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Welcome 

On behalf of the ACIS 2011 Organising Committee, I am delighted to welcome you to 
Hobart for the fifth biennial Australian Colloid and Interface Science Symposium. To our 
international guests, welcome to Australia! Our national conferences have been held 
periodically since 1980, but only in their current ‘ACIS’ form since 2003, when the Royal 
Australian Chemical Institute’s Division of Colloid and Surface Chemistry made the 
decision to host a national conference every two years. 

We are very pleased that ACIS conferences have proven to be popular with not only the 
local scientific community, but also with our international friends, many of whom regularly 
enjoy the opportunity to escape the northern hemisphere winter to join us in Australia. 
This is the first time we have held this conference in Hobart. Hobart is the capital of the 
state of Tasmania, and was founded in 1808 as a penal colony. It is the second oldest state 
capital city in Australia after Sydney.  Tasmania is the 26th largest island in the world, and 
is known for its large and relatively unspoiled natural environment, with almost 37% of 
the state being reserves, national parks and World Heritage Sites. 

This year’s conference hosts over 200 delegates from 18 countries, with 165 presentations 
in the themes of Mineral and Material Interfaces, Neutron Scattering and Synchrotron Techniques, 
Advanced Functional Materials, Microfluidics and Separation Sciences, Surface Forces, and Frontiers of 
Colloid and Interface Science. 

We would like to thank our distinguished Plenary Speakers, Professor Kazue Kurihara, our 
2011 A.E. Alexander Lecturer and Prof. Helmuth Mohwald, our RACI Divisional Plenary 
Lecturer, together with our Keynote Speakers Prof. Zhenghe Xu, Prof. Pupa Gilbert, Prof. 
Thomas Zemb, Prof Michael Zharnikov, Prof. Mark Biggs, Prof. Dongyuan Zhao, Prof. 
Terence Cosgrove, Prof. Regine von Klitzing, Prof. Matt Trau, Prof. Roger Horn and 
Prof. Lee White. We are delighted that you are speaking at this conference and welcome 
you to Hobart.  

Conferences such as ACIS 2011 come together largely as a result of the hard work, 
enthusiasm and dedication of the conference organising committee. I would like to 
publicly thank Ben Boyd, Gayle Morris, Paul Mulvaney, Tim Muster, Karen Stack, Erica 
Wanless and Jane Yeaman (Tulips Meeting Management) for their contribution to 
ensuring that this conference has all the hallmarks for success. We also thank Jamie 
Schultz for designing and maintaining the ACIS 2011 website, and thank all of our 
sponsors and exhibitors for their generous support. Please take the time to visit their 
exhibition booths, and read the information they have included in your satchels. 

We trust that you will find ACIS 2011 a rewarding and enjoyable experience! 

Kind regards, 

 

Russell Crawford 

Conference Chair 



ACIS 2011 Organising Committee 

 
Professor Russell Crawford (Swinburne University of Technology)  

Associate Professor Ben Boyd (Monash University) 

Dr Tim Muster (CSIRO) 

Dr Karen Stack (The University of Tasmania) 

Associate Professor Erica Wanless (The University of Newcastle)  

Dr Gayle Morris (Victoria University) 

Professor Paul Mulvaney (University of Melbourne)  

 
ACIS 2011 Theme Chairs 

1. Mineral and Material Interfaces  
(David Beattie, George Franks, Kathryn McGrath) 

2. Neutron Scattering and Synchrotron Techniques  
(Jamie Schulz, Mark Tobin, David Beattie) 

3. Advanced Functional and Nanoscale Materials  
(Qin Li, Paul Mulvaney) 

4. Frontiers in Colloid and Interface Science  
 (Erica Wanless and Gayle Morris) 

5. Microfluidics and Separation Sciences  
(Leslie Yeo and Michael Breadmore) 

6. Surface Forces  
(Ian Larson and Ray Dagastine) 



Program at a Glance 
PL - Plenary    KN - Keynote   OC - Oral Communication   PP - Poster Presentation 

Sunday 30 January 2011      
14:30 – 17:30 REGISTRATION OPEN 
17:30 – 19:30 WELCOME MIXER (Boardwalk Gallery, Wrest Point Convention Centre) 

 

Monday 31 January 2011      
   

Plenary Hall, Wrest Point Convention Centre 

8:30 Welcome and opening remarks 

ACIS 2011 Chair: Russell Crawford 

 

PL001 RACI Colloid Division Plenary Lecture: 
Prof Helmuth Möhwald 

New Challenges in Colloid and Interfacial 
Science Chair: Paul Mulvaney 

Sponsored by 

 

8:40 

Helmuth Möhwald received his diploma in physics (1971) and PhD (1974) from Univ. Gottingen 
(Germany). He spent nearly 5 years in industry at IBM San Jose (1974/75) and Domier-Systems (1975-
81), in between getting a habilitation at Univ. Ulm (1975-78). After professorships in biophysiu (TU Munich, 
1981-1987) and physical chemistry (Univ. Mainz 1987-93) he became founding director of the Max Planck 
Institute of Colloids and Interfaces in Potsdam, Germany. Among his recent awards are the lectureship 
award of the Japanese Chemical Society, the Overbeek medal of the European Colloid and Interface 
Society, the Wolfgang-Ostwald award of the German Kolloidgesellschaft, the Gay-Lussac-award from the 
French ministry of science and technology and a honorary doctorate of Univ. Montpellier. He has more 
than 780 publications which are cited more than 27,000 times. His main interests are molecular interface 
and films, capsules and controlled release, membrane biophysics and supramolecular interactions.  

 

PL002 Alexander Lecture:  
Prof Kazue Kurihara 

Surface Forces Measurement for Nano-
Materials Science 

Chair: Greg Warr 

Sponsored by 

 

9:30 

Professor Kazue Kurihara assumed the first female professor and Principal Investigator of WPI-AIMR on 
April 1, 2010 from Institute of Multidisciplinary Research for Advanced Materials, Tohoku University. She 
belongs to the Interface PhysChem Laboratory of Soft Materials Thrust. In PI Kurihara group, they have 
been exploring the research field of surface forces to develop this technique as a unique tool in material 
science. Their research concerns interactions between biological molecules, polyelectrolytes, confined 
liquids, as well as novel instrumentation. 

10:20 TEA/COFFEE BREAK 

 

 



 

 

 

 

  Plenary Hall Wellington Room Boardwalk Gallery 

  THEME 1: Surface Forces  THEME 2: Neutron Scattering and 
Synchrotron Techniques  

Theme 3: Microfluidics and 
Separation Sciences  

  Session Chair: Ian Larson Session Chair: Mark Tobin Session Chair: Michael Breadmore 
10:50 KN001 Mechanisms affecting bubble 

coalescence in electrolyte solutions 
Roger Horn  

KN002 Advanced Synchrotron Soft X-
ray Spectroscopy Applied to 
Monomolecular Films 
Michael Zharnikov  

Sponsored by  

KN003  Colloids, Biomarkers and Cheap 
Microfluidics:  New Approaches to 
Preventative, Personalised and “At 
Home” Medicine Matt Trau 

11:30 OC001 Fabrication of Polymer 
Nanolenses through in-situ 
Polymerization of Nanodroplets at Solid-
liquid Interfaces   
Xuehua Zhang  

OC004 A spectroscopic photoemission 
and low energy electron microscope 
(SPELEEM) investigation of the galvanic 
interactions between Cu sulfides  
Sarah Harmer  

OC007 On-chip Sensing of Proteolytic 
Cleavage using Bioluminescence 
Resonance Energy Transfer (BRET) 
Yonggang Zhu  

11:50 OC002  From immature Drainage 
models to premature Coalescence  
Evert Klaseboer  

OC005 Synchrotron PEEM and SPEM 
Studies of Metal Sulfide Minerals  
David Beattie  

OC008 A Portable Microfluidic Drug and 
Gene Delivery Platform  
Anushi Rajapaksa  

12:10 OC003 Thin film drainage and 
coalescence of drops and bubbles 
Rogerio Manica  

OC006 Transfer of lipid and phase 
reorganisation of self assembled liquid 
crystal nanoparticles Adam Tilley 

OC009 Formation and Stability of 
Nanoparticle-Stabilised Oil-in-Water 
Emulsions Generated in a Microfluidic 
Chip Catherine Whitby  

12:30 LUNCH (Tasman Room) 

  Session Chair: Jason Stokes Session Chair: David Beattie Session Chair: Catherine Whitby 

13:30 OC010 Forces between sterically 
stabilized droplets: how important is the 
polymer brush? Ray Dagastine  

OC015 Real time evolution of liquid 
crystalline nanostructure during the 
digestion of lipids using synchrotron 
small angle x-ray scattering Ben Boyd  

OC020 Drop deformation and three-
phase contact-line displacement under 
MHz Acoustic frequency Ofer Manor  

13:50 OC011 Dynamic bubble-mica 
interactions in water and electrolyte 
solution Satomi Ohnishi  

OC016 Self Assembly Behaviour of 
Cationic Surfactants as Calcium 
Biomineral Precursors Connie Liu  

OC021 Droplet Dynamics on Micro-
Textured Surfaces - Impact, Splashing, 
Wetting and Drainage Yonggang Zhu  

14:10 OC012 Surface force measurements 
between Titania surfaces prepared by 
Atomic Layer Deposition in aqueous 
electrolyte and CTAB solutions  
Rick Walsh  

OC017 In-situ Synchrotron SAXS Study 
of Polymerizable Microemulsions 
Shuhua Peng  

OC022 Coalescence-induced droplet 
actuation Mathieu Sellier  

14:30 OC013 A Newly Designed Surface 
Force Apparatus for Friction 
Measurements JinSung Park  

OC018 Spheroid to rod to spheroid 
transitions in polymerizing micelles: 
manipulation of self-assembly by 
amphiphilic polymers Paul FitzGerald  

OC023 High Resolution Studies of Drop-
Enhanced Capillary Uptake  
Geoff Willmott  

14:50 OC014 Hydrophobic Force between 
Silanated Silica Surfaces without 
Bubbles – Measurement of ‘True’ 
Hydrophobic Attraction Naoyuki Ishida  

OC019 Star-Polyphile Self-Assembly in 
Bulk and Dispersion Liliana de Campo  

OC024 Elastic ‚ 'Size-Tunable' 
Nano/Micropores for Improving the 
Detection, Discrimination and Selective 
Gating of Polydisperse Colloidal 
Suspensions Darby Kozak  

15:10 TEA/COFFEE BREAK 

 



 

  Plenary Hall Wellington Room Boardwalk Gallery 

  THEME 1: Surface Forces  THEME 2: Neutron Scattering and 
Synchrotron Techniques  

Theme 3: Microfluidics and 
Separation Sciences  

  Session Chair: Rico Tabor Session Chair: Jamie Schulz Session Chair: Geoff Willmott 

15:40 OC025  TBC OC031 Polyaniline Circuits for 
Microfluidics Michael Breadmore  

16:00 OC026 Surface Initiated Polymerisation 
Using Atom Transfer Radical 
Polymerisation: Grafting Density and 
Surface Forces Laurence Meagher  

KN004 Small reverse micelles 
containing ion pairs, the a-tom at the 
origin of ion separation as observed by 
 SAXS, SANS and osmometry  
Thomas Zemb 

Sponsored by  

OC032 An Integrated Hand Held 
Device with On-Chip Contactless 
Conductivity Detection for Multiplex 
Fingerprinting of Chemical Warfare 
Agents Karolina Petkovic-Duran  

16:20 OC027 Effects of Solvent Quality on 
Lubricious, Water-Soluble Polymer 
Brushes Jarred Clasohm  

OC029 Thin films, surfaces, interfaces 
and neutrons - the age of Platypus 
Michael James  

OC033 Boundary Effects on 
Electrophoresis of a Charge-regulated 
Sphere along the Axis of a Cylindrical 
Pore Filled with Multiple Ionic Species 
Yi-Hsuan Tai  

16:40 OC028 Drag reduction by Leidenfrost 
vapor layers Ivan Vakarelski   

OC030 Crystal Truncation Rod , 
Interdigitated Bilayers and Anomalous 
Adsorption Isotherms: Synchrotron XRR 
on Mica Wuge H. Briscoe  

OC034 Implications of Ion 
Conservation for Microfluidic Circuit 
Analysis Christian Biscombe  

17:00 Talks end 
17:40 Bus transfers to Governor's House reception 

1800-1900 
 

Governor's House  Reception 
 

 

Tuesday 1 February 2011     
Time Plenary Hall Wellington Room 

  THEME 1: Surface Forces, continued THEME 4: Mineral and Material Interfaces  

  Session Chair:  Ray Dagastine Session Chair:  David Beattie 

8:50 KN005 van der Waals Interaction at Small Separations  
Lee White  

Sponsored by  

KN006 Biomineralization: the burning questions  
Pupa Gilbert  
Sponsored by 

   
9:30 OC100 How Surface Forces Control the Coalescence of 

Bubbles Rico Tabor  
OC103 Templated mineral growth - a pathway to synthetic 
biomineralisation Kathryn McGrath  

9:50 OC101 Forces between a particle and the underside of a 
monolayer at an air/water interface for like- and unlike-
charged systems Cathy McNamee  

OC104 Silicate Polymerization on Aqueous Metal Oxide 
Surfaces: One Dimensional Epitaxy? Peter Swedlund  

10:10 OC102 Effect of Disjoining Pressure on the Terminal Velocity 
of a Bubble Sliding along an Inclined Wall in Liquid  
Lorena A. Del Castillo  

OC105 Polyzwitterions as Novel Additives for Wet Strength in 
Paper Wade Mosse  

10:30 TEA/COFFEE BREAK 



 

 Plenary Hall Boardwalk Gallery Wellington Room 

  THEME 1: Surface Forces, continued THEME 5: Advanced Functional 
and Nanoscale Materials 

THEME 4: Mineral and Material 
Interfaces  

  Session Chair: Rob Atkin Session Chair: Paul Mulvaney Session Chair: George Franks 
11:00 OC106 Surface Forces in Cell Biology  

Michelle Gee  
OC111 Influence of Surface Charge 
on Wetting Kinetics John Ralston  

OC116 Partial Coalescence of 
Emulsion Drops as a result of Colloidal 
Adsorption Patrick Spicer  

11:20 OC107 Direct Measurement of Responsive 
Forces between Bubbles from Switchable 
Peptide Surfactants Thakshila Balasuriya  

OC112 Wenzel State Pinning 
Behaviour on Micropillar Arrays  
Craig Priest  

OC117 Colloid Deposition on Calcite 
and Limestone Surfaces as a Function 
of Surface Roughness 
Cornelius Fischer  

11:40 OC108 Insights into Aqueous Lubrication 
of Polysaccharides and Emulsions using 
ex-situ Surface Adsorption and Wetting 
Studies Jason Stokes  

OC113 New photocatalysts working 
under visible and ultraviolet 
irradiation: supported gold and silver 
nanoparticles Huai-Yong Zhu  

OC118 Stabilisation of graphene 
suspensions using cationic 
polyelectrolytes Shannon Notley  

12:00 OC109 Surfactant-Free Tetradecane 
Emulsions Investigated Using AFM 
Hannah Lockie  

OC114 Cubic Scaffolds in Polar 
Lipids: Effects of Salts 
Durga Acharya  

OC119 Controlling Clay Behaviour in 
Suspensions Using Different Controlled 
Dispersion Strategies Josephine Lim 

12:20 OC110 Independent separation 
measurement between rigid and 
deformable surfaces in atomic force 
microscopy Marta Krasowska  

OC115 The Effect of Grafting Density 
on Phase Transition Behaviour for 
Poly(N-isopropylacryamide) Brushes 
in Aqueous Solutions Naoyuki Ishida  

OC120 Colloids Engineering for Paper-
Based Biosensors Ping Peng  

12:40 LUNCH (Tasman Room) 

  Session Chair: Cathy McNamee Session Chair: John Ralston Session Chair: Shannon Notley 
13:40 OC121 Structure of PEO in 

ethylammonium nitrate and adsorbed at 
the silica interface Rob Atkin  

OC125 Nanotoxicology 1.01-8nm 
silica nanoparticle interaction with 
human serum albumin John White  

OC129 Competitive Adsorption/ 
Desorption Kinetics to Iron Oxide of 
Arsenate and Antimonate from 
Aqueous Solution by in situ Infrared 
Spectroscopy Jim McQuillan  

14:00 OC122 The Kinetics of Colloidal 
Aggregation - Effect of bimodal Hamaker 
Constant distribution and Brownian Forces 
Siubhan Macpherson  

OC126 Formation of Underbrushes 
on thiolated Poly (ethylene glycol) 
PEG monolayers by Oligoethylene 
glycol (OEG) terminated alkane thiols 
on Gold Arcot Raghupathi  

OC130 Attachment and Colonization 
Behaviour of Acidithiobacillus 
ferrooxidans to Metal Sulfides in the 
Bioleaching Process Miao Chen  

14:20 OC123 Measuring Hollow Silica Shell-
Water-Silica Plate Van der Waals Forces in 
Total Internal Reflection Microscopy 
(TIRM) Stefanie Sham  

OC127 Electric force-assisted 
deposition of nanoparticles from 
aqueous suspension M. Nazli Naim  

OC131 Morphology of Ceramic Particle 
Stabilised Foams: Influence of Particle 
Aggregation George Franks  

14:40 OC124 Reliable Measurement and 
Modelling of Slip by AFM Liwen Zhu  

OC128 Stabilization of W/O 
Microemulsion by Screening Effect 
and Hydrophobic Interaction  
Jun Oshitani  

OC132 New Considerations in Contact 
Angle Determination by the Capillary 
Rise Technique David Verrelli  

15:00 TEA/COFFEE BREAK 

  Session Chair:  Ian Larson and Ray 
Dagastine 

 Session Chair: Naoyuki Ishida Session Chair: Kate McGrath 

15:30 OC133 Computational Fluid Dynamics 
Study of Surface-Active Particles in 
Immiscible Two-Phase Fluids  
Hiroyuki Shinto  

OC136 Preparation of 
nanocomposite of polymer with 
inorganic nanoparticles through 
hetero-coagulation and its flame 
retardancy Yasushige Mori (invited)  

15:50 OC134 Wetting and Symmetries  
Ciro Semprebon  

OC137 Nanodiamond 
functionalization by primary and 
secondary amines Lin Lai  

KN007 Role of Colloidal Forces in 
Flotation Zhenghe Xu 

Sponsored by  

16:10 OC135 Adhesion behaviour for cellulose 
nanocomposite design Niklas Nordgren  

OC138 Development of Polymer 
Coatings for Biomedical Applications 
via Thin Film Dewetting and Polymer 
Grafting Andrew Michael Telford  

OC140 Adsorption of Polysaccharide-
based Polymers on Talc: the Role of 
Impurities and Cleavage  
Agnieszka Mierczynska-Vasilev  

16:30 Commentary and Rebuttal of the above 
talks - Derek Chan (invited) 

OC139 Adsorption and 
chromatographic properties of 
microdispersed sintered 
nanodiamonds Pavel Nesterenko  

OC141 The Size of Particle 
Aggregates Produced by Flocculation 
with PNIPAM, as a Function of 
Temperature Elizaveta Burdukova  

17:00-19:00  
POSTER SESSION: (PP001-PP046) 



Wednesday 2 February 2011     
Time Plenary Hall Wellington Room 
  THEME 6: Frontiers of Colloid and Interface Science  THEME 5: Advanced Functional and Nanoscale 

Materials, continued 
  Session Chair:  Erica Wanless Session Chair:  Yasushige Mori 

8:50 KN008 Tuning of foam film and wetting film stability by 
addition of (poly)electrolytes: electrostatics vs. ionspecifity 
Regine von Klitzing  

Sponsored by  

KN009 Hydrothermal Synthesis and Applications of Ordered 
Mesoporous Carbon Materials  
Dongyuan Zhao  

Sponsored by  

9:30 OC201  Non-equilibrium Nature of the Interfacial Properties of 
Oppositely Charged Polyelectrolyte/ Surfactant Mixtures as a 
result of the Evolving Bulk Phase Interaction  
Richard Campbell  

OC204 Carbon nanoparticles dispersion by using fine beads 
milling with simultaneous surface modification  
Hidehiro Kamiya   

9:50 OC202  A New Explanation of the Hydrophobic Effect  
James Beattie  

OC205 From carbon black to photoluminescent nanoprobes 
Qin Li  

10:10 OC203  Determining Concentration Depth Profiles in Thin 
Foam Films with Neutral Impact Collision Ion Scattering 
Spectroscopy Gunther Andersson  

OC206 Highly aligned and porous carbon nanotube modified 
electrode surface using CNT Mustafa Musameh  

10:30 TEA/COFFEE BREAK 

  Session Chair: Xuehua Zhang Session Chair: Ko Higashitani 

11:00 OC207 Demonstrating the Wenzel-to-Cassie transition on 
textured hydrophobic surfaces: selective application for 
droplet motion control Vince Craig  

OC212 Structural and optical properties of hexagonal arrays 
of sub-wavelength holes  in various metallic thin films 
Michael Giersig (invited)  

11:20 OC208 Parametric Excitation of Capillary Waves: Did 
Faraday Miss Something? Leslie Yeo  

OC213 Inorganic/organic core-shell hybrid microgels with 
tunable optical properties: from 2D to 3D self-assembly 
Mattias Karg  

11:40 OC209 Adsorption of Dispersants at a Polyester Resin-
Alkane Interface Drew Evans  

OC214 From nanocrystalline to bulk - crystal growth in 
solution deposited CdTe films for sintered solar cells, 
Brandon McDonald  

12:00 OC210 The Effect of Chain Structure on Solution and 
Interfacial Properties of Aliphatic Alcohols Tom Healy  

OC215 Nanostructured nanoparticulate inorganic contrast 
agent for medical imaging Nicholas M.K. Tse  

12:20 OC211 Nanostructure of Protic Ionic Liquids and their ability 
to promote Amphiphile Self Assembly Danielle Kennedy  

OC216 8nm Cadmium Sulfide nanoparticle interaction with 
human serum albumin Chuan Ang Joo  

12:40 LUNCH (Tasman Room) 

  Session Chair: Drew Evans Session Chair: Mark Biggs 

13:40 OC217 Acoustic bubble coalescence behaviour in aqueous 
electrolyte solutions saturated with different gases  
Franz Grieser  

OC221 An Evaporative Self-Assembly Lithography for 
Large-Scale Fabrication of Flexible Transparent Conductive 
Film Ko Higashitani (invited)  

14:00 OC218 Rheology of stimulus responsive biopolymer microgel 
suspensions Heather Shewan  

OC222 Nanoparticle transistors: relation between defects 
and electron mobility Anthony Morfa  

14:20 OC219 Immobilization of Enzymes into large p-NIPAM 
Microgels by Solvent Exchange Kornelia Gawlitza  

OC223 Novel mesoporous materials formed by micelle 
templating Chengzhong Yu  

14:40 OC220 Swelling and collapse of an adsorbed pH-responsive 
film-forming microgel measured by Optical Reflectometry and 
QCM Erica Wanless 

OC224 High throughput electrochemical screening and 
investigation of the corrosion barrier properties of multilayer 
oxides Adrain Trinchi  

15:05  
RACI Colloid and Surface Science Annual General Meeting (Wellington Room) 

16:00 FREE TIME 

19:30 
 

CONFERENCE BIRTHDAY DINNER AND POSTER PRIZE PRESENTATIONS (Boardwalk Gallery) 
 



 

Thursday 3 February 2011     
Time Plenary Hall Tasman Room 

  THEME 6: Frontiers of Colloid and Interface Science, 
continued 

THEME 5: Advanced Functional and Nanoscale 
Materials, continued 

  Session Chair: Gayle Morris Session Chair: Qin Li 

8:50 KN010 Using Block Copolymers as Emulsifiers in Novel multi-
component Formulations Terence Cosgrove  

Sponsored by  

KN0011 Towards the Rational de novo Design of Solid-
binding Peptides for Advanced Functional and Nanoscale 
Materials and Systems Mark Biggs  
 

Sponsored by  

9:30 OC301 Polyelectrolyte and cation interactions studied by 
diffusion coefficient measurement by NMR pulsed field 
gradient Emily Perkins  

OC303 Manipulating plasmonic nanocolloids via DNA 
Wenlong Cheng  

9:50 OC302 Growth and Shrinking of Pluronic Micelles in Pluronic-
Flurbiprofen Solutions: Variation of Concentration and pH 
Shirin Alexander  

OC304 Nanostructured materials from peptide-polymer 
conjugates Sebastien Perrier  

10:10 TEA/COFFEE BREAK 

  Session Chair: Karen Stack Session Chair: Michael Giersig  

10:40 OC305 UV-triggered Swelling of Microgel Complexes  
Melanie Bradley  

OC310 Multifunctional composite colloidal microgels  
Luis Liz-Marzan (invited)  

11:00 OC306 Engineering pH-Responsive Polyelectrolyte Capsules 
for Cytosolic Delivery of Therapeutics Hannah Lomas  

OC311 Shear Orientation and Elastic Instability of Poly 
(ethylene oxide)/silica Dispersions Probed by Time-
resolved Polarized Light Imaging Siling Su  

11:20 OC307 α-Helix Unfolding in Simple Shear Flow Dave Dunstan  OC312 Stimuli-responsive nanoparticles at interfaces 
Dayang Wang  

11:40 OC308 Identification of Key Properties of Polymeric 
Precipitation Inhibitors for Use with Poorly Water Soluble 
Drugs to Improve Bioavailability Dallas Warren  

OC313 Surface Chemistry of Nanocrystals via Analytical 
Ultracentrifugation Tich-Lam Nguyen  

12:00 OC309 Recognition of protein chain structure and folding 
Stephen Hyde  

OC314 Light responsive nanostructured matrices for 
pulsatile drug delivery Khay Fong  

12:20 LUNCH (foyer) 

  Session Chair: Melanie Bradley Session Chair: Luis Liz-Marzan 

13:20 OC315 Effect of multiple salts on colloidal stability of pinus 
radiata wood resins Roland Lee  

OC320 Functional cubic phase lipid nanoparticles for siRNA 
delivery Guoliang Zhen  

13:40 OC316 Viscoelastic Micelles of Nonionic Surfactants in Water 
and Ionic Liquids Greg Warr  

OC321 Capsosome: Cargo-loaded Liposomes within 
Polymer Carrier Capsule Leticia Hosta-Rigau  

14:00 OC317 Fabrication of Asymmetric Janus Structures via 
Plasma Polymerization Rodney Chen  

OC322 Competition between dewetting and layer inversion 
in thin film bilayers Chiara Neto  

14:20 OC318 Plasma Polymerization of Quartz Particles for Water 
Treatment Karyn Jarvis  

OC323 Biomimetic patterned surface coatings by dewetting 
of polymer films for use in atmospheric water capture 
Stuart Thickett  

14:40 OC319 Concentrated Nanoparticle Synthesis in Aqueous 
Systems Peter Scales  

OC324 Surface Plasmon Spectroscopy of Single Gold 
Nanocrystals Paul Mulvaney  

15:05 CLOSING REMARKS (Plenary Hall) 

15:15 TEA/COFFEE BREAK 

15:30 ACIS CONFERENCE CLOSES 

 
 



 

Detailed Full program  
as at 22 December 2010 

PL - Plenary    KN - Keynote   OC - Oral Communication   PP - Poster Presentation 

Monday 31 January 2011 
8:40am 

PL001

 

RACI Colloid Division Plenary Lecture 
New Challenges in Colloid and Interfacial Science 
Helmuth Moehwald1,  1Max Planck Institute of Colloids and Interfaces, Research
Campus Potsdam-Golm, 14474 Potsdam, Germany 

Sponsored by 

9:30am 

PL002 

  

Alexander Lecture 
Surface Forces Measurement for Nano-Materials Science 
Kazue Kurihara1,  1WPI-Advanced Institute for materials Research (AIMR), and 
Institute of Multidisciplinary Research for Advanced Materials (IMRAM) 
Tohoku University, Sendai, Japan 

Sponsored by   

10:50am 

THEME 1: Surface Forces  

KN001 
  
Mechanisms affecting bubble coalescence in electrolyte solutions 
Roger Horn1, Lorena del Castillo2, Satomi Ohnishi2,  1Deakin University, Burwood, 
Victoria, Australia, 2University of South Australia, Mawson Lakes, SA, Australia 

OC001

  

Fabrication of Polymer Nanolenses through in-situ Polymerization of 
Nanodroplets at Solid-liquid Interfaces   

Xuehua Zhang1, Jingming Ren1, Xiaoxuan Wei1, Yuqi Guo1, Jing Fung Tan1, Greg 
Qiao1,  1Department of Chemical and Biomolecular Engineering and Particulate Fluid
Processing Center, University of Melbourne, Melbourne, VIC, Australia 

OC002
  
From immature Drainage models to premature Coalescence 
Evert Klaseboer1, Rogerio Manica1, Derek Chan2,1,  1Institute of High Performance 
Computing, Singapore, Singapore, 2University of Melbourne, Melbourne, Australia 

OC003
  

Thin film drainage and coalescence of drops and bubbles 
Rogerio Manica1, Evert Klaseboer1, Roger Horn3, Derek Chan2,  1Institute of High 
Performance Computing, Singapore, Singapore, 2The University of Melbourne, 
Melbourne, Australia, 3Deakin University, Melbourne, Australia 

 

 



10:50am 

THEME 2: Neutron Scattering and Synchrotron Techniques  

KN002
  

Advanced Synchrotron Soft X-ray Spectroscopy Applied to Monomolecular 
Films 
Michael Zharnikov1,  1Angewandte Physikalische Chemie, Universität Heidelberg,
Heidelberg, Germany 

Sponsored by  

OC004 

  

A spectroscopic photoemission and low energy electron microscope
(SPELEEM) investigation of the galvanic interactions between Cu sulfides 
Sarah Harmer1, Bill Skinner1, Michael Gladys2, Andrea Locatelli3, Tevfik Onur 
Mentes3, Miguel Angel Nino Orti1,  1Unviersity of South Australia, Adelaide, SA, 
Australia, 2The University of Newcastle, Newcastle, NSW, Australia, 3Elettra 
Sincrotrone Trieste, Basovizza-Trieste, Italy 

OC005 
  
Synchrotron PEEM and SPEM Studies of Metal Sulfide Minerals 
Robert Acres1, Sarah Harmer1, David Beattie1,  1Ian Wark Research Institute, 
University of South Australia, Adelaide, Australia 

OC006 
  

Transfer of lipid and phase reorganisation of self assembled liquid crystal
nanoparticles 
Adam Tilley1, Charlie Dong1, Heinz Amenitsch2, Michael Rappolt2, Ben Boyd1

1Monash University, Parkville, Victoria, Australia, 2Elletra Synchrotron, Trieste, Italy 

10:50am 

Theme 3: Microfluidics and Separation Sciences  

KN003   Colloids, Biomarkers and Cheap Microfluidics: New Approaches to 
Preventative, Personalised and “At Home” Medicine  

Matt Trau1, 1The University of Queensland, Australia 

OC007

  

On-chip Sensing of Proteolytic Cleavage using Bioluminescence Resonance
Energy Transfer (BRET) 
Nan Wu1,3, Helen Dacres2,3, Alisha Anderson2,3, Stephen Trowell2,3, Yonggang 
Zhu1,3,  1CSIRO Materials Sicence and Engineering, Highett, VIC 3190, Australia,
2CSIRO Ecosystem Sciences, GPO Box 1700, Canberra, ACT 2601, Australia,
3CSIRO Food Futures Flagship, GPO Box 1700, Canberra, ACT 2601, Australia 

OC008
  

A Portable Microfluidic Drug and Gene Delivery Platform 
Anushi Rajapaksa1, Jenny Ho1, Aisha Qi1, Peggy Chan1, James Friend1, David 
Piedrafita1, Michelle McIntosh1, David Morton1, Els Meeusen1, Leslie Yeo1,  1Monash 
University, Clayton, VIC 3800, Australia 

OC009
  

Formation and Stability of Nanoparticle-Stabilised Oil-in-Water Emulsions 
Generated in a Microfluidic Chip 
Craig Priest1, Matthew Reid1, Catherine Whitby1,  1Ian Wark Research Institute, 
University of South Australia, Mawson Lakes, South Australia, Australia 

 



 

1:30pm 

THEME 1: Surface Forces  

OC010 

  

Forces between sterically stabilized droplets: how important is the polymer
brush? 
Ofer Manor1, Tam Chau1, Geoffrey Stevens1, Derek Chan1, Franz Grieser1,
Raymond Dagastine1,  1PFPC & University of Melbourne, Parkville Victoria, Australia

OC011 

  

Dynamic bubble-mica interactions in water and electrolyte solution 
Lorena A. Del Castillo1, Satomi Ohnishi1, Steven L. Carnie2, Roger G. Horn3,
1University of South Australia, Ian Wark Research Institute, Adelaide, SA, Australia,
2University of Melbourne, Department of Mathematics & Statistics, Melbourne, VIC,
Australia, 3Deakin University, Research Training, Burwood Highway, VIC, Australia 

OC012 
  

Surface force measurements between Titania surfaces prepared by Atomic
Layer Deposition in aqueous electrolyte and CTAB solutions. 
Rick Walsh1, Shaun Howard1, Vince Craig1,  1ANU, ACT, Australia 

OC013 
  

A Newly Designed Surface Force Apparatus for Friction Measurements 
JinSung Park1, Satomi Ohnishi1, Roger Horn1,  1Ian Wark Research Institute,
Mawson Lake, SA, Australia 

OC014 

  

Hydrophobic Force between Silanated Silica Surfaces without Bubbles –
Measurement of ‘True’ Hydrophobic Attraction 
Naoyuki Ishida1,  1National Institute of Advanced Industrial Science and Technology
(AIST), Tsukuba, Japan 

1:30pm 

THEME 2: Neutron Scattering and Synchrotron Techniques  

OC015 

  

Real time evolution of liquid crystalline nanostructure during the digestion of
lipids using synchrotron small angle x-ray scattering 
Ben Boyd1, Dallas Warren1, Mette Anby1, Chris Porter1, Adrian Hawley2,  1Monash
Institute of Pharmaceutical Sciences, Parkville, VIC, Australia, 2SAXS/WAXS
beamline, Australian Synchrotron, Clayton, VIC, Australia 

OC016 

  

Self Assembly Behaviour of Cationic Surfactants as Calcium Biomineral
Precursors 
Connie Liu1, Gregory Warr1,  1School of Chemistry, The University of Sydney, NSW,
Australia 

OC017 

  

In-situ Synchrotron SAXS Study of Polymerizable Microemulsions 
Shuhua Peng1,2, Patrick Hartley1, Tim Hughes1, Qipeng Guo2,  1CMSE, CSIRO,
Bayview Avenue, Clayton South, Victoria, Australia, 2CMFI, Deakin University,
Geelong, Victoria, Australia 

OC018 

  

Spheroid to rod to spheroid transitions in polymerizing micelles: manipulation
of self-assembly by amphiphilic polymers 
Khwanrat Chatjaroenporn1, Paul FitzGerald1, Robert Baker1, Gregory Warr1,  1The
University of Sydney, Sydney, Australia 

OC019 

  

Star-Polyphile Self-Assembly in Bulk and Dispersion 
Liliana de Campo1, Minoo Moghaddam2, Lynne Waddington3, Eric Hanssen4, Trond
Varslot1, Nigel Kirby5, Calum Drummond3, Stephen Hyde1,  1ANU, Canberra, ACT,
Australia, 2CSIRO, Sydney, NSW, Australia, 3CSIRO, Melbourne, VIC, Australia, 4Uni
Melbourne, Melbourne, VIC, Australia, 5Australian Synchrotron, Melbourne, VIC,
Australia 



 

1:30pm 

Theme 3: Microfluidics and Separation Sciences  

OC020 

  

Drop deformation and three-phase contact-line displacement under MHz
Acoustic frequency 
Ofer Manor1, Michael Dentry1, James R. Friend1, Leslie Y. Yeo1,  1Monash
University, Clayton, Victoria, Australia 

OC021 

  

Droplet Dynamics on Micro-Textured Surfaces – Impact, Splashing, Wetting
and Drainage 
Daniel Lester2, Greg Threfall1, Petar Liovic2, Nick Burke3, Seng Lim4, Yonggang
Zhu1,  1CSIRO Materials Science and Engineering, Highett, Victoria, Australia,
2CSIRO Mathematics, Informatics and Statistics, Highett, Victoria, Australia, 3CSIRO
Earth Science and Resource Engineering, Clayton, Victoria, Australia, 4CSIRO
Process Science end Engineering, Clayton, Victoria, Australia 

OC022 
  

Coalescence-induced droplet actuation     
Mathieu Sellier1, Volker Nock1, Claude Verdier2,  1University of Canterbury,
Christchurch, New Zealand, 2CNRS, Grenoble, France 

OC023 

  

High Resolution Studies of Drop-Enhanced Capillary Uptake 
Geoff Willmott1, Michael Taylor2, Chiara Neto3, Shaun Hendy1,4,  1The MacDiarmid
Institute for Advanced Materials and Nanotechnology, Industrial Research Limited,
Lower Hutt, New Zealand, 2Environmental Science and Research, Christchurch, New
Zealand, 3The University of Sydney, Sydney, Australia, 4Victoria University of
Wellington, Wellington, New Zealand 

OC024 

  

Elastic ‘Size-Tunable’ Nano/Micropores for Improving the Detection,
Discrimination and Selective Gating of Polydisperse Colloidal Suspensions 
Darby Kozak1, Will Anderson1, G. Seth Roberts1, Murray Broom2, Robert Vogel2,
Matt Trau1,  1University of Queensland, Brisbane, Queensland, Australia, 2iZon
Science Ltd, Christchurch, New Zealand 

3:40pm 

THEME 1: Surface Forces  

OC025   TBC 

OC026 

  

Surface Initiated Polymerisation Using Atom Transfer Radical Polymerisation:
Grafting Density and Surface Forces 
Bryan Coad1, Yi Lu1, Laurence Meagher1,  1CSIRO Materials Science and
Engineering, Clayton, VIC 3168, Australia 

OC027 
  

Effects of Solvent Quality on Lubricious, Water-Soluble Polymer Brushes 
Jarred Clasohm1, Prathima Nalam1, Nicholas Spencer1,  1ETH Zürich, Zürich,
Switzerland 

OC028 

  

Drag reduction by Leidenfrost vapour layers 
Ivan Vakarelski1, Jeremy Marston1, Derek Chan2, Sigurdur Thoroddsen1,  1King
Abdullah University of Science and Technology, Thuwal, Saudi Arabia, 2The
University of Melbourne, Parkville, Victoria, Austria 

 



 

3:40pm 

THEME 2: Neutron Scattering and Synchrotron Techniques  

KN004  Small reverse micelles containing ion pairs, the a-tom at the origin of ion 
separation as observed by  SAXS, SANS and osmometry, Thomas Zemb 

Sponsored by  

OC029
  

Thin films, surfaces, interfaces and neutrons – the age of Platypus 
Michael James1,2, Andrew Nelson1, Stephen Holt1, Thomas Saerbeck1,  1Australian 
Nuclear Science and Technology Organisation, Sydney, NSW, Australia, 2School of 
Chemistry, University of NSW, Sydney, NSW, Australia 

OC030
  

Crystal Truncation Rod, Interdigitated Bilayers and Anomalous Adsorption
Isotherms: Synchrotron XRR on Mica 
Wuge H. Briscoe1, Robert Thomas2, Francesca Speranza1,  1University of Bristol, 
Bristol, United Kingdom, 2University of Oxford, Oxford, United Kingdom 

 

3:40pm 

Theme 3: Microfluidics and Separation Sciences  

OC031
  

Polyaniline Circuits for Microfluidics 
Rowan Henderson1, Rosanne Guijt1, Oliver Hutter1, Alan Henderson1, Paul Haddad1, 
Emily Hilder1, Trevor Lewis1, Michael Breadmore1,  1University of Tasmania, Hobart, 
Tasmania, Australia 

OC032

  

An Integrated Hand Held Device with On-Chip Contactless Conductivity 
Detection for Multiplex Fingerprinting of Chemical Warfare Agents 
Karolina Petkovic-Duran1, Chuanpin Chen1, Patrick Leech1, Anthony Swallow1, Justin 
Doward2, Simon Oveden2, Yonggang Zhu1,  1CSIRO, Highett/VIC, Australia, 2DSTO, 
Fishermens Bend/Vic, Bahamas 

OC033
  

Boundary Effects on Electrophoresis of a Charge-regulated Sphere along the 
Axis of a Cylindrical Pore Filled with Multiple Ionic Species 
Yi-Hsuan Tai1, Jyh-Ping Hsu1, Li-Hsien Yeh1,  1National Taiwan University, Taipei, 
Taiwan 

OC034
  

Implications of Ion Conservation for Microfluidic Circuit Analysis 
Christian Biscombe1, Malcolm Davidson1, Dalton Harvie1,  1Department of Chemical 
and Biomolecular Engineering, The University of Melbourne, Parkville, Victoria 3010,
Australia 

 



 

Tuesday 1 February 2011 
8:50am 

THEME 1: Surface Forces  

KN005 
  

van der Waals Interaction at Small Separations 
Lee White1,  1U.South Australia, Adelaide SA, Australia 

Sponsored by 
 
OC100  

 
How Surface Forces Control the Coalescence of Bubbles 
Rico Tabor1, Derek Chan1, Franz Grieser1, Raymond Dagastine1,  1University of 
Melbourne, Parkville, Victoria, Australia 

OC101

  

Forces between a particle and the underside of a monolayer at an air/water 
interface for like- and unlike-charged systems 
Cathy McNamee1, Michael Kappl2, Hans-Juergen Butt2, Ko Higashitani3, Karlheinz 
Graf4,  1Shinshu University, Ueda, Nagano, Japan, 2Max Planck Institute for Polymer 
Research, Mainz, Germany, 3Kyoto University, Kyoto, Japan, 4Siegen University, 
Siegen, Germany 

OC102

  

Effect of Disjoining Pressure on the Terminal Velocity of a Bubble Sliding along
an Inclined Wall in Liquid 
Lorena A. Del Castillo1, Satomi Ohnishi1, Lee R. White2, Steven L. Carnie3, Roger G. 
Horn4,  1Ian Wark Research Institute, University of South Australia, Mawson Lakes,
South Australia, Australia, 2School of Mathematics and Statistics, University of South
Australia, Mawson lakes, South Australia, Australia, 3Department of Mathematics and 
Statistics, The University of Melbourne, Victoria, Australia, 4Research Training, Deakin 
University, Burwood Highway, Victoria, Australia 

8:50am 

THEME 4: Mineral and Material Interfaces  

KN006  Biomineralization: the burning questions 
Pupa Gilbert1,  1UW-Madison, Madison, WI, United States

Sponsored by   

OC103
  

Templated mineral growth – a pathway to synthetic biomineralisation. 
Kathryn McGrath1,  1MacDiarmid Institute for Advanced Materials and
Nanotechnology, School of Chemical and Physical Sciences, Victoria University of 
Wellington, Wellington, New Zealand 

OC104
  

Silicate Polymerization on Aqueous Metal Oxide Surfaces: One Dimensional
Epitaxy? 
Peter Swedlund1, Yantao Song1, Andreas Hermann1, Gordon Miskelly1,  1University of 
Auckland, Auckland, New Zealand 

OC105

  

Polyzwitterions as Novel Additives for Wet Strength in Paper 
Wade Mosse1, Gil Garnier1, Kei Saito2, George Simon3,  1Australian Pulp and Paper 
Institute, Monash University, Melbourne, Victoria, Australia, 2School of Chemistry, 
Monash University, Melbourne, Victoria, Australia, 3Deparment of Materials 
Engineering, Monash University, Melbourne, Victoria, Australia 

 



11:00am 

THEME 1: Surface Forces  

OC106
  

Surface Forces in Cell Biology 
Michelle Gee1, Huabin Wang1, Richard Strugnell1, Alan Cowman2, Melanie Rug2, Mark 
Hayes1,2,  1University of Melbourne, Parkville, VIC, Australia, 2Walter and Eliza Hall 
Institute of Medical Research, Parkville, VIC, Australia 

OC107
  

Direct Measurement of Responsive Forces between Bubbles from Switchable 
Peptide Surfactants 
Thakshila Balasuriya1, Franz Grieser1, Raymond Dagastine1,  1Particulate Fluids 
Processing Centre, The University of Melbourne, Parkville,Victoria 3010, Australia 

OC108
  

Insights into Aqueous Lubrication of Polysaccharides and Emulsions using ex-
situ Surface Adsorption and Wetting Studies 
Jason Stokes1,  1The University of Queensland, Brisbane, Queensland, Australia 

OC109
  

Surfactant-Free Tetradecane Emulsions Investigated Using AFM 
Hannah Lockie1, Geoffrey Stevens1, Franz Grieser1, Raymond Dagastine1, 
1Melbourne University, Vic, Australia 

OC110

  

Independent separation measurement between rigid and deformable surfaces in
atomic force microscopy 
Marta Krasowska1, Jason Connor1, Daniel Fornasiero1, John Ralston1,  1Ian Wark 
Research Institute, University of South Australia, Mawson Lakes Campus, South
Australia, 5095, Australia 

11:00am 

THEME 5: Advanced Functional and Nanoscale Materials 

OC111
  

Influence of Surface Charge on Wetting Kinetics 
Lee San Puah1, Rossen Sedev1, Daniel Fornasiero1, John Ralston1, Terry Blake2,  1Ian 
Wark Research Institute, Adelaide SA, Australia, 2Laboratory of Surface and Interfacial 
Physics, Mons, Belgium 

OC112

  

Wenzel State Pinning Behaviour on Micropillar Arrays 
Craig Priest1, Ciro Semprebon2, Martin Brinkmann2, Rossen Sedev1, John Ralston1, 
1Ian Wark Research Institute, University of South Australia, Mawson Lakes, SA,
Australia, 2Max Planck Institute for Dynamics and Self-Organization, Goettingen, 
Germany 

OC113
  

New Photocatalysts Working under Visible and Ultraviolet Irradiation: Supported
Gold and Silver Nanoparticles 
Huai-Yong Zhu1,  1Queensland University of Technology, Brisbane, Australia 

OC114
  

Cubic Scaffolds in Polar Lipids: Effects of Salts 
Durga Acharya1, Benjamin Muir1, Patrick Hartley1, Nigel Kirby2,  1CSIRO Materials 
Science and Engineering, Clayton, Australia, 2Australian Synchrotron, Clayton, 
Australia 

OC115
  

The Effect of Grafting Density on Phase Transition Behaviour for Poly(N-
isopropylacryamide) Brushes in Aqueous Solutions 
Naoyuki Ishida1,2, Simon Biggs2,  1National Institute of Advanced Industrial Science 
and Technology (AIST), Tsukuba, Japan, 2University of Leeds, Leeds, United Kingdom

 



11:00am 

THEME 4: Mineral and Material Interfaces  

OC116
  

Partial Coalescence of Emulsion Drops as a result of Colloidal Adsorption 
Patrick Spicer1, Amar Pawar1,2, Richard Hartel2,  1Procter and Gamble Co., West 
Chester, OH, United States, 2University of Wisconsin-Madison, Madison, WI, United 
States 

OC117

  

Colloid Deposition on Calcite and Limestone Surfaces as a Function of Surface
Roughness 
Cornelius Fischer1,2, Gopala Darbha1, Alex Michler1, Thorsten Schäfer3,  1Universität 
Göttingen, Göttingen, Germany, 2Rice University, Houston, TX, United States, 3KIT, 
INE, Karlsruhe, Germany 

OC118  Stabilisation of graphene suspensions using cationic polyelectrolytes 
Shannon Notley1,  1Dept of Applied Mathematics, ANU, Canberra, Australia 

OC119
  

Controlling Clay Behaviour in Suspensions using Different Controlled
Dispersion Strategies 
Josephine Lim1, Ross de Kretser1, Peter Scales1,  1The University of Melbourne, 
Parkville, VIC, Australia 

OC120
  

Colloids Engineering for Paper-Based Biosensors 
Ping Peng1, Lauren Summers1, Alexandra Rodriguez1, Gil Garnier1,  1Monash 
university, Melbourne, VIC 3800, Australia 

 
1:40pm 

THEME 1: Surface Forces  

OC121
  

Structure of PEO in ethylammonium nitrate and adsorbed at the silica interface 
Oliver Werzer1, Gregory Warr1, Rob Atkin1,  1University of Newcastle, NSW, Australia,
2University of Sydney, NSW, Australia 

OC122

  

The Kinetics of Colloidal Aggregation – Effect of bimodal Hamaker Constant 
distribution and Brownian Forces 
Siubhan Macpherson1, Grant Webber1, Roberto Moreno-Atanasio1,  1Centre for 
Advanced Particle Processing, The University of Newcastle, Newcastle, NSW, 
Australia 

OC123
  

Measuring Hollow Silica Shell-Water-Silica Plate van der Waals Forces in Total 
Internal Reflection Microscopy (TIRM) 
Stefanie Sham1, Raymond Dagastine1,  1The University of Melbourne, Melbourne, 
Australia 

OC124
  

Reliable Measurement and Modelling of Slip by AFM 
Liwen Zhu1, Phil Attard1, Chiara Neto1,  1School of Chemistry, University of Sydney, 
Sydney,NSW, Australia 

1:40pm 

THEME 5: Advanced Functional and Nanoscale Materials 

OC125

  

Nanotoxicology 1.01 – 8nm Silica Nanoparticle Interaction with Human Serum
Albumen 
John White1, Chuan Ang Joo1, Jhih-Min Lin1, Peter Yaron1, Thomas Faunce1, Andrew 
Nelson2,  1Australian National University, Canberra , ACT, Australia, 2Bragg Institute 
ANSTO, Sydney, Australia 



OC126
  

Formation of Underbrushes on thiolated Poly (ethylene glycol) PEG monolayers
by Oligoethylene glycol (OEG) terminated alkane thiols on Gold 
Lokanathan Arcot Raghupathi1, Peter Kingshott1, Rikke Louise Mayer1, Viduthalai 
RashidKhan1,  1iNANO School, Aarhus, Denmark 

OC127

  

Electric Force-assisted Deposition of Nanoparticles from Aqueous Suspension 
M. Nazli Naim1,2, N. Fitrah Abu-Bakar1,3, Motoyuki Iijima1, Masahiko Kuwata1,4, 
Hidehiro Kamiya1, I. Wuled Lenggoro1,  1Tokyo University of Agriculture and 
Technology, Tokyo, Japan, 2Universiti Putra Malaysia, Selangor, Malaysia, 3Universiti 
Teknologi MARA, Selangor, Malaysia, 4Soka University, Tokyo, Japan 

OC128
  

Stabilization of W/O Microemulsion by Screening Effect and Hydrophobic
Interaction 
Jun Oshitani1, Shiho Takashina1, Mikio Yoshida1, Kuniaki Gotoh1,  1Okayama 
University, Okayama, Japan 

1:40pm 

THEME 4: Mineral and Material Interfaces  

OC129

  

Competitive Adsorption/Desorption Kinetics to Iron Oxide of Arsenate and
Antimonate from Aqueous Solution by in situ Infrared Spectroscopy 
Jim McQuillan1, Tim Muller1, Dave Craw2,  1Department of Chemistry, University of 
Otago, Dunedin, New Zealand, 2Department of Geology, University of Otago, Dunedin, 
New Zealand 

OC130
  

Attachment and Colonization Behaviour of Acidithiobacillus ferrooxidans to 
Metal Sulfides in the Bioleaching Process 
Su Nee Tan1, Bart Follink1, Miao Chen1,  1CSIRO Process Science and Engineering, 
Clayton South, Vic 3169, Australia 

OC131
  

Morphology of Ceramic Particle Stabilised Foams: Influence of Particle 
Aggregation 
Chayuda Chuanuwatanakul1, Carolina Tallon1, George Franks1,  1University of 
Melbourne, Chemical and Biomolecular Engineering, Parkville, Vic, Australia 

OC132
  

New Considerations in Contact Angle Determination by the Capillary Rise 
Technique 
David Verrelli1,  1CSIRO, Clayton, VIC, Australia 

 
3:30pm 

THEME 1: Surface Forces  

OC133
  

Computational Fluid Dynamics Study of Surface-Active Particles in Immiscible 
Two-Phase Fluids 
Hiroyuki Shinto1,  1Kyoto University, Kyoto, Japan 

OC134
  

Wetting and Symmetries 
Ciro Semprebon1, Ohle Claussen1, Stephan Herminghaus1, Martin Brinkmann1,  1Max 
Planck Institute for Dynamics and Self-Organization, Goettingen, Lower Saxony, 
Germany 

OC135
  

Adhesion behaviour for cellulose nanocomposite design 
Niklas Nordgren1, Linn Carlsson1, Hanna Lönnberg1, Anna Carlmark1, Eva 
Malmström1, Mark Rutland1,  1Royal Institute of Technology, Stockholm, Sweden 

 



3:30pm 

THEME 5: Advanced Functional and Nanoscale Materials 

 

OC136
  

Preparation of Nanocomposite of Polymer with Inorganic Nanoparticles through
Hetero-Coagulation and its Flame Retardancy 
Yasushige Mori1, Yuta Yamaoka1, Kastumi Tsuchiya1,  1Doshisha University, 
Kyotanabe, Japan 

OC137
  

Nanodiamond Functionalization by Primary and Secondary Amines 
Lin Lai1, Amanda Barnard1,  1CSIRO, Materials science and engineering, Melbourne,
VIC, Australia 

OC138

  

Development of Polymer Coatings for Biomedical Applications via Thin Film
Dewetting and Polymer Grafting 
Andrew Michael Telford1,3, Laurence Meagher2, Chiara Neto1,  1The University of 
Sydney, Sydney, NSW, Australia, 2CSIRO Molecular Science, Clayton South, VIC, 
Australia, 3CSIRO Future Manufacturing National Research Flagship, Clayton, VIC,
Australia 

OC139
  

Adsorption and chromatographic properties of microdispersed sintered 
nanodiamonds 
Pavel Nesterenko1,  1ACROSS, Chemistry, University of Tasmania, Hobart, Tasmania,
Australia 

3:30pm 

THEME 4: Mineral and Material Interfaces  

KN007 Role of Colloidal Forces in Flotation  

Zhenghe Xu1, 1The University of Alberta, Canada 

Sponsored by  

 

OC140
  

Adsorption of Polysaccharide-based Polymers on Talc: the Role of Impurities 
and Cleavage 
Agnieszka Mierczynska-Vasilev1, David Beattie1,  1University of South Australia, Ian 
Wark Research Institute, Adelaide, SA, Australia 

OC141

  

The Size of Particle Aggregates Produced by Flocculation with PNIPAM, as a
Function of Temperature 
Elizaveta Burdukova1, Naoyuki Ishida2, Timothy Shaddick1, George Franks1, 
1Australian Mineral Science Research Institute, Department of Chemical and 
Biomolecular Engineering, University of Melbourne, Melbourne, VIC, Australia,
2Photonics Research Institute, National Institute of Advanced Industrial Science and
Technology, Tsukuba, Japan 

 



