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Nano-Structured Dynamic Polymeric Particles Design by Light  

Christopher Barner-Kowollik, School of Chemistry and Physics, Centre for Materials 
Science, Queensland University of Technology, 2 George Street, 4000 Brisbane 

Biogrpahy 
Christopher Barner-Kowollik, Australian Research Council (ARC) Laureate Fellow, 
graduated in chemistry from Goettingen University, Germany, Christopher joined the 
University of New South Wales in early 2000 rising to lead the Centre for Advanced 
Macromolecular Design in 2006 as one of its directors. He returned to Germany to 
the Karlsruhe Institute of Technology (KIT) in 2008, where he established and led a 
Centre of Excellence in soft matter synthesis. He moved to QUT in early 2017 and 
established QUT's Soft Matter Materials Laboratory. Christopher's research 
achievements have been recognised by an array of national and international 
awards including the coveted Erwin Schrodinger Award of the German Helmholtz 
Association and most recently the United Kingdom Macro Medal. He is a Fellow of 
the Australian Academy of Science, the Royal Society of Chemistry and the Royal 
Australian Chemical Institute 
 
Abstract 
The tuning of both covalent bond formation as well as dissociation remains a grand 
challenge in the design of photodynamic systems. The light-responsive adaptation of 
polymer materials requires different wavelengths to induce reversible covalent bond 
formation and dissociation. Our efforts have been devoted to pioneer a toolbox of 
photocycloadditions that can be triggered by lower energy visible light, while their 
cycloreversion should function at the least energetic wavelength, too.  

The lecture will showcase a new method for the photoinitiated, additive-free 
precipitation-driven synthesis of particles by crosslinking pre-synthesized low 
molecular weight polymers. Microspheres were produced by employing the nitrile- 
imine mediated tetrazole-ene cycloaddition reaction upon UV irradiation (λ = 300 
nm), therefore forming intrinsically fluorescent particles.1 The reaction wavelength 
was subsequently red-shifted to 415 nm by exploiting o-quinodimethanes that 
undergo [2+4] cycloadditions with suitable dienophiles or [4+4] via self-dimerization.2 
Critically, a variety of crosslinking molecules and dienophiles were investigated, 
imparting unique properties to the particles such as acid triggered fluorescence 
switch-on.3 Finally, we explored the visible light-triggered reversible triazolinedione 
(TAD) chemistry as a dynamic covalent cross-linking platform that enables green 
light-induced particle formation (525 nm), while particle degradation is triggered by 
merely switching off the light. Herein, we combined our visible light driven particle 
design platform technology with the visible light-driven reversible [2+4] cycloaddition 
of triazolinedione (TAD) with naphthalene prepolymers, creating degradable 
microparticles that do not require any external degradation trigger other than 
darkness.4  
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Liquid marbles and liquid beads: handling tiny amounts of liquid like solid 
particles  
 
Nam-Trung Nguyen 
 
Biography 
Nam-Trung Nguyen received his Dip-Ing, Dr Ing and Dr Ing Habil degrees from 
Chemnitz University of Technology, Germany, in 1993, 1997 and 2004, respectively. 
The habilitation degree (Dr Ing Habil ) is the qualification for a full professorship in 
Germany. In 1998, he was a postdoctoral research engineer in the Berkeley Sensor 
and Actuator Center (University of California at Berkeley, USA). Prof Nguyen is the 
First Runner Up of Inaugural ProSPER.Net-Scopus Young Scientist Awards in 
Sustainable Development in 2009 and the Runner Up of ASAIHL-Scopus Young 
Scientist Awards in 2008. He is a Fellow of ASME and a Member of IEEE. Nguyen’s 
research is focused on microfluidics, nanofluidics, micro/nanomachining 
technologies, micro/nanoscale science, and instrumentation for biomedical 
applications. He published over 450 journal papers with over 23,000+ citations 
(Google Scholar) and field 8 patents, of which 3 were granted. Among the books he 
has written, the first and second editions of the bestseller “Fundamentals and 
Applications of Microfluidics” were published in 2002 and 2006, respectively. His 
latest book “Nanofluidics” was published in 2009. The second edition of the 
bestselling book “Micromixer” was acquired and published by Elsevier in 2011. 
 
 
Abstract 
Liquid marbles are droplets with volume typically on the order of microliters coated 
with hydrophobic powder. Liquid beads are core-shell beads with a liquid core and a 
solid shell. Both have sizes ranging from tens of micrometres to a few milimetres. 
The versatility, ease of use and low cost make both liquid marble and liquid bead 
attractive platform for digital microfluidics. These platforms allow for handling liquid 
with tools and methods used for solid particles. The talk will report our recent 
discoveries in the physics of liquid marbles and liquid beads that allow liquids to be 
manipulated as solids, as well as their robustness in terms of evaporation and 
structural deformation. The talk will also present applications such as large-scale 
three-dimensional cell culture, cryopreservation and polymerase chain reaction. 
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Molecule-by-molecule positioning at the solution/solid interface  

Jennifer MacLeod, School of Chemistry and Physics, Queensland University of 
Technology (QUT), 2 George Street, Brisbane, Australia  

Biogrpahy 
Jennifer MacLeod holds MSc and PhD degrees in Physics from Queen’s University 
(Canada), where she worked on instrumentation development for scanning tunneling 
microscopy studies of semiconductor surfaces.  She went on to hold an NSERC 
Postdoctoral Fellowship at the Università degli Studi di Trieste (Italy) and a Research 
Associate position at INRS (Canada). She joined QUT in 2015, where she has held 
an ARC DECRA Fellowship, and is currently Associate Professor and Head of 
School of Chemistry and Physics.  Her research interests include self-assembly and 
reactions of molecules at surfaces, and the growth and modification of graphene and 
other 2D materials.  She draws on a range of experimental and computational 
techniques, with a focus on using scanning probe microscopy and x-ray 
photoelectron spectroscopy (XPS) to elucidate these systems. 
 
Abstract 
Achieving precise control of molecular self-assembly to form designed three- 
dimensional (3D) structures is a major goal in nanoscale science and technology. 
Using scanning tunnelling microscopy and density functional theory calculations, we 
have investigated the use of a single-atom-thick 2D covalent organic framework 
(COF- 1) to template solution processed guest molecules.[1] This versatile approach 
can be used to trap and organize molecules at the solution/solid interface and in the 
subsequently obtained dried films. The molecular adsorption geometries depend on 
the solvent used for processing, and through the use of different solvents different 
(pseudo)polymorphs can be obtained. These template films can grow vertically, 
transition from two-dimensional to three-dimensional, which indicates that these 
nanoscale COF-1 templates may enable novel packing geometries suitable for 
device applications.[2] Furthermore, the relatively weak guidance provided by the 
templates allows flexibility in packing geometries, which can foster the formation of 
mesophases.[3] The approach can also be used to pattern molecules that have 
intrinsic barriers to forming periodic lattices, such as molecules with five-fold 
symmetry.[4] This suggests that monolayer templates may allow molecules designed 
specifically for function, rather than for crystallization into regular lattices, to be used 
in applications where crystallinity is desirable.  
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Bioinspired nanomaterials for drug delivery and biomimetic devices for drug 
screening 

Associate Professor Chun-Xia Zhao, Group Leader, UQ Amplify Fellow 
Australian Institute for Bioengineering and Nanotechnology; UQ, St Lucia, Australia. 

 
Biography 

Associate Professor Chun-Xia Zhao is currently a Group 
Leader, UQ Amplify Fellow, UQ Node Leader and Program 
Leader of an ARC Centre of Excellence, at Australian 
Institute for Bioengineering and Nanotechnology, UQ. She 
was an ARC Future Fellow (2015-2019), and an Australian 
Postdoctoral Fellow (2011-2014). She leads a research 
team with a focus on the development of bioinspired 

micro/nanostructures for drug delivery and bioinspired devices (e.g. organs-on-a-
chip models) for drug screening and evaluation. She has been focusing on 
innovative research as evidenced by her six patents, and one of her patented 
technology has been licensed to an international company. A/Prof Zhao’s research 
has attracted more than $7 M in research funding since 2011, including an ARC 
Centre of Excellence project (2020-2027), six Australian Research Council projects 
as the lead investigator, two national prestigious fellowship, many UQ grants and 
industry projects since 2011. She has been recognised for scientific excellence with 
a 2016 UQ Foundation Research Excellence Award. She has been appointed as 
member of the Australian Research Council College of Experts (2019-2021). She 
has published in top journals (Nature Comm, Science Advances, Angewandte 
Chemie, ACS Nano, etc.), and has delivered more than 20 keynote and plenary talks 
in international conferences. She serves as the Editor-in-Chief and Editors for 
several journals, and also reviews articles for top journals (Nature Comm, 
Angewante, Advanced Materials, Biomaterials, etc.). 
 
