoparticle structuring. (b) Resulting force vs separation profiles in linear and 
semi-log representation with nanoparticle concentration given in µM.   
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Forces between Silica Surfaces in Suspensions of Negatively Charged Nanoparticles. 
Langmuir, 36 (2020) 14443-14452. 

 
 

      

(a) (b) 

215



Modulating the properties of biocompatible materials via 
microfluidic thermophoretic transport to control cellular activity 

  
Daniele Vigolo1  
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E-mail: daniele.vigolo@sydney.edu.au   

 
 
Most of the biggest challenges in tissue engineering rely on the capability to adjust and 
manipulate a variety of different materials building blocks at the micro- or nano-scale 
to control cell-substrate and cell-cell interactions. Here I demonstrate an innovative 
approach to locally control the mechanical properties of gellan gum hydrogel based on 
the manipulation of molecules, polymers and particles exploiting thermophoresis (i.e. 
the gradient of concentration induced by the presence of a temperature gradient)1. This 
was achieved by fabricating Joule heaters in-situ within a microfluidic device and by 
flowing cold water to create a transverse temperature gradient2 to induce a 
concentration gradient in the solution before crosslink (see Fig. 1a). After extrusion, 
the rigidity of the material was characterised by Atomic Force Microscopy whereas its 
porosity was investigated by Scanning Electron Microscopy (see Fig. 1b,c). This 
method permitted, for the first time, to control the mechanical properties of the 
substrates on the micron scale independent of the chemistry. 

 
Figure 1: A – Schematic of the device and principle of thermophoresis; B – SEM images captured across 
the material width (scale bar = 500 nm); C – pore size (blue symbols) and stiffness distribution (red 
symbols) along the material; D – Schematic representation of osteoblasts activity on the substrate over 
time. After 30 days a mineralization gradient is observable (the red “-” signify PO43- and the green “+” 
Ca2+); E – live/dead essay confocal image of the cell distribution after 7 days over the gradient material. 

The mechanical cues embedded in the scaffold were then used to guide the migration 
of MC3T3 osteoblasts (i.e., bone cells) and to control their capability to mineralise the 
substrate (see Fig. 1d,e). These cells showed a preferential migration and proliferation 
towards the stiffer side where they also produced higher mineralization. These results 
establish a new route to controlling the microstructure of cell culture matrices. 
 
References 
1. Vigolo, D., Ramakrishna, S. N. & DeMello, A. J. Facile tuning of the mechanical properties of a 

biocompatible soft material. Sci. Rep. 9, 7125 (2019). 
2. Vigolo, D. et al. Continuous Isotropic-Nematic Transition in Amyloid Fibril Suspensions Driven 

by Thermophoresis. Sci. Rep. 7, 1211 (2017). 
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Fibre – fibre interactions play an important role in hair movement, look and feel. 

Besides the physical structure of the hair fibres, the chemical composition of hair 

creates a variety of interaction forces between neighbouring fibres which affect the 

adhesion and friction as the hairs slide past one another. The ability to control these 

interactions through the use of hair-styling products to achieve the desired hair 

movement (or lack thereof), as well as texture, is of great interest. 

 

In this study we first examine the frictional and adhesive forces between two hair fibres 

in ambient conditions before and after applying a strong polyelectrolyte, poly- 

diallyldimethylammonium chloride (polyDADMAC), based conditioning treatment. 

Three hair samples were analysed: natural hair, chemically bleached hair, and 

chemically permed hair. The results showed a strong hair type dependence on the 

friction coefficient as well as directional and angle sliding effects, attributed to hair 

surface roughness, cuticle lifting and cuticle – cuticle interlocking. A difference in the 

response of the various hair types to the conditioning treatment was also observed, 

including a significantly different adhesion mechanism between the fibres.  

 

We will also present the results of the behaviour of two natural hairs grafted with 3-

mercaptopropionic acid and 11-amino-1-undecane thiol molecules. These molecules 

were specifically chosen to modulate the forces acting between the surfaces according 

to pH. The results show that it is possible to reversibly switch the interactions, and their 

magnitude, between an attractive and repulsive state by changing the pH conditions.  
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Fatty acid vesicles experience multiple barriers to fusion 
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Phospholipid bilayers are central to living organisms. However, prior to the existence 
of phospholipid-based cell membranes, it is likely that primitive cells on Earth were 
made of simpler molecules that had a single acyl chain rather than the two acyl 
chains of phospholipids.  
 
One model system explored for primitive cell studies are fatty acid vesicles. Rather 
than self-assembling into micelles, fatty acids are able to self-assemble into bilayer 
membranes at a pH near the apparent pKa and encapsulate material (Fig. 1). 
 
In this presentation we explore how to attain full fusion between fatty acid vesicles. 
We use a recently reported method to generate solutions of giant fatty acid vesicles.1 
We find that in addition to being extremely colloidally stable, owing to the high 
surface charge density of the membranes, the dynamic nature of the membranes can 
counterintuitively also limit full fusion. We will then discuss strategies for further 
fusion studies. 
 