5:00pm 

Poster Presentations 
PP001

  

Inorganic/Organic Core-Shell Hybrid Colloids studied by Small Angle Neutron
Scattering 
Matthias Karg1, Thomas Hellweg2, Paul Mulvaney1,  1University of Melbourne, Bio21
Institute & School of Chemistry, Melbourne, VIC, Australia, 2Universität Bielefeld,
Physikalische Chemie II, Bielefeld, NRW, Germany 

PP002

  

Understanding the Thermodynamics of Dewetting and Cross-linking in Poly(N-
vinyl pyrrolidone)/Polystyrene Thin Bi-layer Films 
Andrew Michael Telford1,3, Michael James2, Chiara Neto1,  1The University of Sydney,
Sydney, NSW, Australia, 2Australian Nuclear Science and Technology Organization,
Menai, NSW, Australia, 3CSIRO Future Manufacturing National Research Flagship,
Clayton, VIC, Australia 

PP003
  

Measurement of Boundary Slip at Polymer Brush Surfaces using Atomic Force
Microscopy 
Thomas Lee1, Philip Attard1, Chiara Neto1,  1The University of Sydney, Sydney, NSW,
Australia 

PP004
  

The Origin of the Contact Electrification of Insulators 
Thomas Lee1, Peter Harrowell1, Chiara Neto1,  1The University of Sydney, Sydney,
NSW, Australia 

PP005

  

Understanding Globular Protein Structural Rearrangement at Oil-water
Interfaces 
Jiali Zhai1,2, Andrew Miles3, Leonard Pattenden4, Tzong-Hsien Lee1, Mary Ann
Augustin2, Bonnie Wallace3, Marie-Isabel Aguilar1, Tim Wooster2,  1Department of
Biochemistry and Molecular Biology, Monash University, Melbourne, VIC, Australia,
2CSIRO Food and Nutritional Sciences, Werribee, VIC, Australia, 3Department of
Crystallography, Birkbeck College, University of London, London, United Kingdom,
4Health Innovations Research Institute, School of Medical Sciences, RMIT University,
Bundoora, VIC, Australia 

PP006

  

Novel Colloidal Delivery System Of Natural Polyphenol Using Food Biopolymer
As A Carrier Material 
Ashok Patel1, Yingchun Hu2, Jyoti Tiwari3, Velikov Krassimir1,  1Unilever R&D,
Vlaardingen, Netherlands, 2Unilever R&D, Shanghai, China, 3Unilever R&D, Bangalore,
India 

PP007  Hindered Colloidal Diffusion near a Planar Wall – a Simulation Study 
Hongfei Fang1, Moses Tade1, Qin Li1,  1Curtin University, Perth, Australia 

PP008

  

Tunable 2D Array Patterning of Antibody Annuli through Microsphere
Templating 
Cornel Wolf2, Eva-Kathrin Sinner3, Qin Li1,  1Curtin University, Perth, Australia, 2Max
Planck Institute for Polymer Research, Mainz, Germany, 3University of Natural
Resources and Life Science, Vienna, Austria 

PP009

  

Phase and Rheological Behavior of Long Polyoxyethylene Chain
Phytosterol/Polyoxyethylene Alkyl Ether/Water Systems 
Suraj Sharma1,2, Masahiko Abe2,3,  1School of Chemistry, The University of Sydney,
Sydney, NSW 2006, Australia, 2Department of Pure and Applied Chemistry, Faculty of
Science and Technology, Tokyo University of Science, Yamazaki, Noda, Chiba 278-
8510, Japan, 3Institute of Colloid and Interface Science, Tokyo University of Science,
1-3 Kagurazaka, Shinjuku, Tokyo 162-8601, Japan 



 

PP010
  

Nano-patterning of Proteins for Bio-sensing Applications using Block
Copolymer Thin Films 
Say Kwang Lim1, Wilasinee Sriprom1, Sébastien Perrier1, Chiara Neto1,  1University of
Sydney, Sydney, New South Wales, Australia 

PP011
  

Studies On Solvophobic Interactions And Micelle Formation In Non - Aqueous
Solvents. 
Mohammad Salim Akhter1, Sadeq Mahdi Alawi1,  1University of Bahrain, Sakheer,
Bahrain 

PP012
  

Controlling the growth-collapse mechanism of mesostructured PEI/CTAB films 
Richard Campbell1, Karen Edler2,  1Institut Laue-Langevin, Grenoble, France, 2Bath
University, Bath, United Kingdom 

PP013  Tuning the Surface Chemistry of Poly(N-vinyl pyrrolidone) Films 
Sarah Dodds1,  1University of Melbourne, Melbourne, Australia 

PP014
  

Site-Specific Interaction in Polymer Adhesion 
Ponlawat Tayati1, Tim Senden1,  1Department of Applied Mathematics, Research
School of Physics and Engineering, The Australian National University, Canberra,
ACT, Australia 

PP015  Hydration Studies of Metal Oxide Surfaces by in situ Infrared Spectroscopy 
Jan Scholz1, A. James McQuillan1,  1University of Otago, Dunedin, New Zealand 

PP016

  

Mesophase Nanoparticles for the Delivery of MRI Contrast Agents 
Durga Acharya1, Benjamin Muir1, Guoliang Zhen1, Richard Evans1, Patrick Hartley1,
Lynne Waddington2, Brad Moffatt3, Paul Mulvaney4,  1CSIRO Materials Science and
Engineering, Clayton, VIC, Australia, 2CSIRO Materials Science and Engineering,
Parkville, VIC, Australia, 3Royal Melbourne Hospital, Parkville, VIC, Australia, 4Bio 21
Institute and School of Chemistry, University of Melbourne, Parkville, VIC, Australia 

PP017
  

Characterisation of Aggregate Structure by Fractal Dimensions, and associated
Uncertainties 
David Verrelli1,  1CSIRO, Clayton, VIC, Australia 

PP018

  

Quantitative Constraints to the Deposition of Colloids at Rough Mineral Surfaces
- an Analog Study with Patterned Silicon 
Gopala Krishna Darbha1, Cornelius Fischer1,3, Alexander Michler1, Thorsten Schäfer2,
1Georg-August-Universität Göttingen, Göttingen, Germany, 2Institut für Nukleare
Entsorgung, Karlsruhe, Germany, 3Rice University, Houston, Texas, United States 

PP019
  

Steric stabilisers for Non-lamellar liquid crystal particles 
Josephine Chong1,2, Xavier Mulet1,2, Lynne Waddington1, Ben Boyd2, Calum
Drummond1,  1CSIRO, Melbourne, VIC, Australia, 2Monash University, Melbourne, VIC,
Australia 

PP020
  

Ultra-fast Charge Kinetics of ZnO-Gold Nanoparticle Composites 
Nicholas Kirkwood1,2, Anthony Morfa1,2, Enrico Della Gaspera1,2, Paul Mulvaney1,2,
1Bio21 Institute, Melbourne, Victoria, Australia, 2The University of Melbourne,
Melbourne, Victoria, Australia 

PP021
  

Polyelectrolyte Solutions Confined Between Two Solid Surfaces: The Effect of
Chain Length and Architecture on the Structuring 
Cagri Üzüm1, Rikardas Makuska2, Regine v. Klitzing1,  1Technical University of Berlin,
Berlin, Germany, 2Vilnius University, Vilnius, Lithuania 



 

PP022
  

Stable, Water-Tolerant, Ionic Liquid Ferrofluids 
Nirmesh Jain1, Xiaoli Zhang1, Brian Hawkett1, Gregory Warr1,  1School of Chemistry,
The University of Sydney, Sydney, NSW, Australia 

PP023  A Low-Cost Microfluidic System for Femto Molar Fluorescence Detection 
Chuanpin Chen1, Yonggang Zhu1,  1CSIRO, Melbourne, Australia 

PP024
  

Simultaneous In Situ IR and UV-Visible Absorption Spectroscopies of Aqueous
TiO2 Photocatalytic Systems 
David Savory1, Jim McQuillan1, Dave Warren1,  1University of Otago, Dunedin, Otago,
New Zealand 

PP025

  

Structure of wood extract colloids using Electron Paramagnetic Resonance 
Roland Lee1, Karen Stack1, Trevor Lewis1, Gil Garnier2, Des Richardson3, Francesca
Ottaviani4, Steffen Jockusch4, Nicholas Turro4,  1University of Tasmania, Hobart,
Tasmania, Australia, 2Monash University, Melbourne, Victoria, Australia, 3Norske Skog
Paper Mill, Hobart, Tasmania, Australia, 4Columbia University, New York, United
States 

PP026

  

Correlating molecular behaviour to aggregation 
Rhitu Rao1, Karen Stack1, James Horne1, Trevor Lewis1, Gil Garnier2, Des
Richardson3,  1University of Tasmania, Hobart, Tasmania, Australia, 2Monash
University, Melbourne, Victoria, Australia, 3Norske Skog paper mill, Hobart, Tasmania,
Australia 

PP027
  

Particle Sizing: a Comparison of Techniques 
Victoria Coleman1, Åsa Jämting1, Heather Catchpoole1, John Miles2, Jan Herrmann1,
1National Measurement Institute, Lindfield, NSW, Australia, 2National Measurement
Institute, Port Melbourne, VIC, Australia 

PP028
  

Imaging of Particle Coated Oil Droplets using Atomic Force Microscopy 
Sin-Ying Tan1, Raymond Dagastine1,  1University of Melbourne, Parkville, Victoria,
Australia 

PP029

  

Chemical State XPS Analysis of First Row Transition Metal Species: Improved
Speciation for Materials and Minerals 
Mark Biesinger1,2, Leo Lau1, Andrea Gerson2, Roger Smart2,  1Surface Science
Western, The University of Western Ontario, London, ON, Canada, 2ACeSSS (Applied
Centre for Structural and Synchrotron Studies), University of South Australia, Mawson
Lakes, SA, Australia 

PP030

  

Molecular Dynamics Simulations as a Tool to Predict Phase Behaviour of Liquid
Systems 
Dylan King1, Dallas Warren2, Colin Pouton2, David Chalmers1,  1UROP Student,
Monash Institute of Pharmaceutical Sciences, Victoria, Australia, 2Monash Institute of
Pharmaceutical Science, Victoria, Australia 

PP031
  

Shear stability of water-in-oil-in-water (W/O/W) emulsions 
Agustina Goh1,2, Leif Lundin1, Raymond Dagastine2, Tim J. Wooster1, Fernando L.
Calderon1,  1CSIRO Food and Nutritional Sciences, werribee, Victoria, Australia, 2The
University of Melbourne, Melbourne, Victoria, Australia 

PP032

  

Microfluidic Solvent Extraction of Metal Ions from Complex Leach Solutions 
Craig Priest1, Jingfang Zhou1, Rossen Sedev1, John Ralston1, Kazuma Mawatari2,
Takehiko Kitamori2,  1Ian Wark Research Institute, University of South Australia,
Mawson Lakes, SA, Australia, 2Department of Chemical Engineering, The University of
Tokyo, 7-3-1 Hongo, Bunkyo, Tokyo, Japan 



 

PP033
  

Understanding Silicate Oligomerization at the Ferrihydrite-Water Interface: An
Application of the Diffuse Layer Model 
Rossuriati Dol Hamid1,2, Peter Swedlund1, Gordon Miskelly1,  1University of Auckland,
Auckland, New Zealand, 2Universiti Teknologi MARA, Shah Alam, Selangor, Malaysia 

PP034
  

Close Columnar Packing and Macroscopic Alignment of Planar Carbenium Ions 
Jens B. Simonsen1,2, Niels Harrit2, Bo W. Laursen2,  1Biophysics Group, University of
Copenhagen, Frederiksberg, Denmark, 2Nano-Science Center, University of
Copenhagen, Copenhagen, Denmark 

PP035

  

Effect of adsorbed polymers on dynamic bubble-particle interactions - colloid
probe AFM studies 
Marta Krasowska1, David Beattie1, Daniel Fornasiero1, John Ralston1,  1Ian Wark
Research Institute, University of South Australia, Mawson Lakes Campus, South
Australia, 5095, Australia 

PP036
  

Silica Sol-Gel Method for Surface Modification of PDMS Microfluidic Devices 
Ingrid Hoek1, Andrea Bubendorfer1, Tim Kemmitt1,2, W. Mike Arnold1,2,  1Industrial
Research Ltd, Lower Hutt, New Zealand, 2MacDiarmid Institute for Advanced Materials
and Nanotechnology, Wellington, New Zealand 

PP037
  

Effect of Polyelectrolyte Adsorption Kinetics and Ionic Strength on Flocculation
Kinetics 
Ping Peng1, Gil Garnier1,  1Monash university, Melbourne, VIC 3800, Australia 

PP038
  

Viscosity and temperature dependencies of solid-liquid separation of alumina
with aqueous and organic solvents 
Anthony Stickland1, Ross de Kretser1, Shane Usher1, Peter Scales1,  1The University
of Melbourne, Melbourne, VIC, Australia 

PP039
  

Capillary zone electrophoresis of graphene nanosheets 
Joselito Quirino1, Pavel Nesterenko1, Paul Haddad1, Marc Müller2, Gordon Wallace2,
Dan Li2,  1University of Tasmania, Hobart, Australia, 2University of Wollongong,
Wollongong, Australia 

PP040

  

Fabrication and Characterisation of Biomimetic Silicate Nanoparticles 
Frances Neville1,3, Grant Webber2, Erica Wanless3, Roberto Moreno Atanasio2,
Graeme Jameson1,  1Centre for Multiphase Processes, University of Newcastle,
Callaghan, NSW, Australia, 2School of Engineering, University of Newcastle,
Callaghan, NSW, Australia, 3School of Environmental and Life Sciences, University of
Newcastle, Callaghan, NSW, Australia 

PP041

  

Preparation of Colloidal Semiconductor Nanocrystals for Biolabelling via "Click
Chemistry"  
Anneke Ryan1, Emma Lees1, Tich-Lam Nguyen1, Spencer Williams1, Andrew Clayton2,
Paul Mulvaney1,  1School of Chemistry and Bio21 Institute, University of Melbourne,
Parkville, Vic, Australia, 2Ludwig Institute for Cancer Research, Royal Melbourne
Hospital, Parkville, Vic, Australia 

PP042
  

Electroviscous Flow Through a 2D Microfluidic Contraction with Finite Dielectric
Ratio 
Joseph Berry1, Dalton Harvie1, Malcolm Davidson1,  1University of Melbourne,
Melbourne, Australia 

PP043
  

Shear-Induced Coalescence of Oil-in-Water Pickering Emulsions 
Franziska Fischer1, Catherine Whitby1,  1Ian Wark Research Institute, University of
South Australia, Mawson Lakes, South Australia, Australia 



 

PP044
  

Study on Double Emulsion Droplets for directed evolution in Microfluidic System
Nan Wu1, John Oakeshott2, Yonggang Zhu1,  1CSIRO Material Science and
Engineering, Highett/Victory, Australia, 2CSIRO Entomology, Blackmountain/Canberra,
Australia 

PP045
  

Amonton's Laws on Nanoscales: Friction of Nanostructured Surfaces 
Georgia Pilkington1, Esben Thormann2, Per Claesson2, Gareth Fuge1, Mike Ashfold1,
Wuge H. Briscoe1,  1University of Bristol, Bristol, United Kingdom, 2Royal Institute of
Technology, Stockholm, Sweden 

PP046
  

Self-Assembled Conducting Nanofilms 
Thomas Dane1, Zhecheng Shao1, Charl Faul1, Oier Bikondoa2, Philip Cresswell1,
Wuge Briscoe1,  1University of Bristol, Bristol, United Kingdom, 2European Synchtrotron
Radiation Facility, Grenoble, France 

PP047

  

Single-cell analysis method for secretory products using picoliter microwell
array 
Yasuhiro Sasuga1, Yoshie Harada1,2,  1Rinshoken, Tokyo, Japan, 2iCeS, Kyoto
University, Kyoto, Japan 
 

PP048  Hierarchical functionalization of porous coordination polymer crystals
Shuhei Furukawa1, Kenji Hirai1, Mio Kondo1, Susumu Kitagawa1,  1Kyoto University,
Kyoto, Japan 
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KN008 

  

Tuning of foam film and wetting film stability by addition of (poly)electrolytes:
electrostatics vs. ionspecifity 
Nora Kristen1, Natascha Schelero1, Regine von Klitzing1,  1TU Berlin, Institut fuer 
Chemie, Stranski-Laboratorium fuer Physikalische u. Theoretische Chemie, Berlin,
Germany 

Sponsored by 

OC201

  

Non-equilibrium Nature of the Interfacial Properties of Oppositely Charged
Polyelectrolyte/Surfactant Mixtures as a result of the Evolving Bulk Phase 
Interaction 
Richard Campbell1, Tommy Nylander2, Anna Angus-Smyth1,3, Marianna Yanez 
Arteta1,2, Katrin Tonigold2, Imre Varga4,  1Institut Laue-Langevin, Grenoble, France,
2Lund University, Lund, Sweden, 3Durham University, Durham, United Kingdom,
4Eotvos-Lorand University, Budapest, Hungary 

OC202
  

A New Explanation of the Hydrophobic Effect 
James Beattie1, Alex Djerdjev1, Angus Gray-Weale2,  1University of Sydney, Sydney, 
NSW, Australia, 2Monash University, Melbourne VIC, Australia 

OC203
  

Determining Concentration Depth Profiles in Thin Foam Films with Neutral
Impact Collision Ion Scattering Spectroscopy 
Gunther Andersson1, Christiaan Ridings1,  1Flinders University, Adelaide, South 
Australia, Australia 

8:50am 

THEME 5: Advanced Functional and Nanoscale Materials 

KN009

  

Hydrothermal Synthesis and Applications of Ordered Mesoporous Carbon
Materials 
Dongyuan Zhao1,  1Fudan University, Shanghai, China 

Sponsored by 

OC204 

  

Carbon nanoparticles dispersion by using fine beads milling with simultaneous
surface modification 
Hidehiro Kamiya1, Shoichi Masuda1, Miwa Yamazaki1, Yousuke Nomura1, Motoyuki
Iijima1, Esko Kauppinen2,  1Tokyo University of Agriculture and Technology, Koganei,
Tokyo, Japan, 2Aalto University, Espoo, Finland 

OC205   From Carbon Black to Photoluminescent Nanoprobes 
Qin Li1,  1Curtin University, Perth, Australia 

OC206 

  

Highly Aligned and Porous Carbon Nanotube Modified Electrode Surfaces
Using CNT Webs and Electrospun CNT Membranes 
Mustafa Musameh1, Daniela Klink1, Yen Truong1, Ilias Louis Kyratzis1,  1CSIRO,
Clayton, Victoria, Australia 



 

11:00am 

THEME 6: Frontiers of Colloid and Interface Science  

OC207
  

Demonstrating the Wenzel-to-Cassie transition on textured hydrophobic 
surfaces: selective application for droplet motion control 
Guangming Liu1, Fu Lan1, Andrei Rode1, Vincent Craig1,  1Australian National 
University, Canberra, ACT, Australia 

OC208  Parametric Excitation of Capillary Waves: Did Faraday Miss Something? 
Leslie Yeo1, James Friend1,  1Monash University, Clayton, VIC, Australia 

OC209

  

Adsorption of Dispersants at a Polyester Resin-Alkane Interface 
Drew Evans1, Shannon Notley2, Andrew Fogden2, Vince Craig2,  1Mawson Institute/Ian 
Wark Research Institute, University of South Australia, Mawson Lakes, SA, Australia,
2Department of Applied Mathematics, Australian National University, Canberra, ACT,
Australia 

OC210
  

The Effect of Chain Structure on Solution and Interfacial Properties of Aliphatic
Alcohols 
Calum Drummond1, Tom Healy1,  1CSIRO, Melbourne, Victoria, Australia, 2The 
University of Melbourne, Melbourne, Victoria, Australia 

OC211
  

Nanostructure of Protic Ionic Liquids and their ability to promote Amphiphile
Self Assembly 
Tamar Greaves1, Danielle Kennedy1, Xavier Mulet1, Calum Drummond1,  1CSIRO 
Materials Science and Engineering, Melbourne, VIC, Australia 

11:00am 

THEME 5: Advanced Functional and Nanoscale Materials 

OC212
  

Structural and optical properties of hexagonal arrays of sub-wavelength holes 
 in various metallic thin films 
Michael Giersig1,  1Freie University, Berlin, Germany 

OC213

  

Inorganic/Organic Core-Shell Hybrid Microgels with Tunable Optical Properties:
From 2D to 3D Self-Assembly 
Matthias Karg1, Sarah Jaber1, Thomas Hellweg2, Paul Mulvaney1,  1University of 
Melbourne, Bio21 Institute & School of Chemistry, Melbourne, VIC, Australia,
2Universität Bielefeld, Physikalische Chemie II, Bielefeld, NRW, Germany 

OC214

  

From Nanocrystalline to Bulk – Crystal Growth in Solution Deposited CdTe 
Films for Sintered Solar Cells 
Brandon MacDonald1, Jacek Jasieniak2, Scott Watkins2, Paul Mulvaney1,  1University 
of Melbourne, Parkville, Victoria, Australia, 2Commonwealth Scientific and Industrial 
Research Organization, Clayton, Victoria, Australia 

OC215

  

Nanostructured Nanoparticulate Inorganic Contrast Agent for Medical Imaging 
Nicholas M.K. Tse1,2, Danielle F. Kennedy2, Rachel A. Caruso1,2, Calum J. 
Drummond2,  1PFPC, School of Chemistry, The University of Melbourne, Parkville,
Victoria, Australia, 2CSIRO Materials Science and Engineering, Clayton, Victoria, 
Australia 

OC216
  

8nm Cadmium Sulfide – Nanoparticle Interaction with Human Serum Albumin 
Chuan Ang Joo1, John White1, Richard Campbell2, Tich-Lam Nguyen3,  1Australian 
National University, Canberra, ACT, Australia, 2Institut Laue Langevin, Grenoble, 
France, 3Bio-21 University of Melbourne, Melbourne, Australia 

 



1:40pm 

THEME 6: Frontiers of Colloid and Interface Science  

OC217
  

Acoustic bubble coalescence behaviour in aqueous electrolyte solutions
saturated with different gases  
Franz Grieser1, Muthupandian Ashokkumar1, Adam Brotchie1,  1University of 
Melbourne, Parkville, Victoria, Australia 

OC218
  

Rheology of Stimulus Responsive Biopolymer Microgel Suspensions 
Heather Shewan1, Jason Stokes1,  1The University of Queensland, Brisbane, 
Queensland, Australia 

OC219
  

Immobilization of Enzymes into large p-NIPAM Microgels by Solvent Exchange 
Kornelia Gawlitza1, Marcel Richter1, Regine von Klitzing1,  1Technische Univstität 
Berlin, Institut fuer Chemie, Stranski-Laboratorium f. Physikalische und Theoretische 
Chemie, Berlin, Germany 

OC220

  

Swelling and collapse of an adsorbed pH-responsive film-forming microgel 
measured by Optical Reflectometry and QCM 
Shaun Howard2, Vince Craig2, Paul FitzGerald3, Erica Wanless1,  1University of 
Newcastle, Newcastle, NSW, Australia, 2Australian National University, Canberra, 
ACT, Australia, 3University of Sydney, Sydney, NSW, Australia 

1:40pm 

THEME 5: Advanced Functional and Nanoscale Materials 

OC221
  

An Evaporative Self-Assembly Lithography for Large-Scale Fabrication of 
Flexible Transparent Conductive Film 
Ko Higashitani1, Cathy McNamee1, Masaki Nakayama1,  1Kyoto University, Kyoto, 
Japan 

OC222
  

Nanoparticle Transistors : Relation Between Defects and Electron Mobility 
Anthony Morfa1, Nicholas Kirkwood1, Paul Mulvaney1,  1University of Melbourne, 
Parkville, VIC, Australia 

OC223
  

Novel Mesoporous Materials Formed by Micelle Templating 
Meihua Yu1, Pei Yuan1, Chengzhong Yu1,  1The University of Queensland, Brisbane, 
Queensland, Australia 

OC224

  

High throughput electrochemical screening and investigation of the corrosion
barrier properties of multilayer oxides 
Tim Muster1, Avi Bendavid1, Angela Bradbury1, Svetlana Dligatch1, Patrick Hartley1, 
Deborah Lau1, Tracey Markley1, Phil Martin1, Adrian Trinchi1,  1CSIRO Materials 
Science and Engineering, Clayton, Victoria, Australia 
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THEME 6: Frontiers of Colloid and Interface Science  

KN010 

  

Using Block Copolymers as Emulsifiers in Novel multi-component Formulations
Terence Cosgrove1, 2, Youssef Espidel1, Panithi Wiroonpochit1, Stuart Prescott1, 
Wiebe de Vos1, Beth Foster1, David Pears2, Victoria Osborne2, Ali Bekkaoui2,  1School 
of Chemistry, University of Bristol, Bristol, BS8 1TS, United Kingdom, 2Revolymer Ltd, 
Mostyn Flintshire CH8 9HE, United Kingdom 
 

OC301
  

Polyelectrolyte and cation interactions studied by diffusion coefficient
measurement by NMR pulsed field gradient 
Emily Perkins1, Warren Batchelor1,  1Monash University, Clayton, VIC, Australia 

OC302

  

Growth and Shrinking of Pluronic Micelles in Pluronic-Flurbiprofen Solutions: 
Variation of Concentration and pH 
Shirin Alexander1, Terence Cosgrove1, Stuart Prescott1, Thomas Castle2,  1School of 
Chemistry, University of Bristol, Bristol, United Kingdom, 2Revolymer Ltd, Dock Road, 
Mostyn, United Kingdom 

8:50am 

THEME 5: Advanced Functional and Nanoscale Materials 

KN011

  

Towards the Rational de novo Design of Solid-binding Peptides for Advanced 
Functional and Nanoscale Materials and Systems 
Mark Biggs1,  1University of Adelaide, Adelaide, Australia 

Sponsored by 
 
OC303   

 
Manipulating Plasmonic NanoColloids via DNA 
Wenlong Cheng1,  1Monash University, Clayton, VIC, Australia 

OC304   Nanostructured Materials from Peptide-Polymer Conjugates 
Sebastien Perrier1,  1University of Sydney, Sydney, NSW, Australia 

10:40am 

THEME 6: Frontiers of Colloid and Interface Science  

OC305
  

UV-triggered Swelling of Microgel Complexes 
Kaizhong Fan1, Brian Vincent1, Melanie Bradley1,  1University of Bristol, Bristol, United 
Kingdom 

OC306

  

Engineering pH-Responsive Polyelectrolyte Capsules for Cytosolic Delivery of
Therapeutics 
Hannah Lomas1, Martin van Koeverden1, Zhiyuan Zhu1, Georgina Such1, Angus 
Johnston1, Yan Yan1, Kang Liang1, Frank Caruso1,  1University of Melbourne, 
Melbourne, Victoria, Australia 

OC306  Tethered bilayer membranes: applications from biosensing to food science 
Ingo Koeper1,  1Flinders University, Adelaide, SA, Australia 

OC307
  

α-Helix Unfolding in Simple Shear Flow 
Innocent Bekard1, Kevin Barnham1, Lee White2, Dave Dunstan1,  1University of 
Melbourne, Parkville, Vic., Australia, 2University of South Australia, Mawson Lakes, 
SA, Australia 



OC308

  

Identification of Key Properties of Polymeric Precipitation Inhibitors for Use with 
Poorly Water Soluble Drugs to Improve Bioavailability 
Dallas Warren1, Mette Anby2, Hassan Benameur3, Colin Pouton1, Christopher Porter1, 
1Medicinal Chemistry and Drug Action, Monash Institute of Pharmaceutical Sciences, 
Victora, Australia, 2Drug Delivery Disposition and Dynamics, Monash Institute of
Pharmaceutical Sciences, Victoria, Australia, 3Global Pharmaceutical Sciences, 
Capsugel, Illkirch, France 

OC309
  

Recognition of protein chain structure and folding 
Stephen Hyde1, Yoshinori Nagai1,  1Australian National University, Canberra, 
Australia, 2Kokushikan University, Tokyo, Japan 

10:40am 

THEME 5: Advanced Functional and Nanoscale Materials 

OC310
  

Multifunctional Composite Colloidal Microgels 
Luis M. Liz-Marzán1, Isabel Pastoriza-Santos1, Jorge Pérez-Juste1, Ramón Alvarez-
Puebla1, Rafael Contreras-Cáceres1,  1Universidade de Vigo, Vigo, Spain 

OC311

  

Shear Orientation and Elastic Instability of Poly (ethylene oxide)/silica
Dispersions Probed by Time-resolved Polarized Light Imaging 
Siling Su1, Tony Ryan1, Patrick Fairclough1, Andrew Burgess1,  1University of 
Sheffield, Sheffield, United Kingdom, 2AkzoNobel R.D&I, Wilton, Redcar, United 
Kingdom 

OC312
  

Stimuli-responsive nanoparticles at interfaces 
Dayang Wang1,2,  1Ian Wark Research Institute, University of South Australia,
Adelaide, SA 5095, Australia, 2Max Planck Institute of Colloids and Interfaces, 
Potsdam, D-14424, Germany 

OC313

  

Surface Chemistry of Nanocrystals via Analytical Ultracentrifugation 
Emma Lees1, Tich-Lam Nguyen1, Nicole Taylor2, Matthew Perugini2, Paul Mulvaney1, 
1School of Chemistry and Bio21 Institute, The University of Melbourne, Parkville,
Victoria, Australia, 2Department of Biochemistry and Molecular Biology and Bio21
Institute, The University of Melbourne, Parkville, Victoria, Australia 

OC314
  

Light Responsive Nanostructured Matrices for Pulsatile Drug Delivery 
Khay Fong1, Tracey Hanley2, Ben Boyd1,  1Monash Institute of Pharmaceutical 
Sciences, Parkville, Victoria, Australia, 2Australian Nuclear Science and Technology 
Organisation, Lucas Heights, New South Wales, Australia 

 
 



1:20pm 

THEME 6: Frontiers of Colloid and Interface Science  

OC315
  

Effect of multiple salts on colloidal stability of pinus radiata wood resins 
Roland Lee1, Karen Stack1, Trevor Lewis1, Gil Garnier2, Des Richardson3,  1University 
of Tasmania, Hobart, Tasmania, Australia, 2Monash University, Melbourne, Victoria, 
Australia, 3Norske Skog Paper Mill, Hobart, Tasmania, Australia 

OC316  Viscoelastic Micelles of Nonionic Surfactants in Water and Ionic Liquids 
Xiaoli Zhang1, Greg Warr1,  1The University of Sydney, Sydney, NSW, Australia 

OC317
  

Fabrication of Asymmetric Janus Structures via Plasma Polymerization 
Rodney Chen1,2, Benjamin Muir2, Georgina Such1, Almar Postma2, Keith McLean2, 
Frank Caruso1,  1University of Melbourne, Melbourne, VIC, Australia, 2CSIRO 
Materials Science and Engineering, Melbourne, VIC, Australia 

OC318
  

Plasma Polymerization of Quartz Particles for Water Treatment 
Karyn Jarvis1, Peter Majewski1,  1Mawson Institute, University of South Australia, 
Mawson Lakes, SA, Australia 

OC319
  

Concentrated Nanoparticle Synthesis in Aqueous Systems 
Rory Anderson1, Robert Eldridge1, Paul Mulvaney1, Richard Buscall2, Peter Scales1, 
1University of Melbourne, Parkville, Victoria, Australia, 2Muscat Consulting, Exeter, 
United Kingdom 

1:20pm 

THEME 5: Advanced Functional and Nanoscale Materials 

 

OC320
  

Functional cubic phase lipid nanoparticle for siRNA delivery 
Guoliang Zhen1, Tracey Hinton2, Mark Tizard2, Ben Muir1, Patrick Hartley1, Thilak 
Gunatillake1, Keith Maclean1,  1CSIRO Material Science and Engingeering, Clayton, 
Victoria, Australia, 2CSIRO Livestock Industries, Geelong,Victoria, Australia 

OC321

  

Capsosome: Cargo-loaded Liposomes within Polymer Carrier Capsule 
Leticia Hosta-Rigau1, Rona Chandrawati1, Almar Postma2, Brigitte Stadler1, Frank 
Caruso1,  1Centre for Nanoscience and Nanotechnology, Department of Chemical and
Biomolecular Engineering, The University of Melbourne, Melbourne, Victoria, 
Australia, 2CSIRO Molecular and Health Technologies, Melbourne, Victoria, Australia 

OC322
  

Competition Between Dewetting and Layer Inversion in Thin Film Bilayers 
Stuart Thickett1, Andrew Harris1, Chiara Neto1,  1The University of Sydney, Sydney, 
NSW, Australia 

OC323
  

Biomimetic Patterned Surface Coatings by Dewetting of Polymer Films for Use
in Atmospheric Water Capture 
Stuart Thickett1, Andrew Harris1, Chiara Neto1,  1The University of Sydney, Sydney, 
NSW, Australia 

OC324  Surface Plasmon Spectroscopy of Single Gold Nanocrystals 
Paul Mulvaney1,  1University of Melbourne, VIC, Australia 
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PL001 

New Challenges in Colloid and Interfacial Science 

Helmuth Moehwald 

Max Planck Institute of Colloids and Interfaces, Research Campus Potsdam-Golm, 14474 
Potsdam, Germany 

I will concentrate in this lecture not on reviewing a field but on areas where I expect more 
progress in the future. For this I will select examples from my own department of the last 3 
years, presenting results but also elaborate on the frontiers in the corresponding areas. 

The most challenging broader fields in our discipline I consider: 

(1) Understanding the interaction of water and ions at the atomic level. 

(2) Controlling and increasing complexity and multifunctionality. 

(3) Controlling non-equilibrium processes 

Ad (1): Obviously the hydrogen bonding network of water is distorted at its surface and this in 
turn affects solvation of ions and molecules. However, it is very difficult to assess these local 
interactions directly. Recent progress has been achieved by VIS/ IR sum frequency generation 
measuring local bonds and ion orientation as well as by studying competitive ion binding via 
surface X-Ray fluorescence. The future challenge here is to refine techniques and to device 
new ones to measure local interactions and ion profiles. Progress is also expected from 
quantum chemical and molecular dynamics calculations. 

Ad (2) Colloid science has often focused on chemistry in micro- and nanocompartments. 
Modern activities concern designing ways and rules to arrive at purposeful compartment 
assemblies. This may then be used to direct chemistry. Examples on this will be the 
arrangement of a capsule in a capsule and feedback-active coatings. In the latter case a 
reservoir of functional molecules is embedded into a film. Upon an external stimulus the 
encapsulated molecules are released eliminating the stimulus. This is made use of as 
anticorrosion coating. As another example of multifunctionality a capsule containing a signal 
peptide is made IR sensitive by adsorbing metallic nanoparticles, so that release can be 
triggered inside a cell to follow the cascade of cellular functions. In this field there are no 
conceptually new problems to be solved but the interplay of many different functions and 
disciplines has to be mastered. 

Ad (3) Most structures are and processes occur in nonequlibrium, the most prominent in colloid 
science being nucleation and growth. An example on this is sonochemistry where ultrasound 
creates and grows cavitation bubbles which upon collapse enable high temperature and 
pressure chemistry. Due to extreme cooling rates nonequilibrium nanostructures can be 
prepared which would otherwise be impossible, e.g. highly luminescent Zn/ Mg-O quantum 
dots. For treatment of surfaces also their interfacial energy becomes important and this enables 
structuring of surfaces. The challenge here is to device methods to measure concentrations 
and temperatures with µm and sub-µm and sub-µsec local and temporal resolution to arrive at 
an understanding and control of the process. 



PL002 

Surface Forces Measurement For Nano-Materials Science 

Kazue Kurihara  

WPI-AMIR & IMRAM, Tohoku University, Sendai, Japan 

One of important challenges in advanced materials science is bridging a gap between nano-
materials science and real materials. This paper describes how the surface forces 
measurement can be used for developing new materials technology based on nano- and meso-
scopic molecular science. 
Molecular and surface interactions are ubiquitous in molecular science including biology.   
Surface forces measurement and atomic force microscopy (AFM) have made it possible to 
directly measure molecular and surface interactions in liquids as a function of the surface 
separation with high sensitivity.  Naturally, they have become powerful tools for studying origins 
of forces operating between molecules and/or surfaces of interest.  They also offer a unique, 
novel surface characterization method, which “monitors surface properties changing from the 
surface to the bulk (depth profiles)” and provides new insights into surface phenomena.  This 
method is direct and simple.  It is difficult to obtain a similar depth profile by other methods; X-
ray and neutron scattering measurements can provide similar information but require extensive 
instrumentation and appropriate analytical models.   
Molecular architectures are self-organized polymolecular systems where molecular interactions 
play important roles.  They exhibit specific and unique functions that could not be afforded by 
single molecules.  Molecular architecture chemistry beyond molecules is not only gaining a 
central position in chemistry and nano-materials science, but becoming an important 
interdisciplinary field of science.  Investigation of molecular architectures by surface forces 
measurement is important from the following points of view.  
 (1) It is essential to elucidate intermolecular interactions involved in self-organization, of 
which the significance is not limited to material science but extends to the ingenuity of 
biological systems.    
 (2) The importance of surface characterization in molecular architecture chemistry and 
engineering is obvious since solid surfaces are becoming essential building blocks for 
constructing molecular architectures as demonstrated in self-assembled monolayer formation 
and alternate layer-by-layer adsorption.  
 (3) Two-dimensionally organized molecular architectures can be used to simplify the 
complexities of three-dimensional solutions and allow the surface forces measurement.  By 
employing this approach, we can study complex systems such as polypeptides and 
polyelectrolytes in solutions. 
“Force-distance” curves should be utilized for studying a wider range of phenomena.   In 
addition, taking an advantage from an ability of the surface forces apparatus to regulate the 
surface separation with a high resolution, various shear measurements have been developed 
to study confined liquids. The aim of this paper is to demonstrate the potential of the surface 
forces measurement as a novel mean for investigating surfaces, complex soft systems and 
confined liquids, which are important in the current advanced materials research.  Our recent 
studies on polyelectrolyte brushes, surface molecular clusters, resonance shear measurements 
are described as well as the novel surface forces apparatus for opaque samples. 

References 
1. K. Kurihara, in “Nano-Surface Chemistry” (M. Rosoff ed.), Marcel Dekker Inc., 1~16 

(2001). 
2. K. Kurihara, in “Handbook of Polyelectrolytes and Their Applications” (ed. By S. K. 

Tripathy, J. Kumar and H. S. nalwa), 2002, 1, 207-220. 
3. H. Kawai, H. Sakuma, M. Mizukami, T. Abe, Y. Fukao, H. Tajima and K. Kurihara, Rev. 

Sci. Instrum., 79, 043701 (2008). 
4. M. Mizukami and K. Kurihara, Rev. Sci. Instrum., 79, 113705 (2008). 
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KN001 

Mechanisms affecting bubble coalescence in electrolyte solutions 

Roger Horn1, Lorena del Castillo2, Satomi Ohnishi2 
1Deakin University, Burwood, Victoria, Australia, 2University of South Australia, Mawson Lakes, 
SA, Australia 

Recent experiments by Yaminsky1 using a thin film balance have elucidated the effects of 
electrolyte concentration and approach speed on the lifetime of a thin, surfactant-free aqueous 
film between two air phases. This work yielded insight into some of the mechanisms operating, 
and by extension, into the mechanisms that determine bubble stability against coalescence in 
aqueous electrolyte solutions.1 When a film in pure water is thinned very slowly, it is stabilised 
indefinitely by electrical double-layer (EDL) repulsion between the two air-water interfaces.2 ) At 
slightly higher rates of approach of the two air phases, hydrodynamic forces create pressures 
that form a bell-shaped “dimple” in the film. The pressures are only high enough to do this if the 
air-water interfaces were immobilised so that no-slip boundary conditions apply. To account for 
surface immobilisation in the absence of surfactant, a Marangoni mechanism must be invoked 
in which surface tension gradients, associated with local variations in the population of ions at 
and near the surface, resist the lateral fluid flow in the film. The same surface tension gradients 
that lead to dimple formation also create flows which cause the film to thin and eventually 
collapse in the neighbourhood of the barrier rim bounding the dimple, thus leading to bubble 
coalescence after a short delay.3 At still higher rates of approach, the Marangoni mechanism is 
not strong enough to counteract the film flows, and the surfaces become mobile. When this 
occurs the hydrodynamic pressures drop significantly, and the film thins to collapse with 
minimal resistance. This corresponds to instantaneous coalescence of bubbles approaching at 
high speed. 

Adding electrolyte has two main effects.4 Salt reduces the EDL force and the film can no longer 
be stabilised by surface forces.5 Additional ions at the interface increase the magnitude of the 
Marangoni effect, shifting to higher approach speeds the observed transition between 
transiently stable (with a dimpled film) and instant coalescence (mobile surfaces). 

The general trends expected from these mechanisms have been confirmed in bubble 
coalescence experiments conducted by del Castillo.2 Bubbles sliding up inside an inclined tube 
reached the air meniscus (considered as a large bubble) at the top of the tube, and the time 
taken for them to burst (i.e. coalesce) was recorded. The speed of approach of the bubble to 
the meniscus was controlled over 4 orders of magnitude by varying the inclination angle of the 
tube. 

A further mechanism is required to account for literature observations3,4 of a transition from 
instant bubble coalescence back to non-coalescent behaviour when bubbles approach at very 
high speeds (higher than those explored by Yaminsky or del Castillo). (6) In the regime of fully-
mobile surfaces, dimples can form if speeds are high enough.5 When this occurs the film can 
remain stable for ~0.1 s or more, which is long enough for the deformed bubbles to bounce 
apart before they can coalesce.3,4 

 

1. Yaminsky, V. V.; Ohnishi, S.; Vogler, E. A.; Horn, R. G. Langmuir 2010, 26, 8061 

2. del Castillo, L.; Ohnishi, S.; Horn, R.G. submitted to J. Colloid Interface Sci. 

3. Ribeiro, C. P., Jr.; Mewes, D. Chem. Eng. J. 2007, 126, 23. 

4. Kirkpatrick, R. D.; Lockett, M. J. Chem. Eng. Sci. 1974, 29, 2363. 

5. Chesters, A. K.; Hofman, G. Appl. Scient. Res. 1982, 38, 353. 
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Advanced Synchrotron Soft X-ray Spectroscopy Applied to Monomolecular Films 

Michael Zharnikov 

Angewandte Physikalische Chemie, Universität Heidelberg, Heidelberg, Germany 

Frontier areas of modern science and technology rely on the possibility to tailor interfacial 
properties such as wetting, adhesion, lubrication, corrosion, and biocompatibility on both 
microscopic and macroscopic scale. To large extent, these objectives can be achieved with the 
help of self-assembled monolayers (SAMs), which are 2D polycrystalline films of semi-rigid 
molecules that are chemically anchored to a substrate by a suitable headgroup and carrying, at 
the other end of the molecular chain, a specific tail group, which redefines the physical and 
chemical properties of the substrate. In addition, such layers represent a general platform for 
sensor fabrication, possible arrangement of future molecular electronics devices, framework for 
Chemical Lithography, and a model system for macromolecular and biological assemblies. 
Advanced synchrotron-based soft X-ray spectroscopic techniques represent a powerful tool 
box for the characterization of SAMs, which is a prerequisite for their design and applications. 
Basic information on the chemical identity, integrity, molecular conformation and orientation in 
these films can be obtained by a combination of X-ray photoelectron spectroscopy (XPS) and 
X-ray absorption spectroscopy, which can be, if necessary, complemented by laboratory-based 
methods. More specific questions, such as, e.g., bonding configuration of the anchor group or 
dynamics of the charge transfer through the molecular backbone require special experimental 
tools such as high-resolution XPS and resonant Auger electron spectroscopy. Using several 
standard and specially designed systems, I will illustrate the application of the above 
techniques for the characterization and design of SAMs. In addition, I will show that SAMs can 
be used as prototypes of highly organized biological systems and provide important 
implications for the cryogenic approach in advanced electron and x-ray spectroscopy and 
microscopy of biological macromolecules and cells. Finally, I will demonstrate that SAM 
concept can be extended to more complex systems of biological significance such as single 
strand DNA films. 
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Colloids, Biomarkers and Cheap Microfluidics:  New Approaches to Preventative, 
Personalised and “At Home” Medicine 

Matt Trau 

The University of Queensland, Brisbane, QLD, Australia 

Numerous advances in single molecule detection offer the possibility of cost-effective, 
miniaturised devices for a plethora of medical applications. Thanks to recent developments in 
Nanotechnology, a human genome sequence will soon be available for less than $100.  How 
will the fusion of these new developments in Nanotechnology with Biology affect Modern 
Medicine and the Health care sector?  What impact could these advances have on preventative 
and personalised medicine?  What opportunities can these technologies bring to advancing the 
concept of “At Home Medicine” through point-of-care devices?  In this presentation, a range of 
these topics shall be introduced and explored. A range of “Lab-on-a-particle” approaches 
currently being developed with our lab for genetic, epigenetic and proteomic molecular read-
outs shall also be presented. 
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Small reverse micelles containing ion pairs, the a-tom at the origin of ion separation as 
observed by  SAXS, SANS and osmometry 

Thomas Zemb 

Institut de Chimie séparative de Marcoule, UMR 5257 CEA/CNRS/UM2/ENSCM, France 

Ion separation processes, for metal recovery as well as for the nuclear fuel cycles, are based 
on hydrometallurgy. Hydrometallurgy uses liquid-liquid extraction processes. 

Chemical engineering approach of this requires implementation in extraction/desextraction  
columns.  In a thermodynamic approach, the two emulsified fluids are a concentrated ion 
solution in close contact with a reverse microemulsion: these are emulsified microemulsions. 
All complexing agents currently used industrially in the world are amphiphiles with a strong 
spontaneous curvature towards water. The reverse aggregates formed are located on tie-lines 
of the phase diagrams: reverse micelles in a situation known as emulsification failure. Regions 
with identified small aggregates as well as bicontinuous structures are detected. 

Small aggregates volume, curvature and density as well as their interaction potential can be 
determined by combined SAXS, SANS and osmometry. The assembly of aggregates can be 
considered as a van der Waals fluid and located in a general phase diagram. Considering 
lateral equation of states allows to predict ion equilibria which are usually represented in hand-
book as a long list of apparent "constants" varying in unpredictable manner as long as W/O 
micelles containing the ions to be extracted/desextracted are not considered as a dispersion of 
curved interfaces on which absobrtion isotherms can be measured and linked to non-covalent 
binding. 
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van der Waals Interaction at Small Separations 

Lee White 

U.South Australia, Adelaide SA, Australia 

The divergence of the van der Waals interaction energy E132 (L)  between plane half-spaces 1 
and 2 separated by medium 3 as the separation distance L  tends to zero is naively thought of 
as due to the overlap of the atomic polarization centers. It follows that it may therefore be 
prevented by properly allowing for the finite size of the atomic species which would prevent the 
overlap. The distance cutoff model is a simple example of such a modification. In this seminar I 
demonstrate that this is not ultimately the origin of the divergence and, that although finite 
atomic dimensions would alleviate the embarrassment, non-overlap does not properly address 
the thermodynamic restriction that pertains to the interaction energy. By allowing in an albeit 
approximate way for the wavelength dependence of the material dielectric response functions 
ε(iξ, k)  which arise naturally in the modern Lifshitz theory for this interaction, a form for the 
van der Waals energy and the corresponding disjoining pressure may be derived which obey 
the thermodynamic constraint and remove the divergence as L → 0 . The energy and 
disjoining pressure in this new model are compared with the classic non-retarded results and 
the length cutoff model 
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Biomineralization: the burning questions 

Pupa Gilbert 

UW-Madison, Madison, WI, United States 

Biominerals include mollusk shells, the skeletons of sea urchins, corals, mammals, etc. Their 
formation mechanisms fascinate chemists, physicists, and materials scientists because they 
result in exquisite structures, more robust than their components. 

My talk will address two burning questions: 

Q: How do biominerals achieve the beautiful morphologies we observe? 

A: By forming through amorphous precursor phases, with morphology and phase transitions 
directly under biological control1,2 

Q: How do organisms order their crystalline biominerals? 

A: By controlling crystal growth and assembly at the nanoscale3-4. 

.1. Y Politi et al PNAS 105, 17362 (2008). 

2. AV Radha et al PNAS 107, 16438 (2010). 

3. RA Metzler et al PRL 98, 268102 (2007). 

4. PUPA Gilbert et al JACS 130, 17519 (2008). 
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Role of Colloidal Forces in Flotation 

Zhenghe Xu, Louxiang Wang, Jacob Masliyah 

University of Alberta, Edmonton, Alberta, Canada 

Flotation is a versatile method for mineral separations. It has now been expanded to many 
separation systems, such as solid-liquid separation, de-inking of waste paper pulp, de-oiling of 
oil field produced water and bitumen recovery from oil sands. A critical step in flotation is the 
attachment of target particles to air bubbles. The colloidal forces are known to control bubble-
particle attachment and hence particle flotation. 

In this presentation, we will provide an overview on techniques for force measurement between 
particles and bubbles with focus on our recent development of a new surface force device. As a 
complementary to the direct force measurement, novel design of experiments based on zeta 
potential distribution measurement was found to provide an indirect measure of particle-particle 
and bubble-particle attachment in colloid suspensions, both are critical for selective flotation. 
Our recent results clearly show a critical role of electrostatic double layer forces in determining 
bubble-particle attachment, in particular in the case of weakly hydrophobic particles. 
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Tuning of foam film and wetting film stability by addition of (poly)electrolytes: 
electrostatics vs. ionspecifity 

Nora Kristen, Natascha Schelero, Regine von Klitzing 

TU Berlin, Institut fuer Chemie, Stranski-Laboratorium fuer Physikalische u. Theoretische 
Chemie, Berlin, Germany 

The (de)stability and functionality of thin liquid films plays an important role in processes and 
technical applications like foaming, emulsification and flotation. Within this work the stability of 
single films is tuned by the addition of different electrolytes and polyelectrolytes. 
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Hydrothermal Synthesis and Applications of Ordered Mesoporous Carbon Materials 

Dongyuan Zhao 

Fudan University, Shanghai, China 

 

Here, we demonstrate a surfactant-templating approach to synthesize ordered mesoporous 
phenolic resin polymers and a direct transformation to homologous carbon frameworks 1. A 
family of ordered mesoporous organic polymers and carbons are simply achieved by using 
commercial available cheap phenol and formaldehyde as precursors, Pluronic triblock 
copolymers as a template, followed with a carbonization process. The mesoporous carbons 
have a large uniform mesopore (2 ~ 20 nm), high surface areas (800 ~ 2400 m2/g) and large 
pore volume (0.8 ~ 2.4 cm3/g. The mesostructures can be easily tuned from hexagonal (space 
group p6mm) and cubic (Im3m, Ia3d, Fd3m, Fm3m). It is interesting that by using this 
hydrothermal method, single crystals, nanospheres, vesicles and monoliths can be easily 
synthesized. For example, mesoporous carbon nanospheres with uniform diameter of 20 ~ 140 
nm are fabricated through a low-concentration route (Fig. 1). All the mesoporoes (~ 2.6 nm) are 
open and accessible. It shows no cytotoxicity and easily penetrates into living cells. The 
derived carbons with thick walls are first example of molecular sieves which have ultra high 
stability. We also show here large-scale synthesis approach based on the hydrothermal 
cooperative assembly. Kilogrammes of ordered mesoporous carbons are easily obtained for 
applications in catalysis, electrochemical supercapacitors and water-treatment. 

 

 

 

 

 

 

 

References 

1. F. Q. Zhang, Y. Meng, D. Gu, Y. Yan, C. Z. Yu, B. Tu, D. Y. Zhao, J. Am. Chem. Soc., 127, 
13508 (2005); J. Am. Chem. Soc., 129, 7746 (2007); Chem. Mater., 18, 5279 (2006).  

2. Y. Meng, D. Gu, F. Q. Zhang, Y. F. Shi, H. F. Yang, Z. Li, C. Z. Yu, B. Tu, D. Y. Zhao, 
Angew. Chem. Int. Ed., 44, 7053 (2005).  

3. Y. Huang, H. Q. Cai, T. Yu, F. Q. Zhang, F. Zhang, Y. Huang, H. Q. Cai, D. Feng, D. Gu, Y. 
H. Deng, B. Tu, D. Y. Zhao; Chem. Commun., 2641 (2008).  

4. Y. Wan, Y. F. Shi, D. Y. Zhao, Chem. Mater., 20, 933 (2008).  

5. D. Gu, etal, Adv. Mater., 22, 833 (2010). 

6. Y. Fang, D. Gu, Y. Zou, Z. X. Wu, F. Li, R. Che, Y. H. Deng, B. Tu, D. Y. Zhao, Angew. 
Chem. Int. Ed., 2010, in press. 

 



KN010 

Using Block Copolymers as Emulsifiers in Novel multi-component Formulations 

Terence Cosgrove1,2, Youssef Espidel1, Panithi Wiroonpochit1, Stuart Prescott1, Wiebe de 
Vos1, Beth Foster1, David Pears2, Victoria Osborne2, Ali Bekkaoui2 
1School of Chemistry, University of Bristol, Bristol, BS8 1TS, United Kingdom, 2Revolymer Ltd, 
Mostyn Flintshire CH8 9HE, United Kingdom 

Block copolymers are used extensively in making stable emulsions as they are pinned at the 
interface between immiscible phases. In this talk a brief overview of the interfacial structure of 
polymers at fluid-fluid interfaces will be presented. Examples of their use in making 
monodisperse polymeric oil-in-water emulsions incorporating nanoparticles, novel drug delivery 
systems, low adhesion coatings and chewing gums will be discussed. Pulse field gradient 
nuclear magnetic resonance (PFG-NMR) was used extensively in characterizing the emulsion 
systems and in particular could given both size and structural information comparable with 
optical, confocal microscopy, and laser diffraction analysis. 
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Towards the Rational de novo Design of Solid-binding Peptides for Advanced Functional 
and Nanoscale Materials and Systems 

Mark Biggs 

University of Adelaide, Adelaide, Australia 

The technological potential of proteins that recognize specific fluid/solid interfaces is immense. 
Despite this potential, elucidation of the structure and behaviour of proteins at such interfaces 
and the design of associated systems is still dominated by experiment and trial-and-error. We 
at Adelaide are developing and applying computational tools that will complement this 
experimental effort. In this presentation, I will outline some of these tools and results obtained 
using them, including: (a) the discovery of switching in homopeptides at solid interfaces, which 
may be potentially exploited in nanotechnology; (b) new unique insight into the mechanism of 
peptide binding at a liquid/solid interface; and (c) prediction of free energy of binding of 
peptides at fluid/solid interfaces, which is critical to the rational de novo design of peptides. 
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Fabrication of Polymer Nanolenses through in-situ Polymerization of Nanodroplets at 
Solid-liquid Interfaces 

Xuehua Zhang, Jingming Ren, Xiaoxuan Wei, Yuqi Guo, Jing Fung Tan, Greg Qiao 

Department of Chemical and Biomolecular Engineering and Particulate Fluid Processing 
Center, University of Melbourne, Melbourne, VIC, Australia 

Lens-shaped nanodroplets could be produced at a solid-water interface by a recently 
established protocol, the solvent exchange. In this work, the nanodroplets of monomers, such 
as Methyl Methacrylate, have been produced on a hydrophobic silicon surface in water and 
were photopolymerized in-situ to fabricate nanolenses of polymer on the surface. The 
morphology of the nanolenses can be controlled by the morphology of the initial nanodroplets 
at the surface before the polymerization. For example, the concentration of the less polar 
solvents can change the contact angle of the droplets, subsequently the height-width ratio of 
the nanolenses. The nanolenses are stable in air and in solvents, and can be used for further 
fabrication process to “hybrid” polymer particles. 
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From immature Drainage models to premature Coalescence 

Evert Klaseboer1, Rogerio Manica1, Derek Chan2,1 
1Institute of High Performance Computing, Singapore, Singapore, 2University of Melbourne, 
Melbourne, Australia 

 

This talk will give an overview of the latest insights in coalescence of drops and bubbles. The 
emphasis will be on the thinning (or drainage) of the thin film between such drops/bubbles. It 
turns out that understanding the physics involved is of crucial importance to predict the 
observed behaviour. 

