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Welcome & Introduction 

On behalf of the Organizing Committee, welcome to the Crowne Plaza Coogee Beach and to 
the Australian Colloid and Interface Symposium, ACIS 2003 . The Colloid and Surface 
Science Division of the Royal Australian Chemical Institute, Inc. has decided to establish a 
re!,'1.llar schedule (January/February) and venue (Sydney) for its national conference to be held 
biennially, alternating with the Student Conferences. Coogee Beach was chosen for its 
proximity to the airport, city and surf for the convenience and enjoyment of all participants 
from Australia and overseas. 

The ACIS 2003 scientific programme embraces mature disciplines as well as emerging areas 
within its four themes, Mi11ern/ Processing, Formulatio11s, Nanotech110!0K)', and 
8iotech110/ogy. We also welcome the inclusion of the Australia-Japan Symposium into this 
year's programme. This continues an important bilateral series of meetings, and we thank our 
Japanese colleagues for making a special effort to participate at a very busy time in their 
academic calendar. 

ACIS also provides a permanent home for the A.E. Alexander Lecture, honouring an eminent 
colloid and surface scientist. This year's Alexander Lecturer is Professor Mats Almgren from 
Uppsala University. Mats has made many important contributions to self-assembly over his 
long and distinguished career, and also has a longstanding connection to many of us in the 
Australian colloid science community. 

Selected papers from ACIS 2003 will be published later this year in a Special Issue of the 
Australian Journal of Chemistry- An International Journal for Chemical Science. 

We hope that AClS will become a regular feature on the intematio~al colloid and surface 
science calendar, and encourage our northern-hemisphere colleagues to fly south and join us 
in 2005 and beyond. · 

The Organizing Committee thanks the following groups for their financial and in-kind support 
for ACIS 2003: Dyno-Nobel Asia Pacific, Rio Tinto, CSlRO Molecular Science, Nomadics 
Inc., The Bragg Institute (ANSTO), Group Scientific, Orica Australia, the A.E. Alexander 
Fund, the Royal Australian Chemical institute Inc. 

If you have any concerns during the conference, please contact either a member of the 
organizing committee or Julie Plant from Conference Focus, who is available at the 
registration desk. 

Greg Warr 
Chair, ACIS2003 
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Organising Committee 

Conference Chair 

Treasurer & Social Program 
Publicity 

Organising Committee 

Theme Chairs 

A/Prof Greg Warr (University of Sydney) 

Dr Russell Crawford (Swinburne) 
Dr Erica Wanless (Newcastle) 
Dr David Yates (Chair, Colloids Division) 
Dr Ian McKinnon (Vice-Chair, Colloids Division) 
A/Prof. Vicki Chen (UNSW) 
Prof. Kazue Kurihara (Tohoku). 
Formulations: Dr Patrick Hartley (CSIRO 
Molecular Sciences) and Prof. Peter Stewart 
(VCP) 
Biotechnology. Prof Matt Trau (Queensland) 
Nanotechnology. A/Prof Paul Mulvaney 
(Melbourne) and Dr Tim Senden (ANU) 
Mineral Processing: Dr Scott Buckingham (Rio 
Tinto) 
General Papers: Dr Ian McKinnon (Monash) and 
A/Prof Greg Warr (Sydney) 



Programme 

Sunday, February 16th 

Monday, February 1?'h 

Tuesday : ·Febru,iiry is'" 

wei:inesday, February 1st
" 

3:00 -5:00 p.m. 
5:00 - 7:00 p.m. 
8:00 a.m. 
8:45 a.m. 

10:30 a.m. 

10:30 a.m. 

6:30 p.m. 

8:45 a.m. 

8:45 a.m. 

7:00 p.m. 

8:45 a.m. 

8:45 a.m. 

Registration 
Conference Mixer 
Registration Opens 
A.E. Alexander Plenary Lecture 
Oceanic East Ballroom 
Australia-Japan Symposium 
Oceanic East Ballroom 
Mineral Processing 
Coogee Room 
Poster Session 
Oceanic West Ballroom 
Nanotei:linology -
Oceanic East Ballroom 
Formulations 
Coogee Room 
Conference Dinner 
Oceanic Ballroom 
Biotechnology 
Oceanic East Ballroom 
General Papers 
Coogee Room 
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Monday, February 17th 

8:00 Registration Opens 

8:45 

9:00 AE Alexander Lecture 

Oceanic East Ballroom 
Opening Remarks & Welcome 

Mats Almgren 
(Uni of Uppsala) 

Cubosomes, vesicles, and perforated 
bilayers in aqueous systems of lipids, 
polymers, and surfactants ,-----·-·-=---------·=-· .-·· M ... . ' i 

tl 0:00-10:30 ,.,· .,,,,,_. • .,. ., _.,. ,...., ,. ommg~ ,.,. ------·--------
Australia-Japan Symposium 

10:30 Toyoki Kunitake 
(RIKEN) 

Recent Developments in Ultrathin 
Films of Metal Oxides: Chemistry of 
Copying as a New Aspect in Nano
Materials Research 

10:55 

11 :20 

11 :45 

13:35 

14:00 

Stephen Hyde 
(ANU) 

Hiroo Nakahara 
(Saitama Univ.) 

Robert Hunter 
(Uni of Sydney) 

From Mono to Bilayer: Mesostructural 
Evolution in the Ternary Cationic 
Microemulsion DDAB/H20/tetradecane 

Characterization of Organized 
Molecular Films of Polymers by 
NEXAFS Spectra 
Electroacoustic Study of Crystallisation 
of n-Eicosane and Coconut Oil-in
Water Emulsions 

'i:iincli 
Kaoro T~ iij.Tapa';---c'°oik>id "s't';bmtyin Nea,~ d 
Marine Sci. Tech. Supercritical Water 
Centre) 

Franz Grieser 
(Uni of Melbourne) 

Kazue Kurihara 
(Tohoku Uni) 

Sonochemical Production of 
Fluorescent and Phosphorescent Latex 
Nanoparticles 

Nanostructuring of Liquids at the Solid
Liquid Interfaces - ---

14:25 Tom Healy Reconciliation of Rheological and 

15:45 

(Uni of Melbourne) Direct Force Measurements of Forces 
Between Nano-Colloidal Particles in 
Concentrated Dispersions. 

Jiftimo'onrii-!~~ ~ ..... ,._Mtt"'~-w.,,.,,.w"'•~:-~~--~~"~ .• ··~o.: · .. 

Kats·u;;;t Kaneko Restricted' Hydr~ f Ions Confi~ 
(Chiba Uni.) in Carbon Slit-Nanospaces with 

EXAFS 
Roger Hom 
(Uni of SA) 

Variation of mercury-mica interfacial 
energy with surface charge 

.... . ... .. 16:10 Yoshio Okahata ... ..... Preparation of a "t>NA-Nanow.ire anii Its 

(Tokyo IT) Evaluation of Electron Conductivity 
16:35 Ian Gentle Controlling Self-Assembly in Thin -'------ 

(Uni of Queensland) Organic Films 

18:30-20:30 Poster Session Oceanic West Ballroom 
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Monday, February 17th 

Coogee Room 

_ •• ,_, _ MornlntLt~ ---,;, _____ "'""""'="--· 
Mineral Processing 
Keynote Lecture Len Warren 

(AJ Parker/CSIRO) 
Colloid and lnterfacial Science: The Key to 
Mineral Processing 

---- . ------· . - - .. -- - ·-·· - ·- --·-· -je".iii b. swftt --- · ·-- ·· · ·Fo-ciisecti3eiini -ReiiecianceMeasiirement tor 
(AJ Parker) the Characterisation of Aggregated Systems 

-- --- - --- - · ····· ·- · ----- ---- ---- --- --- "Jfrrimy Y.H:·ua·o 
(UNSW) 

.. Com.parison of Coal Flo·c Characterisation ____ _ 
Techniques: Image Analysis , Light 
Scattering, Settling and Focus Beam 
Reflectance Measurement. 

~~.,.,,;.,.;..,...;...._~~! iiii£!!_',f.~·~. 
Mandalena Hennawan Evaluation of Floe Strength and Its 
(UNSW) Implication on Sediment Compaction 

George V. Franks 
(Uni of Newcastle) 

Gayie M ords 
(IWRI) 

George V. Franks 
(Uni of Newcastle) 

Flocculaiion: from Lab lo Practice - Some 
Common Pitfalls in Scale Up 

Structural Beha.vfo.ur of Cliiy Suspensions 

Effect of Lyotropic Series Ions on the Zeta 
Potentials and Yield Stresses of Silica and 
Alumina Suspensions: Additional Attraction? 

Aflemoon Tfia __ 
Peter Scales The Role Of Flocculants In The Dewatering 
(Melbourne) Of Slurries 

AniiV: Nguyen . Measurements of Bubbie-Pa rticle iiiteracffon·· 
(Uni of Newcastle) Forces by Atomic Force Microscopy 

Tim H. Muster 
(CSIRO) 

The nature of zinc oxidation products: 
wetting, charging and protection . 
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Tuesday, February 18'11 

Nanotechnology 
.... -· ··-ii:45 illanoparticles & 

Nanostructures 

9:25 

9:50 

10:15 

Oceanic East Ballroom 

Horst Weller-(Uni. oi ·- Sy-rith.esis-arid Seii-Ass-em-biy-of -· ·· --
Hamburg) KeyNote Nanoparticles 

Nicholas Kotov 
(Oklahoma State Uni.) 

Ordered And Disordered Nanoscale 
Composites 

Michael Giersig (Hahn- Large-Scale, 2D Arrays Of Magnetic 
Meitner lnsitute Berlin) Nanoparticles 

Burkhard Ragusa 
(CSIRO, TIP, Sydney, 
Australia) 

Gold Nanoparticle Sensors & Actuators 

• .--~,.fltft)fl'FWI\ ~-i,;1·,,,_, Alorii'iiiq, Tea _, ~R, ~ ~,.Mi.~~~....;;,;,~ 

Naomi Halas (Rice Rationally Designed Plasmonic 
University) Nanostructures and their Applications 

·-·. · 11:30 ·- ····-· -- --· ··- · ·Kari-Heinz Muiier · --- ··- Eleciron fransportrv'iechanism.fn .Films-

11:55 

12:20 

(CSIRO, TIP, Sydney, of Metal Nanoparticles Linked by 
Australia) Organic Molecules 

Luis Liz-Marzan Metallo-dielectric Photonic Crystals 
{Uni of Vigo, Spain) from Silica-Coated Gold Nanoparticles 

Margaret Hines (Uni Of Synthesis and Characterization of Size-
Toronto) tunable PbS Colloidal Quantum Dots 

r --,·--········--····. ·= y y ., " -· ·-- ·- ··c.·--- --- - ·., ·r····-·· 

,H:4S-
1 ~:;~5 Nan';:'sio c-;;11o1J;-;;~d,,. M~;~';i"e~ he;---- Lun6~o'i™c"cinjugat~;r,;··s·iological 

Surfaces 

14:15 

(Quantum Dot Applications 
Corporation) KeyNote 

Mathias Brust (Uni Of 
Liverpool) 

Enzymatically Controlled Assembly and 
Manipulation of DNNGold 
Nanostructures 

14:40 Maxine McCall (CSIRO Towards the DNA-directed self-
Molecular Science) assembly of carbon nanotubes 

15:05 ··-· --· j oe Shapte-r (Flinders ··- STM/AFM Studie·s of Giucose Oxidase • - - -- - ··· - ····· 

Uni) on Au Surfaces 
._....,..t~~-~~-----.. "!':" ,,..~Afternoon Tea :-.. .. ~-,,,..~~~'l:~J 

15:55 Nanoscale Forces & 
Surface Science 

John Ralston 
IUni of SA) 

Light-Induced Reversible Wetting 
Behaviour On Structured Surfaces 

16:20 Tim Senden Nano-mechanical manipulation of 

··-· ···· ·· ··16:45 ··-· ---· ---· -

(Applied Maths ANU) bilayers 

PhiiAtti1rd- · · ·- ··· · .. . 

(Uni of Sydney) 
Nanobubbles and the Hydrophobic 
Attraction 

17:05 Jason Kilpatrick Nanorheology using a modified 
{Newcastle Uni) Commercial Atomic Force Microscope 

17:30 RAC/ Colloid Division Meeting 
19:00-24:00 Conference Dinner 
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Tuesday, February 181h 

Formulations 
··-·oi-lca Ausi:raifa · · 

Keynote Lecture 

Coogee Room 

Robert Prud'homme 
(Princeton Uni) 

Ayman Allahham 
(Vic. Coll. Phann.) 

Brian Vincent 
(Bristol Uni.) 

Fariba Dehghani 
(Eiffel; Technologies) 

Nanoparticle Formation with Impinging Jet 
Precipitation and Block Copolymer 
Stabilization 

Development, Validation and Applications Of 
an in vitro Model Of lnjectability Using a 
Micro-capillary Rheometer 

Polymer/Surfactant Aggregates and their 
Deposition on Macroscopic Surfaces 

Dense Gas Processes and Drug Formulation 

-----------------·--····---------=-~-~--------,- ----- ----~ 

Marco La Rosa 
(CSIRO/Melbournel 

Paul FitzGerald 
(Uni Of Sydney) 
Justin Cooper-White 
(Uni of Melbourne) 

Molecular Dynamics Simulation oi Nonionic" -
Poly(ethylene oxide) Surfactant Monolayers 

Micelle Morphology and Phase Behaviour of 
Polyethylene Oxide Gemini Surfactants 

Dynamics of Polymer - Surfactant 
Complexes : Elongational Properties and 
Drop Impact Behaviour 
r."'i1)!~~-~-,~-~ "Ilincn 

,.'N;ws~;.,.;\1-,;,J..-. .... """""""'-ti«:.;,.,;,:i,.~;;,,,~:.,,.,.,.;,--·· ~>-,.,-,_.,_,:,, ............... -·-,.;,.,..,(~~,._;,:i,_,;w,i~-~~.i-i,M~M'----;,;.,_, 

Dyno-Nobel Asia- Fernando Leal- Aging of emulsions: new developments and 
Pacific Keynote Calderon applications 
Lecture (CRPP Bordeauxl 

Elliot Gilbert 
(ANSTO) 
Nazrul Islam 
(Vic. Coll. Pharm.) 

High Internal Phase Emulsions and Related 
Microemulsions Studied by SANS 
Influence of Fine Lactose and Carrier Particle 
Size on Drug Dispersion From The 
Interactive Mixtures of Salmeterol Xinafoate 

George Liang Viscosity Control By Forming Flocculation In 
(Uni of Sydneyl An Aqueous Dispersion 

1,......:;.....;;,. v ==• ~ , , .,,.__ Afternoon Tee ~ _.__,._:, ..:., ... ~ .. ~- ... 
Ben Boyd Are Cubosomes Useful lor Parenteral Drug 
(MaynePharma) Delivery? 

Alex Ojerdjev 
(Uni of Sydney) 

Rama Heidari 
(ANU) 

Electroacoustics and High Frequency· - ...... -
Dielectric Response Measurements of 
Stagnant Layer Conduction in Emulsion 
Systems 

X-ray reflectivity study ·of b-casein-·at ii,e.air~ 
milk serum interface and its response to fat 
content and temperature. 
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Wednesday, February 18th 

Biotechnology 
8:45 NanoBiotechnology 

Keynote Lecture 

Oceanic East Ballroom 

Frank Caruso 
(Uni of Melbourne) 

Thin film biosensors from colloid building 
blocks and templates. 

9:25 John White 
(ANU) 

Biologically directed assembly of soft 
matter. 

9:50 

---- ··-· · 10:15 ______ ---- ·-·- ···-

11 :05 Special Keynote 
Lecture 

11:30 

11:55 

12:20 

,12:;~S;P:?~ 
13:35 Keynote Lecture 

Kyle Vanderlick 
(Princeton U) 

Kristen Bremmell 
(Uni of SA) 

The action of membra ne active agents 
on model membrane sys_t_e_m_s_. _ __ _ 

Interaction , deformabi lity and nano-
rheology of red blood cells . 

"Moinlii{l:tei. _,,~,,~_,,,~,~~U;~ ... •~ 
Bruce Corn ell 
(Ambri ) 

Russell Crawford 
(Swinburne U) 

Gwen Lawrie 
(UQ) 

Sensing in the Temporal Domain 

Characterisation of biologicai ·-------- - ·-· - ----- ---· .•. . 

adsorbents. 

Nanoarchitectural engineering of 
colloidal barcodes: a generation of 
unique optical signatures for encoding 

--------,...J!! ll_(_l!)!!~_.<!PPlications. ~ --. ____ ·=··-
Lunch 

James Schneider 
(Carnegie-Mellon U) 

Manipulating and processing genetic 
material using surfactant systems. 

·· ·-·14:1s·· .. Michelle Gee - . ·-- -- -· ···· -The.partial denaturatiori ci(siiica·· 

14:40 

(Uni Of Melbourne) adsorbed bovine serum albumin as 
determined by time-resolved evanescent 
wave-induced fluorescence 

_ .. .. . . • .••. . ..• .. ... spe~t~o~_c<_>p_Yc_ __ •.. ..... .. 
Michael James Bio-functionalisation of silicon 
(Bragg Inst.) substrates. 

----- 15:05 Ron Clarke 
(Sydney) 

Hydrophobic ion hydration and the 
magnitude of the dipole potential. 

15: 55 

16:20 ·-·· ··-. -- .... ..... . .. . .. .. . 

16:45 

10 

Robert Chan 
(UNSW) 

Martina Stenzel 
(UNSW) 

Michael Whittaker 
(Polymerat) 

Quantification of protein fouling on 
ultrafiltration membranes using MALDI
MS. 

Honeycomb structured porous films 
prepared from carbohydrate based 
polymers synthesized via RAFT process. 

Block polymer and microgel synthesis 
via RAFT for porous membrane 
formation . 



~ 

General 
Bragg institute 
Keynote Lecture 

Wednesday, February 191
h 

Coogee Room 

Paul Butler Scaling of Dynamics in membrane phases 
(Oak Ridge National 
Lab.) 

··James Beattie 
(Uni of Sydney) 

E1ecirciacoustics of Mesaporaus-Par11des·· ---

Malek Khan Monte Carlo Simulations of Stretched 
(Uni of Melbourne) Charged Polymers 
Peter Harrowefi -· -·· - -- Erosion -ai itie crystai-liquici interface: A-····--
(Uni of Sydney) Molecular Theory 

t~-... ---~=-· .-N_n,..._~,;.~••,•.;. .. ""'.~ ~itJ9J fJil , ~:<(u::~·::~""·,-,~ .. -;,a..-;.--,· --~ . ..,-,·;..--: .. >L~~~=.:....--.... ..,....,. __ 
Gary Bryant The effect of polydispersity on the 
(RMIT) crystallization kinetics of colloidal hard 

Leonie.Barner ---· 
(UNSW) 

Jamie Schulz 
(ANSTO) 

Ray Dagastine 
(Uni of Melbourne) 

spheres. 

RAFT Polymerization and Phase Separation 
of Novel Amphiphilic Block Copolymers for 
Nanotechology Applications 

The Substrate·s Role in Adsorbed Surfactant 
Layer Morphology at the Hydrophilic 
Solid/Solution Interface 

Direct Comparison of AFM and TIRM Force 
Measurements in the Presence of a Non
absorbing Polyelectrolyte 

~=~·-'----:t:·:;;,;~;.::~~~K~~~~~~4'~hY•~=~=::::::=~-:==-=~~ 
CSIRO Molecular Thomas Zemb Self-Assembly In Cationic-Anionic Colloids : 
Science Keynote (CEN Saclay) Formation Of Stiff Nanodiscs And Icosahedra 
Lecture 

Clive Prestidge 
(Uni of SA) 

Jason Connor 
(Uni of SA) 

David smrtii - -· · 
(Uni of Newcastle) 

Ptiivis brc>plets of Controiied Deformability: 
Interaction Forces , Deformation and Nano
rheology 

Experimental measurement of hydrodynamic 
and double-layer pressures and their 
contributions to the total force during the 
approach of a flu id drop to a flat solid 
surface. 

Cavitaticinsuppressionata Crack iii-ifii;· ·--
Surface of a Solid with a Diffuse Double 
Layer 

Alteinooii·t.~a~ - . --"ii --~-~---~-~••••••,_,_._,._.,.,Hfl........-,...:.-..-.---~~ .... H~;·.i 
Vince Craig Hydrodynamic boundary slip in Newtonian 
(ANU) Fluids on wetting surfaces. 

Muthupandian 
Ashokkumar 
(Uni of Melbourne) 
Mark t-ienifei-scin-- ·
(ANUl 

Ultrasound Induced Proton Transfer Between 
Surface Active Acid-Base Solutes 

ExpandedMesopcirous Silicate Films Grown 
at the Air-Water Interface. 

II 



Poster Presentations 
Oceanic West Ballroom, 6:30- 8:30 p.m. Monday February 17th 

Luca Albertin UNSW Chemoenzymatic synthesis of carbohydrate-
functionalized polymers with controlled architectures 

2 Choon Jek Ang Swinburne Treatment of Printing Wastewater using Adsorbing 
Colloid Flotation 

3 Tsuyoshi Asakawa Kanazawa Fluorescence Quenching Behavior of Quinoline 
Derivatives in Micellar Systems. 

4 John Biasutti UNSW Suspension Polymerization of Methyl Methacrylate 
Mediated by 2-cyano-2-yl dithiobenzoate 

5 Daniel Eldridge Swinburne Adsorption Behaviour of the Various Crystal 
Structures ofTiO2 

6 Emelyn Smith Newcastle Organised layers of di block copolymer micelles 

7 Elliot Gilbert ANSTO Designing a Small-Angle Neutron Scattering 
Instrument at the Australian Replacement Research 
Reacter 

8 Yu Hai Hu Hokkaido Inclined CO, desorption on stepped Pt(112) surface 

9 Nazrul Islam VCP Characterization Of Lactose Surfaces by Atomic 
Force Microscopy 

10 Michael James ANSTO When Thin is Sexy - The Future of Neutron 
Reflectometry in Australia. 

11 Greg A. Kossena VCP Assessing the Phase Behaviour and Solubilisation 
Benefits of the Digestion Products of Commonly 
Used Formulation Lipids 

12 Laszlo Kovacs Sydney Shape Transformations in Cationic Surfactant 
Aggregates at the Solid/Liquid Interface 

13 Christian Kugge YKI An AFM Study of Local Film Formation of Latex in 
Paper Coatings 

14 Anh Nguyen Newcastle Reagent Surface Chemistry, Bubble-Particle 
Interaction and Flotation of Insoluble Minerals 

15 Niklas Nordgren ANSW Highly Functional Star-Block Polymers Prepared via 
RAFT 

16 Benjamin O'Driscoll UQ Conformational Changes In Monolayers Of A Cationic 
Amphiphilic Porphyrin On Saline Subphases 

17 Oka Ratnayani UNSW Novel Membranes with Honeycomb Structure Based 
on Star-polymers 

18 Jamie Schulz ANSTO Small-Angle Neutron Scattering Investigation of Hairy 
Electrosterically Stabilised Polystyrene Latex 
Particles 

19 Annabel M. Wood CSIRO Synthesis of liquid crystal-templated mesoporous 
MolSci materials for use in environmental remediation 

applications. 

20 Adam Wootton Sydney Theoretical Studies of the Structure and Stability of 
Inverse AOT Micelles in the Absence of Water 

21 Rada Pushkarova IWRI Determination of the potential at a gas-liquid interface 
from force measurements 

22 Kristi Hanson Swinburne The behaviour of laccase in the presence of inorganic 
and organic adsorbents 

23 Daniel Nystrom UNSW Tailored isoporous membranes via surface confined 
ATRP and RAFT processes 

24 Jeremy Ruggles UQ Expanded Mesoporous Silicate Films Grown at the 
Air-Water Interface by Addition of Hydrocarbons. 
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A.E. Alexander Lecture 

Cubosomes, vesicles, and perforated bilayers in 
aqueous systems of lipids, polymers, and 
surfactants 

Mats A fmgre11 

Dept. of Physical Chemistry, Uppsala University, PO Box 532, SE 75121 Uppsala, Sweden 

e-mail: matsalmg@mail.anst.uu.se 

Cryo-Transmission Electron Microscopy is a method allowing visualisation of many of the 
delicate structures that form by self-assembly of amphiphilic molecules in aqueous 
environments. The amphiphiles may be surfactants, lipids, or polymers in alone or in various 
mixtures. The distinctive feature of the method is that the objects are examined without 
staining or dehydration. This is achieved by capturing the structures in very thin aqueous 
films that are subsequently vitrified and examined in the microscope at liquid nitrogen 
temperature. Objects in the size range from 5 to 500nm are well suited for the method. This 
includes various emulsion particles such as liposomes and more exotic cubosomes and 
hexasomes. In cryoTEM investigations perforated vesicles were found, an observation that 
triggered extensive studies of the nature and occurrence of such structures. As a complement 
to scattering methods, cryoTEM has proven its value in investigations of the size and 
morphology of various liposomal and vesicular systems. The microscopy studies show what 
type of structures that are present in the sample: uni- or multilamellar vesicles, open structures 
or closed defect-free vesicles, and if the form is spherical, tubular, or oblate, and so on. The 
scattering methods give good measures of size and polydispersity for defined systems. 

Tn the lecture three main themes will be presented, where cryoTEM investigations provided 
decisive results and were the starting point for further studies: 

• Morpholob'Y of cubosomes and other emulsion particles from dispersed liquid crystalline 
phases 

• Perforated bilayer, their structure, nature, occurrence, and formation 

• Spontaneous cationic vesicles: relationship to vesicles of zwitterionic lipids + ionic 
surfactants 

Alexander Lecture I 15 





Recent Developtnents in Ultrathin Films of Metal 
Oxides: Chemistry of Copying as a New Aspect in 
Nano-Materials Research 

Toyoki K1111itake 

The University of Kitakyushu, 1-1 Hibikino, Wakamatsu, Kitakyushu 808-0 I 3 5, Japan 

The Institute of Physical and Chemical Research, 2-1 Hirosawa, Wako, 351-0 I 98 , Japan 

kuni take@ruby.ocn.ne.j p 

We have developed a novel method to prepare ultrathin layers of metal oxide gels by sequences of 
chemisorption of metal alkoxides and subsequent activation. This surface sol-gel process is unique in 
that it is possible to design individual metal oxide layers with molecular precision and that it is 
broadly applicable to varied metal alkoxides. Wrapping of small molecules and polymers belong to 
positive copying of templates by such metal oxide layers. For example, dye molecules and polymer 
chains are readily wrapped with ultrathin titania layers to produce molecules isolated from other 
molecules and the surrounding media. Thus, the wrapped poly(viologen) chain cannot quench 
fluorescence of fluorescein dye, and the average chain leni,>th determined by electron microscopy of 
the individual polymer molecules agrees with that detennined from the chemical composition. Latex 
nanoparticles deposited on solid surface as monolayers and ordered three-dimensional arrays are 
unifonnly covered by a few nm-thick titania layer, and the latex templates are removed by 
subsequent treatment with oxygen plasma. The resulting titania shell is a positive copy of the latex 
structure. This approach is contrasting with the fonnation of inverse opal based on 3D ordered 
nanoparticle arrays, in that the latter approach produces negative copies of the nanoparticle array. 