 

 
Figure 1. Confocal microscopy image of oleic acid vesicles encapsulating 1 mM 

pyranine (green). 
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Ionic liquids (ILs) are a novel class of solvents with ultra-low vapour pressures and tunable 
liquid properties. Among them, protic ionic liquids (PILs) are particularly effective solvents for 
self-assembly of surfactants and lipids into micelles, vesicles, liquid crystals, and 
microemulsions.[1-4] This is exemplified by alkylammonium PILs, which are also cheap, easily-
prepared and can be readily deuterated. Over the past decade, much has been learnt about 
the static structure of many PILs,[5] however, little is known about their dynamics, or how the 
underlying nanostructure of the IL solvent affects the dynamics of amphiphile aggregates. In 
this work, we examine the effect of solvent nanostructure on flexibility of lipid bilayers. We 
employed neutron spin echo spectroscopy (IN15, ILL) to probe the mesoscopic undulation of 
egg-PC vesicle bilayer membranes in ethylammonium formate (EAF), ethanolammonium 
formate (EtAF), and their water mixtures. For the first time, IN15 is configured to perform 
dynamic measurements up to 1000 ns, which is essential due to the much slower motion we 
observed in PILs. By compariing these ILs with water, we are able to elucidate the dominant 
factor that affects membrane stiffness and stability in ILs, and how IL nanostructure 
contributes to the dynamics of large amphiphile aggregates. 
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Blood-contacting medical devices can cause potentially fatal blood clots (thrombosis) 
unless patients receive systemic blood thinning, anti-thrombotic drugs. However, 
anti-thrombotic drugs can themselves lead to severe bleeding complications. In order 
to combat these issues, multidisciplinary researchers have been working to develop 
anti-thrombogenic materials and surface coatings. Despite over 50 years of research 
in this area, the community is yet to develop a truly non-thrombogenic material or 
coating. While there are many potential causes, our failure is partly attributed to the 
complex nature of thrombus formation at material interfaces and our remaining 
limited understanding of the interplay between the material, biological and dynamic 
(blood flow) factors involved1.  
 
Material thrombosis is driven by protein adhesion (causing the enzymatic coagulation 
cascade to polymerise fibrinogen into the biopolymer fibrin) and cell adhesion and 
activation (platelets and leukocytes). We have developed a range of in vitro systems 
to understand thrombus formation on a range of materials and under both static and 
dynamic blood flow conditions to investigate different aspects of material thrombosis.  
Under static conditions, we characterized the fibrin thrombus structure on materials 
with increasing wettabilities and found that decreasing wettability correlates with 
decreased fibrin fibre density at the interface. We additionally developed a novel 
microfluidic system to visualize fibrin and platelet accumulation in real-time on a 
range of materials under increasing shear rates using whole human blood. We 
demonstrate material, shear rate and anticoagulant dependent fibrin polymerization 
patterns and platelet aggregation patterns.  
 
These findings provide insights into thrombosis at material interfaces and these 
systems will allow further evaluation of a variety of materials under physiological and 
pathological blood flow shear rates to better understand medical device-induced 
thrombosis.  
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Passive daytime radiative cooling (PDRC) has attracted worldwide interest since reported as a 
novel cooling technology that requires minimal energy input. The fundamental of PDRC 
material is to minimise energy gain from incident solar radiation (λ = 0.3 -2.5 μm) and 
maximise radiative heat loss transmitting through the atmospheric window (λ = 8 – 13 μm). 
Among various established designs of PDRC, diffusive light scattering based on refractive 
indices difference is a popular way to achieve desired solar reflectivity. Herein, we prepared a 
hierarchically porous polymer film from poly(vinylidene fluoride-co-hexafluropropylene) 
through a controlled evaporation phase inversion technique. The film morphology is greatly 
dependent on experimental variables during formation including environmental condition, 
polymer-solvent interaction, applicational thickness, additives, etc. We characterised the 
hierarchically porous structure (SEM, SANS, USANS, MICP, etc.), the film surface 
wettability, and assessed the cooling performance by custom built apparatus. Eventually, the 
films were integrated within a prototype for passive atmospheric water harvesting, 
demonstrating promising avenues of future research. 
 

 
Figure 1. a) Schematic representation of the passive cooling fundamentals. b) SEM images 
showing the hierarchically porous structure on surface and cross section. 
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The double-crystal ultra-small-angle neutron 
scattering (USANS) diffractometer Kookaburra at 
ANSTO was made available for user experiments 
in 2014. Kookaburra allows the characterization of 
microstructures covering length scales in the range 
of 0.1–10 µm. Use of the first- and second-order 
reflections coming off a doubly curved highly 
oriented mosaic pyrolytic graphite pre-
monochromator at a fixed Bragg angle, in 
conjunction with two interchangeable pairs of 
Si(111) and Si(311) quintuple-reflection channel-cut 
crystals, permits operation of the instrument at two 
individual wavelengths, 4.74 and 2.37 Å (Figure 1).  
 
This unique feature among reactor-based USANS 
instruments allows optimal accommodation of a 
broad range of samples, both weakly and strongly 
scattering, in one sample setup [1,2]. The versatility 
and capabilities of KOOKABURRA have already 
resulted in a number of research papers, including 
studies on hard matter systems like rocks and coal 
[3,4], as well as soft matter systems like hydrogels 
or milk [5,6]. This clearly demonstrates that this 
instrument has a major impact in the field of large-
scale structure determination. Some of the recent 
examples will be presented here. 
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Figure 1: The layout of the 
KOOKABURRA USANS 
instrument at ANSTO with the main 
components indicated.  