Abstract 
Engineered nanomaterials have attracted enormous interest for drug delivery in the 
past decades. They hold great promise due to their unique properties such as 
nanoscale size, controlled drug release and their potential in targeted delivery. A 
wide range of nanomaterials have been developed for drug delivery, ranging from 
inorganic, organic, polymer particles to lipids, proteins and other synthetic 
compounds. However, their clinical translation has been limited. This demonstrates 
the huge gap between laboratory research and clinical translation of nanomedicines, 
mainly due to the incomplete understanding of the complex interactions between 
nanoparticles and the biological systems is lacking. My research team during the 
past years have developed novel approaches for producing bioinspired nanoparticle 
libraries with reproducible and systematically varied properties. Through systematic 
studies, a new physical attribute – nanoparticles’ mechanical property – was 
discovered to play a crucial role in regulating their biological functions. Also, we 
developed patented technologies to increase the drug loading of nanoparticles from 
normally 1-5% to 65%, which presents huge advantages in improving treatment 
efficacy and in reducing undesirable effects from over-dosed nanomaterials. My 
group has also developed microchip-based models (Tumor Chips, Tumor-
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Vasculature-on-a-Chip) for fast drug and nanomedicine screening. The development 
of our nanoparticle libraries and our biomimetic devices has improved the 
fundamental understanding of the complex bio-nano interactions, and provides new 
design rules for next generation nanomedicines.  
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Rheology and Colloidal Properties of Nanocrystalline Cellulose Aqueous 
Suspensions  

 
Yuan Xu (ACIS thesis prize) 
 
Abstract 
Nanocrystalline cellulose (NCC) colloidal rods exhibit complex colloidal phase 
behaviours in aqueous suspension that are dependent on volume fraction and 
interparticle forces. The cholesteric liquid crystal phase and gel/soft-glassy phase 
are of significant interest because they have an ordered structure and allow solid-like 
response at relatively low solids fraction, respectively. The dimensions and 
morphology of NCC particles vary significantly with the type of raw material, which 
causes inconsistencies in behaviours reported between different works. This thus 
has led to empirical descriptions of structure-property relationships for individual 
NCC systems in the literature.  

Rheology is used to map the phase properties and boundaries across a wide 
compositional range of NCC suspensions. A hypothesis is that the variation in NCC 
concentration and interparticle forces (manipulated by ionic strength) are sufficient to 
describe the complex phase behaviours anticipated within suspensions formulated 
using NCC obtained from different sources.  

Here we reported the precise boundaries between, five phases that vary in their 
rheology and structure: viscous liquid, viscoelastic liquid, repulsive glass, attractive 
glass and gel. Based on this comprehensive phase map, we discovered a soft solid 
state with liquid crystal (LC) features which we termed liquid crystal hydroglass 
(LCH). The unique biphasic structure of LCH permits reversible orientation of the 
colloidal rods in LC phase i.e. alignment of NCC particles in LC phase is 
programmable. A key finding is the development of a generalised phase diagram for 
sulphonated NCC suspensions as function of ionic strength (interparticle forces), 
NCC dimension and concentration. By plotting in this manner (figure 1), the phase 
transition points for NCCs obtained from many sources and laboratories converge 
onto a single phase diagram. This work provides knowledge for formulating NCC-
based materials with tailored rheology and microstructure, including control over 
structural anisotropy.  
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Figure 1. Generalised phase diagram of NCC aqueous suspensions. Markers 
represent phase transition reported in different literature [1] .  
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Dual-drug delivery of chemotherapeutic agents using targeted, pH-
sensitive vesicles from self-assembled, degradable amphiphilic di-

block polymers 
  

Salma Ahmed1,2,3, Craig Bell1,2,3, Nicholas Fletcher1,2,3, Kristofer Thurecht1,2,3  

 
1Australian Institute for Bioengineering and Nanotechnology, University of 

Queensland, Brisbane, Australia;  
2Centre for Advanced Imaging, The University of Queensland, Brisbane, Australia; 
3ARC Centre of Excellence in Convergent Bio-Nano Science and Technology, The 

University of Queensland, Brisbane, Australia. 

 

E-mail: s.ahmed1@uq.net.au 

 

 

Polymeric vesicles (i.e., polymersomes) have 

recently emerged as potential alternatives to 

traditional lipidic nanoparticles (e.g., liposomes). 

This comes due to their enhanced capabilities, 

appealing versatilities and competing 

therapeutic profiles. Polymersomes have also 

proved they are highly efficient in encapsulating 

and delivering a wide range of bioactive 

molecules, regardless of their hydrophilicities 

and affinities1.  

 

This work describes the synthesis of functional 

macro-chain transfer agents2 that were used to 

polymerise a combination of vinyl acetate (VAc), 

2-methylene-1,3-dioxepane (MDO) and vinyl 

bromide (VBr) co-monomers, via reversible 

addition-fragmentation chain-transfer (RAFT) polymerisation. The produced 

functional, degradable amphiphilic di-block copolymers (Fig.1) were successfully 

utilized in forming stable, pH sensitive polymersomes. The formed vesicles were 

conjugated with targeting bi-specific antibodies (BsAb), then used to deliver the 

chemotherapeutic drugs Doxorubicin, Camptothecin, or a combination of both. 

 

Vesicles morphologies, stabilities, drug encapsulation, release profiles and potential 

synergistic enhancement of cells killing, along with in vitro cytotoxicities and receptor-

mediated drug uptake by MDA-MB-468 breast cancer cells were investigated and 

reported.  

 

This work highlights the potential application of these nanoparticles in the area of 

drug delivery. The promising results we have obtained make us strongly believe that, 

with further in vivo and clinical investigation, these polymeric nanoparticles would 

show great potentials as next-generation cancer therapeutics. 

 

Figure 1 In vitro studies of self-assembled 
vesicles formed using di-blocks synthesized by 
RAFT polymerisation. 
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On differentiation of nanodroplets from nanobubbles: a study of 
molecular wetting of nanodroplets 

 
 

Hongjie An1, Beng Hau Tan2 

 
1. Queensland Micro and Nanotechnology Centre, Griffith University, 170 Kessels 

Road, Nathan, QLD 4111, Australia 
2. KB Corporation, 7500A Beach Road, 199591 Singapore 

 
E-mail: hongjie.an@griffith.edu.au 

 
 
Nanobubbles are nanoscale gaseous pockets attached onto a surface immersed in 
water or freely suspended in bulk liquids. They have attracted great research interests 
in both fundamental sciences and industrial applications such as flotation and surface 
cleaning. The existence and stability of nanobubbles are longstanding controversial 
topics. Classical physical theory predicted that the spherical nanobubbles shall 
dissolve quickly into surrounding liquids, less than one second. The widely accepted 
theory intrigues the skepticisms over the existence and longevity of nanobubbles, 
which were reported ~ a few hours or days. The discrepancy spans a few orders of 
magnitude, which cast doubt that the observed objects are not nanobubbles, they are 
nanodroplets or nanoparticles instead. Moreover, researchers often suffer the 
difficulties in reproducibility of nucleation of nanobubbles and they suspected the 
observed objects are contaminations. A real challenge to overcome the skepticisms is 
to prove the nanobubbles are truly gaseous, in situ. Herein, we present a new way to 
distinguish nanodroplets from nanobubbles using atomic force microscope (AFM). 
Nanodroplets are found wetting into different geometric shapes and molecular films on 
graphite surfaces under water with different modified AFM tips. We discuss the 
possible mechanisms. This study contributes to a technology that differentiates 
nanodroplet from nanobubbles, and also get insight into better understanding of a 
nanodroplet on surface.  
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Tribology of concentrated polymer brush grafted colloidal additives 
in rolling-sliding soft contacts 