 

After careful analysing various experimental data obtained in different centuries, continents and 
by different researchers, the following observations can be made: 

1) Measuring coalescence times alone does not reveal the underlying physics involved, 
since neither the drainage behaviour nor the height of film rupture can be observed. 
More sophisticated modes of analysis are needed, such as interferometry. 

2) The often used Stefan-Reynolds flat film model turns out to be an oversimplification. 

3) Another often used assumption that the surfaces of the drops are mobile also does not 
seem to reflect the observed experimental behaviour. In fact, all data analysed 
(excluding exotic cases such as those involving Marangoni effects) show a tangentially 
immobile surface (i.e. the tangential velocity at the interface is zero). 

A short overview of the models used and their advantages/shortcomings will be given. 

 

Some as yet unsolved problems will also be highlighted. For example, under conditions not yet 
fully understood, the drainage of two head on approaching drops can become non axial 
symmetric. Also, film rupture can be observed at film heights which are much too large 
according to the theoretical predictions (premature coalescence). It is very well possible that 
small micrometer sized droplets trapped in the film are responsible for this behaviour. They will 
cause film rupture orders of magnitude faster than that predicted by the theoretical model. This 
will have huge consequences on practical applications. An exception to the ‘immobile rule’ 
occurs when Marangoni effects are present at the drop/bubble interface. 
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Thin Film Drainage and Coalescence of Drops and Bubbles 

Rogerio Manica1, Evert Klaseboer1, Roger Horn3, Derek Chan2 
1Institute of High Performance Computing, Singapore, Singapore, 2The University of 
Melbourne, Melbourne, Australia, 3Deakin University, Melbourne, Australia 

Experimental results on the interactions between two drops in microfluidic channels1 and two 
bubbles in the atomic force microscope2 show the possibility of coalescence when they are 
been pulled apart after an initial approach. Interesting experimental features such as pimple, 
dimple3 and wimple4 have also been observed. In this work, we have developed a theoretical 
thin film model that takes into account deformations, surface tension and surface forces at 
constant volume in a self-consistent manner. This model was successful in predicting all 
experimental features cited above with excellent quantitative agreement. A key finding was that 
the fluid-fluid interfaces behaved as tangentially immobile in all the comparisons we have 
performed against experimental data from different people in different places and using 
different techniques. We also obtained analytical formulas from our model via perturbation 
theory5, which explain qualitatively all the experimental features of film drainage including the 
counterintuitive coalescence on separation but unfortunately they did not provide good 
quantitative agreement. By looking at solutions of the Young-Laplace equation, we gained 
physical insight on when pimple, dimple and wimple would form under dynamic conditions. 

 

1. Bremond et al. Phys. Rev. Lett. 2008, 100, 024501. 

2. Vakarelski et al. PNAS, 2010, 107, 11177. 

3. Connor and Horn, Faraday Discuss. 2003, 123, 193. 

4. Clasohm et al. Langmuir, 2005, 21, 8243. 

5. Chan et al. Soft Matter, 2009, 5, 2858. 
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A spectroscopic photoemission and low energy electron microscope (SPELEEM) 
investigation of the galvanic interactions between Cu sulfides 

Sarah Harmer1, Bill Skinner1, Michael Gladys2, Andrea Locatelli3, Tevfik Onur Mentes3, Miguel 
Angel Nino Orti1 
1University of South Australia, Adelaide, SA, Australia, 2The University of Newcastle, 
Newcastle, NSW, Australia, 3Elettra Sincrotrone Trieste, Basovizza-Trieste, Italy 

SPELEEM was used to characterize the surfaces speciation changes due to the galvanic 
interaction between CuFeS2 and Cu2S when in physical contact and leached for up to 0.5 hrs at 
a  pH of 1. The presence of chalcocite, resulted in an increased the rate of polysulfide and Fe 
oxyhydroxide formation at the surface of chalcopyrite. These results demonstrate how galvanic 
interactions between sulfides mineral phases play a strong role in the leaching of chalcopyrite. 
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Synchrotron PEEM and SPEM Studies of Metal Sulfide Minerals 

Robert Acres, Sarah Harmer, David Beattie 

Ian Wark Research Institute, University of South Australia, Adelaide, Australia 

The reactions that occur upon the surface of metal sulfide minerals are critical to their 
separation from worthless rock in the industrial process of flotation.  Adsorption, oxidation, 
dissolution, and galvanic interactions all affect the nature of the surface species present on the 
minerals, which influences the hydrophobicity of the surface.  It is surface hydrophobicity that 
determines to a great extent whether a mineral can be successfully floated from a suspension 
of a crushed ore. 

The investigation of metal sulfide surface chemistry has benefitted from the application of 
surface analysis techniques such as X-ray photoelectron spectroscopy (XPS), with even 
greater insights gained into the identity and chemical state of surface species when 
synchrotron XPS and near-edge X-ray absorption fluorescence spectroscopy (NEXAFS) have 
been used.  However, although useful, these techniques do not provide any information on the 
location of surface species across a surface.  The work to be presented will focus on the 
application of microscopy variants of these two synchrotron techniques to the study of metal 
sulfide surface chemistry: photoemission electron microscopy (PEEM, i.e. NEXAFS 
microscopy); and scanning photoemission microscopy (SPEM, i.e. XPS microscopy). 

The results of two systems will be presented.  A PEEM investigation of heterogeneous 
chalcopyrite coupled with pentlandite and pyrrhotite has allowed us to follow the effect of 
galvanic interactions on the oxidation behaviour of these minerals, with images and point 
spectra acquired for a composite surface of all three minerals freshly prepared or exposed to 
pH 9 solution (see Fig. 1 left).  A SPEM investigation into the oxidation of homogeneous 
chalcopyrite and heterogeneous chalcopyrite (coupled with either pyrite or bornite) has 
revealed that different sulfide minerals can be identified based on elemental maps of the 
mineral constituents (see Fig. 1 right), and that step edges and flat terraces on the mineral 
surface can be individually probed for the acquisition of photoemission spectra.  The 
implications of such investigations on mineral separation processes will be discussed. 

 

 

Figure 1. (left) TEY NEXAFS spectra of Fe L2,3 from chalcopyrite (point A), pentlandite (point 
B), and pyrrhotite (point C); (right) 500 x 500 µm S 2p SPEM image from fractured, air oxidised 
chalcopyrite/bornite showing regions of low (1) and high (2) sulfur. 
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Transfer of lipid and phase reorganisation of self assembled liquid crystal nanoparticles 

Adam Tilley1, Charlie Dong1, Heinz Amenitsch2, Michael Rappolt2, Ben Boyd1 
1Monash University, Parkville, Victoria, Australia, 2Elletra Synchrotron, Trieste, Italy 

Liquid crystal nanostructured particles (LCNP) have been shown to provide properties that are 
advantageous for delivery of pharmaceutical and agricultural active ingredients. The 
amphiphilic nature of these self-assembled lipid systems allow both hydrophilic and 
hydrophobic drug incorporation and their internal nanostructure has been shown to provide 
controlled release of active ingredients. However this internal nanostructure can be 
compromised in the presence of incorporated substances. In particular we are concerned with 
the uptake of lipids into the particles from the environment of application. In pharmaceutical 
applications, lipids in the gut or skin may interact with the particles; in agricultural applications 
waxy components at the leaf surface may interact with the structure, and in food applications 
other emulsified lipids may interact with the LCNPs. Therefore in this study we investigated the 
exchange of lipidic materials between LCNPs of different phase structures and lipid 
compositions to better understand this phenomenon. 

 

Liquid crystal nanoparticles were prepared by dispersing 10% w/v lipid in solutions of the steric 
stabiliser Pluronic F127 (10.0% w/w) giving LCNP known as cubosomes.  These course 
dispersions were then ultrasonicated to give particles of approximately 200 nm in diameter. To 
form LCNP of bicontinuous cubic phase (v2) structure, the lipids phytantriol and glycerol 
monooleate (GMO) were used. LCNP of the reverse hexagonal phase (H2) structure were 
prepared from premixed phytantriol and Vitamin E Acetate (VitEA) in a 9:1 w/w ratio. A 
microemulsion (EME) was also prepared using phytantriol and VitEA in a 7:3 w/w ratio. 
Synchrotron small angle x-ray scattering (SAXS) was then used to follow the kinetics of 
evolution of the liquid crystal phase of the LCNPs upon mixing of the dispersions to detect lipid 
transfer between particles. Predetermined volumes of different LCNPs were mixed and injected 
into a flow through capillary in the SAXS/WAXS beamline at the Elettra Synchrotron (Trieste, 
Italy). Scattering patterns were acquired for 30 seconds every minute. 

 

 When cubosomes of phytantriol were mixed with both the EME and hexosome dispersions, 
phytantriol was transferred from the cubosomes to the EME particles/hexosomes, with 
relatively small amounts of VitEA moving in the opposite direction. When the phytantriol 
cubosomes were mixed with cubosomes of GMO, it was found that there was movement of 
lipid in both directions, with the phytantriol cubosomes incorporating GMO and the GMO 
cubosomes incorporating phytantriol. 

 

From our results, it was determined that compositional ripening, driven by entropy of mixing, is 
responsible for the transfer of lipid between LCNPs. It was also found the predetermined 
equilibrium phase structures were not achieved. This was attributed to the compositional 
ripening effect being limited by changes in phase structure, with the transfer of lipid requiring a 
greater energy hurdle than that for incomplete compositional ripening. 
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On-chip Sensing of Proteolytic Cleavage using Bioluminescence Resonance Energy 
Transfer (BRET) 

Nan Wu1,3, Helen Dacres2,3, Alisha Anderson2,3, Stephen Trowell2,3, Yonggang Zhu1,3 
1CSIRO Materials Sicence and Engineering, Highett, VIC 3190, Australia, 2CSIRO Ecosystem 
Sciences, GPO Box 1700, Canberra, ACT 2601, Australia, 3CSIRO Food Futures Flagship, 
GPO Box 1700, Canberra, ACT 2601, Australia 

Bioluminescence resonance energy transfer (BRET) is a powerful tool for studying protein-
protein dissociation events such as those enabled by proteolytic cleavage. In spite of 
substantial research into on-chip detection of fluorescence, no work has been carried out to 
detect BRET changes on microfluidic chips. This paper describes preliminary testing of a novel 
microfluidic chip-based biosensor for thrombin activity. Renilla luciferase (RLuc) with 
coelenterazine “native” substrate (Clz) was used as the photon donor and the acceptor 
molecule was GFP2. We used a PDMS chip with a simple Y-shaped microchannel network. 
The two inlet channels were used to introduce reactants, 59 µM Clz substrate and a crude 
preparation of the GFP2-RG-RLuc fusion protein in a Tris/EDTA buffer, both at a flow rate of 20 
µl/h.  The BRET signal was monitored along the single outlet channel using a 20x objective. 
The signal was split into two broad channels, i.e. < 505 nm for RLuc and > 505 nm for GFP2, 
using a dichroic mirror, bandpass filters and measured simultaneously by Hamamatsu H8259 
photomultiplier tubes. (Fig.1) 

When Clz substrate and GFP2-RG-RLuc were both present, there was a small increase in light 
intensity, measured just after the Y-junction, in the RLuc channel and a large increase in the 
GFP2 channel compared with controls in which either Clz substrate or RLuc-RG-GFP2 was 
omitted (Fig. 2). When 1 Unit of thrombin solution was added into the protein solution stream 
(prepared prior to the on-chip experiments with incubation at 30°C for 90 minutes), there was a 
substantial drop in the light intensity recorded in the GFP2 channel and a measurable increase 
in the RLuc channel (Figure 3).  The BRET ratio dropped approximately 40%, confirming the 
successful on-chip detection of thrombin. The dependence of the BRET ratio on thrombin 
concentration will be reported in final presentation. 

    

Fig. 1 Experimental set-up.     Fig. 2 Detected BRET signal.                Fig. 3 Thrombin effect 

References: 
1. Dacres H, Dumancic MM, Horne I, Trowell SC Biosensors & Bioelectronics 24: 1164-1170, 
(2009) 
2. Dacres H, Dumancic MM, Horne I, Trowell SC Analytical Biochemistry 385: 194-202. (2009) 
3. Varghese, SS, Zhu, Y, Davis, TJ, Trowell, SC Lab on a Chip.  DOI: 10.1039/b924271f, 
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A Portable Microfluidic Drug and Gene Delivery Platform 
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Monash University, Clayton, VIC 3800, Australia 

The huge acceleration, on the order of million’s of g's, that a liquid drop is subjected to when it 
is placed on a substrate along which surface acoustic waves (SAWs) propagate leads to the 
rapid destabilisation of its interface, which subsequently breaks-up to form monodispersed 
aerosol droplets. Drug suspensions are therefore easily and rapidly nebulised to produce an 
aerosol mist that can be inhaled. The aerosol droplet diameters that are generated are between 
1 and 5 microns, which is the optimal aerosol size distribution for deposition in the deep lung, 
and hence for maximum dose efficiency. This interfacial destabilisation and break-up 
mechanism, requiring less than 1 W of power generated from a portable battery-operated 
circuit and applied to a chip-based device, is therefore ideal as a miniature device for 
pulmonary delivery of drug-laden aerosols. In addition, DNA can also be delivered, thus 
demonstrating the potential of the technology as a vehicle for pulmonary gene and vaccine 
therapy. Further, it is also possible using the same simple technique to encapsulate therapeutic 
molecules or DNA within single or multi-layered polymeric nanoparticles for controlled release 
and targeted delivery. Most importantly, we show that drug molecules and DNA are not 
denatured during the atomisation process with the MHz order acoustic irradiation. The gene 
delivery efficacy is further confirmed through the levels of gene expression observed in an 
examination of both in vitro and in vivo transfection of COS-7 or mouse lung epithelial cells with 
post-atomised plasmid DNA encoded with a potential malaria vaccine candidate or yellow 
fluorescent protein. 
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Formation and Stability of Nanoparticle-Stabilised Oil-in-Water Emulsions Generated in a 
Microfluidic Chip 
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Ian Wark Research Institute, University of South Australia, Mawson Lakes, South Australia, 
Australia 

The formation and stability of monodisperse particle-stabilized emulsions using a flow focusing 
microchannel junction has been studied. Necking and the elasticity of the drops was 
characterised for aqueous continuous phases containing hydrophobized silica nanoparticle 
dispersions and sodium dodecyl sulphate (SDS). For particle dispersions, the drop size is 
primarily controlled by the channel geometry, rather than the particle concentration. This 
contrasts with our results for SDS, which show a predictable variation in drop size with the 
surfactant concentration. After offline collection and densification, the particle-stabilized drops 
show indefinite stability against coalescence. 
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Forces between sterically stabilized droplets:  how important is the polymer brush? 

Ofer Manor, Tam Chau, Geoffrey Stevens, Derek Chan, Franz Grieser, Raymond Dagastine 

PFPC and The University of Melbourne, Parkville Victoria, Australia 

Polymeric stabilisers are common in many processed products ranging from pharmaceuticals 
and engine lubricants to formulated foods and shampoos1,2. In particulate systems, the steric 
stabilization mechanism is attributed to the repulsive force that arises from the compression of 
the polymer brush or coating which screens the influence of attractive surface forces, such as 
the van der Waals force. This mechanism has dictated polymers design and selection for more 
than thirty years, and yet the mechanisms behind steric stabilization in emulsions systems may 
be fundamentally different or even counter intuitive compared to particle systems. In emulsion 
or foam systems (e.g. shampoo, ice cream…), we show that the interplay between drop 
deformation, hydrodynamic drainage in the intervening film, and steric forces combine with the 
relatively low interfacial tensions in these systems to make their behaviour and emulsion 
stability much less sensitive to polymer architecture and yet a far more complex interaction 
than in rigid systems. 

 

We present direct force measurements between two oil droplets coated with a polymeric steric 
stabilizer (Pluronic F-108) as a function of collision speed using Atomic Force Microscopy 
(AFM).   At slow collision speeds we show the contributions to the observed forces show little 
dependence on the steric force law and are far more dependent on the drop deformation.  At 
higher collision speeds, the observed force is sensitive to the amount of drainage or flow of 
liquid through the steric brush during the collisions.  Simple constitutive models for both force2 
and drainage3 behaviour of the steric layer have been incorporated into an existing physical 
model4 to describe the interplay between droplet deformation, surface forces and hydrodynamic 
drainage to better understand the AFM force measurements.  The results demonstrate the 
importance of accurately understanding the role of deformation when involving steric 
stabilization in soft matter systems ranging from drops and bubbles to living cells. 

 

1. Israelachvili, J. N., Intermolecular and surface forces, 2 ed. (Academic press limited, San 
Diego, 1991). 

2. De Gennes, P. G., Polymers At An Interface - A Simplified View. Adv. Colloid Interface Sci. 
27 (3-4), 189 (1987). 

3. Klein, J., Shear, friction, and lubrication forces between polymer-bearing surfaces. Annual 
Review Of Materials Science 26, 581 (1996). 

4. Dagastine, R. R. et al., Dynamic Forces Between Two Deformable Oil Droplets in Water. 
Science 313 (5784), 210 (2006). 
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Dynamic bubble-mica interactions in water and electrolyte solution 

Lorena A. Del Castillo1, Satomi Ohnishi1, Steven L. Carnie2, Roger G. Horn3 
1University of South Australia, Ian Wark Research Institute, Adelaide, SA, Australia, 2University 
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University, Research Training, Burwood Highway, VIC, Australia 

In order to understand forces acting between bubbles and surfaces, the deformation of bubbles 
under the influence of surface forces has been investigated using a modified Surface Force 
Apparatus.  In this study, we observed the changing profiles of a fixed bubble with speed of 
approach of mica surfaces (50 nm/s – 1 mm/s) in water and 1mM KCl solution. Figure 1 shows 
deformation of bubbles when the mica surface approaches the bubble with an average speed 
of 80 nm/s. In both water and KCl solution, thin films of 10-20nm were observed developing, 
with this final thickness attributable to van der Waals repulsion. The process of flattening of the 
bubble in water was different from that in KCl solution. In KCl solution, the bubble started 
deforming at a film thickness of around 50-70 nm and the flattened area became larger with 
decreasing separation as the mica surface was gradually driven against the bubble. In water, 
the bubble surface started deforming at around 150 nm and flattening at 100 nm. The flattening 
is similar to that in 0.1 mM KCl solution reported by Pushkarova and Horn1. As the mica was 
pressed further toward the bubble, however, the film collapsed to the final 20 nm thin film as if 
there was a jump-in. This could be due to an attraction induced by the charge reversal of the 
air-water interface, but the observed behaviour has not been fully explained theoretically.  Our 
experimental results will be discussed in comparison with predicted bubble profiles from a 
theoretical model considering surface potential/charge and the boundary conditions of the air-
water interface. 

 

Figure 1. Changing bubble profiles as the mica is driven toward a fixed bubble in water and in 
1mM KCl solution. Each line corresponds to 5µm-movement of the mica surface. 
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Surface force measurements between Titania surfaces prepared by Atomic Layer 
Deposition in aqueous electrolyte and CTAB solutions. 

Rick Walsh, Shaun Howard, Vince Craig 

ANU, ACT, Australia 

The investigation of surface forces between Titania surfaces is of fundamental interest as, like 
silica, the surface potential is determined by acidic hydroxyl groups, but titania has a much 
higher iep and significantly larger dispersion forces. As such the balance between hydration 
forces and van der Waals attraction should differ considerably between silica and titania. 
However it is challenging to find Titania surfaces that are sufficiently smooth for force studies. 
Using Atomic Layer Deposition (ALD), we have produced suitably smooth titania surfaces 
(RMS roughness 0.1nm) by coating silica colloids and silicon wafers. 

Examining the surface forces under a range of salt and pH conditions has allowed us to 
examine the measured short and long range forces in the context of DLVO theory and 
hydration forces. We have examined the adsorption of CTAB to titania using optical 
reflectometry and observed slow adsorption below the cmc as previously seen on silica. We will 
also report on the measured surface forces between titania surfaces in CTAB solutions. 
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A Newly Designed Surface Force Apparatus for Friction Measurements 

JinSung Park, Satomi Ohnishi, Roger Horn 

Ian Wark Research Institute, Mawson Lake, SA, Australia 

In nanotribology studies there are three main kinds of measurement, namely Surface Force 
Apparatus (SFA), Atomic Force Microscopy, and Ball on Disk Tribometry. The SFA allows us to 
study surface forces and deformation versus friction performance using optical interference. 
We present an extension of SFA that will be closer to practical friction situations beyond the 
limitations of conventional SFA1, whilst retaining its advantages of allowing optical observation 
of surface separation, contact area and deformation. 

We employ ball on disk contact with rotation instead of the crossed-cylindrical contact used in 
conventional SFA which only allows a short travel length in back- and-forth motion. The new 
SFA shown in Fig. 1 has 3 capacitive sensors that provide displacement measurements at a 
maximum sampling rate of 45.5 Hz. Two of the sensors measure cantilever deflections 
resulting from surface force and normal load, and the other sensor measures lateral force. The 
SFA is designed to have 1 nm resolution in z axis motion by a piezoelectric stack, 1 mN to 10 N 
of normal load and friction force measured by a capacitive sensor, 0.1 mN to 1 N of surface 
force measured by optical interference, and approximately 0.3 millidegrees/step of minimum 
rotation by a stepping motor. To apply optical interference for measuring surface separation 
and deformation directly between two surfaces, transparent materials are required. 

In this work, as shown in Fig. 2, two thin films of silicon oxide/nitride2 as the explored 
transparent surfaces are deposited on a spherical lens and a flat glass substrate for ball on disk 
contact. In order to fabricate, sample and probe surfaces, a thin film of silver underneath the 
silicon oxide/nitride is deposited as a semi-reflective layer for optical interference and 
germanium as an intermediate layer is used to reduce surface roughness of silicon 
oxide/nitride3, and to promote adhesion between glass/lens and silver and silver and silicon 
oxide/nitride. 
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Fig.1 The newly designed SFA 

Fig.2 The Configuration of thin films 
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Hydrophobic Force between Silanated Silica Surfaces without Bubbles – Measurement 
of ‘True’ Hydrophobic Attraction 

Naoyuki Ishida 
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The origin of the hydrophobic attraction between macroscopic hydrophobic surfaces1 has been 
an issue debated for a long time. Almost 10 years ago, it has been shown that the bridging of 
nanobubbles attached onto hydrophobic surfaces is attributable to be the origin of long-range 
attractive forces when the surfaces are modified to be highly hydrophobic with silanating 
reagents2,3. However, this bubble bridging force is sometimes regarded as not ‘true’ 
hydrophobic force, because the force is not produced by surface hydrophobicity itself, but the 
bubbles attached onto hydrophobic surfaces. So far, it has remained unclear whether an 
additional attractive force acts or not between hydrophobic surfaces when there are no bubbles 
on the surfaces. Further investigation is certainly necessary to reveal what occurs between 
highly hydrophobic surfaces without bubbles. 

 

In this study, the interaction forces between silica surfaces hydrophobised with a silanating 
reagent were measured in electrolyte solutions using an atomic force microscope (AFM). In 
order to prevent the attaching of nanobubbles on the silanated surfaces when water is 
introduced between the surfaces, the AFM fluid cell was firstly filled with ethanol and then the 
surfaces were rinsed repeatedly by flushing several organic solvents into the cell successively. 
Finally, electrolyte solutions were injected, and then approaching and retracting interaction 
forces were measured. 

In the approaching force curves no anomalously long-range attractive force was seen but the 
surfaces jump into contact from a distance of 10–20 nm, indicating the existence of an 
additional attractive force which is longer-ranged than van der Waals attraction. In the 
retracting force curves, a strong adhesion force was observed and the value of the adhesion 
was comparable to a capillary bridging force. These results imply that the ‘true’ hydrophobic 
attraction, i.e. the hydrophobic without nanobubbles, possibly exists between the surfaces 
hydrophobised with a silanating reagent. 

 

1. Israelachvili, J. N.; Pashley, R. M. Nature 1982, 300, 341. 

2. Ishida, N.; Sakamoto, M.; Miyahara, M.; Higashitani, K. Langmuir 2000, 16, 5681. 

3. Ishida, N.; Inoue, T.; Miyahara, M.; Higashitani, K. Langmuir 2000, 16, 6377. 
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Real time evolution of liquid crystalline nanostructure during the digestion of lipids 
using synchrotron small angle x-ray scattering 

Ben Boyd1, Dallas Warren1, Mette Anby1, Chris Porter1, Adrian Hawley2 
1Monash Institute of Pharmaceutical Sciences, Parkville, VIC, Australia, 2SAXS/WAXS 
beamline, Australian Synchrotron, Clayton, VIC, Australia 

The role of the digestion of lipids in facilitating absorption of poorly water soluble compounds 
such as vitamins is not only an important issue in human nutrition, but is increasingly being 
recognised as an important determinant in the effectiveness of lipid-based drug formulations. It 
has been known for some time that lipids often form complex liquid crystalline structures during 
digestion, and that this likely impacts on drug solubilization and absorption. However, until 
recently we have been unable to detect and characterise those structures in real time, and 
hence have been limited in establishing the interplay between composition, digestion and 
nanostructure. The availability of synchrotron facilities in Australia has made this now possible. 

 

Here we establish the use of an in vitro lipid digestion model used in conjunction with 
synchrotron small angle x-ray scattering to follow structural evolution during lipid digestion. The 
model involves exposure of the lipids/formulation to conditions encountered during digestion in 
the small intestine, and monitoring structure using a flow through cell coupled to the 
SAXS/WAXS beamline at the Australian Synchrotron. The fatty acids produced during lipolysis 
of the mixture in the ‘artificial tummy’ is titrated with base to allow real time monitoring of fatty 
acid production, thereby linking composition directly to nanostructure. 

 

The validity of the approach is first confirmed using known, non-digestible and digestible liquid 
crystalline systems based on the lipids phytantriol and glyceryl monooleate. These lipids both 
form a bicontinuous cubic liquid crystalline structure in excess water; in the case of phytantriol 
this structure remains unchanged on addition of lipolytic enzymes, however in the case of 
glyceryl monooleate, the enzymatic digestion of the molecule to fatty acids induces changes in 
phase structure over time. 

 

The model is then extended to study the evolution of nanostructure in real time during the 
digestion of common formulation and dietary lipids such as triglycerides. The formation of liquid 
crystalline structures from unstructured liquid formulations is discovered, and the kinetics of 
formation and dependence on composition is investigated. 

 

These studies demonstrate the capability of synchrotron techniques to extend understanding in 
the digestion processes of such materials, and will ultimately allow the reverse engineering of 
optimal lipid formulations for pharmaceutical and nutraceutical products, through informed 
rational design based on structural understanding. 
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Self Assembly Behaviour of Cationic Surfactants as Calcium Biomineral Precursors 

Connie Liu, Gregory Warr 

School of Chemistry, The University of Sydney, NSW, Australia 

Biogenic crystals such as calcium carbonate, phosphate, and oxalate exhibit micro-scale 
organisation specified by a template network of proteins and organic macromolecules.  In this 
work we explore the use of surfactant self-assemblies as nano-scale templating agents at even 
shorter length scales, as has been widely exploited in formation of mesoporous silicates. 
Characterisation of bulk solution behaviour is a fundamental step for designing the correct 
solution conditions for the growth of such nanostructured materials. 

 

Alkyltrimethylammonium cationic surfactants have been prepared with hydrolysis products of 
common biominerals (carbonate, phosphate and oxalate) as counterions. Their self-assembly 
into micelles has been characterised as a function of counterion type and hydrolysis state (pH).  
We have determined their critical micelle concentrations (cmc), as well as micelle and lyotropic 
surfactant phase structures using polarising optical microscopy in combination with small angle 
x-ray scattering (SAXS).  The microstructures observed include spherical micelles and several 
liquid crystal phases including discrete cubic, hexagonal and lamellar geometries. Unusually, 
the majority of these surfactants from two discrete (micellar) cubic phases, including the rare 
3D hexagonally closest-packed spheres (HCP) at compositions adjacent to the common Pm3n 
structures. The HCP structure has not been previously reported in cationic surfactant systems, 
but is consistent with very weak counterion binding seen by conductivity. 

 

Addition of low calcium co-ion amounts (below Ksp) would not normally be expected to affect 
cationic surfactant self-assembly structure.  However preliminary SAXS investigations indicate 
a change in both micellar solution structure and stabilization of the HCP phase of 
alkyltrimethylammonium carbonates - a necessary precursor to a micelle-templated 
mesoporous structure. 
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Figure 1: Synchrotron SAXS spectra showing the phases (micellar, cubic HCPS, cubic Pm3n, 
hexagonal and lamellar) formed in dodecyltrimethylammonium carbonate. 
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In-situ Synchrotron SAXS Study of Polymerizable Microemulsions 

Shuhua Peng1,2, Patrick Hartley1, Tim Hughes1, Qipeng Guo2 
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Geelong, Victoria, Australia 

Microemulsions are thermodynamically stable, nanostructured dispersions of two immiscible 
liquids such as oil and water stabilized by a surfactant or by a surfactant/co-surfactant mixture.1 
By employing polymerizable oil phases, such microemulsions can be used as templates for 
nanoporous polymers. There has been significant effort to employ polymerizable 
microemulsions to prepare well-defined porous materials for technological applications.2 It is 
generally accepted that the nanostructure of the precursor microemulsion is a critical 
determinant of the nanoporosity of the final material3 and that one has, in principle, a high 
degree of control over the resulting structure by controlling the formulation of the 
microemulsion. However, the final material seldom reflects precisely the nanostructure of the 
precursor microemulsion. Hence there is a considerable gap in knowledge concerning the 
exact relationship between microemulsion nanostructure and the nanoporosity of the final 
polymerized material. It is crucial to develop this knowledge in order to exercise good control 
over the morphology of nanoporous polymers.4 Thus, this work attempts to develop a 
fundamental understanding of the template – polymer nanostructure. In our system, a 
polymerizable microemulsion based on a siloxane – dimethacrylate macromonomer was 
conducted under X-ray radiation and the kinetics of polymerization was investigated by in situ 
synchrotron SAXS. Fig. 1 shows how the scattering curves developed as precursor 
microemulsion solution was exposed to the synchrotron SAXS beamline X-ray radiation. To 
obtain quantitative information on the structure change upon polymerization, the SAXS data 
were fitted to the Teubner-Strey model (Fig. 2) and the fitting results are shown in Fig. 3. As 
can be seen from Fig. 3, the domain size (d) decreases upon microemulsion polymerization 
while the correlation length (ξ) increases. And the microemulsion structure remained in the 
“good” microemulsion regime (-1<fa<0) throughout the whole polymerization process. 
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Fig. 1 Time dependence of SAXS intensity I(q) during 
microemulsion polymerization under X-ray radiation.
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Fig. 3 Variation of the microemulsion fit parameters (characteristic length scale 
of water domain, d, correlation length, ξ , and amphiphilicity factor, fa)
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Fig. 3 Variation of the microemulsion fit parameters (characteristic length scale 
of water domain, d, correlation length, ξ , and amphiphilicity factor, fa)  
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Spheroid to rod to spheroid transitions in polymerizing micelles: manipulation of self-
assembly by amphiphilic polymers. 

Khwanrat Chatjaroenporn, Paul FitzGerald, Robert Baker, Gregory Warr 

The University of Sydney, Sydney, Australia 

We have studied the structural evolution of polymerizing micelles composed of ω-
methacryloyloxyundecyltrimethylammonium bromide (MUTAB) [Fig. 1] using small-angle 
neutron scattering [Fig. 2].  Although the micelles are short spheroids both before and after 
polymerization, a significant, distinct population of rod-like micelles develops during the 
reaction. These rod-like micelles account for as much as 40 vol % of the micellized surfactant 
and coexists with spheroids composed of unpolymerized surfactant. These coexisting micelle 
populations are shown to remain in dynamic equilibrium throughout the reaction and can be 
understood by treating it as a ternary mixture of surfactant, amphiphilic polyelectrolyte, and 
water. 
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Star-Polyphile Self-Assembly in Bulk and Dispersion 

Liliana de Campo1, Minoo Moghaddam2, Lynne Waddington3, Eric Hanssen4, Trond Varslot1, 
Nigel Kirby5, Calum Drummond3, Stephen Hyde1 
1ANU, Canberra, ACT, Australia, 2CSIRO, Sydney, NSW, Australia, 3CSIRO, Melbourne, VIC, 
Australia, 4Uni Melbourne, Melbourne, VIC, Australia, 5Australian Synchrotron, Melbourne, VIC, 
Australia 

Star-Polyphiles are novel star-shaped analogues of amphiphiles. While amphiphilic molecules 
contain two immiscible domains, usually one hydrophilic and the other hydrophobic, our triphilic 
molecules presented here bear three immiscible chains: a hydrophilic oligo-ethyleneglycol 
chain, an oleophilic hydrocarbon chain and a fluorophilic fluorocarbon chain. As a consequence 
of their star-shaped geometry, these polyphiles can only self-assemble along one-dimensional 
lines, and not along surfaces, which opens the path to a wealth of possible novel 
nanostructures 1,2,3. 

These molecules have the capability of forming thermotropic and lyotropic liquid crystals, in 
which the three chains are in fact separated into three separate nanodomains, as 
demonstrated by a systematic SANS contrast variation study 4. 

 

Some of these structures are quite complex and show many 
sharp peaks in small and wide-angle scattering, while others 
seem to be structurally related to conventional reverse liquid 
crystalline structures, albeit with the hydrophobic matrix split into 
hydrocarbon and fluorocarbon domains. We will present some of 
our models, based on synchrotron and neutron studies, to 
demonstrate the most likely underlying structures. 

 

 

Figure: Structure of a hexagonal liquid crystal. Hydrophilic (blue), oleophilic (red) and 
fluorophilic (green) columns arranged in a 12.6.4. tiling 

In addition, some of these liquid crystals can be dispersed into submicron-sized nanostructured 
droplets, allowing the preparation of thin aqueous films, which can be directly imaged using 
CryoTEM and CryoTomography. This gives valuable, complementary information on the 
internal structures. 
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4. de Campo L., Varslot T., Moghaddam M., Kirkensgaard J., Mortensen K., Hyde S.T., PCCP 
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Drop deformation and three-phase contact-line displacement under MHz Acoustic 
frequency 

Ofer Manor, Michael Dentry, James R. Friend, Leslie Y. Yeo 

Monash University, Clayton, Victoria, Australia 

 There has been a recent resurgence in interest in the influence of surface vibration on the 
directional displacement1, 2 and oscillation3, 4, 5 of drops for microfluidic applications. Previous 
studies have mostly concentrated on surface vibrations in the magnitude of the natural drop 
frequency (10-100 Hz). Here we expand these studies to the influence of MHz surface 
vibration. The advantage in MHz vibration is in the high acoustic power transfer from the 
surface into the drop. This may generate high Reynolds acoustic streaming and is widely used 
in microfluidic devices. Its diverse applications range from micro-scale fluid-mixing, heating, 
pumping, atomizing and jetting to the displacement of a three-phase contact-line to result in 
surface wetting and drop displacement. 

 Here we present a study on the influence of MHz surface vibrations on the oscillation, 
deformation and contact line displacement of a drop on rough and smooth surfaces. It was 
found that a drop might undergo different static deformations in addition to vibration under the 
influence of MHz surface vibrations. Additional three-phase contact line displacement may 
occur when the acoustic power transmitted into the drop is above a certain threshold. We use a 
two MHz piezoelectric device (PZT ceramic disc) to generate surface vibration. Rough and 
smooth surfaces were generated by dip coating or spin coating the piezoelectric device in 
Polytetrafluoroethylene (PTFE, also known by its DuPont brand name as Teflon) or 
Polydimethylsiloxane (PDMS) solutions. 

 In the images below we show a glimpse of the complicated relation between the drop contact 
angle and the drop response to MHz surface vibration. 

 

Figure 1a A drop on hydrophobic surface with a contact angle of 90O, shown at rest 

 

Figure 1b The drop vertical deformation under MHz surface vibration 

 

Figure 2a A drop on hydrophobic surface with a contact angle of 90O, shown at rest 

 

Figure 2b The drop horizontal deformation and three phase contact line displacement under MHz surface vibration 

1. Daniel S.; Chaudhury M. K.; de Gennes P. G. Langmuir 2005 21, 4240 
2. John K.; Thiele U. Phys. Rev. Lett. 2010, 104, 107801 
3. Starni M.; and Sabetta F., J. Fluid Mech. 1984 141, 233 
4. Lyubimov D. V.; Lyubimova T. P.; Shklyaev Phys. Fluids 2006 18, 012101 
5. Fayzrakhmanova I. S.; Straube A. V., Phys. Fluids 2009 21, 012101 
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Droplet Dynamics on Micro-Textured Surfaces – Impact, Splashing, Wetting and 
Drainage 

Daniel Lester2, Greg Threfall1, Petar Liovic2, Nick Burke3, Seng Lim4, Yonggang Zhu1 
1CSIRO Materials Science and Engineering, Highett, Victoria, Australia, 2CSIRO Mathematics, 
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Micro-texturing of solid surfaces can significantly alter surface properties through complex 
interactions of capillary phenomena with surface roughness, facilitating the creation of super-
hydrophillic or super-oleophillc surfaces. Such changes in surface properties significantly 
influence droplet dynamics including impact, splashing, wetting, and drainage, with applications 
in a wide range over a wide range of industries including ink jet printing, mist separation 
operations, anti-fouling and self-cleaning materials. In this study we examine the governing 
physics regarding droplet dynamics from impact to drainage for vertical droplets impinging on 
inclined plates with and without micro-texturing over a range of angles. The system is studied 
numerically via computational fluid dynamics (CFD) and experimentally via high-speed imaging 
of aqueous drops on hydrophilic surfaces. The CFD predictions (Fig. 1.) match experimental 
results to a high degree of accuracy, and significant enhancement of wetting and drainage is 
observed for the micro-textured surfaces, as well as suppression of droplet splashing and 
breakup. The observed phenomena are elucidated via mechanisms of capillary forces and 
dissipation of inertial energy, where the governing physics is expected to extend to hydrophobic 
systems also. These results indicate scope to use micro-texturing to tune surface properties to 
develop engineered systems with advanced droplet dynamics over a range of applications. The 
recent advent of nano-structured hierarchical surfaces extends this scope further and is the 
subject of future research. 

 

 

 

 

Fig. 1. Transient droplet impact dynamics on micro-textured surface viewed obliquely (top) and top-down (bottom) 

t=1 ms t=2 ms t=3 ms t=4 ms t=5 ms 
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Microfluidic devices play an ever increasing role in nano- and biotechnologies. An emerging 
area of research in this technology-driven field is digital microfluidics which is based upon the 
micromanipulation of discrete droplets. Microfluidic processing is performed on unit-sized 
packets of fluid which are transported, stored, mixed, reacted, or analyzed in a discrete 
manner. An obvious challenge however is how to displace the sessile droplets on a substrate. 
This work investigates a little explored driving mechanism to actuate droplets: the surface 
tension gradient which arises during the coalescence of two droplets of liquid having different 
compositions and therefore surface tensions.The resulting surface tension gradient gives rise 
to a Marangoni flow which, if sufficiently large, can displace the droplet. This mechanism is, in a 
sense, analogous to the well-studied thermo-capillary actuation. 

In order to understand, the flow dynamics arising during the coalescence of droplets of different 
fluids, a model has been developed in the lubrication framework. This model builds on earlier 
work from Sellier1. The numerical results confirm the existence of a self-propulsion window 
which depends on two dimensionless groups representing competing effects during the 
coalescence: the surface tension contrast between the droplet which promotes actuation and 
species diffusion which tends to make the mixture uniform thereby anihilating Marangoni flow 

and droplet motion. 

In parallel, experiments have been conducted to confirm this 
self-propulsion behaviour. A range of fluid combinations on 
different substrates has been tested. The expected self-
propulsion behaviour was indeed observed as illustrated in 
Figure 1. In this figure, a droplet of distilled water is first 
deposited on a “hydrophilc highway”. This stripe was 
obtained by plasma-treating a piece of PDMS which is 
shielded in some parts by glass coverslips. This surface 
functionalization was found to be the most convenient way 
to monitor in a controlled manner the coalescence. When a 
droplet of ethanol is deposited near the “water slug”, 
coalescence occurs and a rapid motion of the resulting 
mixture is observed. For the case of Figure 1, the droplet 
velocity was in the order of 0.8 mm/s and displacements in 
excess of 5 times the initial droplet size were repeatedly 
observed. This phenomena is the open flow analogue of the 
one reported by Bico and Quéré2 in closed capillaries. 

The observed phenomena could offer an attractive 
alternative to other droplet actuation mechanisms currently 
in use which rely on sophisticated micro-fabrication 
techniques. 

 

 

1. Sellier, M.; Trelluyer, E. Modelling the coalescence of sessile droplets. Biomicrofluidics 2009, 
3(2), 022412. 

2. Bico, J.; Quéré, D. Self-propelling slugs in a tube. J. Fluid Mech. 2002, 467, 201. 

 

Figure 1: Droplet actuation
on a hydrophilic stripe. 
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Capillary uptake from a reservoir of wetting liquid is a well-established phenomenon. However, 
there have been relatively few studies of interactions between capillary tubes and drops of 
similar dimensions, even though drop-based processes are very topical1 due to interest in 
microfluidic technologies. Studies of non-wetting capillary tubes are even rarer – this is 
unsurprising, because spontaneous uptake from a reservoir does not occur in this case. We 
have recently shown that spontaneous penetration of non-wetting capillaries is possible when 
small drops are used2 (see Figure), in agreement with theoretical predictions that capillary 
uptake is enhanced by the Laplace pressure within a drop.3,4 This is a significant development 
for understanding carbon nanotube growth3 and the possible use of hydrophobic polymers in 
the manufacture of microfluidic devices. 

Several important aspects of the drop-capillary interaction remain unobserved, each of which 
represents an important extension on previously reported experiments. For wetting tubes, the 
enhancement of uptake speed has not been recorded at high temporal resolution, nor directly 
compared with a control experiment confirming the Lucas-Washburn law for reservoir uptake. 
The dynamic contact angle is a current research topic for wetting tubes, and has been 
considered for non-wetting surfaces;5 in both cases, the effects of droplet curvature have not 
been investigated. For uptake into a non-wetting, unfilled capillary, there is a paucity of data 
with high enough resolution to clearly observe the motion of a drop surface as it comes into 
contact with the capillary. We will present new experimental results in which we attempt to 
address some of these topics using a new high-speed photography arrangement with 
enhanced spatial and temporal resolution. 

 

Figure (from ref. 2): Sequential photographs showing a water droplet (radius 0.38 mm) 
penetrating a non-wetting polymer tube (contact angle ≈ 110°, time labelled in ms, meniscus 
denoted by an arrow). 

1. Tabeling, P. A brief introduction to slippage, droplets and mixing in microfluidic systems. Lab. 
Chip 2009, 9, pp 2428-2436. 

2. Willmott, G. R.; Neto, C.; Hendy, S. C. An experimental study of interactions between 
droplets and a nonwetting microfluidic capillary. Faraday Disc. [online] 2010, 146, DOI: 
10.1039/B925588E; Willmott, G. R.; Neto, C.; Hendy, S. C. Uptake of water droplets by non-
wetting capillaries (submitted). 

3. Schebarchov, D.; Hendy, S. C. Dynamics of capillary absorption of droplets by carbon 
nanotubes. Phys. Rev. E 2008, 78, 046309. 

4. Marmur, A. Penetration of a small drop into a capillary. J. Colloid Interf. Sci. 1988, 122, pp 
209-219. 

5. Neogi, P. Large dynamic contact angles. Chem. Eng. Sci. 2010, 65, pp 708-712.
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Nano-scale ‘Coulter Counter’ devices have generated considerable interest for the rapid 
characterisation of molecular and particulate suspensions.1, 2 Pore-based ‘Coulter’ sensors 
interrogate individual particles, which takes into account all of the events within a sample, 
unlike bulk analysis techniques that often favour particular populations in a polydisperse 
suspension. Herein we demonstrate the use of a new, elastic, size-tunable, pore that can be 
stretched or relaxed in real-time to improve the detection, discrimination and ultimately 
selectively gate out different size particles of a polydisperse suspension, as shown in Figure 1.3 
It was shown that the diameter of the conical pore sensor, punctured in the elastic membrane, 
could be selectively tuned by changing the macroscopic stretch applied to the membrane. 
Increasing the macroscopic stretch from 0 to 10 mm increased the conical pore size by 54 %, 
going from 24.5 to 37.8 µm and 1.7 to 1.1 µm, for the large and small side of the conical pore, 
respectively. Reducing the pore size increased the detection of a polydisperse (trimodal) 
suspension composed of 100, 220 and 400 nm polystyrene particles by ~ 2.1, 2.2 and 2.6 
times, respectively. Furthermore, pore size tuning also improved the discrimination between the 
three different particle population signals (100 to 220, 100 to 400 and 220 to 400 nm) by ~ 2.0, 
2.5 and 2.3 times, respectively. Reducing the pore diameter was also found to selectively 
reduce the passage of the larger particles by ~67%, effectively gating these particles from 
analysis. Pore size signal tuning was also used to discriminate between 220 nm silica particles 
with and without a DNA coating. This novel, tunable approach of single particle characterisation 
by an elastic pore formed in a flexible membrane holds promise for improved particulate and 
nano-body size measurements. It enables a wide range of particle sizes to be accurately 
analysed by a single pore with greater sensitivity than current particle sizing and fixed-pore 
devices. 

 

Figure 1.  Confocal image of pore and diagram illustrating the effect of pore size tuning on 
improving the detection, discrimination and selective gating of multimodal particle suspensions. 
Reducing the pore size from a large stretch (A) to medium a stretch (B) to a small stretch (C) 
increased the magnitude of all three particle populations, improving their discrimination and 
ultimately at the smallest stretch (C) reducing the translocation frequency of the larger particles. 

1. Howorka, S.; Siwy, Z., Nanopore analytics: sensing of single molecules. Chem Soc 
Rev 2009, 38 (8), 2360-2384. 

2. Dekker, C., Solid-state nanopores. Nat. Nanotechnol. 2007, 2 (4), 209-215. 
3. Roberts, G. S.; Kozak, D.; Anderson, W.; Broom, M. F.; Vogel, R.; Trau, M., Tunable 

Nano/Micropores for Particle Detection and Discrimination: Scanning Ion Occlusion 
Spectroscopy. Small 2010 Accepted and In Press. 
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We have developed a platform surface modification technology to transform any material into a 
smart biomaterial.1 The method involves grafting polymer chains from surfaces using a variety 
of controlled free radical polymerisation mechanism to form dense polymer brushes and has 
largely been applied to direct biological response (i.e. cell attachment and proliferation). One of 
the reasons that we are interested in polymer brushes is because their densely grafted 
morphology provides an entropic barrier, reducing non-specific interactions with biomolecules. 
Furthermore, polymer brush composition, thickness, and modulus can all be modified in an 
understandable way. 

 

One method for grafting polymers from surfaces is surface initiated atom transfer radical 
polymerisation (siATRP).  This controlled/living polymerisation method has so far had limited 
application to biomaterials because growth from a substrate requires the initiating group to be 
attached through a thiol (self assembly on gold) or silane (covalent attachment on silicon) 
linkage.  Our approach relies on covalent attachment of an ATRP macroinitiator to the surface.  
Anchoring is accomplished by first coating the material with allylamine plasma polymer to 
provide amine functionality followed by carbodiimide chemistry to link the initiator.  We have 
demonstrated successful grafting from silicon wafers, Teflon® film, gold microsensors, and 
polystyrene microtitre plates using acrylamide-based and PEG-methacrylate-based monomers.  
We have verified that the polymerisation is both “living” and controlled by fabricating block 
copolymers and by showing layer thickness increases linearly with monomer concentration.  
Thus, the thickness of our grafted layers is tunable and layers are chemically customisable with 
monomer choice.  Layer composition has been studied in vacuo using XPS and probed in the 
fully hydrated state using atomic force microscopy.  They have also been shown to be low 
fouling towards protein binding using quartz crystal microbalance (QCM) and with tagged 
albumin using time resolved fluorescence spectroscopy. 

 

In this study we focus on the measurement of surface forces between these grafted polymer 
layers and silica colloidal particles using the method developed by Ducker et al.2 One of the key 
parameters of interest is the grafting density (i.e. the distance between the polymer chains 
grafted from the surface). We have control over this property with the macro-initiator copolymer 
approach by varying the composition of the macro-initiator. In this study we have varied the 
initiator surface density, monomer concentration and solvent to investigate the influence of 
these parameters on properties such as the hydrated layer thickness and structure. We find 
that lower grafting densities result in long range, attractive bridging interactions between silica 
and the polymer brush layers, whereas the highest grafting densities result in purely repulsive, 
steric interaction forces. Increasing monomer concentration resulted in increased molecular 
weights (inferred from the range of interaction forces) and varying the solvent (methanol/H2O 
and ethanol/H2O solutions) drastically influenced the polymerisation kinetics. 

 

1. Meagher, L., et al., Polymeric coatings and methods for forming them, WO2008/019450-A1 

2. Ducker, W.A., Senden, T.J. and Pashley, R.M., Nature, (1991), 353, 239. 
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Surface-attached, brush-like polymer layers can offer significant improvements in the 
lubrication of aqueous systems. In an aqueous environment, the presence of hydrophilic 
brushes binds water in a near-surface layer, which is believed to be important to their ability to 
aid the lubrication of non-conformal contacts that would otherwise not be possible with water 
due to its low pressure-viscosity coefficient. Graft copolymers of a bottlebrush-like architecture 
have proven to be highly effective for this purpose, with the backbone providing the mechanism 
for surface attachment and the side chains extending into the solution and forming a polymer 
brush. 

 

We have studied the relationship between friction and polymer-solvent interactions in order to 
better understand the mechanisms underlying brush-assisted lubrication. Changing the quality 
of the solvent surrounding the brush can alter the degree of solvation, leading to a collapse or 
stretching of the polymer chains; this, in turn, can affect the brushes’ lubrication properties1. We 
have investigated two different copolymers with neutral hydrophilic sidechains grafted onto 
positively charged PLL backbones: poly(L-lysine)-graft-poly(ethylene glycol) (PLL-g-PEG) and 
poly(L-lysine)-graft-dextran (PLL-g-dex). Solvent quality was varied using binary aqueous 
solvent mixtures such as water-glycerol, water-ethylene glycol and water-dimethyl sulfoxide 
(DMSO). We also investigated the effect of changing the temperature for dextran brushes 
immersed in pure water. Using the surface forces apparatus (SFA), we have measured the 
interaction force as the brushes are compressed under a normal load. The effective brush 
length L can be derived by comparing the repulsive forces with scaling theory2. Hydration and 
structural properties of brush layers adsorbed on silica-coated quartz crystals were studied 
using quartz crystal microbalance (QCM). The nano-scale frictional behaviour of the brushes 
was studied, under different solvent conditions, using colloidal probe lateral force microscopy. 
Comparisons are also made with macro-tribological properties measured using pin-on-disk 
tribometry (POD) and mini traction machine (MTM)3. 

 

 

1. Müller, M. T.; Yan, X.; Lee, S.; Perry, S. S.; Spencer, N. D. Preferential Solvation and Its 
Effect on the Lubrication Properties of a Surface-Bound, Brushlike Copolymer. Macromolecules 
2005, 38, 3861-3866; Müller, M. T.; Yan, X.; Lee, S.; Perry, S. S.; Spencer, N. D. Lubrication 
Properties of a Brushlike Copolymer as a Function of the Amount of Solvent Adsorbed within 
the Brush. Macromolecules 2005, 38, 5706-5713 

 

2. Alexander, S. Adsorption of Chain Molecules with a Polar Head – A Scaling Description. J. 
Phys. (Paris) 1977, 38, 983-987; de Gennes, P. G. Conformation of Polymers Attached to an 
Interface. Macromolecules 1980, 13, 1069-1075; Milner, S. T.; Witten, T. A.; Cates, M. E. 
Theory of the Grafted Polymer Brush. Macromolecules 1988, 21, 2610-2619 

 

3. Nalam, P. C.; Clasohm, J. N.; Mashaghi, A.; Spencer, N. D. Macrotribological Studies of 
Poly(L-lysine-graft-Poly(ethylene glycol) in Aqueous Glycerol Mixtures. Tribol. Lett. 2010, 37, 
541-552 
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Hydrodynamic drag forces feature in many applications from the design of microfluidic devices 
to naval architecture. We demonstrate that the introduction of a thin vapor layer between the 
surface of a solid body and the surrounding liquid fluid can dramatically lower the 
hydrodynamic drag that opposes motion. A continuous vapor film in the Leidenfrost evaporation 
regime is created around a heated metallic sphere immersed in a fluorinated liquid that has a 
low heat of vaporization. By monitoring the terminal velocities of freely falling spheres we show 
that depending on the sphere Reynolds number, the vapor layer can reduce the hydrodynamic 
drag on the sphere by more than 85%. These findings can facilitate the development of the gas 
layer based drag reduction solutions using, for example, superhydrophobic surfaces or 
microbubble injection and stimulate the quest for developing alternative vapor layers sustaining 
technologies. 
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Studies of nanoscale thin films, surfaces and interfaces have flourished over the past 2 years 
using the time-of-flight neutron reflectometer, Platypus at the OPAL reactor. Following 
commissioning studies in early 2009 (and not-withstanding 9 months that I’d rather forget when 
the cold neutron source went warm), Platypus has hosted more than 50 individual studies by 
researchers from 8 different countries.  With the capacity to study solid films, free-liquid 
surfaces, magnetic thin films and molecules adsorbed at the solid-liquid interface, the 
experimental program on this spectrometer has covered all of these fields, as well as off-
specular reflectometry and the kinetics of surface active processes. 