223



Dynamic Multilayered Hydrogels for Modelling Cancer 
Invasion 

Riddhesh B. Doshi1, Thomas G. Molley2, Pavithra B. Jayathilaka1, Vipul Mukund1, 
Kristopher A. Kilian1,2 

 
1. School of Chemistry, University of New South Wales, Sydney NSW 2052 

2. School of Material Science and Engineering, University of New South Wales, 
Sydney NSW 2052 

 
E-mail: r.doshi@unsw.edu.au 

 
The tissue microenvironment is an orchestra of heterogeneous populations of 
multiple cell types continuously reorganizing their surrounding matrix over time, and 
disruption of this homeostasis can lead to disease. Impairments in extra cellular 
matrix (ECM) such as matrix stiffening or softening, changes in composition and 
structure, and improper degradation or formation of ECM can lead to fibrosis and 
cancer1–3. Additionally, cell-cell and cell-matrix interactions affect cell morphogenetic 
processes4, e.g., in the epithelial to mesenchymal transition (EMT), cuboidal closely 
packed epithelial cells see a decrease in E-cadherin expression which causes them 
to lose cell affinity and cell polarity causing it to transition into migratory loosely 
packed mesenchymal stem cells which expresses more of N-cadherin5. Mimicking 
much of this complexity in vitro has proved to be a considerable challenge. 

 
 
 
 
Herein, we present a simple approach to fabricate multilayered hydrogels system 
consisting of cell secreted enzyme degradable hydrogels of tuneable stiffnesses and 
chemistries. We also present a novel technique to pattern hydrogels with cell 
adhesion proteins using compression and soft lithography as confirmed by 
fluorescence microscopy. Cells adhere to these compressed regions in accordance 
with underlying matrix proteins as a function of stiffness. We demonstrate how 
closely packed tumour cells in circular patterns secrete enzymes over time, thereby 
degrading the first layer of disulphide gels, and subsequently re-pattern onto the 
second polyacrylamide hydrogel. This dynamic multilayered hydrogel system may 
prove useful in emulating changes in shape observed during morphogenetic 
processes as commonly seen when tumour cells transition from an epithelial to a 
mesenchymal state during invasion. 
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Figure 1. (a) Schematic of fabrication of multilayered hydrogels followed by protein micropatterning. (b) Representative laser scanning 
confocal microscope images of disulphide hydrogels (circle) when patterned arylate fibrinogen fluorescein and PAAm (grid line) when 

patterned oxidised fibrinogen fluorescein. (c) Schematic of cells degrading disulphide gels and repatterning (d) Brightfield images of cell 
degrading disulphide gels over day 1 to day 6 
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Blood-contacting medical devices are commonly used in modern medicine, these 
devices can differ greatly in design and complexity e.g. catheters, artificial heart valves, 
left ventricular assist devices (LVAD). A common cause of medical device related 
complications is the development of blood clots (thrombosis) at the blood-material 
interface, this can result in fatal complications such as device failure or clot emboli 
causing stroke. When blood contacts a foreign material, thrombosis is thought to be 
initiated by protein adsorption and subsequent conformational changes leading to 
protein activation and activation of the thrombotic pathways1.  
 
The contribution of material surface properties, blood components, and variations in 
flow conditions to thrombosis is complex and interdependent. Many in vitro models of 
biomaterial thrombosis focus on individual aspects of the system, however, the 
interplay between material surface properties and variations in flow conditions is poorly 
understood in biomaterial thrombosis1.  
 
We developed a microfluidic model to study blood-biomaterial interactions under 
various flow conditions as verified with finite element analysis software (ANSYS 
Fluent). To fabricate our devices, we utilised photolithography to produce a master 
mould in photoresist (SU8-2100) and cast with polydimethylsiloxane (PDMS). Devices 
were reversibly bonded to the material of interest and perfused with whole human 
blood. Platelet adhesion and fibrin formation were observed in real time using 
fluorescence microscopy on a variety of materials subject to a range of flow rate and 
anticoagulant combinations. This model enables the investigation of thrombotic failure 
mechanisms on existing medical device materials under dynamic flow conditions and 
may serve as a platform to screen newly developed surface coatings to reduce 
thrombosis. 
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Inorganic nanoparticle cores are often coated with organic ligands to control their 
growth and solution stability in apolar solvents. However, the structure of the ligand 
shell depends strongly on the core size, temperature and solvent quality.1-3 In 
particular, ligand ordering can rapidly change the interaction between nanoparticles 
in dispersion from repulsive to attractive, causing the particles to agglomerate.2 In 
addition, the temperature at which the particles agglomerate has been shown to 
increase with increasing solvent chain length due to preferential stabilisation of the 
ordered ligand state.3 Since solvent mixtures are often used to tune the dispersibility 
of nanoparticles for different applications, it is important to understand how the 
ligands behave in such mixtures. 
 
In this work, we investigate what happens when the ligand coated nanoparticles are 
immersed in a mixture of two apolar solvents with different chain length. We 
characterise how the solvent mixture organizes around the nanoparticles and how 
the ordering temperature of the ligands depends on the composition of the mixture. In 
particular, molecular dynamics simulations were used to study hexadecanethiol 
passivated gold nanoparticles in a binary mixture of hexane and hexadecane solvent. 
Our results show that the solvent preference near the ligand shell strongly depends 
on how ordered the ligands are. In the ordered state, the ligand shell is preferentially 
solvated by the hexadecane molecules, whereas hexane molecules preferentially 
solvate the ligands when they are in the disordered state. Remarkably, the ordering 
temperature of the ligands still increases linearly with the fraction of hexadecane 
atoms in the mixture. This occurs because there is no solvent preference near the 
ligand shell at the midpoint of the ordering transition, which means that the ligands 
see a well-mixed solvent at that point, despite the clear separation at higher and 
lower temperatures. Further work is underway to determine if this behaviour changes 
as the solvents become less similar. 
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Thrombosis (blood clot) induced by blood-contacting medical devices can cause 
potential complications in clinical settings through device failure, stroke and mortality. 
It is well established that the adsorption of prothrombotic proteins in the blood such 
as Factor XII (FXII) and fibrinogen instigate the cascade of events which ultimately 
lead to material-thrombosis.1 In the intrinsic pathway of coagulation, activation of 
factor XII (FXIIa) is of particular importance and has been shown extensively to form 
preferentially on hydrophilic, negatively charged materials and is associated with 
faster coagulation in the context of biomaterials-induced thrombosis. 
 