Imprinting of organic molecules in ultrathin metal oxide layers creates cavities that are negative 
copies of the template molecule. The imprinting is characterized by (a) formation of stable gel films 
with thickness precision of I nm, (b) creation of multi-functional cavities from a single-component 
precursor, and (c) adaptability of the ultrathin metal oxide layer to complex molecular morphology. 
The successful template includes aromatic carboxylic acids, amino acid derivatives, sugars, and 
other hydroxyl compounds. Enantioselective cavities for amino acids and sugars are formed in 
titania films as a result of these outstanding features. 

The art of copying in the nanometer regime is beneficial for development of nanomaterials. 
Morphological copying is reproduction of shapes and patterns as part of structural information. 
Three-dimensional copying of morphology is indispensable in building micro- and nano
architectures by using morphologies of individual molecules, supermolecules and other nano
objects. An example of morphological/functional copying is illustrated by formation offunctionally 
complimentary cavities in molecular imprinting. 

l. Wrapping and Inclusion of Organic Molecules with Ultrathin, Amorphous Metal Oxide Films. 

Ichinose, I; Kunitake. T; The Chemical Record, 2002, Vol. 2. 339-351 . 

2. Nanofabrication by the Surface Sol-Gel Process and Molecular Imprinting. Ichinose, I.; Lee, S
W.: Kunitake, T.; Supramolecular Organization and Materials Design, Jones, W.: Rao. C.N.R. ed.; 
2002. 172-213 . 
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From Mono to Bilayer: Mesostructural Evolution in 
the Ternary Cationic Microe1nulsion DDAB / H20 / 
Tetradecane 

M Olla1
, A. Semmler2, S. T. Hvde3 and M Mo11d11zzi1 

I. University ofCagliari, Dipanimento di Scienze Chimiche, S.S. 554 Bivio Sestu, 09042, 
MONSERRATO (CA), Italy 

2. Work done in Canberra, now at Infineon Ventures GmbH, St.-Manin-Str. 53, 8154 I Munich, 
Germany 

3. Applied Maths, Research School of Physical Sciences, ANU, Canberra, ACT 0200, Australia 

email: stephen.hyde@anu.edu.au 

Small angle X-ray (SAXS) scattering and NMR (diffusion) data have been collected on a number of 
single-phase samples located within the microemulsion domain of the ternary cationic amphiphilic 
system comprising didodecyl dimethyl ammonium bromide (DDAB), water and tetradecane. The 
data, as well as the shape of the domain within the ternary diagram display marked differences to 
related systems, comprising DDAB, water and shorter chain alkanes. In particular, tetradecane
containi ng microemulsions do not display the characteristic "anti-percolation" transition seen on 
water dilution and their swelling features are unusual. The data are consistent with a novel 
continuous transition from monolayer to bilayer character, involving the annealing of bilayer 
punctures on water dilution. The evolution is topologically complex, allowing continuous 
transformation from multi-handled bilayers (typical of L3 sponge mesophases) to multi-handled 
monolayers (typical of microemulsions modeled with the "DOC" model) and was analysed in some 
detail theoretically earlier1

• The model sheds some light on the distinction between monolayers and 
bilayers as structural models and reveals the usefulness of swelling analyses coupled with non-trivial 
topological models. 

I. Hyde, S.T. Col!oid1· S111fac:es A: Physicochem J;'11g A.l]h!Cts, 1997, 129-130, 207-225. 
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Characterization of Organized Molecular Films of 
Polymers by NEXAFS Spectra 

Hiroo Nakahara, 1 Atsuhiro Fujimori. 1 Masahiko Hara, 2 and Kawhiko Sekl 

1. Department of Chemistry, Faculty of Science, Saitama University, Saitama, 338-8570 Japan 

2. Local Spatio-Temporal Function Research, Frontier Research System, institute Physical and 
Chemical Research (RlKEN), Hirosawa 2-1, Waka, 351-0198 Japan 

3. Department of Chemistry, Graduate School of Science, and Research Center for Materials 
Science, Nagoya, 464-8602 Japan 

e-mail : nakahara@chem.saitama-u.ac.jp 

Two kinds of organized molecular films of the fluorinated comb polymers and polydiacetylene 
with long chains have been studied by NEXAFS spectroscopy. Dependence of the incident angles 
on NEXAFS spectra could provide information of the molecular orientaion in the organized thin 
films . In addition to the monolayer characterization of fluorinated comb polymers with various side
chains as well as the atomic force microscopy and X-ray diffractions of those deposited molecular 
films, it has been found that the polarized NEXAFS spectra at the F K-edge (680-720 eV) and CK
edge (280-320 eV) change significantly with the film deposition types and the chemical 
modification such as the side-chain lengths and the substituted hydrogen at the (!)-position of the 
fluorocarbons. Those films exhibited characteristic friction behaviour and nano-structures based on 
the fluorinated comb polymers.,. 2> 

Another study on the change of NEXAFS spectra of an amphiphilic diacetylene (DA) through 
photopolymerization in the Langmuir-Blodgett films, has been reported together with change of the 

UV-vis. absorption spectra. lt has been found that the C1s-n• and cr*(C-C) bands are changed with 
difference of the color phases of poly-DA films. From X-ray diffraction of these LB films, it has 
been suggested the electronic structures of the poly-DA films are coupled with the molecular 
packing of the side-chains 3 

I . Fujimori , A.; Araki, T.; Nakahara, H.; lto, E .; Hara, M .; Ishii, H.; Ouchi , Y.; Seki, K. , 

Langmuir, 2002, 18, 1437-1440. 

2. Fujimori, A.; Araki, T.; Nakahara, H.; et al., Bull. Chem. Soc. Jpn. 2003, i11 press. 

3. Nakahara, H.; Fujimori, A.; Hara, M.; Seki, K.; et al., Chem. Phys. / ,rm., 2003, in press. 
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Electroacoustic Study of Crystallisation of n-Eicosane 
and Coconut Oil-in-Water Emulsions 

Alex M Djerdjev, James K. Beattie, and Robert .1. Hunter 

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

e-mail: r.hunter@chem.usyd.edu.au 

Significant supercooling was observed when emulsions of n-eicosane were cooled from about 40°C 
to below 20°C. Solidification of the droplets occurred below 24°C in the cooling cycle. Reheating 
the emulsion caused the droplets to melt at their normal melting point (38°C) and the emulsion 
returned to its initial state. When the process is studied using electroacoustics, the ESA signal 
decreases regularly in magnitude as the temperature is lowered. The conversion of the ESA signal to 
a dynamic mobility requires values for the density and volume fraction of the dispersed phase. The 
transition to the solid causes a more dramatic change both in the magnitude and the phase of the 
apparent dynamic mobility based on the characteristics of the liquid. When proper account is taken 
of the density difference between the solid and the liquid. the dynamic mobility results can be 
readily interpreted in terms of the particle size and zeta potential of the droplets with very low fit 
errors. The decrease in particle size during crystallisation was explained by a change in both density 
and shape from liquid droplets to solid plates. The droplet size appears, however, to be significantly 
different at different salt concentrations which is an indication of the possibility of spurious results 
being produced by stagnant layer conduction. When this effect is taken into account the droplet size 
becomes independent of salt concentration. 

Similar measurements on a coconut oil emulsion cannot so easily reveal the occurrence of 
supercooling. if it occurs. because there is no sudden change in the density on passing from liquid to 
solid and the amorphous nature of the solid means that the particles probably remain spherical on 
freezing. 
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Colloid Stability in Near- and Supercritical Water 

Rossitza G. Alargova, Shigeru Deguchi and Kaorn T.rniii 

The DEEPSTAR Group, Japan Marine Science and Technology Center, 2-15 Natsushima-cho, 
Y okosuka 23 7-0061 , Japan 

e-mail: tsujik@jamstec.go.jp 

The properties of water in near- and supercritical regions can be easily varied because they depend 
strongly on temperature and pressure applied. This fact gives a great opportunity to investigate the 
colloid stability as a function of the medium polarity and viscosity without the use of any additives. 

Dynamic light scattering (DLS) turns out to be a convenient method to investigate directly the 
change in the particle size. We have developed a DLS cell which can be used in supercritical region 
of water up to 450 °C and 50 MPa together with AKICO Co. (Tokyo, Japan). 1 The cell body was 
made of a Ni-based corrosion-resistant alloy, lnconel 600. Three natural diamonds were employed 
for the optical windows. In the present study we examine the behavior of polystyrene latexes and 
inorganic particles in the range of25-400 °C and O.l-40 MPa. 

Figure 1 shows the diffusion coetlicients of some colloidal samples as a function of temperature. 
The data points of all the samples agree well with theoretical curves (solid lines) in the low 
temperature range. Theoretical curves were calculated taking the decrease of water viscosity with 
temperature into account. The observed values start to deviate downward from the theoretical curves 
at a certain point when temperature is elevated. This result may indicate the onset of coagulation of 
colloidal particles at these temperatures. This result is quite interesting if this is the case irrespective 
of the sample material. But we need more data to make such a conclusion. There are some possible 
reasons to account for the coagulation of colloids at higher temperatures. They are the lowering of 
viscosity and dielectric constant of water leading to an increase in the particle diffusion and 
modification of inter-particle interactions. Chemical modification of the particles could be one more 
possibility. Anyway, we need further studies to elucidate the mechanisms of above. 
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Figure 1. Diffusion coefficient 
of various colloids as a function 
of tern perature. 
The colloidal samples are a 
diamond powder (DPS) with 
diameter of 160 nm, polystyrene 
latex of206 nm bearing sulfate 
anion (PSL), of284 nm bearing 
carboxylic anion (PCL), and of 
hollow type with diameter of 
515 nm (PHL). Solid curves are 
calculated values assuming the 
particle diameter to be constant. 

Alargova, R. G.; Deguchi, S. ; Tsujii, K. Colloids Surf A, 2001, 183-185, 303-312. 
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Sonochemica] Production of Fluorescent and 
Phosphorescent Latex Nanoparticles 

Fran: Grieser. Mela11ie Bradley and M111h11pa11dia11 Ashokkumar, 

Particulate Fluids Processing Centre, School of Chemistry, University of Melbourne, VIC 3010, Australia. 

e-mail : franz@unimelb.edu.au. 

A novel one step emulsion polymerisation process has been developed that produces fluorescent or 
phosphorescent nano-sized latex particles. The method used involves the sonication of a 
polymerisable monomer/ water mixture in which a fluorescent or phosphorescence solute is 
solubilised in the monomer prior to sonication. The sonication process not only creates an emulsion 
from the mixture but also creates radicals that initiate the polymerisation of the dispersed monomer 
droplets. Using selected spectroscopic probes we have been able to characterise the physical 
environment within the latex. In Figure I is shown the effect of polymerising droplets of pyrene 
doped methyl rnethacrylate(l\.1MA) on the pyrene fluorescence. The high local viscosity within the 
latex prevents pyrene excimers from forming whereas they dominate in the unpolymerised monomer 
droplets. A lifetime analysis of the pyrene emission indicates that the viscosity within the latex is 
>6500 cp. Solvatochromic fluorescent solutes incorporated in the nanosized latex report that the 
dielectric constant is about 2, which is the same as that of bulk PMMA. 

Figure I. 
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Fluorescence emission spectra of pyrenc in the MM,\ emulsion (p) and in the PMMA latex 
particles (0). The 10 v.1% monomer phase contoined 2xl(r' M pyrcne and was cmul,iticd in a 
25 mM aqueous SDS solution . The <liumct~,·, oi' lhc latex particles pm<luccJ were in the range 
of 40 nm tn 90 nm ns determined by dynamic light seatte,ing measurements. 

In the presentation it will be shown that room temperature phosphorescence can be readily detected 
from certain solutes that have been incorporated in the sonochemically generated latex. The 
advantages of producing nanosized latex by sonochemical means will also be described 

I. Biggs, S.; Grieser, F. Macromolecules, 1995, 28, 4877-4882. 
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Nanostructuring of Liquids at the Solid-Liquid 
Interfaces 

Kazue Kurihara 

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University 
Katahira, Aoba-ku, Sendai 980-8577, Japan 

e-mail : kurihara@tagen.tohoku.ac.jp 

Liquid molecules, confined between nanometer scale space and at the solid-liquid interfaces, exhibit 
quite different behavior from those in the bulk . We have investigated the structuring of liquids at 
the solid-liquid interfaces employing new approaches based on surface forces measurement. 
Surface forces measurement, which directly measures molecular and surface interactions as a 
function of the surface separation, is a unique tool for surface characterization. 1 It can "monitor 
surface properties changing from the surface to the bulk (depth profile)" and provide new insights 
into surface phenomena. This method is direct and simple, and provides information that is difficult 
to obtain by other techniques. This paper demonstrates how we can obtain new insights into the 
behavior of liquids at the solid-liquid interface by describing our recent results. 

Novel molecular architectures. macroclusters of alcohol and carboxylic acid, were found on silica 
(glass and oxidized silicon surfaces) in cyclohexane. 2

•
5 Surface forces measurements revealed the 

long ranged attraction extending to 30 - 40 nm (for mono-functionalized molecules), which should 
be close to a half of the thickness of the adsorption layer of alcohol or carboxylic. FTIR-ATR 
spectroscopy revealed that macroclusters were formed through hydrogen bonding between the 
surface silanol groups and adsorbed molecules and between these molecules. This phenomenon can 
be used for preparing polymer nano-films on solid substrates. For example, poly(acrylic acid) films, 
ca. 20 nm in thickness, molecularly flat and free of defects, were prepared by in-situ photo
polymerization of adsorbed acrylic acid on silica. 4· 

5 

A shear force resonance method was developed in order to examine in detai l the ordering behavior 
of liquid (liquid crystal) molecules confined between two mica surfaces at the nanometer level. 6-

8 

The frequency and the amplitude of the resonance peak are highly sensiti ve the long-range order of 
the confined molecules, affording information to the surface effect and the propagation mechanism 
of the liquid structuring from the surface to the bulk. Lubrication and friction with confined liquids 
will be also discussed. 

1. K. Kurihara, in Nano-Surface Chemistry (M. Rosoff ed), Marcel Dekker Inc., 1-16 (2001). 

2. M. Mizukami and K. Kurihara, Chemistry Lellers, 1005-1006 (1999); 248-249 (2000). 

3. M. Mizukami, M. Moteki and K. Kurihara,J. Am. Chem. Soc., 124, \2889-22897 (2002). 

4. K. Kurihara, M. Mizukami, S. Nakasone and T. Miyahara, Trans MRS-J, 26, 913-916 (2001). 

5. K. Kurihara and M. Mizukami, Proc. JapanAcad., 77, Ser. B, 115-120 (2001). 

6. C. D. Dushkin and K. Kurihara, Colloids & Surfaces A, 129/130, 131-139 (1997). 

7. C. D. Dushkin and K. Kurihara, Rev. Sci. lnstmm. , 69, 2095-2104 (1998). 

8. K. Kurihara, Progr. Colloid Polym. Sci., 121, 49 -56 (2002). 

A-J Symposium I 23 



Reconciliation of Rheological and Direct Force 
Measurements of Forces Between Nano-Colloidal 
Particles in Concentrated Dispersions. 

Thomas W Healv 

Particulate Fluids Processing Centre, Department of Chemical and Biomolecular Engineering, 
University of Melbourne, Vic 3010, AUSTRALIA. 

e-mail : tomhealy@unimelb.edu.au 

The world of nano-particle dispersions revolves around understanding the surface forces between 
particles, most usually in concentrated dispersions. Such systems are clearly many bodied arrays and 
yet we find that DL VO two-body force laws give a remarkably accurate description of the role of 
surface forces in controlling the rheology of very concentrated dispersions as well as describing 
AFM interparticle force observations of a single particle and a flat plate. 

The present study involves revisiting the classic work of Kose and Hachisu on the phase states of 
concentrated dispersions. By using the Kose-Hachisu observations as a base-line we can examine the 
effects of reducing the particle size down to that of nano-particles in the ordered-disordered
coagulated parts of the phase dia!,rram . There are a number of inevitable consequences for the 
dispersions as we move to the nano-scale world that need to be explored. 
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Restricted Hydration of Ions Confined in Carbon Slit
Nanospaces with EXAFS 

Takahiro Ohkub(/, Yoshiyuki Hattori". Takehisa Ko11ishi1, Hirr?fumi Kanoh1
, Katsumi Kaneko1 

1. Graduate School of Natural Science and TechnolO!c,'Y, Chiba University, 1-33 Yayoi, Chiba, 263-
852, Japan 

2. Laser Research Center, Institute of Research and Innovation, 1201 Takada, Kashiwa, Chiba 277-
0861, Japan 

e-mail: kaneko@pchem2.s.chiba-u.ac.jp 

Kaneko et al showed that water molecular assemblies confined in hydrophobic solid nanospaces 
such as activated carbon fiber (ACF) and single wall carbon nanohorn (SWNH)s have solid like 
structure even at 303 K.1.2 Tonic solutions have contributed to a variety of fields in chemistry and 
other fields. Recently, Fulton et al. reported the anomalous hydration structures around Rb ions in 
supercritical water solutions. 3 

We determined the local structures around Rb and Br ions in nanosolutions confined in slit-shaped 
nanospaces (1 nm in width) of ACF with the aid of the extended X-ray absorption fine structure 
(EXAFS). 4 The EXAFS analyses showed that the relative coordination numbers of water molecules 
around a Rb ion in the nanosolution are 2.3 and 5.1 for 0.1 M and I M nanosolutions, respectively. 
At the same time, the coordination number around a Br ion was reduced si!c,'llificantly. On the other 
hand, the Debye-Waller factor decreased due to the presence of solid-like water. The marked 
restriction in the hydration in the nanospaces will be discussed from the stabilization by the 
hydration and solid-structure formation of water molecules. 

1. T. liyama, K. Nishikawa, T. Otowa, K. Kaneko, J. Phys. Chem. 1995, 99, 10075. 

2. E. Bekyarova, Y. Hanzawa. K. Kaneko, J. Silverstre-Alberto, A.Sepulveda-Escribano, F. 
RodriguesReinoso, D. Kasuya, M. Yudasaka, S. Iijima, Chem. Phys. /,e/1. in press. 

3. Fulton, J.L.; Pfund, D.M.; Wallen, S.L; Newville, M.; Stem, E.A.; Ma, Y. J. Chem. Phys. 1996, 
105, 2161. 

4.T. Ohkubo, T. Konishi. Y. Hattori, H. Kanoh, T. Fujikawa, K. Kaneko, J. Am. Chem. Soc. 2002, 
124, I 1860. 
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Variation of Mercury-Mica Interfacial Energy with 
Surface Charge 

Dm1id Ante/mi, Jason Connor and Roger Hom 

Ian Wark Research Institute, University of South Australia, Mawson Lakes, South Australia 5095 

e-mail: roger.hom@unisa.edu.au 

lt is well known that the interfacial tension between mercury and an aqueous electrolyte depends on 
the surface charge of the mercury, due to the free ener!:,'Y of formation ofan electrical double layer in 
the aqueous phase. Here we demonstrate that the interfacial energy between mercury and a solid 
insulator also varies with the mercury charge. The contact angle of mercury on mica immersed in 
aqueous electrolyte was measured as a function of electrical potential applied to the mercury with 
respect to a reference electrode in the aqueous phase. At high negative applied potentials, a stable 
aqueous film exists between the mercury and mica surface. The film collapses and the mercury 
partially wets the mica at a critical potential, close to the point of zero charge. Upon increasing the 
potential further (thus making the mercury surface more and more positive), the contact angle 
measured within the mercury continually decreases. This decrease goes against the trend expected 
from Young's Equation using the known variation of mercury/aqueous electrolyte interfacial tension 
from electrocapillary experiments. The only reasonable explanation is that the mercury/mica 
interfacial tension also varies with applied potential. This can be understood from the fact that when 
mercury becomes charged at its interface with the aqueous phase, it must also become charged at its 
interface with mica in order to maintain constant electrical potential, as required of a conducting 
material. We find that the interfacial energy between mercury and mica decreases as the charge on 
the mercury surface becomes increasingly positive. This trend is consistent with the known contact 
electrification between mercury and mica. 
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Preparation of a DNA-Nanowire and Its Evaluation of 
Electron Conductivity 

Yoshio Okahata 

Department of Biomolecular Engineering, Tokyo Institute of Technology, 4259 Nagatsuta, Midori
ku, Yokohama 226-850 I, 

E-mail : yokahata@bio.titech.ac.jp 

DNA is believed to be having an ability of electron transfer, because DNA has many 1t-electrons 
within the stacked base pairs. We prepared DNA-lipid films and measured their conductivities. In 
this study, we tried to measure the conductivity of a single DNA molecule as a nanowire. We have 
prepared DNA-nonowires by using Langmuir-Blodgett method, and observed aligned DNA
nanowires by a fluorescent microscopy. Further, the electron conductivity of DNA-nanowires was 
also measured on an interdigitated microcuit. We found that DNA-nanowires are good 
semiconductor (0.1 - 1 S cm-1

) from conductivity measurements. 
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Controlling Self-Asse1nbly in Thin Organic Films 

!. Gem le, G. Foran, .I. Ruggles, K. Baines. B. 0 'Driscoll 

School of Molecular and Microbial Science, The University of Queensland, Brisbane, Qld 4072 

ANSTO, PMB I, Menai. NSW 2234 

e-mail : i.gentle@uq.edu.au 

In order to create practical devices based on ultrathin layers (from a single monolayer upwards) of 
organic materials, it is necessary to control the orientation of the functional molecules. While 
methods to produce ordered layered films have been known for some time, most of these offer 
control only in the direction normal to the surface of the film . The goal of controlling orientation in 
the plane, to produce patterned arrays of molecules, is much more difficult. A second problem is 
determining when the goal has been achieved. 

Our group has been developing methods of creating monolayer and multilayer arrays of organic 
molecules where the structure can be controlled in both directions. ln most cases the functional 
molecules are porµhyrin derivatives, because of their useful redox and photophysical properties, 
either alone or in mixed films The results of some of this work will be described, along with a 
discussion of methodology using synchrotron X-ray and neutron radiation to deduce film structure at 
a molecular level 
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Focused Beam Reflectance Measurement for the 
Characterisation of Aggregated Systems 

.lean D. Swift.1 Alex R. Heath, 2 Andrew T. Owen,1 Phillip D. Fcnvelt1 and.Tohn B. Farrow1 

AJ Parker Cooperative Research Centre for Hydrometallurgy, at: I . CSIRO Minerals, PO Box 90, 
Bentley, WA 6982, Australia . CSIRO Minerals, Box 312, Clayton South, Vic 3169, Australia 

e-mail : Jean.Swift@CSIRO.au 

The Lasentec focused beam reflectance measurement (FBRM) probe is able to give rapid in situ 
characterisation of particles and aggregates over a wide range of conditions, offering significant 
advantages over other techniques that require sampling, dilution or long measurement times. FBRM 
provides a chord length distribution, and while methods of converting from chord to diameter data 
do exist, more success is observed with empirical correlations. 

It has been shown that the mode average of the square-weighted chord length obtained from FBRM 
using sieved calcite suspensions compared well with other sizing techniques over the range SO to 
400 µm, and was unaffected by the solid fraction in the range 0.1 to 20% w/v. 1 However, the 
strength of the technique comes from the simultaneous examination of the unweighted (i .e. particle 
number-sensitive) and square-weighted (i.e. volume-weighted) chord distributions. 

FBRM is now being used extensi vely in crystallisation, particularly for monitoring and control in the 
pharmaceutical industry. We have demonstrated (through the AMIRA P266 "Improving Thickener 
Technology" projects) that FBRM is also ideally suited to the study of flocculated mineral 
processing suspensions2. The ability of FBRM to provide a real-time measure of aggregation is of 
critical importance, due to the high sensitivity of continuous polymer-induced tlocculation to the 
intensity and duration of mixing. 

Flocculation in cylinders or baffled tanks is rarely representative of continuous processes. The 
"Shear Vessel", with an inner-rotating cylinder that generates an annular (Couette) shear zone, was 
developed to provide continuous reproducible mixing. Flocculant may be added at different points 
to change the mixing time, while varying the rotation rate changes the agitation intensity. FBRM 
detection supplements hindered settling rate and turbidity measurements, allowing a detailed 
analysis of the extent and efficiency of flocculation3

. This has become a powerful tool in problem 
solving for hydrometallurgical thickening applications. 

FBRM has also allowed the first detailed investigation for mineral systems of aggregate growth and 
rupture as a function of reaction time. Using a linear pipe reactor 4. the reaction time between slurry 
and flocculant under known applied shear can be precisely controlled, providing the necessary 
kinetic information for the development of a flocculation model. 

I. Heath, A.R.; Fawell, P.O.; Bahri, PA.; Swift, J.O., Part. Part. Sys/. Ch'1ract., 2002, 19, 84-95. 

2. Farrow, J.B.; Fawell, P.D.; Johnston, R.R.M.; Nguyen, T.B. ; Rudman, M; Simic. K.; Swift, J.D., 
Chem. Eng .I., 2000, 80, 149-155. 

3. Owen, A.T.; Fawell , P.D.; Swift, J.D.; Farrow, J.B., /111 . .J. Miner. Process., 2002, 67, 123-144. 

4. Swift, J.D.; Simic, K.; Johnston, R.R.M.; Fawell, P.O.; Farrow, J.B., Int . .1. Miner. Prvce~s. (in 
press). 
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Comparison of Coal Floe Characterisation Techniques: 
Image Analysis, Light Scattering, Settling and Focus 
Beam Reflectance Measurement. 

Jimmy YH. Uao Graeme Bushell, Rose Amal, Goel= Hickert. Alfred Solima11, Yoko Kohira, Henry 
Adiyuwo11 and Candy !Jn. 

Centre for Particle and Catalyst Technologies, School of Chemical Engineering and Industrial 
Chemistry, University of New South Wales, Sydney, NSW 2052, Australia. 