 

This presentation will detail the broad capabilities of the Platypus reflectometer, including the 
ability to measure film thickness less than 1 nm and greater than 300 nm, values of reflectivity 
around 10-8, and samples under a range of environments including electrochemical cells, 
hermetically sealed atmospheres, temperatures ranging from 4 K to 320 K and applied 
magnetic fields up to 1 Tesla. 

 

To date, studies from Platypus have included: microphase separation of diblock copolymers,1,2 
molecular self-assembly on silicon, studies of explosive-sensing dendrimer films,3 conducting 
polymers, molecular templating, anti-fouling surfaces,4 silicon and organic-based solar cells, 
peptide surfactants, piezoelectrically driven surface acoustic waves, Langmuir-Blodgett films, 
ionic liquids,5 organic light emitting diodes, DNA and protein interactions with nanoparticles, 
numerous studies of cell membrane biology, and studies of magnetic thin-films based on 
metals and transition metal oxides. 

 

1. Neto, C.; James, M.; Telford, A. Macromolecules, 2009, 42, 4801–4808. 

 

2. Sriprom, W.; James, M.; Perrier, S.; Neto, C. Macromolecules, 2009, 42, 3138-3146. 

 

3. Cavaye, H.; Smith, A.; James, M; Nelson, A.; Burn, P. L.; Gentle, I. R.; Meredith, P. 
Langmuir, 2009, 25, 12800-12805. 

 

4. Telford, A. M.; James, M.; Meagher, L.; Neto, C. Applied Materials and Interfaces, 2010, 2, 
2399–2408. 

 

5. Lauw, Y.; Rodopoulos, T.; Gross, M.; Nelson, A.; Gardner R.; Horne, M. D. Rev. Sci. 
Instrum. 2010, 81, 074101. 
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While synchrotron x-ray reflectometry (XRR) is a well established technique to study soft matter 
structure at the solid-liquid interface, it is very difficult to apply it to mica. The difficulties are 
twofold. Firstly, it is difficult to achieve the flatness in mica over a relatively large area required 
by XRR; and secondly, the data analysis must take into consideration the convolution between 
the Kiessig fringes due to the soft mater structure and the mica surface diffraction peaks 
(known as the crystal truncation rods). 

 

Overcoming these difficulties, we have applied XRR to study surfactants and surfactant 
mixtures at the mica-water interface. Our initial analysis has revealed some surprising results. 
For instance, we find that C16TAB forms interdigitated biayers on mica below its Kraft 
temperature, and the adsorbed bilayer thickness for a number of CTAB’s experiences a 
maximum at ~ (1/3 – 1) cmc before decreasing at higher surfactant concentrations. 

 

Such unprecedented structural information at the mica-water interface is invaluable as it 
enables us to correlate it with the colloidal forces measured using SFA or AFM, often on mica. 

 

Acknowledgements: R. Jacobs and P. Li (Oxford); L. Bouchenoire, O. Bikondoa and O. 
Konovalov (ESRF); and T. Arnod (Diamond, UK) 
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The incorporation of conducting material in microfluidic devices is often performed by metal 
deposition.  For the past few years, we have been exploring the use of the conducting polymer, 
polyaniline (PANI), as a replacement for metals.  Thin films of PANI can be lithographically 
patterned via ‘flash welding’ whereby a photographic flash is used to melt or weld exposed 
regions into non-conducting film, while the unexposed regions remain able to carry charge.  
PANI films were created by drop casting a suspension of PANI fibres onto a glass or plastic 
surface, with film thickness ranging from 3.6 µm for 2 layers, and 14.5 µm for 8 layers.  PANI 
thickness was limited to 5 µm or less on glass due to the inefficiency of the flash welding 
process on this substrate.  The use of coloured filters revealed that welding occurs only with 
light at a wavelength of 570 nm, which corresponds with an absorption band in the visible 
region of the spectrum, and was confirmed by patterning with a focused 3 mW 625 nm laser for 
direct writing.  Using a computer controlled stage, laser patterning the PANI film allows finer 
control than flash welding, allowing the construction of more intricate features.  This could be 
used to create PANI wires of varying width and conductivity, providing a simple means to 
create voltage gradients and resistors.  PANI patterned films have been used as high voltage 
electrodes for electrophoretic separation, a conductivity detector in flowing streams, and to 
create voltage gradients for focusing. 
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This paper describes an integrated hand-held device with on-chip contactless conductivity 
detection for on-site monitoring of chemical warfare agents (CWA). The device consists of a 
multiplex polymer microchip, a chip cartridge, a chip loading mechanism, a contactless 
conductivity detector (CCD), a miniaturized high voltage power supply and a graphic/user 
interface. Initially, the device separation and detection performance was evaluated using 
standard mixture of metal cations (K, Na, Li), and detection limit for potassium was quantified 
as 1 µM. The CWA and their degradation products were detected and separated in reversed 
electroosmotic flow. The results are reproducible with attractive sensitivity (1.1 mV/ppm), and 
separation efficiency (plate number 12900). 50 ppm of CWA degradation products were 
successfully detected in tap water. The swab samples of the CWA are collected and detected 
as real environmental tests. Soman and Sarin were successfully fingerprinted with a short time 
by the analysis of the agents and their degradation products. 
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1. Introduction 

The electrophoresis of a charge-regulated sphere for high surface potential and low applied 
electric field in a cylindrical pore is investigated in this article. Four kinds of ion (H+, OH-, Na+, 
and Cl-) are taken into consideration and it is different from previous study because pH value of 
system is adjustable and the data could be more accurate.  Boundary effects are another 
important part in this research for destroying the double-layer polarization possibly.  The 
background sodium chloride concentration in solution is changeable and it affects double layer 
thickness directly.  Double layer thickness is an important parameter that determines if the 
boundary effect is significant or not and whether electric force or hydrodynamic force 
dominates. This phenomenon has never been report in previous literature.  The pore could be 
charged and the effect of electroosmotic flow becomes dominant and some interesting 
phenomenon is also observed at the same time. 

2. Methods 

FlexPDE, a type of commercial software, which is based on finite element method, is adopted.  
Our previous experiment indicates that this program is efficient and sufficient accurate for 
boundary-value problem. Several electrokinetic equations are considered and we use 
perturbation and superposition method to get the mobility of charged regulated particle. 

3. Results and Discussion 

We find out several interesting phenomenon, 
(1) Boundary effects can destroy double layer polarization; in other words, if the ratio of particle 
radius to cylindrical pore radius increases, electric force cannot be reduced and local maximum 
value might vanish in mobility-pH diagram. 
(2) Electric force or hydrodynamic force can be dominant while boundary effect is important or 
not. 
(3) Pressure force might be important when surface potential is high or boundary effect is 
significant. 
(4) Electroosmotic flow generates on particle and pore surface can dominate in different 
conditions, affecting the sign of viscous force on particle. 

 

Figure 1. Variations of the scaled electrophoretic mobility *
Eµ  as a function of pH at different 

level of λ (particle radius/pore surface) for the case where the liquid phase contains particles of 
radius 20 nm and 0.001 M NaCl with pKa=7, pKb=2, and Ntotal=5×10-6 mol/m2. 
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The growing uptake of microfluidic technology for chemical and biotechnological applications 
has been accompanied by a consequent increase in microfluidic device complexity. To facilitate 
the systematic design of these increasingly complex devices, we outline a general 
mathematical framework for analysing electrokinetic flow in microchannel networks. The model 
is based on conservation of volume and total charge, but in contrast to earlier network theories 
also incorporates conservation of ion charge. 

 

We have applied the model to study mixed pressure-driven/electro-osmotic flows of binary 
electrolytes through simple series networks. Under constant flux conditions (fixed volumetric 
flow rate and ion currents), non-linear steady-state phenomena may arise. The model yields 
unique solutions for the steady-state ion distributions when the net co-ion flux occurs in the 
same direction as the bulk fluid flow. However, when the co-ion flux is directed in the opposite 
direction to the net volumetric flow, the analysis yields two different fully-developed, steady-
state flow solutions. 

 

The model predictions have been compared with detailed computational fluid dynamics (CFD) 
simulations. We consider a 4:1:4 contraction-expansion device as a simple example of a series 
network. Interestingly, we find that non-linear behaviour is associated with the formation of 
concentration shocks in the vicinity of microchannel interfaces (see Figure 1). Under certain 
conditions, different steady-state behaviour is observed simultaneously within different parts of 
the network, thus giving rise to bistability. We also find that steady-state behaviour depends 
critically upon the initial state of the system, which has important ramifications for circuit design. 
Our results demonstrate that achieving precise flow control within microfluidic devices could be 
rather more difficult than previously assumed, but these difficulties can be avoided by simply 
ensuring that the co-ions always ‘go with the flow’. 

 

 

Figure 1. Non-dimensional average ionic concentration at steady state in a 4:1:4 contraction-
expansion device, showing a concentration shock downstream of the contraction. 
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Bubbles represent one of the simplest and most pervasive entities in the world around us1, 
occurring in almost all liquid systems. Despite their prevalence in nature and in numerous 
industrial processes, the behaviour of bubbles is still incompletely understood. This is mainly 
due to the difficulty in developing sufficiently accurate and reproducible experimental 
techniques for their examination. Here we report direct observations of controlled collisions 
between two micro-bubbles in water to elucidate the effect of gas type and solution pH on their 
stability against coalescence, using ubiquitous and important gases – pure CO2, air, nitrogen 
and the noble gas argon. Bubble coalescence appears to be strongly linked to the presence of 
CO2: whereas inert gases behave as predicted by charge repulsion from adsorbed ions2, pure 
CO2 bubbles are considerably more stable than predicted. Significantly, the trace concentration 
of CO2 in air strongly biases its behaviour away from that of the inert gases. The stability of 
CO2 bubbles cannot be explained by charge alone, suggesting an additional mechanism. 
These results not only explain observations from every-day systems (such as the 
effervescence of champagne) but potentially implicate CO2 in oceanic bubbles in processes 
that may well be linked to climate change3. 

 

 

 

References 

 

1. Perkowitz, S., Universal Foam: From Cappuccino to the Cosmos (Walker & Company, New 
York, 2000). 

2. Beattie, J. K., Djerdjev, A. M., Warr, G. G., Faraday Discuss. 141, 31 (2009). 

3. O'Dowd, C. D., de Leeuw, G., Philos, Trans. Royal Soc. A 365, 1753 (2007). 

 



OC101 

Forces between a particle and the underside of a monolayer at an air/water interface for 
like and unlike charged systems 

Cathy McNamee1, Michael Kappl2, Hans-Juergen Butt2, Ko Higashitani3, Karlheinz Graf4 
1Shinshu University, Ueda, Nagano, Japan, 2Max Planck Institute for Polymer Research, 
Mainz, Germany, 3Kyoto University, Kyoto, Japan, 4Siegen University, Siegen, Germany 

Monolayers at air/aqueous interfaces can be investigated by using the Monolayer Particle 
Interaction Apparatus (MPIA) to measure the forces between a particle and the hydrophilic side 
of the monolayer.1 The MPIA is a combined Langmuir trough-force measuring apparatus, which 
allows the type of the monolayer, its surface pressure, and environment to be controlled. The 
stiffness of the monolayer and its adhesion ability to a particle can be derived from the 
measured force curves, giving information on the physical properties of the monolayers. Here, 
we used the MPIA to study how the charge of the insoluble monolayer and particle can affect 
the measured interaction forces in water and the physico-chemical properties of the monolayer. 
This was done by using a positively charged monolayer (dioctadecyldimethylammonium 
bromide), a negatively charged monolayer (1,2-dipalmitoyl-sn-glycero-3-phosphate 
monosodium salt), a negatively charged particle (silica), a positively charged particle (a silica 
particle chemically modified with N-trimethoxysilylpropyl-N,N,N-trimethylammomium chloride), 
and by varying the concentration of salt (NaCl) in the subphase from 0 to 2M. We found that an 
unlike-charged system results in the irreversible adhesion of a monolayer to the oppositely 
charged particle. In the case of a like-charged system, the wetting ability of the particle 
influences the magnitude of the adhesion force obtained in the retract force curve that is 
measured between the particle and monolayer. 

 
1 McNamee, C.E.; Kappl, M.; Butt, H.-J.; Higashitani, K.; Graf, K, Langmuir, 2010, ASAP. 
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Bubbles, in multiphase flows, play a key role in determining the efficiency of many everyday 
processes such as doing the laundry and preparing food, as well as of a lot of industrial 
processes such as in mineral flotation, water treatment, and emulsification. In order to 
understand the kinetics of bubbles in such systems, a study of bubbles moving in different 
configurations has been initiated.  In this work, we study the motion of bubbles sliding along 
inclined surfaces. 

 

In order to understand the kinetics of sliding bubbles, it is necessary to identify the relevant 
forces acting, including forces between bubbles and solid surfaces, which may influence the 
terminal velocities of the bubbles.  A simple sliding bubble apparatus was employed to 
measure the terminal velocities of air bubbles with radii ranging from 0.3 – 1.5 mm sliding along 
the wall of an inclined (with inclination angles between 0.6 to 40.1o) Pyrex glass cylinder. 
Experiments were performed in pure water, 10 mM and 100 mM KCl solutions.  We compared 
our experimental results with a theory by Hodges et al.1 which considers hydrodynamic forces 
only, and with a theory (being developed by two of us2) that considers disjoining pressure in the 
thin film between the bubble and wall as a significant factor in addition to hydrodynamic forces. 
Our experimental results show that the terminal velocity of the bubble not only varies with the 
angle of inclination and the bubble size but also with the salt concentration, particularly at the 
low inclination angles of ~ 1 - 5o. This is the first observation that terminal velocities of sliding 
bubbles are influenced by salt concentration, and it demonstrates that the dynamics of a bubble 
sliding along inclined surfaces in aqueous media is not solely due to hydrodynamic forces. Our 
conclusion is that electrical double-layer forces between the bubble and the solid wall also play 
a significant role in determining sliding velocities at low angles. 
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Butterfly wings, egg shells, coral and crayfish shell all seem decidedly disparate and yet may all 
be classified together.   The guise for which this holds true is that the organisms partake in the 
manufacture of materials that have highly defined complex hierarchical structures with length 
scales spanning the sub-nanometre to metre.  Even restricting ourselves to those materials 
based on minerals (the so-called biominerals) presents us with a plethora of choice including 
mammalian bone, sea urchin spines and pāua shell.  All are calcium-based materials.  The 
former is an amorphous phosphate-based system while the latter two are crystalline carbonate-
based minerals in the form of calcite and aragonite, respectively. 

Looking more closely at this subset we see that while biominerals are chemically 
similar to geological minerals, they are in fact tailor-made with specific size characteristics, 
have enhanced physical properties, such as resistance to corrosion, durability and toughness 
and perhaps most importantly from the perspective of efficient utilisation of resources, are 
synthesized under benign conditions.  The level of structural control demonstrated is unrivalled 
in the synthetic world with many of the materials characteristics of these biominerals being 
highly coveted, particularly if they can be recreated in other chemically and physically diverse 
materials such as semiconductors and photoelectronic materials or replicated for use for 
example as biomedical implant materials.  The question of how, has inspired many studies in 
the field of biomineralisation, yet our understanding remains limited, though it is widely believed 
that biopolymers and proteins are fundamental control agents for achieving the complex 
hierarchical structures. 

Our research focuses on understanding how the organic framework mediates the 
inorganic crystal growth. One thrust pertains to developing synthetic nacre and its analogues 
while the other is driven by the desire to achieve structure on different length scales within a 
single material. 

The insoluble organic matrix of nacre is the carbohydrate chitin, while present in low 
amounts it plays an important role in both the growth of the calcium carbonate and also the 
final characteristics of the material. With this in mind we have investigated the use of self-
assembly of biopolymers and have developed a responsive biopolymer scaffold that enables 
control of calcium carbonate platelet formation and association. The final material has a 
structure and length scale comparable to that seen for the aragonitic plates of pāua shell/nacre. 
This opens the possibility of utilising high molecular polymers, waste products of the fishing 
industry to generate inorganic/organic composite materials with hierarchical structure 
comparable to that found in native biominerals. 

While such a static method works well for mineral precipitation, in order to achieve hierarchical 
patterning in the final material it must be present in the original static template. We have also 
explored the use of a responsive template – here an emulsion – and the formation of metal 
oxides such as silica to achieve patterning on different length scales as seen in native 
biominerals.  By inducing micelle phase separation, porosity on the length scale of ~50 nm and 
5 µm can be achieved within a single material. 
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The spatial arrangement of adsorption sites at the metal oxide/water interface can promote 
specific lateral interactions, such as condensation reactions, between adsorbed species.  For 
example, silicic acid (H4SiO4) condensation produces numerous and diverse products in 
solution whereas the adsorption of H4SiO4 monomers on the surface of several metal oxides 
appears to lead to the formation of pyroxene-like linear oligomeric species.  In this paper we 
argue that the adsorption of monomers with a bidentate linkage predisposes the surface to 
form one dimensional oligomers.  A bidentate adsorbed H4SiO4 has two terminal oxygens and if 
adjacent monomers are sufficiently close then a linear oligomer can form by insertion of a 
solution H4SiO4 between the terminal oxygens of the adjacent monomers.  Depending on the 
structures present a specific surface may be more or less predisposed to silicate 
oligomerization as illustrated below for goethite, rutile and an amorphous TiO2. 

 

Figure 1. Silicate tetrahedra on various metal oxide surfaces a) goethite 110, b) goethite 021, c) 
rutile 110 and d) an amorphous TiO2 phase 

 

1. Swedlund, P.J., Miskelly, G.M. and McQuillan, A.J., 2010. Silicic acid adsorption and 
oligomerization at the ferrihydrite-water interface: Interpretation of ATR-IR spectra 
based on a model surface structure. Langmuir, 26(5): 3394–3401. 
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Paper is produced by the formation of thin sheets of cellulose fibres, typically derived from 
wood pulp. When dry, the primary force acting between the fibres arises from hydrogen 
bonding between hydroxyl groups present on the cellulose molecules. Such interfibre bonds 
are thus vulnerable to disruption by water molecules; unfortunately this means that paper loses 
most of its strength when wet. Untreated paper may lose over 90% of its tensile strength when 
wet. 

For applications where the strength and durability of paper is important, such as cardboard 
packaging and bioactive paper, it is common to use various additives to improve the wet 
strength retention of the final product. Most of the common permanent wet-strength resins act 
by forming crosslinking and forming covalent bonds; although this greatly improves the wet 
strength of the finished paper, covalent bonds also impair the ability to recycle the product by 
hampering repulping. As a result, there is scope for the development of new papermaking 
additives which enhance wet strength while still allowing for recycling. 

Polyzwitterions are an interesting class of polymer, with pendant sidechains bearing both 
positive and negative charges. They exhibit unusual solution behaviour whereby their solubility 
increases with increasing ionic strength, and they have also been found to display temperature-
sensitive properties. As such, they may be well suited to providing wet strength in paper while 
allowing for simple repulping when switched by salt or temperature.  Although there has been 
some related research using low charge-density polyampholytes1 in papermaking, which 
showed significant increases in paper dry strength, no research has been reported using 
polyzwitterions as wet strength agents. Promising behaviour has however been observed using 
polysulfobetaines on silica substrates2 where the polymer was able to produce both steric 
repulsion and strong polymer bridging between silica surfaces depending on surface coverage. 
Rheology measurements also showed that polysulfobetaine-covered silica particles were 
sensitive to salt; at high polymer concentrations the particles were stable while lower salt 
concentrations lead to a rise in suspension viscosity attributed to instability due to polymer 
insolubility. 

To test this, a polysulfobetaine sample was synthesized by free radical polymerization and 
used in the production of paper samples.  The tensile strength of this polyzwitterion-modified 
paper was then measured, and it was found that the addition of 1% polysulfobetaine led to an 
increase of over 20% in wet strength.  This increase in strength will be discussed, along with 
data about the interactions between model cellulose surfaces in the presence of polyzwitterions 
and related polymers. 

1. Hubbe, M. A., Rojas, O. J., Argyropoulos, D. S., Wang, Y., Song, J., Sulic, N. and Sezaki, T, 
Colloids Surf. A: Physicochem. Eng. Aspects 2007, 30, 23-32 

2. Starck, P., Mosse, W. K. J., Nicholas, N. J., Spiniello, M., Tyrell, J., Nelson, A., Qiao, G. G. 
and Ducker, W. A. Langmuir 2007, 23, 7587– 7593 
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Surface forces measurements and the techniques of colloid science are gaining a lot of 
attention in cell biology.  Atomic Force Microscopy (AFM) has shown particular versatility and 
success in this arena, successfully bridging the gap between surface and colloid science and 
biology. 

 

Here, we show how AFM can be used to measure the nanomechanical properties of the 
surface of individual, live cells, in situ.  Examples will be given ranging from cardiac cells and 
malaria-infected red blood cells to bacteria.  Our results on Klebsiella pneumoniae, an 
opportunistic pathogen that causes diseases such as pneumonia, urinary tract infections and 
surgical wound infections, reveal new insights into the surface structure of this bacterial cell 
and the importance of this on cell viability. 

 

 

 

 

 

 

 

AFM contact-mode 3D height image  

(10 µm × 10 µm) of wild-type K. pneumoniae AJ218 
in Milli-Q water.   

 

 

Schematic illustration of the impact of 
the removal of type 3 fimbriae on the 
structure of the bacterial polymer 
capsule. 



OC107 

Direct Measurement of Responsive Forces between Bubbles from Switchable Peptide 
Surfactants 

Thakshila Balasuriya, Franz Grieser, Raymond Dagastine 

Particulate Fluids Processing Centre, The University of Melbourne, Parkville,Victoria 3010, 
Australia 

Direct force measurement of the colloidal forces that act over the scale of 100 nanometers has 
greatly improved our understanding of particulate dispersions and advanced materials. The 
application of direct force measurement methods to deformable interfaces such as oil-water or 
air-water interfaces has extended these methods to probe the fundamental forces that control 
emulsion and foam behaviour and stability.  Previous work using Atomic Force Microscopy 
(AFM) on drops and bubbles has demonstrated the importance of surface-active molecule in 
these systems1, 2. The principles of such studies can be applied to explore biomolecules, such 
as proteins, peptides, or lipids at deformable interfaces. 

 

The dynamic interfacial behaviour of these molecules can be important in the production of 
biocompatible surfaces for cell attachment, for the control of drug delivery products and in food 
containing multiple phases. The above applications often require additional control through 
responsive systems as well. As an example, a new class of peptide surfactants has received 
recent attention in the literature as bio-compatible and switchable system3, 4. These peptides 
can switch conformation at the interface based on solution conditions such as pH and 
temperature. AFM was used to investigate the dynamic interfacial forces between two air 
bubbles as a function of pH in the presence of a series of switchable peptide surfactants. The 
effects and time scale of switching on the observed forces will be discussed as well as 
comparisons of force observations to previous studies on foam stability using these 
surfactants5, 6. 
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Langmuir 2008, 24, (3), 603-605. 

3. A.F. Dexter; A.S. Malcolm; A.P.J. Middelberg, Nature Materials, 2005, (6), 502-506. 

4. A.F. Dexter; A.P.J. Middelberg, Industrial & Engineering Chemistry Research, 2008, 
47, (17), 6391. 

5. A.P.J. Middelberg; L. He; A. F. Dexter; H-H. Shen; S.A. Holt; R. K. Thomas, Journal of 
the Royal Society Interface, 2008, 5, (18), 47-54. 

6. A.S. Malcolm; A.F. Dexter; A.P.J. Middelberg, Soft Matter, 2006, 2, (12), 1057-1066. 
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Tribological contacts are abundant in natural systems, manufacturing processes and machines, 
where lubrication is typically required to minimise energy losses and prevent wear of surfaces.  
It can be modulated by lubricant rheology, surface properties, and fluid-surface interactions.  
There is emerging interest in understanding and exploiting aqueous-based lubricants; aqueous 
lubricants are rich in natural systems (e.g. joints, eyes, mouth) but rarely exploited in manmade 
mechanical systems.  We consider two approaches to aqueous lubrication, utilising: (a) plant 
hydrocolloids (e.g. polysaccharides pectin, xanthan, etc.), and (b) oil-in-water emulsions. 

 

The lubrication properties of these aqueous fluids are characterised in a low-pressure contact 
comprising hydrophobic poly(dimethylsiloxane) (PDMS) ball and plate substrates on a modified 
mini-traction machine.  Polymer adsorption and interfacial film properties at PDMS-coated 
surfaces are evaluated using Surface Plasmon Resonance and Quartz Crystal Microbalance-
Dissipation to obtain the dry and wet adsorbed mass of polymer as well as the adsorbed film’s 
viscoelasticity and thickness.  Wetting properties of emulsion phases are characterised using 3-
phase contact angle measurements. 

 

We find that polysaccharides provide effective lubrication within soft tribological contacts 
provided the polymer adsorbs to the hydrophobic surface as a viscoelastic hydrated film.  We 
discover that the wet mass and thickness of such a film allows full film lubrication (EHL regime) 
to be extended down to lower entrainment speeds and film thicknesses before asperities begin 
to interact.  The boundary regime friction, where surfaces are in close contact at very low 
speeds, is found to be dependent on a combination of the viscoelasticity, adsorbed mass 
density and hydration of the adsorbed polymer layer.  The polymers that formed a highly 
viscoelastic and hydrated film display the lowest boundary friction coefficient, are able to both 
sustain a load and retain water in the film, and are the most resistant to film wear. The 
lubrication of water-in-oil emulsions is discovered to be controlled by a combination of the 
relative rheology of the two phases, droplet size, and surfactant coverage on droplets, as well 
as the wetting properties and surfactant adsorption to the rubbing surfaces. 

Acknowledgements: The experimental work was conducted at Unilever Corporate Research, 
UK (UCR) and the TI Food & Nutrition, Netherlands (TIFN), by: A. Chojnicka-Paszun (TIFN); L. 
Macakova (UCR & YKI, Sweden); JHH Bongaerts (UCR & SKF, Netherlands). Other major 
contributors: H.H.J. de Jongh (TIFN), C.G. de Kruif (Utrecht University & NIZO Food Research, 
Netherlands). 
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The stability of oil in water emulsions without surfactant stabilizers is surprisingly poorly 
understood.  This is due to several reasons, including the capacity for drop deformation, the 
contentious origin of the kinetically stabilizing negative charge at the oil-water interface and the 
experimental difficulties in working with such meta-stable systems.  An accurate experimental 
probing of surface forces, hydrodynamics and deformation requires observation of the drop-
drop interaction as a function of space and time throughout the collision.  This is possible using 
novel AFM techniques.  At low concentration the system is accurately described by existing 
theory1 that integrates surface forces, hydrodynamic effects and drop deformation.  At higher 
concentrations (50 mM or greater) the electric double layer is suppressed, allowing formation of 
a very thin film between drops, and resulting in a non-equilibrium force upon drop separation.  
To isolate the origin of this behaviour we extend measurements to interactions between a 
tetradecane drop and a mica plate, observing a similar interaction to the drop-drop case.  The 
magnitude of the force observed suggests that where disjoining pressure as a function of 
interface separation is not monotonically repulsive, and formation of a very thin film occurs, 
conditions of non-continuum deformation and drainage may be encountered. 

References: 
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The atomic force microscope (AFM) is a key tool for measuring surface forces. 
Currently there is no independent measurement of the separation between interacting surfaces 
when one of them is deformable. With increasing interest in interactions involving deformable 
surfaces (bubbles, drops and biological objects like cells) it is crucial to have a reliable 
measurement of the separation. 

We have developed an independent optical measurement of surface separation, which can be 
incorporated directly into the AFM instrument. 
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The wettability of a partially hydrophobized titania surface has been investigated as a function 
of solution pH. The results show that surface charge affects both static wettability and wetting 
kinetics. The static contact angle decreases above and below the point of zero charge of the 
titania surface in a Lippman-like manner as the pH is altered. The dependence of dynamic 
contact angle on velocity is also affected by pH. The molecular-kinetic theory (MKT) is used to 
interpret the dynamic contact angle data. The frequency of molecular displacement κ0 strongly 
varies with surface charge, whereas the mean molecular displacement length λ is essentially 
unaffected. There is an exponential dependence of contact-line friction upon work of adhesion, 
which is varied simply by altering the pH. This is the first occasion where a direct connection 
between surface charge and wetting behaviour has been observed. This research work has 
major ramifications for flow behaviour in micro and nano fluidics and or porous media. 
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Microstructures can be integrated into microfluidic channels to facilitate various processes, 
including chromatography[1], particle sorting[2] and cell capture[3]. Filling these channels with 
liquid and controlling multiphase flow depends on the interplay between the microstructure 
geometry and the channel’s inherent wettability. We have recently shown that a droplet resting 
in the Wenzel State is strongly pinning by rows of microscopic pillars, resulting in advancing 
contact angles as high as 140° and receding contact angles as low as 0°.[4] In this study, 
spreading behaviour of liquids in and on micropillar arrays was investigated as a function of the 
inherent wettability, the coverage of pillars, and the geometry of the interstitial spaces, with 
particular attention given to the various “modes” of wetting. 

 

Micropillars were fabricated in quartz using UV-photolithography and deep reactive ion etching 
at various surface fractions and pillar heights. The wettability of the structured surfaces was 
probed as a function of the inherent contact angle (i.e. on the planar surface). Sessile drop 
contact angle measurements and Surface Evolver calculations revealed various modes of 
pinning behaviour and the conditions that trigger penetration of liquids into the pillar array, 
forming a stable film. The conformation of the liquid front was determined using Surface 
Evolver, which showed that depinning proceeds via a “coalescence mode”, “side mode”, or “top 
mode”. The predicted contact angles were in reasonable agreement with our experiments; 
however, the effect of edge curvature appears to play an important role. For sufficient coverage 
of pillars and low inherent contact angles, a liquid film propagates out from the parent droplet. 
In this case, the parent droplet rests on a composite surface of liquid and pillars until its volume 
is completely depleted by the film growth. 

 

 

1. De Malsche, W.; Clicq, D.; Verdoold, V.; Gzil, P.; Desmet, G.; Gardeniers, H. Lab Chip 
2007, 7, 1705. 

2. Huang, L.R.; Cox, E.C.; Austin, R.H.; Sturm, J.C. Science 2004, 304, 987. 
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M.R.; Kwak, E.L.; Digumarthy, S.; Muzikansky, A.; Ryan, R.; Balis, U.J.; Tompkins, 
R.G.; Haber, D.A.; Toner, M. Nature 2007, 450, 1235. 
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Gold and silver nanoparticles strongly absorb visible and ultraviolet light, and such absorption 
can be utilized to drive chemical reactions. The visible-light absorption by the nanoparticles is 
due to the so-called surface plasmon resonance effect.1 The nanoparticles also exhibit 
considerable ultraviolet (UV) light absorption, which cause the transition of d electrons to the 
outmost sp band (interband transition).2 Therefore we can drive chemical reactions on these 
supported nanoparticles, utilizing a significant fraction of the full spectrum of sunlight. We have 
found that these nanoparticles supported on zirconia, zeolite Y etc exhibit significant activity for 
several reactions when illuminated with either visible or ultraviolet light.3-5 These reactions 
include degradation of formaldehyde and methanol in air, phenol and aniline a synthetic dye of 
in water, complete reduction of nitroaromatic compounds in isopropanol solution to their 
corresponding azo compounds with very high selectivity. These reactions are useful for 
synthesis of fine chemicals and environmental remediation. Interestingly, the catalytic ability of 
these photocatalyst appears to depend on wavelength of the illuminating light: they can 
catalyze the degradation of phenol and aniline in water as well as selective oxidation of benzyl 
alcohol to benzaldehyde in toluene under ultraviolet light but not under visible light. 

Obviously, these photocatalytic reactions proceed in a different mechanism from that with the 
photocatalysts of semiconductors such as TiO2 solids. The mechanisms of specific reactions 
with the new photocatalysts are discussed.2,4,5 The light absorption by the nanoparticles not 
only heat the particles up leading to activation of the reactant molecules on the particles 
surface, but also be able to excite electrons in the nanoparticles. The excited electrons may 
also interact with the reactant molecules, resulting in reaction. 

The knowledge acquired in this study will be useful in designing efficient photocatalysts for 
chemical reactions and for understanding their working mechanisms. 
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Polar lipids such as glyceryl monooleate and phytantriol form reversed bicontinuous type liquid 
crystalline phase consisting of two separate, continuous but nonintersecting hydrophilic regions 
divided by a lipid bilayer that is contorted into a periodic minimal surface with zero average 
curvature. The mesophases are optically isotropic, very viscous, solidlike liquid crystals with 
cubic crystallographic symmetry. The mesophase can be dispersed into nanosized particles 
called cubosomes which are used in different applications such as in delivery of drugs, 
bioactives and diagnostic agents, as controlled release agents and in biosensor applications. 

We investigated the effect of different salts on the structures of the cubosome in the 
temperature range of 25 to 60 oC. We will discuss the findings in terms of the kosmotropic and 
chaotropic strength of the salts. We will also discuss the effect salts on the phase behavior of 
the polar lipid in water. 
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Poly(N-isopropylacrylamide) (PNIPAM) is the most popular and well-investigated temperature-
responsive polymer and by grafting PNIPAM chains onto a solid surface, one can expect the 
surface to have a very wide range of useful applications. If such surface-grafted PNIPAM layers 
are to be used in this wide variety of applications, it is important to understand the detailed 
behaviour of the grafted PNIPAM chains under different conditions. We have reported atomic 
force microscope (AFM) imaging and quartz crystal microbalance with dissipation monitoring 
(QCM-D) measurements showed a considerable structural change in a PNIPAM layer 1,2. 

Among the factors which influence structural changes of grafted PNIPAM, both the grafting 
density and the molecular weight of the PNIPAM brushes have been shown to have a critical 
importance. In this study, we focus mainly on the effect of polymer grafting density on 
morphological changes of end-grafted PNIPAM onto a flat substrate and investigated the phase 
transition behaviour of PNIPAM using AFM and QCM-D 3. We prepared PNIPAM brush layers 
at three different grafting densities on silicon wafers using an atom transfer radical 
polymerization (ATRP). AFM imaging in water at various temperatures showed that the 
transition behaviour of the grafted PNIPAM chains from a brush-like to a mushroom-like 
morphology was dependent on the grafting density: the images change abruptly from 
featureless to domain structures across the LCST for the low density surface, whereas the 
change in the images becomes less abrupt with increasing polymer graft density as shown in 
Fig.1. The QCM-D data also indicated a significant dependence of the layer properties on the 
grafting density, confirming the behaviour differences suggested by the AFM images. A similar 
effect of grafting density was also observed for the phase transition as a function of salt 
concentration in sodium sulfate solutions. 

 

 

 

Fig 1.  AFM images of a PNIPAM layer on silicon wafer in water for the low, middle and high- 
grafting density surfaces. 

1. Ishida, N.; Biggs, S. Langmuir 2007, 23, 11083-11088. 

2. Ishida, N.; Biggs, S. Macromolecules 2007, 40, 9045-9052. 

3. Ishida, N.; Biggs, S. Macromolecules 2010, 43, 7269-7276. 
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Emulsions are applied in numerous ways and one of the the central phenomena of interest in 
such systems is droplet coalescence. The process of coalescence, collision and merging of two 
droplets into a single larger droplet, is a central mechanism of instability. Products are thus 
often structured with colloidal and polymeric additives to minimize droplet coalescence. 

 

Another type of droplet-droplet interaction is also possible in emulsions with colloids present: 
partial coalescence. When droplets containing crystalline solids, like fats or waxes, contact one 
another their coalescence can be arrested before completion by their crystalline microstructure. 
Interestingly, partial coalescence is not always detrimental to a product’s stability. 

 

Here we map the regimes of partial coalescence behavior of individual drops as a function of 
droplet solids fraction and colloid wettability and relate the microstructural results to colloidal 
phase behavior. 
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Colloid Deposition on Calcite and Limestone Surfaces as a Function of Surface 
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Fluid-rock interaction processes are often modified due to the deposition of colloids at rock 
surfaces. As an example, iron oxide particle cutans are responsible for the inhibition of 
diagenetic quartz cementation in sandstones. The adsorption of particles is mainly governed by 
electrostatic forces, i.e., due to oppositely charged rock (sediment) and particle surfaces. Since 
surface charge is often strongly depending on pH, the surfaces may change their charge or 
may become uncharged during ongoing weathering or diagenetic reactions. Because however 
non-negligible particle adsorption on rock surfaces was observed during electrostatically 
unfavorable conditions, the impact of surface topography variations of both particles and 
substratum on adsorption reactions is subject of discussion. Our investigations focus on the 
retention of colloids at mineral and rock surfaces with roughness variations in the 
submicrometer range. The expected results can be applied to predict the adsorption kinetics of 
colloids in sediments and rocks under electrostatically unfavorable conditions. 

 A previous study1 showed the correlation between etch pit depth as well as density on 
corroded calcite single crystals and the number of adsorbed particles. Surface roughness 
variations were in the range of several tens of nanometers. Here we expand the investigations 
to the more complex multi-crystal aggregates of micrite limestone. Adsorption experiments 
were performed close to the PZC of calcite. Slightly negatively charged micrite surfaces were 
exposed to a suspension of negatively charged latex colloids (d = 500 nm and 1000 nm). 
Vertical Scanning Interferometry (VSI) was applied to quantify surface roughness variations of 
the sample surfaceses. Converged roughness parameters2 were used to get information about 
the spatial roughness variation of the polycrystalline multigrain material. VSI data were also 
used to quantify the number of adsorbed particles as well as to detect preferred sites for 
particle deposition. 

Our data support the previous interpretations about the impact of surface roughness variation 
on particle deposition and expand this interpretation to roughness values of about 100 nm (rms 
roughness). The linear adsorption kinetics indicates no adsorption saturation during the 
experiments. The more important result is however the dispersion of particle density of about 
one order of magnitude below a characteristic sample area size. This critical size is constrained 
by the micrite grain size of ~ 5-15 µm. Preferred adsorption sites are surface steps at grain 
boundaries. The surface steps were formed due to differences in dissolution velocity of the 
micrite grains. The step height at grain boundaries is several tens to hundreds of nanometers. 
The adsorption dispersion was found to be stable within a broad range of flow-rate variations. 
We conclude that occurrence and amount of the adsorption dispersion is critical for the 
prediction of particle adsorption kinetics at multigrain material surfaces. 

References: 

1. Darbha, G. K.; Schäfer, T.; Heberling, F.; Lüttge, A.; Fischer, C., Retention of Latex 
Colloids on Calcite as a Function of Surface Roughness and Topography. Langmuir 2010, 
26, (7), 4743-4752. 

2. Fischer, C.; Luttge, A., Converged surface roughness parameters - A new tool to quantify 
rock surface morphology and reactivity alteration. American Journal of Science 2007, 307, 
(7), 955-973. 
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Few materials have captured the attention of researchers from a diversity of fields as has 
graphene in recent times. In its purest form, graphene is a monolayer thick, two dimensional 
hexagonal carbon lattice, the sp2 hybridization giving rise to its unique extended conjugated 
structure with extraordinarily high electron mobility. Apart from graphene’s interesting electronic 
characteristics, its thermal and mechanical properties also have aroused significant interest. 

 

Many methods of producing single or few layer graphene have been described in the literature. 
These include exfoliation of graphite, either layer-by-layer or through the use of ultrasonic 
agitation. Using ultrasound is particularly promising as relatively highly concentrated 
suspensions can be produced potentially providing a route to large scale solution processing. 
However, the cavitation of nucleated bubbles tends to cause some oxidation of the surface 
which can reduce the electrical conductivity. One advantage, though, of the oxidation is to 
impart a significant negative charge to the graphene surface promoting stabilization of the 
suspended material in aqueous conditions at high pH. 

 

At neutral to low pH, though, there is relatively little barrier to re-aggregation of the platelet like 
graphene sheets. Our efforts to produce stabilised aqueous suspensions of graphene over a 
large pH range will be discussed. In particular, the use of cationic polyelectrolytes to impart an 
electrosteric stabilisation force will be a focus. 
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Clays, which are often associated with mineral deposits, can be the source of significant 
problems in mineral processing operations. Their presence as impurities in low grade ores can 
lead to issues such as high pumping energy, high water consumption and large volume of 
tailings. 

 

Current strategies for dealing with clay related issues in mineral processing are all end-of-pipe 
in nature, in the sense that they all attempt to solve the problems relating to highly dispersed 
clays well after they have been created. For example, polymers or coagulants are often added 
into dilute tailings or high pressure dewatering equipments are used to improve the extent and 
rate of tailings dewatering. However, the effectiveness of such strategies will always be limited 
due to the physical and chemical nature of clays. Far greater benefits could be generated 
through minimising the generation of clay related problems in the first place. 

 

This study aims to develop a new paradigm for the minerals industry to control clay behaviour 
in suspensions using a start-of-pipe or controlled dispersion strategy that reduces the level of 
dispersion and break-up of the clays throughout the process. Through such a strategy, the 
occurrence of clay-associated problems could be anticipated and moderated at the front end of 
a processing plant. This can result in significant improvements in both rheology and 
dewaterability over the current end-of-pipe practice. 

 

The investigation of the start-of-pipe strategy is conducted on two clay minerals, which are 
commonly associated in mineral ore bodies: kaolin (non-swelling clays) and montmorillonite 
(swelling clays). In both cases the focus is on controlling the dispersion and break-up of the 
clays on hydration, but due to the difference in the physical and chemical properties, different 
strategies are being investigated for each clay mineral subgroup. For the swelling clay mineral 
subgroup, the investigation is focussed on swelling control through monovalent (Na+) and 
divalent (Ca2+) ion exchange and double layer suppression. For the non-swelling clay mineral 
subgroup, the investigation is focussed on the implementation of cementation via aluminium 
hydroxide precipitation on as-mined kaolinite clay. 

 

The results show that the settling rate and extent of dewatering of swelling clay suspensions 
can be improved by orders of magnitude. The results also demonstrate an improvement in the 
dewaterability of non-swelling clay suspensions, although the benefits are less apparent when 
compared to swelling clays. Further application of these techniques to clay mixtures highlight 
the effectiveness of each strategy in controlling the dispersion of respective clay mineral 
subgroups. 
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Introduction: Paper-based biosensors represent a disruptive technology by providing 
instantaneous and low cost diagnostics for health and environmental applications. But the lack 
of sensitivity is a main obstacle for this technology to reach a full potential and compete with 
traditional analytical instrumentations. This research aims at increasing the sensor sensitivity 
by engineering, on paper substrate, controlled colloid flocs incorporated with biomolecules. 
Two hypotheses were tested in an attempt for a drastic increase of the sensitivity: the first is 
improving the biomolecule immobilization efficiency in conjunction with filtration; the second is 
improving the immobilized biomolecule bioactivity. 

Methods: Calcium carbonate (CC) flocculated by a cationic polyacrylamide (CPAM) was 
selected as model colloid. An enzyme, alkaline phosphatase (ALP), was selected as a model 
biomolecule to be immobilized on paper substrates, whose bioactivity is characterized by the 
blue color formation in contact with the 5-bromo-4-chloro-3-indolyl phosphate and nitro blue 
tetrazolium (BCIP/NBT). ALP-CC flocs of controlled conformation were engineered by 
controlling the kinetics of polymer adsorption and CC flocculation. Filtration was used to timely 
stop the conformational change of flocs. The soluble yellow product from the ALP reacting with 
the p-nitrophenyl phosphate was used to estimate the enzyme loading efficiency on paper 
substrates. 

Results: The effect of CPAM adsorption kinetics on CC 
flocculation dynamics was quantified. Filtration enabled 
the retention of the floc conformation on paper 
substrates, modulated by the CPAM dose and CC 
flocculation time. The CC flocs at 9 minutes of 
flocculation induced by 2 mg CPAM/g CC provided the 
best microenvironment for the immobilized ALP 
bioactivity, as indicated by the greatest slope of the 
standard curves at the ALP loading concentrations of 
0.001 ~ 0.00625 mg/mL, in comparison with the CC 
colloids and buffer only, respectively. The t-test (95% 
significance level) demonstrated that the CC flocs 
present a significantly brighter background (253.1 ± 0.3) 
than the other two and thus a better sensor supporting 
media. The limit of detection of ALP was 1.1 nM, or 12 
fmole per zone (circle of 5 mm diameter), estimated 
from three times the estimated standard deviation of the 
blanks (95% significance). Evaluation made by using 
the diluted BCIP/NBT substrates as a probe unveiled that the immobilized ALP with the CC 
flocs possessed the highest bioactivity (Figure 1). The enzyme loading efficiency was 27%, 
increased from the previous 12% of using ALP buffer only. 

Conclusion: The sensitivity of paper-based sensors was remarkably improved by retaining, 
through filtration, engineered biomolecule (ALP)-calcium-carbonate flocs. We achieved an 
inspiring detection limit of ALP of 12 fmole per zone for biomolecules, comparable to the best 
previously reported sensitive of 54 fmole for IgG. 
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Figure 1 Bioactivity (Dv) of the immobilized 
ALP probed by the diluted BCIP/NBT for 
various loading conditions: CC flocs (a), CC 
(b) and buffer only (c). ALP loading 
concentration: 0.0125 mg/mL 
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The structure of poly(ethylene oxide) (PEO) dissolved in bulk ethylammonium nitrate (EAN) has 
been determined using small angle neutron scattering as a function of concentration. These 
measurements reveal that the radius of gyration of PEO in EAN is smaller than in water, 
suggesting that EAN is a poorer solvent. The morphology of PEO adsorbed at the silica – 
ethylammonium nitrate interface has been investigated using colloid probe AFM force curve 
measurements. Steric repulsive forces were measured, confirming that PEO is able to compete 
with the ethylamine cation and adsorb to the silica surface. The range of the repulsive 
interaction increases with polymer molecular weight (e.g. from 1.4 nm for 0.01 wt% 10 kDa 
PEO to 40 nm for 0.01 wt% 300 kDa PEO) and concentration (e.g. from 16 nm at 0.001 wt% to 
78 nm at 0.4 wt% for 300 kDa PEO).  Fits to the force curve data could not be obtained using 
standard models for a polymer brush, but excellent fits were obtained using the mushroom 
model, suggesting the adsorbed polymer films are compressed and relatively poorly solvated, 
consisted with the SANS data. Neutron reflectivity measurements allow the polymer density 
profile normal to the interface, and the degree of solvent penetration into the adsorbed filmed, 
to be ascertained. 
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The kinetics of self-assembly of colloidal particles was studied using computer simulation 
based on the Discrete Element Method. In particular, the effect of changing the Hamaker 
constant on the rate of particle aggregation was considered. The simulation methodology is 
similar to that of Moreno-Atanasio et al. 1 The long range van der Waals interactions were 
modelled using the Hamaker equation 2. Long range electrostatic forces were excluded from 
this study while the forces experienced by particles during elastic contact were given by Hertz’ 
law. Drag forces were simulated using the Stokes’ drag expression. The effect of Brownian 
forces was also considered. The particles were considered to be immersed in water. 

 

The test sample consisted of 
1000 spherical silica particles 
with density 2200 kg/m3 and 
R1=R2=50 nm. Eight cases 
with a bimodal Hamaker 
constant distribution were 
considered, half with 
Brownian forces acting on the 
particles and half without. In 
each case the first species of 
500 particles were assigned a 
Hamaker constant of 
H1=9×10-20 J, a typical value 
for silica particles, while the 
remaining 500 had H2={0.0, 
1.0, 5.0, or 9.0}×10-20 J. The 
kinetics of self-assembly were 
analysed using the number of 
contacts, the number of small 
clusters (single particles, 
pairs and triplets) and the size 
of the largest cluster. The 
figure at right is a 
visualisation of these clusters 
for one of the cases. 

 

The characteristic aggregation time for every self-assembly, as determined from the evolution 
of the inter-particle contacts, follows a non-linear relationship with the potential energy pre-
existing in the suspension before the aggregation process. The aggregation time increases as 
the Hamaker constant decreases, and Brownian forces increase the self-assembly rate. 

References 

1. Moreno-Atanasio, R.; Antony, S.J.; Willians, R.A., Particuology, 2009, 7, 106. 
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Silica particles, in the micro- and nano-metre size scale, is one of the major constituents in 
particle dispersion applications, such as mineral and ceramic processing, drug delivery 
systems, pharmaceutical purification, sludge treatment and the manufacture of personal care 
products, food products and semi-conductors etc.  Since the efficiency of all of the above 
processes is highly governed by the interaction between silica particles, a more fundamental 
understanding of the forces acting between silica surfaces is essential if significant 
improvement to process efficiency is desired. 

 

Retarded Van der Waals forces often govern the stability of these systems in suspension, yet 
conventional force measurement equipments include the Surface Force Apparatus (SFA) and 
the Atomic Force Microscope (AFM) do not have the appropriate sensitivity to probe such weak 
forces. Total Internal Reflection Microscopy (TIRM) [Fig. 1] has been shown to be ideal to study 
these systems using a range of solid particles.   In order to gain more insights into the basic 
fundamentals of forces between two interacting silica surfaces at higher salt concentrations, a 
hollow silica shell-plate configuration in the TIRM will be used to reduce the long range Van der 
Waals attraction.  Hollow silica shells were synthesized using sol-gel method [Fig. 2] and they 
were mechanically characterized using the AFM.  This presentation aims to discuss some 
preliminary TIRM results using the synthesized hollow shell-plate configuration. 

 

 

 

Fig. 1 In TIRM, sphere undergoing vertical 
Brownian motion in water is illuminated by the 
evanescent wave generated due to total internal 
reflection at the glass prism.  The potential 
energy of the sphere is then deduced by 
measuring its scattering intensity over time. 

 

 

 

 

 

 

 

 

 Fig. 2 Hollow Silica Shells synthesized 
using solid polystyrene cores (Core Size = 
4.9 µm, Shell Thickness = 40 nm) 
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Recent research has shown that under some circumstances interfacial slip of simple liquids at 
solid surfaces can occur, and this effect is particularly relevant on the microscopic scale, for 
example in the design of more efficient microfluidic devices.1,2 One parameter used to describe 
the magnitude of interfacial liquid slip is the slip length. There is currently in the literature no 
universal agreement on the magnitude of the measured slip length, with literature values 
ranging from tens of nanometres to micrometres3. 

 

In this work, we illustrate a new study on the slip boundary condition by measuring 
hydrodynamic forces using colloid probe Atomic Force Microscopy (AFM). The interfacial liquid 
slip was investigated in a viscous liquid of Di-n-octylphtalate over a hydrophobised 
(octadecyltrichlorosilane-coated) silicon surface. A closed loop AFM scanner was employed, 
which ensures the constant drive velocity and reliable tracking of the scanner position. The 
temperature of the liquid throughout the experiment was monitored in situ to get accurate 
viscosity values. The experimental data was carefully analysed by removing virtual deflection, 
and friction artefacts in the constant compliance region. A mathematical model was also 
created to fit the experimental force and investigate the behaviour of the slip force under the 
influence of factors commonly encountered in experimental measurements, such as the drag 
force, surface contamination and the ‘flattened microsphere’ effect. 

 

The average slip length we measured in this system was independent of the velocity and the 
spring constant of rectangular cantilever. Our modelling has shown that the constant drag force 
equation is appropriate to predict the drag force within an acceptable error range, instead of the 
exact drag force equation. The flattened microsphere effect on the hydrodynamic force curve 
can be neglected when the size of the flattened area is less than 600 nm. Our modelling also 
demonstrates that nano-contaminants in experimental systems are one of the major reasons 
for very large slip length values, in agreement with the literature4. 

 

1. Craig, V. S. J.; Neto, C.; Williams, D. R. M., Shear-dependent boundary slip in an aqueous 
Newtonian liquid. Physical Review Letters 2001, 8705, (5), -. 

2. Neto, C.; Evans, D. R.; Bonaccurso, E.; Butt, H. J.; Craig, V. S. J., Boundary slip in 
Newtonian liquids: a review of experimental studies. Reports on Progress in Physics 2005, 68, 
(12), 2859-2897. 

3. Rodrigues, T. S.; Butt, H. J.; Bonaccurso, E., Influence of the spring constant of cantilevers 
on hydrodynamic force measurements by the colloidal probe technique. Colloids and Surfaces 
a-Physicochemical and Engineering Aspects 2010, 354, (1-3), 72-80. 

4. Guriyanova, S.; Semin, B.; Rodrigues, T. S.; Butt, H. J.; Bonaccurso, E., Hydrodynamic 
drainage force in a highly confined geometry: role of surface roughness on different length 
scales. Microfluidics and Nanofluidics 2010, 8, (5), 653-663. 
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The first step in the entry of nanoparticles into living cells is thought to be nanoparticle 
interaction under "wet" conditions with protein [1].  We have found evidence for the so-called 
"protein corona" with x-ray and neutron reflectivity for different methods of presenting the 
protein to the nanoparticle [2]. This shows nanometre resolution structures and kinetics and 
stoichiometry for this process [3]. We present here the example of human serum albumen 
(HSA) (the major blood protein) interacting strongly with dispersed 8nm silica and cadmium 
sulfide quantum dots. This has been followed with high sensitivity [4] because attachment of 
the protein makes the nanoparticle strongly surface-active. 

 

The interfacial structure of the protein itself shows that marked denaturation occurs at the 
standard phosphate buffer - air interface. This is seen for both the native, "fatted" HSA (F-HSA) 
and defatted HSA (DF-HSA) where the molecule has been stripped of the, up to seven fatty 
acid molecules present naturally. Though the proteins have almost the same crystal structures 
but their interaction with 8nm silica is kinetically and structurally quite different. The extent of 
nanoparticle induced denaturation at the protein secondary structure level has been probed by 
optical circular dichroism.  The complementary use of x-rays and neutrons for contrast has 
been used to give the structure of the resultant monolayer at nanometre resolution and the 
protein- nanoparticle stoichiometry. 

 

Neutron reflectivity profiles of protein-SiO2 nanoparticle mixtures as a function of protein 
concentration (a) F-HSA and (b) DF-HSA. Solid lines are fits to the reflectivity data. 

1. Lynch, I.; Cedervall, T.; Lundqvist, M.; Cabaleiro-Lago, C.; Linse, S.; Dawson, K. A., 
The nanoparticle - protein complex as a biological entity; a complex fluids and surface science 
challenge for the 21st century. Adv. Colloid Interface Sci., 2007, 134-35, 167-174. 

2.  Perriman, A. W.; McGillivray, D. J.; White, J. W., Reactions of isolated mono-molecular 
protein films. Soft Matter, 2008, 4 (11), 2192-2198. 

3. Ang, J. C.; Lin, J. M.; Yaron, P. N.; White, J. W., Protein trapping of silica nanoparticles. 
Soft Matter, 2010, 6 (2), 383-390. 

4. White J.W.; Lin J.M.; Ang J.C.; Campbell R.A.; Fragneto G., ICONN-2010 proceedings 
- to be published in IEEE, 2010 
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Adding underbrushes of oligoethylene glycol (OEG) to monolayers 
of long chain PEG molecules on a surface is one of the strategies 1 
in designing a suitable platform for antifouling purposes. Here it is 
possible to have both high graft density and molecular 
conformational freedom4, thereby having maximal retention of the 
activity of covalently immobilised antifouling enzymes 2 on PEG 
surfaces along with resistance to protein adsorption3.  