Liquid-infused surfaces (LIS), have recently been shown to decrease material 
thrombosis and biofilm formation.2 This is achieved by immobilising a liquid layer on a 
surface coating to create a slippery interface that prevents the adhesion of blood 
components and bacteria.2 However, in order to successfully translate these 
functional materials, an understanding of the mechanisms responsible for their low 
thrombogenicity is necessary. 
 
In this work, we characterise a type of LIS, the tethered-liquid perfluorocarbon (TLP). 
We investigate the activation of the intrinsic coagulation pathway in the presence of 
TLP materials, showing that the TLP surfaces result in minimal FXII activation and 
clotting compared to a hydrophilic surface. However, coagulation following the 
intrinsic pathway was not found to be vastly different compared to a surface that is 
hydrophobic. We probe the possible mechanisms by which the anti-thrombotic TLP 
surfaces function and potentially, for liquid-infused surfaces in general, through the 
concept of enhanced protein and cellular mobility at the blood-TLP interface. 
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Dynamic cell culture materials that can change mechanical properties in response to 
extrinsic stimuli are emerging as promising tools for cell and tissue engineering 
research. However, most of these techniques involve one-way stiffening or softening 
and do not afford reversibility. Here we demonstrate the incorporation of super-
paramagnetic iron oxide nanoparticles within poly(ethylene glycol) hydrogels as 
dynamic cell culture materials. Using simple permanent magnets and adipose 
derived stem cells, we see a near 2-fold increase in cell spread area and an 
accompanying 20% enrichment in cells expressing alpha-smooth muscle actin. This 
platform provides a means to study relationships between dynamic stiffening and cell 
behaviour, using permanent magnets and clinically viable composite materials, with 
scope for use as a tool to enrich the myofibroblast population in stromal cells. 
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Atmospheric water capture is a promising avenue to supplement existing sources of 
clean water, and it relies on the nucleation and collection of dew droplets on a cold 
surface.1-2 It is well known that nucleation of water is easier on high surface energy 
substrates due to lower energy barrier to nucleation,3 but the exact quantification of 
this effect has not been performed as a function of different surface chemistries and 
controlled surface roughness. In this work we did two sets of experiments: on a one 
hand we quantified the number of nucleation sites versus wettability (surface energy) 
and droplet population before coalescence. On the other hand, we quantified the 
critical radius of droplets for detachment, and map nucleation sites (whether droplets 
repeatedly nucleate on the same spot) as a function of surface energy and 
heterogeneity of the tested surfaces. The environmental chamber built for the latter 
experiments (Figure 1) allows us to study these properties under tightly controlled 
conditions of temperature differential and humidity.  
 
 

 
 

 
Figure 1. Apparatus developed to investigate water condensation dynamics under 
humidity and temperature control. 
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 Emulsion stabilization using protein-polysaccharide complex is a common 
method to facilitate various emulsion-based food formulations including beverages, 
powder, gel and edible films. Dairy proteins, due to their amphiphilic nature, tend to 
be adsorbed and display viscoelastic properties at the interface, enabling a crucial 
role as natural food emulsifiers1. Addition of polysaccharide in dairy protein-stabilized 
emulsions can further improve emulsion stability for nutraceutical encapsulation. 
Studies have demonstrated that emulsion preparation techniques can influence the 
physical properties of emulsions stabilized by protein-polysaccharide complex and 
control the structure of the interfacial layer2-3. This presentation addresses the 
stabilization mechanism(s) in emulsions produced by soluble whey protein-sodium 
alginate complexes based on their preparation routes and polysaccharide 
concentration. Whey protein and a corresponding anionic polysaccharide, sodium 
alginate, were chosen to observe the impact of polysaccharide addition to the 
protein-stabilized emulsion. The current understanding on biopolymer behaviours as 
a function of pH and the main interactions in complex formation will be presented. 
Emulsion characterization including macroscopic and microscopic observations, 
turbidity, zeta-potential, droplet size, creaming index and rheological measurements 
will be critically analysed to evaluate the overall emulsion properties and stability 
during storage in a comprehensive manner. The outcomes would provide useful 
insight into designing food grade biopolymer complex carrier for encapsulation 
purposes.  
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Emu is the high-resolution neutron spectrometer installed at the OPAL reactor, 
ANSTO, which delivers 1 µeV FWHM energy transfer resolution for an accessible 
±31 µeV energy transfer range.1 The spectral resolution is achieved by neutron 
backscattering from Si (111) on the primary and secondary flight paths, allowing up 
to 1.95 Å-1 momentum transfer range. The spectrometer is well for suited quasi-
elastic and inelastic neutron scattering studies, notably in the field of soft-condensed 
mater, like lipids, gel and colloids including biophysics and polymer science, 
chemistry and materials science.  
 