E-mail : g.bushell@unsw.edu.au 

The understanding of aggregation processes plays a vital role in controlling the solid liquid 
separation efficiency in many mineral processing industries including the coal industry. Although 
there are many characterizing techniques available. proper characterization of these mineral floes 
made up of micron sized particles remains a challenge. 

In this study ultrafine coal particles (D[ 4,3]= 1 0µm) were flocculated under different conditions. The 
floe size and structure were determined using three most common techniques; image analysis both 
2D & 3D, settling and light scattering; and the fractal dimension determined from theses techniques 
are compared here. The strength and limitation of these techniques and the applicability to mineral 
floe are discussed. Of theses techniques available light scattering provides the greatest potential for 
use as a tool for structure characterization even though interpretation of the scattered intensity 
pattern is complicated by the micron sized primary particles. Fraunhofer diffraction promises a 
solution to this. 

The possible use of FBR.M as a tool for high concentration floe structure characterization was also 
investigated. 
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Evaluation of Floe Strength and Its Implication on 
Sediment Compaction 

Mandalena Hermawm, Teoh Wey Yang, Graeme Bushell, Rose Amal and Goetz Hickert 

Centre for Particle and Catalyst Technologies, School of Chemical Engineering and Industrial 
Chemistry, University of New South Wales, Sydney, NSW 2052, Australia. 

Email: g.bushe11@unsw.edu.au 

The effectiveness of solid-liquid separation depends greatly on the flocculation perfonnance. The 
properties of the aggregates formed (size, structure and strength) have a significant impact on the 
filtration and/or sedimentation process. While techniques to characterize floe size and structure are 
well known, there is no straightforward technique yet to characterize floe strength. 

This paper presents a new approach to estimate floe strength based on the non-dimensional floe and 
aggregation factors developed by Selomulya et al[!]. While floe factor is a measure oftloc size and 
structure, the aggregation factors consist of fluid properties, applied energy dissipation rate and 
particle properties such as primary particle size and interparticle force. 

Floe strength depends directly on the interparticle forces which depend on the chemistry of 
flocculant and particles used. ln here, nano-sized silica particles are aggregated by addition of 
potassium chloride (KCI) salt or cationic surfactant (Cetyltrimethylammonium bromide (CTAB)) at 
different shear rates. Different floe sizes and structures are fonned depending on the applied energy 
dissipation rate. The relationship between floe factors and the applied eneri,ry dissipation rate allows 
the interparticle force ratio to be estimated. 

Based on this floe strength ratio, sedimentation compaction behaviour of floe of different streni,>th is 
investigated. 

I. Selomulya, C., The Effect of Shear on Flocculation and Floe Size/Structure, in School of 
Chemical Engineering and Industrial Chemistry. 200 I, University of New South Wales: Sydney, 
Australia. 
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Flocculation: from Lab to Practice - Some Common 
Pitfalls in Scale Up 

George V. Franks, 1 Dewa Put11 We.,·tra, Susa1111e Weseloh, Yin!{ Zhou, Aaron Olsen, Peter Yates, 
Shama Glover, Yaode Yan, Graeme Hushelf, Simon Biggs, and Graeme J. Jameson 

1Centre for Multiphase Processes, Chemical Engineering, The University of Newcastle, Callaghan 
NSW 2308, Australia, and 2 Chemical Engineering and Industrial Chemistry, The University of New 
South Wales, Sydney NSW 2052. 

e-mail: george.franks@newcastleedu.au 

Scale up of the process of flocculation form the lab scale to industrial practice can be difficult. 
Laboratory scale experiments are typically conducted in litre size vessels while industrial thickeners 
may contain up to several million litres of suspension . Many of the factors that influence 
flocculation (such as shear intensity) are relatively easy to control in the lab but difficult to control 
and characterise in industrial scale equipment. Aggregate size and structure characterisation is often 
performed with light scattering. Light scattering apparatus requires very dilute particle 
concentrations. lt is not clear that floes formed under light scattering conditions always have the 
same characteristics as those formed under more concentrated conditions . Initial results indicate that 
different aggregate properties occur for the same flocculation chemistry at different solids 
concentrations. This phenomenon needs to be investigated in more detail. The effect of some of the 
factors that vary in scale up on the aggregate size and structure will be discussed. Further research 
and improved understanding is required before scale up of flocculation form laboratory experiments 
to industrial scale operation becomes easy. 
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Structural Behaviour of Clay Suspensions 

(iayfe Morris, Marek Zhik and Diane Elshy 

ian Wark Research institute, ARC Special Research Centre for Particle and Material interfaces. 
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email: Gayle.Morris@unisa.edu.au 

Clay suspensions are known to be naturally high in volume, providing interesting stability properties 
to the suspension. 1n order to further our understanding of the structural properties of clay 
suspensions, microscopic analysis, particle sizing and electrochemical studies were conducted. The 
clay mineral of particular interest is smectite in the presence of calcium ions. 

The equilibrated state of a smectite suspension in the presence of Ca(II) greatly influences smectite 
stability. Adequate time is required to allow suppression of the initial swelling of the smectite, full 
cation exchange and platelet aggregation. At low Ca(II) concentrations, smectite particles are 
colloidally stable due to electrical double layer repulsion caused by the net negative charge of the 
platelets. At high Ca(Il) concentration, above the cation exchange capacity, the smectite stability 
decreases as time-dependent ion exchange of calcium alters smectite from the sodium to the calcium 
form. Both ion exchange and restriction of the double-layer repulsion retards the swelling process. 
Upon introduction of calcium ions, the platelets form 2 µm randomly orientated, coagulated 
aggregates with a high presence of edge-face orientation. As ion exchange continues to occur, the 
platelets increase in orientation forming a honeycomb structure with edge-edge and edge-face 
orientation . 
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Effect of Lyotropic Series Ions on the Zeta Potentials 
and Yield Stresses of Silica and Alumina Suspensions: 
Additional Attraction? 

George V Franks 

Chemical Engineering, The University of Newcastle, Callaghan NSW 2308, Australia 

e-mail : george.franks@newcastle.edu.au 

The zeta potentials and yield stresses of submicron silica1 and alumina2
•
4 were measured in 

concentrated monovalent electrolyte solutions, (up to 1.0 to 4.0 M). The salts investigated include, 
LiCI, NaCl, KCI, CsCI, Nal03, NaBr03, NaN03, and NaCl04. The zeta potentials indicate that well 
hydrated ions preferentially adsorb to alumina (a well hydrated surface) and the poorly hydrated ions 
preferentially adsorb to silica (a relatively poorly hydrated surface) . At high concentrations, (> 
about 0.1 to 0.5 M) the iep of the surfaces shift in direct proportion to the amount of adsorbed ions. 
The most strongly adsorbed ions (Cs+ and K+ for silica and LiT and [03. for alumina) shift the iep 
several pH units at concentrations of about 1.0 M. The maximum in the shear yield stress also shifts 
to pH values that roughly correspond to the iep. The magnitude of the shear yield stress correlates to 
the amount of adsorbed ions. For silica the highest yield stresses occur for cs• and K• containing 
suspensions while for alumina the highest yield stresses occur for L( and l03" containing 
suspensions. The yield stresses measured with high concentrations of the very strongest adsorbing 
ions are greater than those measured at the pristine iep when no salt is added. This suggests that 
there is an additional attraction when surfaces are covered with strongly adsorbing counterions. This 
additional attraction may be due to ion-ion correlation forces. 

1. Franks, G. Y., J. Colloid Interface Sci., 2002, 2-19. 44-5 I. 

2. Johnson, S. B., Franks, G. V., Scales, P. J. and Healy, T. W. /,a11K17111ir, 1999, 15, 2844-2853. 

3. Johnson, S. B .. Scales, P. J. and Healy, T. W. !.a11gm11ir, 1999. 15. 2836-2843 . 

4. Franks, G. V., Johnson, S. B., Scales, P. J.. Boger, D. V. and Healy, T. W. T.a11K11711ir, 1999. /5, 
4411-4420. 
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The Role OfFlocculants In The Dewatering Of 
Slurries 

Peter .I Sc:ales 
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email: peterjs@unimelb.edu.au 

Dewatering of slurries and the recovery of process water is a unit operation of increasing importance 
to the minerals industry. Common dewatering unit operations include continuous gravity thickening, 
settling in tailings dams and filtration . In all of these operations, it is common to use high molecular 
weight polymeric flocculants. These molecules serve a range of functions, including aiding the rate 
of both sedimentation and filtration and improving the clarity of treated liquours. 

Extensive experimental and model development work over that past decade has begun to quantify 
the true role of flocculants in dewatering and is allowing quantitative optimisation of the type and 
dose of flocculant. The key parameters in this quantification are the permeability and 
compressibility of the suspension. This process has also allowed us to examine the changes in 
network structure induced by different flocculants and different flocculation formation processes. 
The role of shear in the formation of tlocs and the role of shear and raking in the dewatering process 
are added complications in quantitatively defining the true role offlocculants. 

This talk will look to provide an overview of the key quantitative changes to our knowledge base of 
the optimisation of the flocculation process in industry and explore the relationships between the 
permeability and compressibility of flocculated suspensions and the type, dose rate and mode of 
formation offlocs. 
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Measurements of Bubble-Particle Interaction Forces 
by Atomic Force Microscopy 

Anh V. Nguyen, 1 Jakuh Nalaskmvski2 and Jan D. Miller" 
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2. Department of Metallurgical Engineering, University of Utah, Salt Lake City, Utah 84112, USA 
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Interaction forces between solid particles and air bubbles during flotation are of significant academic 
and practical importance. An atomic force microscope (AFM) probe technique was used to measure 
the interaction forces between an air bubble and a hydrophobic/hydrophilic spherical particle. In the 
case of hydrophobic spheres, strong attraction between the surfaces, leading to the rupture of the 
intervening water film and the attachment of the particle to the air bubble was observed. In the case 
of hydrophilic spheres, the rupture of the intervening water film and the attachment of the particle to 
the air bubble did not take place. In each case, however, the repulsive interaction force during 
approach prior to attachment was dependent on the speed of the bubble (the piezoelectric translator) 
indicating that the hydrodynamic interaction between the bubble and the particle at short separation 
distances is significant. The force analysis together with the deformation of the gas-liquid interface 
during the interaction is described, which gives a more detailed description of the bubble-particle 
interaction. The outcome of this research increases our understanding of the flotation separation 
process. 
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The nature of zinc oxidation products: wetting, 
charging and protection. 

Tim H Muster and Ivan S Cole 

Corrosion Science & Surface Design Team, CSIRO Manufacturing & Infrastructure Technology, 
Graham Road, Highett, VIC, 3190. 

e-mail: Tim.Muster@csiro.au 

The properties of oxide films on metallic surfaces control a number of processes associated with 
metal corrosion and metal finishing processes. ln terms of corrosive processes, both the surface and 
bulk properties of oxides influence firstly, the way in which a metallic material behaves upon 
exposure to contaminants such as salt aerosols, particulate matter and industrial pollutants, and 
secondly, will also determine the likelihood of contaminant removal during washing processes [ l]. 

Zinc metal is widely used to provide galvanic corrosion protection to structural steels and the 
composition of its oxide film has been shown to be dependent upon the local environmental [2]. The 
oxidation of metallic zinc in the absence of anionic contamination initially leads to the formation of 
ZnO and Zn(OH)i at the surface. In the presence of carbon dioxide and moisrure these simple 
oxides are converted to more stable and protective zinc hydroxycarbonate species, a process which 
occurs within minutes or hours. Zinc (II) ions also coordinate well with sulphate and chloride 
species due to an efficient Lewis acid-base pairing. The presence of either sulphate or chloride 
species are common in industrial and marine environments, respectively, and lead to the formation 
of zinc sulphates, zinc hydroxysulphates, zinc hydroxychlorides and zinc hydroxychlorosulphates. 

This study attempts to increase our understanding of the nature of various zinc oxides through the 
investigation of their wetting, dissolution and charge properties. Zinc oxide, zinc hydroxychloride, 
zinc hydroxycarbonate and zinc hydroxysulphate, crystal particulates were prepared and 
characterised by powder XRD, SEM/EDS and FTIR techniques. In addition, similar oxide materials 
were grown as films on planar zinc substrates and characterised using FTIR and SEM/EDS 
techniques. Wetting properties studied using dynamic contact angle and liquid penetration 
techniques provided a consistent ranking of the oxides in terms of their energetic properties, and 
showed the various metal oxides to exhibit significant differences in film thickness and porosity. 
Electrophoretic mobility measurements revealed that crystalline zinc hydroxycarbonates maintain a 
negative surface charge at acidic pH values and therefore, as oxide films are theoretically able to 
repel aggressive attack from chloride anions. An improved understanding of the protective nature of 
zinc oxides has resulted, and subsequent implications for atmospheric corrosion are highlighted. 

[I] Neufeld, A. K., Cole, LS., Bond, A., Furman, S.A. , Corrosion Science 2000, 44(3), 555-572. 

[2] Odnevall, I. " Atmospheric corrosion of field exposed zinc - a multianalytical characterisation of 
corrosion products from initial films to fully developed layers. " PhD Thesis, Department of 
Materials Science and Engineering, Division of Corrosion Science. Stockholm, Royal Institute of 
Technol%'Y, 1994. 
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Synthesis and Self-Assembly ofNanoparticles 

Hors/ Weller 

Institute of Physical Chemistry, University of Hamburg, Bundesstrasse 45, D-20146 Hamburg 

email: weller@chemie.uni-hamburg.de 

This talk describes recent developments in the synthesis and characterization of semiconductor 
and metal nanoparticles. Results on the growth kinetics and the control of size, shape and 
surface chemistry will be addressed. We present Monte Carlo simulations of an ensemble of 
growing particles showing that optimal conditions for the synthesis of highly luminescent 
semiconductor nanoparticles are maintained if the exchange rate of monomers at the particles' 
surface is high during the growth. Energy-dependent XPS studies allow to distinguish surface 
atoms from bulk atoms within the nanoclusters. It is shown how chemical surface modification 
yielding highly luminescent particles removes surface states which are obviously responsible 
for non radiative recombination. Examples for 2D and 3D self assembly of nanoparticles are 
given. We report on the formation of colloidal crystals from semiconductor and magnetic 
nanoparticles. In mixtures of differently sized particles complex 3D structures are formed which 
are analog to inter-metallic phases. Self assembly of ZnO nanoparticles in solution finally leads 
to the formation of single crystalline nanorods via oriented attachment. The last part of the talk 
will show an example of an optimized ligand shell for gold nanoparticles which allows stable 
and specific conjugation with biomolecules. 
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Ordered And Disordered Nanoscale Composites 

Nicholas A. K01ov 

Chemistry Department, 107 PS-11, Oklahoma State University, Stillwater, OK, 74078. USA 

e-mail: kotov@okstate.edu 

One of the most significant challenges of chemistry of nanomaterials is their organization in the 
nanometer scale. One of the possible ways to produce the ordered structures and to study the 
effect of ordering on materials properties is to create stratified layered composites. They can be 
made by using the new deposition technique often termed as layer-by-layer assembly (LBL). 
This technique is quite simple and based on the sequential adsorption of alternating 
(mono)layers of oppositely charged inorganic colloids and polyelectrolytes and results in 
composite materials combining mechanical properties of polymers and unique physical 
characteristics of nanosized inorganic clusters. Imbedding nanoparticles in polymer matrix 
makes them immobile, which eliminates phase separation even at the nanoscale. Analogous 
bilayers deposited one after another form stratum, which can be organized in any desirable way 
by building the multilayer system from different nanoscale building blocks. Sophisticated 
multilayer system with gradient properties and assemblies combining nanoparticles of different 
materials can be made. Examples of multilayer stacks with magnetic, electrical and light
emitting properties determined by the sequence of the LBL layer will be demonstrated. 
Substantial advantages for film ordering were seen for the particles and macromolecular species 
with high shape anisotropy. As compared to the predominantly round clusters, the anisotropic 
species provided greater area for intermolecular interactions with polyelectrolyte underlayer. 
As, well, anisotropic nanoscale building blocks such as semiconductor nanowires and carbon 
nanotubes can be organized in the lateral dimension taking advantage of sheer liquid force 
during the LBL assembly. We tested this approach for several systems such as CdTe 
nanowires 1 and partially oxidized single wall carbon nanotubes. Lateral organization results in 
a substantial improvement of electrical and mechanical characteristics of the produced 
anisotropic composites. Some of them exceed the analogs made by traditional techniques by 1-
2 orders of magnitude.2 Disordered nature of pure polyelectrolyte LBL films can also be 
utilized to introduce specific reactive groups in conjugated polymer composites. The 
interdigitation of two polyelectrolytes - one with desirable properties from bond conjugation 
and the other one with desirable functional groups -- affords the preparation of close-to-perfect 
molecular blends that combine both requirements and subsequent tethering of luminescent 
CdTe nanoparticles.3 The efficiency of the excitation energy transfer between the conjugated 
polymer and the nanoparticle on the PEG rope can be regulated by the extension of the tether in 
different solvents that was demonstrated for water-alcohol mixtures. 

1 Tang, Z,; Kotov, N. A.; Giersig, M .; Science. 2002, 297 (5579), 237-240. 
2 Mamedov, A. A.; Kotov, N. A.; Prato, M.; Guidi, D.; Wicksted, J. P.; Hirsch, A.; Nature 

Material!;, 2002, November issue. 
3 Westenhoff, S.; Nicholas A. Kotov, N . .J. Am. Chem. Soc. 2002, 124( 11 ), 2448-2449. 
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Large-Scale, 2D Arrays Of Magnetic Nanoparticles 

Mic:haef. GiersiK "·1
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• Hahn-Meitner lnstitut GmbH, Glienicker Str. 14109 Berlin, Germany 

b Poznan University ofTechnoloi:,,y, ul. Nieszawska 13a, 60-965 Poznan, Poland 

e-mail: giersig@hmi.de 

Large-scale, 2D arrays of perfectly ordered magnetic nanoparticles were prepared using 
nanosphere lithography. We modified the preparation method based on the self-assembly of 
latex particles on water surface. Using such particles, with a diameter from 100nm to I µm, it 
was possible to prepare arrays over one square cm, with areas of over 50 µm 2 without any 
structural defects. Following evaporation of nickel or cobalt, periodic magnetic particle arrays 
were produced. To change the particle morpholoi:,,y, annealing was carried out at 900°C for 50 
min. Modification of the distance between particles was also practicable by using double
layered masks. We will also report about the structural and mai:,'Tletic characterization of such 
nanosystems. 
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Fig.: I a) two dimensional structu re of quasi-triani:,'l.llar, 40 nm high Ni nanoparticles, evaporated 
through I 040 nm PS-latex beads mask, b) corresponding MA FM-image from the structures in 
a) presenting magnetic monodomain. 

1.Rybczynski. J.; Ebels, U.; Giersig, M; submitted to Colloids and Surfaces (2002) 
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Gold Nanoparticle Sensors & Actuators 

Burkhard Raguse 

CSlRO Telecommunications & industrial Physics, Sydney 2070, Australia 

Hybrid materials consisting of gold nanoparticles functionalised with a variety of organic, 
biological or polymer compounds are versatile nanostructured materials whose conductivity, 
porosity and surface charge can be readily manipulated . We are particularly interested in using 
nanoparticle films as stimulus-responsive materials. One area of current investigation is the 
development of novel gas sensors. We have also found that certain nanoparticle films can 
function as electromechanical actuators leading to the possibility of developing nano
electromechanical systems. 
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Rationally Designed P1asmonic Nanostructures and 
their Applications 

Naomi .l. Halas 

Department of Electrical and Computer Engineering and Department of Chemistry, Rice 
University, MS-366, 6100 Main St., Houston, TX, USA, 77005-1892 

email: halas@rice.edu 

The collective electronic, or plasmon, resonance response of metallic nanoparticles is dependent 
both on the constituent metal and on the nanoparticle's shape. Systematic variations in the 
shape of metal nanostructures permit the controlled tunability of the nanoparticle's optical 
response in the far field, controlling its color, and in the near field at the nanoparticle surface. 
This combination of nanofabrication chemistry and electromagnetic theory, grounded in 
rigorous ab initio density functional theory, allows us to develop desi!:,'11 rules for new nanoscale 
plasmonic architectures based on the concept of plasmon hybridization. Our own work on 
silica core-gold shell nanoshells has demonstrated this tunable plasmon concept. The tunable 
nanoshell plasmon gives rise to a variety of novel optical materials and applications, such as 
new optomechanical materials and devices, selective and tunable surface enhanced Raman 
scattering (SERS) sensors, and an all-optical immunoassay that samples whole blood with 
minimal sample preparation. 
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Electron Transport Mechanism in Films of Metal 
Nanoparticles Linked by Organic Molecules 

Karl-Hein= Mfiller 
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e-mail: karl.mu11er@csiro.au 

We have investigated theoretically and experimentally the mechanism of electron transport in 
films made of -IO nm sized Au nanoparticles linked by alkane dithiol molecules. Conduction 
in these films is due to linker molecule assisted single electron tunnelling between neighbouring 
particles where electrons have to overcome a Coulomb blockade energy. Strong disorder in our 
films in the form of separation gap fluctuations between adjacent nanoparticles and variations in 
Coulomb blockade energies causes electron current percolation. We have found that percolation 
leads to a film thickness dependence of the conductivity and results in a non-Arrhenius-like 
temperature dependence.' 

I. K.-H. Miiller. J. Herrmann, B. Rab'USe, G. Baxter, and T. Reda, Phys. Rev. B 66, 075417 
(2002) 
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Metallo-dielectric Photonic Crystals from Silica
Coated Gold Nanoparticles 

l,uis M Uz-Marzcm 
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High-quality solid colloidal crystalline assemblies have been prepared through the 
sedimentation of monodisperse silica spheres, each containing a single gold nanoparticle in its 
center. The metal centers provide a strong absorption at a well-defined wavelength that 
complements the Bragg reflection arising from the periodic structure of the opal. The optical 
properties of these systems were characterized through transmission and specular reflectance 
measurements. It is clearly shown that absorption and diffraction are basically independent from 
each other and their relative influence can be separated through infiltration with liquids of 
varying refractive index.1 

A similar approach was used for the preparation of macroporous polymer films (or inverse 
opals) in which fully accessible metal nanoparticles are incorporated.2 Once the opals have been 
sintered, and infiltration with an epoxy resin; and dissolution of silica with HF. The isolation of 
the nanoparticles is ensured, since they are locked within a single hole, and the pore size can be 
controlled through the thickness of the silica shell. 

Silica-coated gold nanoparticles can also be used to create the "walls" inverse opals, by 
infiltrating polystyrene latex colloid crystals with the nanoparticles, and then calcining the latex 
spheres, which simultaneously leads to sintering of the silica shells.3 Such inverse opals display 
interesting optical properties that can be tuned through several parameters. 

I. Garcia-Santamaria, F.; Salgueirii'io-Maceira, V.; Lopez, C.; Liz-Marzan. L. M. L£111xm11ir, 
2002, 18, 371-373 . 

2. Rodriguez-Gonzalez, J . B.; Sal!,'l.leirii'io-Maceira, V.; Garcia-Santamaria, F.; Liz-Marzan, 
L. M. Nano Leif., 2002, 2, 4519-4522. 

3. Wang, D.; Sal!,'l.leirino-Maceira, V.; Liz-Marzan, L. M.; Caruso, F. Adv. Mater., 2002, J.I, 
908-912. 
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Synthesis and Characterization of Size-tunable PbS 
Colloidal Quantum Dots 

M,rrgaret A. Hines.1 Kenneth A. l.opata, 1 Gerasim lliev, 1 Edward H. Sargen/, J and Gregory D. 
Scho/e/. 

I . Department of Chemistry, University of Toronto, Toronto, Ontario, M5S 3H6 Canada 

2. Department of Electrical and Computer Engineering, University of Toronto, Toronto, 
Ontario, M5S 3G4 Canada 

email: mhines@chem.utoronto.ca 

Quantum dots are drawing interest from researchers in a variety of disciplines at an ever
increasing rate . These semiconductor nanocrystal colloids comprised from groups ll-VJ, lll-V, 
and IV-VI offer size-tunable optical properties spanning the ultraviolet through the near infrared 
spectrum. Synthetic methods have been refined to routinely provide particles with final size 
dispersions of ca. 5%. In recent years the telecommunications and photonic industries have 
fueled efforts to develop high quality NIR materials. Accordingly, with a bulk band gap of0.41 
eV, nanocrystals of PbS are highly desired. We will report the synthetic details for the 
production of size-tunable PbS nanocrystal colloids with narrow size dispersions via a reaction 
of organometallic reagents nucleated and grown in an organic coordinating solvent. The details 
of the characterization by absorption, photoluminescence, powder XRD, and HRTEM will be 
presented. 
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Qdot™ Conjugates in Biological Applications 

M Bruchez 

Quantum Dot Corporation 

E-mail: 

Semiconductor quantum dots are emerging as a powerful new tool for fluorescence detection in 
biological systems. These quantum dots have large absorbance cross-sections, high quantum 
yields, and very narrow and tunable emission spectra, all of which translate to highly sensitive 
multiplexed detection in biological systems. We have developed new chemistries based on 
amphiphilic polymers for functionalizing these nanoparticles that are simple, stable and 
maintain the underlying optical properties. Using a range of sizes of CdSe/ZnS nanocrystals, 
we have prepared a variety ofQdotTM Conjugates that span the visible wavelen!,'1:h range from 
blue-green to red, and have shown that these materials result in dramatic performance 
improvements compared to existing detection methods in a variety of biological experiments. 
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Enzymatically Controlled Assembly and 
Manipulation of DNA/Gold Nanostructures 

Anto11ios <r. Ka11am.,·u , Zhmxi11 Wa11i, Andrew lJ. FJates2
, Richard ('osstid< and Mathias 

Hru.w1 ---

Centre for Nanoscale Science, The University of Liverpool, Liverpool L69 7ZD, UK 

I . Department of Chemistry, The University of Liverpool , Liverpool L69 72D, UK. 

2. School of Biological Sciences, The University of Liverpool, L69 728, UK 

e-mail: M.Brust@liv.ac.uk 

We report the use of DNA processing enzymes (restriction endonucleases, ligases) to control 
the assembly of DNA/Au nanostructures. Using these well-established bio-molecular tools it is 
possible to carry out multi-step syntheses of nanostructures following concepts, which are very 
similar to those known from preparative chemistry. The elemental building blocks of these 
structures are gold nanoparticles, which carry a number of double stranded DNA molecules in 
their ligand shell. The base sequences of these molecules determine whether reactive sites can 
be created by site-specific cleavage with restriction enzymes. The ends of the cleaved strands 
are phosphate activated and can participate in a further enzyme dependent reaction, which links 
them covalently to other reactive sites present in the system. This second step is catalysed by a 
DNA ligase. 

