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Dear Delegate, 

It is my pleasure to welcome you to London for the UK Colloids 2014 

Conference. This is the second conference in this series and is being 

jointly organised by the RSC Colloid and Interface Science Group, the SCI 

Colloid and Surface Chemistry Group, the Institute of Physics, Polymer 

Physics Group and the UK Polymer Colloid Forum. Our aim in setting up 

such meetings is to showcase colloid and interface science performed in 

the United Kingdom, together with the best cutting-edge science being 

performed overseas. We hope this meeting will provide an ideal 

opportunity to meet, present and discuss colloid and interface science 

with a wide variety of backgrounds. At the last count, we have delegates 

from 28 different countries and a diverse spread of affiliations and 

different levels of experience. 

The venue we have selected for Colloids 2014 is the Mermaid Theatre. 

The Mermaid hosted major theatrical productions for over 60 years, 

before being converted into a conference venue in 2011. Its location, on 

the North Bank of the Thames is at the crossroads of old and new 

London, with St. Paul’s Cathedral, the Tower of London, the Tate Modern 

and the Shard only a short distance away. I feel that this is appropriate 

for colloid and interface science in 2014; the traditional areas of colloid 

and interface science will be represented at the conference alongside 

newer areas such as nanoscience and medicine.  

The organisation of a large meeting represents a major challenge and 

throws up many challenges. As chair of the conference I was somewhat 

surprised to discover that we were also accommodating the Tour de 

France cycle race on day one of the conference! We have built time into 

the conference for delegates to view the race.  The World Cup is also 

taking place during the conference. Many of the local bars and pubs will 

be showing the games (with ample space since England were knocked 

out so early in the tournament!). 

  

http://www.colloidsgroup.org.uk/
http://www.colloidsgroup.org.uk/
http://www.iop.org/activity/groups/subject/pol/index.html
http://www.iop.org/activity/groups/subject/pol/index.html
http://www.uk-pcf.org/
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I hope that Colloids 2014 will prove both valuable and inspiring to 

delegates. My personal advice would be to try and attend some of the 

sessions which are not directly related to the field you work in. It is such 

cross-fertilisation which can result in some of the best ideas. Finally, on 

behalf of the Joint RSC and SCI Colloid Group I hope that you have an 

enjoyable time in London at Colloids 2014. Our capital is a diverse city, 

with something to offer for everyone.  If there is any way I (or the UK 

Colloids Team) can help, please do let us know. 

 

Prof. Peter J. Dowding 

peter.dowding@infineum.com 

 

Chair UK Colloids 2014 Conference & Chair RSC Colloid & Interface 

Science Group. 

  

mailto:peter.dowding@infineum.com


5 of 340 
 

UK Colloids 2014 would like to thank our  

Sponsors & Exhibitors 
 

 

    

 

 

 

 

 

   

   

 

  

 

   

 

Silver Sponsors 

Conference Dinner Sponsors 

Drinks Reception Sponsors 

Exhibitors 



6 of 340 
 

 

 

 



7 of 340 
 

The Joint RSC/SCI Colloids Group 

In 1958 Sir Eric Rideal, a Past President of the SCI, founded the Colloid 
and Surface Chemistry Group to support the growing importance of 
colloids and surface chemistry in industry. Subsequently, in 1971 Ron 
Ottewill, Geoff Parfitt and Dennis Haydon with the support of Sir Eric 
created the Colloid and Interface Science Group within the Faraday 
Society, one of the RSC forerunner societies. This was in response to 
the increasing number of colloid centres being formed in academic 
institutions.  

Since 2002 the two groups have worked jointly forming the "Joint 
Colloids Group" in order to provide a coherent focus for the UK 
colloid and interface science community, both in academia and 
industry. The Colloids Group organises various scientific events 
ranging from one day meetings to its multiday international meeting, 
UK Colloids 2014. The group also manages three awards, the McBain 
Medal, the Thomas Graham Lecture and the Rideal Lecture for early, 
mid and later career contributions to colloid and interface science. 

For further details including our other events please see our website:  
www.colloidsgroup.org.uk. 

 

 

http://www.colloidsgroup.org.uk/
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Plenary 1: Surfactants for non-aqueous solvents 

Professor Julian Eastoe, University of Bristol  

For common surfactants in aqueous solutions the concepts of 
hydrophilicity and hydrophobicty are well established. Textbooks 
explain the properties of dilute aqueous phases of surfactants in 
terms of the hydrophobic effect and the Israelachvili-Ninham packing 
parameter. However, these approaches do not apply so well in 
solvents other than water. 
 
The talk will explore the generality of solvopilicity and solvophobicity, 
as well as the importance of chemical structure and architecture of 
surfactants designed for non-aqueous solvents including 
supercritical CO2. 
 
Effect of solvent quality on aggregate structures of common 
surfactants 
Langmuir 2008, 24, 12235-12240. 
 
Controlling aggregation of non-ionic surfactants using mixed glycol 
media 
Langmuir, 2007, 23, 4199-4202.   
 
Universal surfactant for water, oils and CO2  
Langmuir, 2010, 26, 13861–13866. 
 
Design principles for supercritical CO2 viscosifiers 
Soft Matter, 2012, 8, 7044 – 7055.  
 

Email: Julian.eastoe@bris.ac.uk  
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K1. New Routes to Particle Synthesis: Making particles one 
by one  

David Weitz, University of Harvard, USA 

This talk will describe several new methods to create particles of 
controlled size and properties, using a variety of templating 
strategies and taking advantage of the control offered by microfluidic 
assembly.  In addition, possible routes to scale up will be discussed. 
 

 Email: weitz@seas.harvard.edu 

mailto:weitz@seas.harvard.edu
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112. Mechanics of a colloid-armoured bubble 

N. Taccoen  and C.N. Baroud,LadHyX and Department of 
Mechanics, Ecole Polytechnique, CNRS, Palaiseau 
91128, France 

We investigate the dissolution of a single air-in-water bubble whose 
surface is coated with solid particles, as an elementary model of an 
aging particle-stabilized foam. A microfluidic setup is used to produce 
a single bubble on demand, force the adsorption of particles to its 
interface, and hold it stationary for long-term observation. When the 
gas dissolves in the surrounding liquid, the particles on the interface 
eventually jam, thus forming a rigid shell that encloses the bubble. 
We finely tune the stress bearing on that shell only by shifting the 
thermodynamic state of the bubble out of equilibrium. This is done by 
precisely controlling the pressure and temperature inside the 
observation chamber. 
We experimentally demonstrate the existence of a threshold 
pressure below which the shell is able to arrest the dissolution of the 
gas. In that case, the lifespan of the dissolving bubble is increased 
from minutes to hours. Above this pressure value, the armor cannot 
withstand the compressive stress due to dissolution. It then buckles, 
which leads to the complete disappearance of the bubble. 
These experiments yield a quantitative measure of the mechanical 
resistance of a colloidal shell against ripening. We show that the 
strength of the armor depends on the geometry of its constitutive 
particles for a given surface chemistry. This is an important result 
when optimizing the stabilization of a foam solely with particles. It 
opens the possibility to study the behavior of more complex armors, 
by varying the size distribution, the shape and the chemistry of the 
particles. 
 
Email: taccoen@ladhyx.polytechnique.fr 
baroud@ladhyx.polytechnique.fr 

  

mailto:taccoen@ladhyx.polytechnique.fr
mailto:baroud@ladhyx.polytechnique.fr
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185. Millimetric emulsion 

P. Colliat-Dangus1, J. Bibette1,2, N. Bremond1, M. Goutayer2, 
1LCMD, CNRS UMR 8231, ESPCI ParisTech, 10 rue Vauquelin, 
75231 Paris, France 

2Capsum SA, Héliopolis Bât. C, 3 allée des Maraîchers, 13013 
Marseille, France 

The stabilisation of emulsion droplets having a millimetre size is 
extremely difficult to achieve. This observation principally results 
from a large contact area between drops that favours coalescence. 
Moreover, creaming or sedimentation of droplets under gravity is 
enhanced. In collaboration with the company Capsum, we developed 
a fabrication process of such emulsions by stabilising the interfaces 
with a thin layer of polymers.  
Designed by millifluidic, a calibrated emulsion of oil in water is 
obtained. Their size is uniform and can range from 0.5 to 2 
millimetres. The process is an online formation; the droplets are 
made one by one. It prevents any contact between them during the 
formation of the polymer membrane, thus there is no coalescence 
during the fabrication.  
 

In the laboratory, we investigate the stability properties of this 
emulsion towards deformation and breakup of the polymer shell, 
depending on the physico-chemical conditions. The variations of pH 
and ionic strength of the continuous phase have an impact on the 
mechanical properties of the membrane. 
 

We examine the behaviour of a collection of droplets when 
undergoing compression. First, we study the equation of state of an 
emulsion column under a gravitational field, in order to determine its 
elastic modulus.Then, larger pressures can be reached by the mean 
of centrifugation. It allows us to estimate the critical breakup 
threshold of the membrane, leading to phase separation.  
      

The mechanical properties of the polymer membrane at the level of 
a single droplet are also explored. Flow of droplets in a channel is 
realised and we observe their deformation. The analysis of their 
shape gives us information about the interfacial properties of the 
membrane.  
 

The investigation is also carried out for oil droplets without any 
membrane (free interface), or stabilised with classical surfactants 
(small amphiphile molecules). 
 

Email: perrine.colliat-dangus@espci.fr 
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K2. Electric-Field Induced Phases and Dynamical States in 
Suspensions of Rods: 

Association and dissociation of condensed ions 

Jan K.G. Dhont  and Kyongok Forschungszentrum 
Juelich, Kang,Institute of Complex Systems (ICS) Soft 
Condensed Matter (ICS-3), Juelich, Germany 

Concentrated suspensions of long and thin, stiff rods (fd-virus 
particles) at low ionic strengths are found to exhibit various phases 
and dynamical states under external electric fields, depending on the 
field amplitude and frequency. A non-chiral nematic, a chiral nematic 
and a homeotropically aligned homogeneous phase are observed, 
and a dynamical state where nematic domains melt and form.  
The transition from a non-chiral to a chiral nematic and the existence 
of the dynamical state are explained in terms a cyclic field-induced 
dissociation and association of condensed ions. A theory will be 
presented, with a semi-empirical model for the field-induced 
dissociation/association of condensed ions, that reproduces the 
experimentally found location of transition lines in the field-amplitude 
versus frequency plane, as well as the time scales on which melting 
and forming of nematic domains occurs. The homeotropic uniform 
phase at relatively high frequencies will be argued to be the result of 
hydrodynamic interactions through field-induced electro-osmotic 
flow.  
 