Most experiments are carried out with standard cryo-furnaces (2 to 800 K 
temperature range). Spectrometer beam-time access is merit-based, thus welcoming 
as well experiments in other materials research areas, and including experiments 
that may require e.g. other ancillary equipment such as existing controlled-gas 
delivery, and potentially pressure, applied field set-ups, etc.  
Examples of the spectrometer capabilities are shown through select case studies. 
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The resolution achievable in the vertical (z-axis) with atomic force microscopy (AFM) 

is one of its fundamental advantages as an imaging and characterisation instrument 

for nanoscience. Translating this resolution into measurement accuracy typically 

requires a careful calibration with appropriate transfer artefacts featuring step heights 

traceable to a realisation of the definition of the SI metre. To date, the step heights of 

commercially available, fabricated artefacts have been limited to no smaller than 

approximately 10 nm. This compromises the accuracy at the sub-nanometre level 

required for metrology tasks such as measuring the thickness of two-dimensional 

materials and characterising the surface roughness of precision surfaces. 

With the revision of the SI in 2019, the Consultative Committee for Length (CCL) of the 

International Committee for Weights and Measures published a secondary method for 

realising the SI metre in terms of a new, agreed value of the lattice spacing of 

crystalline silicon. This value, based on SI-traceable X-ray diffraction measurements, 

has a standard uncertainty of a few attometres (10-18 m)1. For AFM calibration, the CCL 

secondary method includes recommended values for the heights of monoatomic lattice 

steps that can self-assemble on the surface of slightly mis-cut crystalline silicon during 

annealing under ultra-high-vacuum conditions. These recommended values, for 

measurement under ambient conditions of monoatomic (100) and (111) orientation 

lattice steps, have a standard uncertainty of 7.5 pm 2. A major contribution arises from 

the uncertainty in the homogeneity of the native SiO2 surface layer. 

In principle, this approach allows any operator of an AFM with access to a monoatomic 

silicon lattice step structure to calibrate the vertical axis of their instrument at the sub-

nanometre level directly against a realisation of the SI metre. The accuracy of the 

calibration, however, is strongly dependent on how an image of a silicon lattice step is 

processed and analysed in deriving a measurement of the step height.  

We demonstrate image processing and analysis methods used to derive lattice step 

height values, and associated measurement uncertainties, from images of a silicon 

(111) surface with lattice steps in a “staircase” configuration. We compare the 

performance of three commonly used image processing and analysis software 

packages: the Scanning Probe Image Processor (SPIPTM) from ImageMetrology SA, 

the open source Gwyddion, and MountainsSPIP from Digital Surf. 
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Nitric oxide (NO) is a potent biological molecule that contributes to a wide spectrum 
of physiological processes. However, the potential of NO as a therapeutic agent is 
limited by its short half-life in human tissues. A new strategy to deliver NO relies on 
in-situ decomposition of NO prodrugs by zinc oxide (ZnO) particles.1 However, a 
translation of this technology to the clinic will require the ability to coat medical 
devices (e.g. metallic stents) with ZnO coatings of the desired thickness and surface 
roughness. 
This study presents a systematic investigation of how three ZnO precursors (urea, 
sodium hydroxide and hexamethylenetetramine) can produce coating of widely 
different homogeneity and roughness, based on the synthesis conditions 
(temperature and concentration) and the metal substrate (titanium, steel and cobalt-
chromium alloy). These differences are explained based on the classical nucleation 
theory and the different surface energies of the substrates. The kinetic of NO 
generation and the influence of ZnO thickness is also investigated. 
In conclusion, this study provides a general strategy for the preparation of 
micrometer-thick ZnO coatings, which can be used for the in-situ generation of NO. 
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Vesicles self-assembled from fatty acids are one of many models researchers use to 
mimic compartments preceding live cells on prebiotic Earth.1 These protocells were 
rudimentary and would have lacked the protein organelles that enable motility for 
ensuring their survival. We explore one possible mechanism of autonomous protocell 
movement via diffusiophoresis in such protocells, whereby the protocell may actively 
move in a liquid medium as a result of a self-induced local chemical gradient.2 We also 
explore using active propulsion to generate motion. This involves encapsulating 
catalytic nanoparticles within the vesicle, inducing asymmetry in the vesicle structure 
and catalysing a reaction inside the vesicle to generate propulsion. Optical microscopy 
allows for motion tracking of these vesicles, and then quantitative analysis to classify 
the type of motion observed. 
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The ability of fatty acids to self-assemble into a variety of morphological structures 
has been well established in literature. One such structure is giant unilamellar 
vesicles (GUVs) which self-assemble at a pH slightly below the apparent pKa of the 
fatty acid.1 These GUVs are extremely sensitive, with small changes in pH and salt 
concentration dramatically affecting self-assembly.1 Simulation results show that 
these changes in self-assembly are due to changes in the packing of fatty acid 
molecules. With a slight increase in deprotonation, fatty acid bilayer membranes 
become more disordered and undergo a reduction in hydrogen bonding. Using 
electrical impedance spectroscopy and turbidimetry, we find that these changes in 
packing also affect the permeability of the membranes and their propensity to 
rupture. 
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3D printing promises to provide a significant breakthrough in the field of tissue 
engineering. However, the primary limitation of biomaterials ink/bioink inventory and 
lack of clarity around a unified systematic screening for the development of biomaterial 
inks have frequently been cited as a major issue that limits its potential. The present 
study tries to address this by developing a biomaterial ink composition while outlining 
a framework for evaluating printability for extrusion-based printing. The developed 
biomaterial ink is based on a photo-curable chitosan (ChiMA) and methyl cellulose 
(MC), with the latter serving as a rheological modifier (Figure 1). An ‘ideal’ ink should 
satisfy both biological and physical/mechanical requirements of the printing process. 
To check these requirements, potential ink formulations were made and evaluated 
using three screening tests on flow properties, physicochemical properties, and layer 
stacking ability. Two ink formulations out of an initial twelve were further analysed for 
their rheology, degradability, print evaluation and preliminary cytocompatibility, leading 
to a candidate biomaterial ink formulation. In addition, a printability assessment 
demonstrated the candidate ink’s excellent shear thinning, rapid gelation and ability for 
retention of the structural integrity until post curing, confirming its utilization in extrusion 
based 3D printing. This printability assessment was combined with a previously 
developed mathematical model to narrow down the ideal operating parameters of the 
extrusion printing by calculating the extrusion velocity using the shear thinning 
coefficients and printer operating variables (Pressure, needle dimensions). Formulated 
inks printability was then demonstrated by printing geometries with versatile shapes 
such as star shape and circles. The scaffolds printed with ChiMA/MC inks showed 
adequate cytocompatibility for human dermo fibroblasts but with limited matrix 
adhesion and proliferation. 
 