We believe that the introduction of these powerful biomolecular tools will bring nanostructure 
self-assembly a bit closer to rational chemical synthesis and thus will enable the step-by-step 
preparation of a number of unique, new nanostructures. 
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Towards the DNA-directed self-assembly of carbon 
nanotubes 

Maxine McCa/1*.,1• Mi1100 Moxhaddam *, Sarah Taylor*. Wenronx Yanx*· 11 and T,ech 
Wieczorek' 

*CSIRO Molecular Science and 11CSIRO Telecommunications & Industrial Physics, Sydney, 
Australia 

Carbon nanotubes have unique electrical and mechanical properties, with the potential for 
revolutionary applications. Many of these applications require the nanotubes to be physically 
linked or positioned. Nanowires, for example, require end-to-end attachment, while the 
assembly of nano-electronic circuits or devices needs precise positioning. The self-assembling 
properties of DNA may assist in the linking or positioning process if the DNA can be attached 
in defined locations on nanotubes. In a program directed towards achieving these goals, we 
have attached single strands of DNA on to predetermined areas of nanotubes and developed a 
visual assay to confirm that the DNA is located where expected. Measurements of the physical 
properties of the DNA-modified nanotubes have also been made. 
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STM/ AFM Studies of Glucose Oxidase on Au 
Surfaces 

D. Losil, .!Ci. Shaptel', J..1. Gooding1 
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t School of Chemistry. University of New South Wales. Sydney, NSW, 2052. Australia 

e-mail : joe.shapter@flinders.edu.au or justin .gooding@unsw.edu.au 

Different immobilization methods were used for STM/AFM studies of glucose oxidase (GOD) 
on Au. Images reveal two different shapes of individual GOD molecules: a) butterfly shape 
assigned to a lying position b) approximate! y spherical shape assigned to a standing position. 
Clusters of 5 to 6 molecules are observed under certain conditions. AFM measurements of 
these systems are somewhat challenging and methods to overcome these obstacles will also be 
discussed. 
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Light-Induced Reversible Wetting Behaviour On 
Structured Surfaces 

.!. Ralston. N Richards and G. Reyno/di· 

Ian Wark Research Institute, University of South Australia, Mawson Lakes Campus, Mawson 
Lakes SA 5095 

Email : john.ralston@unisa.edu.au 

Solid surfaces, such as gold and quartz, can be chemically modified with self-assembling 
pyrimidine molecules, attached to long alkyl chains terminated by an appropriate functional 
group such as thiol. When irradiated with discrete wavelen!,>ths of light these surfaces undergo 
substantial reversible wetting changes over a number of cycles. Neither the liquid nor solid 
phase needs to be altered in order to effect a large change in contact angle. The pyrimidine 
molecules utilized are C-5 modified uracils that dimerise when irradiated with light of a specific 
wavelength. The wetting behaviour is brought about by a change in the surface charge that, in 
turn, is highly dependent on the functionality of the pyrimidine groups. In certain instances, 
conformational changes can also reduce substantial changes in wettability. Surfaces patterned 
with monolayers incorporating these "dynamic" molecules exhibit different wetting properties, 
depending upon the wavelen!,rth of the impinging light, leading to directed liquid movement. 
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Nano-Mechanical Manipulation Of Bilayers. 

Clare .Johnson1, Drew F,va,1s, Nohuo Maeda. Jean-Marc di Meg/ic/ and Tim .I. Sende11. 
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chimique, Universite Paris 7 Denis Diderot 2 place Jussieu 75251 Paris Cedex 05 France 

e-mail : Tim.Senden@anu.edu.au 

The molecular-scale details of adhesion mechanics have been studied in phospholipid bilayers 
using Force Microscopy. The major result is the development of a tubular structure which 
extends from a bilayer stack when tensioned by a withdrawing tip in water. A constant force 
regime is evident and provides access to membrane mechanical properties, Fig. I. The structure 
can persist for many l00' s of nm of withdrawal, and may have implications for the formation of 
pili, fundamental structures found on the surface of many bacteria. Pili are involved in 
adhesion, mobility and in sexual conjugation. Both static and dynamic force measurements on 
these surface extended structures will be presented. 
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Figure I. A force curve showing the interaction of a tip with a dipalmitoylphosphatidylcholine 
bilayer stack in water. Inset shows a schematic of the tip withdrawing a tubular structure, or 
pilus. 
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Nanobubbles and the Hydrophobic Attraction. 

Phil Attard and.lames Tyrrell. 

University of Sydney, Sydney, Australia 

e-mail phil.attard@unisa.edu.au 

The evidence for nanobubbles as the origin of the long-ranged attractions measured between 
hydrophobic surfaces immersed in water is reviewed by focussing upon several unique features 
of the force curves.1.2.J Also covered is the morpholo6'Y of nanobubbles as revealed by direct 
imaging with tapping mode atomic force microscopy.4

.l A discussion of the origin, 
thermodynamic stability, and practical implications ofnanobubbles is given. 

I. Parker, J. L.; Claesson, P. M.; Attard, P . ./. Phys. Chem., 1994, 98, 8468-8480. 

2. Carambassis, A.; Jonker, L. C.; Attard, P.; Rutland, M. W.; Phys. Rev. Leu. 1998, 80, 
5357-5360. 

3. Attard, P. Langmuir, 2000. 16, 4455-4466. 

4. Tyrrell,]. W. G.; Attard, P . Phys. Rev. Lett., 2001 , 87, I 76104 . 

5. Tyrrell , J . W. G .; Attard, P. l-a11KJ1wir, 2002, 18, 160-167. 
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Nanorheology Using A Modified Commercial 
Atomic Force Microscope 

.laso11 Kilpatric:k. Simon Big[?s, Vi11c:e Craig and F:ric:a Wanless 

The University of Newcastle, University Drive, Callaghan, Australia 

e-mail : cpjk@paracelsus.newcastle.edu.au 

The conventional Atomic Force Microscope has been used to characterise the interaction forces 
for many systems. A limitation of the instrument, in its commercial form, is that this 
characterisation is limited to relatively static interaction environments. We have modified our 
system by taking the drive signal to the z-axis of the piezoelectric scanner and superimposing a 
small amplitude sinusoidal signal . We have also modified the capabilities of the data collection 
computer, increasing the maximum number of samples per force curve from S 12 to 250,000. By 
passing the resultant photodiode output signal thought a lock-in amplifier we are able to analyse 
signals which would otherwise be completely masked by noise in the system . By obtaining the 
phase and amplitude of the measured oscillations on the cantilever we are able to characterise 
more completely the properties of the intervening medium (such as viscosity, hydrodynamic 
drainage and viscoelastic parameters) as a function of separation for the interaction of two 
surfaces. 

For a solution of known viscosity our system can be used to obtain an accurate spring constant 
through a hydrodynamic drag analysis of the data. A liquid of unknown viscosity, whether it 
contain polymer, surfactant, other solutes or be neat, can then be passed into the system and the 
local viscosity can be found. By analysing the effects of adsorbed surfactants and polymers on 
the contact surfaces we are able to measure the effect that these have on the flow of solution in 
the nanometre scale gap between them. By measurement of the storage and loss moduli for a 
variety of systems we can then interpret the effects that the adsorbed species will have on 
colloidal stability under a range of conditions. 
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Oric.3 Australia Keynote Lecture 

Nanoparticle Formation with Impinging Jet 
Precipitation and Block Copolymer Stabilization 

Roher/ K Prud'homme, Brian K. Joh11.1·011, 

Dept Chemical Engineering, Princeton University, Princeton, NJ 08544, USA 

e-mail : prudhomm@princeton.edu 

Organic pharmaceuticals which are poorly water soluble have limited bioavailability when 
formulated as powders in the standard size range of 10-100 µm. We demonstrate the new 
process of impinging jet precipitation with block copolymer stabilization on 13-carotene 
which is metabolized to vitamin A. The impinging jet process allows the production of nano
particles by: 1) elimination of mass transfer limitations and compositional gradients within 
10 ms as determined by independent measurements with competitive-parallel reactions, 2) 
production of high supersaturations and solute concentrations so that high production rates 
can be obtained, and 3) control of particle size by stabilization of the particle using block 
copolymer self-assembly. The process depends critically on control of three time scales: 
particle nucleation and growth, block copolymer micellization, and polymer adsorption on 
the particle to produce steric stabilization. We present data on characterization of the mixing 
times using competitive reactions , data on polymer micellization kinetics. and results on the 
successful production of 13-carotene particles with control of the particle size between 88 nm 
to I µm . Homogeneous rapid nucleation and growth produces particle size distributions that 
are much narrower than those obtained by alternate size-reduction or precipitation routes. 
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Development, Validation and Applications Of an 
in vitro Model Of lnjectability Using a Micro
capillary Rheometer 

A Allahhani1, P Stewa,/ , D Afuimmrini, J Marriutt1 

1Victorian College of Phamrncy, Monash University, Parkville, VIC, 2Department of 
Applied Chemistry, RMIT University, Melbourne, VIC 

e-mail: ayman.allahham@vcp.monash.edu .au 

To develop, validate a micro-capillary rheometer and then use it to measure the injectability 
of some pharmaceutical injectable solutions and suspensions. The micro-capillary rheometer 
consisted of a tine needle attached to a syringe (from SGE, Australia). The micro-capillary 
rheometer was attached to a material testing device (lnstron 4465, USA) to drive the syringe 
plunger in compression mode with crosshead speeds ranging from I 50 to 950 mm/min to 
cover the clinical injectability rate and to measure the resulting force on the plunger. The 
crosshead speed and the resulting force were used to calculate the shear rate and the shear 
stress respectively, according to the following formula: Tl a:: (F - f) d4 60000 7t/ 128 A2 LS, 
where TJ, .F and fare the viscosity, measured force and frictional force, and Sis the crosshead 
speed. Methods development focused on improvement in rigidity and alignment of the 
model, temperature control, estimation of the frictional force and the needle-syringe 
geometry. Three pharmaceutical oily solutions and three aqueous suspensions used for 
injection were tested for injectability while standard Newtonian oils were used in the 
development and validation of the micro-capillary rheometer. The development of 
thermostated holder ensured appropriate alignment and temperature control with CV of force 
measurements< 1%. No significant difference was found between frictional force measured 
at different speeds for the same liquid with or without attaching the needle (P > 0.7). 
Estimation of the frictional force (f) from the intercept of the regression of the measured 
force and speed provided more reliable values than measurement using a wetted syringe. 
Using a removable needle-syringe which has the needle connected directly to the syringe 
revealed reliable viscosity measurements. The injectability force for the oily solutions and 
the aqueous suspensions was measured and these force-speed results were convened to shear 
stress-rate plots. Oily solutions showed a Newtonian behaviour over the shear rate range 
studied, while the aqueous suspensions showed a shear thinning behaviour following a 
power law model. The viscosities for the oily solutions were determined from the slope of 
the linear regression (R2 > 0.99) between shear stress and shear rate and ranged between 4 
and 60 centipoises. The development of the micro-capillary rheometer resulted in more 
reproducible and accurate measurements. The developed model was used to measure the 
injectability of pharmaceutical injections which are used clinically. The major advantage of 
this model is the determination ofinjectability using clinically sib'l1ificant shear rates. 

56 I Formulations 



Polymer/Surfactant Aggregates and their 
Deposition on Macroscopic Surfaces 

Brian Vincent a11d David Voisin 

School of Chemistry, University of Bristol, Bristol BS8 ITS, UK 

e-mail: Brian.Vincent@bris.ac.uk 

The phase behavior of mixtures of a cationic polyelectrolyte ("Jaguar") and an anionic 
surfactant (either sodium dodecyl sulfate or sodium lauryl ether sulfate) has been studied. 
For a given polyelectrolyte (and added NaCl) concentration, with increasing surfactant 
concentration, three phase regions were identified . The first region is a single homogeneous 
phase. Within this region, at some surfactant concentration, above the critical aggregation 
concentration, stable open-network "particles" form, typically - 100 nm, in size which are 
net positively charged. However, as the surfactant concentration is increased further, then 
these particles aggregate and slowly settle to form a two-phase system, i.e. a separated gel 
phase, containing a high percentage of water, co-existing with an aqueous surfactant phase. 
This settling process may be accelerated by centrifugation. At some higher surfactant 
concentration still, the particles become sufficiently negatively charged that they re-stabilise. 
Beyond this surfactant concentration, therefore, the system reverts to being a single, 
homogeneous phase. 

Within the two-phase (aggregated particle) region an iso-electric point for the particles has 
been observed, at a certain surfactant concentration, by electrophoresis. Within the 
aggregated, gel-phase region, there appear to be typically - 2 to 4 surfactant molecules 
associated with each cationic site of the polymer chains. It is postulated that association of 
the anionic surfactant molecules occurs within the polyelectrolyte chains, binding them 
together, to form the particles referred to. These associated surfactant structure have been 
referred to here as "internal" micelles. A crude estimate has been made, based on turbidity/ 
time measurements, that there may be up to - I 000 polymer chains in each primary particle, 
bound together by the internal surfactant micelles. Small-angle light scattering studies of the 
aggregating particles, indicates a fractal dimension for the aggregates, which would 
correspond to a diffusion-limited aggregation process. 

The open-networked floes of polyelectrolyte / surfactant particles grow to I O's µm in 
size, prior to their eventual settling out. Other colloidal particles may be trapped within these 
large floes, and the floes may be used to transport these particles to a macroscopic surface. 
The deposition of such composite floes on glass surfaces has been investigated using atomic 
force microscopy and scanning electron microscopy. A flow cell device has also been 
constructed, which allows the removal of these floes form the macroscopic glass surface to 
be monitored, as a function of flow rate, parallel to the surface. 
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Dense Gas Processes and Drug Formulation 

Fariba Dehghani. Hubert l,. Regtop and Neil Foster 

Eiffel Technologies Limited, Level 14/50 Market St, Melbourne, Victoria, 3000, Australia 

E-mail : f.dehghani@uns w.edu.au 

The product quality of materials including explosives, catalysts, pigments and 
pharmaceuticals can be significantly influenced by their physical properties such as particle 
size, size distribution and morphology. Fine particles of pharmaceuticals with a narrow 
particle size distribution are essential for the development of inhalation aerosols, injectable 
suspensions, controlled release dosage forms, and other specialised drug delivery systems. 
In addition, particle size is a critical parameter that determines the rate of dissolution of the 
drug in the biological fluids and hence has a significant effect on the bioavailability of poorly 
water-soluble drugs for which the dissolution is the rate-limiting step in the absorption. 
Conventional methods such as ball milling or spray drying may be used for size reduction. 
Panicles produced by ball milling commonly possess a broad particle size distribution. High 
temperatures associated with spray drying also make this method unattractive for the 
micronisation of many pharmaceutical compounds .. 

Dense gas techniques utilising the properties of fluids in the vicinity of the critical point has 
been used for particle design purposes. Supercritical fluids (SCF), fluids above the critical 
point, are unique solvents for extraction and many chemical processes due to their liquid like 
salvation power and gas like mass transfer properties. Recent applications of dense gas 
techniques have focused on micronisation, crystallisation of high purity particles and drug 
formulation. Dense gases such as carbon dioxide (with critical temperature of 3 I.l °C and 
critical pressure of 72. 9 bar) are commonly used. Therefore, the processes can be 
undertaken at moderate temperature, and are thus suitable for many heat labile compounds 
such as proteins and biocompatible polymers. 

Micronisation and recrystallisation of phannaceutical compounds using dense gases has 
many advantages over conventional techniques, such as minimum product contamination, 
reduced waste streams, enabling the processing of thennolabile, shock- and chemically
sensitive compounds, and the possibility of producing particles with narrow size distribution 
in a single step operation. 

In this study examples of particle fonnation by dense gas techniques are presented to 
demonstrate the broad application of this technique for drug formulation purposes. The 
compounds selected include anti-inflammatory drugs, proteins, steroids and antibiotics. In 
vitro analysis of the processed powders demonstrates enhancement in dissolution rate of 
poorly water soluble drugs and the potential for administration of the drug by inhalation 
system. 
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The Chemistry Of Quaternary Ammonium Ester 
Salts On Silica 

Robert G. l.a11xh!i11 

Retired; fonnerly with The Procter & Gamble Company, Cincinnati, Ohio 

e-mail 

Interest in fatty acid esters of 2-hydroxyethyl quaternary ammonium salts has risen in recent 
years because they are biodegradable fabric softeners/hair conditioners. Recent investiga
tions of one such diester salt (bis(2-stearoyloxyethyl)dimethylammonium chloride, or DEQ) 
have disclosed that interactions of this compound with silica surfaces may result in chemical 
degradation. Deposition of DEQ onto silica from acidic solvents occurs by reversible 
physical adsorption . Deposition from neutral solvents, on the other hand, occurs both by 
physical adsorption and by ion exchange chemical reactions. The product of ion exchange is 
a quaternary ammonium siloxide, in which the siloxide group remains part of the silica 
surface: 

R;.cr + SiOH - R;,s;o· + H('I 

Evidence from the literature suggests that both these processes occur with all quaternary 
ammonium salts, but in the case of tetralkyl compounds the product is stable and both 
processes are reversible. When an ester !,>rOup is present in the quaternary ammonium ion, 
however, the ammonium siloxide is chemically unstable and fast, irreversible acyl transfer 
reactions occur. The initial products of these reactions are a silyl ester group ( on the surface 
of the silica) and a hydroxyethyl ammonium salt: 

R1C02CH,CH2N°(R1),,,\'i-(f _ R1CO,Si + (TCH,CH,N'(Ri), 

O-CH£H2N.(R2), 1 HC! _ H0(1i2CH:i~(R1)3 ,(T 

The silyl ester reacts rapidly with methanol to form a fatty acid methyl ester, and slowly with 
water to form a fatty acid: 

RCO,Si I CH,OH _ RCO,CH, 1 SiOH (fas1) 

RC(hSi I H 20 _ RCO1 H I SiOH (.vlow) 

These reactions may occur twice in diester compounds such as DEQ. Data in support of 
these ideas will be presented, along with comments on the possible significance to environ
mental science. 
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Molecular Dynamics Simulation ofNonionic 
Poly(ethylene oxide) Surfactant Monolayers 

Marco I.Lt Rosa.1 A(freJ [lhlhen-,1 Carl H. Schiesser/ Keith Moody/ Robert Bohwi"' and 
Ca/um J. 1Jrnmmoml·3 

1School of Chemistry, The University of Melbourne, VIC 3010, Australia, 2CSIRO 
Molecular Science, Bag 10, Clayton South, VIC 3169, Australia, 3cap-XX Pty. Ltd., Units 9 
and 10, 12 Mars Rd., Lane Cove, NSW 2066, Australia, 4Huntsman Corporation Australia 
Pty. Ltd., Newsom St., Ascot Vale, VlC 3032, Australia 

e-mail: marco.larosa@csiro.au 

Molecular dynamics simulations of nonionic surfactant monolayers at the water-decane 
interface are reported. Specifically, monolayers of alcohol and alkylphenol ethoxylate 
surfactants are compared in an effort to determine the relationship between the chemical 
structure of the surfactant and the characteristics of monolayers composed of those 
surfactants. The effect of varying hydrophile length as well as varying hydrophobe structure 
(linear and branched alkyl chains, linear and branched alkyl phenol chains) is considered. 

Monolayers of alcohol ethoxylate surfactants are observed to be quite diffuse with a large 
amount of intermixing of the bulk phases within the monolayer. This effect becomes more 
pronounced as the length of the hydrophile increases. By comparison, monolayers of 
alkylphenol ethoxylates separate the bulk phases more effectively. Where the packing of 
alcohol ethoxylates is governed by the size of the hydrophile, the packing of alkylphenols 
seems to only be dependent on the aromatic nucleus in the hydrophobe. However, no specific 
interaction between the aromatic rings is observed. 
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Micelle Morphology and Phase Behaviour of 
Polyethylene Oxide Gemini Surfactants. 

Paul A. Fitz(ierald and Gregory G. Warr 

School of Chemistry, University of Sydney, NSW 2006, Australia. 

e-mail : p.fitzgerald@chem .usyd.edu.au 

In recent years there has been increasing interest in both academic and industrial contexts for 
new fonns of surfactants. Of particular interest are gemini surfactants, which consist of two 
conventional surfactants joined by a spacer at the head groups, as they exhibit lower critical 
micelle concentrations than can be achieved by conventional surfactants. In this work, 
several nonionic gemini surfactants with polyethylene oxide head groups (GemnEm, where n 
(= 12, I 4 and 20) is the number of carbons per tail and m (= 5, I 0, 15, 20 and 30) is the 
number of ethylene oxides per head group) were synthesised and their self-assembly 
behaviour investigated. 

Phase behaviour was detennined using Diffusive lnterfacial Transport coupled to near
infrared spectroscopy. '·2 Much of the behaviour of these systems is similar to conventional 
nonionic surfactants. For example, Gem,2Es and Gem14E5 are sparingly soluble, instead 
forming a dilute liquid isotropic phase (W) coexisting with a concentrated lamellar phase 
(Lu) at around room temperature. This is similar to the behaviour of C12E3 and C,2E4.' 
Gem 20E10 is insoluble at room temperature. but also displays a W + L,. coexistence region at 
higher temperatures. The other surfactants studied are all quite soluble in water and fonn 
liquid isotropic and hexagonal phases from room temperature up to 100 °C. At higher 
concentrations Gem20E1s and Gem20E20 both also fonned intennediate phases. These are 
often seen in surfactant systems with long alkyl tails but rarely reported for nonionic 
surfactants, as increasing chain length typically renders these insoluble. 

Micelle shapes and sizes in the liquid isotropic phase were studied using Small Angle 
Neutron Scattering. Spherical micelles were found to form for the gemini surfactants with 
the larger head groups (ie Gem12E1s, Gem14E1s, Gem20E20 and Gem20E,o). However, the 
gemini surfactants with the mid size head groups (ie Gem12E10. Gem14E10 and Gem 12 E1 1) 

showed strong scattering at low q, characteristic of elongated micelles. As the temperature is 
increased towards the cloud point, the scattering approached the ,;1 dependence predicted for 
infinite, straight rods. The existence of anisotropic micelles was supported by the viscosity of 
Gem20E1s, which increases by several orders of magnitude on heating towards its cloud 
point 

1. Laughlin, R. G.; Munyon, R. L. ./. Phy~. Chem. 1987, 91, 3299-3305 

2. Laughlin, R. G. eta/ . . /. Phy.1·. Chem. R 2000, JO./ , 7354-7362 

3. Mitchell, J. D . et al. J . Chem. Soc., Faraday Trans. ll 1983, 79, 975-1000 
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Dynamics of Polymer-Surfactant Complexes: 
Elongational Properties and Drop Impact 
Behaviour 

.!11sti11 J. Cooper-White*, Regan C. Crooks, Karuppiah Chockalingam and David V. Boger 

Particulate Fluids Processing Centre. Department of Chemical Engineering, University of 
Melbourne. Victoria, Australia, 30 I 0 

email: jjcw@unimelb.edu .au 

The extensional and dynamic surface tension properties of a set of associative polymer -
surfactant Boger fluids have been characterised. When combined with the already 
understood structural phenomena of this anionic surfactant - non-ionic polymer complex, the 
results of this study provide great insight into the benefits of utilising polymer - surfactant 
complexes to tune fluid properties during rapid, high deformation processing scenarios. The 
dynamic surface tension behaviour observed for the associative polymer-surfactant mixture 
investigated elucidates new insights into the enhanced surface adsorption of the complex to 
the air-water interface over that of the pure component solutions alone at concentrations 
below the commonly referenced critical aggregate concentration (cac) of the complex . The 
dynamics of extension of this set of constant viscosity, elastic (Boger) fluids were seen to 
change substantially as increasing amounts of associative surfactant were present in solution, 
with the polymer-surfactant solutions displaying faster rates of strain hardening at lower 
rates of extension than the pure polymer solution. Such significant changes to the dynamics 
of extension of these dilute polymer solutions upon the addition of an associative surfactant 
are shown to be responsible for the observed recoil suppression during a drop impact event 
on a hydrophobic surface. The enhancement of extensional properties of the solution at lower 
extension rates far outweigh the advantages provided by the presence of fast acting 
surfactants at the air/water interface. These outcomes provide detailed evidence that 
significant synergy remains to be explored with respect to drop impact behaviour and the 
addition of associating surfactants to dilute polymer solutions in industrial formulations . 
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Dyno-Nobet Keynote Lecture 

Aging of emulsions: new developments and 
applications 

Femando J,eal-C'alderrm 

Centre de Recherche Paul Pascal, Avenue Schweitzer, Pessac. France. 

e-mail: leal@crpp.u-bordeaux.fr 

The emulsion lifetime may considerably vary depending on the formulation : some systems 
are impossible to prepare whatever procedure is employed, some others disappear within a 
few seconds or a few hours, and some others may survive for many years. 1n addition, the 
scenario of destruction may vary from one system to another. Aging may sometimes proceed 
through a very homogeneous growth, in the sense that the droplet size distributions remains 
peaked, and in some other cases it may be more similar to a demixing-like evolution, with 
the occurrence of very large domains. This lecture aims to present the links between each of 
the microscopic mechanisms (coalescence or Ostwald ripening) and the various 
characteristic destruction scenarios. We shall also describe how coalescence can be 
technologically exploited to produce materials of technological interest (monodisperse 
biliquid foams, macroporous aerogels. etc). 
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High Internal Phase Emulsions and Related 
Microemulsions Studied by SANS 

F:lliot P. Ciilbert/ Philip A. Reynold/ and John W White! 