Email: j.k.g.dhont@fz-juelich.de 
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111. A simple one-pot route to cationic cellulose 
nanocrystals 

Latifah Jasmani1,  Samuel Eyley2, Rachel Wallbridge1 , 
Wim Thielemans2* 

1 School of Chemistry, University of Nottingham, 
University Park, Nottingham, NG7 2RD, UK 

2 Renewable Materials and Nanotechnology Research 
Group – KU Leuven @ Kulak, Etienne Sabbelaan 53, 
8500 Kortri jk, Belgium 

Cellulose nanocrystals (CNCs), produced by acid-hydrolysis of 
native cellulose (AFM image, right), have attracted substantial 
attention owing to their mechanical properties and also particularly 
due to their potential application as a reinforcing agent in 
nanocomposite materials. Applications of 
CNCs can be extended through the 
modification of their surface hydroxyl 
groups which has the potential to impart 
virtually any desired functionality such as 
hydrophobicity, cationic or anionic charge, 
or fluorescence which in turn opens up 
many more potential applications than may 
be achievable with unmodified cellulose. 
Various modifications of CNCs have been reported, with the majority 
of work being dedicated to making CNCs hydrophobic, particularly to 
improve compatibility with polymer matrices. 

Cationization of cellulose nanocrystals has been reported several 
times in the literature so far.  The highest reported modification was 
DS 0.35 with glycidyltrimethylammonium chloride and pre-treatment 
of cellulose nanocrystals with sodium hydroxide. Despite the 
aggressive alkali treatment, and high extent of modification, the 
crystallinity of the product was not reported. 

Described herein is a methodology for one-pot grafting of pyridinium 
cations onto the surface of cellulose nanocrystals using an 
esterification technique not used previously with nanocrystalline 
cellulose.  The resulting cellulose nanocrystals have a surface 
degree of substitution of up to 1.1 for α-methylbenzylpyridinium 
bromide and 0.45 for benzylpyridininium bromide and fully retain their 
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crystal structure after modification.  Explanation for the large 
variation in modification despite little change in structure is provided. 

The pyridinium grafted cellulose nanocrystals 
synthesized via this methodology have a high 
surface charge density and were able to form 
stable suspensions that show birefringence 
even after being fully dried (polarized 
photomicrograph, left). Future applications of 

these nanocrystals will also be discussed.  

 

Email: wim.thielemans@kuleuven.be 
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97. Electrophoresis of polymer latexes in nonpolar solvents 

Gregory N. Smith  and Julian Eastoe 

School of Chemistry, University of Bristol, Bristol  

In recent years, the number of published studies reporting charged 
colloids in nonpolar, low-dielectric solvents has increased markedly.1 
This has primarily been motivated by the many applications of 
charged species in industries such as petrochemicals, printing 
toners, and, recently, electrophoretic displays.2 A common motif 
used to produce charged colloids in nonpolar solvents is Aerosol OT 
(AOT)  surfactant as charging agent with poly(methyl methacrylate) 
(PMMA) latexes in aliphatic solvent.3 Although the particle charge 
originates from interactions on the surface, either adsorption of 
charged species or dissolution of species into surfactant inverse 
micelles, there have been few attempts to determine the structure of 
the charging agents that interact with the colloids.  

The use of small-angle scattering techniques to measure the solution 
and surface structure of charged colloidal particles will be discussed. 
Small-angle neutron scattering (SANS), in particular, is powerful in 
predominantly organic systems, as hydrogen/deuterium isotopic 
labeling leads to high contrast. Contrast-variation SANS experiments 
have been performed using deuterium-labeled AOT-D34 PMMA 
latexes in particle contrast-matched dodecane. The scattering 
profiles of AOT-D34 when PMMA latexes are contrast matched can 
be described with a model consistent with AOT surfactant 
penetrating throughout the entire latex, rather than being localized in 
the stabilizer shell. 

These experiments have yielded insight into the surface interactions 
between surfactants and latees, and the consequences of the 
structures on the charge of colloids will be discussed. More generally, 
the results shed new insight on the industrially significant 
phenomenon of charge stabilization of polymeric colloids in nonpolar 
solvents and are expected to contribute to design and optimization 
of charge control additives for these technologically relevant 
systems. 

References  

1. Morrison I. D. 1993 Colloids Surf. A 71 1; Smith G. N. and Eastoe J. 2013 
Phys. Chem. Chem. Phys. 15 424 
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2. Klinkenberg A. and van der Minne J. L. (ed.) 1958 Electrostatics in the 
Petroleum Industry: The Prevention of Explosion Hazards (London: 
Elsevier); Croucher M. D. et al. 1985 J. Appl. Polym. Sci. 30 593; Comiskey 
B. et al. 1998 Nature 394 253 

3. Hsu M. F., Dufresne E. R., and Weitz D. A. 2005 Langmuir 21 4881 

Email: gregory.smith@bristol.ac.uk 

  

mailto:gregory.smith@bristol.ac.uk
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K3. Nanoplasmonics Meets Bio  

Jochen Feldmann,Nanosystems-Initiative Munich (NIM), 
Ludwig-Maximilians-Universität (LMU),Munich, Germany 

I will report on our recent efforts to utilize some of the unique 
plasmonic properties of noble metal nanoparticles for sensing and 
controlling nano- and microscale processes in aqueous solution. The 
use of optical forces and of local optothermal heating is in the focus 
of our investigations. Examples range from controlled laser printing 
with nanoscale precision via the study of DNA-binding events to the 
direct optical monitoring of flow generated by bacterial flagellar 
rotation. 
 
Optically trapped gold nanoparticle enables listening at the 
microscale 
 
A. Ohlinger et al., Phys. Rev. Lett. 108, 018101 (2012) 
 
Tuning DNA Binding Kinetics in an Optical Trap by Plasmonic 
Nanoparticle Heating 
L. Osinkina et al., Nano Lett. 13, 3140 (2013) 
 
Two-Color Laser Printing of Individual Gold Nanorods 
J. Do et al., Nano Lett. 13, 4164 (2013) 
 
Direct optical monitoring of flow generated by bacterial flagellar 
rotation 
S. Kirchner et al., Appl. Phys. Lett. 104, 9 (2014) 
 
 Email: feldmann@lmu.de 

  

http://dx.doi.org/10.1103/PhysRevLett.108.018101
http://pubs.acs.org/doi/abs/10.1021/nl401101c
http://pubs.acs.org/doi/abs/10.1021/nl401788w
http://scitation.aip.org/content/aip/journal/apl/104/9/10.1063/1.4867196
mailto:feldmann@lmu.de
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I1. Studying Protein-DNA Interaction using Gold 
Nanoparticles Exploiting Particle Aggregation, Refractive 
Index Change, Fluorescence Quenching and Enhancement 
Principles 

Laura Sutarlie, Khin Moh Moh Aung, Xiaodi Su*  

Institute of Materials Research and Engineering, Agency 
for Science, Technology and Research (A*STAR), 3 
Research Link, Singapore 117602 

Gold nanoparticles (AuNPs) have a unique optical phenomena 
termed localized surface plasmon resonance (LSPR) that is 
determined by particle shape, size, inter-particle distance (or 
aggregation status), and local refractive index. AuNPs also can 
modulate fluorescence emission of proximal fluorophores under the 
Förster resonance energy transfer (FRET) and/or nanoparticle 
surface energy transfer (NSET) mechanisms. In this study we use 
AuNPs (13 and 100 nm in diameter) as sensing elements to study 
sequence dependent protein-DNA interactions by exploring all 
possible principles, namely (1) particle aggregation based 
colorimetric sensing, (2) refractive index sensing, and (3) 
fluorescence quenching/enhancement based fluorimetric sensing, 
exemplified by transcription factors, i.e. FoxA1 (Forkhead box A1) 
and AP-2γ (activating enhancer binding protein 2 gamma), and their 
respective DNAs. We conclude that the first principle, i.e. particle 
aggregation based colorimetric assay that measures preformed 
complex by exploring complex protection of AuNPs from salt induced 
aggregation, is simple to use. However, its performance is protein 
specific. For second and third principles that measure on-particle 
complex formation, we prove that the fluorescence 
quenching/enhancement assays supported by AuNPs are more 
sensitive than that exploits analyte-binding induced refractive index 
principle. This study provides a comprehensive assessment of the 
versatility of AuNPs as sensing probes for studying bioaffinity 
interactions especially protein-DNA complexes. The discovery of the 

DNA binding properties of FoxA1 and AP-2 is important in revealing 
their roles in gene regulation.  
 
Email: xd-su@imre.a-star.edu.sg 
  

mailto:xd-su@imre.a-star.edu.sg
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K4. Design of nano-emulsions with controlled size by low-
energy methods 

Conxita Solans , Institut de Química Avançada de 
Catalunya, Consejo Superior de Investigaciones 
Científicas (IQAC-CSIC) and Biomedical Research 
Networking Center in Bioengineering, Biomaterials and 
Nanomedicine (CIBER-BBN),  Jordi Girona, 18-26, 08034 
Barcelona, Spain  

Condensation or low-energy emulsification methods are focusing an 
increasing attention from fundamental and applied viewpoints [1]. 
These methods use the internal chemical energy of the components, 
which is released during the emulsification process, and allow 
producing emulsions with nanosized droplets, low polydispersity and 
high kinetic stability. They can be classified as phase inversion and 
direct or self-emulsification methods. The so-called phase inversion 
methods make use of the chemical energy released during the 
emulsification process as a consequence of a change in the 
spontaneous curvature of surfactant molecules, from negative to 
positive (obtaining oil-in-water, O/W, nano-emulsions) or from 
positive to negative (obtaining water-in-oil, W/O, nano-emulsions). 
This change of the surfactant curvature can be achieved by a change 
in composition keeping the temperature constant (Phase Inversion 
Composition method, PIC) [2, 3], or by changing the temperature with 
no variation in composition (Phase Inversion Temperature method, 
PIT) [4, 5]. It has been shown that low interfacial tension, ɣow, values 
and the presence of surfactant molecular assemblies with zero 
average curvature such as lamellar liquid crystals or bicontinuous 
microemulsions during the emulsification process play a decisive role 
in the formation of emulsions with minimum droplet size by phase 
inversion methods [1]. This presentation will deal with the design of 
nano-emulsions with minimum droplet size by low-energy 
emulsification methods, with special emphasis on those based on 
phase inversion. In particular, the main factors allowing to control 
droplet size in systems using conventional surfactants (non-ionic or 
ionic) and nonpolar or semipolar oils as well as in systems with a 
polymer dissolved in a polar solvent as oil component will be 
discussed. 