  
Amir Beheshti1, Yun Huang1, Idriss Blakey2, Jason R. Stokes1 

 
1. School of Chemical Engineering, The University of Queensland, Brisbane, QLD, 

4072, Australia 
2. Australian Institute for Bioengineering and Nanotechnology, The University of 

Queensland, Brisbane, QLD, 4072, Australia 
 

E-mail: a.beheshti@uq.edu.au 
 

 
Tailoring surfaces by means of polymer brushes is a robust way to control friction and 
wear; however, wear of brushes hinders their real applications 1. This study aims to 
introduce lubricant additives composed of concentrated polymer brush grafted colloids 
(hybrid colloids) for improved boundary and hydrodynamic lubrication. The 
incorporation of hybrid colloids in polyethylene glycol (PEG) significantly improved the 
lubricating properties at very low speeds by roughly two orders of magnitude. Hydrated 
colloids facilitated the hydrodynamic lubrication at lower speeds where they could 
maintain coefficient of friction at an ultra-low value (order of 10-3). However, when they 
were tested in glycerol, they were deposited as a persistent film via the contact forces 
in the tribometer. The tribological performance (adsorption) of hybrid colloids in two 
solvents was also analysed using a quartz crystal microbalance (QCM). The two 
different observations mean that the film of hybrid colloids that form on the surface can 
be tuned and readily replenished from the lubricant, and provide a new strategy for 
obtaining super-lubricating surface coatings for both biotribological and engineering 
applications.  

 
 
References 
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PEG + PPEGMA-g-SiP:
Phys-adsorbed colloidal film

Glycerol + PPEGMA-g-SiP:
Tribo-induced colloidal film

QCM-D: PEG + PPEGMA-g-SiP

QCM-D: Glycerol + PPEGMA-g-SiP

Friction coefficients of lubricants with hybrid colloids 
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Spin Doctor – Synthesis of nitroxide coatings to prevent biofilm 
fouling  

Nathan R.B. Boase1,2, Kathryn E Fairfull-Smith1,2 

 
1. School of Chemistry and Physics, Queensland University of Technology, Brisbane, 

QLD, Australia. 
2. Centre for Material Science, Queensland University of Technology, Brisbane, 

QLD, Australia. 
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Biofilms are highly organised colonies of bacteria and other microorganisms at a 
surface or interface. These colonies show a high level of structural complexity, which 
helps to protect the microorganisms from removal from a surface by both physical and 
chemical processes. Biofilms can cause major issues for industry and are also 
implicated in the vast majority of hospital acquired infections.1 

 
Our research group has shown that small molecule nitroxides (persistent and stable 
free radical species) are able to inhibit the formation of biofilms on a surface, as well 
as being able to disperse existing biofilms.2 In this project, we look to extend these 
molecules further by designing surface coatings and polymeric materials bearing 
pendant nitroxide groups3, which have the potential to be used as anti-biofilm surface 
coatings and nanoparticles. This talk will describe the different material classes that 
have been designed and synthesised, including functional silanes, copolymers, and 
photoactive materials. We will focus on investigating the dynamic behaviour of these 
materials on the surface using surface characterisation techniques including XPS, 
ellipsometry and QCM-D.  
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Colloidal Synthesis of Seaweed-Derived Carbon Dots with Surface 
Passivation Induced Dual Emission  
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Seaweeds are natural-abundant and environmentally friendly resources with 
hierarchical architecture and great biology compatibly. We present a general top-
down and bottom-up method to attract high-quality carbon dots from biomass with 
surface ligand-induced dual emission through a colloidal synthesis strategy. The 
colloidal synthesis improved the quality of carbon dots in its size control and 
uniformity. The oleylamine-capped colloidal carbon dots showed the improved 
quantum yield and surface passivation induced dual emission, whereas having a 
strong selective emission response to the Fe2+ and Zn2+. The results revealed the 
surface function and interactions. Benefit from the good optical and colloidal stability, 
the seaweed-derived carbon dots demonstrated an excellent potential in selective 
monitoring of the dynamic variations of ions.  
 

 
Table of Content: Seaweed-driven carbon dots and their emission. 
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Topographical Discontinuous Dewetting for Patterning of 
Functional Material Colloidal Inks: Applications and Modelling of 

Process Parameters 
  

Alexander Corletto1, Prof. Joe Shapter1  

 
1. Australian Institute for Bioengineering and Nanotechnology, The University of 

Queensland, Building 75,Cnr College Rd & Cooper Rd, St Lucia, Qld 4072 
 

E-mail: a.corletto@uq.net.au 
 

Topographical discontinuous dewetting (TDD) patterning is a nascent 2D printing 
technique explored for high-throughput micro/nanoscale patterning of functional 
material inks. Using TDD we have patterned important functional materials at high-
resolution, including conductive polymers like PEDOT:PSS and nanomaterials like 
carbon nanotubes,1 with a view to use the technique for fabricating advanced 
devices.2  TDD patterning involves selectively filling patterned, open cavities with 
functional material colloidal inks, depositing the functional materials into the open 
cavities in desired patterns. The deposited solidified materials in cavities can then be 
transferred to target substrates using liquid bridge transfer, allowing multiple 
patterned layers fabricated on the same substrate with potential roll-to-roll (R2R) 
compatibility. 
 
However, variables affecting the z thickness and morphology of the deposited layers 
of functional materials inside the patterned microchannels are poorly understood. We 
developed a theoretical mathematical model that can determine the thickness of the 
deposited layers of functional material using the TDD patterning technique. Colloidal 
dispersions were deposited into microchannels using TDD patterning under various 
processing parameters to systematically study effects of different variables on the 
resulting deposited layer thickness/morphology. 
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Chemiluminescent Read-Out of Degradable Polymer Particles  
 

Laura Delafresnaye1, Jordan P. Hooker1, Christian W. Schmitt1, Leonie Barner1,2, 
Christopher Barner-Kowollik1 
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University of Technology, 2 George Street, 4000 Brisbane 
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Polymer particles are an important and ubiquitous class of materials possessing an 
array of characteristics attracting wide-ranging application and continuous 
development. Underpinned by unreported photochemical reactions, we have recently 
developed a new platform technology for particle synthesis.  
Specifically, we reported how well-defined polymers functionalised with photo-active 
moieties (tetrazole1 or o-methylbenzaldehyde2,3) can be rapidly cross-linked into 
functional microspheres under UV or visible irradiation. Similar to a precipitation 
polymerization technique, the synthesis does not require any stabilizers, bases or 
initiators, and proceeds at ambient temperature to yield to narrow disperse 
microspheres in less than 2 hours. Moreover, control over the concentration, solvent 
combination and irradiation intensity led to a broad and tunable particle size range (0.2 
– 5 µm). Importantly, the novel properties of the resulting moieties were translated to 
the particles (e.g. inherently or on-demand fluorescent particles) and these can be 
further functionalized through residual acrylate, alkyne and hydroxyl groups. As a 
prime example, fluorescent particles were formed by crosslinking a photoreactive 
polymer and a peroxyoxalate dilinker. The self-reporting microspheres can be 
degraded on-demand by addition of hydrogen peroxide that cleaves the linking points 
and subsequently disintegrates the particles. Degradation of the microspheres can be 
readily monitored by the light emitted via chemiluminescence.4 
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The surface potential is key to explaining ion specific bubble 
coalescence inhibition.  

  
Timothy T. Duignan1 
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Some salts have the peculiar ability to inhibit the coalescence of bubbles when 
added to solution. This is believed to be attributable to the enhancement or depletion 
of ions at the interface. However, this phenomenon is known to depend on which 
particular pairs of ions are present in a peculiar and unexplained way.1–3 Here, a 
modified Poisson-Boltzmann model is used to demonstrate that these rules are 
attributable to the fact that certain combinations of ions create a substantial surface 
potential in order to satisfy the electro-neutrality condition. This surface potential acts 
to dampen the natural propensity of these ions for the interface in a way that explains 
the combining rules.4 
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Nanoscale Structure-Activity of Electrochemically Functional Metal 
Oxide Nanomaterials. 