I. Physics Division, ANSTO, PMB I, Menai, NSW 2234, Australia 

2. Research School of Chemistry, Australian National University, Canberra, ACT 0200, 
Australia 

e-mail: epg@ansto.gov.au 

We have examined isotopically substituted concentrated emulsions, and related 
microemulsions, by small angle neutron scattering (SANS). The emulsions have 90% 
internal phase micron-scale water droplets in a continuous hex.adecane microemulsion. The 
surfactants have polyisobutylene oligomer tails with acid-amide headgroups. Dilution 
experiments with surfactant concentration varying over a 75-fold range indicate that the oil 
phase component of the emulsion contains reverse spherical micelles. We have produced 
single-phase samples of microemulsions designed to have the same composition and same 
high Q scattering as the oil phase within our emulsions. SANS data from these fit to a model 
with a compound micelle in which a core region of radius of ca. I 5A is surrounded by a shell 
of ca. 20A thickness. There is no hex.adecane in the core and no water in the shell. The 
dilution data show that the surfactant loading at the oil-water interface is almost independent 
of dilution, and at the highest concentrations only 5% of the surfactant is at the emulsion 
droplet interface, the rest is in the form of mice11es. l 

1. Reynolds, P.A.; Gilbert, EP; White, JW . J. Phys. Chem. B 2001 , 105, 6925-6932. 
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Influence of Fine Lactose and Carrier Particle Size 
on Drug Dispersion From The Interactive 
Mixtures of Sahneterol Xinafoate 

Nazrul l1·lam1
, Peter Stewart1

, Tan [,arso,/ and Patrick Hartle/ 

1. Department of Pharmaceutics, Faculty of Pharmacy, Monash University, Parkville VIC 

2. Division of Molecular Science, CSlRO, Clayton. VIC 

e-mail : mohd.nazrul.islam@vcp.monash .edu.au 

The objectives of this study were to explore the role of fine lactose (<Sµm) and the influence 
of carrier size and size distribution on drug dispersion from the interactive mixture of 
salmeterol xinafoate (SX) and lactose. Different size fractions 45-63 µm, 63-90 µm, 90- 106 
µm and > I 06 µm of Aeroflo 65 and 95 were achieved by dry sieving. Fine particles of 
lactose (<Sµm) were removed from the large carrier by decantation. Particle size 
distributions of each fraction were measured by laser diffraction using refractive index of 
lactose and the dispersant ethanol. Using a mixture of2.5% SX and fractionated (sieved and 
decanted) lactose, fine particle fractions (FPF) were determined by Twin Stage lmpinger 
(TSI) at air flow rate of 60Umin for four seconds and SX was analysed by a validated HPLC 
method (r=l .O with good precision, CV=0.5-2%). Aeroflo 95 and Aeroflo 65, containing 
4% and 6.2% of fine lactose <5 µm respectively, produced FPF of 14% and 21 %. Reductions 
in FPF (2-4 fold) of Aeroflo 95 (FPF 6%) and Aeroflo 65 (FPF 5%) were observed after 
removing fine lactose from these raw materials by decantation. Interestingly, FPFs were 
found to revert to their original values after the addition of ternary component, i.e. 
micronoized lactose (VMD 4.6µm) to the decanted powders. Highly significant differences 
(P<0.00 I) were observed between the FPFs of dry and decanting samples of both carriers, 
however, no significant difference (p<0.001) was found between them after removing fine 
lactose. Significant differences (p<0.00 l) were observed between decanted binary and 
ternary interactive mixtures but no difference (p<0.05) between binary dry and decanted 
ternary interactive mixtures. Particle size distributions of Aeroflo 65, Aeroflo 95 and their 
sieved (dry and decanted) fractions showed that the decantation was effective in removing 
fine particles from the large carrier surface. Significantly differences in VMD for Aeroflo 95 
(112.70 µm) and Aeroflo 65 (82.53 µm) were observed (p<0.001); however, after 
decantation, although VMD of these two samples increased significantly (p<0 .00 I), 
produced FPFs which were not statistically different (p=0.101). Similar results were obtained 
from the sieved fractions of both these two lactose grades. ln conclusion, fine lactose <Sµm 
played a key role in controlling FPF, and carrier size has no influence on drug dispersion. 
Decantation may change surface characteristics and have an inherent effect on dispersion. 
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Viscosity control by forming flocculation in an 
aqueous dispersion 

Genhai G. /,iallf/ Brian S. Hcnvkett1 and Roger I. Tanner" 

I KCPC*, Chemistry School, Sydney University, Sydney, NSW, 2006, Australia 

2 Engineering Faculty, Sydney University, Sydney, NSW, 2006, Australia 

E-mail: g.liang@chem usyd.edu.au 

Abstract 

The rheology of concentrated dispersions of 0.2-micron particle size titanium dioxide 
particles is controlled by controlling the degree of reversible flocculation of the particles. 
The particles are dispersed using a surfactant combination in a mixture of water and 
propylene glycol. The yield point and viscosity were both found to increase as the proportion 
of propylene glycol in the continuous phase increased. 

The experimental results showed that increasing of the viscosity is caused by the formation 
of reversible flocculated networks of particles, and in the sample with high viscosity there is 
relatively a smaller amount of the surfactant on the particle surface. 

A model is proposed to explain the observed behaviour. As the hydrophobicity of the 
continuous phase is increased by increasing the proportion of propylene glycol in the 
continuous phase the surfactant partitions away from the particle surface causing the 
particles to interact more strongly. 

•: l11c Key Centre for Polymer Colloids (KCPC) is established and supported under the Australian 
Research Council's Research Centres Program. 
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Are Cubosomes Useful for Parenteral Drug 
Delivery? 

Ben.I. Boyd 

Proprietary Product Development Group - MaynePhamia, 2/27 Laser Dve, Rowville, VIC 
3178, Australia 

e-mail: ben.boyd@au.maynepharma.com 

There is increasing interest in colloidal particles of dispersed liquid crystalline phases for 
their potential use in a wide range of applications. Cubosomes, dispersed colloidal particles 
of reverse cubic phase, have been proposed as a potential vehicle for the controlled delivery 
of pharmaceuticals. Despite the level of interest in these systems, there are scarce reports of 
drug release in-vitro from these systems, perhaps due to a lack of valid methodology to 
address the true drug release profiles. 

In this study pressure ultrafiltration has been utilised to monitor the release of lipophilic 
drugs covering a range of molecular weight and lipophilicity from cubosomes. Contrary to 
earlier claims of controlled release for lipophilic drugs from cubosomes, this study reveals 
that burst release occurs for a range of lipophilic drugs where drug disposition is under 
partition control. This finding is understandable on the basis of simple diffusion 
considerations. The basis for concluding that controlled release from cubosomes is possible 
for lipophilic drugs in previous studies has been elucidated, and the implications for 
measurement of drug release from sub-micron delivery systems in general is discussed. 
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Electroacoustics and High Frequency Dielectric 
Response Measurements of Stagnant Layer 
Conduction in E1nulsion Systems 

Alexander M. Dierdiev, James K. Beattie a11d Robert J. Hunter 

School of Chemistry, The University of Sydney, NSW 2006, Australia 

e-mail : a.djerdjev@chem .usyd.edu.au 

Electroacoustic measurements on SOS-stabilised perfluoromethyldecalin and n-alkane 
emulsion systems has been shown to be affected by stagnant layer conduction (or anomalous 
surface conduction). ln these systems the fits to the dynamic mobility are usually poor, 
particularly at low conductivity, when stagnant layer conduction is ignored. As the 
indifferent electrolyte concentration is increased the apparent zeta potential and size 
distribution gradually increase in mai,'llitude. At higher conductivity the size reaches a 
constant value and the I;;- potential decreases with added salt in the usual fashion. When 
stagnant layer conduction is included the dynamic mobility can be fitted to a constant size 
distribution and more realistic /;;-potential values with varying electrolyte concentration. In 
doing so, ambiguity in the 1;;-potential behaviour and size distribution can be removed. 

High frequency dielectric response measurements obtained independently on a SDS 
stabilised perfluoromethyldecalin emulsion showed that the total surface conductivity 
measured compared well to the value obtained from electroacoustics only when conduction 
behind the shear plane was included. The use of electroacoustics alone can therefore detect 
and account for the presence of stagnant layer conduction from the salt dependence of the 
dynamic mobility. 
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X-ray reflectivity study of P-casein at the air-milk 
serum interface and its response to fat content and 
tern perature 

Rama Heidari and.John W White 

Research Shoot of Chemistry, Australian National University, Canberra. ACT 0200, 
Australia 

Email ; rheidari@rsc.anu.edu.au 

The surface structure of dispersed emulsions play a key role in stability of the system. 
Proteins being one of the most important surface active components in foods stabilize 
interfaces by self-interaction, resulting in a stiff visco-elastic adsorbed layer. These 
interactions are sensitive to disruptive effects of lipids. Previous kinetics studies by the 
group1 using the X-ray reflectivity method to investigate the surface adsorption of milk 
proteins indicate that P-casein had a stronger affinity for the air-liquid interface compared to 
whey proteins. It has been shown that initially a dense protein layer, with the thickness of 
20A is formed then a second more diffuse layer with lower volume density of protein 
follows . Here we report the confonnational changes occurred at the air-milk serum interface 
due to the effects of milk fat content, temperature and the milk preparation technique (ie 
homogenisation vs microfluidisation). 

In the effect of fat content on the adsorption of protein into the interface the key conclusion 
is that at lower temperatures the surface composition remains unchanged. The compositional 
changes, however. become significant at room temperature indicating adsorption of less 
reflective-water-soluble components into the surface layer. Repulsive interactions between 
casein aggregates are also involved. Microfluidised samples having the advantage of smaller 
particle size prove to be more stable to fat or temperature effects compared to the 
corresponding homogenised milks. 

1. Holt, SA and White, JW, Phys. Chem. Chem. Phys., 1999, I. 5139-5145. 

Formulations I 69 



_, 
0 

.,., 
0 

3 
C: 

~ 
0 
~ 



Keynote Lecture 

Thin Film Biosensors from Colloid Building Blocks 
and Templates 

Frank C'arnso. 1 Aimin Y1/ and Thierry Cassag11ea11" 

1 The University of Melbourne, Department of Chemical and Biomolecular Engineering, 
Victoria, Australia 
2 Max Planck Institute of Colloids and Interfaces, Potsdam, Germany 

Email: fcaruso@unimelb.edu.au 

This paper will demonstrate the applicability and versatility of using colloid particles as building 
blocks or as templates for the fabrication of thin film biosensors. The first type of biosensors is 
based on enzyme multilayers prepared from polyelectrolyte-encapsulated catalase microcrystals. 
Encapsulated catalase microcrystals were assembled onto planar supports through electrostatic 
interactions by the sequential deposition with oppositely charged polyelectrolytes. These stable, 
high enzyme content films display biocatalytic activities up to fifty times higher than those 
prepared by conventional sequential deposition of solubilized enzyme. The second type of films 
makes use of ordered arrays of spherical colloids as templates for the fabrication of highly 
sensitive polymer inverse opal biosensors for both potentiometric and optical affinity detection. 
The porous sensors were applied for the potentiometric detection of enzymes, and for monitoring 
biospecific avidin-biotin interactions through the Bragg-diffraction of electromagnetic waves 
within the inverse opals. 
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Biologically Directed Assembly of Soft Matter 

.loh11 W While, M.!Hemlers011, A Ferriman, Philip A Reynold~. A11tho11y S Brow11 and Stephen 
A Hult 

Research School of Chemistry, Australian National University 

Email: jww@rsc.anu .edu.au 

The process of biomineralisation leads to the growth and protection of animal teeth as well as a 
great diversity of inorganic "hard structures" in biolo1:,,y based on silica or calcium carbonate. 
This will be briefly reviewed. 

We have studied and elucidated the mechanism of surfactant template induced growth of highly 
crystalline silicate films at the air/water interface. In biology the template molecule is a protein 
and this is where our work is now heading. The work on templated silica shows how 
premonitory phases develop at the interface and how, depending upon temperature and solution 
composition, these may transform into new phases to give solid films. In all cases a molecular 
or self-assembled "template" species has been identified as the promoter of the crystallisation of 
the new structure but is expected that pol ymeric as well as biological macromolecular templates 
could be effective. 

Data are presented first both from neutron reflectivity, x-ray laboratory reflectivity and 
synchrotron x-ray grazing incidence diffraction to unfold the mechanism of formation of the 
growing silicate films templated by surfactants. 

An interesting aspect of the conformational changes of proteins at interfaces affecting their 
templating properties will be discussed as well as new results on silicate film growth from a 
protein interface. 

1 Growth of Highly Ordered Thin Silicate Films at the Air-Water Interface, A.S Brown, S.A. 
Holt, P.A . Reynolds, J. Penfold, and J.W. White, Langmuir, 1998 ( 14) 19, 5532-5538 
2 Observation of hexagonal crystalline diffraction from growing silicate films, Stephen A Holt, 
Garry J Foran, John W White, La11f(m11ir 1999 15, 2540-2542,. 
3 Protein denaturation at the air-water interface, S. A. Holt, D. J. McGillivray, S. Poon, J. W. 
White, .1. Phys. Chem. B. 2000, 104, 7431 -7438 
4 Thermal Denaturation Of Interfacial Protein Layers, S. A. Holt M. J. Henderson*, and J.W. 
White, Special Edition A11sm1/ia11 .Joumal <!f Chemishy, July 2002 for 251

h Australian Polymer 
Conference in Armidale February 2002 
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The Action of Membrane Active Agents on Mode] 
Membrane Systems 

Kvle Vanderlick 

Department of Chemical Engineering, Princeton University, Princeton NJ, 08544. USA 

Email : vandertk@Princeton.EDU 

A prominent and effective means of pathogen attack is based on membrane perturbation as 
accomplished by various membrane active agents. Surfactants are routinely used in this 
capacity, especially for contraception and the prevention of sexually transmitted diseases. This 
strategy is also apparently built into the innate defense system of most higher order life forms 
which all naturally secrete antimicrobial peptides; these highly charged molecules are especially 
bactericidal. We are using model membrane systems in the form of vesicles to better understand 
the mechanisms of interaction between membranes and various perturbing agents . These agents 
include the current and leading surfactant candidates for contraceptive/STD applications, as well 
as various antimicrobial peptides (both natural and mutated). Our work in this area also 
capitalizes on our efforts to create a synthetic lipid mixture as a model for the sperm plasma 
membrane. ln this talk, I will review our findings and show how studies using model membrane 
systems have both practical and fundamental significance. 
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Interaction, Deformabil ity and Nano-rheology of 
Red Blood Cells. 

Kristen F:. Bremmett_ Clive A. Prestidge1, Allan M F:vans2 

1 Ian Wark Research Institute, University of South Australia, Mawson Lakes SA 5095 . 
2 Centre for Pharmaceutical Research, University of South Australia, City East, SA 5000. 

Email: kristen.Bremmell@unisa.edu.au 

The interfacial structure, interaction behaviour and deformability of erythrocytes are 
fundamental to the normal functioning of blood. ln this study the Atomic Force Microscope is 
used to probe the interaction behaviour, deformation and nano-rheological properties of 
individual red blood cells under physiological conditions. The interaction forces between a 
colloid probe and an immobilized red blood cell can be used to determine the surface 
characteristics, deform ability and visco-elasticity, of the cell. Upon probe-cell approach, both a 
repulsive force and cell deformation can be identified. From the force versus deformation 
behaviour the spring constant of RBC 's have been determined in the range of 3-10 Nm-I. Upon 
probe-cell retraction, no adhesion is evident, but force curve hysteresis is observed. Force curve 
hysteresis is both approach/retraction rate and loading force dependent, and indicative of the 
cell's visco-elastic response. A theoretical approach has been used to determine nano
rheological parameters of a RBC, i.e. "viscous" and "elastic" moduli , and a characteristic 
relaxation time. Agents that influence the membrane propenies of RBC's have been shown to 
influence the nano-rheological parameters. This work offers the potential to investigate the 
health of biological cells and the influence of chemical conditions and pharmaceutical treatments 
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Special Keynote Lecture 

Sensing in the Temporal Domain 

Bruce Cornell 

Ambri Ltd. 

E-mail : BruceC@ambri.com.au 

The Ambri Ion Channel Switch,." biosensor is based on a gold-sulphur tethered lipid membrane 
containing analogues of the bacterial ion channel, gramicidin. The electrical signature of a small 
area of this membrane is a train of pulses whose repetition rate and duration may be adjusted by 
varying the channel density and membrane thickness. The origin of these pulses is the diffusion 
of gramicidin monomers within the inner and outer monolayer leaflets of the lipid bilayer. The 
JCS functions by the target species cross-linking receptors attached to the diffusing channels and 
to tether sites on the membrane surface. Channel diffusion is prevented and the detection of the 
target is registered by the cessation of the current pulses. The JCS biosensor presently operates 
at the level where these pulses are averaged to a steady current which is proportional to the 
number of channels conducting. This presentation will describe the use of the temporal 
information contained within the individually resolved current pulses as the basis of a diagnostic 
sensing algorithm. 
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Characterisation of BioJogicaJ Adsorbents 

Gordon Bewsel!, km H. Harding and Russell .I. ('rcTlll{ord 

Environment and Biotechnology Centre, Swinburne University of Technology, P.O. Box 218, 
Hawthorn 3122, Australia 

Email: rcrawford@swin.edu .au 

Aqueous heavy metals from industrial waste streams represent a serious environmental and 
public health problem. Removal of these aqueous heavy metals via adsorption onto colloidal 
substrates has been shown to be effective, however the extent and pH of removal is strongly 
dependent on the nature of the substrate employed . Relatively recently, biological substrates 
such as fungi have been investigated for their effectiveness as adsorbents. The process of 
biosorption may involve a series of processes (adsorption, ion exchange, co-ordination, 
chelation, complexation and precipitation) due to the complexity of the substrate structure, and 
hence a thorough understanding of the surface characteristics of such substrates is essential . 

This study examined the adsorption of Zn(II) onto a series of biological adsorbents of fungal 
origin, and chitin and chitosan, the structural components of fungal cell walls . Fungal samples 
were selected to contain either high or low levels of chitin-chitosan (Rhiwpus stulunifer, Mucur 
rouxii, high; Pycnoporus ci1111ahari1111s and Agaricus bi.17iorus, low) since high chitin-chitosan 
composition has previously been related to increased levels of metal ion adsorption. The pH
dependent adsorption of Zn(II) was investigated at constant substrate surface area. It was found 
that theM rouxii resulted in the removal of the Zn(ll) at a pH approximately 1.6 pH units lower 
(at the pH of 50% removal) than that of the other fungi . 

The substrates were characterised with respect to their surface area, pore size, isoelectric point 
and surface functionality in an effort to relate these characteristics to the Zn(II) adsorption 
results. The data indicated that the characteristics of the M. rouxii were not sufficiently unique 
to explain the enhanced adsorption behaviour. 
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Nanoarchitectura1 Engineering of Col1oida1 
Barcodes: A generation of unique optical signatures 
for encoding genomic applications 

Gwen Lawrie, Br01m·y11 Battersby cmd Mau Trau 

Centre for Nanotechnology and Biomaterials, School of Microbial and Molecular Sciences, The 
University of Queensland, 4072 

Email: g.lawrie@mailbox.uq.edu.au 

Colloidal silica particles which possess defined size and structural characteristics have a myriad 
of commercial uses in developing future biotechnoloi,,y tools. The ability to generate enormous 
random libraries of DNA probes via combinatorial synthesis is an important biotechnological 
application of colloids which has not been fully utilized to date. To discriminate between 
colloid-based DNA probes, each colloidal particle must be 'encoded' so it is distinguishable 
from all other particles. To this end, we are using novel particle synthesis techniques to produce 
large numbers of optically bar-coded particles suitable for DNA library synthesis. The encoding 
of the colloidal silica particles is achieved through the synthesis of multiple fluorescent dyes 
onto core silica particles. By using a combinatorial approach to this synthesis, the diversity of 
the optical signature is increased dramatically. The optical signature is a composite of 
fluorescent and refractive attributes and can be tracked optimally through high performance flow 
cytometry. A comparison between the histograms (distribution of fluorescent intensities) 
resulting from a set of particles where four dye shells have been synthesized combinatorially and 
those for the particles where the shells were synthesized by the direct method using six dyes 
(resulting in a population of particles all of which contain the same sequence of dyes on the core 
particle and, in principle, this should result in all particles possessing identical optical signatures) 
is presented. These results clearly demonstrate that the combinatorial particles display a greater 
diversity of optical signatures, achieved with less dyes. 

Increasing the number offluorophores incorporated into these particles increases the complexity 
of the interactions between dye excitation/emission behaviours, and energy transfer processes 
become very complex . The evolution of the optical signature is presented here. 
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Keynote Lecture 

Manipulating and Processing Genetic Material 
Using Surfactant Systems 

.lames W S,·hneiJer 

Carnegie Mellon University 

Email : Schneider@cmu.edu 

Recent advances in our understanding of the human genome stand to make an immense impact 
on our molecular understanding of biological processes and our capacity to identify and treat 
genetic diseases. The realization of this potential will require engineers to develop new nucleic
acid separation processes to separate nucleic acids from complex mixtures with increasing 
resolution and speed. Furthermore, these processes will need to be applicable at many scales to 
facilitate microchip analysis, lab-scale workup, and eventually the production of pharmaceutical 
amounts of nucleic acids. 

We have been investigating the use of surfactants that bind short sequences of DNA or RNA in a 
sequence-specific way, tagging them for isolation from complex mixtures. The surfactants have 
a peptide headgroup containing peptide nucleic acid (PNA), a synthetic DNA mimic which 
confers unique nucleic-acid binding properties on the surfactants, including the ability to bind 
DNA in double-stranded fonn. PNA-surfactant-based methods are sequence-specific, provide 
important mass-transfer advantages over surface immobilized probes, and are easily scaled. We 
will discuss our recent efforts to incorporate PNA amphiphiles into hydrophobic interaction 
chromatography, aqueous two-phase extraction, and micellar electrokinetics along with some 
interesting solubility and DNA binding data for PNA surfactants. We will also outline plans to 
use PNA surfactants for front-end processing of dilute environmental samples for genomic 
detection. 
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The Partial Denaturation of Silica-Adsorbed Bovine 
Serum Albumin as Determined by Time-Resolved 
Evanescent Wave-Induced Fluorescence 
Spectroscopy. 

Levie Le11s1111, Trevor A. Smith and Michelle L Gee. 

School of Chemistry, University of Melbourne, Parkville, 3010, Victoria, Australia. 

Email: mlgee@unimelb .edu.au. 

We report on the use of time-resolved evanescent wave-induced fluorescence spectroscopy 
(TREWIFS) in the study of the molecular conformation of Bovine Serum Albumin (BSA) 
adsorbed at the silica/aqueous interface. Using TREWIFS, the adsorption behaviour of 1-
anilinonaphthalene-8-sulfonic acid (ANS) complexed with BSA has been investigated as a 
function of penetration depth of the evanescent wave. Restriction of the fluorescent probe's 
motion as a function of di stance from the interface was also studied by time-resolved evanescent 
wave-induced fluorescence depolarisation measurements (TRAMS). The results are the first of 
their kind and are consistent with a model of a partial protein denaturation: at the surface, an 
adsorbed BSA molecule unfolds thus optimising protein-silica interactions and the number of 
points of attachment to the surface. Further away normal to the surface, the protein molecule 
maintains its coiled structure. 
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Bio-Functionalisation of Silicon Substrates. 

Till Boeckinx, 1 Hans G. l. ('()sfer, 1 l'Vlichael James 2 Terry C. Chilcott' and Kevin D. Barrow-1 

1 UNESCO Centre for Membrane Science and Technology and the Department of Biophysics, 
School of Physics, University of New South Wales, Sydney, 2052, Australia, 2 The Bragg 
Institute, Australian Nuclear Scientific and Technology Organisation (ANSTO), PMB I Menai 
NSW 2234, Australia, J School of Biotechnology and Biomolecular Sciences, University of 
New South Wales, Sydney 2052, Australia 

Email: mja@ansto.gov.au 

Surface modification of silicon to allow the attachment of functional organic molecules is 
currently an area of intensive research because if its potential applications for passivating or bio
functionalising semiconductor devices. 

Some results are presented of the attachment of alkenes with protected functional groups to the 
Si(l 11)-H surface to form ordered and very stable monolayers attached to the surface via Si-C 
bonds. After deprotection hetero-bifunctional linkers can then be coupled to the functional 
!,'TOUp. 

We have verified the attachment and structure of the various organic moieties using X-ray 
reflectometry, and XPS. We have also explored the dielectric properties of these materials on 
silicon. 

The ultimate aim is produce a variety of functional biomolecular materials directly coupled to 
silicon. In particular we are developing a new class of molecularly tethered membranes on 
silicon . For these a fraction of the phospholipids molecules in one leaflet of the bilayer are 
covalently attached to the silicon substrate via a hydrophilic spacer which are synthesised from 
ol igoethoxy-units. 

Studies using artificial free-standing planar lipid bilayers present difficulties because they either 
contain large amounts of hydrocarbon solvents, are very small in area or are very unstable. 
Sparsely tethered membranes will provide stable lipid membrane systems for a wide variety of 
studies on, for instance, the effects of antibiotics, steroids etc. that are extremely difficult to 
perform with existing lipid membrane systems. 
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Hydrophobic Ion Hydration and the Magnitude of 
the Dipole Potential 

Jens Schamherger and Ro11ald.l. Clarke 

School of Chemistry, The University of Sydney, NSW 2006, Australia 

Emai I: r.clarke@chem. usyd. edu. au 

The magnitude of the dipole potential of lipid membranes is often estimated from the difference 
in conductance between the hydrophobic ions, tetraphenylborate (TPB") and 
tetraphenylarsonium (TPA J or tetraphenylphosphonium (TPPJ. The calculation is based on the 
tetraphenylarsonium-tetraphenylborate (TA TB) hypothesis that the magnitude of the hydration 
energies of the anions and cations are equal (i.e. charge independent), so that their different rates 
of transport across the membrane are solely due to differential interactions with the membrane 
phase. Here we investigate the validity of this assumption by quantum mechanical calculations 
of the hydration energies. Tetraphenylborate (t.Ghyd, = - 168 kJ mol"1

) was found to have a 
significantly stronger interaction with water than either tetraphenylarsonium (t,Ghydr = -145 kJ 
mor1) or tetraphenylphosphonium (t.Ghydr = -157 kJ mor1). Taking these differences into 
account, literature conductance data were recalculated to yield values of the dipole potential 57-
119 mV more positive in the membrane interior than previous estimates. This may partly 
account for the discrepancy of at least 100 mV generally observed between dipole potential 
values calculated from lipid monolayers and those determined on bilayers. 
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Quantification of Protein Fouling on Ultrafiltration 
Membranes using MALDI-MS 

Rohe rt Chan. 1 Martin P. B11ck11all2 and Vicki ('he,/ 

1. UNESCO Centre for Membrane Science and Technology, School of Chemical Engineering 
and Industrial Chemistry, and 2. Biomedical Mass Spectrometry Facility, Faculty of Medicine, 
The University of New South Wales, Sydney, NSW 2052, Australia 

Email: robert .chan@unsw.edu.au 

Protein fractionation using membrane filtration can be seriously compromised by fouling . In 
mixtures of protein, identification of foul ant species and fouling mechanisms has been difficult 
to quantify. In this work a combination of critical flux measurements and use of matrix-assisted 
laser desorption ionization mass spectrometry (MALDI-MS) was used to reveal how incipient 
fouling occurs as flux is increased. Aqueous binary protein mixtures of bovine serum albumin 
(BSA) and ~-lactoglobulin (~LG) were filtered using a 30 kDa MWCO membrane using 
controlled flux ultrafiltration . Increasing the permeate flux in increments and measuring the 
transmembrane pressure (TMP) increase showed a transition from slow adsorption to rapid 
fouling at a critical flux. The effect of pH and protein mixture on this critical flux was also 
studied. 