References 

[1] Solans, C.;  Solé, I.,  Current Opinion in Colloid & Interface 
Science 2012,  17, 246–254 
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[2]Forgiarini, A., Esquena, J., Gonzalez, C., Solans, C., Langmuir 
2001, 17, (7), 2076-2083. 

[3] Calderó, G.; García-Celma, M.J.; Solans, C.,  J Colloid Interf Sci 
2011, 353, 406-411. 
[4]  Shinoda, K., Saito, H., J. Colloid Interface Sci. 26, 1968, 70 
[5]  Izquierdo, P., Esquena, J., Tadros, Th.F., Dederen, C., Garcia-

Celma, M.J., Azemar, N., Solans, C. Langmuir18, 26-30 (2002). 
 
Email : csmqci@iqac.csic.es 
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121. Extremely Stable Nanoemulsions Fabricated by 
Interfacial Assembly of Amphiphilic Block Copolymers 
during Phase Inversion 

Karen J Edler1, Matthew Wasbrough1, Daniel Bowron2 , 
Rowan Hargreaves2, Gareth Price1  

Kyunghee Shin1, Han Hee Park1 , Jin Woong Kim1 , 2*  

1.Dept. of Bionano Technology, Hanyang University, Republic 
of Korea 2.Dept. of Applied Chemistry, Hanyang University, 
Republic of Korea 

Recently, there have been intense interests in incorporation of 
amphiphilic block copolymers to develop stable emulsion systems, 
since they have abilities not only to reduce interfacial tensions at the 
oil-water interface, but also to form a mechanically stable polymer 
membrane at the interface. These unique behaviors of amphiphilic 
block copolymers make themselves useful for exploring a variety of 
applications as polymeric surfactants. The objective of this talk is to 
demonstrate that extremely stable nanoemulsions can be produced 
by effective assembly of amphiphilic block copolymers during phase 
inversion. The amphiphilic block copolymer we use is poly(ethylene 
oxide)-b-poly(ε-caprolactone) block copolymer (PEO-b-PCL). The 
phase inversion emulsification process is established by 
characterizing emulsion phases as well as by confirming remarkably 
improved emulsion stability. In our study, right after the phase 
inversion, the O/W embryo emulsion is obtained in a few 
micrometers. To decrease the drop sizes in nanometer scales, 
strong mechanical stress, sonication, is applied to the embryo 
emulsion. This enables production of emulsions whose size ranges 
in 100-200nm. Usually, the repeated freeze-thawing completely 
destroys the interface of emulsions and leads to the phase 
separation. In our nanoemulsion system, however, no separation of 
oil from the system can be observed. Moreover, the emulsion size 
stays constant. It appears that well-assembly of PEO-b-PCL at the 
oil-water interface generates a mechanically flexible but tough 
polymer thin film, thus remarkably improving the emulsion stability. 
We expect that our emulsification method has great potentials for 
developing a variety of emulsion-based complex formulations that 
can not only encapsulate active materials, but also show tolerance 
to environmental factors, such as pH, salts, and heat. 

Email : kjwoong@hanyang.ac.kr 

mailto:kjwoong@hanyang.ac.kr
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151. Effect of block composition on micelle size and steric 
stabilizer layer thickness: polystyrene-based diblock 
copolymers are effective dispersants for carbon black 
particles in n-dodecane 

David J. Growney , Steven P. Armes 

 

Three commercial polystyrene-based diblock copolymers are 
evaluated as dispersants for carbon black particles in n-dodecane. 
Each diblock copolymer forms polystyrene-core micelles in this 
solvent as judged by variable temperature 1H NMR spectroscopy, 
DLS, TEM and SAXS. According to a UV spectroscopy supernatant 
depletion assay, these diblock copolymer micelles adsorb onto the 
carbon black particles to form a relatively thick stabilizer layer. 
Consequently, the effective density of the sterically-stabilized carbon 
black particles is substantially lower than that of the pristine carbon 
black particles (1.89 g cm-3 as judged by helium pyconometry). In 
each case, the effective particle density can be determined by 
determining the particle velocity in both n-dodecane and d26-n-
dodecane via analytical centrifugation. Using this corrected particle 
density enables the true particle size distributions of these carbon 
black dispersions to be assessed and the thickness of the steric 
stabilizer layer can be estimated. It is found that the mean particle 
diameter of the carbon black is close to its primary grain size of 74 
nm (as judged by BET nitrogen adsorption studies), which suggests 
a relatively high degree of dispersion for this model colloidal 
substrate. 

 

E-mail: d.growney@sheffield.ac.uk 
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126. Formation and Characterization of Mixed Cationic Ionic 
Liquid and Nonionic Polyoxyethylene Type Surfactants 
Microemulsion Systems 

Kaushik Kundua,  Soumik Bardhan b, Madhumita Poddar c,  
Swapan K. Saha b , Bidyut K. Paul a*  

a Surface and Colloid Science Laboratory, Geological 
Studies Unit, Indian Statistical Institute, 203, B.T. Road, 
Kolkata-700 108, India; b Department of Chemistry, 
University of North Bengal, Darjeeling-734 013, India; c 
Department of Microbiology, Gyan Jyoti College, 
Dagapur, Siliguri-734003, India 

Physicochemical, thermodynamic and microenvironmental 
properties of mixed cationic 1-hexadecyl-3-methylimidazolium 
chloride (C16mimCl) and nonionic polyoxyethylene (20) cetyl ether 
(Brij-58) microemulsions (at equimolar composition) stabilized by 1-
pentanol (Pn) and n-heptane (Hp) have been investigated by phase 
behavior study, electrical conductance, dynamic light scattering 
(DLS), steady-state fluorescence and Fourier transform infrared 
(FTIR) spectroscopy measurements in absence and presence of 1-
butyl-3-methylimidazolium tetrafluroborate (C4mimBF4) or 1-butyl-3-
methylimidazolium chloride (C4mimCl). Interfacial composition and 
spontaneity of Pn transfer process from Hp to the interface have 
been estimated by the dilution method. Addition of Brij-58 to 
C16mimCl microemulsion exhibits larger single phase 
microemulsion zone. The spontaneity of Pn transfer process is larger 
for mixed composition compared to single C16mimCl microemulsion. 
Formation of mixed ionic liquid (IL)/nonionic surfactant 
microemulsions are found to be exothermic with negative entropy 
change (less disordered or organized). All these systems exhibit 
volume-induced percolation in conductance. Droplet size increases 
with increase in water content (ω) whereas it decreases with increase 
in temperature.  Addition of C4mimBF4 or C4mimCl produce smaller 
droplets compared to aqueous system. The physicochemical 
changes in the microenvironment of the mixed systems as a function 
of ω and [C4mimBF4] have been delineated from the measurements 
of the micro-polarity around fluoroprobe (1,8-
anilinonaphthalenesulfonic acid, ANS). It reveals from vibration 
spectroscopy measurements that addition of Brij-58 to C16mimCl 
microemulsion increases the relative proportion of bulk water at a 

fixed . With increase in , bulk water and bound water have been 
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found to be gradually increases and decreases, respectively for 
mixed microemulsions. Further, antibacterial activity of these 
systems against the strains gram-positive - Bacillus subtilis and 
gram-negative - Escherichia coli bacteria have been examined at 
different compositions, by measuring the diameter of the inhibition 
zone (“diz”) at 303K. Correlations of the results in terms of the 
evaluated physicochemical parameters have been presented. 
 
Email: bidyut.isical@gmail.com 

  

mailto:bidyut.isical@gmail.com
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K5. Self-Assembling Colloidal Systems: Structure 
Development from Molecule to Microparticle  

Karen J Edler1, Matthew Wasbrough1, Daniel Bowron2 , 
Rowan Hargreaves2, Gareth Price1  

1. Department of Chemistry, University of Bath,  

2. ISIS, STFC, Didcot 

Our research studies primarily the use of self-assembled 
amphiphiles to template nanostructures in other materials and to 
understand hierarchical structure formation as nanostructure 
particles themselves form microparticles or films. This talk will 
present our work using neutron and X-ray scattering to characterise 
self-organised systems based on surfactant self-assembly across a 
wide range of length scales. Wide angle scattering has been used to 
gain information on the molecular scale, to probe the distribution of 
water and counterions around micelles, which may influence the 
initial binding of species to these structures. Small angle neutron 
scattering (SANS) and grazing incidence X-ray small angle 
scattering (GISAXS) provide details on the processes of mesophase 
construction, while ultra-small angle neutron scattering (USANS) and 
spin echo small angle scattering (SESANS) allow us to follow particle 
growth up to micron length scales. Characterisation using these 
techniques will be discussed using examples from surfactant-silica 
and surfactant-polyelectrolyte systems which develop hierarchical 
ordering.      
 
Email: k.edler@bath.ac.uk 
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52. New method to predict the surface tension of colloidal 
polyelectrolyte/surfactant mixtures 

Richard A. Campbell1 , Ágnes Ábraham2 & Imre Varga2  

1. Institut Laue-Langevin, 6 rue Jules Horowitz, 38042 
Grenoble Cedex 9, France 2. Institute of Chemistry, Eötvös 
Loránd University, Budapest 112, H-1518 Hungary  

While the surface tension of complex mixtures determines the fate of 
important natural processes like the stability of aerosol droplets in 
clouds and the biological function of lung surfactants, the property is 
notoriously difficult to interpret and model. For example, it was 
established over a decade ago that some strongly interacting 
colloidal polyelectrolyte/surfactant (P/S) mixtures exhibit a peak in 
their surface tension isotherms [1]. Recently we have systematically 
linked the peak of a strongly interacting P/S mixture to slow dynamic 
changes in its bulk phase behavior [2], and we went on to 
demonstrate the non-equilibrium nature of the system [3]. Here we 
present a new approach that successfully predicts the surface 
tension of two synthetic mixtures (Pdadmac/SDS and NaPSS/DTAB) 
and one biologically-relevant mixture (DNA/DTAB). The approach is 
based on the non-equilibrium framework of comprehensive 
precipitation of kinetically-trapped aggregates followed by their 
transport under gravity away from the probed interface. Importantly 
our approach does not need any measurements of the surface 
properties of the mixtures; only the surface tension isotherm of the 
pure surfactant and some bulk measurements of the mixtures are 
required. This simplification in our understanding of the surface 
properties of strongly interacting mixtures may lead to the 
optimization of applications involving commercial synthetic polymers, 
DNA and proteins at surfaces, such as in common household 
formulations as well as drug and gene delivery applications. 