Here we present studies on the addition of OEG thiol molecules 
over a self assembled monolayer of PEG thiol on gold. The 
kinetics of addition of OEG thiol to monolayers of PEG thiol was followed using X-ray 
photoelectron spectroscopy (XPS), which indicated the time point of maximum graft density (fig 
2). Beyond this time point there was predominant desorption of OEG thiol as indicated by the 
XPS C/O ratio. The initial increase in graft density was reflected in the superior resistance 
towards non specific adsorption of proteins as shown by the XPS N 1s signal (fig 3). We also 
performed protein adsorption studies using quartz crystal microbalance (QCM-D). Studies 
involving addition of alkane thiol instead of OEG terminating alkane thiol showed the 
importance of OEG part of the molecule in superior resistance towards protein adsorption. The 
surfaces with underbrushes were imaged using atomic force microscopy (AFM) to detect any 
changes in mechanical properties of PEG thiol covered surfaces upon addition of OEG thiol. 
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Figure 3: XPS studies of protein 
adsorption using 1 mg/mL BSA solutions 
for 3 hours 

Figure 2:  XPS studies of PEG-SH monolayer 
exposed to OEG-SH over a period of 6 days, 
showing the variation in substrate signal.

Figure 1: Schematic of 
under-brushes of OEG 
thiol on PEG thiols. 
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Media that contain colloid dispersions or suspensions in liquids are produced by intensive 
grinding of aggregates in a liquid mill or by other techniques. In order to transport these colloids 
toward a desired surface, a deposition method is necessary to bring them from the media to dry 
condition without loosing their physical properties such as particles size and crystalline form. 
The built up charge on colloidal surface when immersed in polar solvent such as water made 
them suitable to be manipulated by an electric field. Electric force-assisted methods such as 
pulse-DC electrophoretic deposition (PDC-EPD) 1 and electrospray route 2 are demonstrated 
for depositing structure derived from aqueous nanoparticles (TiO2 and polystyrene) on the 
desired solid substrates (stainless steel  (Fig.1) and electrosprayed TiO2 on aluminium (Fig.2)). 
Degree of aggregation/agglomeration of structure derived from colloids are due to the degree 
of charge which is built up at the solid-liquid interface. The strength of the electric field, colloid 
concentration and substrate treatment are the factors that increase the yield of deposition. 
Reference 

1. M. N. Naim, M. Kuwata, H. Kamiya, I. W. Lenggoro, J. Ceram. Soc. Jpn., 2009, 117, 127-
132. 
2. R. P. A. Hartman, D. J. Brunner, D. M. A Camelot, J. C. M. Marijnissen, B. Scarlett, J. 
Aerosol Sci. 1999, 30, 823-849. 
 

 

 

 

 

                                              

                                 

Fig. 1 FE-SEM images of TiO2 (left) 
and Polystyrene (right) deposited 
by PDC-EPD 

Fig. 2 FE-SEM image of TiO2 

deposited by electrospray method 
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Surfactant Na-AOT is widely used to form W/O microemulsions. There is an electrostatic 
repulsion between the polar headgroups (sulfonate groups). So the repulsion must be screened 
to a certain extent by the counterions to form a stable interface.  We reported that the W/O 
microemulsions are not formed using H-AOT, because the screening effect of proton is too 
weak to form a stable interface compared to sodium counterion.1,2 We also reported that the 
screening effect are dependent on the nature of alkali metal counterions.3 In this study, we 
used surfactant CnTAB (n = 8, 10, 12) focusing on the screening effect by the polar head group 
(trimethylammonium) and hydrophobic interaction between the carbon chains of CnTAB and H-
AOT. A mixture of an aqueous CnTAB solution containing a given concentration and isooctane 
solution of H-AOT was emulsified to produce H-AOT-based W/O microemulsions. The phase 
behavior and size variation were investigated by FT-IR and DLS measurements. The 
emulsified mixture separates into two phases at lower CnTAB concentration due to an 
insufficient screening effect. When the concentration is increased to a level sufficient to 
intensify the screening effect, W/O microemulsions are formed without phase separation. The 
concentration, at which the W/O microemulsions are formed, is dependent on the carbon chain 
length (C12TAB < C10TAB < C8TAB). This indicates that the stabilization of the H-AOT-based 
W/O microemulsions is dependent on the hydrophobic interaction. 

 

1. Takashina, S.; Yoshida, M.; Gotoh, K.; Oshitani, J. Colloids Surf. A 2008, 325, 52–56. 

2. Oshitani, J.; Takashina, S.; Yoshida, M.; Gotoh, K. Colloids Surf. A 2009, 350, 136–140. 

3. Oshitani, J.; Takashina, S.; Yoshida, M.; Gotoh, K. Langmuir 2010, 26, 2274–2278. 
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Arsenate (AsO4
3-), hydrous ferric oxide (HFO), and to a lesser extent antimonate (Sb(OH)6

-) 
ions are found amongst the final oxidation products of arsenopyrite (FeAsS) and stibnite (SbS3) 
when gold-bearing mineral deposits are exposed to atmospheric conditions. Fortunately, the 
toxic water-soluble arsenate and antimonate ions adsorb to HFO particles and this ‘self-
remediation’ process effectively removes the toxic species from aqueous solution, avoiding 
potentially distastrous environmental consequences. 

 

However, there is a difference in the adsorption affinity to iron oxide of arsenate and of 
antimonate due to the different geometry of the ions and the nature of their coordinative 
adsorption reactions.  Arsenate is tetrahedral and can undergo bidentate adsorption while the 
hexahydroxyantimonate ion has a basically octahedral structure which allows only 
monodentate adsorption. We have previously used attenuated total reflection infrared (ATR-IR) 
spectroscopy to separately study arsenate and antimonate ion adsorption to hydrous iron 
oxides.1,2 

 

 

In the present study we have used our recently-developed ATR-IR adsorption/desorption 
kinetics approach3 to compare the adsorption affinities of arsenate and antimonate in a dilute 
mixture to an HFO particle film deposited on a ZnSe internal reflection prism. The 
adsorption/desorption kinetics variations with solution pH and with adsorbate concentration will 
be discussed in the context of practical measures needed for effective mine waste remediation 
by hydrous ferric oxide adsorption when both arsenate and antimonate ions are present. 

 

References 

1.    Roddick-Lanzilotta, A. D.;Craw, D.; McQuillan, A. J. Infrared Spectroscopic 
Characterisation of Arsenate (V) Adsorption from Mine Waters, Macraes Mine, New 
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Bioleaching microorganisms can enhance the leaching efficiency of metal sulfides compared to 
chemical leaching. Optical microscopy images and Scanning Electron Microscopy (SEM) of 
leached metal sulfides have revealed the presence of bioleaching microorganisms on the 
minerals. Physical attachment of microorganisms causes oxidation of the metal sulfides and 
dissolution of metal ions. Population of microorganisms on the mineral surfaces involves two 
steps: microbial attachment in the early stages of bioleaching and the growth of microbial 
colonies. 

 

The dominant factors dictating the attachment of Acidithiobacillus ferrooxidans (Af) to metal 
sulfides in the early stage of bioleaching are studied. The minerals investigated here include 
high purity bornite, chalcopyrite and pyrite, as well as mixed ore. Electrokinetic potentials of Af 
and metal sulfides were characterized. The adsorption isotherm approach was used to quantify 
the influence of pH, ionic strength and type of electrolyte on the attachment of Af on these 
minerals. We have found high microorganism attachment efficiency in the solution conditions 
that are most suitable for culture growth. The microorganisms only occupied a maximum of 2 % 
of the mineral surface area and no significant differences in their attachment behaviour were 
found for the minerals investigated. 

 

The effect of mineralogy on the growth of microbial colonies was investigated using AFM and 
SEM. Significant differences in the colonization behaviour of Af on chalcopyrite and pyrite were 
found. Faster colonization and significantly more extracellular polymeric substances were found 
for Af colonization on pyrite than on chalcopyrite. 
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The microstructure of ceramic foams is an important factor which influences mechanical 
strength, permeability, thermal conductivity and density. The morphology, such as the amount, 
average size of porosity and pore connectivity of alumina (Al2O3) gelcast ceramic foams has 
been investigated. The microstructure of the ceramic foams is influenced by the surfactant 
concentration and type (hydrocarbon chain length) which is added to the ceramic suspension to 
cause the particles to become hydrophobic so that they stabilise air bubbles introduced by 
beating. It was found that the microstructure transforms from a closed pore (bubble) 
morphology, at low surfactant concentration, to an open pore (granular) morphology at high 
surfactant concentration. The change in morphology is related to the state of aggregation of the 
particles which is indirectly related to their surface hydrophobicity. The increased surface 
hydrophobicity results in increased attraction between particles. The direct influence of the 
hydrophobicity (contact angle) on foam stability is less significant than the influence of the size 
of the particle aggregates (and suspension viscosity) on determining the foam microstructure. 
The use of polyvinyl alcohol and a temperature activated crosslinking agent as a gelcasting 
system strengthens the wet foam thus minimising drying related cracking so that large and 
complex shaped components may be fabricated. The fired ceramic foams contain between 
about 50 and 80% porosity with average pore size ranging from about 50 to 300 microns 
depending on the formulation. The ceramic foams have compressive strength in the range of 
about 15 to 70 MPa depending on the formulation. 
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Analysis of the capillary rise phenomenon has a history going back around 100 years, and has 
since been employed and revisited by a number of researchers.  Of primary interest to colloid 
scientists is the use of dynamic capillary rise measurements (‘Lucas–Washburn method’) to 
provide estimates of contact angles on particle surfaces, which are difficult or impossible to 
obtain by the standard techniques used for flat, monolithic specimens. 

Despite the long history, there are a number of aspects of the capillary rise analysis technique 
that have not been rigorously described and investigated, leading to a potential for inferior 
accuracy of contact angle estimation.  This paper addresses a number of these aspects, and 
provides new recommendations on both the experimental procedure and the ensuing analysis. 

The aspects of capillary rise that are elaborated herein are: 

1. incorporation of an explicit permeability term; 
2. comparison of full equation fitting versus simple initial-slope methods; 
3. quantification of the effect of the presence of a ‘septum’ beneath the particle bed; 
4. correction for changes in reservoir height upon liquid ingress to the particle bed; 
5. effect of sample tube diameter; 
6. inferences that can be drawn from the saturated bed;  and 
7. selection of the ‘perfectly wetting’ liquid, and the implications when it does not provide a 

contact angle of zero with the solid surfaces. 
Reformulation of the governing equation to include an explicit permeability term facilitates 
independent measurement of flow resistance.  This can either serve as an independent input to 
the equation, or can be used as an independent check of the fitted parameters. 

It is clear that the conventional approach of assessing only initial slopes relies on the ability to 
discern the relevant ‘initial’ period.  Fitting the complete equation to the data provides a greater 
assurance of self-consistency in the parameter estimates, although the fitting procedure can be 
quite sensitive. 

Experimental methods generally include some material beneath the packed particle bed, such 
as glass frit, filter paper or tissue, and this modifies the resistance to flow into the packed bed. 

Practical experiments using reservoirs of finite size may experience changes in liquid level in 
the reservoir, for which a simple correction is presented.  The effect of using very narrow tubes 
is also analysed. 

At the end of the experiment, the bed may appear to be saturated with the penetrating liquid.  
This presents an opportunity to independently check the compatibility of estimates of contact 
angle against limitations on allowable values following from analysis of an equilibrium capillary 
rise inequality.  Furthermore, this measurement also allows the unsaturated pore volume to be 
estimated. 

Finally, the repercussions of a poor choice of ‘perfectly wetting’ reference penetrant are 
described, which generally lead to serious errors in contact angle estimation for the liquid of 
interest. 

 

The analyses described lead to a better understanding of capillary rise processes, and thereby 
support more robust experimental procedures and permit more reliable analyses of the raw 
data. 
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A direct numerical method, based on statistical mechanics and fluid mechanics, is proposed to 
simulate the solid particles suspended in immiscible oil/water mixtures. This simulation method 
allows us to represent not only the hydrodynamics of the particles, but the arbitrary wettability 
of the particles for the two liquids (e.g., the hydrophobic, hydrophilic, and surface-active 
particles). We have simulated the oil drops covered with the surface-active particles in water 
(i.e., the Pickering emulsions) under sheared flows. It was found that the stability of the 
Pickering emulsions in shear flows is influenced by the arrangement of the particles attached 
on the drop surface as well as the number of the particles. 

 

 

Figure. Snapshot of an oil drop covered with 20 surface-active particles in water (i.e., a 
Pickering emulsion) under a sheared flow at t* (= 2Ut/H) = 2.7. Green, blue, and red colors 
indicate the water region, the oil region, and the particles, respectively. 

 



OC134 

Wetting And Symmetries 

Ciro Semprebon, Ohle Claussen, Stephan Herminghaus, Martin Brinkmann 

Max Planck Institute for Dynamics and Self-Organization, Goettingen, Lower Saxony, Germany 

The morphology of wetting liquid droplets is strongly influenced by the surface geometry. 
Depending on the values of relevant control parameter, the liquid may undergo morphological 
transitions from states preserving the maximum possible symmetry to states where one or 
more symmetries are progressively broken. These transitions are mostly hysteretic and 
discontinuous. Besides symmetry, different morphologies can be distinguished by the position 
of the centre of mass or the topology of the liquid-vapour interface. Here, we present a 
theoretical and numerical study on three paradigmatic systems, all of which show symmetry 
breakings. 
As a first example, we consider a liquid droplet wetting a substrate decorated with a periodic 
pattern of V-grooves. We investigate the morphological behaviour for droplets which are either 
small or large with respect to the length scale set by the groove width, but still small compared 
to the capillary length. Studying the shape evolution of droplets as their liquid volume is slowly 
increased, we find that in a certain range of the control parameter wedge angle and material 
contact angle, the droplets reach a scale invariant shape with a finite anisotropy. As a second 
example, we investigate liquid droplets held between two crossed cylinders: varying the 
crossing angle, the wetting angle and the liquid volume, the droplet can assume a number of 
different stable or metastable morphologies, each one characterized by several possible 
symmetry breakings. Capillary forces and torques exerted by the liquid on the cylinders greatly 
vary between different morphologies. Applying additional constraints to the liquid configuration, 
e.g. fixing the centre of mass of the liquid, we are able to resolve the energy landscape close to 
some transitions. This method has already been successfully applied to the classical problem 
of the barrel-clam shell transition on the single cylinder. As a third example we examine the 
symmetry breaking of a capillary bridge between two spherical surfaces. The symmetry 
breaking is accompanied by a vanishing capillary force. This behaviour is potentially relevant to 
the mechanical properties of wet granulate materials. 
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Cellulose as a fibre reinforcement in novel nanocomposite materials is gaining increased 
attention. This stems from the favourable mechanical and lightweight properties of the cellulose 
fibre combined with its renewable character.  However, to improve compatibility between the 
cellulose fibre and the generally more hydrophobic matrix material surface modification has to 
be carried out.  As we recently reported1 grafts of poly(ɛ-caprolactone) (PCL) from cellulose 
microspheres can be produced using controlled ring opening polymerization, utilizing the 
naturally abundant hydroxyl groups as initiators for polymerization.  Measurements using the 
atomic force microscope in colloidal probe force configuration2 showed that the interfacial 
adhesion between such particles was greatly enhanced because of the grafted polymer layer.  
The observed effect which is dynamically dependent on contact time is governed by chain-
chain entanglements at the nanoscopic level.  The adhesion was further improved at high 
temperature (at 60 °C close to the melting point of the crystalline domains of the PCL graft).  
The reported effects are highly relevant for the design of new cellulose based nanocomposites.  
In addition the experimental setup allows for a wide range of parameters to be varied in a 
model system that may be utilized repeatedly in a non-destructive manner. 

 

In the current study the cellulose microspheres were modified with PCL grafts exhibiting 
different molecular weights.  The aim was to elucidate the role of the dimension of the 
polymeric species on the interfacial properties at the macromolecular level using the colloidal 
probe technique.  In line with the previous study the maximum interaction distance (and 
adhesion) is dependent on temperature and time in contact.  Interestingly a more pronounced 
effect is displayed for the longest grafts investigated.  This observation tends to suggest the 
minimum graft length required for chain entanglements to occur between the polymer layers. 

 

1. Nordgren, N.; Lönnberg, H.; Hult, A.; Malmström, E.; Rutland, M. W., Adhesion 
Dynamics for Cellulose Nanocomposites. ACS Applied Materials & Interfaces 2009, 1, 
2098-2103. 

 

2. Ducker, W. A.; Senden, T. J.; Pashley, R. M., Direct measurement of colloidal forces 
using an atomic force microscope. Nature (London, United Kingdom) 1991, 353, 239-
41. 
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Polymer is one of the important materials for our daily life, but has big disadvantage as the 
combustible material.  The various methods for the flame retardancy of the polymer were 
proposed for industrial polymer products.  One of methods for this settlement is using the 
nanocomposite (NC) polymer containing nanoparticles (NPs).   Most of the current fabrication 
methods of NC with NPs, i.e. kneading operations, are rather complicated and require high 
energy.  In this study, a simple fabrication method of NC based on hetero-coagulation 
phenomenon in the liquid phase, where polymer latexes are mixed with inorganic NPs, was 
proposed for flame retardancy of polymer, especially NC containing inorganic NPs in 
acrylonitrile-butadiene-styrene (ABS) resin.  Silica or magnesium hydroxide was used as 
inorganic NPs. 

The local structure of the aggregated materials made out of these two entities through hetero-
coagulation was observed, via scanning electron microscopy, to be in a well-mixed state.  The 
thermal decomposition temperature of the NC exceeded that of pure ABS resin as measured 
via thermogravimetric analysis under nitrogen atmosphere.  From the results of cone-
calorimeter measurement and the UL-94 horizontal burning test, it was found that the flame 
retardant capability of the NC with silica NPs increased with an increase in the amount of silica 
NPs or a decrease in the size of silica NPs, that is, NC with silica NPs could not stop to burning 
out.  However, NC with 60 wt% magnesium hydroxide NPs achieved the V-0 rating in the UL-
94 vertical burning test, that is, the flame was extinguished within 30 second after ignition.  
When the average particle size of magnesium hydroxide NPs decreased from 270 nm to 90 
nm, the amount of magnesium hydroxide could be reduced down 46 wt% from 60 wt%. 

From the result of the thermogravimetric analysis in the air, the char of the ABS-magnesium 
hydroxide NC containing with small amount of silica, montmorillonite, or Laponite clay particles 
formed more compact structure compared with that of the ABS contained only magnesium 
hydroxide.  The 45 wt% filler nanocomposite passed the V-0 rating, when 3 wt% Laponite clay 
was incorporated together with 42 wt% magnesium hydroxide nanoparticles.  We concluded 
clay was excellent additive and size of filler was important factor to reduce amount of filler. 
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Colloidal diamond nanoparticles (nanodiamonds) are a candidate material for optoelectronic 
devices, composites, and applications in biotechnology and nanomedicine, since they are 
nontoxic and exhibit a range of unique structures and properties that depend upon their size 
and morphology. It has been recently shown that nanodiamonds can be used as vectors for 
drug delivery, provided that sensitive control can be exercised over the interaction between 
functional groups and their surfaces. This need has prompted the present study on the 
interaction between nanodiamond surfaces and amine groups that are common in proteins and 
other macromolecules. We have examined the thermodynamic stability (a measure of 
functionalisation probability) of colloidal nanodiamonds terminated with the primary (NH2) and 
secondary (NH) amines by using the density functional based tight-binding method with self-
consistent charges (SCC-DFTB) method. Model nanoparticles used here include a 
rhombitruncated cuboctahedron displaying six {100} facets, eight {111} facets and twelve {110} 
facets, and a truncated octahedral structure displaying six {100} facets and eight {111} facets, 
thereby allowing for the consideration of anisotropic functionalisation as well as a degree of 
crystallographic dispersion. The fully relaxed truncated octahedral structures are shown in the 
figure below, with different configuration of NH and NH2 adsorbates.  Following geometric 
optimisation, the stability of the functionalised colloids has been evaluated via the temperature-
dependent formation energies, which are representative of different post-fabrication processing 
conditions. In this presentation, we will talk about the relationship between formation energies 
of each configuration and surrounding environment (with a N2+H2 reservoir or a NH3 reservoir), 
temperatures, as well as the morphology of the nanodiamonds.  Our results show that primary 
and secondary amines are thermodynamically stable on the nanodiamond surfaces at room 
temperature, but desorption occurs at certain critical temperatures (depending upon the 
surrounding environment and particle morphology) but is largely independent of size. 

 

 



OC138 

Development of Polymer Coatings for Biomedical Applications via Thin Film Dewetting 
and Polymer Grafting 

Andrew Michael Telford1,3, Laurence Meagher2, Chiara Neto1 
1The University of Sydney, Sydney, NSW, Australia, 2CSIRO Molecular Science, Clayton 
South, VIC, Australia, 3CSIRO Future Manufacturing National Research Flagship, Clayton, VIC, 
Australia 

INTRODUCTION 

We have developed a method to obtain chemically and topographically patterned surfaces for 
the immobilization of biomolecules (proteins in particular) to guide cell adhesion. This approach 
is based on a combination of dewetting1 of a bilayer of thin polymer films and surface initiated 
atom transfer radical polymerization (ATRP).2 

The top layer is an engineered poly(methylmethacrylate) (PMMA) bearing ATRP initiators, 
which is dewetted to obtain a pattern of holes. Highly protein repellent poly(ethylene glycol) 
(PEG) “bottle brush” chains are grafted from the PMMA (Fig 1). The bottom layer is a protein 
adhesive polystyrene (PS). Proteins can adhere only inside the dewetted holes, on the 
exposed PS domains. 

The coatings can be prepared on non-flat surfaces, and their 
interaction with biological media can be tailored in the grafting 
process, opening exciting prospects in biomedical applications, 
such as improving the biocompatibility of stents and vascular 
grafts. 

METHODS 

A polymer bi-layer was prepared on a silicon wafer by spin 
coating. The modified PMMA (top layer) was produced by RAFT 

(Reversible Addition-Fragmentation chain Transfer) polymerisation and dewetted on the PS, 
yielding a pattern of holes. PEGMA (poly(ethylene glycol) methyl ether methacrylate) brushes 
were then grafted from the modified PMMA via ARGET ATRP (Activators Regenerated by 
Electron Transfer ATRP) in methanol/water solution. The grafting process and the selective 
protein adhesion on the pattern were characterised.    
Fig 1. Schematic of the coating fabrication process. 

RESULTS 

The PMMA copolymer containing the ATRP initiators showed the expected dewetting behavior 
on PS. The size of the dewetted holes could be controlled by tuning the annealing time and 
temperature. The selective protein adhesion on the PS domains in the dewetted/grafted 
patterns was confirmed by atomic force microscopy (AFM) and fluorescence microscopy after 
exposing the patterns to solutions of FITC (fluorescein isothiocyanate) labeled proteins. The 
grafting process was also characterized. The thickness of the PEGMA layer increased with the 
grafting reaction time, as confirmed by ellipsometry, x-ray photoelectron spectroscopy and 
water contact angle measurements. The morphology of the PEGMA layer was characterized by 
AFM. 

DISCUSSION 

This work introduces a new method to obtain patterned surfaces on which proteins can be 
immobilised in selected location, implementing simple and cost effective techniques. Herein, 
the grafting process and the protein patterning ability were characterised. 

1. Neto, C. Physical Chemistry Chemical Physics 2007, 9, 149-155. 

2. Matyjaszewski, K.; Xia, J. H.Chemical Reviews 2001, 101, 2921-2990. 
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Polycrystalline synthetic diamonds and various nanodiamond composites possess excellent 
mechanical, chemical properties, thermostability and hydrolytic stability, their surface can be 
chemically modified with different functional groups. Low cytotoxicity and excellent 
biocompatibility have been also reported for detonation nanodiamond 1. Currently many 
diamond related materials are produced in large scale for various industrial applications and 
have relatively low cost of production. Some of these products like micro-dispersed sintered 
detonation nano-diamond (MSDN) can be used as efficient adsorbents and stationary phases 
for various modes of high performance liquid chromatography (HPLC). 

The preparation of MSDN includes, so called, shock wave dynamic synthesis of detonation 
nanodiamonds followed by oxidative purification to remove a residual graphite phase from 
reaction soot, sintering nanoparticles at high temperature and pressure, milling and final 
fractionation. Depending on type of graphite digestion during purification step the resulting 
adsorption properties may vary because of the presence of various oxygen containing 
functional groups in different poroportions2. 

The characterisation of different samples of MSDN was performed by gas chromatography 
(GC), normal-phase and reversed-phase HPLC, Hydrophilic Interaction Liquid Chromatography 
(HILIC) and ion-chromatography (IC). The structure-retention dependences show increased 
affinity of MSDN surface towards organic molecules such as phenols, carboxylic acids, nucleic 
acid bases containing labile (acidic) proton. The retention of alkyl substituted benezenes is 
proportional to electron density in aromatic ring. Polyaromatic hydrocarbons are strongly 
retained by MSDN. In general, adsorption properties of MSDN are similar to those reported for 
porous graphitic carbon (PGC). The essential difference is in the presence of ion-exchange 
groups at the surface of MSDN and in the ability of MSDN to retain and separate metal cations. 

The initial evaluation of the possibility of usage of MSND in liquid chromatography 
demonstrated the higher potential of this adsorbent. For the first time, the separation efficiency 
above 45,000 theoretical plates per meter was obtained for diamond-like adsorbents in liquid 
chromatography. The uniquie thermal conductivity of diamond and negligible thermal 
expansion allowed successfully use MSDN for HPLC at elevated temperatures up to 180oC 

 

1. Nesterenko P.N.; Haddad P.R. Anal. Bioanal. Chem., 2009, 396, 205-211. 

2. Dolmatov V.Y, Russ. Chem. Rev., 2001, 70, 607-626. 
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Talc is a hydrated magnesium layered silicate (phylosilicate) with composition Mg3Si4O10(OH)2, 
and a structure that consists of layers of magnesia octahedra, sandwiched between silica 
tetrahedra sheets. The structure results in talc being an anisotropic mineral, and its particles 
exhibit distinct edges and basal planes. Small amounts of Al3+ ions can substitute for Si4+ ions 
in the tetrahedral layer 1. Such substitutions can result in the presence of a negative charge on 
talc basal planes, 2, 3 which would be expected to alter the talc surface properties and the 
adsorption of molecules onto the basal plane surface.  Polymers have been used in the 
minerals industry for many years to adsorb onto and alter the surface properties of talc, to aid 
mineral processing. [4]  However, there has not been a systematic study into the effect of talc 
impurities on polymer adsorption and action in a mineral processing context.  The data 
presented in this paper involves X-ray photoelectron spectroscopy (XPS), electron microprobe 
(EMP) and colloid probe atomic force microscopy (AFM) characterisation of a range of talcs 
(Rhode Island, Delaware, and Flinders Range) of different impurity content and cleavage 
characteristics.  In addition, the study also includes an in situ AFM imaging investigation of two 
different polysaccharide-based polymers (regular maize dextrin, Dextrin TY, and carboxymethyl 
cellulose, CMC) adsorbing on the different natural talc surfaces. 

 

The major variation in impurity content for the three talcs is the amount of aluminium detected 
in the samples.  XPS measurements indicate that the Rhode Island and Delaware talcs have 
the lowest level of the Al atoms at their cleaved surfaces and that the Flinders Range talc has 
the highest level of the Al atoms.  The effect of the Al atoms on the charge on the basal plane 
of talc (as determined using colloid probe AFM) is seen in the case of the Delaware (0 mV) and 
Flinders Range (-7 mV) talc samples.  However, the effect of Al substitution is not the dominant 
factor in the surface charge measured for the Rhode Island talc (-16 mV), the talc which has 
the poorest cleavage characteristics.  The extensive exposure of step edges (as revealed by 
AFM imaging) significantly affects the charge determined from the colloid probe AFM 
measurements.  In terms of polymer adsorption, CMC adsorbs with the same morphology on 
all three talc samples, suggesting the same binding mechanism of the polymer on the talc 
samples, irrespective of the varying Al content and surface charge differences. Interestingly, 
Dextrin TY presents three different morphologies on the talc surfaces.  The implications of the 
observed variation in adsorption behaviour on mineral flotation will be discussed. 

 

1. Deer, W.A., R.A. Howie, and J. Zussman, Introduction to Rock-Forming Minerals. 1992: 
Prentice Hall, New York. 

2. Okuda, S., K. Inoue, and W.O. Williamson. Negative surface charges of pyrophillite and 
talc. in International Clay Conference. 1969. Israel University Press. Tokyo, pp. 31-41. 

3. Burdukova, E., et al., Presence of negative charge on the basal planes of New York 
talc. Journal of Colloid and Interface Science, 2007. 315: p. 337-342. 

4. Pugh, R.J., Macromolecular organic depressants in sulfide flotation - a review, 1. 
Principles, types and applications. Int. J. Miner. Process., 1989. 25(1-2): p. 101-130. 

 



OC141 

The Size of Particle Aggregates Produced by Flocculation with PNIPAM, as a Function of 
Temperature 

Elizaveta Burdukova1, Naoyuki Ishida2, Timothy Shaddick1, George Franks1 
1Australian Mineral Science Research Institute, Department of Chemical and Biomolecular 
Engineering, University of Melbourne, Melbourne, VIC, Australia, 2Photonics Research 
Institute, National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan 

The potential use of high molecular weight temperature responsive Poly(N-Isopropyl 
acrylamide)(PNIPAM) polymers has been demonstrated in applications such as slurry 
dewatering (as flocculants) 1 and mineral flotation (as collectors)2. Above their lower critical 
solution temperature (LCST) of 32°C, the polymer molecules become highly hydrophobic, 
which in turn induces hydrophobicity in polymer coated mineral surfaces 3. Hydrophobic 
attraction is thought to be the primary mechanism in PNIPAM induced particle aggregation 4. 
This work investigates the effect of increasing temperature on the size of aggregates formed in 
the presence of PNIPAM. 

 

The size of the aggregates was studied using light scattering techniques. The effect of 
temperature on interparticle forces was investigated using AFM force measurements. The 
results are discussed in terms of the effects of temperature on particle collision, particle 
adhesion and aggregate breakage. It was found that the size of alumina aggregates increases 
with increasing solution temperature. Particle/particle collision and aggregate breakage are 
largely unaffected by increasing solution temperature and therefore could not account for the 
change in aggregate size. The dominant factor in aggregate growth with increasing 
temperature was found to be the increase in the force of adhesion between alumina particles, 
as demonstrated in Figure1. The appearance of the adhesive force is triggered by the increase 
in temperature above the LCST of PNIPAM. 

Figure 1 – A) Size of alumina aggregates in the presence of 500 g/ton of PNIPAM, B) Adhesion 
force between two PNIPAM coated alumina surfaces, as a function of temperature 

1. J.-P. O’Shea, G. G. Qiao and G. V. Franks, Journal of Colloid and Interface Science, 348, 9-
23 (2010) 

2. E. Burdukova, H. Li, D. Bradshaw and G. V. Franks, Minerals Engineering, in press (2010). 

3. T. Sun, G. Wang, L. Feng, B. Liu, Y. Ma, L. Jang, D. Zhu, Angewante Chemie International 
Edition ,43, 357 – 360, (2004) 

4.  E. Burdukova, H. Li, N. Ishida, J.P. O'Shea, G.V. Franks, Journal of Colloid and Interface 
Science, 342, 586–592 (2010). 
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Non-equilibrium Nature of the Interfacial Properties of Oppositely Charged 
Polyelectrolyte/Surfactant Mixtures as a result of the Evolving Bulk Phase Interaction 

Richard Campbell1, Tommy Nylander2, Anna Angus-Smyth1,3, Marianna Yanez Arteta1,2, Katrin 
Tonigold2, Imre Varga4 
1Institut Laue-Langevin, Grenoble, France, 2Lund University, Lund, Sweden, 3Durham 
University, Durham, United Kingdom, 4Eotvos-Lorand University, Budapest, Hungary 

In this talk, we will demonstrate how dramatically the non-equilibrium nature of an oppositely 
charged polyelectrolyte/surfactant mixture can affect the interfacial properties.1  We will 
describe experimental data of poly(diallyldimethylammonium chloride)/sodium dodecyl sulfate 
(Pdadmac/SDS) solutions,2 which exhibit a 'cliff edge' peak in its surface tension isotherm.3  
The feature was proposed in a recent thermodynamic model to derive from competition 
between complexes in the solution phase that are surface-active and those that are not.4  In 
contrast, we reveal that the peak is a consequence of slow bulk precipitation in the phase 
separation region resulting in depletion of surface-active material from solution.  We 
demonstrate how to control the production of the peak, remove it for solutions of equivalent 
age, and even change its characteristics.  The figure shows surface tension data recorded on 
this dynamic and non-equilibrium system with respect to our systematic variation of the solution 
age, surface age and sample handling methods.  We will discuss the surface activity of the 
complexes in relation to the evolving bulk solution interaction by relating the surface tension 
values to the aggregation in solution (turbidity) and the adsorbed amount (ellipsometry).  We 
believe that our general findings concerning the pathway-dependent nature of the surface 
properties of a strongly interacting polyelectrolyte/surfactant system may be applicable to a 
range of mixtures containing surfactants and oppositely charged macromolecules, e.g., 
proteins and DNA. 

 

Figure. Surface tension data of Pdadmac/SDS solutions using different sample handling 
methods: fresh-mixed solutions (open blue circles), aged-settled solutions (open red 
diamonds), and aged-redispersed solutions with a short (open green squares) and long (filled 
green squares) surface age. 

1. Tonigold, K.; Varga, I.; Nylander, T.; Campbell, R. A. Langmuir 2009, 25, 4036–4046  

2. Campbell, R. A.; Angus-Smyth, A.; Yanez Arteta, M.; Tonigold, K.; Nylander, T.; Varga, I. J. 
Phys. Chem. Lett. 2010, submitted  

3. Staples, E.; Tucker, I.; Penfold, J.; Warren, N.; Thomas, R. K. Langmuir 2002, 18, 5147–
5153 

4. Bell, C. G.; Breward, C. J. W.; Howell, P. D.; Penfold, J.; Thomas, R. K. Langmuir 2007, 23, 
6042–6052.



OC202 

A New Explanation of the Hydrophobic Effect 

James Beattie1, Alex Djerdjev1, Angus Gray-Weale2 
1University of Sydney, Sydney, NSW, Australia, 2Monash University, Melbourne VIC, Australia 

Our recently published explanation for the preferential adsorption of hydroxide ion at the 
interface of water with hydrophobic surfaces (Gray-Weale & Beattie, PCCP 2009, 11, 10994) 
leads inexorably to a new model of the hydrophobic effect. Hydroxide adsorption arises from 
two effects: the large dielectric decrement of the hydroxide ion and its small size. All 
electrolytes cause a reduction in the dielectric constant (relative permittivity) of their aqueous 
solutions. This arises because the water molecules in the hydration spheres of the ions are less 
able to respond to an applied electric field than are bulk water molecules. These hydration 
water molecules are also less able to engage in dipole moment fluctuation correlations with 
surrounding bulk water molecules. Such fluctuation correlations contribute to the cohesive 
energy of water, dipole-dipole correlations analogous to attractive van der Waals dispersion 
forces. The magnitude of the loss of these favourable interactions can be reduced if the ions 
move close to the surface; fewer bulk water molecules are then affected. Hydroxide ion is 
preferentially adsorbed at low dielectric interfaces because it has a large dielectric decrement 
(21 M-1 for NaOH compared with 16 M-1 for NaCl) and a small size, which allows it to get close 
to the surface and reduce the number of bulk water molecules affected by the absence of 
dipole moment correlations. With just a single adjustable parameter found to be 7 Å for the 
effective radius of the hydroxide ion’s hydration sphere, this simple model could account for the 
pH dependence of the zeta potential of surfactant-free oil-in-water emulsions and the surface 
charge density of ~ 5 µC cm-2. 

The cause of the interfacial affinity of the hydroxide ion is the suppression of dipole moment 
fluctuations of the water molecules in its hydration sphere. An oil droplet has the same effect. 
Within its volume there are no water molecules that can engage in fluctuation correlations with 
surrounding bulk waters. Hence oil droplets are similarly attracted to low-dielectric, hydrophobic 
interfaces. Or in this case, unlike hydroxide ions, they can also coalesce, again reducing the 
number of water molecules adversely affected by the suppression of dipole-dipole correlations. 

To begin to test this model, we have examined the formation of positively charged hexadecane-
in-water emulsions stabilised by the ‘hydrophobic’ salt [n-Bu4N]Br. This salt has a dielectric 
decrement of 26 M-1, but is much larger than the hydroxide ion. Consequently the isoelectric 
point of these emulsions is pH ~6.5. At pH’s lower than this the emulsions are positively 
charged by the adsorption of [n-Bu4N]+, whereas in its absence they would be negatively 
charges down to an iep of pH 2-3 by the adsorption of hydroxide ions. The pH dependence of 
the zeta potential can be qualitatively fit with the same model as used for the hydroxide 
adsorption, with the additional experimental parameters of the dielectric decrement of [n-Bu4N]+  
and the adjustable parameter of 11 Å for its effective hydration radius. 

The hydroxide ion is not considered to be hydrophobic, while [n-Bu4N]+  is. The observation that 
the behaviour of both at the oil/water interface can be described by the same model suggests a 
common explanation. 
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Determining Concentration Depth Profiles in Thin Foam Films with Neutral Impact 
Collision Ion Scattering Spectroscopy 

Gunther Andersson, Christiaan Ridings 

Flinders University, Adelaide, South Australia, Australia 

Understanding the structure and dynamics of foam films is of interest in flotation, producing 
emulsions and in food processing. Self supported foam films are stabilised through the 
adsorption of surfactants at the surface of the foam films. The stability is given by the 
equilibrium of the internal and external pressure 1.  The internal pressure is the sum of 
repulsive electrostatic forces, attractive van-der-Waals forces and steric forces. The van-der-
Waals forces can be described through empirical models based on measurements with the 
surface force apparatus. Describing the electrostatic forces is based on standard models in 
colloid science. 

All three forces depend on the concentration depth profiles of the constituents. However, so far 
concentration depth profiles in foam films at equilibrium could not be measured directly and 
thus have been approximated with models. Here we show how the vacuum based method 
Neutral Impact Collision Ion Scattering Spectroscopy (NICISS) can be used to determine the 
concentration depth profiles directly. 

Concentration depth profiles of the elements in a thin foam film made from a solution of glycerol 
and the cationic surfactant hexadecyltrimethylammonium bromide (C16TAB) were measured. 
The measured concentration depth profiles are used to compare the charge distribution in foam 
films with the charge distribution at the surface of a bulk solution. A greater charge separation 
was observed at the films’ surface compared to the bulk surface which implies a greater 
electrostatic force contribution to the stabilisation of thin foam films. This feature of foam films 
could not yet be derived from the existing models for foam films. 

We have developed a film holder based on the design of those used for TFPB measurements 2. 
The film holder consists of a micro-porous glass disc with a glass capillary fused to one side 
such that the solution is able to flow from the capillary into the disc. Additionally, a small 
aperture (of radius, r = 2 mm) is drilled through the disc. The solution is filled through the 
capillary, upon which it soaks through the disc. When removing the film holder from the 
solution, a foam film is formed over the aperture. In order to reduce the evaporation from the 
film, the film holder is placed in a pressure cell. The pressure cell is designed to hold the film 
holders while reducing the amount of evaporation of solvent from the film holders. 

 

1. V. Bergeron, J. Phys Condens. Matter 11 (1999) R215. 

2. C. Stubenrauch and R. v. Klitzing, J. Phys Condens. Matter (27), R1197 (2003). 
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Carbon nanoparticles dispersion by using fine beads milling with simultaneous surface 
modification 

Hidehiro Kamiya1, Shoichi Masuda1, Miwa Yamazaki1, Yousuke Nomura1, Motoyuki Iijima1, 
Esko Kauppinen2 
1Tokyo University of Agriculture and Technology, Koganei, Tokyo, Japan, 2Aalto University, 
Espoo, Finland 

For the application of carbon nanoparticles and carbon nanomarteials, such as carbon 
nanotube, CNT and carbob black (CB) to various kinds of advanced materials and devices, for 
example, lithium battery, it is necessary to disperse the aggregate structure of each carbon 
nanomaterial. In this paper, the aggregation structure of carbon nanoparticles  was dispersed 
by using agitation fine beads milling with various kinds of surface modification, simultaneously. 
Some kinds of surface modification method, such as surfactant adsorption or Diels-Alder 
surface reaction were applied for the dispersion behavior control of carbon nanoparticles in 
water and organic solvent. Polyethylene imine, PEI, and functionalized PEI with hydrophobic 
groups were prepared by the reaction with o-Toluoyl chloride and were used as surfactant.  If 
the optimum treatment condition was selected, the mean size of carbon aggregate was able to 
be reduced to several ten nm by simultaneous mechanical dispersion and chemical surface 
modification process. 
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From Carbon Black to Photoluminescent Nanoprobes 

Qin Li 
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The development of modern medicine demands effective labeling materials that can be 
ultimately introduced into the human body and assist early-stage disease detection and 
treatment. Amorphous, spherical carbon nanoparticles (2-5 nm) recently have emerged as a 
very promising photoluminescent material that is highly biocompatible and has minimum 
cytotoxicity. Carbon nanoparticles become photoluminescent upon surface passivation with 
oligomeric polymer chains. 

In this contribution, we describe the novel synthesis methods of carbon dots developed in our 
lab, which produces carbon nanoparticles with a narrow size distribution and high quantum 
yield. The dependence of the carbon dots photoluminescent properties on the passivation 
polymer selection has been demonstrated by conjugating polyethylene glycol (PEG) chains, 
polyethylenimine-co-polyethylene glycol-co-polyethylenimine copolymer, and 4-armed PEG 
molecules, respectively. The cytotoxicity and cellular internalisation of the resultant three types 
of photoluminescent nanoformulations of carbon dots, named CD2, CD3 and CD4, were 
evaluated. These nanoformulations exhibited no apparent cytotoxicity on their own and were 
shown to successfully target cancer cells by conjugation with transferrin. The implication to the 
use of carbon dots as biocompatible optical nanoprobes for in vitro cancer diagnostics is 
discussed. 

 

References 
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Highly Aligned and Porous Carbon Nanotube Modified Electrode Surfaces Using CNT 
Webs and Electrospun CNT Membranes 

Mustafa Musameh, Daniela Klink, Yen Truong, Ilias Louis Kyratzis 
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The aim of this work is to design and assess aligned and porous CNT based sensors and 
biosensors using two different methodologies and to evaluate the performance of each for 
different purposes. The first approach relies on using spinnable CNT webs directly drawn from 
the edge of a drawable CNT forest onto a proper support. The second approach relies on using 
electrospun CNT–polymer membranes as a template for the alignment of the CNT. 

 

In the first approach the prototype CNT web electrode was constructed using CPDP CNT 
drawn webs laid down onto alumina strips (3.38 x 1.0 x 0.635 mm) or glass slips (8.5 x 26 x 
0.16 mm) with solvent densification for better adherence to the support.  Sets of six matched 
samples of defined width CNT web layers were prepared simultaneously. Typically 15-30 CNT 
web layers of 8mm width were used for electrode construction. When glassy carbon electrode 
(GCE) was used as the supporting electrode, the CNT webs were transferred onto the GCE 
surface and then densified. The active electrode area was defined by using parafilm or other 
polymeric insulators. 

 

The second approach involved the fabrication of electrospun CNT-polymer membrane modified 
electrodes. The electrodes were prepared using an electrospinning system consisting of a 
pump with a reservoir and spinneret, a high voltage power supply and a collector electrode. 
The CNTs were first sonicated in a polymer blend of PVA and Nafion to produce a stable 
suspension and then electrospun onto the GC collection electrode or the CNT-polymer 
membrane was electrospun separately and then transferred onto the GCE. The electrospun 
CNT-polymer membrane modified electrodes were treated in methanol to increase polymer 
stability. 

 

The CNT webs and the CNT-electrospun membrane electrodes were characterised for degree 
of CNT alignment, porosity, electrical conductance and mechanical stability as well as chemical 
stability in different solvents and conditions. The CNT web electrodes were used for the 
detection of glucose and organophosphate pesticides after modification with enzymes.  They 
showed promising results compared to conventional electrodes. The electrospun CNT-polymer 
membrane electrodes were tested for extraction and detection of metals in water samples and 
appeared to be more efficient compared to unmodified electrodes and to electrodes modified 
with cast films. 

 



OC207 

Demonstrating the Wenzel-to-Cassie transition on textured hydrophobic surfaces: 
selective application for droplet motion control 

Guangming Liu, Fu Lan, Andrei Rode, Vincent Craig 
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Water droplets on rough or textured hydrophobic surfaces are known to exist in two states; one 
in which the droplet is impaled on the surface asperities (Wenzel state) and the other, a 
superhydrophobic state in which air remains trapped beneath the droplet (Cassie state). Here, 
we demonstrate that water droplets can transit from the Wenzel to Cassie state even though 
the former is energetically favored. We find that two distinct superhydrophobic states are 
produced. One is a true Cassie state, whereas the other exhibits superhydrophobicity in the 
absence of a vapour phase being trapped in the surface roughness. Furthermore, we can 
selectively drive the motion of water droplets on tilted structured hydrophobic surfaces by 
exploiting Wenzel-to-Cassie transitions. 
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Parametric Excitation of Capillary Waves: Did Faraday Miss Something? 

Leslie Yeo, James Friend 

Monash University, Clayton, VIC, Australia 

In 1831, Michael Faraday observed that a substrate vibrating at a frequency f induced capillary 
waves on the free surface of a liquid above it that oscillate at a single specific frequency that is 
one-half of the excitation frequency, i.e., f/2.1 The Faraday instability theory has since been a 
cornerstone of wave parametric excitation and many after Faraday, including Benjamin and 
Ursell,2 Eisenmenger,3 and Miles and Henderson,4 have developed elegant linear and weakly 
nonlinear theories for ideal (nearly inviscid) fluids that reduce the system of equations 
governing the evolution of the free surface of the liquid to the Mathieu equation in order to 
describe the specific Faraday observation of the f/2 subharmonic response as well as the Hopf 
bifurcations that appear upon sufficient excitation. More recently, however, using advanced 
measurement techniques to measure the capillary wave vibration, and especially at excitation 
frequencies in the MHz range much higher than that in the Faraday experiment,1 we have 
noticed, possibly for the first time, that the Faraday waves were simply absent, i.e., the capillary 
waves did not simply respond with a single-cascade Faraday wave excitation at the f/2 
subharmonic.5,6 Instead, and, quite incredibly, the capillary waves appeared to undulate via a 
broadband response at 1-100 kHz, which is several orders of magnitude smaller than the MHz 
excitation frequency. In addition, a weak harmonic response at the excitation frequency f was 
also observed, although the relative dominance between the sharp harmonic and the 
broadband subharmonic responses appear to be sensitive to the geometry of the system, in 
particular, the fluid depth compared to the characteristic length scale of a viscous boundary 
layer over which the acoustic energy dissipates.5,6 Whilst harmonic responses, in particular for 
simple piston-like vertical sinusoidal excitation, have been predicted by Kumar,7,8 who extended 
the classical linear theories to allow for a finite liquid viscosity, these do not appear in the 
absence of other subharmonic responses in contrast to our observations. In any case, all of 
these theories, including the classical theories,2-4 fail to predict the low frequency broadband 
subharmonic response observed in our experiments.5,6 More concerningly, however, is that 
these classical theories2-4 appear to have been widely accepted to date without much apparent 
controversy despite the underlying assumption of linearity, which whilst perhaps acceptable 
when examining low amplitude and low frequency excitations, grossly neglects important 
nonlinear effects that could appear as the excitation amplitude and frequency increases. 
Further, recent theories that predict the harmonic response, such as that by Kumar,7,8 have, 
quite loosely, been collectively associated with the original description of the Faraday instability 
despite the fact that these were never observed in Faraday’s original experiment.1 

 

1. M. Faraday. Philos. Trans. R. Soc. London 121, 299-340 (1831). 
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5. A. Qi, L.Y. Yeo & J.R. Friend. Phys. Fluids 20, 074103 (2008). 
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Adsorption of Dispersants at a Polyester Resin-Alkane Interface 
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Understanding the interactions between colloidal particles in non-aqueous media is an 
important problem in many industrial applications, for example in liquid toners. Typically, the 
energy of interaction may be mediated through the adsorption of soft matter such as polymers 
and surfactants at the solid-liquid interface. In many cases, adsorbed polymers or dispersing 
agents act to sterically stabilise the particles and prevent aggregation which would otherwise 
lead to an increase in sedimentation rate or undesirable bulk properties for the given 
application. Whilst much is known about the adsorption of polymers and surfactants onto a 
solid substrate in aqueous conditions, comparatively little has been published when the liquid is 
non-aqueous in nature, despite its particular significance in lubrication applications for materials 
such as composites, inks, paints, cosmetics and magneto- or electro-rheological fluids. 

In non-polar media, low solubility of ions inhibits the formation of an electrical double layer at 
the solid-liquid interface. This suggests that forces of osmotic origin do not significantly 
influence the stability of colloids immersed in non-polar liquids. However, the low dielectric 
means that the forces, whilst weak, decay slowly with increasing surface separation. Repulsive 
forces between particles in non-polar solvents are often promoted through the use of polymeric 
dispersants, which may interact with the surface through ionic attractions or hydrogen bonding. 
Furthermore, poor solubility of the polymer in the solvent can also provide a driving force for 
adsorption. 

In the present study, the adsorption of three different amine functional dispersing agents onto a 
polyester resin surface from non-aqueous solvents is reported, from which a general 
understanding of this industrially relevant system can be established. Two of these dispersants 
can be considered to be “polymer like” whilst the third behaves more like a surfactant. The 
adsorption process was investigated using the Quartz Crystal Microbalance (qcm) which 
provides information on the kinetics as well as the equilibrium surface excess. Furthermore, the 
qcm is able to give qualitative information on the visco-elastic properties of the dispersant layer 
adsorbed at the solid-alkane interface. The influence of dispersant molecular weight and 
architecture as well as the alkane chain length was investigated.  Complimentary techniques 
such as Atomic Force Microscopy (afm) were used to broaden the understanding of such 
systems.  Firstly, the amine dispersing agents were shown to interact with the acid functionality 
of the resin surface.  While interestingly, the mass of adsorbed material is independent of the 
molecular weight of the dispersant, and the repulsive surface forces are within experimental 
error of each other. 
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The Effect of Chain Structure on Solution and Interfacial Properties of Aliphatic Alcohols 
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While the effect of chain length on processes controlled by the hydrophobic effect have 
received considerable attention, little is available to quantify the effect of chain branching on the 
solution and interfacial properties of simple surfactants. We have considered the role of chain 
structure for the adsorption of a set of simple straight and branched chain alcohols, all of the 
same carbon number, on their solubility, on their adsorption at the air-water interface and on 
their partition between n-hexane and water. 

We find that for the branched chain alcohols there is a less negative change in free energy for 
adsorption, transfer or solution processes than the normal (straight chain) alcohols of the same 
number of carbon atoms. 

The standard free energy of solution of the branched alcohols does not show the same trends, 
quantitatively, as the trends found for the adsorption and transfer properties. We examine this 
discrepancy via consideration of molecular area and volume effects and on the modes of 
association of branched chain and straight chain alcohols. 
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Nanostructure of Protic Ionic Liquids and their ability to promote Amphiphile Self 
Assembly 
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It has been established that many ionic liquids (ILs) are nanostructured, with segregation of the 
IL into polar and nonpolar domains 1,2.  Ionic liquid cations usually consist of an ionic and an 
alkyl component which, similar to amphiphile self assembly, drives the segregation.  Typically 
the length scale of this order is around 5 to 15 Å. 

We are specifically interested in the protic ionic liquids (PILs) 3, particularly due to their unusual 
ability to promote the self-assembly of amphiphiles as a non-aqueous media 4.  The majority of 
the ILs whose nanostructure has been investigated are aprotic ILs, with very few studies 
reported on PILs 5-7.  The nanostructure of PILs is anticipated to have a significant effect on 
their ability to dissolve non polar species, their physicochemical properties, and on their 
interactions with amphiphiles, such as supporting the formation of micelles and more 
concentrated liquid crystal phases. 

We have characterised the nanostructure of a series of 20 protic ionic liquids using synchrotron 
small and wide angle X-ray scattering (SWAXS). The protic ionic liquids (PILs) contained 
alkylammonium, dialkylammonium, trialkylammonium and cyclic ammonium cations combined 
with organic or inorganic anions. The presence of hydroxyl and methoxy substituents on the 
alkyl chains of the cations was also explored. Many of the PILs showed a nanostructure 
resulting from segregation of the polar and non polar components of the ionic liquid.  The broad 
range of PILs studied allowed several structure-property relationships to be established which 
will be discussed. These PILs support amphiphile self-assembly, and it was shown that the less 
structured PILs had more “water-like” behaviour in the liquid crystal phase diversity supported, 
and the thermal stability ranges of these phases. 

Cubic mesophases of monoolein and phytantriol have been observed in ethanolammonium 
formate (EOAF) using SAXS. The monoolein cubic mesophase was successfully dispersed in 
EOAF to form nanostructured nanoparticles, and imaged by cryo-transmission electron 
microscopy.8 
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Structural and optical properties of hexagonal arrays of sub-wavelength holes in various 
metallic thin films 

Michael Giersig 

Freie University, Berlin, Germany 

In this talk we will discuss experimental structural and optical properties of hexagonal arrays of 
sub-wavelength holes in optically thin metallic films. Their optical properties are a direct result 
of their structure and make this new class of materials very promising for applications in 
optoelectronics and bio-sensing. In particular, the extraordinary optical transmission (EOT) of 
sub-wavelength hole arrays, which is attributed to the excitation of surface-plasmon polaritons 
(SPP), has been extensively studied for a couple of metals (e.g. noble metals, Al, Cr). In our 
study, meshes with different hole diameters were used and the inter-hole distance was varied. 
The films were characterized by means of optical spectroscopy and atomic force microscopy 
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Polymer gels are often referred to as microgels if their dimensions are in the sub-micron size-
range. Especially interesting are microgels, which show a responsive behavior. For example, 
polymers of N-isopropylacrylamide (poly-NIPAM) undergo a temperature-induced volume 
phase transition at temperatures around 32-33°C. Hence, poly-NIPAM microgels are promising 
candidates for applications like drug delivery and sensor design. 

Recently, inorganic/organic hybrid microgels gained enormous interest due to their unique 
properties. Different morphologies have been presented including core-shell structures, gel 
networks filled with inorganic nanoparticles and gels covered with nanoparticles1,2. For 
applications such as photonic crystals, which require a well-defined structure, core-shell 
particles are the most promising candidates (see fig. 1, left). Within the last years, different 
types of core-shell microgels with just one single nanoparticle core have been presented in the 
literature. 