  
Joseph F. S. Fernando1,2, Chao Zhang1,2, Konstantin L. Firestein1,2, Dmitri Golberg1,2  
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The continuous growth of global population and the consequent demand for portable 
electronic devices, electric vehicles and renewable energy sources have urged the 
rapid advancement of secondary battery technologies. In this regard, electrodes based 
on metal oxides such as zinc, manganese and vanadium oxides are quite promising, 
owing to high reversible capacity, cycling stability and low cost. However, the practical 
applications of metal oxides are hindered due to the limited understanding of 
nanoscale structural activity that governs the energy storage capability of these 
materials. In situ transmission electron microscopy (TEM) has become a useful tool to 
systematically relate nanoscale phenomena at the electrode/electrolyte interface to the 
electrochemical signature in real time, and consequently generates new insights into 
the structure-activity of electrode materials. This presentation will focus on the recent 
findings based on in situ TEM, that would help the rational design of metal 
oxide/chalcogenide-based electrode materials for high performance rechargeable 
batteries. In one example, a simple and cost-efficient solvothermal synthetic route was 
developed to prepare a ZnO/carbon composite with excellent lithium storage properties 
(Figure 1). Using in situ TEM techniques, we discovered that amorphous carbon 
network not only effectively buffers the volume expansion of the composite electrode 
but also suppresses the growth of adversely large, stable Zn grains and eases the 
formation of a LiZn alloy during lithiation, which has a substantial contribution to the 
reversible capacity and stability displayed.  

 

Figure 1. Schematic illustration of ZnO/carbon composite synthesis process. 
Reproduced from Ref. 1 with permission from The Royal Society of Chemistry. 
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Measurement of interfacial dilational rheology is a common technique to investigate 
interfacial viscoelastic properties of surface-active substances such as surfactants. 
Viscoelasticity of an interface characterises the response of the surface to shear and 
extensional stresses. Despite the maturity of studies of the surface rheology of mixed 
surfactant layers, only few investigations are available on the effect of salts on the 
interfacial rheology of surfactant solutions. Some of these studies report a decrease in 
the dilational viscoelasticity of the interface of surfactant solutions in the presence of 
inorganic salts such as NaCl (1, 2), while others conclude that inorganic salts increase 
the surface viscoelasticity of surfactant solutions (3, 4). This study examines the effect 
of NaCl on the adsorption of sodium dodecylbenzene sulfonate (SDBS) over a wide 
range of SDBS and NaCl concentrations.  
 
Our results indicate that depending on the frequency of surface oscillation and 
surfactant bulk concentration, NaCl shows opposing effects on the dilational 
viscoelastic moduli of the gas-liquid interface. Our data also show a shift in the 
surfactant transition concentration (where the viscoelastic moduli reach their maximum 
values) towards smaller surfactant bulk concentrations with increasing salt 
concentration. It is attributed to suppressing the electrostatic repulsion between the 
hydrophilic head groups of surfactant molecules in the presence of NaCl.  
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Fabrication of next generation polysaccharides with interfacial properties is driven by 
the need to create high performance surface active macromolecules that operate at 
extreme environments, as for example in complex food formulations or in the 
gastrointestinal tract. This contribution presents an overview of the behaviour of 
polysaccharides at fluid food interfaces focusing on pectic polysaccharides and their 
performance in the absence of any other intentionally added interfacially active 
components. The complex molecular structure of polysaccharides makes the 
assignment of structure vs. function relationships particularly challenging. 
Conformation of polysaccharides, as affected by the composition of the aqueous 
solvent needs to be closely controlled, as it seems to be the underlying fundamental 
cause of stabilisation events and appears to be more important than the constituent 
polysaccharide sugar-monomers. In addition, side chains, molecular mass, charge and 
charge density play important role in providing effective barriers to emulsion 
coarsening whereas protein content appears to have only ancillary role. Finally, 
polysaccharide adsorption is better understood by regarding them as copolymers, as 
this approach may assist to better control their properties with the aim to create the 
next generation biosurfactants. [1, 2] 
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Poor solubility often leads to low drug efficacy. Encapsulation of water-insoluble drugs 
in polymeric nanoparticles offers a solution. However, how to increase drug loading 
remains a critical challenge. Here, we report a simple and robust sequential 
nanoprecipitation technology to produce stable drug-core polymer-shell nanoparticles 
with high drug loading (up to 58.5%) from a wide range of polymers and drugs.1 This 
platform technology used an organic solvent system containing two or more organic 
solvents to achieve the sequential precipitation of the drug and polymer. This method 
allows the precipitation of the drug preferably just prior to the precipitation of the 
polymer. We also showed the flexibility of this technology to encapsulate many 
hydrophobic drugs, such as paclitaxel, curcumin, ibuprofen, etc. Our in vitro and in vivo 
results confirmed the high-drug loading nanoparticles had enhanced therapeutic effect 
and improved safety. This technology offers a new strategy to manufacture polymeric 
nanoparticles with high drug loading having good long-term stability and programmed 
release and opens a unique opportunity for drug delivery applications. 
 
 

 
 

Figure 1. Schematic of sequential nanoprecipitation methods. 
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Lung cancer remains one of four leading causes of cancer death worldwide. 
Approximately 85% of lung cancers are non-small-cell lung cancers (NSCLCs). The 
average 5-year survival of NSCLCs is 15-20%. The dominant factors contributing to 
lack of curative therapeutic options for lung cancer are: 1) up to 70% of NSCLCs are 
diagnosed at the advanced stage with metastatic disease and are not suitable for 
curative treatment due to the low resection rates, 2) Heterogenicity and low 
antigenicity of NSCLCs result in low response rate to current targeted therapy and 
checkpoint inhibitors. Thus, novel therapeutic options for long-term treatment of 
NSCLCs are necessary for patients who have poor prognosis and therapeutic 
outcomes.  
 
The development of immune boosting peptides has shown a great potential to boost 
exhausted T cells and works as a novel therapeutic agent against human lung 
cancer. Their translation for clinical use is limited by the ability to produce a site-
specific response. Rapid growth in nanotechnology provides an opportunity to 
improve the pharmacokinetic and pharmacodynamic behaviour of drugs, suggesting 
that nanoparticles are the ideal platform for the targeted delivery of immune boosting 
peptide to the tumour site. We develop polymeric nanoparticles for the targeted 
delivery of immune-boosting peptides to both tumour and immune cells, and evaluate 
pharmacokinetics, biodistribution and tumour suppression properties of the immune 
boosting nanomedicine. 
 

55



 
 

Graphene and graphene heterostructures: 2D materials towards 
applications 

  
Nunzio Motta1,2 

 
1. School of Chemistry and Physics, Queensland University of Technology, 

Brisbane, Australia 
2. Centre for Materials Science, Queensland University of Technology, Brisbane, 

Australia 
 

E-mail: n.motta@hdr.qut.edu.au  
 

The rise of 2D materials, started with graphene, was followed by a surge of research 
into other layered crystals which consist of monolayers held together by van der Waals 
interactions. Surfaces and interfaces are very important to determine the properties of 
the final product. In this talk I will present our recent research around the development 
of some of these materials which are promising for applications. 
 
By using exfoliated graphene and reduced graphene oxide we produce highly efficient 
all-carbon solid-state supercapacitors achieving capacitance of more than 400 F/g, 
with a technology that can be easily scaled up for industrial production1.  
Lateral graphene - hexagonal Boron Nitride heterostructures for electronic applications 
have been obtained by a transfer free synthesis method, on epitaxial graphene grown 
on SiC, via Chemical Vapour Deposition. XPS, Raman and atomic resolution images 
provide an insight on the reaction mechanism that produces a chemical conversion of 
the epitaxial graphene into h-BN2. We show also the successful synthesis of 
WS2/graphene/SiC van der Waals vertical heterostructures which displays interesting 
properties for electronic applications.  Finally, a study of the epitaxial growth of 
MoS2/graphene heterostructures on two completely different graphene substrates 
sheds some light on the growth mechanism of 2D heterostructures on graphene. 
 