[1] Staples, E.; Tucker, I.; Penfold, J.; Warren, N.; Thomas, R. K. Langmuir 
2002, 18, 5147; [2] Campbell, R. A.; Angus-Smyth, A.; Arteta, M. Y.; 
Tonigold, K.; Nylander, T.; Varga, I. J. Phys. Chem. Letters 2010, 1, 3021; 

[3] Campbell, R. A.; Arteta, M. Y.; Angus-Smyth, A.; Nylander, T.; Varga, I. 
J. Phys. Chem. B. 2011, 115, 15202; [4] Ábraham, A.; Campbell, R. A.; 
Varga, I. Langmuir, 2013, 29, 11554. 
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63. The critical edge: salt effects on polybasic brushes 

Grant B. Webber1, Joshua D. Willott1 , Timothy J. 
Murdoch1 ,Ben A. Humphreys1 , Steve Edmondson2,3 , and 
Erica J. Wanless1 

1 Priority Research Centre for Particle Processing and 
Transport, University of Newcastle, Australia . 2 Department of 
Materials,Loughborough University, UK. 3 current address: The 
School of Materials,The University of Manchester, UK  

In situ ellipsometry was used in a constant flow regime to elucidate 
intrinsic behaviour of a polymer brush in reaction to changes in 
solution pH and ionic strength. Brushes of poly(2-(diethylamino)ethyl 
methacrylate) (PDEA) were synthesised using the ARGET ATRP 
methodology from covalently surface-bound silane-based initiator 
moieties. Brushes initially at pH 9 (10 mM added electrolyte) swell 
when the pH is reduced below the brush pKa. Equilibrium 
measurements show the pH-induced transitions are hysteretic in 
nature; brushes swell incrementally as pH is reduced but collapse 
over a narrow pH range when returned above the pKa. Kinetic 
measurements as pH is cycled between 9 and 4 demonstrate proton 
and solvent ingress during brush swelling is much faster than 
neutralisation and solvent egress during collapse. These differences 
are attributed to the formation of a hydrophobic ‘skin’ in the outer 
extremity of the brush, retarding the movement of protons and 
solvent from the brush. When pH is maintained below the pKa the 
brushes exhibit complex behaviour dependent on the type and 
concentration of added electrolyte. The brushes remain swollen at 
intermediate salt concentration (~1 – 50 mM), with thickness 
dependent on salt type: KCH2O2 > KNO3 > KSCN. The brushes 
collapse gradually as the concentration increases further. The 
concentration dependence in this salted-brush regime is weaker than 
predicted by common polyelectrolyte theory. Interestingly, as the salt 
concentration is reduced into the osmotic-brush regime the brushes 
exhibit a ‘critical edge’; the brushes entirely swell and collapse over 
a narrow range of electrolyte concentration. This transition is 
reversible, and the precise range is a function of the added 
electrolyte. This behaviour is in stark contrast to theory, which 
predicts a gradual reduction in brush thickness. The response of the 
brush is discussed in terms of the chaotropic or kosmotropic nature 
of the salt. 

Email: Grant.Webber@newcastle.edu.au 

mailto:Grant.Webber@newcastle.edu.au
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146. Hydration of odd-even terminated polyelectrolyte 
multilayers under confinement  

Stephen B Abbot, Wiebe M de Vos, Laura L E Mears,  
Robert Barker, Robert M Richardson, Stuart W Prescott  

School of Physics, University of Bristol, UK  
Institut Laue Langevin, Grenoble, France 
School of Chemical Engineering, UNSW Australia, 
Australia 

Using a combination of neutron reflectivity and a surface force type 
apparatus, the hydration of polyelectrolyte multilayers, PEMs, is 
investigated whilst under a confining pressure. PEMs were fabricated 
from poly(styrenesulfonic acid), PSS and poly(allylamine 
hydrochloride), PAH, by spin coating on a silicon substrate. The 
polyelectrolyte used as the terminating layer of the PEM was varied. 
By selectively deuterating some layers, a low resolution distribution 
of the water volume fraction within the PEM can be determined. 
When swollen with water and unconfined, PSS-terminated samples 
are approximately 26% v/v water and this decreases to 15% when a 
confining pressure of 5 bar is applied. By comparison, PAH 
terminated samples are 20% water when unconfined and dehydrate 
to 10% water at 5 bar. The water is generally uniformly distributed 
within the bulk of the sample, though bi-layers nearest to the final 
adsorbed layer of a PAH-terminated sample are found to have a 
significant increase in their hydration. Also considered is an 
experiment where the inherent charge of the final adsorbed layer of 
a PEM is neutralised by compressing it with an oppositely terminated 
PEM, adsorbed onto the flexible membrane of the apparatus. This 
allows the level of hydration expected for an uncharged PEM to be 
assessed and demonstrates that the influence of the excess charge 
in the final adsorbed layer only acts as a perturbation to the internal 
hydration of the sample. A detailed scheme will be discussed 
whereby the amount of internal charge is directly responsible for the 
hydration of a PEM. 

Email: s.prescott@unsw.edu.au  
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K6. Cellular uptake of Gold Nanoparticles for Therapy and 
Imaging  

Mathias Brust , Department of Chemistry, University of 
Liverpool, Liverpool L69 7ZD 

Gold nanoparticles inside cells can have many applications ranging 
from cell tracking tools to externally addressable agents for 
photothermal and/or photodynamic cancer therapy. While it is usually 
possible to obtain nanoparticles with the correct chemical and optical 
properties required for any application envisaged, it is far more 
difficult to control cellular uptake and intracellular fate of the particles 
sufficiently well to ensure the success of the application. In this 
lecture, I will present our experience of cellular uptake studies with 
both spherical, and rod-shaped gold nanoparticles, with special 
emphasis on the use of the cell penetrating peptide TAT, that 
appears to have a major influence on this process. Two subsequent 
applications of intracellular gold nanoparticles will be discussed in 
detail, (i) the photodynamic damaging and/or killing of human cancer 
cells in culture, and (ii) the photoacoustic tracking of stem cells 
labelled with gold nanorods. It will be demonstrated how subtle 
changes in the chemistry of the ligand shell of the particles can have 
quite significant consequences for the uptake mechanism and hence 
will also influence the intracellular fate of the particles. I will attempt 
to define the most important design factors in order to obtain the most 
suitable type of nanoparticle for each purpose and I will also briefly 
discuss a simple physico-chemical model that than can to some 
extent predict the interactions of nanoparticles with a biomembrane. 

Email : M.Brust@liv.ac.uk 
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I2. Gold Nanoparticles and Biological Structures 

Rute Fernandes,a Neil R. Smythb, Simone Nitt i,c Michael R. 
Ardern-Jones,b Antonios G. Kanarasa*  

a Institute of Life Sciences,  Faculty of Physical and 
Applied Sciences, University of Southampton, 
Southampton, United Kingdom 

bFaculty of Medicine, University of Southampton, 
Southampton, United Kingdom 

c Istituto Italiano di Technologia, Via Morego 30, 16163 
Genova, Italy.  

Understanding the interactions of nanoparticles with skin is of high 
importance for the development of new ways to deliver drugs 
efficiently but also in order to realize potential toxicity risks. Certainly, 
the study of the penetration of skin with nanoparticles is a complex 
research task because it involves a number of parameters that 
cannot be easily controlled related to the complexity of the skin and 
the type of nanoparticles. 

In this presentation we take a thorough analytical approach to 
answer key questions concerning these interactions. We will 
particularly focus on how the charge, shape and function of 
nanoparticles influence the penetration through skin. For our studies 
we chose to work with gold nanoparticles due to the ease of their 
surface modification.  

To gain a good understanding, we employ a number of techniques 
such as ICP-OES to quantitatively measure the penetration of 
nanoparticles, as well as two-photon photoluminescence microscopy 
and tem cross sectioning to analytically detect the particles in the 
skin. Moreover we will hypothesize potential mechanisms of 
penetration. 

 

Email: a.kanaras@soton.ac.uk  
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I3. Plasmonic Nanoparticle Assembly for Biosensing 
Applications 

Lin-Yue Lanry Yung 

Department of Chemical & Biomolecular Engineering, 
National University of Singapore, Singapore 117585  

Gold and silver nanoparticles are known to the plasmonic 
nanoparticles that exhibit strong localized surface plasmon 
resonance (LSPR). In particular, the controllable synthesis and 
surface chemistry as well as uniform size population properties of 
gold nanoparticles (AuNPs) have made AuNPs a promising 
candidate as signal readouts for molecular sensing. By controlling 
the number of ssDNA molecules conjugated on each AuNP, we are 
able to make controllable and defined nanoparticle assembly and 
use the distinct signatures of the assembly for biosensing studies. 
For example, the dimeric AuNP assembly exhibits a different 
electrophoretic mobility and has allowed us to use gel 
electrophoresis for gene detection. The AuNP assembly also exhibit 
a distinct plasmonic scattering signature from that of single AuNP, 
and this has led us to monitor the presence of target gene/DNA 
molecules through in situ change of the plasmonic signature. 
Furthermore, the strong plasmonic scattering properties of these 
nanoparticles have made them detectable at very low concentration 
using the standard light scattering instrument. This further opens 
opportunities to investigate the assembling process of AuNP dimer, 
trimer, and higher order multi-mer using standard lab equipment. In 
this talk, I will provide our recent studies in exploiting the plasmonic 
properties of AuNP assemblies for different biosensing applications. 