The amount and type of protein on 30 kDa MWCO hydrophilic and hydrophobic membranes 
was quantified via the use MALDI-MS. In most cases only the smaller protein, j3LG, was found 
to be present in the fouling deposits . For the hydrophilic membrane, the tendency to deposit 
depended strongly on electrostatic forces while hydrophobic forces dominated for the less 
hydrophilic membranes. Deposition was found to correspond to at least monolayer coverage, 
with the membrane substrate material often exhibiting more fouling than the actual separation 
layer. 
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Honeycomb Structured Porous Films Prepared from 
Carbohydrate based Polymers Synthesized via 
RAFT Process 

Martina H. Sten:el, Thomas P. Davis 

Centre for Advanced Macromolecular Design, School of Chemical Engineering and Industrial 
Chemistry, The University of New South Wales. Sydney, NSW 2052, Australia 

Email: M.Stenzel@unsw.edu.au 

Honeycomb structured porous films (Fi!,•ure) are prepared by casting a solution of polymer in 
carbon disulfide under humid conditions. 1 This regular array is a result of the condensation of 
water droplets from the humid atmosphere on the solution surface, where the water droplets act 
as template for the pores.2 These re!,'1.llar films can be obtained by casting polymers with 
different polymer architecture such as stars. combs or block copolymers. The polymers for this 

Figure: SEM photu u.f a 
honeycomb s1ruc111red poro11s 
film 

application are easily synthesised via RAFT 
polymerisation.3 Therefore. the radical polymerisation is 
carried oul in the presence of the controlling RAFT agent. 
These RAFT agents (here trithio carbonates) were 
attached to different carbohydrates to prepare 
carbohydrate containing macroRAFT agents for the 
synthesis of stars, blocks or combs. 0 The polymers 
obtained show narrow molecular weight distribution and 
a molecular weight increasing with conversion . 

The size of the pores of the cast film can be controlled by 
the casting conditions such as humidity and concentration 
of the solution as well as by the molecular weight and the 
structure of the polymer.4

· 
5 

1 Widawski, G.; Rawieso, M.; Fram;:ois, 8 . Nature 1994, 369, 397. 
2 Stenzel, M.H. Aus/ . .I. Chem. 2002, 55, 239. 
3 Le, T.P.; Moad, G.; Rizzardo, E.; Thang, S.H. Int'! Patent PCT WO 9R0I-17!/; 1998. 
4 Stenzel, M.H.; Davis, T.P .• Fane A.G. Ind. Enx. Chem. Res. 2003, in press. 
5 Stenzel, MH. Davis. T.P.J. Polym. Sci .• Part A. 2002 
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Block Polymer and Microgel Synthesis via RAFT 
for Porous Me1nbrane Formation 

Michael R. Whittaker u, T. Ng11ye11 J, John F. Qui11112, Martina Stenzel 2 and Tum Dcn,i.1· 2 

1 Polymerat Pty Ltd, P.O Box 64 l S, St Lucia, Queensland 4067,Australia 
(www.polymerat.com), 2 Centre for Advanced Macromolecular Design (CAMD), University of 
New South Wales, NSW 2052, Australia (www.ceic.unsw.edu.au/centers/CAMD) 

Email: m.whittaker@unsw.edu.au 

RAFT is the technique of for producing high performance materials when polymer molecules 
having defined architecture and diverse functionality are required1

. One application that we 
have explored extensively at the CAMD is the use of these materials in the production of 
functional re1,'lllarly microstructured (isoporous) materials and micro-patterned thin films2

. It 
has been found that the routine formation of these films is enhanced when specially designed 
polymers that maintain - or aggregate to give rise to - a spherical structure in solution are used in 
the casting process. These architectures include example star, brush, microgel and amphiphilic 
block polymer materials1

. 

Srinivasarao et at have reported the dynamic control of the pore size of these films by 
controlling the airflow rate across the membrane surface during the film formation process. In 
this work, a new approach to produce functional isoporous films displaying controlled pore size, 
through the architecture of block copolymers, is presented. Also a facile methodology for the 
conversion of block polymers to microgels will be shown. 

1 Bamer-Kowollik, C.; Davis, T.P.; Heuts, J.P.A.; Stenzel, M.A.; Vana, P.; Whittaker, M.R. J 
Polym.Sci. Po/ym. Chem., 2002, submitted 
2 Stenzel, M. Aust .. 1. Chem., 2002, 55, 239. 
3 Lord, H. T.; Whittaker. M. R.; Quinn, J. F.; Bamer-Kowollik C.; Stenzel, M. H. ; Heuts, 
J.P. A; Davis, T. P. Polym. Prepr., 2002, 43, 118. 
4 Srinivasarao, M.: Colling, D.;Phillips, A.; Patel, S. Science, 2001, 292, 79 
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Scaling of Dynamics in Membrane Phases. 

Lionel Porcar', William A. Hamilton ', Paul D. B11tler1 and Gregmy G. Warri 

1Solid State Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 3783 l, USA. 2School 
of Chemistry, The University of Sydney, NSW 2006, Australia 

email: butlerpd@ornl.gov 

Surfactant sponges are complex fluid phases made up of convolutions of bilayer sheets. Unlike the 
closely related lamellar or cubic phases, these solutions have low viscosities and behave for the most 
part as Newtonian fluids though at low concentrations they exhibit transient birefringence when 
stirred, reminiscent of the birefringence of lamellar phases. This fluidity speaks to rapid relaxation 
times in the system. In order to study the dynamics of these systems we have used the novel 
approach of controlling the viscosity, by addition of dextrose, to slow down the kinetics in our model 
sponge system of (CPCl)-hexanol-brine-sugar. We first demonstrate a remarkable scaling of a 
shear-induced sponge to lamellar transformation2

•
3
.4 _ Our small angle neutron scattering (SANS) and 

rheological measurements show a well-defined shear response that proceeds in three steps. At low 
shear rates, the solutions are Newtonian and no structural changes are observed. At intermediate 
shears, the systems shear thin and SANS measurements show that the sponge phase is progressively 
transformed into a lamellar phase with the membrane normals ali!:,>ned parallel to the shear gradient. 
At high shears the induced lamellar phase apparently collapses and a new large scale structure forms 
while the solutions again become quasi-Newtonian. The rheological and SANS parameters that 
detail this !,'l'adual sponge to lamellar phase transformation all follow the scaling behavior first 
suggested by Cates and Milner1 for over two decades in the scaling parameter ¢3/0, where ¢ is the 
membrane volume fraction and O the viscosity of the brine-sugar solvent. On the other hand the 
progressive nature of the transformation and the orientation of the induced lamellar phase do not 
agree with the theory indicating that it's details do not completely capture all the subtleties of these 
complex systems. Finally, using time resolved SANS in the highest viscosity systems (high sugar 
content where the dynamics are slowest) we report the first measurement of the structural kinetic 
decay of the fully formed and aligned shear-induced lamellar phase into its equilibrium sponge. The 
time constant for the structural relaxation process scales as ¢3 and is much longer than the slowest 
membrane diffusion process as determined by dynamic light scattering. According to Milner' s 
prediction\ these observations are evidence for a thermally activated topological relaxation process 
with a sponge's energy barrier to the formation of handles on the order of 8 knT 

1. Cates M. and Milner S.T. Phys. Rev. / ,e/1 ., 1989, 62, 1856. 

2. Porcar, L.; Hamilton, WA; Butler, P.D .; Warr, G.G. Phys. Rev. Leff., 2002, 89,168301. 

3. Porcar, L.; Hamilton, W.A.; Butler. P.O.; Warr. G.G. Rev. Sci. Ins/rum., 2002, 73, 2345. 

4. Butler, P.O.; Porcar, L., Hamilton, W.A.; Warr. G.G. Phys. Rev. I.ell., 2002, 88, 059601. 

5. Milner, S.T.; Cates M.E.; Roux D. J. Phys. France, 1990, 51, 2629. 
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Electroacoustics of Mesoporous Particles 

.lames K Beattie and Sophie E Crihh 

School of Chemistry, University of Sydney, NSW 2006, Australia 

j.beattie@chem.usyd.edu.au 

The dynamic mobility (a.c. electrophoretic mobility) of porous chromatography sorbents was 
detennined by measuring the electrokinetic sonic amplitude of the particles. The measurements 
were made on a range of chromatography sorbents with differing pore and particle sizes and at a 
range of electrolyte concentrations. The electroacoustic signal, and in particular its dependence 
upon electrolyte concentration, was found to be strongly dependent upon the pore size of the 
particles measured. This is explained by the effect that the electrolyte concentration has upon the 
intraparticle electroosmotic flow (Figure I). For particles with small pores, the double layer 
thickness in the pores is not small compared with the pore radius and the electroosmotic flow is 
minimal. As salt is added, the double layer becomes thinner and this allows a greater electroosmotic 
flow. Consequently, the dynamic mobility is increased. For particles with thick internal double 
layers the salt dependence of the dynamic mobility magnitudes was found to have good qualitative 
correlation with calculations by Rice and Whitehead' of the electroosmotic flow through a narrow 
capillary (Figure 2). Hence electroacoustics can be used to probe the interior structure of 
mesoporous colloidal particles. 
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Figure 1. The electroosmotic flow profile 
across capillaries with variation in double 
layer thickness: Ka is a) 2, b) 10 and c) 50. Figure 2. Absolute magnitude (normalized) of 

the dynamic mobility at 11 .15 MHz for 
LiChrospher Si 60 (e), Si 300 ( • ), Si 500 ( .&. ) 

and Si I 000 (a) compared to the Rice and 
Whitehead I factor for the electroosmotic flow 
volume through a capillary. 
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Monte Carlo Simulations of Stretched Charged 
Polymers 

Malek 0. Khan and Derek Y. C. Chan 

Department of Mathematics & Statistics, The University of Melbourne, Parkville, VIC 3010, 
Australia 

e-mail: m.khan@ms.unimelb.edu.au 

The force-extension behaviour of charged polymers is investigated by the means of Monte Carlo 
simulations in the stress ensemble, strain ensemble and by a method which gives the free energy for 
a chosen range of end-to-end distances. All three methods are equivalent within statistical limits. 
Constraining the polymer in between two walls gives rise to negative forces for small extension due 
to the decrease in confi!,'11rational space. Polyelectrolytes with monovalent counterions are already 
stretched and only the finite extensibility regime can be explored. With multivalent counterions 
present, the compacted polyelectrolyte closely follows the force-extension behaviour of an 
uncharged polymer. This is also true for polyampholytes with a random charge sequence and for 
block-polyampholytes with small block sizes. When the block size is larger the block-polyampholyte 
will form pearl-necklace structures which gives rise to a plateau in the force--extension curve. 
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Erosion at the Crystal-Liquid Interface: A Molecular 
Theory 

Scott Butler and Peter Harrowell 

School of Chemistry, University of Sydney, Sydney 2006 NSW 

e-mail address: peter@chem.usyd.edu.au 

The interaction between flow fields and long range molecular order represents the central problem in 
understanding the complex rheology of soft materials such as microemulsions, colloidal crystals and 
liquid crystals. Very little is known, however, about how the imposed shear flow alters the stability 
of the ordered phase and, conversely, the nature of the boundary presented by the ordered phase to 
the shearing liquid. We have recently published a nonequilibrium molecular dynamics study1 of the 
coexistence between a crystal made of Lennard-Jones particles and its shearing melt in which we 
establish that no simple extension of the liquid chemical potential to the case of a flowing fluid can 
account for the observed coexistence. We have concluded that the solid-liquid coexistence under 
shear is the result of the kinetic balance between crystallization and erosion at the solid-liquid 
interface. In this paper we present preliminary results ofa theory of the coexistence between a solid 
and a shearing liquid. We examine the role of the orientation of the shear flow and the 'softness' of 
the interface in determining the observed nonequilibrium phase diagram. 

1. Butler,S. and Harrowell ,P. Nature 415, 1008 (2002) 
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The effect of polydispersity on the crystallization 
kinetics of colloidal hard spheres. 

S. Martin. G. Brvant and W van Megen 

Department of Applied Physics, Royal Melbourne Institute of Technology 

gary.bryant@rmit.edu.au 

Colloidal particles are widely used as model systems in the study of the fundamental mechanisms of 
phase transitions, and colloidal crystals are increasingly being used as templates for nano and 
rnicrostructures. Using a newly developed crystallization spectrometer, we have measured 
crystallization kinetics in two hard sphere systems with significantly different polydispersities. We 
compare the characteristics of the two samples, along with previous data measured on systems with a 
range of polydispersities. W e observe significant qualitative and quantitative differences between 
systems with different polydispersities. Upon increasing the polydispersity, a number of effects 
emerge, including: a dramatic increase in the waiting time (following tumbling) before the first 
observable crystallites emerge; and an increase in the growth coefficients measured in the rapid 
phase of crystal growth. In this paper we present these results, and discuss the importance of 
polydispersity in determining the characteristics of crystal growth. The results may be explained in 
terms of a fractionation process, where crystals are preferably formed from particles near the median 
particle size, with particles which are considerably smaller (or larger) than the median size being 
locally excluded. An analysis of the results demonstrates that an understanding of the polydispersity 
is critical in interpreting crystallization behaviour in hard sphere colloidal suspensions. 
Polydispersity is also likely to be of great importance in the are of colloidal templating, and has thus 
far received little attention. 
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RAFT Polymerization and Phase Separation of Novel 
Amphiphilic Block Copolymers for Nanotechology 
Applications 

Martin Jesherger1
• l.eonie Bamer1

• Claudia Kohler/, Michael Whittaker1
·" and Thomas P. Davi./. 

1 Centre for Advanced Macromolecular Desi1,rn. School of Chemical Engineering and Industrial 
Chemistry, The University of New South Wales, Sydney NSW 2052, Australia, 
http://www.camd.unsw.edu.au, 2 Polymerat Pty Ltd, P.O. Box 641 S, St. Lucia Q 4067, Australia, 
http://www.polymerat.com 

E-mail: m.jesberger@unsw.edu .au and leonie.bamer@unsw.edu.au 

Reversible addition fragmentation chain transfer (RAFT) polymerization invented by CS1RO1 is the 
newest of the living free radical polymerization methods. RAFT polymerization techniques have 
been used to synthesize honeycomb structures and porous polymer films that have a high potential 
for nanotechnology applications. This new technique also enables us to design and synthesize new 
amphiphilic block copolymer systems that r•n 11nrlPnm mirmnh••" <PnM•tinn 

·to 

Figure I. Cumyl dithio p-fluoro benzoate 

We report the controlled polymerisation of 2,3,4,5,6-
pentafluorostyrene using cumyl dithio p-fluoro benzoate 
(Figure l) as chain transfer agent. Low polydispersity 
poly(2,3,4,5,6 pentafluorostyrene) (l'Dl <I.I) that 
shows living behaviour was obtained. This poly 
(pentatluorostyrene) can be used as a macroinitiator to 
build block copolymers. 

We have used a variety of different comonomers to 
build up amphiphilic block copolymer systems. The 
block copolymers have been dissolved and cast onto 
glass slides. Evaporation of the solvent results in 

Atomic force microscopy (AFM) has been used to srudy the surface morphology. Molecular 
structures of the copolymers (volume ratio of the sequences and molecular weight) and casting 
conditions have been altered to control the surface morphology . 

I. Chiefari, J.: Chong, Y.K.; Ercole. F. ; Pristina. J.; Jeffrey, J.; Le, T.P.T.; Mayadunne, RT.A., 
Meijs, G.F.; Moad, C.L.; Moad, G.; Rizzardo, E.; Thang, S.H. Macromolecules, 1998, 31, 
5559 

2. Stenzel-Rosenbaum, M.H.; Davis. T.P.; Fane, A.G.; Chen, V. Angew. Chem. Int. Ed. 2001, 
40,3428 

3. Stenzel-Rosenbaum, M .H.; Davis, T.P. (Polymerat Pty. Ltd.) PCT Int. Appl. WO 0250174 
Al 20020627 2002 

Acknowledgements: The autlll)rs acknowkd(?.C financial support from Polymcrat Pty Ltd. We ore al~o grateful to Peter 
A. Knmhouris for hdpl'ul di scussions. 

90 I General Papers 



The Substrate's Role in Adsorbed Surfactant Layer 
Morphology at the Hydrophilic Solid/Solution 
Interface 

Jamie C. Schulz, JY Paul D. Rut/er, 2 William A. Hamilton" and Grexmy G. Warr1 

1. School of Chemistry, University of Sydney, Sydney, NSW, 2006, Australia, 2. Solid State 
Division, Oak Ridge National Laboratory, Oak Ridge, TN, 37831-6393, USA 

email: jarnie.schulz@ansto.gov.au 

We have examined the adsorbed layer morpholQh'Y of ionic sutfactants adsorbed on hydrophilic 
metal oxide and clay mineral surt'aces using atomic force microscopy (AFM) and neutron 
retlectometry (NR) in order to detennine the solid substrates role in adsorbed layer morphology. 

Parallel AFM and NR studies of the adsorption of cationic quaternary ammonium surfactants on 
quartz have shown that the adsorbed layer consists of sutfactant aggregates that closely resemble 
their bulk solution analogues. 1 

The effect of the magnitude and sign of the metal oxide surface charge upon the adsorbed film 
structure of sodium dodecyl sulfate (SDS) and tetradecyltrimethylammonium bromide (TTAB) on 
titanium dioxide (rutile) and TTAB on quartz was investigated using AFM . On rutile at low pH SDS 
surfactant aggregates are evident in the adsorbed surfactant film up to rutile' s point of zero charge 
(PZC) as the solution pH is increased. after which no surfactant film could be detected. Similar 
observations were made for TT AB on rutile at high pH and down to the PZC.2 As the solution pH is 
increased from low pH the number density of TT AB aggregates on quartz increases. reflecting the 
increase in surface charge. 

The adsorption of TTAB onto clay minerals with varying basal plane surface charge was also 
examined. AFM results showed a direct relationship between the basal surface charge and the 
adsorbed film structure.3 

Schulz, J. C.; Warr, G. G.; Hamilton, W. A.; Butler, P . D. Phys. Rev. f: 2001, 63, 1604-1608. 

2 Schulz, J . C.; Warr, G. G. !,angmuir 2002, 18, 3 I 91-3197. 

3 Schulz, J.C .; Warr, G. G. T,a11x111uir 2000, 16. 2995-2996. 

¥ Present address : The Bragg Institute, Australian Nuclear Science and Technology Organisation, 
Menai NSW 2234, Australia 
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Direct Comparison of AFM and TIRM Force 
Measurements in the Presence of a Non-absorbing 
Polyelectrolyte 

Ravmond R. Dagasti11eJ. Simon Bigg1--'. and Dennis C. Prieve1 

I . Center for Complex Fluids Engineering, Department of Chemical Engineering, Carnegie Mellon 
University Pittsburgh, Pennsylvania 15217, USA, 2. School of Chemistry, University of Melbourne, 
Parkville, Victoria, 30 I 0, Australia, 3 . School of Process, Environmental and Materials 
Engineering, University of Leeds, Leeds, LS2 9JT, United Kingdom 

email: rrd(cf,1111imdh.ed11.a11 

Total internal Reflection Microscopy (TIRM) and Atomic Force Microscopy (AFM) were used to 
study the interactions between a 5 µm borosilicate glass sphere and a silica slide in the presence of a 
non-adsorbing polyelectrolyte, sodium (polystyrene sulfonate) (NaPSS). The effect of the polymer 
concentration, within the dilute solution rel.rime, on the observed interactions was investigated . In all 
cases, the interactions displayed a short-range electrostatic repulsion followed immediately, at larger 
separations, by a decaying oscillatory interaction that is attributed to structuring of the 
polyelectrolyte in solution. The oscillations of the force law allow for the first direct comparison 
between TIRM and AFM force measurements on the same system. While the two techniques access 
different force regimes comparison of the surface separation distance in each measurement is 
possible by the location of the oscillations in the force measurement. 

TIRM is a non-invasive optical technique with an unambi!:,'UOus method to detennine surtace 
separation between a levitated particle undergoing Brownian motion above a plate. AFM is a direct 
force measurement technique, which requires a constant compliance region during the measurement 
where the surfaces come into contact. An offset in surface separation is observed between the TIRM 
and AFM data, where the magnitude of the offset is a function of ionic stren1:,rth. The surface 
separation offset is a result of the combination of a steep repulsive electrostatic force law and a very 
low spring constant of the AFM cantilever. This results in an observed constant compliance region in 
the AFM measurement well before zero surface separation. The results of our study are the first 
use of TIRM as an independent force measurement technique to quantify this offset in surface 
separation in an AFM force measurement. Comparisons between the AFM and TIRM data also 
indicate that there are distortions of the oscillations in the AFM data from dynamic effects inherent 
in the AFM measurement. 
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CSIRO Molecular Science Keynote Lecture 

Self-Assembly in Cationic-Anionic Colloids : 
Formation of StiffNanodiscs and Icosahedra 

ThomasZemh 

Service de Chimie moleculaire, CENDSM/DRECAM, CEA-Saclay, F91191 Gif- sur Yvette, 
France. 

e-mail: zemb@drecam.saclay.cea.fr 

We describe here general principles of formulation needed to obtain submicronic aggregates of 
controlled size, obtained in a defined region of ternary phase diagrams implying an anionic and a 
cationic surfactant. Self-assembled partially cristallised bilayer organisation in the fonn of rigid 
nanodiscs of controlled size or hollow aggregates of regular icosahedral shape are formed in the 
water corner of phase diagram. The size and molar mass ( about 10"!0 Da) of the aggregates is 
controllable are larger than any known icosahedral protein assembly or virus capsid. The wall 
rigidity is yet unknown but exceed 100 Mpa. Electron microscopy, light-, X-ray- and neutron 
scattering results demonstrating the stability of facetted objects in a certain region of the ternary 
phase diagram will be shown . These crystallised aggregates1 of controlled size with micronic and 
nanometric dimensions represent a new class of colloids, a borderline case in between large 2D 
polymers bound by ionic interaction, and ultimately cleaved ionic crystal and large planar colloids 
such as clays. Mechanisms of formation can be rationalised since phase diagram is known. The 
synthesis procedure is simple with commercially available components. 

Ref: Science (1999)283, 816-820; Nature(2001)411 p672-675 
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PDMS Droplets of Controlled Deformability: 
Interaction Forces, Deformation and Nano-rheology 

Graeme Gillies and Clive A. Prestidge 

Ian Wark Research Institute, ARC Special Research Centre for Particle and Material Interfaces, 
University of South Australia, Mawson Lakes SA 5095 

Email : clive.prestidge@unisa.edu.au 

AFM was used in-situ to characterise the repulsive forces between a silica probe and stabiliser free, 
colloidal sized polydimethylsiloxane (PDMS) emulsion droplets of controlled deformability. 
Varying the degree of internal cross-linking controlled droplet deformability, with the droplet's bulk 
rheology ranging from a Newtonian liquid to a viscoelastic body. 

At relatively large separations the repulsive forces can be described by electrical double layer 
interactions between rigid spheres. Upon closer probe-droplet approach, droplet deformation leads 
to weaker forces than expected for rigid bodies. The zero of separation can be determined by 
shifting the weak force tails to coincide with the known rigid body behaviour. Hence the level of 
droplet deformation can be determined and the droplet spring constant estimated. 

Highly cross-linked droplets exhibit force curve hysteresis, which is drive velocity and loading force 
dependent. Nano-rheological parameters for droplets are determined by fitted the force curve 
hysteresis to the theoretical viscoelastic response of a sphere, and have been shown to be dependent 
on the level of cross-linking. In contrast, liquid-like droplets exhibit a Hookean response with no 
velocity dependence or hysteresis. In this case, interfacial tension effects rather than droplet 
rheology control droplet deformation. The influence of adsorbed surfactant and nano-particles at the 
droplet-water interface on droplet nano-rheology are also reported and give further insight into the 
level of"bulk rheology control" versus "interfacial control" in this system. 

94 I General Papers 



Experi1nental measurement of hydrodynamic and 
double-layer pressures and their contributions to the 
total force during the approach of a fluid drop to a flat 
solid surface. 

Mohammed Asadullah, Jason Connor and Roger Hom 

Ian Wark Research Institute, University of South Australia, Mawson Lakes, SA 5095. 

e-mail: Jason.connor@unisa.edu.au 

In a recent experiment Connorl.2 measured the deformation of a mercury drop as it was driven 
towards a flat mica surface in an aqueous electrolyte solution. The deformation is caused by a 
combination of surface forces and hydrodynamic forces, with the latter creating a classic "dimpling" 
of the drop when the approach speed is sufficiently high. The deformation measurements, based on 
the optical technique (FECO) used in the surface force apparatus, and collected by video, yielded a 
high density of precise data for the shape of the drop. Control of electrical potential applied to the 
mercury also gave control of the double-layer force acting between it and the mica, in a film 
thickness regime where other surface forces were negligible. 

The high density of data points in the drop shape measured in each video frame allows an accurate 
empirical fit to be made to the drop profile. This empirical fit can be differentiated twice to give the 
local curvature at each point on the drop surface, from which the pressure difference across the 
mercury/aqueous interface is calculated using the Laplace equation. Since the mercury pressure is 
essentially constant, the pressure in the aqueous film is thus established. The same experimental set
up yields an accurate determination of the disjoining pressure in the film arising from double-layer 
forces between mercury and mica.3 Subtracting this component from the total yields the 
hydrodynamic pressure in the film, at all points along the film profile and for all time steps. The 
analysis is repeated for profiles measured in the presence of various double-layer forces, ranging 
from strong repulsion through to strong attraction. Integration of the pressures over the drop profile 
gives the total force acting between the drop and the wall, and the separate contributions from 
double-layer forces and hydrodynamic forces. 

The results show that when the drop is being driven towards the surface the total force increases in 
approximate proportion to the flattened area of the drop. When the drive is arrested, the total force 
remains quasi-constant, even though the relative contributions of hydrodynamic and surface forces 
continue to evolve until film drainage is complete. The same conclusion holds regardless of the 
magnitude and even the sign of surface force, meaning that the hydrodynamic force decreases with 
time in the presence of a repulsive double-layer force, and increases with time when the surface 
force is attractive. The sum is essentially the same in both cases. 