We report the preparation of core-shell hybrid particles with single gold nanoparticle cores3. 
These particles have interesting optical properties due to the Plasmon resonance of the gold 
cores. Furthermore, because of the low polydispersity of the particles, the presented systems 
show a fascinating crystallization behavior with very sharp diffraction peaks in the visible (see 
fig. 1, right). Above the volume phase transition, the crystals melt and the crystal structure 
completely disappears. 

   

 

Figure 1: Left: SEM image of a colloidal crystal made of Inorganic/Organic hybrid microgels. 
Right: UV-vis spectra of colloidal crystals made from Gold-PNIPAM core-shell particles at 
different volume fractions. The diffraction peak shifts towards lower wavelength with increasing 
volume fraction. 

1. Karg, M.; Hellweg, T. Smart inorganic/organic hybrid microgels: Synthesis and 
characterization. Journal of Materials Chemistry 2009, 19, 8714-8727. 

2. Karg, M.; Hellweg, T. New „smart“ poly(NIPAM) microgels and nanoparticle microgel hybrids: 
Properties and advances in characterization. Current Opinion in Colloid & Interface Science 
2009, 14, 438-450. 

3. Karg, M.; Jaber, S.; Mulvaney P. in preparation. 
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From Nanocrystalline to Bulk – Crystal Growth in Solution Deposited CdTe Films for 
Sintered Solar Cells 

Brandon MacDonald1, Jacek Jasieniak2, Scott Watkins2, Paul Mulvaney1 
1University of Melbourne, Parkville, Victoria, Australia, 2Commonwealth Scientific and Industrial 
Research Organization, Clayton, Victoria, Australia 

Solution-processed nanocrystals represent a promising route to low-cost solar cell technology. 

For high dielectric materials such as PbS and PbSe good solar cell performance in all-inorganic 
systems can be obtained with quantum-confined nanocrystals due to strong electronic coupling 
between crystals1. In contrast, for lower dielectric materials such as CdTe a crystal growth step 
which changes the system from quantum-confined to bulk is a requirement for efficient cell 
performance2. 

In this work we examine the effects of chemical and thermal treatments on crystal growth and 
solar cell performance for CdTe nanocrystal thin-films. The films have been characterized by a 
variety of techniques including: UV-visible absorption, x-ray diffraction, Fourier transform 
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), atomic force microscopy 
(AFM) and scanning electron microscopy. 

Results show that with thermal annealing alone, CdTe films must be heated to temperatures in 
excess of 400⁰C to induce large-scale crystal growth. By exposing the films to a cadmium 
chloride (CdCl2) solution prior to annealing, crystal growth can be greatly enhanced, with large-
scale growth obtained at temperatures as low as 300⁰C. FTIR and TGA analysis reveal that the 
CdCl2 treatment removes the ligands from the nanocrystal surface, eliminating a barrier to 
crystal growth. After both chemical and thermal treatments, the films remain smooth and 
uniform, with virtually no change in rms roughness. Through optimization of treatment 
conditions CdTe/ZnO sintered, nanocrystal solar cells with power conversion efficiencies up to 
7% can be obtained. 

This approach allows for the desirable electronic properties of bulk inorganic semiconductors to 
be combined with the cost-efficiency of solution processing. This study represents a significant 
step toward the realization of high-efficiency nanocrystal based solar cells. 

 

AFM images of an as-cast cast CdTe film (left) and one which has been treated with CdCl2 then 
annealed at 350⁰C (right). 

1. Luther, J.M.; Law, M.; Beard, M.C.; Song, Q.; Reese, M.O.; Ellingson, R.J.; Nozik, A.J. 
Nano. Lett. 2008, 8, 3488-3492 

2. Gur, I.; Fromer, N.A.; Geier, M.L.; Alivisatos, A.P. Science, 2005, 310, 462-465 
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Nanostructured Nanoparticulate Inorganic Contrast Agent for Medical Imaging 

Nicholas M.K. Tse1,2, Danielle F. Kennedy2, Rachel A. Caruso1,2, Calum J. Drummond2 
1PFPC, School of Chemistry, The University of Melbourne, Parkville, Victoria, Australia, 
2CSIRO Materials Science and Engineering, Clayton, Victoria, Australia 

Magnetic resonance imaging (MRI) is a commonly used, non-invasive medical diagnostic tool. 
It is routinely conducted in the presence of contrast agents, which are compounds 
administrated to improve the image contrast of MR scans. Commercially, there are two types of 
contrast agents known as T1 and T2 agents which contain gadolinium or nanosized iron oxide, 
respectively.1 

Current contrast agents are being redeveloped to increase the contrast ability needed to 
unambiguously discern healthy cells from tumour cells. Nanostructured nanoparticles allow 
increased metal loading, increased water exchange and reduced molecular tumbling. All of 
which are strategies to improve the contrast ability of contrast agents.2 

In this study, the use of high-throughput synthesis techniques and synchrotron radiation was 
combined to screen potential candidates for the development of nanostructured gadolinium 
silicates for the use as T1 contrast agents in MRI. 

Small angle X-ray scattering (SAXS) was conducted at the Australian Synchrotron on a variety 
of surfactant and block co-polymer templated gadolinium silicate nanoparticulate materials. It 
was found that by controlling the F127/CTAB ratio of the templating agent, the pore diameter 
can be tailored to a range between 100–116 Ǻ, after the complete removal of the template via 
calcination. The nanoparticles have an Im3m pore packing, which is beneficial for water 
exchange. In addition it was found that the addition of trivalent metal ion, gadolinium, does not 
affect the pore packing and pore diameter. The resulting material is expected to outperform 
commercial contrast agent, Magnevist at 1.5T field.  

 

Figure 2: Phase diagram of pore ordering in 
templated gadolinium silicate 

 

Figure 3: TEM image of nanoparticles 
(scale bar 100 nm) 

 

1. Lin Y. S. et al., The Journal of Physical Chemistry B, 2004, 40, 15608– 15611 

2. Na H.B. and Hyeon T., Journal of Materials Chemistry, 2009, 19, 6267– 6273 
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8nm Cadmium Sulfide - Nanoparticle Interaction with Human Serum Albumin 

Chuan Ang Joo1, John White1, Richard Campbell2, Tich-Lam Nguyen3 
1Australian National University, Canberra, ACT, Australia, 2Institut Laue Langevin, Grenoble, 
France, 3Bio-21 University of Melbourne, Melbourne, Australia 

Combined neutron and X-ray reflectivity observations at the air-water interface show these 
methods to be a very sensitive method of studying of the interaction of nanoparticles with 
human serum albumin (HSA) [1-3]. This interaction may be important in nanotoxicology and, if 
controllable, for nanotherapy. The work reported has tested the feasibility of studying HSA-
cadmium sulfide (CdS) nanoparticle structure and the eventual use of nanoparticle-protein 
binding using the CdS nanoparticle as the test vector. To study cadmium sulfide by neutron 
methods is a great challenge as cadmium has one of the highest neutron absorption cross-
sections. Success with this particle opens up many possibilities. 

In nature, fatted HSA (F-HSA) has up to seven fatty acid ligands attached, and the protein is an 
important means of their transport throughout the body. These "fat" molecules can be almost 
completely removed from the protein producing defatted HSA (DF-HSA). Our recent 
experiments show that additional insight into the interaction will come from taking advantage of 
the existence of these two forms of HSA. They have almost the same crystal structure but 
different binding properties (eg sensitivity to denaturants) [4]. The figures show that contrast 
variation reveals separately the protein and the cadmium sulfide parts of the structure. 

 

(a) Real space neutron scattering length density profiles from 0.215 mg of 1 mg/ml F-HSA 
solution added to progressively more concentrated sols of CdS nanoparticles. (b) Electron 
density profile of 1 mg/ml F-HSA aged 2 hours (A, ) and 5 drops of CdS nanoparticle 
solution spread on A (B, ). 

 

1. Lynch, I.; Cedervall, T.; Lundqvist, M.; Cabaleiro-Lago, C.; Linse, S.; Dawson, K. A., 
The nanoparticle - protein complex as a biological entity; a complex fluids and surface science 
challenge for the 21st century. Adv. Colloid Interface Sci., 2007, 134-35, 167-174. 

2.  Perriman, A. W.; McGillivray, D. J.; White, J. W., Reactions of isolated mono-molecular 
protein films. Soft Matter, 2008, 4 (11), 2192-2198. 

3. Ang, J. C.; Lin, J. M.; Yaron, P. N.; White, J. W., Protein trapping of silica nanoparticles. 
Soft Matter, 2010, 6 (2), 383-390. 

4. Leggio, C.; Galantini, L.; Konarev, P. V.; Pavel, N. V., Urea-Induced Denaturation 
Process on Defatted Human Serum Albumin and in the Presence of Palmitic Acid. Journal of 
Physical Chemistry B, 2009, 113 (37), 12590-12602. 
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Acoustic bubble coalescence behaviour in aqueous electrolyte solutions saturated with 
different gases 

Franz Grieser, Muthupandian Ashokkumar, Adam Brotchie 

University of Melbourne, Parkville, Victoria, Australia 

Acoustic cavitation in water generally involves swarms of bubbles that interact, as well as 
violently implode, an event that leads to sonochemistry. Sonochemical processes are 
increasing being developed, examples include, drug release in therapeutic medicine, initiation 
of polymerisation reactions and materials processing. The control of the spatial distribution and 
the type of cavitation bubbles produced by sound fields are crucial aspects for the efficient use 
of acoustic cavitation in these applications. In order to better understand cavitation bubbles, 
some fundamental characteristics of acoustic bubbles have been measured in aqueous 
solutions over a range of experimental conditions. The effects of applied frequency, acoustic 
power, saturating gas (He, Ar, air), and dissolved salts (NaCl, KCl, and NaNO3) over a range of 
concentrations (0 to 4 M), on the bubble size and coalescence extent, have been studied. 
Collectively the data indicates that gas solubility has a major control on the extent of bubble 
coalescence that in turn regulates the bubble size generated in the system. The significance of 
the results will be discussed with respect to acoustic bubbles and bubble systems, in general. 

 

 

1. Brotchie et al. Langmuir 26, 12690-12695 (2010) 
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Rheology of Stimulus Responsive Biopolymer Microgel Suspensions 

Heather Shewan, Jason Stokes 

The University of Queensland, Brisbane, Queensland, Australia 

Nano and micro hydrogel particles (microgels) are emerging as smart biomaterials for 
pharmaceutical and food products due to their stimulus responsive nature, potential for 
functionalisation and ability to encapsulate and release active species.  In many of these 
emerging applications, microgels are confined to thin films where they interact with bio-surfaces 
and bio-fluids under shear.  The aim of this work is to enable prediction of microgel suspension 
behaviour upon interaction with biological systems.  We seek to determine the structure-
property relationship by characterising rheology under bulk and thin film conditions.   To do this 
a method must be established for characterisation of rheological properties where micro-
confinement occurs. 

The polysaccharide agarose was chosen as a model system as it is biocompatible, neutral and 
has potential for functionalisation.  Microgels were produced following an emulsion-gelation 
route involving a water-in-oil emulsion at 95°C, cooled to form a gel in the aqueous phase 
followed by filtration and separation to obtain monodisperse particles below 20µm in size1.  The 
modulus of the microgel was altered by varying agarose concentration and/or entraining air, 
and suspensions made at a range of microgel concentrations.  As well as standard rheological 
measures of suspension modulus, yield stress and viscosity-stress functions, parallel plates 
were used to measure rheology at narrow gaps using the novel approach suggested by Davies 
and Stokes2. A robust method for determining the effective phase volume of microgel 
suspensions, as a function of dry weight of polymer, has been developed based on dilute 
solution viscosity measurements3. 

The rheological response of microgel suspensions is anticipated to be dependent on the 
particle modulus, phase volume and interaction potential that typically depend on solution 
conditions (e.g. pH).  We show that at low phase volumes (below 50%) microgel particles 
suspended in water behave as hard spheres and suspension behaviour is independent of 
particle modulus (in the range 180 to 600kPa).  The maximum packing fraction (Фm) increases 
as the particle modulus decreases.  Above Фm , suspensions  exhibit solid-like behaviour (G’ > 
G’’) and display an apparent yield stress; these properties show a strong dependence on 
particle modulus that controls the interparticle potential.  At a gap approximately 10 times the 
average particle diameter, confinement leads to solid-like behaviour despite the bulk 
concentration being below Фm.  Future work will also determine how particle 
depletion/adhesion, surface functionalisation and interaction with bio-surfaces and bio-fluids 
affect this behaviour. 

            

1.  Adams, S.; Frith, W. J.; Stokes, J. R., Influence of particle modulus on the rheological 
properties of agar microgel suspensions. Journal of Rheology 2004, 48 (6), 1195-1213. 

2.  Davies, G. A.; Stokes, J. R., Thin film and high shear rheology of multiphase complex fluids. 
Journal of Non-Newtonian Fluid Mechanics 2008, 148 (1-3), 73-87. 

3.  Stokes, J. R., Rheology of Industrially Relevant Microgels. In Microgel Suspensions – 
Fundamentals and Applications, Fernandez-Neives A., Wyss H., Mattson J., Weitz D.A., Eds. 
Wiley-VCH Verlag: 2010. In Press. 
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Immobilization of Enzymes into large p-NIPAM Microgels by Solvent Exchange 

Kornelia Gawlitza, Marcel Richter, Regine von Klitzing 

Technische Univstität Berlin, Institut fuer Chemie, Stranski-Laboratorium f. Physikalische und 
Theoretische Chemie, Berlin, Germany 

In our study, we immobilize enzymes into the polymer network to protect them from 
environmental influences and reach a new biocatalyst after transfer the system into an organic 
solvent. Embedding the enzymes into a polymer gel matrix allows using the biocatalyst in a 
reaction media which is not typical for enzymes. 
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Swelling and Collapse of an Adsorbed pH-Responsive Film-Forming Microgel Measured 
by Optical Reflectometry and QCM 

Shaun Howard2, Vince Craig2, Paul FitzGerald3, Erica Wanless1 
1University of Newcastle, Newcastle, NSW, Australia, 2Australian National University, 
Canberra, ACT, Australia, 3University of Sydney, Sydney, NSW, Australia 

The swelling and deswelling of a pH-responsive electrosterically stabilized poly[2-
(diethylamino)ethylmethacrylate] microgel adsorbed to silica surfaces has been quantified 
using the techniques of Optical Reflectometry (OR) and Quartz Crystal Microbalance (QCM). It 
is shown that by utilizing and comparing OR measurements performed on wafers with differing 
oxide layer thicknesses, that the adsorbed amount and film thickness of the adsorbed microgel 
in both the swollen and deswollen forms can be determined. Also the kinetics of the transition 
can be followed, revealing that collapse is a slower process than swelling and direct support is 
provided for the formation of a dense outer layer or skin during collapse that slows the 
deswelling process. It is shown that the adsorption of this low glass transition temperature film-
forming microgel latex is robust to changes in pH after an initial swelling event which is 
responsible for desorption of a large and variable fraction of the initially adsorbed polymer.  
Subsequent deswelling and swelling of the adsorbed film indicates that adsorption to a surface 
greatly hinders the volumetric swelling capacity of the microgel film. In its swollen state the film 
is only three to four times thicker than the collapsed film, whereas for particles in bulk the 
volume increases by a factor of 20 upon protonation of the tertiary amine residues. QCM 
results show that even in the collapsed form, the film contains a considerable amount of water. 
Further, the viscoelasticity of the deswollen film is similar to that of the swollen film suggesting 
that the degree of cross-linking is the primary determinant of viscoelasticity. 
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An Evaporative Self-Assembly Lithography for Large-Scale Fabrication of Flexible 
Transparent Conductive Film 

Ko Higashitani, Cathy McNamee, Masaki Nakayama 

Kyoto University, Kyoto, Japan 

Demand for the transparent conductive films is growing rapidly for the broad application of flat 
panel displays. The indium tin oxide (ITO) film has been widely used. For the future demands, 
various trials have been carried out actively to develop the substitutive films, but most of them 
are neither performance-effective nor cost-effective for real applications on a large scale. 
Recently, the evaporative lithography using colloidal solutions of nanoparticles was shown to 
be a promising method to make the films on a large scale, if a proper template is found. Here 
we succeeded to make a gridiron pattern network composed of gold nano particles using 
screens as the template, and to make a flexible transparent conductive film of high 
performance by transferring the network on PET film after burning off the stabilizer around 
particles. This is a simple method to produce the highly cost-effective film for real applications. 
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Nanoparticle Transistors : Relation Between Defects and Electron Mobility 

Anthony Morfa, Nicholas Kirkwood, Paul Mulvaney 

University of Melbourne, Parkville, VIC, Australia 

 

Thin-film transistors prepared from nanoparticle inks present a promising approach to creating 
robust devices with tunable opto-electronic properties.  The control over size combined with the 
plethora of materials available make this approach tempting. Zinc Oxide (ZnO) is a widely used 
transistor material with well-known nanoparticle synthesis available. Unfortunately, thin-film 

conduction in films of 
these nanoparticles is 
adversely affected by 
surface and 
crystalline defects. 

 

In the presentation 
described herein, a 
new ZnO synthesis 
will be discussed. The 
advantage of this new 
synthesis is two-fold. 
First, the size and 
defect density can be 
controlled simply with 
temperature. Second, 
there is no need for 
bulky ligands. Optical 
and electron 

transmission 
measurements will be 
presented to 
demonstrate the 
results of this new 
synthesis. 

 

Additionally, the particles prepared with this new synthesis have been cast into thin-films, from 
which transistors have been fabricated. As can be seen from the attached transfer curves, 
threshold voltages can be tuned between -20 V and 45 V, while electron mobility increases 
from 0.0005 to 0.02 cm2 V-1 s-1.  The electronic properties of these devices have been 
measured and the relationship between electron mobility, threshold voltage, defect density and 
particle size has been determined. 
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Novel Mesoporous Materials Formed by Micelle Templating 

Meihua Yu, Pei Yuan, Chengzhong Yu 

The University of Queensland, Brisbane, Queensland, Australia 

Mesoporous materials are assembled by utilizing surfactants as supramolecular templates1 
through a liquid crystal templating (LCT) 2 or cooperative self-assembly (CSA) mechanism3. 
Previously, we reported the synthesis of an unconventional mesoporous material with an fcc 
symmetry and intrinsic bimodal pore distribution templated by a block copolymer (Pluronic 
F108)4. Such a mesostructure was proposed to form by the surfactant/silicate composite 
micelles as "hard spheres" through a hard-sphere packing (HSP) mechanism. Furthermore, the 
composite hard spheres can be isolated and fabricated into ultra-small, well dispersed silica 
hollow spheres with enhanced endocytosis performance5. 

Here we further utilize a series of advanced characterization techniques, including the 
synchrotron small angle X-ray scattering (SAXS) (Figure 1A), electron crystallography (EC) and 
electron tomography (ET) techniques, to determine the unique structure of HSP mesoporous 
material (Figure 1B). Through this comparative and comprehensive case study, the strength 
and limitation of individual techniques has been illustrated, providing useful information for the 
characterization of novel nanostructures in material science. 

We further demonstrate that the micelle templating approach is also applied in ionic 
surfactants. Monodispersed silica particles have been obtained templated by a cationic 
surfactant cetyltrimethyl-ammonium chloride (CTAC) by controlling the aggregation of silica-
coated surfactant micelles. The particle size can be controlled from 40 nm (Figure 1C) to 80 nm 
(Figure 1D) by simply increasing the amount of sodium acetate during the synthesis. Such 
silica nanoparticles may have great potential in bio-applications such as cell imaging and 
controlled release. 

 

Figure 1 (A) Synchrotron SAXS pattern of the calcined HSP mesoporous material; (B) SEM 
images of the HSP mesoporous material displaying top-view of a typical hexagonal prism 
(insert); (C,D) TEM images of calcined  monodispersed silica nanoparticles with a diameter of ∼ 
40 nm and 80 nm respectively. 

References: 

1. Kresge, C. T.; Leonowicz, M. E.; Roth, W. J.; Vartuli, J. C.; Beck, J. S. Nature 1992, 359 
(6397), 710-712. 

2. Attard, G. S.; Glyde, J. C.; Goltner, C. G. Nature 1995, 378 (6555), 366-368. 
3. Monnier, A.; Schuth, F.; Huo, Q.; Kumar, D.; Margolese, D.; Maxwell, R.S.; Stucky, G. D.; 

Krishnamurty, M.; Petroff, P.; Firouzi, A.; Janicke, M.;Chmelka, B. F. Science 1993, 261 
(5126), 1299-1303. 

4. Tang, J. W.; Zhou, X. F.; Zhao, D. Y.; Lu, G. Q.; Zou, J.; Yu, C. Z. J. Am. Chem. Soc. 2007, 
129, 9044-9048. 

5. Zhu, J.; Tang, J. W.; Zhao, L. Z.; Zhou, X. F.; Wang, Y. H.; Yu, C. Z. Small, 2010, 6(2), 
276-282. 
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High throughput electrochemical screening and investigation of the corrosion barrier 
properties of multilayer oxides 

Tim Muster, Avi Bendavid, Angela Bradbury, Svetlana Dligatch, Patrick Hartley, Deborah Lau, 
Tracey Markley, Phil Martin, Adrian Trinchi 

CSIRO Materials Science and Engineering, Clayton, Victoria, Australia 

Synthetic oxide coatings are often added to the surface of metals to provide a barrier to slow 
down corrosive processes.  This work explores the ability of multilayered oxides to create 
improved barriers to mass transport processes based upon the surface charge of the oxides. 

Combinations of four oxides (silica, titania, alumina and magnesia) were deposited by physical 
vapour deposition (PVD) as 200nm thick bilayers onto aluminium electrodes patterned onto 
double glass microscope slides. Each electrode array contained 30 individual electrodes in a 
circular configuration. The array was placed in a custom designed cell along with an electrolyte, 
counter electrode and reference electrode. The array, counter and reference electrodes were 
connected to a Multichannel Microelectrode Analyzer (MMA) containing a built-in potentiostat. 
Barrier properties for each multilayer combination were characterized by simultaneously 
determining the breakdown potential vs saturated calomel electrode during potentiodynamic 
polarization scanning. The large number of experiments performed enabled in-depth 
characterization of the multilayer oxides’ barrier properties and an assessment of the oxide 
surface charge’s ability to influence barrier properties. 

Complimentary characterization of the coatings was achieved using Focussed-Ion Beam 
Scanning Electron Microscopy (FIB-SEM) and the surface charge was assessed by streaming 
potential measurements. The combination of oxides with varying IEPs had a profound effect on 
the breakdown potential. The barrier properties of the deposited multilayers increased where 
the two oxides had greater differences in their respective IEPs.  In all cases where the oxide 
adjacent to the metal (IEP1) exceeded that of the oxide outer layer (IEP2) by greater than four 
pH units, the barrier properties also increased.   Figure 1 shows improved barrier properties 
occurred when oxide layers with high IEP are deposited adjacent to aluminium and low IEP 
oxide layers are exposed to the aqueous environment. 

The results of this study demonstrate the potential advantage of engineering protective 
systems that have a bi-layer with controlled surface charge properties.  This mechanism opens 
up new research opportunities to design coatings for corrosion control, where both oxide-oxide 
and oxide-polymeric bilayers could be utilised to provide barriers against the mass transport of 
both cations and anions. 

                                     

Fig 1. Corrosion barrier performance for FIB-SEM image of multilayer coating different 
multilayer combinations 
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Polyelectrolyte and cation interactions studied by diffusion coefficient measurements by 
NMR pulsed field gradient 

Emily Perkins, Warren Batchelor 

Monash University, Clayton, VIC, Australia 

Introduction: Polyelectrolyte interactions with different cations are of interest within many 
applications including advanced drug delivery systems, cellulosic interactions within paper 
industry and waste water treatment. The aim of this work is to develop an understanding of the 
cation interaction and affinity for cellulose based polymers and polyelectrolytes using NMR 
Pulsed Field Gradient experiments of lithium, sodium and aluminium nuclei. Whilst the potential 
of these experiments is recognised 1, the complexity of short transverse relaxation times and 
particle coagulation often precludes them from general use. 

Methods: NMR pulsed field gradient (PFG) studies will be used to measure the diffusion 
coefficient of a specific cation within both dynamic and static systems. The interaction of the 
cation with a polymer molecule causes a change in the mobility of the ion that will be measured 
with NMR. The advantage of using NMR is the specificity of the technique to observe only the 
selected cationic nuclei, the complexity of the polymer or the need to use deuterated solvents is 
not relevant. 

Results: Preliminary results have shown the diffusion coefficient for aqueous sodium ions can 
be measured and agrees with literature values. No significant change is observed for diffusion 
measured at different ion concentrations. A secondary system of carboxymethyl cellulose 
sodium salt will also been investigated, where further adjustments are required to the 
experiment parameters in order to obtain the signal quality required for accurate diffusion 
measurement. 

Discussion: This work will investigate the experimental challenges faced in looking at aqueous 
cation-polymer systems using NMR PFG. By determining the diffusion coefficient for lithium, 
sodium and aluminium ions in different systems and measuring how the diffusion behaviours 
change as other cations or coagulants are added to the system, greater understanding of such 
interactions could be made. The potential for further investigation of effects of pH, addition of 
alternative cations and temperature may also be investigated. It is hoped that this non-invasive 
technique can be used to identify systemic changes in the mobility of cations based on their 
interaction with polymers within solution. 

 

References 

1. Fogeling, J., M. Kunze, et al. (2010). "Foreign-ion and self-ion diffusion in a crosslinked salt-
in-polyether electrolyte." Physical Chemistry Chemical Physics 12(26): 7148-7161. 
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Growth and Shrinking of Pluronic Micelles in Pluronic-Flurbiprofen Solutions: Variation 
of Concentration and pH 

Shirin Alexander1, Terence Cosgrove1, Stuart Prescott1, Thomas Castle2 

1School of Chemistry, University of Bristol, Bristol, United Kingdom, 2Revolymer Ltd, Dock 
Road, Mostyn, United Kingdom 

Solubility of highly hydrophobic drugs such as flurbiprofen for oral administration has been 
challenging and different strategies have been applied in order to increase the adsorption and 
bioavailability of these drugs. Flurbiprofen is a very effective anti-inflammatory drug which is 
used to treat pain, swelling, and stiffness caused by osteoarthritis and rheumatoid arthritis. 
Flurbiprofen is superior to others in terms of formal symptomatic measures (pain, stiffness and 
swelling), as well as having a high efficacy/tolerance ratio. 

Polyethylene-polypropylene-polyethylene tri-block copolymers have shown significant potential 
as drug carriers, in particular for encapsulation of hydrophobic drugs. Because of the 
hydrophobic character of PPO blocks, multi-molecular micelles form above the critical 
micellisation concentration and critical micellisation temperature. However, the sensitivity of 
micellisation highlights difficulties in predicting aggregation characteristics. A critical issue in 
drug delivery using Pluronic polymers is the control of the aggregates at low concentration. 

In this paper we discuss the use of Pulsed-Field Gradient Stimulated-Echo Nuclear Magnetic 
Resonance (PFGSE-NMR) to study the effect of drug addition and pH variation on micellisation 
behaviour of Pluronics triblock copolymers (P103, P123, and L43). At various flurbiprofen 
concentrations, a substantial increase in the hydrodynamic radius of Pluronic P103 from 6nm to 
15nm (with the highest drug content) was found by PFGNMR. From these data we can also 
know that the addition of flurbiprofen increases the aggregation number, the fraction of polymer 
micellised and fraction of drug interacting with the polymer. These data show that nearly all of 
the flurbiprofen is localised within the polymer micelles as desired for targeting, improved 
solubilisation and controlled release (Figure 1). The pH-triggered behaviour of the Pluronic-
drug solutions was also studied and a strong pH-dependence was observed when raising the 
pH above the pKa of flurbiprofen. In combination with other techniques such as surface 
tensiometry and light scattering, we see from this data that above pH 4.5, the drug is gradually 
released from the micelles, leading to the shrinking of micelles and decreasing micellisation. 
We also see a dependence on the molecular weight of the Pluronics, on the polymer 
concentration and the polymer: drug ratio for using these Pluronic copolymers in possible 
application for drug deliveries.                                                                                                                                     
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Figure 1: Attenuation plots for 5%w/w P103, 0.5% w/w Flurbiprofen in D2O/d6-ethanol.  The 
data was taken from the CH2 resonance at δ ~ 3.6ppm for P103 and the attenuation of the 
Flurbiprofen aromatic group at δ ~ 7.5ppm. 
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Manipulating Plasmonic NanoColloids via DNA 

Wenlong Cheng 

Monash University, Clayton, VIC, Australia 

Plasmonic nanocolloids can serve as key components in future miniaturized all-optical 
computing nanocircuits. In this talk, I will discuss our recent success in fabricating periodic 
plasmonic nanocolloid arrays (superlattices) by using DNA as soft handle. By coupling 
conventional DNA-based approach with a drying-mediated self-assembly process, we obtained 
large-area, high-quality nanocolloid superlattices stable in dehydrated state. Furthermore, we 
developed a simple yet efficient method for patterning these superlattices. Using this method, 
we were able to shape superlattices into versatile nanoscale features by means of micrometer-
sized plastic moulds. In conjunction with a microhole-confinement, we have also created free-
standing superlattice sheets in their ultimate thickness limit. In addition, I will discuss the 
unusual soft crystallization dynamics of DNA-capped nanocolloids by virtue of real-time and in-
situ synchrotron-based small-angle X-ray scattering. Our results have revealed a theoretical 
model that can be applied in general for static and dynamic self-assembly of organically-
capped nanocolloids. 
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Nanostructured Materials from Peptide-Polymer Conjugates 

Sebastien Perrier 

University of Sydney, Sydney, NSW, Australia 

Chemists are remarkably proficient at directing the synthesis of small molecules, but 
fine-tuning the structures of large molecules and assemblies of molecules is far more taxing. 
Despite many years of research, the field of nanomaterial engineering, i.e. the preparation of 
material with strict control at the nanoscale over their size and functionality, has many 
mountainous challenges yet to overcome. Nature, on the other hand, provides endless 
examples of precisely engineered materials, and its main tool is the exploitation of 
supramolecular interactions between molecules. 

Our group has developed techniques of polymerization to generate complex macromolecular 
architectures that assemble in functional materials. The careful engineering of functionality, 
topology and architecture in polymeric chains permits to control their ability to self-organise to 
generate nanoobjects and nanostructured materials. For instance, we have exploited peptide 
chemistry to design peptidic chains that form very well defined nanoobjects via self-assembly, 
and we have conjugated them to synthetic polymers, in order to design new nanostructured 
materials. The control over the peptide chemistry allows us to design nanoparticles, nanotubes 
and nanorods, whilst the control over the synthetic elements provides functionalities to these 
nanoobjects. This lecture will present our latest results in the design of soft nanoparticles, 
polymeric nanotubes and nanorods based on peptide-polymer conjugates (Figure 1), with 
applications in both material science and medicine. 1 

 

  

Examples of soft nanoparticle, nanrods and nanotubes obtained fromt he self assembly of 
peptide-polymer conjugates. 
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UV-triggered Swelling of Microgel Complexes 

Kaizhong Fan, Brian Vincent, Melanie Bradley 
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The interaction between charged microgel particles and amphiphilic molecules leads to high 
levels of adsorption into the particles. We have recently shown that for a series of 
hydrophobically-modified, azobenzene-based amphiphiles that in addition to the electrostatic 
attraction between the quaternary ammonium head groups of the amphiphiles and the anionic 
groups within the microgel particles, hydrophobic association between the chains of the 
amphiphiles within the microgel particles plays a role. 

UV-irradiation of these amphiphiles results in photoisomerization of the azobenzene moiety 
from trans to cis conformation and the critical micelle concentration of the amphiphiles 
increases significantly. This results in weaker hydrophobic interaction between the molecules 
and the microgel particles, characterised by desorption of the amphiphile. We have shown that 
for the Cx 4 and 6 amphiphiles this leads to changes in hydrodynamic diameter of the microgel 
particles in response to UV-irradiation. These events are reversible through visible irradiation or 
thermal relaxation. 
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Engineering pH-Responsive Polyelectrolyte Capsules for Cytosolic Delivery of 
Therapeutics 

Hannah Lomas, Martin van Koeverden, Zhiyuan Zhu, Georgina Such, Angus Johnston, Yan 
Yan, Kang Liang, Frank Caruso 

University of Melbourne, Melbourne, Victoria, Australia 

Multilayered polyelectrolyte capsules are formed via the sequential deposition of a pair of 
polymers on a sacrificial core template. These polymers interact, for example, by hydrogen 
bonding, covalent or electrostatic interactions. Following removal of the core template, stable, 
isolated, hollow capsules are obtained, which can be nano- or micrometer-sized, depending on 
the size of the template. Intracellular delivery studies have proven that these capsules are 
internalized by endocytosis. One of the key challenges regarding the use of such capsules as 
intracellular delivery vehicles is the ability to effectively deliver a therapeutic payload into the 
cell cytosol, via escape from the endocytic pathway and avoiding inevitable colocalization with 
lysosomes, the contents of which are degraded. 

 

The focus of the work to be presented herein is the incorporation of pH-sensitive compartments 
within the carrier capsules, which can be used as a trigger for endosomal escape. These 
compartments are sensitive to the pH change from 7.3 outside the cell to approximately 5.5-6 
within endosomal compartments, and can release their cargo under mildly acidic conditions. 
We present a biocompatible, non-cytotoxic drug carrier that is designed to release a payload in 
response to this change in pH, and can furthermore promote endosomal escape through 
disruption to the morphological integrity of the carrier. 
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α-Helix Unfolding in Simple Shear Flow 

Innocent Bekard1, Kevin Barnham1, Lee White2, Dave Dunstan1 
1University of Melbourne, Parkville, Vic., Australia, 2University of South Australia, Mawson 
Lakes, SA, Australia 

Recent literature reports the presence of an α-helical intermediate in the formation of amyloid 
fibrils from several protein systems. In order to understand this behaviour, the unfolding 
dynamics of the model α-helical peptide poly-L-lysine (α-PLL) in Couette flow has been studied. 
Real-time circular dichroism measurements for a range of molecular weights and shear rates 
have been made. The PLL molecules show a time- and shear rate-dependent unfolding in 

simple shear flow with a critical strain (log [ t
•

γ ]) value of 105. This strain value is found to be 
independent of the chain-length of α-helices. The extent of unfolding, is less pronounced with 
increasing molecular weight (M) for a given strain showing a linear dependence of the 
remaining helix, α, on M: α~M. Furthermore, the helix content α, is found to show a power law 

dependence with strain: α~ (γ
•

t)−1/ 2 . A shear-induced rapid unfolding of short chain α-PLL 
molecules in the flow field occurs. The shear-stability of the larger molecular weights is due to 
the cohesive forces stabilizing the helix combined with the associated hydrodynamic screening 
of helical segments from the full effect of the drag in the flow field. The data is compared with 
recent molecular dynamics simulations of the dynamics of dilute polymer solutions in shear flow 
and scaling arguments are used to interpret the trends in the data. 

Several proteins with high native α-helical content which form amyloid fibrils will also be 
discussed. 

The findings of the work suggest new insight into the folding of polymer molecules on simple 
shear flow and support the finding that helical peptides unfold to form random coils which are 
then susceptible to β-sheet and amyloid fibril formation.  The effect of hydrodynamic forces on 
fibril formation is supported. 
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Identification of Key Properties of Polymeric Precipitation Inhibitors for Use with Poorly 
Water Soluble Drugs to Improve Bioavailability 

Dallas Warren1, Mette Anby2, Hassan Benameur3, Colin Pouton1, Christopher Porter1 
1Medicinal Chemistry and Drug Action, Monash Institute of Pharmaceutical Sciences, Victora, 
Australia, 2Drug Delivery Disposition and Dynamics, Monash Institute of Pharmaceutical 
Sciences, Victoria, Australia, 3Global Pharmaceutical Sciences, Capsugel, Illkirch, France 

Introduction: Polymers are an important component of solid drug dispersions, stabilising drug 
in the amorphous form and improving dissolution / disintegration of the tablet. It has 
subsequently been discovered that the polymers can also assist with inhibiting precipitation of 
poorly water soluble drugs after aqueous dispersion and formation of a supersatured solution. 
We aim to identify the mechanisms by which these polymeric precipitation inhibitors work and 
the key physical properties they require for activity. 

Methods: The solvent quench method (drug dissolved in solvent, then dispersed into an 
aqueous phase) was used to create a super-saturated phase from which precipitation could 
occur and precipitation was monitored in detail using real-time turbidity measurements. 

Results: The precipitation kinetics of the poorly water soluble drug danazol was tested against 
a wide variety of water soluble polymers, including cellulose derivatives, polyvinylpyrrolidones, 
and poly meth(acrylates).  In general, the cellulose-derived polymers were found to be superior 
polymeric precipitation inhibitors, essentially reducing precipitation to negligible proportions 
over the first 1.5 hours. 

Discussion: The presence of some key functional groups were identified as being important 
for inhibition of danazol crystallisation. To date, it has not possible to identify a property that 
can be used to predict how well a polymer from a particular class will inhibit precipitation. 

Time (sec)

0 1000 2000 3000 4000 5000

S
ig

na
l

0

1000

2000

3000

4000

5000

6000

7000

8000

No Polymer

0.1% w/w HPMC E4M

0.001% w/w HPMC E4M

 

 



OC309 

Recognition of protein chain structure and folding 

Stephen Hyde, Yoshinori Nagai 
1Australian National University, Canberra, Australia, 2Kokushikan University, Tokyo, Japan 

In their native state, protein chains fold to form secondary and tertiary domains. A number of 
secondary structural motifs are common to many – though not all -- in folded protein chains, 
such as alpha- (and other) helices, beta-sheets, hairpin bends, etc. Typical length scales for 
these patterns are of the order of a few alpha-C-C bond lengths along the primary chain, 
translating to local domains of dimensions around 10Å. Are there more generic signatures of 
protein folds, and is there a characterisitc length scale at the colloidal level in proteins? 

 

We have adopted a topological approach to this question, via analysis of the “contact network” 
of a number of proteins as a function of cut-off distance, R. The contact number, n(i,R), is the 
number of other alpha-carbon backbone atoms contained within a ball of radius R centred at 
the i-th alpha-carbon, determined using standard structural data extracted from the Protein 
Data Bank. 

 

First, we find that the n(i,R) plotted against i is generally very “noisy”, with rapid fluctuations 
from carbon to carbon. To our surprise, we find that the plot smooths considerably for quite 
large R, typically between 15-20Å. We have quantified this “optimal cut-off” via a estimation of 
the differential- contact map”, which is the the first (discrete) derivative of N(i,R) as a function of 
R. The optimal cut-off is the maximum of this derivative. Plots of the contact map for this 
optimal cut-off reveal oscillations that in many cases map precisely to the “classical” helical and 
sheet domains, revealing intricate details of the interior and surface patches of a folded protein. 
We believe that this legnth scale defines a characterisitc distance in folded proteins, and it is 
rather large, typically larger than usual secondary domain dimensions. Is this the analogues of 
de Gennes’ “blobs”? 

 

Secondly, the differential contact map (with some smoothing) for all proteins studied has a 
characteristic shape, with a single maximum, corresponding to a single length-scale. We think 
this affords an intriguing signature of protein structure. For example, the same analysis for a 
random Gaussian) folded chain exhibits multiple local maxima of the differential contact 
mapconsistent with the absence of a single length scale in these genuinely “order-free” folds. 

 

More generally, we think that this analysis is a useful one to explore “order” at any length scale 
of disordered yet structured materials, from polymer chains to gels. 

 



OC310 

Multifunctional Composite Colloidal Microgels 

Luis M. Liz-Marzán, Isabel Pastoriza-Santos, Jorge Pérez-Juste, Ramón Alvarez-Puebla, 
Rafael Contreras-Cáceres 

Universidade de Vigo, Vigo, Spain 

Nanocomposite particle colloids comprising a metal nanoparticle within a polymer hydrogel 
shell have potential applications in fields such as catalysis, photonics, electronics, optics and 
biomedicine. For these applications, a precise control over the size and shape of the core 
particles are crucial issues. Among the ususal polymer shells, stimuli-responsive materials are 
particularly interesting because of their potential for external switching and manipulation. A 
common example is poly(N-isopropylacrylamide) (pNIPAM), a thermoresponsive polymer that 
undergoes a phase transition from a hydrophilic, water-swollen state to a hydrophobic, globular 
state when heated above its lower critical solution temperature (LCST), at 31-32 ºC in water. 
Addition of co-monomers has been proposed to add responsiveness toward different stimuli 
such as temperature, pH, ionic strength or light. 

We have developed a novel and efficient method to coat CTAB-capped gold nanoparticles with 
pNIPAM, involving initial coating with a thin polystyrene shell and subsequent emulsion 
polymerization of NIPAM monomers on the coated nanoparticles. The resulting core-shell 
structure was conclusively characterized through detailed TEM, AFM and UV-vis spectroscopy 
analysis. A temperature-driven, reversible swelling-deswelling transition was identified in the 
core-shell system, with a transition temperature similar to that of the pure microgel system, 
which can be easily monitored through (reversible) surface plasmon shifts. Further growth of 
the metallic cores within the microgel leads to different morphologies as a function of CTAB 
concentration, which allows tuning the optical response and environmental sensitivity. All these 
results demonstrate the accessibility of the metal cores, which is crucial for applications such 
as catalysis or biosensing. For example, the thermoresponsive behavior of the pNIPAM shell 
has been exploited to capture organic contaminants, which could be readily detected through 
surface enhanced Raman scattering (SERS) assisted by the plasmon resonance of the gold 
core. 

Additionally, we have demonstrated that these particles can become magnetically responsive, 
through in situ reduction of nickel on the surface of the gold cores. The resulting multishell 
system effectively becomes multiresponsive, since it can be addressed magnetically, optically, 
thermally or through other solution parameters. 

 

 

1. Contreras-Cáceres, R.; Karg, M.; Pastoriza-Santos, I.; Pérez-Juste, J.; Pacifico, J.; Hellweg, 
T.; Fernández-Barbero, A.; Liz-Marzán, L.M. Adv. Mater. 2008, 20, 1666. 

2 Álvarez-Puebla, R.A.; Contreras-Cáceres, R.; Pastoriza-Santos, I.; Pérez-Juste, J.; Liz-
Marzán, L.M. Angew. Chem. Int. Ed.2009, 48, 138. 

3 Sánchez-Iglesias, A.; Grzelczak, M.; Rodríguez-González, B.; Guardia-Girós, P.; Pastoriza-
Santos, I.; Pérez-Juste, J.; Prato, M.; Liz-Marzán, L.M. ACS Nano 2009, 3, 3184. 
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Shear Orientation and Elastic Instability of Poly (ethylene oxide)/silica Dispersions 
Probed by Time-resolved Polarized Light Imaging 

Siling Su, Tony Ryan, Patrick Fairclough, Andrew Burgess 
1University of Sheffield, Sheffield, United Kingdom, 2AkzoNobel R.D&I, Wilton, Redcar, United 
Kingdom 

A variety of commercially materials such as coatings, personal care products and 
pharmaceuticals are complex colloidal dispersions. The flow properties of these dispersions are 
critical to product performance. Fluid flow properties of polymer/nano-particle dispersions are 
very sensitive to the presence of deformable polymer-particle superstructures. Therefore, there 
is a fundamental interest in understanding the dynamic of flowing complex fluids. 

  We used poly (ethylene oxide) (PEO) with viscosity-average molecular weights of 6ˣ105, 
1ˣ106 and 2ˣ106 g/mol and silica (SiO2) with a diameter of 17 nm to produce model dispersions. 
The shear orientation and elastic instability of PEO/ SiO2 dispersions were investigated by a 
combinatorial shear-induced polarized light imaging (SIPLI). This instrument built by our lab 
has two advantages.  One is SIPLI could detect the changes of birefringence associated with 
structural state of PEO/ SiO2 dispersions under shear flow via time-resolved measurements. 
The other one is the shear cell is a plate-plate geometry, which means the shear rate increases 
linearly with radius. Thus, it can be used to measure the critical flow conditions responsible for 
the orientation of polymer chains in a single shear experiment. In this study, the effects of PEO 
molecular weight, SiO2 concentration,  the surface chemistry of SiO2 on the shear orientation 
and elastic instability were studied. 

  First, the steady-state shear viscosity as a function of shear rate was measured by TA AR-G2 
rheometer. The results showed that the pure PEO solutions were Newtonian, and the addition 
of silica particles caused the viscosity to increase over the entire range of shear rates. At higher 
particle concentrations, shear-thickening occurred, followed by shear-thinning as the shear rate 
increased. It is well known that rheological property averages over macroscopic changes in the 
sample, while birefringence detects orientational effects on microscopic length scale. The 
analysis of SIPLI indicated showed that when increasing PEO molecular weight, SiO2 
concentration and the shear rate, the intensity of detected birefringence increased. By using 
software ‘Image J’ to do ''slicing'' analysis, the onset shear rate for the orientation of PEO/SiO2 
could be estimated. Moreover, the elastic instabilities were detected by SIPLI. Associated with 
Wi-Re space diagram, we can see, in our study, Re is small, which is far below the inertial 
turbulence (Re>2000), while Wi is relatively large, which means the flow turbulence comes 
from elastic instability. 

  It is well known PEO macromolecules can bind strongly to the surfaces of SiO2 colloidal 
particles due to hydrogen bonding. Due to the size effect, several particles are connected by 
intra-chain bridging of one polymer coil. Under shear, a three-dimensional network develops 
over the system, which results in shear-thickening. As the shear rate increases, the network 
starts to be stretched and aligns along the flow field, which led to shear-thinning and 
birefringence detected. At very high shear rates, the stretched PEO/SiO2 network has very high 
restoring elastic stresses, which induced the elastic instabilities. Surface-modified SiO2 was 
created by using PEG-silane, which prevents long chain PEO to adsorb onto the surface of 
SiO2 particles due to steric effect. No shear-thickening and shear-induced birefringence was 
probed in PEO/surface-modified SiO2 dispersions, which confirmed our hypothesis. 

  In conclusion, time-resolved polarized light imaging technique was used to study the shear 
orientation and elastic instability of poly (ethylene oxide)/silica dispersions. This technique is 
non-invasive, visual, and efficient. 
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Stimuli-responsive nanoparticles at interfaces 

Dayang Wang1,2 
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Due to their unique size-dependent physicochemical behaviour, the use of nanoparticles for 
biomedical application is foreseen as one of the most accessible use in the short-coming 
future. In the complicated biological milieu, there exists not only aqueous blood fluid but also 
numbers of hydrophobic barriers between the blood and tissues; staying in the former requires 
the surfaces of nanoparticles highly hydrophilic but crossing the latter needs the particle 
surface hydrophobic. Therefore, the capability to freely manipulate the surface wettability of 
nanoparticles is of paramount importance for the practical biological use, especially in vivo use. 
Although one can turn the surface of nanoparticles from hydrophobic to hydrophilic or vice 
versa with the aid of surfactants, the surface wettability is usually defined for a given particle, 
either hydrophilic or hydrophobic. The present talk will highlight the recent achievement on 
manipulating the surface wettability of nanoparticles. 

 

By capping nanoparticles with stimuli-responsive polymer brushes, we have generated a new 
wettability on the particles; the particles are able to dissolve in both aqueous and organic media 
without interfacial attachment, which is referred to as amphibious particles.1-2 When such 
nanoparticles are brought into the water/oil biphasic systems, the particles can reversibly 
transfer from one bulk phase to other across the interfaces in response to the environmental 
stimuli, such as ionic strength, temperature, and pH.3 By properly manipulating the surface 
energy, nanoparticles can cross liquid/gel interfaces too.4 The stimuli-responsive surface 
wettability of nanoparticles allows reversible aggregation in biological fluids and matrices, thus 
leading to new, stimuli-responsive, collective properties.5 As a result, stimuli-responsive 
nanoparticles should be of considerable importance for biomedical applications and especially 
for in vivo use for crossing biological barriers. 
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Surface Chemistry of Nanocrystals via Analytical Ultracentrifugation 

Emma Lees1, Tich-Lam Nguyen1, Nicole Taylor2, Matthew Perugini2, Paul Mulvaney1 
1School of Chemistry and Bio21 Institute, The University of Melbourne, Parkville, Victoria, 
Australia, 2Department of Biochemistry and Molecular Biology and Bio21 Institute, The 
University of Melbourne, Parkville, Victoria, Australia 

Ligand-stablised nanoparticles have been extensively studied for their use in a large variety of 
applications such as sensors, biological applications. For most fundamental studies, it is 
desirable to be able to tailor nanoparticle properties by controlling the size the composition of 
the nanoparticle core and the chemical nature of the stabilising ligand shell. The surface 
chemistry of nanostructured materials have been shown to have significant influence on the 
physical properties of the particle cores. Hence, it is important to understand the parameters 
that control solubility and stability of nanoparticles in solution. 

 

Analytical ultracentrifugation (AUC) was used to characterize the size distribution and surface 
chemistry of quantum dots (QDs). We systematically explored the effect of nanocrystals size, 
composition, and surface chemistry on sedimentation rate. By studying a range of different 
systems that isolates each of these variables, we have been able to model their individual 
contribution to the particle’s sedimentation rate. Importantly, this analysis provides quantitative 
estimates of the number of ligands bound to the crystal surface. AUC was found to be sensitive 
to the mass, density, and shape of particles in solution, it is a powerful tool to characterize the 
physical properties of QDs and their complexes. 

 

We have shown that AUC analysis of core CdSe and core/shell CdSe/ZnS QDs yields size 
distributions that are in excellent agreement with those obtained from TEM analysis. 
Furthermore, AUC analysis achieves monolayer resolution of nanocrystal sizes due to the high 
sensitivity of the sedimentation coefficient to particle size. From AUC analysis we were able to 
extract the size of both the nanocrystal and the nanocrystal/ligand complex. The choice of 
surface ligand coating was found to affect the rate of QD sedimentation. This was attributed to 
the contribution of the surface ligands to QD size and density, with larger ligands reducing QD 
sedimentation to the greatest extent. 
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Light Responsive Nanostructured Matrices for Pulsatile Drug Delivery 
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Stimuli-responsive systems may improve drug delivery and therapeutic outcomes by providing 
pulsatile active release. Lipid-based liquid crystal systems (LLCs) are being investigated for this 
purpose as they have thermodynamically stable nanostructures which determine drug release 
rate from the material. Using small angle x-ray scattering (SAXS), we have previously shown 
reversible control over the nanostructure and consequent drug release rates of LLCs. This was 
achieved by ‘switching’ between structures through the use of temperature changes. However, 
for some applications, direct heat is not practical and a non-invasive stimulus, e.g. light, would 
be preferable. In this study, external activation of changes in lipid packing and consequent 
phase changes are induced spiropyran-based dyes incorporated into LLCs which 
photoisomerise to manipulate lipid packing. 

 

The effect of irradiation of LLCs containing a photochromic spiropyran dye and its monolaurate 
derivative were compared. On irradiation with UV light, LLC containing the alkylspiropyran 
derivative induced changes in the nanostructure, whereas the non-alkylated spiropyran did not. 
Spiropyrans isomerise via ionisation and so provides a physical ‘wedge’ in the packing of the 
lipid amphiphiles in the LLC nanostructure. The non-alkylated derivative had little effect on 
structure, and is hypothesised to partition out of the nanostructure on ionization, resulting in 
little disruption to lipid packing. 

 

Photo-activation of the alkylspiropyran derivative resulted in phase changes in LLCs. It is 
anticipated that this approach can be applied to control changes in drug delivery rate from 
LLCs, and hence provide novel, reversible, ‘on-demand’ drug delivery systems. 
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Effect of multiple salts on colloidal stability of pinus radiata wood resins 
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Wood extractives released in the pulping process form colloidal particles which can 
aggregate to produce troublesome deposits in the papermaking process. These deposits cause 
major losses in product and process efficiency along with poor quality.  With increased 
recycling of process water, to reduce water usage, the problem is exacerbated due to higher 
levels of salt and other dissolved material that affect colloidal stability. 

To have a better understanding of the impact of further increased levels of salt on the 
colloidal stability of the wood extractives an ARC Linkage grant is underway to investigate the 
effect on increased water recycling on the problem. Aggregation studies of Pinus radiata wood 
extracts using of a Photometric Dispersion Analyser (PDA 2000) have been undertaken. The 
effect of salt addition and the valency of the cation on the stability of wood extractives were 
investigated and the critical coagulation concentrations (CCC) were determined for a range of 
cations. The CCC values appear to follow Schultz-Hardy rule, with the critical salt coagulation 
concentration (CCC) strongly influenced by salt valency (z) and mostly independent of the type 
of salt (at constant z). On comparison to literature values for northern hemisphere Spruce, the 
southern hemisphere Pinus radiata wood resins appear to be have a higher stability against 
sodium salts ( higher CCC) but are less stable against calcium and aluminium salts.  
Differences in composition between the wood resins can explain this as Pinus radiata has a 
higher concentration of resin acid which contain more carboxylic acid groups thus having a 
greater interaction with the solvent and they also form insoluble calcium and aluminate 
resinates. 

The effect of the addition of multiple salts was also investigated in order to determine if the 
effect of a second salt on the CCC was additive or not.  The change in CCC for calcium and 
aluminium salts in the presence of sodium salt was studied. A nonlinear effect was observed 
which was not explained by DVLO theory and the salts behaving as indifferent electrolytes.  
Restabilisation of the colloids was also observed after the CCC was reached.  The results 
indicate that specific ion adsorption and other solvent effects are also occurring. 

 



OC316 

Viscoelastic Micelles of Nonionic Surfactants in Water and Ionic Liquids 
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We have investigated the formation, structure, and rheological behavior of viscoelastic micelles 
formed by dimers of polyoxyethylene alkyl ether surfactants (nonionic geminis) with various 
alkyl and poly(ethoxy) chain lengths and a hexamethylene spacer, (Cm-2H2m-

3CHCH2(OCH2CH2)nOH)2(CH2)6 (GemmEn) in both water and the ionic liquid, ethylammonium 
nitrate (EAN). Aqueous viscoelastic micellar solutions are usually generated by way of a 
strongly-binding counterion or hydrotrope, which reduces with increasing temperature, and is 
impractical in an ionic liquid. Although worm-like nonionic micelles are well known in water, 
they rarely exhibit viscoelasticity due to the high chain-melting temperatures of the long alkyl 
chains needed. Gemini nonionics have longer effective chain lengths but low chain-melting 
temperatures. 

 

GemmEn surfactants self-assemble into micelles in both solvents, and upon warming some are 
transformed into elongated, worm-like and then branched micelles, before phase separating at 
their cloud point, as demonstrated by combined rheology, optical microscopy, (static and flow) 
small-angle neutron scattering and Cryo-TEM investigations. Unlike ionic systems, here 
viscoelasticity first increases with temperature, and then decreases as the cloud point is 
approached and micelle branching occurs. The temperature ranges at which globular, worm-
like and branched micelles are formed differs significantly between water and EAN, as 
expected from the different solubilities of the alkyl and poly(oxyethylene) moieties. The 
measured structural relaxation times of the semi-dilute micelle networks are longer in water 
than EAN, consistent with lower micelle-breaking activation energy in the ionic liquid. 