Email: cheyly@nus.edu.sg 
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K7. Production of nanoparticles using membrane 
contactors and microfluidic devices 

Goran T. Vladisavljević , Chemical Engineering 
Department, Loughborough University, Loughborough 
LE11 3TU, United Kingdom 
 

We have produced size-tunable nanoparticles with narrow particle 
size distribution by micromixing combined with nanoprecipitation 
using two different microfluidic devices: (i) membrane contactors 
consisted of a nickel microengineered membrane with a pore 

diameter between 5 and 20 m and pore spacing of 80 or 200 m 
fabricated by UV-LIGA process1 and (ii) co-flow glass capillary 
devices consisted of coaxial assembly of round and square glass 
capillaries placed on a microscope slide2. A variety of different 
nanoparticles have been produced, including gold nanoparticles, 
polycaprolactone nanoparticles loaded with nanoclay nanopowder, 
biodegradable micelles from poly(ε-caprolactone)/poly(ethylene 
glycol) diblock copolymers and liposomes. Typically, the organic 
phase containing particle-forming material and hydrophobic active 
was injected through the membrane pores into the aqueous phase 
and the particles were formed as a result of controlled 
interpenetration of two miscible solvents. A shear rate at the 
membrane/aqueous phase interface was controlled by stirring, cross 
flow or membrane oscillations. Alternatively, the organic phase was 
injected through a tapered inner capillary into a co-flowing aqueous 
phase in the outer square capillary. Gold nanoparticles were formed 
by reduction of tetrachloroaurate (III) with ascorbic acid and the 
reactants were delivered with two coaxial aqueous phase streams 
generated in glass capillary devices.  

The size of nanoparticles produced in membrane contactors was 
precisely tuned by controlling the membrane pore size, the shear rate 
on the membrane surface and the aqueous to organic phase volume 
ratio. In glass capillary devices, the particle size was controlled by 
the flow rates of the two streams and the orifice size of the injection 
capillary. 
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234. Designing Disorder Using DNA-Functionalized Colloids 

Lorenzo Di Michele, Francesco Varrato, Giuseppe Foffi, 
and Erika Eiser, University of Cambridge  
 
Understanding and controlling the properties of amorphous 
materials is essential in the design of new materials. Among 
different amorphous structures, colloidal gels play an important role. 
We use the short-ranged attractive interactions between colloids 
provided by selective DNA bonding to build ramified amorphous 
space-spanning structures that can sustain mechanical stress. [1] 
The mechanism of aggregation in our system occurs through 
arrested demixing in binary colloidal mixtures. This leads to the 
formation of bigels - a new class of materials. We obtain these 
materials by end-grafting highly specific single-stranded (ss) DNA. 
As ssDNA can only bind to its complementary counterpart, we can 
design new colloid-colloid binding rules. Here, we present two types 
of amorphous gels: Two inter-percolating but independent colloidal 
gels which we call bigels (Figure), and a single colloidal gel 
subsequently coated with a single layer of a different type of colloid. 
Later we call coaxially coated colloidal gels. [2] 
I will discuss both the structural analysis and the mechanical 

properties of such systems. [3] 

 

Figure: (Left) Carton of the typical colloid surfaces bound with DNA. 

The double strands are used a spacers, and the sticky overhangs 

are designed such that A and A’ cannot bind to B or B’. The 

polymer strands in between are used to tune strength of the intra-

colloidal bonds. (Right) Snapshot from a demixed bigel.[1,2] 
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109. Study of the water/crude oil interfacial properties by 
microfluidic  

Marie MOIRE1, Yannick PEYSSON1 , Nicolas PANNACCI1 , 
Annie COLIN2 , Christine DALMAZZONE11 IFPEN1, 2 
Université de Bordeaux  
Marie.moire@ifpen.frIn the classical development of oil fields, the 
average recovery factor defined as the volume produced divided by 
the initial volume in place is relatively small: around 35%. Several 
mechanisms contribute to trap the oil in the porous matrix. In the case 
of water wet rock, capillary trapping contributes to a significant 
amount. For such fields, the residual oil saturation depends on the 
capillary number Ca=µU/gamma, where µ is the viscosity, U the fluid 
velocity and gamma the oil-water interfacial tension. The residual oil 
decreases strongly with an increase of this number. Consequently, 
three parameters allow achieving high recovery: the viscosity, the 
velocity of the injected phase and the interfacial tension between this 
latter and the crude oil. In practice, the viscosity and the velocity 
cannot be increased largely but surfactants can be injected to reach 
ultra-low interfacial tension with the crude oil; this process is called 
chemical EOR (Enhanced Oil Recovery). Typically, interfacial 
tension lower than 10-2 mN/m can be achieved in conditions of 
Winsor III. The dependence of Winsor III with the salinity in presence 
of ionic surfactants is well-known at atmospheric pressure and 
ambient temperature. Nevertheless, these conditions are very far 
from the ones in reservoir (ie. high pressure and high temperature). 
Consequently, it is legitimate to study the influence of temperature 
and pressure on interfacial properties between crude oil and EOR 
formulations. 

In this paper, we try to assess this question thanks to an 
experimental set-up and a method that we are currently developing 
in our lab. This set-up is a high-throughput microfluidic tensiometer 
based on the Rayleigh-Plateau instability1. In fact, in coaxial flows, 
the transition between a droplet and a jetting regime depends on the 
velocities of each phase, the viscosity ratio, the confinement and the 
interfacial tension1. As the three first parameters are known, we can 
calculate the dynamic interfacial tension.  

 

1 P. Guillot et al. Stability of a jet in confined pressure-driven biphasic 
flows at low Reynolds number, PRL 99, 104502 (2007) 
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182. Stabilising the dripping regime of viscous droplet 
production via core-shell templating 

Dimitris N. Josephides , Shahriar Sajjadi  

Department of Physics, Kings College London, UK 

Many methods to create highly monodisperse emulsions of a wide 
range of sizes rely on the use of micro engineered devices such as 
membranes or microchannels. This high uniformity is a result of 
droplets being produced on a drop by drop basis and in almost all 
cases the dispersed phase must be in the dripping regime. Creating 
highly monodisperse emulsions where one or both phases have high 
viscosity is a challenge, as the dripping to jetting transition occurs at 
much reduced flow rates and can be hard to achieve with 
conventional pumps. We present a novel method of increasing the 
range at which dripping occurs and delaying the onset of jetting to 
much higher flow rates using core-shell templating. In this method, a 
third, low viscosity inner phase, is introduced in the dispersed phase 
forcing the dispersed phase to form a shell around each drop and 
effectively reverts the system from jetting to dripping. Formulations 
are chosen so that the resulting core-shell droplets are unstable and 
soon rupture to form highly monodisperse emulsions. The rate of 
internal droplet production is found to be the governing parameter in 
the system and must be below a critical frequency. This frequency is 
found to be well predicted by Plateau–Rayleigh instability theory of 
jet rupture where the perturbations caused by internal drops are at a 
wavelength larger than the circumference of the would-be jet. This 
method is easy to implement in conventional microfluidic designs and 
equipment and greatly facilitates the ability to produce very uniform 
emulsions of high viscosity. 
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Fig. 1 Schematic of a 
conventional flow-focused device 
jetting (top) and the 
implementation of core-shell 
templating (bottom)  
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174. Hole-Shell Microparticles from Controllably Evolved 
Double Emulsions 

Wei Wang1, Mao-Jie Zhang1 , Rui Xie1, Xiao-Jie Ju1 , Chao 
Yang1, Chuan-Lin Mou1 , David A. Weitz2  and Liang-Yin 
Chu1 

1 School of Chemical Engineering, Sichuan University, 
China 

2 School of Engineering and Applied Sciences, 
Department of Physics,Harvard University, USA 

In this work, we report a versatile strategy for fabrication of highly 
controlled hole-shell microparticles with a hollow core and a single, 
precisely-determined hole in the shell, and with simultaneous, 
independent control of the properties of the core interface.  W/O/W 
double emulsions from capillary microfluidics are used as initial 
templates for the microparticles.  By controlling the composition of 
organic middle phase, we vary the adhesion energy between the 
inner drop and outer phase to control the evolution of the emulsions 
from initial core-shell to desired acorn-shaped configuration; this 
produces versatile emulsion templates for controllable fabrication of 
monodisperse hole-shell microparticles with advanced shapes.  
Further adjustment of the hole-shell structures can be achieved by 
changing the size and number of the inner drop via tuning flow rates.  
Independent control of the interfacial property of the core is achieved 
by incorporating functional nanoparticles such as thermo-responsive 
nanogels and gold nanoparticles in the inner drop to coat only the 
core surface for modification.  The hole-shell microparticles enable 
capture of living cells, size-match capture and size-classification of 
microspheres, and confined synthesis of functional materials.  These 
microparticles create new opportunities as microcontainers for 
controlled capture/release, and as microreactors for catalysis and 
confined reaction.  This approach based on controllably evolved 
double emulsions provides a versatile strategy for preparation of 
hole-shell microparticles with advanced shapes and specific 
functions. 
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K8. Dynamics of Nanoparticles in melts, solutions and at 
surfaces as studied by NMR. 
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Park Pathumthani, 12120, Thailand  
 

Nanoparticles are used widely in colloidal formulations to deliver 
enhanced performance capabilities to products, be it reinforcement 
in composites, stability in emulsions, increased surface area in 
dispersions etc. However, studying these systems in situ is not 
straightforward as they are often highly concentrated, opaque and 
multi-component.  The physical characterisation of these systems 
poses challenges; techniques are required which can not only 
measure the micro- dynamics of their various components but also 
identify their dispersion and interfacial behaviour. In this talk, I will 
discuss systems comprised of silica/resin nanoparticles dispersed in 
polymer solutions and melts as emulsion stabilisers and tethered to 
the ends of polymer chains. NMR relaxation, diffusion and small-
angle scattering have been used as the main experimental tools. Of 
particular interest is the way that nanoparticles can modify the 
rheology and stability of these systems in unexpected ways. 
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2. Is CMC of surfactant mixtures an ill-defined parameter? 

Grace Cookey, Julian Eastoe and Wuge H Briscoe  

School of Chemistry University of Bristol  

Micelles were first proposed by McBain in 1913 while studying the 
electrical properties of sodium palmitate solutions. The surfactant 
concentration above which micelles form, termed critical micelle 
concentration (CMC), is an important parameter in surfactant 
chemistry, as abrupt changes in the solution and performance 
properties of surfactants and their mixtures occur at CMC.  
 
To adequately evaluate the solution and performance properties of 
mixed surfactant solutions, the CMCs of the mixtures and component 
surfactants must be correctly determined. Generally, the CMCs of 
single surfactants are well-defined and their values do not depend on 
the technique used; while those of the binary mixtures obtained from 
different techniques are different. 
 