Figure 1 Schematic representation of ChiMA (methacrylamide chitosan)/methyl 
cellulose biomaterial ink development. 
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The diverse intermolecular interactions present in ionic liquids (ILs), and especially 
protic ionic liquids, generates a solvophobic effect that can give rise to a striking 
amphiphilic nanostructure consisting of sponge-like interpenetrating networks of polar 
and apolar domains,[1] and also makes them excellent media for surfactant self-
assembly. 
 
Previous studies of polyoxyethylene alkyl ether nonionic surfactants, CnEm, in 
ethylammonium nitrate (EAN) and propylammonium nitrate (PAN) have shown they 
can support the full range of amphiphilic self-assembly behaviour of nonionic 
surfactants for various applications.[2-4] However, the head group of the workhorse 
nonionic surfactant, ethylene oxide (EO) is a petrochemical product, prompting 
researchers to seek bio-renewable substitutes, amongst which carbon dioxide stands 
out. Recent studies of nonionic surfactants incorproating CO2 (partly substituted for 
EO, Figure 1) have shown they are promising surface-active molecules.[5, 6] This 
study is directed at understanding self-assembly behaviour of CO2 nonionic 
surfactants in ILs. Specifically, we will examine the structure of surfactant-IL solutions 
using small angle neutron scattering in order to determine how IL nanostructure 
affects the properties and morphologies of surfactant aggregates. 
 

 
Figure 1. Structure of CO2 nonionic surfactants, the headgroup is a random 

copolymer of CO2 and ethylene oxide units. 
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Ionic liquids have been investigated as a potential replacement for molecular solvents 
due to their unique properties and customisability.1 Despite this, common application 
remains inaccessible due to their often unpredictable effects on reaction outcome.2  

The reaction between pyridine and benzyl bromide has been investigated in mixtures 
of acetonitrile and different ionic liquids in the 1-alkyl-3-methylimidazolium 
bis(trifluoromethanesulfonyl)imide ([C2n+2C1im][NTf2], n = 0-5) homologous series (Fig. 
1a). Unique behaviours as a function of mole fraction were seen in each ionic liquid, 
along with a consistent trend where longer alkyl chain substituents result in lower 
values of k2 (Fig. 1b). 

 

 

 

  

 
 

 

 

Solvent relaxation NMR measurements are sensitive to both molecular motion and 
solvent structuring, with entropic differences such as increases in structuring having a 
large influence on the value of the spin-spin relaxation time (T2). Since the observed 
increase in k2 is entropically influenced, T2 of the homologous series of ionic liquids 
was investigated. Correlation of T2 and k2 allows quantitative prediction of rate 
coefficients in various solvent mixtures, including ionic liquids not part of the initially 
considered homologous series. These data, along with associated activation 
parameters, indicate that solvent structuring plays an important part when 
understanding the microscopic origins of rate enhancement for these ionic liquid 
systems. 
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Figure 1. a) (left) the reaction of benzyl bromide and pyridine, performed in the presence of the 
[C2n+2C1im][NTf2] homologous series of ionic liquids (n = 0-5). b) (right) mole fraction dependence of the 
bimolecular rate coefficient (k2) for the reaction of benzyl bromide and pyridine at 22.2°C in mixtures 
containing different proportions of either [C2C1im][NTf2] (◆), [C4C1im][NTf2] (◆),3 [C6C1im][NTf2] (◆), 
[C8C1im][NTf2] (◆), or [C12C1im][NTf2] (◆) with acetonitrile, and in acetonitrile (—). Errors are reported 
as the standard deviation of at least triplicate results.  Some errors fall within the size of the markers 
used. 
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 How to image objects in a crowded environment? Digital in-line holographic 
microscopy (DHM) is a non-invasive optical modality that encodes three-dimensional 
(3D) information about the microscopic scatterers (Fig. 1a), captured in real time on 
fast sensors i.e., CCD and CMOS cameras. Processing and analysis of these 
recorded holograms can be done using a user-friendly Python interface1 which is 
based on Lorenz-Mie scattering theory. DHM can be used to localize and quantify the 
motion and interaction of scatterers, and to quantify diffusion.  