      
Fig1. Left: SEM image of a layered structure rGO film. Scale bar 500 nm. Centre: Atomically resolved 
image of h-BN/graphene interface obtained by Scanning Tunnelling Microscopy. Right: STM image of 

an island of MoS2/graphene/SiC  
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Chitosan-based materials have a long history as drug delivery vehicles due to their 
characteristics of biodegradability, high drug carrying capability, and multi-
functionality1. We are working on modification of chitosan with PEG and alendronate-
PEG (Ald-PEG) to make curcumin (Cur), siRNA and Cur/siRNA encapsulated 
particles. Low molecular weight medical grade chitosan (Chi) was modified using PEG 
and Ald-PEG at different molar ratio of PEG and Chi by EDC/NHS coupling. 1H NMR 
verified coupling of mPEG-COOH and Ald-PEG-COOH to Chi with a DS of 5-15 % and 
8-15 %, respectively. Stability of Ald-PEG-COOH was evaluated by 2D DOSY for one 
week at 37 °C and found to be stable based on no free Ald detected.  The solubility of 
Chi, mPEG-Chi and Ald-PEG-Chi was evaluated at a range of pH (4-8) and it was 
found that modified chitosan polymers had high solubility especially above pH 6 
compared to chitosan. Nanoparticles were prepared by an ionic gelation method2. The 
particle diameter and charge were measured by dynamic light scattering (DLS) and 
further confirmed by transmission electron microscopy (TEM). The size of the particles 
was controlled < 100 nm and the zeta potential was in the near neutral range (-10 to 
10 mV). Nanoparticle stability in terms of size and zeta potential was evaluated in 50 
% serum and it was found that modified chitosan particles are more stable both in 
terms of size and zeta potential as compared to chitosan particles.  
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Polyesters including poly(ε-caprolactone) (PCL) are commonly used as biomaterial 
implants in bone tissue engineering. PCL is biodegradable, however it is hydrophobic 
and lacks functionality required for interaction with biological material (e.g. proteins).  
PCL can be surface-modified to introduce desired functionality and allow for protein 
binding and delivery.  
 
Many recent studies on surface-modified polyesters have not investigated the effect 
of surface modification on the degradation of the substrate, or the fate of the surface 
layer itself.1 Particularly when attaching a hydrophilic surface layer to a hydrophobic 
substrate it is important to assess if this modification will alter the degradation rate of 
the material’s surface.2 
 
In the present study PCL has been modified by gamma irradiation-induced grafting 
using two different monomers to introduce two different types of functionality. 2-
Aminoethyl methacrylate (AEMA) has been used to introduce amines for conjugation 
to biopolymers that have good binding affinity for bone growth proteins, and 3-
sulfopropyl acrylate (SPA) is used to introduce sulfonates for direct protein binding. 
   
The surface layer stability was evaluated for modified PCL samples and it was found 
that the two relatively similar surface modification approaches resulted in vastly 
different stabilities of the graft copolymer in buffer solution.2 Optimisation of the 
grafting process is required as the graft copolymers are not biodegradable. 
Parameters including monomer concentration and radiation dose were varied in 
order to yield graft copolymers that are small enough to be cleared from the body.  
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Miniaturised reaction systems have experienced soaring development in recent years. 
However, many microreactors platforms including continuous-flowing microfluidic 
reactors or droplet-based microreactors face difficulties such as rapid evaporation and 
difficult handling that limit their use in practical applications. In that context, miniatured 
reactors based on liquid marbles, which are droplets stabilised by hydrophobic 
particles have emerged as promising candidates to overcome the weakness of other 
microfluidic reactor platforms. The coating particles completely isolate the interior 
liquids of liquid marbles from the surrounding environment, thus conveniently 
encapsulating the reactions. Liquid marbles can be manipulated like a soft solid, 
enhancing the potential of liquid marbles as microreactors 1. Great efforts have been 
made over the past decade to demonstrate the feasibility of liquid marble-based 
microreactors for chemical and biological applications 2. However, the use of 
destructive and ex-situ methods to monitor reactions impairs the potential of this 
platform. This study proposes a non-destructive, in situ, and cost-effective digital-
imaging-based colourimetric monitoring method for transparent liquid marbles, using 
the enzymatic hydrolysis of starch as an illustrative example 3. This monitoring method 
provides a facile, cost-effective and rapid means to investigate the reaction kinetics in 
liquid marble-based platforms. 
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A liquid marble (LM) is a droplet coated with microparticles that isolate the liquid 
interior from its surroundings, making it perfectly non-wetting. This attractive feature 
allows the LM to perform useful tasks such as coalescence,1 targeted delivery, and 
controlled release. The non-wetting characteristics also allows the LM to float on a 
carrier liquid. The growing number of applications in digital microfluidics requires 
further insights into fundamental properties of a LM such as its effective surface 
tension. Although the coating provides the LM with various desirable characteristics, 
its random construction presents a major obstacle to accurate optical analysis. This 
paper presents a novel method to measure the effective surface tension of a floating 
LM using X-ray imaging2 and curve fitting procedures3. X-ray imaging reveals the true 
LM liquid-air interface hidden by the coating particles. Analysis of this interface 
showed that the effective surface tension of a LM is not significantly different from 
that of its liquid content. We also found that our method is sensitive enough to detect 
small variations across individual LMs.   
 

 
Figure shows the experimental setup of the imaging process and the schematic of 
the coating layer of a liquid marble.  
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Poly (lactic-co-glycolic acid) (PLGA) is a polymer commonly used in nanoparticle 
delivery systems due to its biodegradability through hydrolysis of the polyester 
functionality and post-modification potential. Characterisation methods to analyse the 
chemical and morphological features of the particles can be limited in scope and 
simplicity compared to thin film surfaces. As a result, it is often more convenient to 
model the surface modification of particles with thin film studies. Significant work has 
used polyester thin films to investigate surface modification and adsorption of in vitro 
proteins for application in analogous drug delivery systems1-4. 
 
Typical protocols for fabrication of thin films involves spin coating or dip coating of 
polymeric solutions onto pre-functionalised surfaces such as salinized silicon wafers 
or glass slides. When studied or modified in aqueous systems, amorphous polyesters 
of low Tg (<50 °C) are known to swell and hydrolyse, resulting in localised hydrophilic 
domains causing deformation to ease thermodynamic, mechanical and osmotic stress. 
Consequently, the hydrophilic polymeric material can retract from the hydrophobic 
surface it was forced to cover; a process known as dewetting. Dewetting is unique to 
thin film studies on hydrophobic surfaces causing thin films to behave in a manner 
inconsistent with the particle surfaces. 
 
This work utilises current advanced characterisation techniques to highlight the disjoint 
in using thin films to model particle surfaces, primarily caused by the dewetting 
process. Characterisation of PLGA thin films with ellipsometry, atomic force 
microscopy and X-ray photoelectron spectroscopy are judicially compared with 
particles analysed by dynamic light scattering. 
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Despite being a bona-fide bulk insulator, diamond develops an intriguing two-
dimensional (2D) p-type surface conductivity when its surface is terminated by 
hydrogen and exposed to appropriate surface adsorbate layer such as atmospheric 
water as a result of the surface transfer doping process. Consequently, the surface of 
diamond presents a versatile platform for exploiting some of the extraordinary physical 
and chemical properties of diamond, leading to applications such as 
chemical/biological sensing and the development of high-power and high-frequency 
field effect transistors (FETs).1 
 