We have studied several binary mixtures consisting of SDS (an 
anionic surfactant) and DTAB (a cationic surfactant) with non-ionic 
surfactants. We will compare their CMCs and those of the individual 
components obtained from surface tension (CMC ) and 
conductivity measurements (CMC ). We find that in some mixtures, 
CMC  is up to twenty times higher than (CMC )
mixtures at the same bulk solution compositions. SANS 
measurements performed in the concentration range bounded by the 
CMC  and CMC  show that the micelle size does not remain 
constant after micellization as predicted by the current 
thermodynamic models. Rather, it varies with the surfactant 
concentration for the different compositions we have studied. We 
thus propose that the CMC of surfactant mixtures is not a well-
defined thermodynamic parameter as previously thought. 
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170. Size selection in self-assembly: a theoretical study 

Martin J. Greenall1 , 2 and Carlos M. Marques2 

1 Department of Mathematics and Physics, Aberystwyth 
University, Physical Sciences Building, Aberystwyth, 
SY23 3BZ, Wales, UK 

2 Institut Charles Sadron (CNRS), 23, rue du Loess, 
67034 Strasbourg, France 

Accurate control of the size of the structures formed by the self-
assembly of amphiphiles in solution is vital in applications such as 
drug delivery, as it determines the dosage of chemicals that they can 
encapsulate and the nature of the microscopic obstacles that they 
are able to navigate.  However, although the radii of micelles may be 
controlled via the length and architecture of the molecules, this is 
difficult to achieve for larger structures such as vesicles, which 
typically have a wide range of sizes.   
Using a coarse-grained mean-field model, we investigate two 
systems in which a direct link can be made between the architecture 
of the molecules and the radius of a larger self-assembled structure.  
First, we provide a concrete theoretical demonstration of the basic 
principle that amphiphile architecture can directly control vesicle size 
if the membrane symmetry is broken by the use of copolymers with 
multiple hydrophilic and hydrophobic sections [1].  We present a 
comprehensive investigation of tetrablock (ABCA) copolymers and 
suggest how these could be designed to form monodisperse 
capsules of a required radius. 
We then turn our attention to the flat disks (bicelles) formed in 
mixtures of two species of lipid, and show that the self-consistent field 
equations in the mixed system have a solution corresponding to disks 
of a finite radius that is absent when only one type of lipid is present.  
The system parameters chosen provide a good basic model of a lipid 
mixture and would also allow our predictions of bicelle radii to be 
tested in detail in a copolymer/homopolymer blend. 

[1] M. J. Greenall and C. M. Marques, Phys. Rev. Lett. 110, 088301 

(2013). 
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102. The Aggregation Behaviour of Polyisoprene–Pluronic 
Graft Copolymers in Selective Solvents 

Shirin Alexander , Terence Cosgrove, Stuart Prescott, 
Thomas Castle - School of Chemistry, University of Bristol  
 

Novel amphiphilic graft copolymers composed of a polyisoprene 
(PIP) backbone with Pluronic side chains, polyisoprene-g-Pluronic, 
have been synthesized using a “graft onto” technique. Small-angle 
neutron scattering (SANS) has been used to characterize the 
conformation of the P123 and P103 Pluronic graft copolymers in 
selective solvents such as ethanol and hexane and in a non-selective 
solvent, THF. The results indicated that, in a selective solvent for the 
side chain Pluronics (e.g. ethanol), “crew-cut” micelles were formed 
with a large core of ~ 120 Å; data were fitted with a core-shell model. 
In a good solvent for the backbone (e.g. hexane) “flower-like” 
micelles were formed with a small inner radius of ~ 64 Å. In the non-
selective solvent a swollen polymer coil was found, which was 
described using the Guinier-Debye model. As THF/ethanol, and 
THF/hexane can be prepared in any ratio, it was possible to vary the 
solvent composition gradually in order to study the transition from 
swollen coil to micelle. When going from 100% THF to 100% ethanol 
(Figure 1), the transition to micellar behaviour was observed at a ratio 
of 20:80 (v/v %) THF/ethanol for both grafted copolymers and 40:60 
(v/v %) THF/hexane for grafted P123 copolymers. 

 

Figure 1.  Possible conformations which might be taken on by grafted Pluronics in 
solution: a) swollen graft copolymer in a non-selective good solvent, b) crew-cut 
micelle, c) flower micelle, and d) crew-cut micelle with insoluble PPO blocks. 

 

Email: Shirin.alexander@bristol.ac.uk, 
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74. The interfacial structure of polymeric surfactant 
stabilised air-in-water foams investigated in-situ by small-
angle neutron scattering. 

Jamie Hurcom1,  Alison Paul1, Nicholas Woodman2  & 
Peter C.Griff iths3    

1School of Chemistry, Cardiff University, Main Building, Park Place, 
Cardiff, CF10 3AT; 2Polymer Health Technology, Festival Drive, 
Ebbw Vale, NP23 8XE;  3Faculty of Engineering and Science, 
University of Greenwich, Central Avenue, Chatham Maritime, Kent, 
ME4 4TB.  

 

Hydrophilic polyurethane foams find use in a variety of applications; 
particularly as biomedical materials in the treatment of chronic 
wounds. The performance of these foams is highly dependent on the 
behaviour of surfactant at the newly forming air-liquid interface which 
has consequences for cell window opening and porosity of the final 
cured solid foam.  

In this work the interfacial structure of air-in-water foams 
stabilised with a series of tri-block polymeric surfactants of the 
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) 
(EOxPOyEOx) has been probed using small-angle neutron scattering 
(SANS). A specialised sample environment has been designed, 
implemented and validated allowing foams to be produced in-situ in 
the neutron beam. Exemplar data and fitting to a model comprising 
paracrystalline stacks of adsorbed polymer layers at the air-water 
interface are presented. A minimum of approximately 5 
paracrystalline layers ranging in thickness from 85-160Å 
interspersed with thicker films (400Å) of continuous aqueous phase 
were found to best fit the data. An empirical correlation between layer 
thickness and polymer structure is observed. Correlations to foaming 
behaviour and interfacial properties are discussed. The insight 
gained from this study should allow more rational design of polymeric 
stabilisers for hydrophilic polyurethane foams. 
 

Email: hurcomj@cardiff.ac.uk 
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K9. The role of surfaces and interfaces in multifunctional 
materials 

Federico Rosei, INRS Centre for Energy, Materials and 
Telecommunications 

The bottom–up approach is considered a potential alternative for low 
cost manufacturing of nanostructured materials [1]. It is based on the 
concept of self–assembly of nanostructures on a substrate, and is 
emerging as an alternative paradigm for traditional top down 
fabrication used in the semiconductor industry. We demonstrate 
various strategies to control nanostructure assembly (both organic 
and inorganic) at the nanoscale. Depending on the specific material 
system under investigation, we developed various approaches, 
which include, in particular: (i) control of size and luminescence 
properties of semiconductor nanostructures, synthesized by reactive 
laser ablation [2]; (ii) we developed new experimental tools and 
comparison with simulations are presented to gain atomic scale 
insight into the surface processes that govern nucleation, growth and 
assembly [3-7]; (iii) we devised new strategies for synthesizing 
multifunctional materials for electronics and photovoltaics [8-18]; (iv) 
we developed a nanoscale surface modification which allows to 
control cell growth [19], including antibacterial effects [20]. 

References: [1] F. Rosei, J. Phys. Cond. Matt. 16, S1373 (2004); [2] 
D. Riabinina et al., Phys. Rev. B 74, 075334 (2006); [3] K. Dunn et 
al., Phys. Rev. B 80, 035330 (2009); [4] F. Ratto et al., Small 2, 401 
(2006); [5] F. Ratto et al., Phys. Rev. Lett. 96, 096193 (2006); [6] F. 
Ratto et al., Nanotechnology 19, 265703 (2008); [7] F. Ratto et al., 
Surf. Sci., 602, 249 (2008); [8] F. Ratto, F. Rosei, Mater. Sci. Eng. R 
70, 243 (2010); [9] O. Moutanabbir et al., Phys. Rev. B 85, 201416 
(2012); [10] C. Yan et al., Adv. Mater. 22, 1741 (2010); [11] C. Yan 
et al., J. Am. Chem. Soc. 132, 8868 (2010); [12] R. Nechache et al., 
Adv. Mater. 23, 1724 (2011); [13] R. Nechache et al., Appl. Phys. 
Lett. 98, 202902 (2011); [14] B. Aïssa et al., Appl. Phys. Lett. 99, 
183505 (2011); [15] G. Chen et al., Chem. Comm. 47, 6308 (2011); 
[16] G. Chen et al., Chem. Comm. 48, 8009 (2012); [17] T. Dembele 
et al., J.P ower Sources 233, 93 (2013); [18] S. Li et al., Chem. 
Comm. 49, 5856 (2013); [19] F. Vetrone et al., Nanoletters 9, 659 
(2009) [20] O. Seddiki et al., submitted. 
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47. Understanding the structure-function relationships of 
colloidal drug delivery vehicles with neutron scattering and 
spin resonance 

Peter C. Griffiths,1, Stephen M. King2, Richard K. 
Heenan2, Robert Dalgliesh2 , Zeena Khayat3, Nilmini 
Renuka3 , Beatrice Cattoz1 and Paola Occhipinti3  

1 Faculty of Engineering and Science, University of 
Greenwich, Central Avenue, Chatham Marit ime, Kent ME4 
4TB      

2 School of Chemistry, Cardiff University, Main Building, 
Park Place, Cardiff CF10 3AT     

3 STFC, ISIS Facility, Didcot, Oxfordshire OX11 0QX  

 

Advanced drug delivery systems are increasingly being used to 
improve the therapeutic profile of conventional therapeutic 
molecules. Such constructs are designed to confer several clinical 
advantages over mainstream drugs, including prolonged drug 
circulation time, reduced toxicity, extended plasma half-life, 
enhanced water solubility and selective tumour accumulation by the 
enhanced permeability and retention (EPR) effect. These 
improvements are introduced through conjugation to polymer or 
particulate carriers, and a myriad of such supramolecular structures 
are being explored e.g. Polymer-Unmasked-Masked Protein 
Therapy (PUMPT), Polymer Enzyme Liposome Therapy (PELT). Of 
crucial focus, is an environment-triggered response that leads to the 
release of the active species within its therapeutic profile. To optimise 
this release, colloid science based analytical tools – neutron 
scattering, spin resonance - are essential tools to understand how 
the structure of the polymer based supramolecular vehicle is 
perturbed in response to changes in the prevailing solution 
environment i.e. its structure-function profile. This presentation will 
focus on our recent work in the area of quantifying the solution 
conformation of polymer-based conjugates, the essential features of 
surface-decorated nanoparticle formulations and the 
characterization of their interaction with endogenous proteins, 
vesicles and glycoproteins. 
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116. Switchable fluorescent PEG-b-PPS micelles for non-
invasive transdermal drug delivery  

Diana Velluto1 , Viviana Robles2 , Mike P. Philpott2 , Marina 
Resmini1 

1School of Biological and Chemical Sciences, Queen Mary 
University of London 

2Blizard Institute of Cell and Molecular Science, Barts and London 
School of Medicine & Dentistry, Queen Mary University of London 

The application of nanotechnology in medicine has witnessed a 
significant expansion in the last decade as a result of the 
development of novel nanomaterials and their unique properties, with 
drug delivery, in particular, being one of the key areas investigated. 
Transdermal drug delivery is a challenging area of nanotechnology 
where successful results have so far been limited to systems 
considered invasive, such as abrasion and microneedles. 
Liposomes, transferosomes and solid lipid nanoparticles are among 
some of the materials extensively investigated, however their limited 
ability to cross the stratum corneum compared to traditional systems 
has restricted their applications.  