1. Connor, J.N., PhD thesis, University of South Australia, 2001. 

2. Connor, J.N.; Hom, R.G., Faraday f)isc11ssions, 2003 (Discussion 123, in press). 

3. Connor, J.N.; Hom, R.G., /,a11gm11ir 2001, /7, 7194. 
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Cavitation Suppression at a Crack in the Surface of a 
Solid with a Diffuse Double Layer 

David W Smith a11J Brook F.wers 

The University of Newcastle, Callaghan NSW AUSTRALIA 2308 

David .Smith@newcastle.edu .au 

Harvey's (cavity cavitation) model [I] provides the most plausible explanation for observed 
cavitation behaviour in bubble-free homogenous liquids. The model proposes that nucleation sites 
for cavitation are gas pockets trapped at the base of defects (cracks) located at the solid-liquid 
interface. In a previous paper [2) Smith and Ewers, postulated that the presence of a diffuse double 
would suppress cavity cavitation behaviour from these sites, and proposed that this cavitation 
suppression in the presence of a diffuse double layer provided an explanation for the large shear 
strenhrth observed in clay soils (a colloidal material with a well develop diffuse double layer) . In this 
paper, we present a theoretical analysis of fluid pressures across menisci in cracks that are either 
empty or partially filled with water. The finite element analysis presented here takes into account 
two-dimensional crack geometry that includes cracks of varying widths and shapes. spatial charge 
distribution in the solid material containing the crack, counterions of different valence and the 
diffuse double layer in the fluid . Maxwell stresses are calculated throughout the fluid, and the 
pressure jump across the meniscus is estimated for different locations of the meniscus in the crack. 
When only counterions are present (that is, the water contains no background electrolyte), it is 
shown that for all menisci locations, the presence of a crack leads to larger pressures at the meniscus 
than at the solid surface without a crack, when a background electrolyte is present it is found that the 
pressure at the meniscus is increased as the diffuse double layer thickness reduces. This remarkable 
observation lends support to the theory that cavity cavitation behaviour is suppressed by the presence 
of a well-developed diffuse-double layer. 

[I] E. N. Harvey, M. D. Elroy and A. H. Whitely, Journal of Applied Physics. 1947 Vol. 18, 649-
670 

[2] D. W. Smith and B. Ewers, WCCM Vienna 2002 
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Hydrodynamic boundary slip in Newtonian Fluids on 
wetting surfaces. 

Chiara Neto, David Williams, F,/mar Bonaccurso, Ha11s-.liirge11 Rutt and Vi11ce11I S. J. Craig 

Department of Applied Mathematics, Research School of Physical Sciences and Engineering, 
Australian National University, Canberra, ACT 0200 

vince.craig@anu.edu .au 

Direct measurements of hydrodynamic drainage forces using an Atomic Force Microscope will be 
presented. The measurements show clear evidence of boundary slip in a Newtonian liquid. The 
degree of boundary slip is found to be a function of the liquid viscosity and shear rate, as 
characterized by the slip length. The influence of surface roughness on the boundary condition has 
also been investigated. Increased surface roughness is found to increase the degree of slip. This leads 
to the conclusion that in most practical situations boundary slip takes place leading to a reduction of 
the drainage force. This has implications for confined biological systems, the permeability of micro
porous media and for the lubrication of nano-machines and will be important in the micro control of 
liquid flow . 

Craig, V.S.J .; Neto, C,; Williams, D.R. M.; Phys. Rev l,etl. , 2001, 87 (5) , 054504. 

Bonaccurso, E.; Butt, H.-J .; Craig, V.S.J .; Submilled lo Phys. Rev Leif., 
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Ultrasound Induced Proton Transfer Between Surface 
Active Acid-Base Solutes 

M11th11pandia11 Ashokkumar. Thanh Vu and Fran:: Grieser, 

Particulate Fluids Processing Centre, School of Chemistiy, University of Melbourne, VIC 3010, 
Australia. 

e-mail : masho@unimelb .edu .au. 

Sonoluminescence, generated within collapsing microbubbles in a sound field, is sensitive to the 
presence of certain solutes dissolved in a fluid. Multibubble sonoluminescence (MBSL) is 
particularly sensitive to the amount of volatile solute adsorbed at the bubble/solution interface, 1•

3 

especially when using high insonation frequencies (e.g., 500 kHz). The high sensitivity of MBSL to 
the presence of volatile solutes has been used as a probe to investigate proton transfer between acid
base solutes adsorbed to imploding bubbles. 

The relative MBSL intensities as a function of pH for 25 mM n-pentanoic acid, 25 mM n-butylamine 
and a mixture of 25 mM of each of these solutes in aqueous 0.1 M NaC104 solutions are shown in 
Figure 1. 
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Figure 1: Relative MBSL intensity as a function 
of pH; Frequency= 515 kHz. 

The effect of the pure solutes on SL is 
similar to that reported earlier.2 However, 
the mixed system shows a different 
behaviour compared to that observed with 
pure solutes. To explain the SL quenching 
observed in the pH range 7-9 in the mixed 
solute system (Figure 1 ), we suggest that the 
surface active solutes form an ion-pair 
complex at the bubble/solution interface 
(Reaction I). During the violent collapse of 
the bubbles, we postulate that inter proton 
transfer occurs between the solutes in the 
complex to produce the volatile conjugate 
pairs (Reaction 2). 

RCOO', + RNH.i's 

[RC00"--
1
HRNH2]/ ))) 

[RCoo· -- 1HRNH2]/ 

RCOOH , + RNHi , 

(!) 

(2) 

Further evidence for the proposed mechanism will be provided in the presentation. 

1. Ashokkumar, M.; Hall , R.; Mulvaney, P.; Grieser, F. J. f'hys. Chem. H, 1997. IOI, 10845. 

2. Ashokkumar, M.; Mulvaney, P.; Grieser, F . .J. Am. Chem. Soc. , 1999, 121, 7355. 

3. Ashokkumar, M.; Vinodgopal , K.; Grieser, F . .!. l'hys. Chem. B, 2000, 10-1, 6447. 
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Expanded Mesoporous Silicate Films Grown at the 
Air-Water Interface. 

M J. Henderson, .I. W White4 

Research School of Chemistry, The Australian National University. Canberra ACT 0200, Australia. 

e-mail: mjh@rsc.anu.edu.au 
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Chemoenzymatic synthesis of carbohydrate
functionalized polymers with controlled architectures 

[,uca Alherti,/. Claudia Kohlerr1. Hans Heut./, John[,. R. Foster2
, Thomas P. Davis1 

1Centre for Advanced Macromolecular Design, School of Chemical Engineering and Industrial 
Chemistry, University of New South Wales, NSW 2052, Australia 
2School of Biotechnology and Biomolecular Sciences, University of New South Wales, NSW 2052, 
Australia. 

E-mail: luca.albertin@student.unsw.edu.au 

Cell-surface receptors are proteins and glycolproteins projecting from the lipid bilayer that act as 
interface between a cell and the surrounding world. They convey information from the external 
environment such as the presence of toxins. chemoattractants or foreign invaders. Also, they serve as 
docking point for other cells, the extracellular matrix and pathogens. t a molecular level, this 
function depends on the ability of specific ligands to bind the receptors. It is now known that in some 
cases the involved ligands display multiple copies of the recognition element (multivalent ligands) 
and can engage more than one copy of the corresponding receptor1

. 

Consequently, synthetic multivalent ligands for cell-surface interaction are under investigation from a 
number of 6>roups and have proved to possess high binding affinities in several in vitro tests2

·
3

. Our 
group is now exploring a new approach to the synthesis of potential polyvalent ligands through the 
regioselective, enzyme-catalysed synthesis of carbohydrate-functionalised vinyl monomers followed 
by their controlled living radical polymerization. Preliminary results for the model compound 
ethyl(D-glucopyranos-6-O-yl)adipate are reported. The same can be prepared in good yields (50-
60%) by lipase catalysed acylation of D-glucose with divinyladipate in acetonitrile or acetone 
(Figure 1). Its free radical polymerisation in water, ethanol, 2-propanol or 1,4-dioxane affords 
poly[ethyl(D-glucopyranos-6-0-yl)adipate] with M0 between 5 and 50 kDa. The use ofxanthates and 
dithiocarbamates as chain transfer agents for the reversible addition-fragmentation chain transfer 
radical polymerization of this monomer4 will be also described. 
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Figure 1. Enzyme catalysed synthesis of ethyl(D-glucopyranos-6-O-yl )adi pate. 

(1) Kiessling, L. L.; Pohl, N. L. Chemisny & Biology 1996, 3, 71-77. 
(2) Lundquist, J. J.; Toone, E. J. Chemical Reviews 2002, /02, 555-578. 
(3) Kiessling, L. L.: Gestwicki, J. E.; Strong, L. E. Current Opinion in Chemical Biology 2000, ./, 

696-703. 
(4) Chiefari, J.; eta/. Macromolecules 1998, 31, 5559-5562. 
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Treatment of Printing Wastewater using Adsorbing 
Colloid Flotation 

r'hoon .fek Ang, Peter Sanciolo, Russell.!. Crmiford 

Environment and Biotechnolo,b>y Centre, Swinburne University, P.O.Box 218, Hawthorn VIC 3122 

Email: Cang@groupwise.swin.edu.au 

Printing wastewater is characterised by high levels of chemical oxygen demand (COD), biochemical 
oxygen demand (BOD), suspended solids, metals and colour. Recent trends towards usage ofwater
based inks and growth in paper recycling industry highlight the importance in treating printing 
wastewater. The aim of this project is to investigate the feasibility of the use of a novel development 
in adsorbing colloid flotation (ACF) to treat printing wastewater. 

Conventional adsorbing colloid flotation involves adsorption and/or coprecipitation of contaminants 
onto metal hydrous oxide colloid, followed by removal of these solids from solution by flotation. 
Surfactant is used to render the solids sufficiently hydrophobic to be collected at liquid/bubble 
interface, and to establish a foam. The nature of the interaction between the removed contaminants 
and the bubbles in the foam is such that, soon after generation of the foam, the solids are released to 
the drainage liquid. It is therefore important to keep the volume of this liquid in the foam to a 
minimum. This, in turn, limits the rate at which the conventional ACF treatment process can be 
operated. 

An alternative mode of running the ACF process involves the choice of conditions such that a solids
stabilized foam is generated. Under these conditions, the drainage from the foam is as clean or 
cleaner than the liquid in the flotation cell. This allows operation of the process at a much faster rate 
since the foam liquid content does not need to be minimized. It also allows much higher levels of 
dewatering of the removed contaminant solids to take place. 

Batch mode flotation studies were conducted on industrial printing wastewater samples that were 
dosed with surfactant (CTAB) and a single or mixed hydrous metal oxide adsorbing colloid. The 
adsorbing colloid metals investigated were Fe(l11), Fe(ll) and Al(111). The influence of pH, ratio of 
adsorbing colloid metals, concentration of adsorbing colloid, surfactant concentration and wastewater 
solids content were investigated. Continuous mode flotation studies were also conducted. The 
influence of surfactant concentration, wastewater throughput and air flow rate were investigated. 
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Fluorescence Quenching Behavior of Quinoline 
Derivatives in Micellar Systems. 

Tsuvoshi Asakmm, Shouhei l~hi110, Akio Ohta and Shigeyoshi Miyal(ishi 

Department of Chemistry and Chemical Engineering, Faculty of Engineering, Kanazawa University, 
Kanazawa 920-8667, Japan 

e-mail : asakawa@t.kanazawa-u.ac.jp 

The halide sensitive fluorescence probe such as 6-methoxy-N-ethylquinolinium (MEQ) was utilized 
for the measurement of halide ion concentrations dissociated from the surfactant monomer and 
micelle. 1 The fluorescence was quenched by halide ions with a linear Stern-Volmer relation. The 
Stern-Volmer plot gave a distinct break at CMC owing to the counterion binding to micelles.(Table 
I) A 1,1 ,2,2-tetrahydroheptadecafluorodecyl group was introduced to 6-methoxyquinoline 
(FC 10MQ). The Stern-Volmer plot also gave a distinct break at CMC of alkyltrimethylammonium 
bromide by using the amphiphilic FC1 uMQ probe. However, the quenching efficiency of the 
amphiphilic probe fluorescence sih'llificantly increased beyond the CMC with increasing surfactant 
concentration. This would suggest that the fluorescence of micellar solubilized probe was quenched 
effectively by the halide ions dissociated from surfactants at the micellar surface. The halide ion was 
an effective quencher in cationic micellar systems, while it was unaffected to the amphiphilic probe 
fluorescence in the presence of anionic micelles. These experimental results demonstrate the 
repulsive electrostatic interactions between the halide ions and anionic micelles containing probes. 

The quenching efficiency of FC 10MQ significantly increased beyond the CMC of HFDePC (1, 1,2,2-
tetrahydroheptadecatluorodecylpyridinium chloride) with increasing surfactant concentration, while 
the quenching behavior of C12MQ (6-methoxy-N-dodecylquinolinium) was similar to that of 
hydrophil ic MEQ probe even if the formation of HFDePC micelle. This suggests that the quenching 
behavior of the amphiphilic probe fluorescence indicated the phobic interactions between 
hydrocarbon and fluorocarbon chains. The amphiphilic probe was also utilized as fluorescence 
probes in TT AC-HFDePC mixtures. The determined mixture CMC curves show the phobicity 
between hydrocarbon and fluorocarbon surfactants in micelles. The Stem-Volmer plots gave distinct 
breaks at mixture CMCs by using MEQ probe. The quenching behavior would depend on the 
variation in concentrations of surfactant monomers as well as the counterion dissociation from 
micelles. 

Table l. Stern-Volmer constant of surfactant monomer, CMC and the 
dissociation by the fluorescence quenching of quinoline derivatives at 25°C 

degree of counterion 

Surfactant Ksv tM·1 CMC /mM 

C12HnN(CH3)38r 
C 14H29N(CH3)3Br 
C16H33N(CH3)38r 

MEQ SPQ MQAE MEQ SPQ MQAE 
328 221 362 16.0 15.9 15.4 
328 212 369 3.7 3.7 3.8 
309 195 373 l.0 1.0 1.0 

a 
MEQ SPQ MQAE 
0.23 0.28 0.18 
0.1 6 0.21 0.12 
0.13 0.20 0.11 

I. Asakawa., T.; Kitano, H.; Ohta, A.; Miyagishi , S., J. Colloid Interface Sci .. 2001, 2-12, 284-287. 
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Suspension polymerization of methyl methacrylate 
mediated by 2-cyanoprop-2-y I dithiobenzoate 

John D. Bia.mtti, Thomas P. Dcn1is. Frank P. l,uc:ien and .!ohm, P.A. Heuts' 

Centre for Advanced Macromolecular Desih'll, School of Chemical Engineering and Industrial 
Chemistry, The University of New South Wales, Sydney 2052, Australia. 

E-mail: j.biasutti@student.unsw.edu.au 

In recent years there has been much interest in the application of controlled radical polymerization in 
heterogeneous systems. 1 In particular reversible addition frahmentation chain transfer (RAFT) 
polymerization has been extensively studied due to its applicability to a large range of monomers and 
high tolerance of impurities.2 Several attempts to utilize RAFT in emulsion polymerization 
encountered problems due to low transport rates through the aqueous phase and broadened molecular 
weight distributions were observed even in the case of seeded and miniemulsion polymerization.3 

Suspension polymerization is a technique for dispersed phase polymerization that avoids the 
problems associated with polymerization in the aqueous phase by conducting the polymerization 
purely in the organic phase. 
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(a) Molecular weight evolution of poly methylmethacrylate at several RAFT agent concentrations 
(0.055, 0.040 and 0.020 Mol/L) (b) Particle morphology of PMMA produced by suspension 
polymerization (c) Chain extension of PMMA with 2-hydroxyethyl methacrylate 

In this work 2-cyanoprop-2-yl dithiobenzoate was used to mediate suspension polymerization of 
methyl methacrylate at 70°C using AIBN as initiator. The polymerization showed pseudofirst order 
kinetics with a similar rate to bulk polymerization. The particle size distribution of the polymer was 
found to be highly dependent on the concentration of RA.FT agent, with mean particle diameter 
varying between 700µm (when no RAFT agent present) and IOOµm (at 5.6 x 10"2M RAFT agent). 
This was attributed to the lowering of the viscosity of the polymer solution and thus suppressing 
particle agglomeration. Molecular weights were observed to increase linearly with conversion and 
polydispersities as low as 1.07 were achieved. Chain extension with methyl methacrylate and styrene 
showed that much of the living character of the polymerization is retained while unique surfactant 
properties can be obtained by chain extension with hydrophilic monomers. 

l. Charleux, B. Macromolecules, 2000, 33, 5358-5365. 
2. Chiefari, J. et al. Macromolecules, 1998 31, 5559-5562. 
3. Lansalot, M., Davis T. P., Heuts J.P. A. ,Macromolecules, 2002, 35, 7582-7591 
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Adsorption Behaviour of the Various Crystal 
Structures of TiO2 

Dm1iel S. FJdridge. Russell J. rrm~ford m1d Ian H. Harding 

Environment and Biotechnolob'Y Centre, School of Engineering and Science, Swinburne University 
of Technology, PO Box 218, Hawthorn, Victoria 3122 

E-mail: DEldridge@groupwise.swin.edu.au 

Previous studies1
'
2 have been undertaken to adsorb aqueous heavy metals onto many colloidal 

substrates in an attempt to model metal removal from industrial waste, One theory1 is that metal ions 
must hydrolyse, thus lowering their charge, prior to adsorption. This lowers the change in salvation 
enerb'Y involved in adsorption which otherwise prevents the free (unhydrolysed) metal ion from 
adsorbing. ' 

TiO2 is an unusual oxide, in that some of its crystal structures have a dielectric constant similar to 
that of water3 and thus there is little difference to the salvation energy of an adsorbed or free metal 
ion. There should, therefore, be little solvation energy involved in adsorption and metal ions should 
not need to hydrolyse prior to adsorption Speculatively, adsorption would now be largely controlled 
by the electrostatics of the system. The surface charge of the TiO2 becomes increasingly negative 
with increasing pH, thus increasing the "driving force" for adsorption. 

Experimentation found that adsorption of metals onto TiO2 (anatase crystal structure, dielectric 
constant - 31) is not driven by electrostatics alone. There is a weak trend between adsorption and 
metal hydrolysis, but specific affinities appear to be present between individual metals and the 
substrate. The order of adsorption with respect to pH was found to be Pb2 1 > Cr11 > Cd2

' = Zn2
' > 

Ni2
+ > Mg2

+ > ca2+. This closely matches the order for adsorption onto coal, where carboxyl surface 
functionality is believed to be the driving force for adsorption. 

Future work will concentrate initially on measuring and, if possible, controlling the dielectric 
constant of a TiO2 sample so that the dielectric constant of the sample will approach that of water 
(-78). Thus adsorption will be studied on chemically similar, but physically dissimilar, substrates. 

l. James, R. 0.: Healy, T. W. Journal of Colloid and Interface Sd,.mce, 1972, -10, 65 - 81. 

2. Burns, C. A.; Cass, P. J.; Crawford, R. J.; Harding, I. H. Colloids & Surfaces - A: 
Physi,·cx;hemical & /~i,gineering A.1pecfs, 1999, I 55, 63 - 68. 

3. Berberich, L. J.; Bell, M. E. Journal of Applied Physic.1·, 1940, I I , 681 - 692. 
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Organised layers of diblock copolymer micelles 

Emelvn G. Smi1h ·, J::rica J. Wanless·, Simon R. Bigg/ 

·school of Environmental and Life Sciences, University of Newcastle, Callaghan. N SW. 2308, 
Australia, and tschool of Chemistry, Physics and Environmental Science, University of Sussex. 
Falmer. Brighton BN I 9QJ , U.K. 

E-Mail: cpegs@paracelsus.newcastle.edu.au 

The adsorption of a di block copolymer [dimethylami11oethylmelhacrylate
dielhylaminoe1hylmethac1JJ/a1e (DMA9J-DEA21 Mn - 20 000)] at the solid/liquid interface has been 
investigated. Initially pyrene fluorescence probing was used to study the solution aggregation 
behaviour of this copolymer. The determination of a CMC region was carried out by this technique. 
A critical micelle pH range (CM-pH) was also defined where at low pH the copolymer exists in 
solution as unimers and above pH 8 micelles are formed . 

The adsorption characteristics of this copolymer onto silica has been the focus of this work. Optical 
Reflectometry (OR) was used to examine adsorption onto oxidised silicon wafers as a function of 
concentration. Adsorption by depletion onto silica particles using refractive index increments was 
used as a comparison. Of particular interest currently is the adsorption at pH 9 where the block 
copolymer exists as micellar aggregates in bulk solution. The adsorption isotherms by both methods 
exhibit a decrease in the adsorbed amount at concentrations above the nominal CMC region. 
Adsorption at pH 4 of the DMA93-DEA21 where the copolymer exists as monomers in solution, and 
adsorption of the homopolymer, OMA where investigated to aid in the understanding of the 
intriguing shape of the isotherm. 
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Designing a Small-Angle Neutron Scattering 
lnstrmnent at the Australian Replace1nent Research 
Reactor 

r:lliot P. Gilher1, 1 

I. Physics Division, ANSTO, PMB I. Menai, NSW 2234, Australia 

e-mail: epg@ansto.gov.au 

A small-angle neutron scattering (SANS) instrument is being designed as part of the initial 
instrument suite for the 20 MW Australian Replacement Research Reactor. The new instrument, 
receiving neutrons from a large liquid-D2 cold source, will be in the spirit of the world's best 
facilities and will greatly build upon ANSTO's existing expertise and facilities . Scheduled for 
completion in January 2006, it will provide Australian and international researchers with 
opportunities to access state-of-the-art SANS instrumentation. The conceptual details of the new 
SANS will be presented. 
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Inclined CO2 desorption on stepped Pt(l 12) surface 

Yu Hai Hu. Song Han, and Tat.rno Matsushima 

Catalysis Research Center, Hokkaido University, Sapporo 060-0811, Japan 

E-mail: tatmatsu@cat.hokudai .acjp 

This is the first report of reactive CO2 desorption from (001) steps on stable stepped platinum 
surfaces. It was observed in the NO(a)+CO(a) reaction on Pt(l 12) = [(S)3(111 )x(OO I)] by using AR
TDS (Angle-resolved Thermal Desorption Spectroscopy). The surface consists of (111) terraces 
declining 19.5° from the bulk plane and (001) steps -35.3° (in the opposite direction). CO2 and N2 

desorption takes place concomitantly above 400 K when the surface covered by NO and CO is 
heated. Both CO2 and N2 collimated sharply along the angle of -30° off the surface normal , i.e., 
almost the local normal of (00 I) steps. The reactive desorption takes place on (001) steps. 

On the other hand, CO2 desorption was observed in the range of 200-450 K yielding three peaks 
when the surface covered by O and CO is heated. The desorption of CO2 collimated + 10° off the 
surface normal, close to the local normal of (111) terraces. This reactive desorption proceeds on 
( 111) terraces. 

In the O(a)+CO(a) reaction, the preference of CO2 formation on ( 111) terraces has been explained as 
the presence of more reactive oxygen, i.e., mobile CO(a) can visit oxygen on both (111) and (001) 
sites and interact with more reactive oxygen. In fact, at steady-state CO oxidation conditions, O(a) on 
(111) terraces of Pt(ll3) is more reactive than (001) facets .1 Reactive CO2 desorption from the one
atom high step sites is expected only when most of the O(a) is located on the steps. Such conditions 
are held for the NO(a)+CO(a) reaction because NO(a) dissociation takes place on the steps at 
temperatures high enough to proceed the CO oxidation quickly. 

I Cao, G.Y. ; Moula, M.G.; Ohno, Y.; Matsushima, T.. .I. Phys. Chem. , B, 1999, /03, 3235-3241. 
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Characterization Of Lactose Surfaces by Atomic Force 
Microscopy 

Nazrul l~lam1
, Peter Stewart1, Patrick Hartley, and Tan lar.rn,/ 

1Department of Pharmaceutics, Faculty of Pharmacy, Monash University, Parkville VIC 2Division of 
Molecular Science, CSIRO, Clayton, VIC 

e-mail: mohd.nazru1.is1am@vcp.monash.edu.au 

In dry powder inhalation (DPI) formulations. drug-carrier adhesion forces are thought to be a factor 
in controlling the delivery of drug during inhalation. The surface roughness of lactose carriers, which 
influences the adhesion force, is also thought to affect the drug deposition. The purpose of the 
research was: to image the surface of spin coated lactose films and individual lactose particle by 
TappingMode atomic force microscopy to measure surface roughness (RMS Rq); to measure the 
adhesion force between a silica sphere and individual lactose particles and spin coated films; and to 
correlate the adhesion forces of silica spheres on lactose particles with the dispersion of micronised 
salmeterol xinafoate (SX). Adhesion was measured using an AFM colloid probe technique (Digital 
Instrument, CA), Fine particle fractions (FPF) were determined by Twin Stage Impinger (TS!) at air 
flow rate of 60Umin for four seconds and SX was analysed by a validated HPLC method (r2=1 .0 
with good precision, CV=0.5-2%). Different lactose grades and their spin coated films were imaged 
and showed surface roughness (RMS Rq) of9l-164 nm and 0.2-0.4 nm. respectively. The adhesion 
force distribution between a colloid probe (a silicon sphere of 5 µm size) and lactose carriers was 
broad with average adhesion of29-59 nN for the six lactose carriers. The effect of particle size of the 
probe on adhesion force was studied using the AFM tip, and 5 and 20 µm silica spheres, but there 
was no simple co-relationship with particle size; however, average adhesion forces of the probe 
against the spin coated lactose films were 43 nN, 61 nN and 94 nN for the AFM tif, 5 µm sphere and 
20µm spheres, respectively, and showed very good correlation with probe size (r =0.972). Adhesion 
of the probes on the lactose carrier could not be correlated with the dispersion of a model drug, 
salmeterol xinafoate, measured by the Fine Particle Fraction (FPF). Clefts and valleys in the micron 
sized range were observed on the lactose carriers and these depressions might affect drug-lactose 
contact area and thereby affect adhesion force, eventually influencing drug detachment from the 
carriers. 
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When Thin is Sexy - The Future of Neutron 
Reflectometry in Australia. 