In this talk, I will begin with a review on the surface transfer doping of diamond by solid-
state acceptors. I will describe our recent work on the surface transfer doping of 
diamond by transition metal oxides (TMOs).2 Specifically, I will show that by interfacing 
diamond with MoO3 or V2O5 a 2D hole conducting layer with metallic transport 
behaviours arises on diamond.3 Magnetotransport studies at low temperature reveal 
phase coherent transport in the 2D channel with a transition from weak localisation to 
weak antilocalisation as temperature drops, and are analysed in the context of spin-
orbit coupling induced by Rashba effect.4 The obtained spin-orbit interaction is a few 
folds higher than that in the air-doped channel or ionic liquid gated channel with similar 
hole densities, suggesting that the local carrier density could in fact be much higher 
than that obtained by Hall-effect measurements. We also demonstrate that this surface 
conducting channel can be exploited to build diamond surface electronic devices such 
as metal-oxide semiconductor FETs (MOSFETs) which in turn allows us to tune the 
spin-orbit coupling strength in the 2D conducting channel using electrostatic gating.5 
Lastly, the prospects for constructing novel quantum devices on diamond surface by 
making use of this highly tunable 2D conducting layer on diamond are also explored. 
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Protein cages can act as a colloidal scaffold for encapsulated enzymes, increasing 
their stability whilst also allowing for the co-localisation of multiple enzymes in a 
pathway. In this way, they are advancing knowledge in enzyme behaviour and also 
hold considerable promise in applied biocatalysis. However, they have not yet lived 
up to their promise in industrial settings and understanding how protein cage 
architecture dictates their physical properties is central to their continued 
development. Here we investigate the physical properties of single- and double-layer 
particles assembled from Bluetongue virus coat proteins engineered to contain cargo 
proteins.1 Using a combination of cryo-electron microscopy and atomic force 
microscopy, we find that the two particles have markedly different physical properties 
and that encapsulated cargo proteins influence the properties of both. The addition of 
the second protein layer provides a mechanical strength to the particles that also 
doubles the thermal stability with respect to the single-layer particles. The presence 
of cargo proteins imparts an increase in thermal stability on the single-layer particles, 
whereas no increase is found above the intrinsic stability of double-layer particles. 
Analysis of force indentation curves suggests that cargo proteins, shown to associate 
with the inner surface of the protein cage, provide a structural reinforcement to the 
single-layer particle that helps maintain interactions with the second, stabilising shell 
of the double-layer particle. Only the latter are functional as a biocatalytic 
nanoreactors in simulated industrial process conditions. These results advance 
fundamental understanding of protein cage design and use in biocatalysis. 
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A combined experimental and theoretical approach is used to elucidate the molecular 
mechanisms governing the pH responsive lubrication behaviour of weak 
polyelectrolyte systems, using a series of pectin fine structure variants. The friction 
coefficient, measured using a soft contact ball-on-disc tribometer, is shown to depend 
on the density and distribution of ionisable groups, where macromolecular hydrogen 
bonding and hydrophobic polymer-surface interactions dictate the response at low 
ionisation (pH 2.5) and intra- and inter-chain electrostatic repulsion dominates at full 
ionisation (pH 6.5). Non-monotonic friction behaviour, observed during the transition 
from low to high pH, is shown to correlate strongly with the calculated electrostatic 
persistence length, highlighting the key role of electrostatic interactions and charge 
shielding effects driven by dissociated and external counterions. Normalised friction 
profiles, analysed in conjunction with two simple molecular models for non-ideal 
polyacid ionisation, provide compelling evidence to suggest that the pH responsive 
tribological behaviour of pectin, and potentially other weak polyelectrolyte systems, is 
directly dependent on the degree of ionisation adjusted for electrostatic and hydrogen 
bonding interactions. 
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Dynamic heterogeneity in cancer is the major challenge in the realization of successful long-
term tumor eradication. In recent years, personalized cancer vaccines gained huge interest as a 
mean for tackling the above-mentioned challenge. Antigen-based cancer vaccines for 
personalized cancer immunotherapy relies on the identification of neo-antigens from an 
individual patient, which makes the vaccine manufacturing process more complicated, time-
consuming and expensive. Tumor antigens (TA) are of great interest as these are over expressed 
in cancer cells and are potential in eliciting immune response against cancer. Nanomaterials 
have been employed for in situ capture and delivery of TA, however, limited efficiency in TA 
enrichment was observed due to the non-specific interaction between nanoparticle surface and 
TA. It is reported that certain types of cancer can go through certain types of post translational 
modification (PTM) aberrantly and TA also go through PTM during oncogenesis and 
progressions. Especially, breast cancer is reported to have elevated level of phosphorylation 
and this contributes to malignant phenotypes and tumorigenesis. Hence, we have designed a 
nanoparticle system surface modified with titanium for specific in situ enrichment of 
phosphorylated TA overexpressed in breast cancer. The PTM information extracted from 
proteomic studies are utilized in the design of nanoparticles tailored for effective enrichment of 
TA and its delivery. Customized nanoparticles showed extraordinary enrichment of 
phosphorylated TA and resulted in excellent efficacy in tumor inhibition in-vivo. The extent of 
cytotoxic T lymphocytes infiltration in distant tumor site was also enhanced for the animal 
group treated with the custom-made nanoparticles. It is expected that this new technology will 
pave the way towards convenient and affordable cancer immunotherapy with improved 
efficacy. 
 
 
References 

1. Sahin, U. & Türeci, Ö. Personalized vaccines for cancer immunotherapy. Science, 359, 
1355 (2018). 

2. Valilou, S.F. & Rezaei, N. Chapter 4 - Tumor Antigens. In: Rezaei, N. & Keshavarz-
Fathi, M. (eds). Vaccines for Cancer Immunotherapy. Academic Press, 61-74 (2019). 

3. Martín-Bernabé, A. et al. The importance of post-translational modifications in systems 
biology approaches to identify therapeutic targets in cancer metabolism. Current 
Opinion in Systems Biology 3, 161-169 (2017). 

4. Lin, H.J., Hsieh, F.C., Song, H. & Lin, J. Elevated phosphorylation and activation of 
PDK-1/AKT pathway in human breast cancer. British Journal of Cancer 93, 1372-1381 
(2005). 

65



FUNCTIONAL NANOPARTICLES WITH GLUTATHIONE DEPLETION 
CHEMISTRY UPREGULATE MRNA TRANSLATION IN HARD-TO-

TRANSFECT CELLS 
  

Yue Wang1and Chengzhong Yu1  

 
1. Australian Institute for Bioengineering and Nanotechnology, The University of 

Queensland, QLD, 4072, Australia;  
Email: yue.wang1@uq.edu.au 

 
mRNA technology has been one promising hot topic particularly in light of the recent 
clinical trials of mRNA vaccines against COVID-19 pandemic and cancer 
immunotherapy. For successful mRNA vaccine, mRNA molecules are desired to be 
delivered to antigen presenting cells (APCs) for following protein expression. However, 
the hard-to-transfect nature in APCs has been a long-standing challenge. 
Nanomaterials have been applied for mRNA delivery, but the function is limited to 
delivery vehicles. Inspired by glutathione (GSH) related translation pathway and cell 
type dependent difference in GSH level, the impact of nanochemistry on mRNA 
translation modulation in hard-to transfect APCs has been firstly explored (Fig 1), 
exhibiting excellent mRNA delivery efficiency in APCs in vitro and in vivo compared to 
commercial reagents.1 Furthermore, to overcome the GSH regeneration catalysed by 
glutathione reductase (GR), zeolitic imidazolate framework-8 (ZIF-8) mediated GR 
inhibition was firstly applied for long-term GSH depletion (Fig 2).2 And imidazole group 
of ZIF-8 promoted endosomal escape could address the cytotoxicity from conventional 
polyehylenimine (PEI) modification in gene delivery. My finding has revealed the role 
of modulating mRNA translation, thus presenting a conceptual advance in the design 
principle of next-generation of mRNA delivery agents.3 The imidazole group of ZIF-8 
promoted endosomal escape and thus reduced the cytotoxicity derived from 
conventional polyehylenimine (PEI) modification in gene delivery. My findings have 
revealed the important role of modulating mRNA translation in gene delivery, 
presenting a conceptual advance in the designable synthesis of next-generation of 
mRNA delivery agents.3 

       
Fig 1                                                                  Fig 2 
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In the past decades, perovskite compounds that use lead halides as framework in the 
crystal structure have received significant attention due to their success in solar cells 
Currently the world-record efficiency of perovskite solar cells (>25%) is already 
comparable to the state-of-the crystalline silicon solar cells.  The high efficiency PSC 
was achieved with cost-effective solution processing. Compared to the massive efforts 
to enhance performance of perovskite in solar cells and other applications, the 
mechanism for solution processing synthesis of perovskite materials in the form of both 
thin films and nanocrystals is much less studied. It is reported that the precursor that 
contains solid lead halides (PbX2, X=Cl, Br, I) and organic (MAX, FAX) or inorganic 
halide (CsX) is actually a colloidal that contains PbXn species.1 The properties of the 
colloidal depends on the solvent system used to form the perovskite precursor. In this 
talk, I will present our recent study of synthesis of lead halide perovskite nanocrystals 
by using ionic liquid based solvent medium2. I will show how the anions of ionic liquid 
salt influence the shape, dispersion and surface ligands of the perovskite nanocrystals. 
Consequently, this influence the photoemission property of the perovskite nanocrystals 

 

 
Figure 1. morphology evolution of perovskite nanocrystlas as a function a reaction 
time. 
 