We report the development of a novel non invasive approach to 
transdermal drug delivery based on the preparation of di-block 
copolymer micelles (15 nm size) functionalized with a newly 
synthetized fluorescent probe that is dramatically sensitive to the 
interaction with our model drug (flufenamic acid). The fluorescence 
sensor on the micelles allows monitoring not only of drug 
encapsulation and release, but also micelle penetration in the viable 
tissues of the skin via topical administration using a new ex vivo 
model. We established that the drug-loaded micelles penetrate very 
well the epidermis, successfully crossing the stratum corneum, as a 
result of their very small size and physico-chemical properties.  

Direct comparison of the flufenamic acid loaded micelles with the 
commercial cream Mobilisin on ex-vivo human skin provided 
interesting results. The commercial cream contains a number of 
different ingredients, some specifically designed to aid and facilitate 
penetration while the micelles are simply dispersed in water.  Yet 
they provide comparable delivery of the active drug in the lower 
layers of the skin.  

Email: m.resmini@qmul.ac.uk 
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69. Turkevich in new robes: key questions answered for the 
most common gold nanoparticle synthesis  

Maria Wuithschick, A. Birnbaum, K. Rademann, J. Polte, 
Humboldt-Universität zu Berlin, Institut für Chemie, Brook-Taylor-
Str. 2, 12489 Berlin, Germany 

In 1951, J. Turkevich described a synthesis of nanosized gold which 
is today one of the most commonly used syntheses of colloidal gold 
nanoparticles.1 It is based on the chemical reduction of HAuCl4 with 
sodium citrate in aqueous solution. Since then, many scientific 
publications provided modifications of Turkevich’s method which 
allow the synthesis of particles with different sizes and properties.2 
However, these recipes were derived from systematic variations of 
synthesis parameters in a trial and error approach. A comprehensive 
understanding of the parameter influences on the particle growth 
mechanism is still missing. 

Recently, we were able to deduce a principle growth mechanism of 
the Turkevich synthesis form time-resolved SAXS experiments.3 It 
was shown that particles are formed through a sequence of growth 
steps comprising fast initial formation of small nuclei, coalescence 
into bigger seed particles, slow growth of seed particles sustained by 
ongoing reduction of Au3+, and subsequent fast reduction ending with 
the complete consumption of the precursor species.  

In this contribution, the results of extensive SAXS and UV-vis studies 
are presented. They reveal a sophisticated correlation between 
growth mechanism and final particle size distribution by answering 
the following key questions: How do the different physicochemical 
processes in the colloidal solution affect the growth mechanism? 
What determines the final particle size? How can the final size be 
adjusted precisely?  

Therefore, this contribution addresses two main issues of colloidal 
science: the comprehensive understanding of the most famous gold 
nanoparticle synthesis and instructions for the deliberate synthesis 
of gold nanoparticles with sizes on demand. 
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71. Direct Electrochemical Detection of micro RNAs using 
composites Conducting Polymer/Carbon Nanotubes or 
Reduced Graphene Oxide. 

Hoang Vinh Tran1, Benoît Piro1, Steeve Reisberg1
, , 

Huynh Thien Duc2, Minh-Chau Pham1 

1 Univ. Paris Diderot, Sorbonne Paris Cité, ITODYS, UMR 7086 
CNRS, 15 rue J-A de Baïf, 75205 Paris Cedex 13, France 

2 Univ. Paris 11, INSERM U-1014, Hôpital Paul Brousse-94800 
Villejuif, France 

Micro-RNAs (miRNAs) are a class of small, non-coding RNAs which 
play important role in various regulatory functions and disorders as 
cancers and heart diseases.   Current miRNA analysis methods 
include real-time RT-qPCR, Northern blotting and miRNA arrays. 
These approaches although very sensitive and reliable are often 
expensive and time consuming. That is why a real challenge is to 
develop devices able to detect and quantify easily and 
simultaneously different miRNA sequences at sub-picomolar level. 
Electrochemical biosensors are considered as one of the most 
appealing techniques in terms of cost, ease of operation and 
automation. Moreover, nanomaterials combined to electrochemical 
biosensors are emerging options for miRNA detection including gold 
nanoparticles, nanostructured platinum electrodes, silicon 
nanowires, ruthenium oxide nanoparticles, silver nanocluster, carbon 
nanotubes or graphene. 

We have recently designed a label-free and reagentless microRNA 
sensor based on an interpenetrated network of carbon nanotubes 
and electroactive polymer , with application to Prostate Cancer 
Biomarker miR-141 [1] . 

Another innovative strategy has been exploited using antibodies 
directed to RNA/DNA duplexes to design a novel electrochemical 
immunosensor based on a conducting polymer/reduced graphene 
oxide - modified electrode to detect miR-29b-1 and miR-141. Square 
wave voltammetry is used to record the redox signal . Current 
increases upon hybridization (signal on) with a detection limit as low 
as  5 fM. The sensor exhibits high selectivity as it distinguishes 
mismatch. Two specific RNA.DNA antibodies recognizing 
miRNA.DNA heteroduplexes were used. The results pave the way 
for easy electrochemical detection of any type of miRNA biomarkers 
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in body fluids. The low limit of detection can be reached without using 
PCR or enzyme-based amplification process.  

References  
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The Thomas Graham Lecture: Novel Pickering Emulsifiers 
based on Block Copolymer Nano-Objects 

Prof. Steve Armes, University of Sheffield 

Polymerisation-induced self-assembly (PISA) is a highly versatile, 
potentially scalable platform technology that allows the efficient, 
reproducible synthesis of bespoke organic nanoparticles of 
controlled size, morphology and surface functionality in concentrated 
solution. More specifically, methacrylic diblock copolymers can be 
readily prepared via reversible addition-fragmentation chain transfer 
(RAFT) chemistry at 70oC using an aqueous dispersion 
polymerization formulation. The first (stabiliser) block is hydrophilic 
[e.g. poly(glycerol monomethacrylate), or PGMA], whereas the 
growing second (core-forming) block is hydrophobic [e.g. poly(2-
hydroxypropyl methacrylate) or PHPMA]. Growth of the latter water-
insoluble block leads to the formation of spherical nanoparticles of 
25-100 nm diameter at 10-25% w/v solids. Adjusting the target 
diblock composition enables the copolymer morphology to be varied 
systematically from spheres to worms to vesicles. For the latter 
morphology, addition of a third monomer such as benzyl 
methacrylate (BzMA) drives microphase separation that is confined 
within the vesicle membrane, which produces well-defined 
framboidal vesicles5 Alternatively, addition of ethylene glycol 
dimethacrylate (EGDMA) leads to extensive crosslinking, which 
confers enhanced vesicle stability in the presence of ionic 
surfactants. These block copolymer nano-objects are evaluated as 
new Pickering emulsifiers for the stabilisation of oil-in-water 
emulsions. Linear PGMA-PHPMA vesicles do not survive the high 
shear homogenisation conditions used to generate the oil droplets: 
instead, vesicles dissociate to form individual diblock copolymer 
chains, which subsequently stabilise the droplets. Hence a stable 
emulsion is obtained, but it is not the intended Pickering emulsion. In 
contrast, the EGDMA-crosslinked vesicles survive emulsification and 
act as genuine Pickering emulsifiers. However, their adsorption 
efficiency is relatively low, with a significant fraction of non-adsorbed 
vesicles remaining in the aqueous phase. Much higher adsorption 
efficiencies can be achieved using framboidal vesicles, which is 
attributed to their enhanced surface roughness. In this case 
crosslinking is not required, because the third PBzMA block is 
sufficiently hydrophobic to stabilise the vesicular morphology during 
homogenisation. The worm morphology is particularly interesting in 
the context of Pickering emulsification, because the specific surface 
area of worms is only approximately one-third that of the 
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corresponding spherical nanoparticles (for which the mean spherical 
diameter equals the mean worm width). However, depending on the 
mean worm length, the mean interfacial adsorption energy for worms 
is typically 10-100 times higher than that of the related spherical 
nanoparticles. Thus the worm morphology appears to offer 
significant advantages over spheres in the context of putative 
Pickering emulsifiers. Finally, PISA formulations can also be 
conducted in n-alkanes, instead of water. In this case, the highly 
hydrophobic diblock copolymer worms that are produced turn out to 
be highly effective Pickering emulsifiers for water-in-oil emulsions. 
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Plenary 2: The Bio-Nano Interface: Current state of Affairs 

Professor Kenneth A. Dawson  

Centre for BioNano Interactions, School of Chemistry and 
Chemical Biology, University College Dublin, Belfield, 
Dublin 4, Republic of Ireland.  