The challenge lies in fact that in DHM, the scatterer with a large cross-section 
area dominates the scattering process ─ particularly in crowded environments such 
as biological tissues. Therefore, it is difficult to extract information (about the weak 
scatter) from holograms containing the interference from both weak (signal) and 
strong (noise) scatterers. 

We propose a data driven approach based on conditional generative 
adversarial networks (cGANs). We train cGANs on simulated image-pair data 
consisting of holograms of (A) weak scatterers only and (B) weak + strong (hybrid) 
scatterers (see Fig. 1(b)). We then demonstrate that the model trained on these 
image pairs can efficiently negate the effect of strong scatterers from the unknown 
hybrid holograms (see Fig. 1(c)). This decoupling then allows us to study the 
interaction and motion of these weak scatterers.      

 
 Fig1. (a) In-line holography setup1; (b) scheme for generating simulated in line holograms in 
HoloPy1; (c) Implementation of cGANs to get a standalone model for parameter extraction.  
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Cardiovascular medical device thrombosis is associated with poor patient outcomes. 
Adsorption of prothrombotic proteins such as Factor XII (FXII), fibrinogen, von 
Willebrand Factor (vWF) and complement proteins influence the cascade of events 
which follow and thus the nature of the thrombi formed1. It is well established that 
activation of the intrinsic pathway of coagulation, specifically activation of factor XII 
(FXIIa), is of particular importance. FXIIa has been shown to preferentially generate 
on hydrophilic, negatively charged materials and has been associated with faster 
coagulation i.e. fibrin clot network formation. Fibrin clot structure has emerged as an 
important factor which is altered in plasma from patients with pro-thrombotic diseases 
including coronary artery disease. However, the influence of medical device material 
properties on the ultimate fibrin clot structure and thus functional consequences are 
unknown.  
 
We used the hydrophobic polymer polystyrene (contact angle 90o) and surface 
modification using oxygen plasma to render the polystyrene hydrophilic (contact angle 
15o) to investigate the effect of material wettability on FXIIa activity, coagulation time, 
and fibrin clot structure. This surface modification was associated with increased 
surface oxygen content without substantially altering surface roughness. In line with 
previous literature, surface hydrophilicity increased FXIIa activity in platelet-poor 
plasma (PPP) and caused faster coagulation in static conditions. Fibrin clot networks 
occupied increased volume and consisted of increased fibrin fibre density on 
hydrophilic polystyrene. These clots were more resistant to fibrinolysis, compared to 
hydrophobic polystyrene. Finally, we demonstrated dependence of these findings on 
FXIIa using the FXIIa-inhibitor corn trypsin inhibitor. 
 
These findings have implications for the selection of materials for use in the fabrication 
of future cardiovascular medical devices. Furthermore, material wettability could be 
purposefully manipulated to influence clot structure for fibrin-based biomaterials. 
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The inhalation of biological aeroallergens (e.g. pollens) are known to cause allergic 
rhinitis and asthma1 by triggering a cascade of immune reactions2 that often worsen 
the symptoms. ETSA is a rare type of asthma that is believed to be caused by the 
inhalation of thunderstorm-borne pollen grains affecting thousands of individuals 
within a short span of time3. In this work, we investigate the fundamental 
physicochemical basis of the phenomenon. We demonstrate a model system to 
investigate concerned biointerfacial interactions such as cellulose-mucin interactions 
mimicking pollen coat and air-way mucosa. Furthermore, we mimicked thunderstorm 
conditions by generating air-plasma (AP) and plasma-activated water (PAW), 
examined its effect on surface chemistry of cellulose, and its subsequent interactions 
with mucin. Quartz Crystal Microbalance with Dissipation (QCM-D), and Neutron 
Reflectometry (NR) techniques showed that AP and PAW treatment changes the 
mucoadhesivity of cellulose4. Our analysis reveals that both AP and PAW affect the 
surface chemistry of cellulose by making it highly hydrophilic and slightly 
hydrophobic, respectively. The mass adsorption and layer thickness profile of mucin 
on plasma-treated cellulose indicates its non-specific interactions with cellulose and 
bio-adhesive nature. Interestingly, our in-depth NR analysis manifests the 
conformational alteration in mucin on different AP and PAW-treated cellulose 
surfaces, which provides structural insight into mucin interactions with inhaled 
particles.  
In this talk, we will describe the model system for studying cellulose-mucin 
interactions at sub-nanometre scale, and factors affecting adsorption of mucin on 
different plasma-treated surfaces. We anticipate that our results will not only help in 
the constructive understanding of initial biointerfacial interactions contributing to the 
development of thunderstorm asthma but also provide benchmark for effective 
treatment of ETSA. 
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ANSTO for more than ten years successfully operates Small Angle Neutron 
Scattering (SANS) instrument Quokka1 and in 2016 commenced user operation of 
the second SANS instrument, Bilby2. Ultra-small angle scattering machine 
Kookaburra3 is completing the set of the SANS instruments at ANSTO. 
 
Bilby exploits neutron Time-of-Flight (ToF) to extend the measurable Q-range, over 
and above what is possible on a conventional reactor-based monochromatic SANS 
instrument. In ToF mode, the choppers are used to create neutron pulses of variable 
(~3% ‒ 30%) wavelength resolution. 
 
Two arrays of position sensitive detectors in combination with utilizing of wide 
wavelength range provide capability to collect scattering data of wide angular 
diapason without changing experimental set-up (maximum accessible Q on the 
instrument is 0.001-1.8Å-1). Additionally to the ToF, Bilby can operate in 
monochromatic mode. 
 