References 
 

1. Hybrid halide perovskite solar cell precursors: colloidal chemistry and coordination engineering 
behind device processing for high efficiency, Journal of the American Chemical Society, 2015, 
137, 4460-4468. 

67



2. A facial, environmentally friendly synthesis of strong photoemissive methylammonium bromide 
perovskite nanocrystals enabled by ionic liquid, Green Chemistry, 2020, 22, 3433-3440. 

68



 
 

Inorganic microcapsules for protection and efficient delivery of 
small molecule cargo. 

  
Alison White1,2, Simon Puttick2, Stephen Rose2, Andrew Whittaker1 

 
1. Australian Institute for Bioengineering and Nanotechnology, University of 

Queensland, St Lucia, 4072 
2. CSIRO Health and Biosecurity, CSIRO, Herston, 4029 

 
 

E-mail: a.tasker@uq.edu.au 
 

 
Control of the diffusion of small active ingredients is important for a wide range of 
applications that require delivery of ingredients in a specific place and timeframe. 
Encapsulation of the active ingredient in a protective shell is a common and useful 
technique to allow controlled release. Our group has developed novel encapsulation 
technologies to provide a complete barrier to the diffusion of small molecules until 
release is deliberately triggered. 1-2 
 
We recently discovered that deposition of a secondary shell of calcium phosphate onto 
a polymer microcapsule substrate allows for the complete retention of small molecule 
active ingredients and allows for improved control over release. The biocompatible 
nature of this mineral shell lends itself to a wide range of applications. The work 
presented here explores the controlled deposition of inorganic shells and subsequent 
release of the protected cargo, to address the inconsistencies associated with oral 
delivery of cannabinoid medicines. 
 

 
Figure 1 - Scanning electron micrograph showing calcium phosphate coated microcapsules 
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Reactive oxygen species (ROS) play an essential role in the progression of many chronic diseases like 

atherosclerosis and rheumatoid arthritis. For decades, antioxidant compounds have always been considered as 

potential treatments for these ROS-related diseases. Concomitantly, non-invasive imaging systems such as 

magnetic resonance imaging (MRI) have also become widely used in the diagnosis of diseases, especially 

atherosclerosis. In this study, nanoceria utilised as therapeutic modules capable of ROS savaging and iron oxide 

nanoparticles as imaging agents for MRI have been synthesised separately. Subsequently, two versions of 

theranostic chitosan nano-cocktails containing both nanoceria and superparamagnetic iron oxide nanoparticles 

(Chit-IOCO and Chit-TPP-IOCO) were successfully synthesised and methodically characterised. In vitro studies 

such as cytotoxicity, MRI and ROS scavenging were performed. The results indicate that Chit-IOCO nano-

cocktails demonstrate outstanding potential for treatment and diagnosis of ROS-related diseases. Potentially, 

these nano-cocktails can be modified to include new modules, allowing more functions and applications. 
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A large range of nanoparticles (NPs) have been developed to encapsulate 
hydrophobic drugs. However, drug loading is usually less than 10% or even 1%. 
Herein, core-shell NPs are fabricated having exceptionally high drug loading up to 
65% (drug weight/the total weight of drug-loaded NPs) and high encapsulation 
efficiencies (>99 %) based on modular biomolecule templating. Bifunctional 
amphiphilic peptides are designed to not only stabilize hydrophobic drug NPs but 
also induce biomimetic silica formation at the nanodrug particle surface thus forming 
drug-core silica-shell nanocomposites. This platform technology is highly versatile for 
encapsulating various hydrophobic cargos. Furthermore, the high drug-loading NPs 
lead to better in vitro cytotoxic effects and in vivo suppression of tumor growth, 
highlighting the significance of using high drug-loading NPs. 
 

 
Figure 1. Design of drug-core silica-shell nanocomposites using a bifunctional 
peptide. A) Illustration of the synthesis process of drug-core silica-shell 
nanocomposites. Scale bar: 50 nm. Drug NPs were formed through nanoprecipitation 
and stabilized by a bi-functional peptide which could later induce the formation of a 
silica shell around the drug NP, creating the drug-core silica-shell nanocomposite. B) 
Representative transmission electron microscopy (TEM) image of curcumin-core 
silica-shell nanocomposites. Scale bar: 1 μm. 
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Combination of 2D layers of graphene and semiconducting TMDs (such as MoS2) as 
a synthetic Van der Waals heterostructure, have previously been demonstrated to 
exhibit exceptional optoelectronic properties since graphene’s high carrier mobility 
and broad-spectrum absorption is complemented by high optical absorption of 
monolayer TMDs owing to their direct bandgap.1 
In this work we compare and discuss the characteristics of epitaxial MoS2/graphene 
heterostructures grown on substrates with different structural properties such as 
small and large terrace size graphene/SiC (Figure 1a and b) as well as self-standing 
Nano Porous Graphene (NPG). Growth has been performed by Chemical Vapor 
Deposition using Ar as carrier gas and MoO3 and S precursors. A systematic 
investigation of the resulting heterostructures has been conducted by microscopy 
and spectroscopy as a function of the growth temperature and precursor fluxes. The 
morphology of MoS2 layers has a very different evolution on diverse substrates. For 
instance, on NPG, MoS2 forms a 2D wetting layer on graphene which evolves into 
rhombohedral crystals for large precursor fluxes or longer deposition times (Figure 
1c). 
 

   
Figure 1: Atomic Force Microscopy images of MoS2 grown on graphene/SiC with a) 
small terraces and b) large terraces. c) Helium Ion Microscopy image of MoS2 grown 

on Nanoporous graphene. 
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Lithium-ion capacitors (LICs) are hybrid devices combine a Li-ion battery (LIB)-type 
anode and a supercapacitor (SC)-type cathode in lithium-based organic electrolyte. 
LICs can provide high energy and power densities with long cycle life. However, LIB- 
anode materials suffer from sluggish reaction kinetics, which fails to match the fast- 
reaction kinetics of the SC-cathode. Moreover, SC-cathode materials usually have a 
relatively low storage capacity compared to the LIB-anode materials, resulting in a 
mismatch in the storage capacity between the anode and cathode1. We are 
developing new graphene-based materials with high specific capacities and fast 
reaction kinetics for LICs. I use holey reduced graphene oxide (H-rGO) as SC-type 
cathode and H-rGO-reduced Siloxene composite as a LIB-type anode. The 
preliminary results show that the prepared H-rGO has a BET surface area of 
approximately 286 m2 g-1 with pore size distribution ranging from ~1 nm to higher 
than 100 nm (Fig.1). When used as a cathode, a specific discharge capacity of ~ 38 
mAh g-1 was obtained at 0.2 A g-1 with a capacity retention of 83% after 500 cycles.  
 