 

These systems offer some novel prospects for creating smart rheological fluids with 
controllable temperature-responsive flow behaviour, coupling these to the tunable physical 
properties of ionic liquids. 
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1University of Melbourne, Melbourne, VIC, Australia, 2CSIRO Materials Science and 
Engineering, Melbourne, VIC, Australia 

Recently, there has been significant interest in the nanoengineering of particle surfaces, 
including the preparation of Janus particles—colloidal structures that consist of at least two 
distinct regions with different chemistries. This anisotropic character makes them useful as 
elemental building blocks for supramolecular assemblies, as optical probes, and as solid 
surfactants. They also have potential as drug delivery vehicles and medical imaging contrast 
agents 

 

We present a versatile method for fabricating functional micron and sub-micron sized Janus 
particles using plasma polymerization of a reactive functional monomer to produce chemically 
reactive nanometre scale thin films on particles. Plasma polymerization is a highly flexible 
method for the deposition of functional polymer thin films (i.e. plasma polymers (PP)) on a 
range of substrates. A radio frequency glow discharge (RFGD) was generated in the presence 
of the monomer 1-bromopropane, leading to the toposelective deposition of a bromine-
functionalized plasma polymer (BrPP) on a monolayer of silica microparticles.[1] The Janus 
character of the modified particles was probed by covalently attaching fluorophores using 
orthogonal chemistries. The BrPP is amenable to secondary reactions such as SN2 nucleophilic 
exchange with azides, followed by the copper catalysed azide-alkyne cycloaddition, a widely 
used ‘click’ reaction. Acid etching of the silica template of the modified particles afforded BrPP 
half shell structures, further demonstrating the efficacy of the toposelective deposition of 
plasma polymers. 

Multilayered coated particles (by Layer-by-Layer (LbL) of polymer) were also toposelectively 
modified with BrPP. This afforded polymeric LbL Janus particles and as well as LbL Janus 
capsules after acid etching of the template. Hence, a facile method for the fabrication of 
chemically reactive Janus particles via plasma polymerization is demonstrated. Work is 
currently focused on engineering LbL Janus capsules for possible biomedical applications. 

1. Chen, R.T.; Muir, B.W.; Such, G.K.; Postma, A; McLean K.M.; Caruso, F. Chem. Commun. 
2010, 46, 5121. 
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Plasma Polymerization of Quartz Particles for Water Treatment 

Karyn Jarvis, Peter Majewski 

Mawson Institute, University of South Australia, Mawson Lakes, SA, Australia 

The availability of clean drinking water is of major importance worldwide. Although a number of 
effective and reliable purification methods are available, many of these are energy intensive 
and are only feasible for highly populated areas. In third world countries, disaster zones and 
rural areas, access to the required electricity, personnel and equipment is difficult. Simple and 
cheap decentralized water treatment systems however can be produced to supply clean 
drinking water to these areas on demand. In this project the surface of low cost adsorbents are 
modified using plasma polymerization with the aim to develop an effective decentralized water 
filtration system. An inductively coupled radio frequency plasma reactor was used with a 
rotating barrel chamber to modify the surface of quartz particles. Plasma polymerization was 
undertaken using allylamine as the monomer to produce an amine terminated surface. Amine 
terminated surfaces have high isoelectric points and are therefore predominately positively 
charged in solution, enabling the removal of negatively charged contaminants from water. 

 

Polymerization time, RF power and monomer flow were varied to produce plasma films with 
varying surface chemistries. The influence of the plasma polymerization parameters on surface 
chemistry was determined using XPS. Zeta potentials as a function of plasma polymerization 
parameters were also investigated. Surface amine density was calculated via 4-
nitrobenzaldehyde attachment and hydrolysis. The effectiveness of the various allylamine 
plasma polymerized films for water treatment was initially investigated via humic acid removal. 
Humic acid originates from the biodegradation of organic matter, resulting in undesirable colour 
and taste. Humic acid is negatively charged and was therefore removed from water via the 
positively charged allylamine coated quartz particles. The coated particles were immersed into 
solutions of varying humic acid concentrations. Aliquots were removed at regular time intervals, 
with the humic acid concentration analysed using a UV-Vis spectrophotometer at λ=256 nm. 
Particle mass, solution pH and adsorption time were varied and ascertained the conditions 
required for optimal humic acid removal. Surface characterization and humic acid removal data 
were correlated and indicated the plasma parameters required to produce the most effective 
humic acid removal. Plasma polymerization has demonstrated potential for the modification of 
a low cost adsorbent such as quartz particles for water treatment. Further development of the 
plasma polymerization process and investigation of additional contaminants will aid in the 
development of a low cost decentralized water treatment system. 
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Concentrated Nanoparticle Synthesis in Aqueous Systems 

Rory Anderson1, Robert Eldridge1, Paul Mulvaney1, Richard Buscall2, Peter Scales1 
1University of Melbourne, Parkville, Victoria, Australia, 2Muscat Consulting, Exeter, United 
Kingdom 

The manufacture of metal and metal-salt nanoparticles in water is notoriously difficult under 
concentrated conditions.  Whilst a few examples exist, a generic route to nanoparticle synthesis 
in water has proven elusive.   A significant barrier to our quest for a generic process is a lack of 
suitable molecular stabilisers that are active enough to prevent aggregative growth under the 
high salt conditions typical of concentrated particle synthesis. 

 

Comb polymers of maleic anhydride and methoxypoly(ethylene glycol) acrylate (PEG-MA) were 
trialled and have proved useful stabilisers for the synthesis of a range of nanoparticles in water, 
although it was found that the stabiliser architecture, including the number of repeating units 
and PEG chain length were critical to particle size control and protection against subsequent 
Ostwald ripening.  Functionalisation of the comb molecule through substitution of another 
adsorption group (such as a thiol) through opening of the maleic anhydride ring also proved 
useful in some instances, especially in the synthesis of Au, Pt and Pd nanoparticles. 

 

Ag, Au, Pt, Pd and a range of Ag salt nanoparticle systems have been synthesised at 
concentrations up to 2.5 mol/L.  In many instances, the concentration limit was observed to be 
the solubility limit of the precursor species.  The nucleation rate of particles in these systems 
was generally found to be rapid, with a primary driver of success being the ability of the 
stabiliser to both adsorb in time and with enough strength to prevent aggregative growth.  An 
interesting aside was the noted ability of the stabiliser to reduce the rate of Ostwald ripening, by 
up to four orders of magnitude in some instances.  This in itself was seen as a necessary 
component in the choice of molecular stabiliser since not only particle size and crystal structure 
but shelf storage of these systems is a key indicator of success. 

 

In summary, the research has identified a viable pathway to the aqueous synthesis of a range 
of nanoparticle systems at a high rate and at high concentrations in water.  Although a generic 
stabiliser has not been identified, a class of stabiliser with wide applicability has been shown to 
be useful to the end aim. 
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Functional cubic phase lipid nanoparticle for siRNA delivery 

Guoliang Zhen1, Tracey Hinton2, Mark Tizard2, Ben Muir1, Patrick Hartley1, Thilak Gunatillake1, 
Keith Maclean1 
1CSIRO Material Science and Engingeering, Clayton, Victoria, Australia, 2CSIRO Livestock 
Industries, Geelong,Victoria, Australia 

INTRODUCTION: Self assembling lipid systems have been well characterized and can be 
manipulated to generate cubic phase which have valuable physico-chemical properties with 
biological application. They can be tailored to generate discrete nano-particles in the 100-200 
nm range with high internal surface area and aqueous channels. These benefits make them 
promising nanostructured materials to incorporate a broad range of molecules, such as 
proteins, cell surface receptors, and functional lipids. After insert certain amount of cationic 
lipid, these nanoparticles have potential as carrier system for small interfering ribonucleic acid 
(siRNA), a new drug molecule for which cellular delivery is a major obstacle to adoption. 

 

METHODS: In order to construct a novel vehicle for siRNA delivery, interaction between self-
assembling lipidic nanoparticles and siRNA with incorporation of cationic lipids at varying levels 
was assessed. Two formulations preparation methods were compared. 1. Preformed 
hydrophobic complex of cationic lipid with siRNA first and then formulated with different dose of 
Glycerol monooleate (GMO). 2. Preformed formulations of GMO mixed with varying levels of 
cationic lipids and then mixed with siRNA with different charge ratio to form lipo complex. The 
resulting cubo/lipo siRNA complex were characterized by dynamic light scattering (DLS), zeta-
potential, Synchrotron small angle x-ray scattering (SAXS) and cryo transmission electronic 
microscopy (Cryo-TEM). The cytotoxicity and silencing effect were studied systematically with 
CHO-GFP cell. 

 

RESULTS & DISCUSSIONS: Resulting nanostructured particles were capable of binding 
siRNA and delivering siRNA into the cellular environment to achieve silencing effect. 
Synchrotron SAXS confirmed that the multi-lamellar, inverted hexagonal and cubic phase 
structure appeared in different formulations. Cryo-TEM image revealed the self-assembly 
complex particles structures and these results are generally agreed with the synchrotron SAXS 
data. The complex particles were stable in buffer and OPTIMEM at 37°C with size around 120 
nm to 250 nm. Cytotoxicity levels were similar with standard lipofectamineTM. Silencing effects 
were promising and related to the compositions and structure of those complexes. 
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Fig. 1: (A)Cryo-TEM image of GMO-siRNA complex. Scale bar 100nm. (B) Synchrotron SAX 
shows hexagonal phase of the nanoparticles in A. 

 

CONCLUSIONS: The efficiency of siRNA uptake into these nanostructured complex particles 
and subsequently silencing effect were promissing. Optimized conditions for superior silencing 
effect is under investigated. The results indicate that multi-phase lipidic systems may be useful 
in the development of siRNA drug delivery system. 

 

AA
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Capsosome: Cargo-loaded Liposomes within Polymer Carrier Capsule 

Leticia Hosta-Rigau1, Rona Chandrawati1, Almar Postma2, Brigitte Stadler1, Frank Caruso1 
1Centre for Nanoscience and Nanotechnology, Department of Chemical and Biomolecular 
Engineering, The University of Melbourne, Melbourne, Victoria, Australia, 2CSIRO Molecular 
and Health Technologies, Melbourne, Victoria, Australia 

We report a new platform named capsosomes, based on the incorporation of liposomal 
subcompartments into polymer carrier capsules assembled via the layer-by-layer assembly 
technique. While the liposomes provide protection for encapsulated fragile or small 
hydrophobic and hydrophilic (biological) material, the polymeric capsule provides the structural 
scaffold and its polymer membrane's semi-permeable nature enables the interaction with the 
external milieu.   

We demonstrate the retention of enzymatic cargo within the liposomal subcompartments and 
the performance of a triggered enzymatic reaction upon lysis of the liposomes and we also 
demonstrate that the number of subcompartments within a capsosome can be controlled. 

We investigate the potential of capsosomes to deliver water-insoluble drugs by encapsulating 
two different antitumor compounds into the liposomes, thiocoraline or paclitaxel. The viability of 
lung cancer cells is used to substantiate the cargo concentration-dependent activity of the 
capsosomes. 
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Competition between Dewetting and Layer Inversion in Thin Film Bilayers 

Stuart Thickett, Andrew Harris, Chiara Neto 

The University of Sydney, Sydney, NSW, Australia 

We have studied the dewetting of bilayers of polymer films consisting of poly(4-vinylpyridine) 
(P4VP) on top of polystyrene (PS) as a function of the relative viscosities of the two layers, 
across several orders of magnitude. P4VP readily dewets from a PS surface, but there is also a 
thermodynamic driving force for the two layers to undergo layer inversion. Using optical 
microscopy and atomic force microscopy, we have studied the progression of dewetting, and 
the emergence of surface patterns that are strongly dependent on the viscosity of the two 
layers. Different viscosity ratios led to different and unusual dewetting scenarios. A simple 
model was constructed that allowed the final surface morphology to be predicted based on the 
competition between the rates of dewetting and molecular mobility. The understanding of these 
phenomena provides better control over the resultant surface morphology, which is important in 
many applications requiring surface patterning. 
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Biomimetic Patterned Surface Coatings by Dewetting of Polymer Films for Use in 
Atmospheric Water Capture 

Stuart Thickett, Andrew Harris, Chiara Neto 

The University of Sydney, Sydney, NSW, Australia 

Recently there has been extensive research into biomimetic surface coatings, to obtain 
desirable properties such as superhydrophobicity or adhesiveness. An important area of 
biomimicry focuses on the collection of water directly from the atmosphere, inspired by the 
unique exoskeleton of the Stenocara beetle.1 Its exoskeleton consists of hydrophilic bumps on 
a waxy hydrophobic background, which provides a surface that facilitates significant 
condensation from the atmosphere. There have been numerous attempts to synthetically 
replicate this patterned surface,2-5 to create surface coatings that can be used for localized 
water collection methods, however the creation of these surfaces is complex and often uses 
specialist equipment. 

In this work, we have used for the first time the dewetting of thin polymer films to create 
surfaces with simultaneous topographical and chemical patterning for atmospheric water 
capture studies. These surfaces can be fabricated in a cheap, simple and scalable manner. 
Polymer bilayer films were prepared from materials with very different wettabilities, such as 
poly(4-vinylpyridine) (P4VP, hydrophilic) on top of octadecyltrichlorosilane (OTS, hydrophobic), 
and the resultant patterned surfaces were created by annealing above the glass transition 
temperature of the hydrophilic layer. Due to unfavourable intermolecular forces at the interface 
the top polymeric layer dewets (Fig. 1),6-7 eventually transforming into a series of isolated 
hydrophilic droplets on a hydrophobic background, which is stable upon cooling. The size and 
density of the hydrophilic droplets can be controlled by varying initial parameters such as film 
thickness, polymer molecular weight and annealing conditions, as characterized by optical and 
atomic force microscopy. 

The rate of atmospheric condensation was observed to be more than 50 % greater on the 
patterned surfaces than that for hydrophilic flat films, with no change in the surface dew point. 
The micropatterned surfaces allowed for rapid detachment of water droplets when mounted on 
a tilted substrate. Over three litres of water per square metre per hour were collected 
spontaneously from a humid atmosphere, demonstrating significant promise for localized water 
collection. 

 

Figure 1. Synthetic method to fabricate micropatterned surface coatings via thin film dewetting. 

1. Parker, A. R.; Lawrence, C. R. Nature 2001, 414, 33-34. 
2. Dorrer, C.; Ruehe, J. Langmuir 2008, 24, 6154-6158. 
3. Garrod, R. P. et al. Langmuir 2007, 23, (2), 689-693. 
4. Zhai, L et al. Nano Letters 2006, 6, (6), 1213-1217. 
5. Chen, R. et al. Journal of Physical Chemistry C 2009, 113, (19), 8350-8356. 
6. Neto, C.; Jacobs, K. Physica A 2004, 339, (1-2), 66-71. 
7. Reiter, G. Langmuir 1993, 9, 1344-1351.
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Surface Plasmon Spectroscopy of Single Gold Nanocrystals 
Paul Mulvaney 
University of Melbourne, VIC, Australia 
The spatial confinement of conduction electrons in sub-wavelength structures such as metal 
nanocrystals leads to surface plasmon resonances. The surface plasmon resonance is 
extremely sensitive to the structural details of the crystals, including size, shape and surface 
roughness at the atomic level 1-2. We demonstrate using dark field microscopy 3 that the SP 
resonance can be modulated by altering the electron density of the metal. Using this technique 
we can observe chemical reactions of single gold nanocrystals, including a catalytic cycle 
4.  We discuss hybridization of plasmon modes in dimers and trimers and the importance of 
interparticle spacing on the coupling. 
 

References 

1. Mulvaney, P., et al. Plasmonics, 1, 61-66 (2006). 

2. Novo, C.,  et al.  Nature Nanotech. 3, 598-602 (2008). 

3. Novo, C.,  et al.  Angew. Chemie. Int. Ed., 46, 3517-3520 (2007). 

4. Novo, C., et al.  J. Am. Chem. Soc. 131, 14664-67 (2009). 
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Inorganic/Organic Core-Shell Hybrid Colloids studied by Small Angle Neutron Scattering 

Matthias Karg1, Thomas Hellweg2, Paul Mulvaney1 
1University of Melbourne, Bio21 Institute & School of Chemistry, Melbourne, VIC, Australia, 
2Universität Bielefeld, Physikalische Chemie II, Bielefeld, NRW, Germany 

Inorganic/Organic hybrid materials are of recent interest due to their remarkable properties and 
their possible applications in fields such as drug delivery, sensor design and the preparation of 
photonic crystals1. 

Hybrid microgels with a well-defined core-shell structure were prepared with different core 
materials and core sizes in the nm-range. The organic shell is composed of cross-linked poly-
N-isopropylacrylamide (PNIPAM). Due to the thermoresponsive behavior of PNIPAM, our 
prepared hybrid particles show a response with respect to changes in temperature. This 
interesting feature as well as the particle size in the submicron-range makes them ideal for 
various scattering techniques such as light and neutron scattering2. Whereas dynamic light 
scattering was used to study the overall size of our colloids, small angle neutron scattering 
(SANS) allows to investigate the particle structure on a local scale (see figure 1). Furthermore, 
contrast matching can be used to resolve the form factor of the rather monodisperse inorganic 
cores3. 

 

      

Figure 1: SANS profiles of core-shell hybrid particles with different sized silica cores (70, 100 
and 140 nm in diameter) under full-contrast conditions (left) and under contrast 
matched conditions, where the scattering length density of the solvent is matched to 
the PNIPAM shells. (right). 

1. Karg, M.; Hellweg, T. Smart inorganic/organic hybrid microgels: Synthesis and 
characterization. Journal of Materials Chemistry 2009, 19, 8714-8727. 

2. Karg, M.; Hellweg, T. New „smart“ poly(NIPAM) microgels and nanoparticle microgel hybrids: 
Properties and advances in characterization. Current Opinion in Colloid & Interface Science 
2009, 14, 438-450. 

3. Karg, M.; Wellert, S.; Prevost, S.; Dewhurst D.; Schweins, R.; Pérez-Juste, J.; Liz-Marzán L. 
M.; Hellweg, T. in preparation 
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Understanding the Thermodynamics of Dewetting and Cross-linking in Poly(N-vinyl 
pyrrolidone)/Polystyrene Thin Bi-layer Films 

Andrew Michael Telford1,3, Michael James2, Chiara Neto1 
1The University of Sydney, Sydney, NSW, Australia, 2Australian Nuclear Science and 
Technology Organization, Menai, NSW, Australia, 3CSIRO Future Manufacturing National 
Research Flagship, Clayton, VIC, Australia 

INTRODUCTION 

The dynamics of two separate processes, dewetting and cross-linking of poly(N-vinyl 
pyrrolidone) (PNVP) thin films atop of a polystyrene (PS) thin film, were investigated. PNVP 
thin films spontaneously dewet on PS films when annealed above their glass transition 
temperature, forming holes that grow with the annealing time. The annealing also initiates 
radical cross-linking in PNVP.1 The result is an unconventional process in which the dewetting 
cannot proceed to completion (i.e. coalescence of the holes) because of the formation of a 
cross-linked network in the polymer film. Information for each of the two concomitant processes 
was extrapolated by studying the growth of dewetted holes as a function of time. 

 

METHODS 

PNVP/PS bi-layers (45 nm and 60 nm thick respectively), prepared on silicon wafers by spin 
coating, were annealed on a hot stage at temperatures in the range 160 – 190 °C. The growth 
of the dewetted holes in the PNVP layer was measured during annealing using time-lapse 
optical microscopy. 

 

RESULTS 

The hole growth by dewetting was fitted with a custom model comprising of two separate 
contributions (i.e. dewetting and cross-linking). The rate constants for the dewetting and cross-
linking of PNVP films could be extrapolated, and showed good agreement with what is 
predicted for the two separate phenomena in other types of polymers. Both the dewetting and 
cross-linking processes follow Arrhenuis-type behaviour as a function of temperature. The 
difference between the two rate constants allows for the formation of holes with different sizes 
at different temperatures. The variation of the cross-linking rate coefficient with temperature 
was fitted with the Arrhenius model to evaluate the thermodynamics of the process. 

 

DISCUSSION 

PNVP thin film dewetting and cross-linking on PS were investigated. A model was developed to 
fit the dewetted hole growth with time. Fundamental thermodynamic parameters for each 
process could be obtained, and were in good agreement with the theory. 

 

1. Telford, A. M.; James, M.; Meagher, L.; Neto, C., Thermally Cross-Linked PNVP Films As 
Antifouling Coatings for Biomedical Applications. ACS Applied Materials & Interfaces 2010, 
Accepted. 
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Measurement of Boundary Slip at Polymer Brush Surfaces using Atomic Force 
Microscopy 

Thomas Lee, Philip Attard, Chiara Neto 

The University of Sydney, Sydney, NSW, Australia 

The behaviour of liquids flowing over solid surfaces has generated great interest in recent 
years.1 This is due in part to microfluidic applications that could benefit from precise knowledge 
of liquid flow in confined geometries,2 and new experimental techniques such as atomic force 
microscopy (AFM) capable of probing hydrodynamic forces on microscopic length scales.3 For 
centuries, classical fluid dynamics has relied on the assumption that liquid flowing over a solid 
surface obeys a no-slip boundary condition, such that liquid molecules adjacent to the interface 
are stationary. Recently this assumption has been called into question, with experiments 
suggesting that liquid may slip across the solid at the interface with a non-zero velocity. The 
degree to which this occurs in a given system is characterised by the slip length, as illustrated 
in Figure 1. 

We are investigating the effect on boundary slip of polymers adsorbed to a surface to create a 
polymer brush, shown in Figure 2, such that individual chains stretch out from the surface when 
immersed in a good solvent. The limited freedom of motion available to individual polymer 
chains in the brush can have important consequences for the interaction of the surface with 
fluid flows.4 We use AFM to measure the hydrodynamic force on a colloid probe approaching a 
planar substrate immersed in a viscous liquid, where both probe and substrate surfaces are 
modified by adsorption of a poly(ethylene oxide) brush. The use of soft surfaces such as 
polymer brushes in AFM colloid probe measurements creates challenges in data analysis that 
are not present when hard surfaces are used. Accurate fitting of hydrodynamic force curves 
requires that the initial point of contact can be accurately identified. Determining the point of 
contact is a simple matter for hard surfaces, on which cantilever deflection increases linearly 
after the surfaces come into contact, but less straightforward for soft surfaces that compress 
under the force applied by the AFM cantilever. We are investigating new techniques to model 
the forces upon contact between polymer brushes and identify the point of zero separation, 
allowing more accurate measurement of hydrodynamic forces and slip length. 

 

1. Neto, C.; Evans, D. R.; Bonaccurso, E.; Butt, H. J.; Craig, V. S. J., Rep. Prog. Phys. 2005, 
68 (12), 2859-2897. 

2. Lauga, E.; Brenner, M.; Stone, H., Microfluidics: The No-Slip Boundary Condition. In 
Springer Handbook of Experimental Fluid Mechanics, Tropea, C.; Yarin, A. L.; Foss, J. F., Eds. 
Springer: New York, 2007; pp 1219-1240. 

3. Wang, Y.; Bhushan, B., Soft Matter 2010, 6 (1), 29-66. 

4. Manghi, M.; Schlagberger, X.; Kim, Y.-W.; Netz, R. R., Soft Matter 2006, 2 (8), 653-668. 
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The Origin of the Contact Electrification of Insulators 

Thomas Lee, Peter Harrowell, Chiara Neto 

The University of Sydney, Sydney, NSW, Australia 

The generation of electrostatic charges when two surfaces are rubbed together is known as 
contact electrification, and was first reported by the ancient Greeks 2500 years ago. In modern 
times this phenomenon has become important in a range of commercial and industrial 
processes, including xerography, coal processing,1 and drug delivery.2 It also plays a significant 
role in natural processes such as thundercloud charging and volcanic lightning. Despite this 
long history and wide application, the mechanism behind contact electrification of insulating 
materials remains unknown. Even the nature of the charge carriers involved – whether they are 
ions or electrons (Figure 1) – remains a source of controversy.3 

 

Recently, polymer surfaces have been found to initiate electrochemical reduction of species in 
solution, such as protons and metal cations. It has been proposed that this reactivity is linked to 
the mechanism of insulator contact electrification.4,5 We found that the evidence for such a link 
was lacking, and investigated this further by measuring the effect of depleting a surface of its 
electrochemical activity on the contact electrification of that surface. We observed that the 
contact electrification of poly(methyl methacrylate) (PMMA) can be strongly affected by contact 
with other materials, including Kimwipe® tissue, cotton, and nitrile rubber, as well as chemical 
treatments such as washing with butylamine and water. With these treatments we were able to 
alter both the magnitude and sign of the charge generated on PMMA surfaces. 

 

Figure 1: Schematic representation of the general mechanisms of the contact electrification of 
insulators by ion and electron transfer. 

1. Dwari, R. K.; Rao, K. H., Miner. Eng. 2009, 22 (2), 119-127. 

2. Hoe, S.; Traini, D.; Chan, H.-K.; Young, P. M., Eur. J. of Pharm. Sci. 2009, 38 (2), 88-94. 

3. McCarty, L. S.; Winkleman, A.; Whitesides, G. M., J. Am. Chem. Soc. 2007, 129 (13), 4075-
4088. 

4. Liu, C.; Bard, A. J., Nat. Mater. 2008, 7 (6), 505-509. 

5. Liu, C.; Bard, A. J., J. Am. Chem. Soc. 2009, 131 (18), 6397-6401. 
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Understanding Globular Protein Structural Rearrangement at Oil-water Interfaces 
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Bonnie Wallace3, Marie-Isabel Aguilar1, Tim Wooster2 
1Department of Biochemistry and Molecular Biology, Monash University, Melbourne, VIC, 
Australia, 2CSIRO Food and Nutritional Sciences, Werribee, VIC, Australia, 3Department of 
Crystallography, Birkbeck College, University of London, London, United Kingdom, 4Health 
Innovations Research Institute, School of Medical Sciences, RMIT University, Bundoora, VIC, 
Australia 

Understanding protein structure at interfaces is of fundamental interest both from a biological 
(eg. membrane proteins) and an industrial (eg. consumer product) perspective. Specifically, the 
structure of protein at oil-water interfaces plays an important role in determining the stability 
and functionality of colloidal systems. However, the measurement of protein conformation at 
interfaces has been a challenge due to the high turbidity that arises from the colloidal droplets. 
The development of synchrotron radiation circular dichroism (SRCD), with its high photon flux, 
has the potential to enable measurement of protein conformation in turbid samples. In this 
study we have used SRCD to measure protein conformation in situ at interfaces in a colloidal 
system. We have shown that the adsorption to emulsion interfaces influences the conformation 
of globular proteins and the conformational rearrangement depends on the hydrophobicity of 
the oil phase. Moreover, we have observed structural stability of the adsorbed protein at the 
interface against thermal denaturation.1 We have also investigated the geometric dimension of 
the globular protein adsorbed at a planar oil-water interface using the surface sensing dual 
polarization interferometry technique, revealing unique information on the thickness and density 
of the protein interfacial layer. Overall, this study has demonstrated the interface-mediated 
protein denaturation from a globular structure into a thin, dense interfacial layer with enlarged 
surface area. This work has provided further insight into the structural properties of proteins 
adsorbed at the oil-water interface and established new approaches for further study on protein 
interfacial behavior. 

 

1. Zhai, J.; Miles, A.J.; Pattenden, L.K.; Lee, T.; Augustin, M.A.; Wallace, B.A.; Aguilar, M.I.; 
Wooster, T.J. Biomacromolecules, 2010, 11, 2136-2142. 
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Novel Colloidal Delivery System Of Natural Polyphenol Using Food Biopolymer As A 
Carrier Material 

Ashok Patel1, Yingchun Hu2, Jyoti Tiwari3, Velikov Krassimir1 
1Unilever R&D, Vlaardingen, Netherlands, 2Unilever R&D, Shanghai, China, 3Unilever R&D, 
Bangalore, India 

 

Food protein zein obtained from maize was used as a carrier material to develop novel zein–
curcumin composite colloidal particles using an antisolvent precipitation method. The average 
particle size could be controlled down to 100–150 nm, depending on the solvent system and 
the ratio of zein and curcumin used in the synthesis. In all cases, spherical particles were 
obtained, as confirmed by transmission electron microscopy. Depending on the preparation 
conditions, curcumin load and encapsulation efficiency varied from 1.6 to 4.1% and 71.1 to 
86.8%, respectively. Solid state characterization by differential scanning calorimetry and X-ray 
diffraction indicated the amorphous nature of entrapped curcumin. An UV irradiation study 
confirmed enhanced photostability of curcumin due to the entrapment of curcumin in the 
biopolymeric matrix. The particles were also found to have good colloidal stability at a broad 
range of physiologically relevant pH (1.2, 4.5, 6.7 and 7.4) and in simulated gastro-intestinal 
conditions. Results from an in vitro mucoadhesion study showed retention of more than 60% 
curcumin for 150 minutes. The mucoadhesion property was further confirmed from a mucin 
association study carried out on Caco-2 cells. 

 

 

 

Representative picture of colloidal dispersions prepared using various zein: curcumin (Z: C) 
ratios in the stock solution of 80: 20 v/v ethanol: water. (Starting from left: pure curcumin; 1: 1; 
2: 1; 4: 1; 5: 1; 10: 1; 25: 1; 50: 1 and pure zein.) 
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Hindered Colloidal Diffusion near a Planar Wall – a Simulation Study 

Hongfei Fang, Moses Tade, Qin Li 

Curtin University, Perth, Australia 

 

The diffusion of a spherical colloidal particle suspended in aqueous solution near a planar 
wall was studied by an explicit numerical scheme which takes into account the stochastic 
Brownian force, asymmetric hydrodynamic effect, DLVO forces and hydration force. The 
analysis on colloidal self diffusion coefficient was extended to the very close separation 
distance (less than 100 nm) between the particle and  the planar wall. The effects of the 
charging condition and particle size on the hindered colloidal diffusion in confinement have 
been scrutinised. Expressions for the diffusion coefficients were derived as explicit functions of 
the distance between the particle and the wall, where the effects of different interaction forces, 
charging conditions and particle size were compared. The mobility of charged particles was 
found to be larger than that of non-charged particle, due to the DLVO forces between charged 
surfaces (with the same sign). When the particle moved very close to planar wall (less than 100 
nm), the asymmetry effect of particle diffusion between perpendicular and parallel directions 
became more obvious and the mean square displacement perpendicular to the wall increases 
exponentially with second power for charged system. 
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Tunable 2D Array Patterning of Antibody Annuli through Microsphere Templating 
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Protein microarrays are of great research interest because of their potential application as 
biosensors for high throughput protein and pathogen screening technologies. In this active 
area, there is a lack of techniques that can result in annulus-shaped protein structures (e.g., for 
the utilization of curved surfaces for enhanced protein-protein interactions and the detection of 
antigens). 

 

We present a new technique employing colloidal templating to yield large-scale (~cm2) 2D 
arrays of antibodies against Escherichia coli K12 and enhanced green fluorescent protein 
(eGFP) on a versatile glass surface. The antibodies are swept to reside around the templating 
microspheres during solution drying and physically adsorb onto the glass. The removal of the 
microspheres results in an array of annulus-shaped antibody structures. We demonstrate the 
preserved antibody structure and functionality by binding the specific antigens and secondary 
antibodies, respectively, which paves the way for the binding of biomolecules and pathogens 
such as bacteria and viruses. In this talk, we will also show the improved detection capability of 
the structured bio-recognition surface towards a specific bacterium from a crude mixture 
solution. 

 

 

A) Schematic illustration of drying lithography for antibodies around microparticles. B) 
Fluorescent antibody annuli (Scale bar: 20 µm). C) 3D AFM image of corresponding single 
antibody annuli. 

 

 

References 

1. C. Wolf, Q. Li, Langmuir, 2010, 26, 12068. 

2. C. Wolf, J, Dorn, Q. Li, E.-K. Sinner, in submission, 2010. 

3. I.U. Vakarelski, D.Y.C. Chan, T. Nonoguchi, H. Shinto, K. Higashitani, Phys. Rev. Lett. 2009, 
102, 058303. 

 



PP009 

Phase and Rheological Behavior of Long Polyoxyethylene Chain 
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Suraj Sharma1,2, Masahiko Abe2,3 
1School of Chemistry, The University of Sydney, Sydney, NSW 2006, Australia, 2Department of 
Pure and Applied Chemistry, Faculty of Science and Technology, Tokyo University of Science, 
Yamazaki, Noda, Chiba 278-8510, Japan, 3Institute of Colloid and Interface Science, Tokyo 
University of Science, 1-3 Kagurazaka, Shinjuku, Tokyo 162-8601, Japan 

The formation and properties of viscoelastic wormlike micelles in nonionic surfactant 
systems are getting more popularity in practical applications, where increase in viscoelastic 
properties is often required without adding salt. Polyoxyethylene phytosterol surfactants are 
composed of sterol as hydrophobic part and polyoxyethylene chain as the hydrophilic part. 
They possess low toxicity and biocompatible properties that make them suitable for use as 
emulsifiers in many cosmetic and pharmaceutical formulations [1]. Although there are plenty of 
studies on the rheological behavior of viscoelastic wormlike micelles of mixed nonionic 
surfactant systems [2, 3], the effect of cosurfactant on the formation and properties of wormlike 
micelles of nonionic surfactant with a very big headgroup still remains to be completely 
clarified. In this context, we have studied the formation, structure, and rheological behavoir of 
viscoelastic wormlike micelles in the mixed system of long polyoxyethylene chain phytosterol 
(PhyEO30) and polyoxyethylene dodecyl ether (C12EOn, n = 3 and 4) surfactants in water by 
phase behavior and rheometry. Addition of C12EOn to the aqueous solution of PhyEO30 in a 
dilute region increases the viscosity by several orders and forms viscoelastic micellar solution 
of entangled wormlike micelles showing the Maxwellian behavior at low shear frequencies. 
With successive addition of C12EOn, ultimately a phase separation occurs with the formation of 
turbid solution of vesicular dispersion coexisting with the micellar phase. A rapid micellar 
growth has been observed when C12EO3 replaces the C12EO4. However, no viscosity maximum 
is seen with the C12EO3 system, the viscosity increases continuously until phase separation. 
Incorporation of a cosurfactant into surfactant micelles reduces the effective area per molecule 
as, which results in a decrease in the interfacial curvature of the aggregate, thus leading to 
micellar growth. 
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Nano-patterning of Proteins for Bio-sensing Applications using Block Copolymer Thin 
Films 
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Forming nano-scaled arrays and attaching single biomolecules at defined positions on a 
substrate with precise spatial control is a critical issue in the field of biotechnology. By utilising 
nano-scaled patterns that lead to discrete regions of protein patterning, a high density and 
variety of detector biomolecules can be adsorbed, allowing for multiplexed arrays and 
increasing the differentiation ability of a biosensor using smaller sample sizes.1 In this work, we 
utilised the self-assembly of block copolymers (BCP) in thin films to create nano-patterning for 
subsequent protein adhesion. 

We have prepared thin films of poly(methyl methacrylate-b-n-butyl acrylate) (PMMA-PBA) and 
induced microphase separation in these films, in order to create surface patterns for protein 
adsorption.2-4 PMMA and PBA have different protein affinities (~30% less IgG adsorbed onto a 
PBA film than onto a PMMA film). Having shown that preferential adsorption was possible, IgG 
adsorption was performed on two different volume fractions of PMMA-PBA block copolymers 
(60% PBA and 79% PBA respectively). AFM characterisation showed that there was a 
preference for IgG to adsorb onto the PMMA regions in the 60% PBA block copolymer (Figure 
1), while there was a strong preference for IgG to adsorb onto the PMMA regions in the 79% 
PBA block copolymer, albeit at a very low density. 

We attributed this difference in adsorption 
preference to the domain shape and sizes as the 
60% PBA formed cylinders of PMMA within a 
matrix of PBA while the 79% PBA formed PMMA 
spheres, of a similar diameter to one IgG molecule, 
in a matrix of PBA. Increasing the IgG 
concentration on the 79% PBA led to the formation 
of strand-like structures possibly caused by protein 
aggregation. While further investigation on the 
adsorption conditions for maximum adsorption of 
viable proteins will be performed, this novel BCP 
system can potentially be used in biosensors. 
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Figure 1: IgG proteins (red arrows) adsorbed 
on PMMA cylinders in the 60% PBA block 
copolymer 
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Studies On Solvophobic Interactions And Micelle Formation In Non – Aqueous Solvents. 
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Micelle formation of various surfactants, such as sodium caprylate (Na-cap.), sodium laurate 
(Na-L) , sodium palmitate ( Na.Palm.), and sodium stearate (Na-S), has been studied in organic 
solvents of various dielectric constants and intermolecular  capability , viz . molten acetamide, 
N-methyl acetamide (NMA) ,N,N- dimthyl acetamide (DMA), formaide (FA) , N- methyl 
formaimde (NMF) and N,N – dimethyl for maide (DMF) at different temperatures by electrical 
conductivity , and surface tension methods. 

Both methods show that micelles are formed in acetamide, NMA , DMA, FA, NMF and DMF.  
The thermodynamic parameters such as Gibbs energy changes, enthalpies and entropies of 
micelle formation have been determined by studying the variation of critical micelle 
concentration (C.M.C) with temperature. 

Micelle formation in these solvents has been explained on the basis of several factors such as 
dielectric constant of the medium, its intermolecular H- bonding capability including solvophobic 
interactions .  A systematic attempt has also been made to study the effect of alcohol of varying 
polarities on the micelle formation of Na-cap , Na-L , Na-Palm and Na-S in above mentioned 
Non – aqueous solvents.  The various aspects of interaction of these surfactants in Non-
aqueous solvents in the presence of alcohol of various chain lengths are discussed . 
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Controlling the growth-collapse mechanism of mesostructured PEI/CTAB films 

Richard Campbell1, Karen Edler2 
1Institut Laue-Langevin, Grenoble, France, 2Bath University, Bath, United Kingdom 

The system poly(ethylene imine)/cetyltrimethylammonium bromide (PEI/CTAB) is an unusual 
aqueous polymer/surfactant mixture, as the components are strongly associating without 
electrostatic attraction being interaction driving force.1  This system has provoked a lot of 
interest over the last few years because thick, mesostructured films form at the air/water 
interface.2  It has been suggested recently that the films are produced as a result of phase 
separation from the bulk solution driven by an evaporative steady state at the water surface.3 

We have carried out a study to understand the self-assembly mechanism at the surface based 
on ellipsometry measurements.  We show that the characteristics of the films can be tuned by 
changing the solution conditions.  For example, PEI with a high molecular weight (750 kDa) 
forms two types of films with CTAB.  Below the critical micelle concentration (cmc) of the 
surfactant, the films are stable, around 20-40 nm thick, and exhibit lateral inhomogeneity on the 
micron-scale.  Yet above the cmc, a striking growth-collapse sequence is observed (fig. 1) 
where the maximum thickness and timing of the collapse are both clearly linked to the amount 
of polymer in the bulk phase. 

Complementary neutron reflectivity measurements recorded on the new instrument FIGARO at 
Institut Laue-Langevin (fig. 2) have shown that we can relate the mesostructured nature of the 
film to the observed changes in surface excess.  We have also recorded Brewster angle 
microscopy measurements on the different film states to assess the lateral film structure.  We 
intend to apply this combined methodology to a range of related systems in the future to link 
the structural properties of the surface its evolution.  This newly-discovered interfacial 
mechanism will be discussed in the talk, along with comparisons to different strongly interacting 
polymer/surfactant systems. 

                   
Figure 1 (left).  Data from time-resolved ellipsometry measurements of PEI/CTAB 
solutions where cCTAB = 1 mM & cPEI is shown in the inset.  Out-of-phase oscillations in 
the optical parameters were modelled to extract the substantial adsorbed amounts.  
Figure 2 (right).  Neutron reflectivity profiles of 0.05% PEI/1 mM CTAB solution (cf. navy 
blue data from fig. 1). 
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Tuning the Surface Chemistry of Poly(N-vinyl pyrrolidone) Films 

Sarah Dodds 

University of Melbourne, Melbourne, Australia 

Nanoparticle based drug delivery systems are currently generating a great deal of research 
interest. The benefits of such systems include the improvement of efficacy through targeting 
drugs to particular sites and the protection of drug cargo. A prerequisite of intravenously 
administered, targeted particles is their ability to circulate in the blood long enough for the 
payload to reach the desired site. This capability is dependent on a great number of factors 
including particle size, shape, flexibility and surface chemistry. This work looks at manipulating 
the surface chemistry of Poly(N-vinyl pyrrolidone) (PVPON) films to reduce blood plasma 
protein adsorption. Click-chemistry stabilised PVPON Layer-by-Layer (LbL) films on spherical 
silica templates show low-fouling properties in the presence of certain proteins when compared 
to films terminating in either positively or negatively charged polymers.1 In vivo however, this 
low-fouling behaviour has proved to be insufficient to maintain PVPON LbL capsule levels in 
blood for the desired length of time. Modifications are therefore necessary to prevent the 
adsorption of blood proteins to particle surfaces and ultimately evade clearance mechanisms. 
This work looks at manipulating PVPON LbL film surface chemistry using click group modified 
functional molecules such as poly(ethylene glycol) (PEG), with a view to increasing 
hydrophilicity. Quartz Crystal Microgravity (QCM) was used to study the relative degree of 
functionalisation with a range of azide-modified groups. Following functionalisation the amount 
of blood serum protein adsorbed by each surface was investigated and promising 
improvements in binding is shown. This planar study is extended to functionalised PVPON LbL 
capsules which are analysed both in blood serum and in white blood cell uptake assays where 
encouraging improvements have been observed. 
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Site-Specific Interaction in Polymer Adhesion 
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We investigate the nature and the role of hydrogen bonding in polymer adhesion at the solid-
liquid interface using single molecule atomic force microscopy (AFM). Highly Oriented Pyrolytic 
Graphite was used as a substrate, onto which we chemically graft hydroxyl (-OH) and amino (-
NH) groups using radio frequency plasma treatment under the atmosphere of water (for 
hydroxylation) or anhydrous ammonia (for amination). Several analytical techniques have been 
used to characterise and confirm the presence of the grafted surface groups, namely; Contact 
Angle Measurement, X-ray Photoelectron Spectroscopy (XPS), Zeta potential measurement 
and Raman Spectroscopy. 

 

To investigate the hydrogen bonding interaction, we have chosen Poly (ethylene oxide) (PEO) 
and Poly(vinyl alcohol) (PVA) as our model polymers for their complementary structures. The 
polymer is allowed to adsorb freely from a dilute aqueous polymer solution onto the chemically 
modified graphite surface. We then use an AFM to extend polymer loops from the graphite 
surface. In good solvent conditions, polymer extension force-separation curves typically show 
secondary adhesion events corresponding to the extraction and extension of polymer chains 
from a surface-adsorbed polymer layer 1-2. In our experiments, however, we observed series of 
step-like force plateaux in the force-separation curves, which clearly indicate that the polymers 
lie flat on the surface even in good solvent conditions, provided that surface coverage is very 
low. 

 

In comparing the measured hydrogen bonding energy between PEO and different 
functionalised systems, we are able to show the AFM technique employed to be sensitive to 
the type of polymer-surface hydrogen bonding. Together with the complementary system, PVA 
on untreated graphite, we can isolate the contribution of hydrogen bonding from the overall 
interaction energy measured which would include other interactions such as dispersion 
interactions. 

 

This work has opened up a number of opportunities to investigate hydrogen bonding 
interactions in various more complex systems ranging from polymer networks to biological 
macromolecules. 
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Hydration Studies of Metal Oxide Surfaces by in situ Infrared Spectroscopy 

Jan Scholz, A. James McQuillan 

University of Otago, Dunedin, New Zealand 

The interfacial properties of hydrated metal oxide surfaces are of widespread significance with 
implications for geological and biological contexts. Technologically, metal oxides such as TiO2 
and WO3 are potential candidates for the commercialisation of the water gas shift reaction 1 and 
the reduction of CO2 2, respectively. Here, lateral interactions of adsorbed water molecules are 
believed to promote charge transfer processes. Yet little is known about the arrangement of the 
interfacial water molecules at these catalytically active surfaces and the nature of interim 
species formed under working conditions. 

For most metal oxides the presence of aquo and hydroxo surface functional groups is expected 
over a wide pH-range 3. Hydrogen bonding occurs between these surface functional groups 
and with subsequent layers of interfacial water molecules. The preferential orientation of 
interfacial water molecules may be influenced by absorbed counterions. Over recent years we 
have applied internal reflection infrared spectroscopy to explore the interaction of water and 
surface functional groups at various metal oxide materials such as TiO2, ZrO2 and Al2O3. Most 
recently we demonstrated for a [Zr4(OH)8(H2O)16]8+ cluster cation exemplarily, that the 
rearrangement of hydrogen-bonded water molecules can be examined in situ by IR 
spectroscopy 4. Careful analysis of the water bending mode of involved H+(H2O)n entities (see 
figure) and their shared proton motions allows insights into proton reallocation processes 4. 

                         

In this work, we will present in situ infrared spectroscopic data for the thermal dehydration (25-
90 ºC) of hydrated thin films of TiO2, ZrO2 and WO3. Further, humidity-controlled rehydration 
studies at 45, 55 and 73 ºC with H2O and D2O will be discussed. This study will contribute to an 
understanding of the behaviour of water molecules at hydrated metal oxide interfaces. 
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Mesophase Nanoparticles for the Delivery of MRI Contrast Agents 
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Polar lipids such as glycerol monooleate and phytantriol when mixed with excess water form 
bicontinuous cubic phases or hexagonal phases depending on the temperature 1. These 
mesophases can be emulsified to produce stable dispersions of nanoparticles mesophase. 
These nanoparticules display good stability in buffer, low cytotoxicity in cell based assays and 
suitable pharmacokinetic behaviour in animal tests which make them potentially useful as 
carriers of MRI contrast agents. 

Colloidal superparamagnetic iron oxide nanoparticles (SPIONs) possess unique magnetic 
properties and their ability to shorten the effective transverse relaxation time (T2) during 
magnetic resonance imaging (MRI) makes them excellent contrast agents 3. Their 
biocompatibility and ease of synthesis have made them an attractive choice in the clinic 4 
however there are issues in terms of their suboptimal biodistribution, poor blood half life which 
limits the ‘imaging window’ and they tend to show very slow clearance from the body. On the 
other hand, gadolinium based complexes are excellent positive contrast agents due to their 
ability to change the longitudinal relaxation time (T1) but there are growing concerns due to 
their side effects.. In this context we investigated the application of lyotropic liquid crystalline 
mesophase as a delivery vehicle for the SPIONs and also for a non-gadolinium based T1 
contrast agent. 

In this work we report the preparation of mesophase nanoparticles loaded with T2 and T1 
agents, their characterization, High Throughput relaxivity measurements and in vivo tests. 
Excellent contrast enhancement in rat kidneys and liver was observed after intravenous 
injection of the mesophase nanoparticles. Results indicate that the mesophase nanoparticles 
are rapidly taken to the renal system making them useful for contrast enhancement of these 
organs [Fig 2]. 

These results demonstrate that mesophase nanoparticles loaded with SPIONs as well as the 
non-gadolinium T1 agent are potentially suitable as MRI contrast agents. 
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Characterisation of Aggregate Structure by Fractal Dimensions, and associated 
Uncertainties 
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It has become conventional to employ a fractal dimension (Df) to describe aggregate structure.  
Formally this is limited by finite-size constraints, but in practice Df ought to provide a useful 
summary of the arrangement of primary particles within aggregates with self-similar character.  
The essence of fractal dimensionality is that the physical properties of self-similar objects may 
be related by power-law relations with non-integer exponents. 

Numerous parameters could be chosen for correlation, but the most popular pair for describing 
aggregate structure is mass and length.  When only coarse measurements are at hand, it is 
expedient to assume that all aggregates are members of a population characterised by a 
single fractal dimension, by correlating the set of mass (magg) and size (Rg, radius of gyration) 
values.  The underlying assumption stated above is often overlooked, such that even when 
high-resolution images of the aggregates, or exact simulation data, are available, the additional 
information is neglected.  The more rigorous approach is to estimate separate fractal 
dimensions of each individual aggregate, to obtain information about the structure of each 
individual aggregate. 
The present contribution illustrates the appropriate characterisation of aggregate structure by 
fractal dimensions, and explains the associated uncertainties. 

To begin with a set of aggregates was created by a simple 2D on-lattice computer simulation, 
corresponding to a special case of diffusion-limited cluster–cluster aggregation (DLCA), as in 
Fig. 1. 

A least-squares fit of log(magg) and log(Rg) generated an estimate of the power-law exponent of 
1.5, with a 95 % confidence interval (CI) of 1.4 to 1.6, to characterise the set of 9 aggregates, 
as in Fig. 2. 

Fractal dimensions of individual aggregates were separately estimated using a novel circular 
implementation of the ‘sandbox’ technique.  This generated values of Df for the individual 
aggregates between 1.3 and 1.6, showing an increasing trend with size, as in Fig. 3.  
Furthermore, around half of the individual estimates fell outside of the 95 % CI obtained from 
the overall correlation, although there was significant residual uncertainty regarding each 
estimate of Df for individual aggregates.  None of this variability is hinted at by the R2 value of 
the overall correlation, which was 0.9950. 
Df uncertainties are found to accumulate in a chain through variation with:  distance from 
reference particle, selection of reference particle, selection of finite-size cut-offs, selection of 
aggregate, correlation of a given set of generated aggregates, correlation between new sets of 
aggregates. 
This illustrates that additional important information can be obtained by estimating Df for 
individual aggregates, and how an incorrect impression can be delivered by simple overall 
correlations. 
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Fig. 1:  Aggregates.   Fig. 2:  Overall correlation of Df.  Fig. 3:  Individual estimates of Df. 
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Quantitative Constraints to the Deposition of Colloids at Rough Mineral Surfaces – an 
Analog Study with Patterned Silicon 
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Understanding the colloidal particle retention mechanism at fluid-solid interfaces is important to 
address a variety of environmental and industrial processes. Deposition of negatively charged 
colloids (that are ubiquitous in nature) onto rough rock and mineral surfaces under unfavorable 
conditions is of great importance to understand the capture of colloids in the environment [1]. 
Recent theoretical [2,3] and experimental [4] investigations showed enhanced colloid 
deposition with increasing surface roughness and therefore suggest an non-negligible 
quantitative impact of surface roughness for predictive considerations. Specifically, at and 
above the pHPZC (pH of point of zero charge (PZC)) where no or strong repulsive forces prevail 
between particle and substrate, the importance of surface roughness is increased. A previous 
experimental approach applying calcite surfaces showed a strong correlation between surface 
roughness (< 50 nm) and the efficiency of particle deposition [5]. Here we expand the 
experimental investigations to a systematic study about colloid deposition on well-defined, 
surface functionalized smooth and patterned silicon surfaces. The pattern consist of pits with 
diameter=400 nm, pit spacing=400 nm, pit depth=100 nm). This surface pattern serves as an 
analog for rough mineral surfaces. Vertical scanning interferometry was applied for the surface 
topography characterization and the quantification of colloidal retention over scan areas of 
~8650 µm2. The influence of particle diameter variation (from the range of 0.3-2 µm) on 
retention of monodisperse as well as polydisperse suspensions as a function of flow velocity 
over a wide range was studied. Polystyrene latex particles as well as hematite colloids were 
used. 

Under electrostatically unfavorable conditions, a significant difference of colloidal deposition 
was noticed at patterned vs smooth substrates. Fluid flow variations of 10-7 to 2 x 10-4 m/s 
showed the existence of a “critical velocity” for both smooth and patterned surfaces. Above this 
velocity the colloids tend to detach from the surface. This critical velocity is higher for rough vs. 
smooth surface, e.g., for 1 µm particles it is 10-4 m/s (rough) vs. 10-5 m/s (smooth). The 
variation in colloid radius (rc) has shown higher retention efficiency for small (size fraction: 0.3 
and 0.43 µm) vs. large particles (1 and 2 µm). From smooth to rough the deposition rate for 0.3 
and 0.43 µm colloids was increased by a factor of approx. 2.66 compared to bigger colloids (1 
and 2 µm), were a factor of 1.2 to 2 was found. Our explanation is that an increase in the ratio 
between radius of colloids and surface pit distance as well as pit diameter results in a decrease 
of the restraining torque acting on colloid. Variations in polydispersity showed that an increase 
in polydispersity resulted in a decrease of colloid deposition efficiency. Also, as polydispersity 
increases, the difference in deposition efficiency between plain vs rough surfaces decreases. 
Compared to latex colloids, the quasi-spherical hematite colloids (diameter~0.95 µm) due to 
their nano-scale surface roughness, showed a higher deposition flux ratio for smooth vs rough 
surfaces of 5.47 (hematite) vs. 2.41 (latex). 

 

1. Bradford, S.A.; Torkzaban, S. VZJ, 7 (2008) 667-681 

2. Battacharjee, S, ; Ko, C. H.; Elimelech, M. Langmuir, 14 (1998) 3365-3375 

3. Hoek, E. M. V.; Agarwal, G. K. J. Colloid Interface  Sci., 298 (2006) 50-58 

4. Das, S. K.; Schechter, R.S.; Sharma, M. M. J. Colloid Interface Sci., 164 (1994) 63-77 

Darbha, G.; Schafer, T.; Herberling, F; Luttge, A.; Fischer, C. Langmuir, 26 (2010) 4743-4752 
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Steric stabilisers for Non-lammellar liquid crystalline particles 

Josephine Chong1,2, Xavier Mulet1,2, Lynne Waddington1, Ben Boyd2, Calum Drummond1 
1CSIRO, Melbourne, VIC, Australia, 2Monash University, Melbourne, VIC, Australia 

Stabilisers have an essential role in colloidal drug delivery systems (DDS) providing a steric 
barrier between particles, preventing flocculation and aggregation. The stabiliser also plays an 
important role where targeting of the carrier to specific tissues is required – the stabiliser helps 
to avoid recognition of the particles by opsonin proteins in vivo, allowing them to circulate 
through the bloodstream for extended periods of time, and ‘home' in on particular tissue types. 
DDS such as liposomes, polymeric micelles and micro-emulsions, have utilised stabilisers in 
their design and composition. 

Non-lamellar liquid crystalline particles (i.e. cubosome) are receiving particular attention as 
potential DDS to encapsulate either hydrophilic or hydrophobic therapeutic agents. It is 
apparent that although the internal mesophase of liquid crystalline particles is 
thermodynamically stable and is often identical to that of the bulk non dispersed phase, the 
dispersions are inherently colloidally unstable. As such, preparation of liquid crystalline 
particles for research includes the incorporation of steric stabilisers, mainly Pluronic® 127. 
Pluronic® 127 or Poloxamer 407 is a synthetic tri-block copolymer consisting of hydrophilic 
ethylene oxide (EO) and hydrophobic propylene oxide (PO) blocks arranged in a basic A–B–A 
structure: PEO–PPO–PEO. Poly(ethylene oxide), also known as poly(ethylene glycol) has the 
ability to provide stealth to a DDS, significantly prolonging the circulation of nano-particles in 
vivo. However disadvantages of Pluronic® F127 are indications it may have poor particle 
affinity and poor surface residence over time, resulting in only a very small fraction actually 
contributing to stabilisation. 