Michael.lame/ and.Jamie C. Schul::1 

1. The Bragg Institute, Australian Nuclear Scientific and Technology Organisation (ANSTO), 
PMB I, Menai NSW 2234, Australia 

e-mail: mja@ansto.gov.au 

Neutron and X-ray reflectometry are techniques used to probe the structure of surfaces, thin-films or 
buried interfaces as well as processes occurring at swfaces and interfaces such as adsorption, 
adhesion and inter-diffusion. Applications cover adsorbed surfactant layers, self-assembled 
monolayers, biological membranes, electrochemical and catalytic interfaces, polymer coatings and 
photosensitive films. Contrast variation and selective deuteration of hydrogenous materials are 
important aspects of the neutron-based technique. Neutron reflectometry probes the structure of 
materials normal to the surface at depths of up to several thousand A, with an effective depth 
resolution of a few A. 

Neutron reflectometry experiments have been performed by a number of Australian researchers at 
overseas facilities for more than a decade, 1 however this capability has previously been absent in this 
country. We report instrument details as well as commissioning experiment results from Australia's 
first neutron reflectometer at the l0MW HlFAR facility at Lucas Heights. This instrument has now 
become part of the AINSE User Proi,>Tam and is accepting beam time proposals from Australian and 
New Zealand university researchers. 

A neutron reflectometry has been recognised as one of the highest priority instruments to be 
constructed at the new 20MW research reactor facility at Lucas Heights (due for completion in 
2006). In this presentation we also report the design of the time-of-flight reflectometer to be 
constructed at the new research facility. 

I. James, M. Aust. J. Chem., 2001 , 5-1, 487-491. 
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Assessing the Phase Behaviour and Solubilisation 
Benefits of the Digestion Products of Commonly Used 
Formulation Lipids 

Greg A. Kossena. 1 Christopher J.H. l'orter. 1 Hen J. Hovd.2 Dave f ,: /J1111slatr' a11d William N. 
C'harmmi1 -

l. Dept. of Pharmaceutics, Victorian College of Pharmacy, Monash University, Parkville, VIC 3052, 
Australia, 2. DBL Australia, Mayne Pharma, Rowville, VIC 3178. Australia, 3. Dept. of Chemical 
Engineering, Melbourne University, Parkville, VIC 3052, Australia 

e-mail : greg.kossena@vcp.monash.edu.au 

This study details the phase behaviour of the likely products of digestion of common formulation 
lipids, under model physiological conditions. Model digestion phases were produced using 
combinations of SEIF (Simulated Endogenous Intestinal Fluid), and the exogenous digestion 
products (fatty acid (FA) and monoglyceride (MG)) derived from three different chain-length 
formulation lipids (Cs:o, C12:o (fractionated coconut oil) and C1s:1 (soybean oil)). The increase in 
solubility provided by these phases for a series of poorly water soluble compounds (hydrocortisone 
and related esters, log P(calc) 1.4 to 5.2) was measured relative to drug solubility in buffer and 
expressed as a solubilisation enhancement ratio (SER). Drug solubility in triglyceride (TG) and 
diglyceride (DG)/MG blends was also assessed. Upon decreasing exogenous lipid content, a 
progressive change from liquid crystal (cubic/lamellar) to dilute colloidal dispersions (containing 
mixed micelles and vesicles) was observed, with particle size confirmed by photon correlation 
spectroscopy. 1 Increases in SER were seen with an increase in exogenous lipid concentration for all 
lipid systems. Large increases in SER were observed in both the lamellar (1000-2000 fold) and cubic 
(> 30,000 fold) liquid crystal phases. however, these increases were attenuated in the more dilute 
liquid phases (30-500 fold). A positive correlation was observed between the solubilisation benefit 
provided by each phase and drug lipophilicity (r2 

;.: 0.9). The liquid crystalline products of TG 
digestion improved the solubility of the drugs investigated; however the solubilisation capacity of the 
system decreased as the exogenous lipid concentration was reduced. Further dispersion to form liquid 
phases (containing vesicles and micelles) reduced solubility, however a substantial solubility 
advantage over simple aqueous SEIF solutions was still maintained demonstrating the potential 
utility of Ii pi die systems to enhance intestinal solubilisation of poorly water-soluble drugs. 

I. Staggers, J.E.; Heme!!, 0 .; Stafford, R.J. ; Carey, M .C. Biochemistry, 1990, 29, 2028-2040. 
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Shape Transformations in Cationic Surfactant 
Aggregates at the Solid/Liquid Interface 

l.aszlo Kovacs and Gregory Cr. Warr 

School of Chemistry, The University of Sydney, NSW 2006, Australia 

E-mail: l.kovacs@chem.usyd.edu.au 

Quaternary ammonium surfactants show a wide variety of shapes at solid/liquid interfaces. The 
characteristics of these aggregates have been examined using Atomic Force Microscopy (AFM) for 
the last seven years. Shape transitions caused by changing surfactant concentrations, by mixing 
different surfactants, and by the addition of salt to the bulk phase, have been reported. 

The effect of solubilization of a wide range of sparingly water-soluble organic additives by the 
adsorbed film will be discussed. Compounds studied include representative environmental pollutants 
such as naphthalene, 1-naphthol, and 2-naphthol, as well hydrocarbons, aliphatic alcohols and bis-azo 
type dispersion dyes. These substances induce shape transformations, which have been imaged by 
A.FM. 

Quantitative analytical measurements for both surfactants and additives in the bulk aqueous phase 
and the adsorbed surfactant film have also been determined. These results support the existence of 
shape transitions that can be observed from the AFM images. 

The impact of added salt on the surfactant aggregate shapes and adsolubilization capacity is also 
studied. 
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An AFM Study of Local Film Formation of Latex in 
Paper Coatings 

Christian Kugge 

institute for Surface Chemistry, SE-114 86 Stockholm. Sweden 

email: christian.kugge@surfchem.kth.se 

The local film formation of latex in model paper coatings of low <P,.,,,_,lrpc«·o, ratio, 0.17, has been 

studied using both topographic and phase images of Atomic Force Microscopy, AFM. The film 
formation process and thereby the final coated structure are affected by variations in the composition 
of coating colours e.g. thickener concentrations, latices T g etc. The local film formation is believed to 
work collectively with latex migration. The top surface is defined as the top 0.8 µm of the 12 µm 
thick coating. This layer includes latex and voids inbetween the mineral pi!:,'lllents. Both 
concentration and molecular weight of thickener (carboxymethylcellulose, CMC) have a visible 
effect on the film formation. A greater concentration of CMC retards latex migration to the top 
surface and a larger molecular weight of CMC prolongs the film formation process. Another 
thickener, ethyl(hydroxyethyl)cellulose (EHEC), was compared to CMC. The EHEC system 
exhibited a prolonged latex film formation process and a relatively low degree of film formation. The 
EHEC system resulted in a higher gloss and a greater amount of latex on the top surface. The use of 
drying temperatures above the cloud point had no affect on the degree oflatex film formation. 

A higher Tg-latex increases the amount of latex on the top surface. It is suggested that lower Tg-latex 
halts migration, which leads to film formation at an earlier stage, further down in an evaporating 
pore. This results in larger voids and lower gloss. A greater amount of latex on the top surface 
enhances macroscopic gloss whereas the roughness on a nanoscale, determined from the topographic 
images, is sensitive to rising mineral pigments but does not strongly effect gloss. 
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Reagent Surface Chemistry, Bubble-Particle 
Interaction and Flotation of Insoluble Minerals 

John McCathy and Anh V Nrmve11 

School of Engineering, The University of Newcastle, Callaghan NSW 2308, Australia 

E-mail : cgavn@alinga.newcastle.edu.au (Anh Nguyen) 

Froth flotation is an interface-based separation process widely used in the mineral processing 
industry. In the flotation process the ore is finely ground to less than 200 microns to liberate the 
minerals, before reagents are added to alter the gas-liquid and liquid-solid mineral interface 
properties. Usually, the surface of the wanted minerals is rendered water-repellent (hydrophobic) by 
using ionizing reagents, which allows the particles to attach themselves to air bubbles and be 
separated from the remaining suspension of unwanted water-wetted (hydrophilic) particles. 

The key element of the effectiveness of the recovery of the valuable material via the flotation process 
is the reagent regime, which controls the interfacial interaction between particles and air bubbles in 
water. This paper focuses on the influence of concentration of cationic hydrophobizing reagents on 
the flotation of insoluble minerals. The flotation behavior of quartz was studied by using a CCD 
high-speed microscopy system with 1000 frame per second to obtain transient images of attachment 
of particles onto air bubbles at different amine concentrations. The attachment efficiency increased 
with increasing amine concentration up to a critical concentration, which is well below the critical 
micelle concentration of amines in the bulk phase. At higher concentrations no attachment and hence 
no flotation were observed. The bubble-particle attachment phenomena are analyzed based on 
reagent surface chemistry, including adsorption of amines, surface micellization and colloidal 
precipitation of amines. It appears that flotation of quartz is controlled by surface colloidal 

precipitates of amines, not by hemi-micelles as initially proposed by Fuerstenau.
1 
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Highly Functional Star-Block Polymers Prepared via 
RAFT 

Nik/as L Nordgre,,1, Michael R. "f1/hittakeru, Peter A. Kamhowi./, Martin .lesherger1. Leonie 
Bamer1 and Thomas P. Davi./ 

I. Centre For Advanced Macromolecular Design (CAMD), University of New South Wales, 
Sydney 2052, Australia 2. Polymerat Pty Ltd, P.0 Box 6415, St Lucia, Queensland 4067, Australia 

(www.polymerat.com) 

email: nordgren@unsw.edu.au 

In recent years considerable attention has been paid to the preparation of alternating copolymers from 
which special materials with different functionalities could be designed and manufactured 1

. Well
defined linear alternating copolymers such as styrene-alt-maleic anhydride (Sty-alt-MAh) have 
previously been synthesised using controlled radical folymerisation (CRP) techniques such as 
reversible addition-fragmentation chain transfer (RAFT) . In this way copolymers with well-defined 
molecular weights and low polydispersity can be synthesised. One particularly powerful aspect of 
the RAFT process is that the polymer-product can be reinitiated to grow blocks of specific molecular 
weight and functionality not only from linear polymers but also from more complex architectures3

. 

In this study RAFT was used for growing alternating B blocks of Sty-alt-MAh from polystyrene 
based 6 arm macromer stars prepared via RAFT. Representative molecular weight increases of the B 
block with time are shown both for star and linear species in Figure I. 
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Figure 1: B-block growth from star and linear macromers . 

I. Ng, S.C.; Lu, H.F.: Chan, H.S.O; Fuji, A.; Laga, T.; Yoshino, K. Advanced Materials, 
2000, 12, 1122-1125. 

2. You, Y.Z.; Hong, C.Y.; Pan, C.Y. European Polymer, 2002, 311, 1289-1295. 

3. Barner-Kowollik, C.; Davis. T.P.; Heuts, J.P.A.; Stenzel, M.H.; Vana, P.; Whittaker M.R. 
.!. Polym. Sci. Pol. Chem., 2002, submitted. 
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Posters I 115 



Conformational Changes In Monolayers Of A Cationic 
Amphiphilic Porphyrin On Saline Subphases 

Reniamin {) 'Drisco/11
, Jeremy Ruggle.1.1, c;ar,y Foran", Binhua l,in3 and Tan Gentle1 

1. Department of Chemistry, The University of Queensland, Brisbane, QLD, Australia 4072 

2. Australian Nuclear Science and Technology Organisation, PMB 1, Menai, NSW, Australia 2234 

3. The Consortium for Advanced Radiation Sources, University of Chicago, Chicago, lL, USA 
60637 

e-mail: s34329l@student.uq.edu.au 

The ordering of a tetracationic porphyrin assembled at the air/water interface on various saline 
subphases was studied using high-resolution X-ray reflectivity and surface pressure-area isotherms. 
By modeling the X-ray reflectivity profiles of the porphyri n monolayers it was found that there were 
distinct structural differences between the phases found in the isotherms. These changes were 
consistent with the expected behaviour of these films. The isotherm studies also show that the area 
per molecule of the porphyrin could be altered significantly through incorporation of different ions 
into the subphase, in accordance with the lyotropic series. This was corroborated by the X-ray 
reflectivity measurements, which showed variations in the thickness of the films with different anions 
in the subphase at a given surface pressure. 
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Novel Membranes with Honeycomb Structure Based 
on Star-polymers 

0. Rat11ayani1, V. Che,/, Anthony G. Fcme1
, Tom P. Davis", M Stenzel-Rosenhauml", M Whittaker" 
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2. Centre for Advanced Macromolecular Design, School of Chemical Engineering, University of 
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e-mail: o.ratnayani@student.unsw.edu.au 

Films with ordered pore size (honeycomb structure) were prepared using star-polystyrenes based on 
sucrose cores as potential membrane materials. Sucrose-core initiator was synthesized by slow 
addition of 2-bromo butyryl bromides to a solution of sucrose in anhydrous pyridine. The star
polystyrenes then synthesized by living radical polymerisation method, using bromide-system Atom 
Transfer Radical Polymerisation (ATRP) technique. This technique could control the polymerisation 
'living' until high conversion without any significant side reaction. 

Film casting was prepared in a casting box by evaporating star-polymer solution in CS2 under humid 
condition (humidity more than 85%). The morpholo1:,,y of film surfaces was investigated using 
Scanning Electron Microscope (SEM). 

A B C D E 
Figure I. Film surfaces of slar-polystyrcncs basc<l on sucrose-cores wilh MW of 17,670 (A, 8) and 37,722 (C, D) which 
wns casl under humid air (humidily=85%) using concenlralion of polymer= IO mg/ml (A, C) and 20 mg/ml (B . DJ. Film 

structures underneath the sun aces. which was cost on glass (E). 

The SEM images showed that higher MW of sucrose-core star polystyrenes tended to create larger 
pore size of the films . However, higher concentration of star-polymers would produce smaller pore 
size but higher pore-density. The film cross-section showed a cell-liked structure. This study also 
found that the higher the humidity, the larger the pore size of the films. The effect of other star 
polymer properties, such as number and length of arms and the casting condition, such as: type of 
solvent, temperature of casting, additives (surfactant) in the polymer solution and type of casting on 
film morphology are currently being studied. The films, however, still need to be well characterized 
to know the pore interconnectivity through out the films . Thus, the study of film formation and pore 
interconnectivity will be carried out. 

1. Stenzel-Rosenbaum, M.H., T.P. Davis, V. Chen, A.G. Fane, Macromolecules, 2001, 34, 5433-
5438 
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Small-Angle Neutron Scattering Investigation of Hairy 
Electrosterically Stabilised Polystyrene Latex Particles 

Hank De Bruyn, 1 Roher/ G. Ciilhert, 1 .Joh11 W. fiflhite2 and.Jamie C. Sch1,lz3r 

1. Key Centre for Polymer Colloids, University of Sydney, Sydney. NSW, 2006. Australia 

2. Research School of Chemistry, Australian National University, Canberra, ACT, 0200, Australia 

3. Centre for Neutron Research, National Institute of Standards and Technology, Gaithersburg, MD, 
USA 

email: jamie.schulz@ansto.gov.au 

The structure of electrosterically stabilised polymer latices consisting of a polystyrene core and a 
polyacrylic acid shell were detennined using small-angle neutron scattering (SANS). Latices were 
prepared with either a perdeuterated core or shell by in-situ styrene/acrylic acid copolymerisation. 
The thickness and hydration of the polyacrylic shell was examined at low and high pH. Varying pH 
alters the degree of ionisation of the polyacrylic acid shell. Data was fitted using a core/shell model 
of the polymer aggregates and the resulting model fits suggest that the shell is highly hydrated . Fit 
parameters indicate that the polyacrylic acid shell is thicker and more hydrated at high pH (high 
ionisation) than at low pH. Also, the model fits suggest that a small amount of polyacrylic acid was 
incorporated in the polystyrene core during copolymerisation. Furthermore, increasing the proportion 
of acrylic acid in the initial copolymerisation reduced particle size slightly and increased shell 
thickness but had little effect on the proportion of acrylic acid incorporated into the core. 

¥ Present address: The Bragg Institute, Australian Nuclear Science and Technology Organisation. 
Menai NSW 2234, Australia 
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Synthesis of liquid crystal-temp lated mesoporous 
materials for use in environmental remediation 
applications. 

Annahef M. Wood,1 Ewen Silvester/ !'a/rick G. Hartle/ 

1CS]RO Molecular Science, Bayview Avenue, Clayton, Vic, 3169 
2CSIRO Minerals, Bayview Avenue, Clayton, Vic, 3169 

E-mail: annabel.wood@csiro.au 

The discovery of mesoporous silica in 19921
·
2 was rapidly followed by the synthesis of a variety of 

other inorganic mesoporous materials. These materials are prized for their unusual electronic, 
magnetic and catalytic properties compared with their bulk counterparts. Suggested applications for 
mesoporous inorganic matter include their use as catalysts, adsorbents and ion-exchange materials. 

The enormous surface area of these materials, combined with the robust nature of inorganic 
compounds, makes them ideal for environmental remediation applications. Manipulation of both the 
bulk composition as well as the surface chemical properties of these materials may allow the 
development of high capacity sorbents with specific affinities for particular pollutants and 
contaminants. Such materials would find application in areas as diverse as reactive barrier materials 
and as elements ofmicro-fluidic devices. 

We are currently investigating the use of self-assembled surfactant liquid crystals as templates for the 
formation of mesoporous materials. The use of the normal hexagonal (H1) phase of the surfactant 
leads to templated materials with a hexagonal array of cylindrical pores. Our compounds are 
characterised by a number of methods, including x-ray diffraction and small angle x-ray scattering, 
surface area measurements, transmission electron microscopy and scanning electron microscopy, as 
well as surface adsorption measurements. 

l. Beck, J. S.: Vartuli, J. C.; Roth, W. J.; et al. J. Am. Chem. Soc., 1992 / J.I, 10834. 

2. Kresge, C. T. ; Leonowicz, M. E.; Roth, W. J. ; et al. Nature, 1992; 359, 710. 
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Theoretical Studies of the Structure and Stability of 
Inverse AOT Micelles in the Absence of Water 

A. Woottm/. F.Picave:! and P.Harrowe//1 

1 School of Chemistry, University of Sydney, Sydney, 2006 NSW 
2 Ecole Normale Superieur de Cachan, Cachan, 94235, France 

E-mail: a.wootton@chem.usyd.edu.au 

The self-assembly of reverse micelles is constrained by interactions quite different from those that 
govern normal micelles. ln particular, we demonstrate that, in the absence of water, the electrostatic 
interactions between the head groups and counter ions of an anionic surfactant, AOT, must result in 
an ordered ionic core. Based on this insight we present theoretical estimates of the chemical potential 
change associated with the incorporation of a surfactant molecule into a micelle consisting of 11 

surfactants. The equilibrium distribution of micelle size is determined and the role of water in 
stabilizing reverse micelles is discussed 
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Determination of the potential at a gas-liquid interface 
from force measurements. 

Rada Pushkarova and Roger Horn 

Jan Wark Research Institute, University of South Australia, Mawson Lakes, SA 5095, 

e-mail: pusry00 l@students.unisa.edu.au 

The determination of surface potential at a gas-liquid interface is imponant for many applications 
including bubble coalescence and particle flotation processes. Most previous attempts to establish the 
surface potential of bubbles have been based on electrokinetic methods, but these have frequently 
been plagued by difficulties in obtaining reproducible results, probably due to surfactant 
contamination and bubble deformation affecting the analysis of results. An alternative method 
proposed here is to measure directly the double-layer forces acting across an aqueous film between 
gas bubbles and a solid surface of known potential. The method follows from the experiment 
developed by Connor in which forces were investigated between a flat mica surface and a drop of 
mercury.1.2 The aqueous film thickness between the drop and the solid surface is determined using the 
same optical technique (FECO) as that employed in the surface force apparatus (SFA),3 in a situation 
where the top of the drop is flattened by the double-layer repulsion. lt has been demonstrated! that 
the mercury drop can be replaced by a bubble in this experimental arrangement, and reasonable 
resolution (< l nm) can still be obtained in the film thickness measurement. The thickness measured 
at a given pressure depends on the potentials of the two interacting surfaces, mica and gas. The mica 
potential can be determined for the same electrolyte conditions using SFA 4 or streaming potential 5 

methods, thus allowing the gas bubble potential to be established. 

l . Connor, J.N., PhD thesis, University of South Australia, 2001 

2. Connor, J.N. and Hom, R.G. , /,a11gm11ir, 2001, / 7, 7194-7197 

3. (sraelachvili, J.N . and Adams, O.E. J.Chem.SOi:., Far. Trans.I, 1978, 7-1, 975-1001 . 

4. Pashley R.M . .I.Col.l,1te1face Sci. 1981, 83, 531-546 

5. Scales, P.J .; Grieser, F.; HealyT.W. U.111gmuir, 1992,8, 965-974 
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The behaviour of laccase in the presence of inorganic 
and organic adsorbents 

Kristi T.. Hanson, Greg T. [,011ergan and Russell .I. Crm~ford 

Environment and Biotechnology Centre, Swinburne University ofTechnol06'Y, Hawthorn. VIC 3122, 
Austral ia 

e-mail: khanson@swin.edu.au 

Laccase, a phenol oxidase produced by many wood-rotting fungi, has received considerable research 
attention due to its potential use in a variety of biotechnological applications. Laccase is excreted 
into the solid compost growth matrix of the common white button mushroom, Agaricus bi.\porus, and 
has been extracted and purified from commercial spent mushroom substrate (SMS) in large 
quantities. 

It has been reported previously that a substantial amount of laccase remains bound to solid compost 
particles following the extraction process. Further, the presence of compost particles in enzyme 
reaction mixtures has been found to both enhance and stabilize enzyme activity. 1n order to 
determine how sorbent surface properties influence enzyme structure and activity, purified A. 
bisporu.1· laccase was immobilized through adsorption on a variety of inorganic and organic sorbents, 
including titania. hydrophilic silica, montmorillonite, kaolinite, insoluble li6>nin, and a complex 
compost mixture. Maximum adsorption onto all substrates occurred below and just above the 
enzyme's pl of approximately 3. Under optimal conditions, adsorption onto titania approached 
theoretical monolayer coverage. Maximum adsorption densities on other substrates ranged from 
0.1 % to 6% of the theoretical maximum. Enzyme specific activity and stability were altered in the 
adsorbed state. confirming that the protein undergoes conformational change during the sorption 
process. 
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Tailored Isoporous Membranes via Surface Confined 
A TRP and RAFT Processes. 

Daniel L. Nystrom1
, Michael R. Whittaker· 3• Leonie Bmner', Martin .!esbe1xer', Thomas P. Davis3 

and F:va Malmstrum1 

1. Department of Polymer Technology, Royal lnstitute of Technology, Stockholm, Sweden, 
2. Polymerat Pty Ltd, P.O Box 6415, St Lucia, Queensland 4067, Australia, 3. Centre For Advanced 
Macromolecular Design (CAMD), University of New South Wales, Sydney 2052, Australia 

email: S30834l 1@unsw.edu.au 

Recent work by Barner-Kowollik el a/. 1 has shown that the living free radical polymerisation 
techniques, RAFT (reversible addition-fragmentation chain transfer) and ATRP (atom transfer radical 
polymerization), provide a versatile route for the production of a range of polymer molecules having 
controlled molecular architecture. lt has also been demonstrated that these star, microgel , graft and 
block polymer molecules will organize under precise solvent casting conditions to spontaneously 
form isoporous substrates and honeycombs membranes2

. An example of one such isoporous 
membrane is shown in Figure 1. Such films, isoporous (high surface area) nature, possess 
considerable potential for biomedical and biotechnological applications. A methodology for the 
construction of a biomimetic surface on these films accesses the living nature of the A TRP and 
RAFT functionalities that are already presented at the film surface. These groups are available to 
reinitiate further polymerisation processes on the surface of these films and hence have been used to 
"grow" surface confined polymer chains of hydrophilic, biocompatible materials. We will 
demonstrate this approach to grow surface confined chains of HEMA, dimethylacrylamide and ethyl
u-hydroxymethacrylate on styrene based isoporous 
films. 

Figure l: Isoporous, honeycomb polystyrene 
based film. 

I. Barner-Kowollik, C.; Davis, T.P.; Heuts, J.P.A.; Stenzel, M.H. ; Vana, P.; Whittaker M.R ./. 
Polym. Sci. Pol. Chem. , 2002, submitted. 

2. Davis, T.P. ; Stenzel, M. Porous Polymers, J111ematio11al Pate/11 PCT/AU0!/01639 

Acknowledgements: The authors acknowledge financial support from Polymerat Pty Ltd. 
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Expanded Mesoporous Silicate Films Grown at the 
Air-Water Interface by Addition of Hydrocarbons. 

.I. I .. Ruggles1*, F,_ P. Ciilherr, S. A. Holr. P.A. Reynolds", J. W. White' 

1Department of Chemistry, University of Queensland, QLD 4072, Australia. 
2ANSTO, Private Mailbag 1,MENAI, NSW 2234, Austral ia. 
3ISIS, Rutherford Appleton Laboratory, Didcot OX! I OQX, UK. 
4Research School of Chemistry, The Australian National University, Canberra ACT 0200, Australia . 

e-mail: j .mggles@mailbox.uq.edu .au 

We have examined the effect of addition of saturated straight-chain alkanes C,, (n even and n = 8-16), 
and aromatics toluene and benzene on the formation of mesoporous silicate films, which form at the 
air-water interface. The silicate films self-assemble by slowly condensing silicate oligomers 
attaching to templates formed by the alkyltrimethylammonium surfactants C11TAX (n even and n = 
12-18, and X = ci- and 8() in solution. The collection of x-ray, and neutron reflectivity profiles 
from these solutions show that there is a chainlenh'1h dependency to the formation of alkane-swollen 
hexagonal silicate films, which is manifest as a linear increase of the pore sizes of the films with 
increasing alkane chainlellb'1h for C11 , n > 8, up to a limit of a hexagonal cell dimension of a1,x, = 80.8 
A. The expansion is greatest when using decane as expander for all surfactant chainlenh'1hs 
examined. For C12 chainlength surfactants a cubic phase results, C1i & C16 chainlenh'1:hs form 
expanded hexagonal films, while C18 chainlengths are relatively unaffected by alkanes. There is also 
anion dependency, which is revealed in larger cell expansion over a wider range of alkanes for 
bromide syntheses over the chloride analQh'Ue. In contrast to the results obtained with MCM 
materials, the "incorporation of aromatics does not produce swollen films . Examination of the 
structures in bulk solution using small angle neutron scattering (SANS) shows that the formation of 
rod-like micelles in the bulk before film formation is suppressed by adding alkanes. Fitting SANS 
data to models showed that in contrast to the sphere to rod transition normally associated with the 
formation of hexagonal silicate films at the interface, only expanded spherical micellar structures 
capable of accommodating several alkane molecules per surfactant molecule exist in solution up to 
and beyond film formation . 
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