 
Fig.1 (a) HIM image and (b) high resolution XPS spectrum of C 1s for H-rGO.  
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The perovskite material is exhibiting promises in a broad range of application 
including solar cell, photodetector, light emitting diodes, pumped lasers and 
photocatalysts[1, 2]. However, the commercialization of perovskite potentially raises 
concerns about the environmental impact, since the solution-processing of perovskite 
material involves the employment of a range of noxious solvents such as 
Dimethylformamide, Dimethyl sulfoxide, Chlorobenzene and Toluene. As one of the 
key challenges toward commercialization of cheap and reliable perovskite, green 
chemistry for solution processable perovskite have to be addressed[3]. Herein, we 
demonstrate the capability of environmentally friendly methylammonium carboxylate-
based protonic ionic liquid in perovskite material processing. Firstly, the ILs was 
shown to be an excellent medium for growing MAPbBr3 nanocrystals (NCs), by which 
the NCs with different size, shape and strong photoluminescence up to 50% was 
synthesized thanks to the surface passivation effect of the alkyl carboxylate ligands. 
Secondly, when being used as an additive for fabrication of MAPbI3 thin film, the ILs 
additive significantly enhance the film morphology, with the grain size increase from 
100-300nm up to micrometre size. As a result, the fabricated MAPbI3 PSC power 
conversion efficiency was enhanced from 14.05% to 16.32%.  Furthermore, in 
synthesis of inorganic perovskite, the employment of methylammonium acetate ILs 
enable the formation of cubic phase CsPbI3 in ambient condition. Our result provides 
a new avenue for environmental-friendly solution processing perovskite materials, 
which is critical for commercialization of perovskite based technology. 
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In the modern world, the energy requirements are growing exponentially with 
increase in number of electronic gadgets, wearable and medical electronics. 
Harnessing energy from natural phenomena and non-conventional sources such as 
mechanical motion is one of the promising approaches to power s devices. 
Piezoelectric material shows a great promise to effectively convert mechanical 
energy into electricity. A large amount of wasted energy could be put on to work if all 
the physical motions of living and non-living things can be effectively converted to 
electricity. The generated energy is required to be stored for its use as per the 
requirement. Piezo-supercapacitors is an emerging technology, which is an 
integrated system of piezoelectric and supercapacitors. Use nanomaterials can 
improve the performance of these integrated devices, to meet market requirements 
as power sources. Such devices can prove to be an excellent choice for application 
in wearable and medical implants, where the energy produced from body motions 
can be used for charging, making them self-sufficient devices. 
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Accurate control on monodisperse core/shell droplets generated in a microfluidic 
flow-focusing device is vital for applications in various fields such as environment, 
biomedical, and food industry. In this work, we experimentally studied flow-focusing 
microfluidic devices allowing for fine-tuning the dimension of core/shell droplets. The 
dimension of the core/shell droplets was controlled passively based on the channel 
geometry and liquid phase flow. We used two PDMS devices with different 
geometries with three cross junctions to generate core/shell droplets (Figure 1(a)). 
The width of channels in one device is twice the other. The droplets consist of a 
HFE7500 fluorinated oil core and a polymer shell made of trimethylolpropane 
trimethacrylate (TMPTMA). Our experiments demonstrate that the dimension of the 
core and core/shell droplet increases, and the shell thickness gradually decrease in 
both devices as the oil flow rate increases from 60 µL/hr to 140 µL/hr while keeping 
other flow rates fixed. on the other hand, increasing the flow rate of the polymer from 
130 µL/hr to 190 µL/hr resulted in the linear reduction in both radius of the core and 
the core/shell droplets in both devices. Subsequently, the thickness of the shell 
increased. Besides fluid flow rates, the channel width also affects the droplet 
generation. Figures 1(b, c) show that the wider channels result in a bigger core and a 
thicker shell layer. Optical and electron microscopy indicated that the geometry of the 
core/shell droplets remains unchanged as compared to the double emulsion droplet 
after solidification, drying and collection. These highly controllable microparticles 
have potential use in many fields such as the encapsulation, storage and delivery of 
lipophilic ingredients. 
 
 

Figure 1. a) Photograph of PDMS microfluidic device with three cross junctions; Influence of oil and polymer flow rates 
on the core and core/shell droplet size as well as on the shell thickness: (b) impact of the oil flow rate; (c) impact of the 
shell flow rate. ● radius of the core droplet ■ radius of the core/shell droplet, ★ shell thickness, - - - microfluidic device 
I, ꟷ microfluidic device II with double wide channels; d) Microscopic images of core/shell droplets. 
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In this study, we have investigated the interactions between coarse and fine galena 
and quartz particles and their implications for flotation in NaCl solutions. Tested were 
four different galena/quartz particle systems: Coarse galena/Coarse quartz, Coarse 
galena/Fine quartz, Fine galena/Coarse quartz and Fine galena/Fine quartz. The 
experiments were carried out using a Hallimond tube, in NaCl concentrations of 0.01 
M and 0.1 M, at pH 9. Our results showed the highest galena recovery for the 
Coarse/Coarse particle system, while the lowest galena recovery was reported for 
the Fine/Fine particle system. The findings also indicated a higher galena recovery 
for the higher NaCl concentrations. 
 
The micro-flotation experiments on the mixed galena/quartz particle systems 
suggested that the recovery of galena could be affected by the size of the quartz 
particles making up the feed. It was shown that if the size of the quartz particles was 
increased, the recovery of fine galena particles improved.  
 
Our results were discussed in terms of the competitive ion binding described by the 
chemisorption models for galena, quartz and air bubbles, as well as illustrated by the 
theoretical models representing the total interaction free energy as a function of the 
separation distance for each test condition. It was found that for all particle systems, 
galena/quartz interactions are dominated by repulsion. The interaction between two 
galena particles indicate attraction as the dominating force, while the interactions 
between the two quartz particles show repulsion in 0.01 M NaCl, which changes to 
an attraction with an increase in NaCl concentration. Galena/air bubble interactions 
are controlled by the repulsive electrostatic interactions in 0.01 M NaCl but become 
attractive in 0.1 M NaCl salt solution. On the other hand, the quartz/air bubble 
interactions are always repulsive, irrespective of the NaCl concentration. 
 
Based on these theoretical predictions, we postulate that galena recovery is likely 
driven by a stronger attraction of the air bubbles towards the galena particles whilst 
the quartz/ air bubble interactions are dominated by repulsion. 
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Sustainable development is a measured approach of the researchers, especially 

considering fossil energy consumption by industries to produce energy, thereby leads 

to CO2 emission. Industries are the primary sector which contributes to a greater extent 

towards the emission of greenhouse gases. Among the other industries, paper and 

pulp industry trying to achieve a reduction of 80% CO2 emission. Therefore, to achieve 

the goal, biomass fractionation and paper recovery treatment need a revolutionary 

change. Newly introduced Deep Eutectic Solvents (DES) composed of naturally 

obtained primary metabolites such as sugars, amino acids and organic acids. DESs 

are environmentally suitable, recyclable, low-volatile and cost sufficient as well as can 

operate at low temperatures and pressure. DES has the strong ability to donate and 

accept the electrons or protons which makes them ideal chemical for the degradation 

process of a range of components such as sugars, polysaccharides, salts, drugs, 

proteins and amino acids. Eutectic mixture of urea and choline chloride was first 

discovered in 2005, primarily for electrochemical application, since then scientist has 

been finding applicability in different field of study. Implementing the use of DES in 

paper industry will allow in achieving the sustainable pulping process by fractionation 

of lignin from biomass, efficient technique to dissolve cellulose. The study aims to 

develop a green chemical to isolate the pure form of cellulose from a paper by 

dissolving the contaminants. Furthermore, examining the isolated cellulosic fibres 

having good tensile strength as well as keeping a balance between ecological and 

economic feasibility of the green chemical delignification process. 
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Liquid marble, as an emerging platform for digital microfluidics, has shown its 
potential in biomedical applications, cosmetics, and chemical industries. Unique 
features such as low evaporation rate, low friction, and a porous shell enable liquid 
marble to be a potential tool for gas sensing, cell culture, and drug delivery. With the 
growing interest in liquid marbles in these fields, it is important to understand the 
structure of the liquid marble shell and how it behaves with the variation of the 
surface tension.  
 
A liquid marble shell dominates its macroscopic properties. The behaviour and the 
structure of the shell depend on the properties of encapsulating particles, properties 
of the core liquid, and the preparation method. In this work, we studied the behaviour 
of the liquid marble shells at different core liquid surface tensions. Systematic 
observation of the liquid marble shell at different surface tensions indicated that the 
shell thickness decreases with the surface tension.1 Surfactant mediated surface 
tension reduction allows the encapsulating particles to penetrate more into the core 
liquid and decrease the shell thickness. Interestingly, the thickness of the shell 
increases with a further decrease of the surface tension. This phenomenon is 
attributed to the interfacial jamming of the encapsulating particles at lower surface 
tension. 
 
This work could provide a new insight to understand the contribution of the 
encapsulating particles to the macroscopic properties of a liquid marble, which are 
likely to benefit liquid marble-mediated micro reaction and cell culture. 
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