The question is how the advanced design features can be applied to the real 
scientific questions. In short, having large dynamic range available in one go, opens 
up a possibility to study complex system, like micelles and hierarchical materials. 
Additionally, there is a range of sample environment available allowing to change 
conditions in situ, which is priceless for study a range of samples stretching from 
colloids to metals. In my presentation I am giving several examples demonstrating 
how ToF SANS can bring light to structural changes of the surfactant wormlike 
micelles structure under various conditions. Also, study of the hard matter physics 
examples will be presented. 
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The interaction between liquid flows and solid surfaces has become an important issue 
for the manipulation of fluids at small scales1. Frictional drag, which arises as to the 
direct consequence of this solid-fluid interaction, accounts for a great part of the energy 
invested in the transport of fluids. Lubricant-infused surfaces (LIS)2, in which an 
immiscible liquid is trapped within the surface texture, minimise the contact of the liquid 
with the solid substrate and, therefore, reduces the hydrodynamic drag significantly. 
This drag reduction is normally explained as an apparent slip of the fluid due to the 
mobility of the lubricant and is proportional with the lubricant height ho and the ratio of 
the viscosity of the flowing liquid over that of the lubricant μw/μo (see Fig.1). Here, using 
highly accurate microfluidic measurements, we confront these predictions with 
experimental observations conducted on a nanostructured wrinkled Teflon surface4 
infused with silicone oil or hexadecane. We found that at low viscosity ratios μw/μo<1, 
the drag reduction is 50 times higher than predicted. Although this disagreement has 
been observed in previous studies, no explanation has been proposed up to now. In 
this study, using atomic force microscopy and confocal microscopy, we found that the 
nucleation of pancake-like nanobubbles on these surfaces is responsible for the large 
slippage observed in these systems. 

 
Figure 1: Wrinkled Teflon surfaces are infused with oil and test under flow. 
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Janus nanoparticles have two chemically distinct faces, typically one repulsive and 
one attractive. Because of their inherent anisotropy they have quite complicated 
phase behaviour and can act as surfactants depending on the interactions of each 
face.1 
 
We have used computer simulations to study the self-assembly behaviour of Janus 
nanorods which have one attractive end and one repulsive end. By varying the 
interaction strength, pressure, and length of the attractive portion, we are able to 
produce a wide range of assembled structures including lamellar bilayers, tubular 
micelles, smectic A, crystal, frustrated bilayers and spherical micelles. The transition 
between some of these structures appears to be barrierless. 
 

 
References 
 

1. Lattuada, M., & Hatton, T. A. (2011). Synthesis, properties and applications of Janus 
nanoparticles. Nano Today, 6(3), 286–308. https://doi.org/10.1016/j.nantod.2011.04.008 

246



 
 

Soft-Hard Janus Nanoparticles for Polymer Encapsulation   
Liwen Zhu, Duc Nguyen, Chiara Neto, and Brian S. Hawkett, 

Key Centre for Polymers and Colloids, School of Chemistry F11 and University of 
Sydney Nano Institute, University of Sydney, NSW 2006, Australia 

Email: liwen.zhu@sydney.edu.au 
 
We demonstrate a scalable continuous feed method for the synthesis of polymer 
Janus nanoparticles with different composition and aspect ratios between lobes, 
including with one hard cross-linked polystyrene lobe and one soft film-forming 
poly(methyl methacrylate-co-butyl acrylate) (P(MMA-co-BA)) lobe, through emulsion 
polymerization. The Janus nanoparticles with the soft P(MMA-co-BA) lobes can 
spontaneously self-assemble around solid particles in an aqueous phase, forming a 
thin polymer film. The process is achieved at room temperature and under mild 
conditions. The Janus nanoparticles show excellent encapsulation ability for a variety 
of solid particles, such as organic and inorganic pigments, carbon nanotubes and 
calcite, without requiring polymerization.1 The role of the surface charge of the 
particles, wettability, and morphology are investigated to explain fundamental 
questions on the encapsulation mechanism.  
 
 
 

 
Figure 1. Schematic of encapsulation of particles in aqueous phase by film forming 
Janus nanoparticles 
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Solar power in highly urbanised settings is limited due to the pervasiveness of high-rise 
buildings with limited roof space available for solar power generation. However, the facades of 
these buildings are often mainly comprised of windows which could be utilised in a 
Luminescent Solar Concentrator (LSC). LSC's utilise total internal reflection to direct light to 
their edges for solar harvesting. These systems can also be built as nearly transparent allowing 
windows to be still used. A limitation on LSC's is the low efficiency of these systems. But, by 
controlling the assembly of nano-luminophores in the wave guide it is possible to increase their 
efficiency. 
  In this paper the packing of rounded rods in 3D space is examined for the purpose of designing 
an improved LSC wave guide. This is achieved through simulating Brownian dynamics with 
the LAMMPS molecular dynamics package. Several orderings of binary rods are observed both 
with entirely attractive and mixed interaction regimes. Some of these orderings are as predicted 
from hard disc packings, but new pentagonal orderings are observed as well. These results are 
also examined through calculating coordination. From these simulations it is observed that the 
correct number ratio is important to form an extended lattice. Additionally, it is determined that 
mixed interactions are required to prevent separation of the two rod types within a lattice into 
separate phases. From these discoveries, goals for future experimental studies in this area have 
been more clearly defined 
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