There have only been a limited amount of investigations on alternate stabilisers for these types 
of nano-structured particles. Consequently, this study will investigate alternative non-ionic steric 
stabilisers for liquid crystalline particles and examine the structural requirements which 
contribute to effective stabilisation. 

Properties of particles that will be used to determine candidate stabilisers include; initial phase 
separation (post-sonication visual assessment), size distribution and morphology (by DLS and 
cryo-TEM) and internal liquid crystal phase structure (using small angle x-ray scattering). High 
throughput methodology is also used for non-lamellar liquid crystalline particle production, 
which has not been used in prior stabilisation studies. 

Results have shown trends occurring within the Pluronic block copolymer series, with 
differences in stabilisation for different lipids, as shown with Phytantriol and Monoolein (See 
Fig.1).  With regards to other non-ionic stabilisers there appears to be a novel stabiliser non-
lamellar liquid crystalline particles, potentially better than Pluronic® F127.  The study has 
shown that HTP methodologies have been successful for screening potential alternate 

cubosomes stabilisers.  The study also 
shows that the stabiliser’s hydrophobic 
and hydrophilic ratios impact their 
performance as effective stabilisers. 

 

Fig.1 Liquid crystal phases of Pluronic 
series dispersions analysed using 
SAXS, with (i) Phytantriol, (ii) Monoolein 
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Ultra-fast Charge Kinetics of ZnO-Gold Nanoparticle Composites 

Nicholas Kirkwood1,2, Anthony Morfa1,2, Enrico Della Gaspera1,2, Paul Mulvaney1,2 
1Bio21 Institute, Melbourne, Victoria, Australia, 2The University of Melbourne, Melbourne, 
Victoria, Australia 

Laser flash photolysis provides an effective means of probing the kinetics of electron and hole 
transfer at nanoparticle semiconductor-metal interfaces. Nanosecond UV-pump, visible-probe 
spectroscopy of ZnO nanoparticle-gold nanoparticle composites is presented. Rates of charge 
transfer are monitored via changes in the observed ZnO exciton and gold plasmon energies 
over nanosecond and longer timescales. 

 

Solutions of zinc oxide in ethanol exhibit strong exciton bleaching after excitation by a UV laser. 
Electron transfer from the ZnO is shown via recovery of the ZnO exciton absorption. Solutions 
containing dissolved oxygen show recovery of the exciton absorption over several milliseconds, 
whereas solutions degassed with nitrogen show virtually no exciton recovery (Figure 1). Adding 
gold to degassed solutions as an electron acceptor results in blue-shifting of the gold plasmon 
band, indicating it is accepting electrons. 

 

Films made of ZnO and Au nanoparticles were also investigated with laser flash photolysis. In 
contrast to solution measurements, ZnO-Au nanoparticle films show red-shifting of the gold 
plasmon band and a transient absorption at the ZnO exciton band after UV laser excitation 
(Figure 2). This suggests the lack of a hole-scavenging solvent dramatically changes the 
charge transfer behaviour of ZnO-Au nanoparticle systems. 
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Polyelectrolyte Solutions Confined Between Two Solid Surfaces: The Effect of Chain 
Length and Architecture on the Structuring 

Cagri Üzüm1, Rikardas Makuska2, Regine v. Klitzing1 
1Technical University of Berlin, Berlin, Germany, 2Vilnius University, Vilnius, Lithuania 

The structuring of polyelectrolytes in aqueous media was studied while varying their 
architecture and chain length. The structuring in the confined geometry (thin film) and in the 
bulk was investigated using Colloidal probe AFM and small angle x-ray scattering (SAXS), 
respectively. AFM force measurements on the polyelectrolyte solutions lead to oscillatory force 
curves in a certain concentration range. These oscillatory curves are an outcome of layered 
polyelectrolyte structure, coupled with the interface-interface forces, and can be used to better 
understand the interactions between the polyelectrolyte chains. SAXS on the other hand, 
shows structure peaks originated from the isotropic packing of either polyelectrolyte networks 
or coils. It was observed that the length (molecular weight) of the polyelectrolyte chains 
determines the dilute-semidilute overlap concentration. This suggests a transition from a 
packing of polymer coils to a semi-dilute network structuring as longer monodisperse chains 
are used in the solution. The architecture of the chains was surprisingly found to change the 
microscopic structuring only slightly. Viscosity measurements however, show that the polymer 
branching remarkably affects the macroscopic properties. In all cases, the inter-chain distance 
was found to be independent of the presence or type of the confinement [1-2]. 

 

1. Qu, D.; Pedersen, J.S.; Garnier, S.; Laschewsky, A.; Möhwald H.; v. Klitzing, R. Effect of 
polymer charge and geometrical confinement on ion distribution and the structuring in 
semidilute polyelectrolyte solutions: Comparison between AFM and SAXS. Macromolecules 
2006, 39, 7364-7371. 

2. Delacotte, J.; Rio, E.; Restagno, F.; Üzüm, C.; von Klitzing, R.; Langevin, D. Viscosity of 
Polyelectrolytes Solutions in Nanofilms. Langmuir 2010, 26, 7819-7823. 
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Stable, Water-Tolerant, Ionic Liquid Ferrofluids 
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School of Chemistry, The University of Sydney, Sydney, NSW, Australia 

Ionic liquid ferrofluids (ILFs) have been prepared containing both bare and sterically-stabilized 
8-12 nm superparamagnetic iron oxide nanoparticles, stable for several months in protic, 
ethylammonium and aprotic, imidazolium room-temperature ionic liquids (RTILs). These 
ferrofluids exhibit spiking in static magnetic fields similar to conventional aqueous and non-
aqueous ferrofluids (Figure 1). This remarkable result is unprecedented in literature to our 
knowledge and could suggest the applications of these materials in lubrication, seals and heat 
transfer media.  The stability was verified by following the flocculation and settling behaviour of 
dilute nanoparticle dispersions. While bare nanoparticles showed excellent stability in some 
aprotic ILs, they were unstable in others, and in ethylammonium nitrate (Figure 2). Stability is 
attributed to the layering of ILs around dispersed particles, leading to the repulsions between 
particle surfaces.1 Stability was conferred by incorporating a thin polymer stabilization layer 
designed to be compatible with the IL. This confers the added benefit of imbuing the ILF with a 
high tolerance to water. 

 

 

 

 

 

 

 

Figure 2: Bare maghemite (0.1 %v/v) 
nanoparticles dispersions in (A) water, 
(B) 1-ethyl-3-methylimidazolium acetate, 
(C) 1-ethyl-3-methylimidazolium 
thiocyanate and (D) ethylammonium 
nitrate. 

Figure 1: Maghemite IL ferrofluid (45 %w/w in 
1-ethyl-3-methylimidazolium acetate) showing 
characteristic spiking in a static magnetic field.  

1. Hayes, R.; Warr, G.G.; Atkin, R. Phys. Chem. Chem. Phys. 2010 12, 1709. 
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A Low-Cost Microfluidic System for Femto Molar Fluorescence Detection 

Chuanpin Chen, Yonggang Zhu 

CSIRO, Melbourne, Australia 

   Droplets have been widely used for biological studies in microfluidics device since the past 
decade. [1] Fluorescence detection is one of common methods for probing fluorescence 
products in the droplets. However, the traditional optical detection system cannot be easily 
miniaturised for portable instruments. Optical fibres have many advantages such as small size, 
high light collecting efficiency, and ease to use. Combining with microfluidics and electronics, 
optical fibre sensors can potentially be integrated into a lab-on-a-chip device to form highly 
efficient miniaturized platform for chemical and biochemical analysis. [2]. The aim of this 
presentation is to report our progress on achieving ultralow detection sensitivity, i.e. 100 fM, 
using optical fibres without using high-end optical detection system. 

   In this study, a novel optical fibre-based microfluidic system is developed for the droplet 
analysis. A polydimethylsiloane (PDMS) microchip with a T-junction and a crosslink 
microchannel is fabricated via a photolithographic technique and a soft molding method. [3] An 
optical fibre detection system is integrated with the PDMS microchip for the sensitive detection 
of droplets (Fig. 1) The droplet containing fluorescence solution is produced in the T-junction 
channel using cross-flow droplet formation. The aqueous and oil streams are controlled by 
syringe pumps and the droplets are formed at the intersection of the T-junction channel. The 
droplets are detected at the intersection of the crosslink channel where two optical fibres are 
inserted to guide laser beam and collect the emitted fluorescence (Fig. 1(a)). When the droplets 
pass through the detection zone which is exposed to a 488 nm laser beam (Fig. 1(b)), these 
are excited and the emitted fluorescence is detected by a PMT via the collecting optical fibre 
(Fig. 1(c) and (d)). An extreme low concentration of fluorescence droplet (100 fM) is 
successfully monitored in this optical fibre detection system (Fig. 1(e)). Such a technique could 
potentially be used for developing low-cost microfluidic optical detection systems for numerous 
applications. 
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Figure 1. (a) The schematic drawing of the optical detection system; (b) the exposure area in 
the microchannel; (c) 20 um and (d) 40 um droplet in the mcirochannel; (e) the fluorescence 
intensity from the droplets containing 10 nM, 100 fM fluorescence and D.I. water. 
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Simultaneous In Situ IR and UV-Visible Absorption Spectroscopies of Aqueous TiO2 
Photocatalytic Systems 

David Savory, Jim McQuillan, Dave Warren 

University of Otago, Dunedin, Otago, New Zealand 

FTIR spectroscopy has been firmly established as a powerful tool for the probing of titanium 
dioxide surfaces, notably during photocatalytic conditions. Although much of the work done has 
been on the gas-solid interface1, significant progress into understanding photocatalytic 
behaviour under aqueous conditions has been achieved. We have studied the behaviour of 
various TiO2 photocatalysts under acidic aqueous, photoexcitation conditions in the presence 
and absence of the hole scavenger oxalate ion.2 We observed loss of an interfacial water 
species and a striking, broad asymmetric absorption at ~880 cm-1 which extends as far as 3000 
cm-1 with a sharp cutoff to lower wavenumber. This absorption has been attributed to the IR 
excitation of electrons from a shallow electron trap to the conduction band, but is yet to be fully 
understood. 

 

Given the complex nature of photoinduced infrared spectral changes under these conditions, it 
is convenient to probe the activity of holes and electrons at the same time. UV-visible 
spectroscopy, both in transmission or reflectance modes, is often used to investigate the 
electronic structure of bulk TiO2 and is preeminent in studies of photocatalyst doping and 
modification of spectral absorption. Both free and trapped electrons/holes can exhibit 
absorption across the UV-visible spectrum,3 although the spectra obtained have less 
information content than IR measurements. Thus the prospect of simultaneous IR and UV-
visible measurements is appealing and may allow for correlation of temporal IR spectral 
changes with electronic activity. 

The results of ATR-IR studies with oxalate adsorbed to thin film TiO2 in aqueous photocatalytic 
conditions shall be presented, in addition to preliminary results from simultaneous ATR-IR and 
UV-vis reflectance probe interrogation of these systems. 
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Structure of wood extract colloids using Electron Paramagnetic Resonance 
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1University of Tasmania, Hobart, Tasmania, Australia, 2Monash University, Melbourne, Victoria, 
Australia, 3Norske Skog Paper Mill, Hobart, Tasmania, Australia, 4Columbia University, New 
York, United States 

Within the pulp and paper industry, the resins present in wood form colloidal deposits 
called “pitch” costing large amounts to remove from the process.  Reduction of water 
consumption through water recycling increases the problems associated with the colloidal 
wood resins and pitch deposits. In order to better understand the behaviour of the colloids and 
allow the paper industry to develop strategies to deal with the problem, a better understanding 
of the nature and structure of the wood resin colloid is needed.  The colloids are composed 
from a mixture of hydrophobic substances released from wood on pulping.  The major 
components are triglycerides, steryl esters, fatty acid and resin acids.  A model of the pitch 
colloid has been proposed by several people.  This model consists of a two layer colloid 
comprising of an inner core of the hydrophobic triglycerides and steryl esters and an outer core 
of the fatty acids and resin acids 

Electron paramagnetic resonance (EPR) has been used to study in more detail the 
structure of the colloid and determine if the current model is correct in explaining the behaviour 
of the colloids in the papermaking process.  The effects of varying the amounts of each 
component– resin acids (abietic acid), fatty acids (oleic acid) and triglycerides (triolein) –on the 
structure of the colloid and its interaction with different nitroxide spin probes were investigated.  
The effect of salt was also studied. 

Results of the EPR study confirm the existence of a hydrophobic core, as proposed by Nylund 
et al, Vercoe et al and Qin et al. However, unlike the previous models, it is proposed that the 
outer region of the colloid is a bilayer of fatty acids and resin acids, which is mobile and 
transforms as the amount of triglycerides in the core of the colloid is varied.  With the addition 
of salt to the colloidal solution, a steep decrease is observed in the mobility of nitroxide 
molecules at the centre of the colloid. This is attributed to the formation of non-polar metal 
ligand species that migrate to the colloid core. 
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Correlating molecular behaviour to aggregation 
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Australia, 3Norske Skog paper mill, Hobart, Tasmania, Australia 

Pitch is a molecular cocktail that is a prominent trouble maker in paper making process.  The 
extractive contains lipids (such as triolein), fatty acids (both saturated and unsaturated) and a 
number of resin acids including aromatic ones.  These amphiphilic acids in aqueous medium 
have been shown to interact strongly.  An attempt is made to investigate the strength of this 
interaction and any molecular favouritism that may exist using diffusion ordered nuclear 
magnetic resonance spectroscopy.  The results are correlated with particle size distribution.  
Suggestions that particle size distribution can be used as fingerprint for a given pitch mixture is 
made.  In addition relationship between colloidal stability molecular interactions is discussed. 
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Particle Sizing: a Comparison of Techniques 
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Despite the maturity of the field, particle sizing of multimodal and broad distributions in the sub 
micron size range is still challenging. There are a wide range of particle sizing instruments and 
techniques currently available; however, each measures slightly different physical properties, 
leading to variations in reported sizes and distributions according to the measurement 
technique used. 

 

In this study we use mono- and multi-modal dispersions of nanoparticles with very narrow size 
distributions to compare and contrast the average particle size and particle size distribution 
measured by different techniques. The methods investigated include transmission electron 
microscopy (TEM), dynamic light scattering (DLS), differential centrifugal sedimentation (DCS), 
nanoparticle tracking analysis (NTA) and a new instrument, based upon a micro-channel 
resonator, providing ultra high-resolution mass sensing. 

 

The micro-channel resonator instrument has only recently become commercially available. It 
measures particle size distribution using direct mass-based determination. The technique 
utilises a flow-through system to provide single particle detection. Additionally, thousands of 
particles can be measured over relatively short time frames to produce good statistics. The 
figure below shows an example of the particle size distribution of a trimodal sample of gold 
nanoparticles, nominally 60, 80 and 100 nm, measured with the micro-channel resonator (dark 
blue curve). The graph is plotted together with data for the same sample measured with DCS 
(light blue curve) for comparison. The inset shows the volume distribution obtained by DLS for 
the same sample (pink curve). 
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Imaging of Particle Coated Oil Droplets using Atomic Force Microscopy 

Sin-Ying Tan, Raymond Dagastine 

University of Melbourne, Parkville, Victoria, Australia 

Particle coated droplets are known to be a serious problem in solvent extraction as their 
presence can hinder the separation process and thus result in longer, and therefore 
uneconomical, separation times. The dynamic interactions between particle coated droplets 
have been studied extensively by Dagastine et al. 1-3 Their detailed studies have improved our 
understanding of the interplay between deformation and surface forces and how fluid flow can 
govern the outcomes of collisions between drops. An additional approach to further extend our 
understanding of these systems is to visualize how particles aggregate, on the nanoscale level, 
at the interface of an oil droplet. In this study, experimental procedures have been developed to 
measure the nanoscale topography of particle coated oil droplets, in situ, using Atomic Force 
Microscopy (AFM). We have been able to successfully image a clean (i.e. in the absence of 
particles) oil-droplet that has been immobilized on a surface.  Subsequent work on immobilized 
oil-particle aggregates has proven to be promising with initial results showing that it is indeed 
feasible to image particles that have assembled onto an oil droplet. 
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Chemical State XPS Analysis of First Row Transition Metal Species: Improved 
Speciation for Materials and Minerals 
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Chemical state X-ray photoelectron spectroscopic (XPS) analysis of first row transition metals 
and their oxides and hydroxides is challenging due to the complexity of the 2p spectra resulting 
from peak asymmetries, complex multiplet splitting, shake-up and plasmon loss structure, and 
uncertain, overlapping binding energies. Recent work has shown that all the values of the 
spectral fitting parameters for each specific species, i.e. binding energy (eV), full width at half 
maximum (FWHM) value (eV) for each pass energy, spin-orbit splitting values and asymmetric 
peak shape fitting parameters, are not all normally provided in the literature and databases, 
and are necessary for reproducible, quantitative chemical state analysis. There are numerous 
cases in the literature where lack of understanding of these parameters has led to erroneous 
interpretation of XPS data.  This is particularly true in cases where species show significant 
multiplet splitting e.g. Cr, Mn, Fe, Co and Ni. 

A more consistent, practical and effective approach to curve fitting has been developed based 
on a combination of 1) standard spectra from quality reference samples, 2) a survey of 
appropriate literature databases and/or a compilation of literature references, 3) specific 
literature references where fitting procedures are available and 4) theoretical fittings, where 
available, of multiplet split reference spectra. Fitting methods have been developed for each of 
the transition metals from Sc through Zn. The use of well characterized standard samples and 
fitting of the entire peak shape has been shown to increase our ability to accurately identify and 
(semi) quantify the various species present in mixed oxide/hydroxide systems. 

These methods have been shown to be effective in a wide variety of applications including the 
analysis of surface states in nano-particles, mineral processing, corrosion studies (in particular, 
alloys for nuclear energy applications), catalysts and 
surface-engineered materials. Examples include: 1) 
Cu(II) oxide or hydroxide speciation can be determined 
by examining the shake-up structure and its position 
relative to the main 2p3/2 peak. 2) The amount of varying 
Cr species can be determined in a mix of the metal, 
Cr(III) oxide, Cr(III) hydroxide and Cr(VI) species, useful 
in applications where elimination of highly toxic Cr(VI) is 
important. 3) In corrosion applications, elucidating the 
relative amounts of Fe(II) and Fe(III) species is possible. 
In addition, gaining a good understanding of the many 
oxide and oxy-hydroxide forms present has been 
achieved. Ni and Cr speciation, important in the analysis 
of corrosion on nuclear applications, has been particularly 
effective. 4) Various mineral surfaces have also been 
examined with the speciation of Ni and Cu identified. 
Quantification of Cu(I):Cu(II) amounts has been 
demonstrated. 

Figure 1. Curve fitted Fe 2p spectrum of a mixed metal/oxide system of Fe based nano-
particles. 

 

Binding Energy (eV)

700710720730740

Fe Metal       14%
Fe2O3            57%   
Fe3O4            29%



PP030 

Molecular Dynamics Simulations as a Tool to Predict Phase Behaviour of Liquid 
Systems 
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Introduction: Molecular dynamics simulations (MDS) are a powerful tool enabling visualisation 
of interactions and structures on the atomic / molecular scale.  It has provided useful insight 
into the structure and dynamics of micelles; including model, cationic, glycoside, sodium 
dodecyl sulphate, phospholipid and bile salt/phospholipid systems.  However, MDS has not yet 
to be used as a predictive tool for the complete phase behaviour of liquid systems. 

Methods: MDS were performed using GROMACS to investigate the aggregation structures 
and phase changes that occur in a model ternary system (sodium oleate / sodium laurate / 
water).  Comparisons various molecular and atomic properties were performed to identify a 
property that distinguishes between liquid phases. 

Results: Visual observation of the resulting MDS structures shows that the experimentally 
observed phases are formed.  The number of nearest neighbours for each molecule was found 
to be the best predictor of presence of a particular phase, and it is able to clearly distinguish 
between the three phases observed in this model system; micellar, hexagonal, and lamellar. 

Discussion: Some difficulties are encountered in distinguishing the presence of phases in the 
mixed phase regions.  This is due to the current limitations of the simulations performed, with 
the simulation boxes simply being too small to accommodate the presence of two distinct 
phases, e.g. hexagonal and lamellar.  However, the utilisation of MDS as a predictive tool for 
the phase behaviour of liquid systems has been validated on a model ternary system (sodium 
oleate / sodium laurate / water). 
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Shear stability of water-in-oil-in-water (W/O/W) emulsions 
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Water-in-oil-in-water (W/O/W) emulsions have been investigated for their potential for fat 
reduction in many food products such as mayonnaise, salad dressings, sauces and dips. 
Despite the increasing interest in the development of these W/O/W emulsions, current 
application of these emulsions have been limited due to difficulties with the stability of the 
internal water droplets due to osmotic issues. This is linked to thermodynamic stability issues, 
and their strong tendency for droplet coalescence. 

 

This research focuses on the stability issues of W/O/W emulsions in the context of their 
formulation and behaviour when subjected to shear. Shear sensitivity tests of the W/O/W 
emulsions are conducted using controlled-stress rheometer and the rheological properties are 
recorded at the same time. Light scattering, light microscopy and confocal laser scanning 
microscopy are used to observe any changes in behaviour of W/O/W emulsions before and 
after they are subjected to shear. Furthermore, internal aqueous droplet size, the droplet size of 
oil globules and the changes in internal aqueous volume fraction due to the difference in 
osmotic pressure between internal aqueous phase and external aqueous phase are observed. 

 

The results from this study demonstrate how the amount of lipophilic and hydrophobic 
surfactant used in the system as well as the amount of thickening agent and osmotic regulator 
used in the external aqueous phase determine the initial morphology of the W/O/W emulsions. 
We will present connections between these morphologies to the behaviour of W/O/W 
emulsions under shear and the effects of internal aqueous droplet size and droplet size of oil 
globules on the stability of the emulsions. 
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A key component of mineral processing is solvent extraction (SX) of metal ions from pregnant 
leach solutions.1 At the industrial scale, SX is carried out in a large-scale mixer settler where 
aqueous and organic phases are mutually dispersed as droplets to increase the interfacial area 
available for transfer of the metal ions. Although effective, dispersing the liquids as droplets in 
the presence of surface active materials, i.e. surfactants or fine particles, can result in slow or 
incomplete phase disengagement (separation). We have studied a microfluidic extraction 
method that overcomes this limitation and has the potential to increase metal extraction 
efficiencies. 

In most cases, solvent extraction proceeds via complexation of metal ions at the liquid-liquid 
interface by an extractant, which drives the hydrophobic complex into the organic phase. In 
conventional extractions, the two phases, one containing the extracted metal, are separated via 
coalescence for downstream processing (e.g. stripping, electrowinning). However, in 
microfluidic extractions2, the high surface-to-bulk ratio is achieved by contacting continuous 
microscopic streams of aqueous and organic phase. Thus, phase disengagement is not limited 
by the rate of coalescence and occurs instantly at a channel junction. Using our approach, the 
extraction time can be controlled precisely, permitting a close inspection of extraction efficiency 
as a function of time. This is carried out here for a variety of different industry-relevant metal 
ions, including Cr, Cu, and Au, using real and model leach solutions. Furthermore, leach 
solutions containing high concentrations of fine silica particles (< 300 nm) could be extracted 
without interfering with the rate of extraction or fouling of the microchip. The same is not 
possible using the conventional method, due to incomplete phase disengagement and, 
therefore, loss of up to 40% of the organic phase (and extracted metal) to crud in the form of 
particle-stabilized emulsion. 

1. Coulson, J.M.; Richardson, J.F.; Backhurst, J.R.; Harker, J.H. Particle Technology and 
Separation Processes; J.M. Coulson and J.F. Richardson, Ed.; Oxford: Butterworth-
Heinemann, 1996; Vol. 2. 

2. Klink, S.; Priest, C.; Ralston, J.; Sedev, R.; Mawatari, K.; Kitamori, T. The 12th 
International Conference on Miniaturized Systems for Chemistry and Life Sciences 
2008: San Diego, USA. 1796. 
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Silicic acid (H4SiO4) chemistry at the ferrihydrite-water interface was investigated using 
Attenuated Total Reflectance Infrared (ATR-IR) and the Diffuse Layer Model (DLM).  The ATR 
spectra of ferrihydrite pastes were measured as a function of surface Si concentration (ΓSi), pH 
and ionic strength (I). H4SiO4 can form monomeric surface complexes (IR band at 945 cm-1) or 
a linear oligomer (IR band at 1009 cm-1) with a small amount of polymer (IR band at ≈ 1100 cm-

1)1.  To quantify the different Si surface species, the ATR-IR spectra (Figure 1a) were fitted as 
the sum of three spectra for pure species (Figure 1b) using Multivariate Curve Resolution. The 
DLM could accurately describe the effects of ΓSi, pH and I on H4SiO4 adsorption and 
oligomerization using Equations 1 and 2. Figure 2 shows the experimental and predicted 
isotherms (Figure 2a) and percentage of adsorbed Si present as the monomeric species 
(Figure 2b) as a function of ΓSi and pH.  At each pH the % monomeric Si decreases with an 
increase in ΓSi while at a given ΓSi the % monomeric silicate is highest at pH 10 and lowest at 
pH 4.  The reason that pH (and I) affects the % of monomeric silicate is evident from the DLM 
equations and the isotherms.  At a given ΓSi it is evident from the isotherms that the [H4SiO4] is 
higher at lower pH.  The H4SiO4 stoichiometry coefficient is 1 for monomer adsorption and 3 for 
trimer adsorption so, at a given ΓSi, a lower pH favours trimer adsorption. 

 

                 Figure 1                                             Figure 2 

 

1. Swedlund, P.J. et al., Silicic Acid Adsorption and Oligomerization at the Ferrihydrite-
Water Interface: Interpretation of ATR-IR Spectra Based on a Model Surface Structure. 
Langmuir 26 (5) 3394 (2010)                     
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Close Columnar Packing and Macroscopic Alignment of Planar Carbenium Ions 

Jens B Simonsen1,2, Niels Harrity2, Bo W Laursen2 
1Biophysics Group, University of Copenhagen, Frederiksberg, Denmark, 2Nano-Science 
Center, University of Copenhagen, Copenhagen, Denmark 

 

In the planar amino substituted trioxatriangulenium ion (ATOTA+), the cationic charge is 
sufficiently delocalized to permit the cations to crystallize in a columnar structure. New 
derivatives carrying long alkyl chains at one or two of the amino groups have been synthesized 
and their packing structure in Langmuir and Langmuir-Blodgett (LB) films have been studied by 
surface sensitive X-ray techniques. We find that these amphiphilic carbenium salts form closely 
packed columnar structures, with a cofacial pi-pi distance of only ~3.45 Å, at the air-water 
interface. The close columnar packing is preserved when these Langmuir monolayers are 
transferred to solid supports by standard vertical LB deposition. Furthermore, we find that the 
LB deposition has resulted in an efficient macroscopic uniaxial alignment of the columnar 
aggregates parallel to the dipping direction, as clearly seen in the grazing incidence X-ray 
diffraction studies of the LB multilayer films.  
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The bubble–particle interaction in mineral flotation is a dynamic process, whose 
outcome depends on the hydrodynamics of the system and surface forces between the bubble 
and particle. The surface forces depend on the properties of the interacting interfaces, which 
can be easily altered by the use of adsorbing polymers or surfactants.  The hydrodynamics of 
the system depend to a great extent on the collision energy for the bubble-particle encounter. 

In this study, the effect of adsorbed polymers(Dextrin TY, phenyl succinate (PS) Dextrin, 
styrene oxide (SO) Dextrin and carboxymethyl cellulose (CMC)) and approach velocity on the 
thin film stability between an air bubble and a hydrophobic particle has been investigated by the 
colloid probe atomic force microscopy (AFM) technique. A long-range repulsive force followed 
by a jump-into-contact were observed on the approach part of the AFM force curve. The 
repulsion was found to increase in series: TY Dextrin < PS Dextrin < SO Dextrin, indicating that 
SO Dextrin was the most effective in increasing thin film stability. Also, the thin film rupture 
force was found to increase with approach speed for all three polymers. 

In the case of CMC the repulsive force (and thus increase in thin film stability) depended on the 
pH of the solution. Only a small repulsion and a small rupture force were recorded at pH=3 
(when the layer is almost fully protonated, and close to neutral) while at pH=9 (when the layer 
is fully deprotonated and negatively charged) the repulsive force preventing the film rupture 
was significantly higher. 

In addition to measuring the repulsive force upon approach for the 4 polymers, measurements 
of the force required to rupture the thin film indicated a distinct increase with increasing 
approach speed. This increasing maximum load for rupture highlights the influence of 
hydrodynamic interactions between the bubble and the particle and its significant role in 
stabilization of the thin liquid film. 

 



PP036 

Silica Sol-Gel Method for Surface Modification of PDMS Microfluidic Devices 

Ingrid Hoek1, Andrea Bubendorfer1, Tim Kemmitt1,2, W. Mike Arnold1,2 
1Industrial Research Ltd, Lower Hutt, New Zealand, 2MacDiarmid Institute for Advanced 
Materials and Nanotechnology, Wellington, New Zealand 

This paper reports on a fast new method for in-situ sol-gel deposition of silica layers in 
polydimethylsiloxane (PDMS) microchannels. The silica coating combines the benefits of glass, 
such as a stable and high electroosmotic flow, with the advantages of rapid microdevice 
prototyping offered by PDMS. 

Earlier work focussed on the sol-gel formation of silica nanoparticles throughout the bulk PDMS 
1, forming a hybrid silica/PDMS material. In our work the sol-gel layers are put directly onto the 
walls of the channels. A two-step process is used; first allowing the silica precursor (TEOS) to 
diffuse briefly into the channel wall (~15 min), followed by acid or base catalysed hydrolysis and 
condensation. The short diffusion time ensures that PDMS is not dissolved into the precursor 
solution and there is no distortion of the channel geometry. Some penetration of TEOS into the 
PDMS microchannel wall produces a strong bond between the PDMS and silica layer. 

The electrokinetic characteristics are important for use of the modified PDMS in electrophoretic 
analytical applications. Preliminary electroosmotic flow (EOF) measurements, Table 1, show a 
high and stable flow for the silica sol-gel modified PDMS channels. Over a period of a week the 
electroosmotic flow dropped only 10%, while pristine PDMS microchannels show a drop of 
more than 30%. 

Table 1. Comparison of electroosmotic flow (EOF) of silica coated and pristine PDMS 
microchannels. 

 EOF on day 1 

[cm/s] 

EOF on day 8 

[cm/s] 

SiO2 coated PDMS 0.043 ± 0.002 0.038 ± 0.001 

Pristine PDMS 0.034 ± 0.001 0.023 ± 0.002 

 

The SiO2 modified PDMS surfaces are further investigated using (electron) microscopy and 
ATR-FTIR.   Comparison of the ATR-FTIR spectra of pristine and silica coated PDMS show an 
increase in the absorbance peaks associated with Si-OH and Si-O-Si groups after deposition. 

The rapid and direct method developed selectively deposits silica on the surface of a PDMS 
channel by in-situ acid or base catalysed hydrolysis. With this novel method there is no need 
for pretreatment of the microchannels or time consuming oligomerisation of the precursor 
solution 2. The silica coating results in an increased and stabilised electroosmotic flow. 
Moreover, the silica surface enables functionalisation, offering the possibility for enzyme 
immobilisation for fabrication of bioanalytical devices. 

1. G.T. Roman, T. Hlaus, K.J. Bass, T.G. Seelhammer, and C.T. Culbertson, Anal. Chem., 77, 
1414-1422, (2005) 

2. A.R. Abate, D. Lee, T. Do, C. Holtze, and D.A. Weitz, Lab on a Chip, 8, 516-518, (2008) 
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Introduction: The effect of polymer adsorption on colloid flocculation is poorly understood 
when the time of polymer adsorption equilibrium is comparable with the time scale of colloid 
flocculation induced by polyelectrolyte. This is further complicated by an increased ionic 
strength and imperfect particles with a broad size range during flocculation process. This is 
unfortunate as such systems are prevailing in industry. We thus study the effect of the cationic 
polyacryamide (CPAM) adsorption kinetics and ionic strength on the flocculation kinetics of the 
poly-dispersed calcium carbonate (CC). 

Methods: The CC flocculation kinetics in both early and late stages was measured by the 
Photometric Dispersion Analyzer (PDA) and Focused Beam Reflectance Measurement 
(FBRM). The polymer adsorption kinetics was measured by quantifying the adsorbed CPAM 
through subtracting the concentration of CPAM in the supernatant after centrifugation from that 
of the dosed CPAM. 

Results: The effect of ionic strength on CC early flocculation is not monotonical. The CPAM 
adsorption kinetics as a function of polymer concentration showed similar trends: an initial 
linear increase followed by a plateau, except for a lag time up to 6 min for the low CPAM dose 
and the adsorption in high ionic strength (0.1). The adsorption plateau free of salt were 1.7, 4.6 
and 13.6 mg CPAM/g CC for dosages of 2, 5 and 15 CPAM/g CC, respectively. The adsorbed 
CPAM was reduced by more than 50% under a low ionic strength (0.01) and 75 % under a high 
ionic strength (0.1). 

Conclusion: The effect of CPAM adsorption kinetics and 
ionic strength on CC flocculation was quantified. All early 
stages of flocculation detectable by PDA happened under 
non-equilibrium polymer adsorption regimes as illustrated in 
Figure 1. There were discrepancies between the amount of 
adsorbed CPAM and the surface coverage theory for 
flocculation rate based on the simple monolayer adsorption 
model in both the early and late CC flocculation. This 
highlights the importance of polymer adsorption kinetics on 
flocculation. The transient conformation of the adsorbed 

CPAM significantly affected the flocculation kinetics, and 
even overrode the effect of adsorbed polymer amount. 

 

The maximum amount of adsorbed CPAM on CC free of salt was more than three times that 
expected from the simple flat monolayer adsorption of polymer coils. The effect of salt on 
CPAM adsorption was monotonical, reducing the amount of adsorbed polymer, which contrasts 
its effect on CC flocculation. Both antagonistic and synergetic effects of increased ionic 
strength on the polyelectrolyte induced particle aggregation were observed during the early 
stage of the flocculation. The combination of CPAM and salt, at certain concentrations, 
demonstrated a synergy to promote CC aggregation more efficiently than the same amount of 
the respective components. 

 

Figure 4 Schematics of CC flocculation 
kinetics in the early (A, by PDA) and late (B: 
50 ~ 150 µm; C: 150 ~ 300 µm by FBRM) 
stages in relation to the CPAM adsorption 
kinetics on CC particles free of salt (D) 
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Solid-liquid separation operations such as filtration, centrifugation, sedimentation and 
evaporation are integral parts of many industrial processes ranging from ceramics processing 
to wastewater treatment. The operating temperature of these processes affects the solvent 
viscosity, changing the rate of separation with subsequent impacts on equipment performance 
and design.  For example, red mud processing in the alumina industry initially involves 
thickening at high temperatures near 100°C with concentrated liquor, while subsequent 
thickening operations occur at progressively lower temperatures and more dilute liquors such 
that the viscosity dependant rate of separation is influenced by the contributions of both 
temperature and dissolved solids concentration.  In some processes, such as ceramics 
processing where organic solvents may be used in place of water, the selected solvent will also 
change its viscosity and the rate of separation. 

 

Solid-liquid separation of compressible particulate networks is described by compressional 
rheology theory, which quantifies the rate of dewatering through the hindered settling function 
R(φ) and the extent of dewatering through the compressive strength py(φ).  If changes in 
temperature only affect viscosity without changes to inter-particle forces, compressional 
rheology predicts R(φ) to be proportional to viscosity with no change in py(φ).  This work tests 
this assumption by performing dewatering characterisations of various alumina (AKP-30, 
Sumitomo Chemical) suspensions in aqueous and organic (dodecane) solvents at a range of 
temperatures.  Aqueous samples were prepared at 25v/v% containing 0.01M KNO3.  
Coagulated aqueous alumina samples were prepared at the iso-electric point (ph 9) and 
dispersed samples at ph 4.  Dodecane samples were also prepared at 25v/v% and contained 
1.92w/w% Solsperse 3000 as a dispersant.  The dewatering characteristics were measured 
using constant pressure filtration and centrifugation analysis. 

 

The results for the drag functions of the dispersed aqueous and organic alumina samples at 
20°C and 40°C scaled directly with the fluid viscosity.  However, there was some dependence 
of temperature on compressive strength for the aqueous coagulated system and therefore 
dependence beyond the viscosity. The results indicate that the rate of separation does vary 
proportionally with the viscosity, although additional dependencies occur if the inter-particle 
forces (and therefore the compressive strength) of the network change. 
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The preparation of processable graphene oxide colloids called chemically converted graphene 
(CCG) involves the following steps: oxidation of graphite to form graphite oxide; exfoliation of 
graphite oxide to form graphene oxide (GO); and reduction of GO to form CCG.  In this work, 
the exfoliation and reduction steps were monitored by capillary zone electrophoresis (CZE).  
CZE was performed in fused silica capillaries with UV absorbance at 230 nm (GO) and 270 nm 
(CCG) using 250 µM tetrapropylammonium hydroxide (pH = 10.4).  The results indicate that 
almost complete exfoliation of graphite oxide (0.05 wt%) and higher recovery of CCG were 
obtained by sonication at 50% power for more than 15 h.  CZE is considered a valuable tool for 
the fractionation and analysis of GO nanoparticles and, hence, for the control of different steps 
in preparation of CCG. 
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At present there is great interest in the production of biomimetic and functionalised 
nanomaterials for use in many areas of research from biology through to physics and 
engineering 1. The future of the field of biomimetics and functionalised materials needs to show 
improved fabrication methods and broadening of scope in order to reduce production times and 
hazardous waste whilst at the same time keeping optimum conditions for biological materials 
and reactions. In nature, some peptides induce precipitation of silicic acid into silica 
nanoparticles such as is found in marine algae called diatoms. However, polybasic polymers 
can act as peptide mimics; one such polymer   polyethyleneimine (PEI) has the advantage that 
it is stable at room temperature and is inexpensive, in comparison to synthetic peptides. The 
method of silicate nanoparticle fabrication we have established is one which is based on 
natural silication 1-10. 

We describe the fabrication and characterisation of biosilicate nanoparticles formed by 
mimicking the peptides using PEI. SEM, TEM and dynamic light scattering measurements were 
used to observe particle size and morphology. In addition, AFM and zeta potential 
measurements were made to further characterise the surface of the particles. In order to 
investigate the fundamental factors which affect particle properties, different variables which 
influence silica precipitation were altered. These variables include phosphate concentration, 
PEI concentration and molecular mass, alkoxysilane type and concentration, and the order the 
reaction components are added together. 

The results show that particles have different characteristics depending on the conditions under 
which they are fabricated. For example, particles made with 3-mercaptopropyltrimethoxy silane 
and 25 kDa PEI are around 400 nm in diameter. When glucose oxidase enzyme was also 
introduced to the synthesis a bimodal distribution of particle sizes was found with peaks of 500 
nm and 1.3 µm in diameter. The zeta potential results show that the production of silica 
particles with PEI gives particles which are positively charged at neutral pH, whereas 
commercially available silica particles are usually negatively charged at neutral pH, unless they 
have been surface modified in an additional step. We are using a one-pot reaction. The 
increase in fundamental understanding in this area is promising for the future creation of 
innovative advanced processes using silica particles. 

References 
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Fluorescent semiconductor nanocrystals, or quantum dots (QDs), display a number of unique 
optical and physical properties, which make them an attractive candidate for a wide range of 
biological investigations where traditional fluorescent labels fall short. 

 

In this presentation a simple polymer-encapsulation technique using a low molecular-weight 
polymer, polystyrene-co-maleic anhydride is employed to prepare biocompatible, functionalised 
nanocrystals for conjugation to biomolecules. The encapsulation scheme is outlined below. The 
resultant particles are robust and colloidally stable over a wide range of pH and salt 
concentrations, enabling them to survive the harsh conditions presented by biological 
environments. Additionally, they maintain a small hydrodynamic diameter (HD) to allow access 
to small, crowded intracellular compartments, exhibit minimal non-specific binding (NSB), and 
retain their original optical properties. 

 

A conjugation strategy involving a relatively new class of covalent chemistries, generically 
known as “click chemistry”, is demonstrated to overcome some of the drawbacks of standard 
coupling chemistry techniques. “Click” reactions are appealing as the chemistry involved is 
simple, biologically inert, and able to proceed rapidly and selectively under ambient conditions. 
Here we present a bio-orthogonal reaction between a terminal azide and a strained cyclooctyne 
molecule as a versatile means of linking QDs to a range of biomolecules. 
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The electroviscous flow through a two-dimensional planar 1:4 contraction-expansion is 
investigated numerically for cases where the dielectric constant of the wall material is 
significant in comparison with the dielectric constant of the liquid. Most numerical and analytical 
models in the microfluidic literature either ignore the dielectric constant of the wall material, or 
treat it as very small (1, 2). These assumptions are valid for water and glass systems, where 
the dielectric ratio between the solid and the fluid is typically < 0.05.  However, in 
circumstances where the working fluid is an organic solvent such as ethanol, the dielectric ratio 
is ~0.3. This study quantifies the effect of non-negligible solid dielectric constant on the 
electroviscous flow at a low Reynolds number for a range of Debye lengths, surface charges 
and dielectric ratios. 

 

In the figure below, the dimensionless charge-density distribution for dimensionless inverse 
Debye length of 4 and dimensionless surface charge of 2 is plotted for a dielectric ratio of 0.001 
(top) and 0.5 (bottom). Flow is from left to right. At low values of dielectric ratio, the distribution 
of ions in the channel at the front and back steps is approximately symmetric. When the 
dielectric constant of the solid is significant the electric field-lines cross the liquid-solid interface, 
the symmetry is broken, and charge accumulates on the back step. 

 

The potential drop across the contraction is also affected by the dielectric ratio. As the dielectric 
ratio approaches unity, the streaming potential decreases markedly. This effect is most 
significant at large Debye lengths and low surface charges. The pressure drop across the 
contraction also decreases with increasing dielectric ratio, reducing the electroviscous effect. 

This study demonstrates that a finite dielectric ratio has a significant effect on the 
characteristics of electroviscous flow through non-uniform geometries. 

 

1. Davidson, M. R.; Harvie, D. Chem. Eng. Sci. 2007, 62, 4229. 

2. Eckstein, Y.; Yossifon, G.; Seifert, A.; Miloh, T. J. Colloid Interface Sci. 2009, 338, 243. 
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This work reports on coalescence in oil-in-water Pickering emulsions subjected to simple shear 
flow. The emulsions were stabilized by silanised particles which attach to the oil droplets 
forming shells a few hundred nanometres thick around the drops (that are tens of micrometres 
in size). The drop size and particle concentration in the emulsions was fixed while the salt 
concentration was varied to adjust the colloidal interactions between the drops and particles. At 
rest the oil drops do not coalesce. The susceptibility of the emulsions to orthokinetic 
coalescence was found to strongly depend on the extent of particle flocculation in the attached 
particle layer. The evolution of the drop size with time and shear rate was consistent with 
phenomenological models used to describe the behaviour of emulsions under shear. 
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Introduction 

Double emulsions are well known to be widely used in the food and cosmetics industries. As 
double emulsion can carry both polar and non-polar cargos, it is also widely applied in drug 
delivery with the effective controls over cargo release. With the advances of double emulsion, 
the system has also been enabled to be extended to directed in vitro evolution, for example, in 
vitro evolution of the Ebg enzyme of Escherichia coli. However, the conventional method to 
prepare double emulsions has to confront the issues of the large sized distribution in detection 
and sorting stage for directed evolution. The advent of droplet based microfluidic system has 
opened up a new route to generate the monodisperse double emulsions with a high throughput 
screening. Herein, we present the preliminary investigations on the double emulsion droplets 
for in vitro protein expression in microfluidic system. 

Methods 

The microfluidic based double emulsion system (water-in-oil-in-water (WOW)) has been built 
up on a single microchip and two combined microchips respectively. All the microchips are 
fabricated from PDMS using a standard photolithography method. When a single microchip is 
used, the partial surface of the microchannels is modified from hydrophobicity to hydrophilicity 
which helps produce the oil droplet in water stream. When two combined microchips are used, 
one of them will be fully modified into the hydrophilicity. In the case, water-in-oil single droplets 
on the first microchip can be transferred to the second microchip to perform WOW droplets. 
These two formats of double emulsion systems are to be investigated in their performance of 
flow rates control, stability and detection. 

Results and discussions 

The variation of the flow rates of the internal aqueous phase, the oil phase and the outer 
aqueous streams can lead to the variation of the droplet size, the number of the internal 
aqueous droplets in double emulsions and the frequency of the production of double 
emulsions. Therefore, for in vitro directed evolution, it is ideal to encapsulate one single 
aqueous droplet in oil droplet for the sequent detection and sorting so that the synthesized 
protein originates from one single molecular of DNA. Fig.1A presents the generation of double 
emulsion droplets into a big reservoir on a PDMS microchip. When the double emulsions 
contained the machinery for the protein expression, for example, OpdA enzyme, which is an 
efficient enzyme to degrade OP pesticides, the volume of double emulsions keeps enlarging 
(Fig.2B and C) which suggested that the stability of double emulsions containing the reaction 
kit for in vitro protein expression is impractical for several hours as on-chip incubation process 
except for the usage of the partition techniques. Based on the above investigations, a simple 
method has been developed to contain in vitro expressed protein in the double emulsion 
droplets which hold a great promise to be further applied for a complete directed evolution. 

 

Fig.1. The production of double emulsions 
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Briscoe1 
1University of Bristol, Bristol, United Kingdom, 2Royal Institute of Technology, Stockholm, 
Sweden 

From the wheels of an ancient Roman chariot, to the modern day miniature components in 
micro-electromechanical systems (MEMs), and to the sensation of touch, friction forces can be 
found everywhere. Despite this, our fundamental understanding of friction remains incomplete. 
Current practices trying to control friction, either enhancing or reducing it, still rely largely on the 
ancient laws. Proposed by da Vinci (1452-1519) and Amontons (1663-1705), Amontons' laws 
of friction state firstly, friction f is proportional to the applied load L, i.e., f = µL where µ is the 
friction coefficient; Secondly, friction f is independent of contact area A between sliding 
surfaces. These are complemented by Coulomb's (1736-1806) law, which states that friction is 
independent of sliding velocity v. 

 

Can we use these empirical laws of friction, devised for macroscopic rough surfaces, on 
nanostructured surfaces in nanotechnology? We have directly measured friction between a 
number of model surfaces bearing nanotextures, including nanodiamonds, nano-cobblestones, 
and nanorods (c.f., Fig. 1), using an atomic force microscope (AFM). Our results allow us to 
test the validity of Amontons’ laws on such nanostructured surfaces, and reveal a correlation 
between the friction coefficient and the geometry and size of the surface textures. Such 
knowledge will be invaluable in helping us to tailor such nanotextures in order to optimize 
friction control in nanodevices. 

 

Acknowledgements: N. Fox, O. Fox and P. May (Bristol); J. Mitchels, D. Mattia and H. Leese 
(Bath) 

 

 

 

Fig. 1. An SEM image by G. Fuge (Bristol) of an AFM cantilever tip coated with ZnO nanorods 
of ~ 20 nm in diameter and ~ 600 nm in length, for friction measurement in this project. 
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Conducting thin films have great potential for applications in a variety of electronic and 
optoelectronic devices such as electromagnetic shielding, chemical sensors and flexible 
displays. Conducting polymers such as polyaniline are in general difficult to process due to 
their poor solubility in the majority of solvents. In addition, structural defects due to the 
entanglement of polymer chains would limit the conductivity achievable in practice. 
Consequently, the effectiveness of using conducting polymers to form conducting thin films is 
limited, and an alternative “oligomer approach” has been recently developed, in which 
oligomeric analogues of conducting polymers are used instead due to their improved solvent 
solubility and their ability to form well defined mesostructures.  

A recent study has demonstrated that tetraaniline (TANI; a 4-unit oligomer of polyaniline) 
spontaneously self-assembles in the bulk phase under certain conditions.[1] In this study, we 
have attempted to form nanofilms of both TANI and octaaniline (OANI; an 8-unit oligomer of 
polyaniline) oligomers using a simple drop-casting method. Employing synchrotron X-ray 
source, we have characterised the structure of these nanofilms using grazing-incidence SAXS 
and surface diffraction performed in the X-ray reflectivity configuration. Our results show that 
doping with the surfactant bis(ethyl hexyl) phosphate (BEHP) encouraged the oligomers to self-
assemble into well-ordered structures which differ from those observed in the bulk. The OANI 
demonstrated a lamellar structure with d-spacing of 2.27 nm, with the lamellar planes aligned 
approximately parallel to the underlying substrate; whereas the TANI showed a highly 
crystalline diffraction pattern, indicating an ordered 3-dimentional structure:  a 2-dimensional 
hexagonal lattice within lamellar layers of 2.14 nm spacing. These results point to a simple and 
novel method for designing conducting nanofilms with well ordered structures via self-assembly 
of oligomeric species.  

 

Figure 5. Tetraaniline in the EB oxidation state (left) and coordinated 
with the acid dopant BEHP (right), a complex which spontaneously 

self-assembles in the bulk phase[1] 

 

1. Wei, Z.; Laitinen, T.; Smarsly, B.; Ikkala, O.; Faul, C.F.J., Self-Assembly and Electrical 
Conductivity Transitions in Conjugated Oligoaniline-Surfactant Complexes. Angew. 
Chem. Int. Ed. 2005, 44, 751-756 
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Analysis of secretory products of single cells is important for studying the physiological, 
immunological, and pathological activities at a cellular level. Most current biological assays 
require large cell populations to obtain a quantitative determination, and also the assays lose 
important information of individual cells in the process of averaging cellular responses. There 
are a few conventional systems that enable examine single-cell characteristics either in vivo or 
in vitro, such as fluorescence-activated cell sorting (FACS), capillary electrophoresis and 
another instance. However, one of serious concerns in these systems is how to analyse 
secreted products of single cells. For addressing this concern, the simplest approach is to 
miniaturize the platform of cell culture and molecular detection as small as a single cell size. 
Thus we developed a novel microscopic platform for detection of secreted proteins of single 
cells by combining an array of microwells with a total internal reflection fluorescence 
microscopy (TIRFM).  

Array of the microwells was fabricated by poly-dimethylsiloxane (PDMS) and comprised of 
micrometer-sized cavities (40 µm square and 20 µm depth). The PDMS microwells enabled us 
to trap and culture single cells in each of subnanoliter-scaled cavity. We measured the 
secretion levels of anti-HA tag antibody (mouse IgG) in a single mouse hybridoma by Qdot-
labeled antigen with TIRFM. 12CA5 cells were seeded onto PDMS microwells and the PDMS 
sheet was assembled into a flow-cell with anti-mouse IgG antibody-coated coverslip. Then, 
Qdot-labeled antigen (GST-HA) was injected into the flow cell with medium and started 
culturing. Qdot signals were observed by TIRFM and the fluorescent particle number was 
counted. The number of Qdot on the glass surface was increased time-dependently. Using 
purified anti-HA tag antibody, we confirmed that the number of Qdot on the glass surface 
corresponds to the number of secreted antibody. In addition, antibody production profiles of 
mouse hybridoma (1 day culture after subculturing) obtained by the single cell assay varied 
widely from cell to cell. Thus, combining single-cell culture method and Qdot-based single 
particle counting method enable us to detect and quantify secretory proteins from a single cell 
in real time.  

In this study, we have developed a novel platform for detection of secretory products from 
single cells by a combination of an array of micrometer-sized wells with high sensitivity 
fluorescent microscopy systems. Using the flow cell constructed with a PDMS microwell array, 
we succeeded in trapping and culturing single cells in each of subnanoliter-scaled wells, thus 
confirming that the resulting secretory products from a single cell could be successfully used for 
measuring the quantity. Our system had several unique features compared to conventional 
secretory products detection systems: (1) simple protocols consisting of merely two steps for 
cell trapping and culturing, (2) minimized dilution of cell products, and (3) parallel processing of 
an ensemble of single cells. Together with highly sensitive fluorescent detection techniques, 
our approach has opened a way to analyse the heterogeneity of a cell population at the single-
cell level from a biochemical viewpoint. 
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Porous coordination polymers (PCPs), assembled by metal ions and organic bridging ligands, 
are an intriguing class of crystalline porous materials, as it is possible to design their framework 
topologies and pore sizes and the functionality of the pore surfaces. On the other hand, 
functionalization of PCP other surfaces (crystal surfaces) is a great challenge, but it is a 
promising methodology not only for modification of the porous properties but also for the 
addition of a new function to the PCP without changing the characteristic features of the PCP 
crystal itself, resulting in the fabrication of multifunctional PCPs. 

 

The relatively weak interactions of coordination bonds that dominate the construction of PCPs 
are also useful to modify the surfaces of PCPs or hybridize PCPs with other materials. This is 
because that the crystal surfaces once in solution will be extremely sensitive to the coordination 
equilibrium, whereby the organic ligand and solvent molecules compete to terminate the 
surfaces by coordination bonds. When appropriate postsynthetic reaction media have been 
found, that is, the crystals do not degrade and the reactivity of the crystal surfaces is preserved, 
the use of the coordination equilibrium then allows specific and selective functionalization of the 
surfaces by desirable organic molecules or bridging ligands. 

 

One way to decorate the crystal surfaces of a PCP is to hybridize the core PCP crystal with a 
different shell crystal by epitaxial growth at the single-crystal level, thus creating core-shell PCP 
heteroepitaxial crystals [1,2]. Such a lattice match promises pore connections at the interface 
between crystals. We demonstrated the synthesis of hybridized PCP single crystals by taking 
the advantage of coordination equilibrium at the crystal interfaces and determined the structural 
relationship between the shell and the core by using surface X-ray diffraction analysis. 
Whereas the epitaxial growth of the shell crystal requires the careful choice of bridging ligands 
to laterally match the lattice distances at the interfaces, the ultimate thinning of the shell layer 
on the core PCP crystal, and thus the formation of a monolayer gives the free-usage of 
functional organic molecules [3]. Thanks to the coordination equilibrium at the crystal interface, 
we succeeded in the fabrication of functional organic monolayers on the crystal surface and the 
characterization by microscopic techniques. 

 

1.  Furukawa, S.; Hirai, K.; Kitagawa, S. et al. Angew. Chem. Int. Ed., 2009, 48, 1766-
1770. 

2.  Furukawa, S.; Hirai, K.; Kitagawa, S. et al. Chem. Commun., 2009, 5097-5099. 
3.  Kondo, M.; Furukawa, S.; Kitagawa, S. et al. Angew. Chem. Int. Ed., 2010, 49, 
5327-5330.
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