Nanotechnology is rapidly becoming an advanced field with 
applications of novel technologies becoming more prevalent. A 
long sought goal of nanotechnology is to significantly advance 
the medical treatment and diagnostics, using novel properties of 
nanosized carriers and tools to circumvent the issues of existing 
medicinal approaches. Whilst our understanding of nanoscale 
phenomenon is ever expanding it is clear that much work is 
required to elucidate the key factors which control and mediate 
nano-bio interactions. It is now an established phenomenon that 
a nanoparticle surface becomes decorated with the components 
of the surrounding environment.1 This second identity determines 
how a nanoparticle with engage with other biological 
components, be it cells or otherwise.2 To correctly implement 
nanotechnology in biomedical applications it now becomes 
imperative to describe how nanoparticles will interact with the 
biological systems they are designed to function in. This means 
a thorough understanding of, at first, the biological identity of 
these nanoparticles, and subsequently their further interaction 
with cellular and biological processes.3 Here we highlight recent 
advances and developments in understanding how nanoparticles 
interact with biological systems.  
 
1 Cedervall, T. et al. Understanding the nanoparticle-protein corona 
using methods to quantify exchange rates and affinities of proteins for 
nanoparticles. Proceedings of the National Academy of Sciences of the 
United States of America 104, 2050-2055 (2007).  
2 Monopoli, M. P., Aberg, C., Salvati, A. & Dawson, K. A. Biomolecular 
coronas provide the biological identity of nanosized materials. Nature 
nanotechnology 7, 779-786 (2012).  
3 Salvati, A. et al. Transferrin-functionalized nanoparticles lose their 
targeting capabilities when a biomolecule corona adsorbs on the 
surface. Nature nanotechnology 8, 137-143  
(2013) 
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K10. Microorganism Growth Variability in Droplets  

Jerome Bibette , Laboratoire Colloides et Matériaux 
divisés, ESPCI Paris Tech, 10 Rue Vauquelin  75005 Paris  

 

We have developed new approaches based on water-in-oil droplet 
and semi permeable capsules, to explore large libraries of confined 
microorganisms or human cells. We are able to follow the growth of 
each individual culture (up to millions in parallel) over hours and up 
to month; each culture is encapsulated and can grow from one 
individual. From these data we can explore the diversity arising from 
monoclonal populations and particularly how this diversity varies with 
a given selection pressure. Some preliminary conclusions about 
evolving pathways will be discussed. Using semi permeable 
capsules we are able to explore 3-d growth of tissues or epithelia and 
open routes to large scale screening of the phenotypic diversity of 
tissues made out of single cancer human cells. 
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K11. Contact Line – Quo Vadis? 

Dirk Aarts  

Physical and Theoretical Chemistry Laboratory, Un iversity 
of Oxford, South Parks Road, Oxford, UK 

 
The ongoing miniaturization in science and technology raises new 
questions about the behaviour of liquids in confinement. One 
particularly suitable way to study strongly confined liquids is by 
combining colloid science with soft-lithography techniques. Here, we 
will focus on contact-line dynamics: as our model system we use a 
mixture of spherical colloids and non-adsorbing polymers, which 
allows us to directly study contact-line motion and the accompanying 
entrainment and pinch-off instabilities at the scale of the thermal 
interface fluctuations. We interpret our findings within a mesoscopic 
theoretical framework, where the small separation between fluid and 
system length scales can be matched to that of the experiments. It 
turns out that in this regime of lengthscale overlap thermal 
fluctuations, wettability and gravity all play a crucial role in describing 
the dynamics. 
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42. Thermo-responsive Diblock Copolymer Worm Gels with 
Tunable Critical Gelation Temperature 

Victoria J. Cunningham , Liam P. D. Ratcliffe, Adam 
Blanazs, Nicholas J. Warren, Oleksandr O. Mykhaylyk and 
Steven P. Armes* 

Department of Chemistry, University of Sheffield, Brook Hill, 
Sheffield, South Yorkshire, S3 7HF, UK. 

Amphiphilic diblock copolymer nano-objects can be readily prepared 
using reversible addition-fragmentation chain transfer (RAFT) 
polymerization. In particular, poly(glycerol monomethacrylate) 
(PGMA) chain-transfer agents can be chain-extended using 2-
hydroxypropyl methacrylate (HPMA) via aqueous dispersion 
polymerization to form well-defined spheres, worms or vesicles at 
high solids (≤ 25%). The worm morphology is of particular interest 
since inter-worm contacts lead to the formation of soft free-standing 
thermo-responsive gels. However, the critical gelation temperature 

(CGT) for such gels is rather low (< 20C) for biomedical applications. 
Thus a series of diblock copolymers were prepared in which the core-
forming block consisted of a statistical mixture of HPMA and 
di(ethylene glycol) methyl ether methacrylate (DEGMA), which is a 
more hydrophilic monomer than HPMA. Statistical copolymerizations 
proceeded to high conversion and low polydispersities were 
achieved in all cases (Mw/Mn < 1.20). The resulting PGMA-P(HPMA-
stat-DEGMA) diblock copolymers undergo polymerization-induced 
self-assembly at 10% w/v to form free-standing worm gels. SAXS 
studies indicate that reversible (de)gelation occurs below the CGT 
due to a worm-to-sphere transition, with further cooling causing 
molecular dissolution. The CGT can be tuned by varying the mean 
degree of polymerization and DEGMA content of the core-forming 
statistical block. For example, a CGT of 31°C was obtained for 
PGMA59-P(HPMA91-stat-DEGMA39). This is sufficiently close to 
physiological temperature to suggest that these new copolymer gels 
may have biomedical applications as readily-sterilizable scaffolds 
that allow facile cell harvesting after a thermal cycle. 
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K12. Fabrication and Assembly of Polymeric/ Inorganic 
Nanocomposite Colloidal Hybrid Hollow Spheres  

Limin Wu,  Department of Material Science and State Key 
Laboratory of Molecular Engineering of Polymers, Fudan 
University,China 

Hollow micro/nanospheres have attracted tremendous interest in 
the past decades due to their well-defined morphology, low density, 
large surface area, functional characteristics, and wide range of 
potential applications, such as nanoscale chemical reactors, 
catalysts, drug delivery, pigments, photonic crystals, 
supercapacitors, lithium-ion batteries, gas sensors, pollutant 
removal, and photodetection.1  

Generally, there are two kinds of hollow spheres. One is based on 
inorganic hollow spheres, which are usually fabricated using various 
templating strategies against (i) polymeric, (ii) inorganic nonmetallic, 
(iii) metallic particles, and (iv) soft compounds.2 Another kind of 
hollow spheres is so-called polymeric hollow spheres, which are 
usually synthesized by suspension polymerization, emulsion 
polymerization, core-shell precursors, and self-assembly. However, 
these strategies involve in many drawbacks, e.g., complex 
processes (calcination/etching/centrifugation/washing, etc.), or poor 
morphology and monodispersity of the as-prepared hollow 
structures. 

In this study, we have successfully reported a facile "one-pot" 
method for fabrication of polymeric/inorganic hybrid colloidal hollow 
spheres using  a mechanism similar to Kirendall effect. Unlike pure 
inorganic and polymeric colloidal hollow spheres, the as-obtained 
hollow spheres were shown to have hybrid shells composed of 
polymeric and inorganic components and so may have the following 
specific merits: i) excellent comprehensive performances, such as 
toughness and mechanical strength superior to that of pure inorganic 
hollow spheres, better morphology and more uniform size than pure 
polymeric hollow spheres; ii) tunable surface properties; iii) ready 
miscibility and dispersion in matrices. Furthermore, we have 
fabricated monolayer or multilayer nanofilm-based devices, using 
organic/inorganic core-shell composite spheres, inorganic particles, 
polymer particles as the building blocks.3-5 
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73. Nanocapsule-based Active Coatings 

Dmitry Shchukin 

Stephenson Institute for Renewable Energy, University of 
Liverpool, L69 7ZF, Liverpool, UK 

Nanocapsules possessing the ability to release encapsulated 
active materials in a controlled way can be employed to develop a 
new family of self-repairing multifunctional coatings, which will 
possess not only passive functionality but also rapid feedback activity 
in response to changes in local environment. Several approaches to 
fabricate self-repairing anticorrosion and antifouling coatings on 
plastic and metal substrates were developed. The release of the 
active materials occurs only when triggered, which prevents leakage 
of the active component out of the coating and increases coating 
durability. This report also covered some principles and recent 
developments in the fabrication of the nanocapsules with good 
compatibility with the coating components, the possibility to 
encapsulate and upkeep active material, and permeability properties 
of the shell controlled by external stimuli. Depending on the nature of 
the sensitive components (e.g., weak polyelectrolytes, metal 
nanoparticles) introduced into the container shell, reversible and 
irreversible changes of the shell permeability can be induced by 
various stimuli: variation of the pH, ionic strength, temperature, 
ultrasonic treatment, alternating magnetic field, electromagnetic 
irradiation. Different responses can be then observed varying from 
fine effects like tunable permeability to more drastic ones like total 
rupture of the container shell. Nanocapsule-based self-healing 
coatings were demonstrated on industrial scale and their corrosion 
protection and biocide activity were tested on industrial scale. 
 
Email: d.shchukin@liverpool.ac.uk 
  

mailto:d.shchukin@liverpool.ac.uk
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K13. DNA as Molecular Local Thermal Probe for Magnetic 
Hyperthermia Analysis. 

Jorge T. Dias,1 María Moros,1 Pablo del Pino,1,2 Sara 
Rivera,1  Valeria Grazú,1*Jesus M. de la Fuente1,2*  

 

1 Instituto de Nanociencia de Aragon, Universidad de 
Zaragoza, C/ Mariano Esquillor s/n, Spain . 2 Fundación 
ARAID, 50004-Zaragoza, Spain 
 

Magnetic nanoparticles when coupled to an alternating magnetic 
field are capable of energy absorption and then release it in form of 
heat.[1] Thus, enabling the heating of the surroundings of the excited 
nanoparticles which can be used as a tool in many 
bioapplications.[2,3] The determination of temperature increments 
around excited nanoparticles represent however an experimental 
challenge and existing reports tend to show simple and limited 
assessments.[4,5] We demonstrate experimentally these 
temperature increments, when 12 nm magnetic nanoparticles are 
exposed to a radiofrequency radiation. Moreover, by functionalizing 
the surface of the nanoparticles with DNA molecules and further 
hybridizing with different length fluorophore-modified DNA an 
accurate temperature spatial mapping could be determined. Due to 
the design of these DNAs, different denaturalization temperatures 
(melting temperature, Tm) could be achieved. The quantification of 
the denaturalized fluorophore-modified DNA, and by interpolation 
onto a Boltzmann fitting model, it has been possible to calculate the 
local temperature increments at different distances, corresponding to 
the length of each modified DNA, from the surface of the 
nanoparticles. The local increments achieved were up to 15ºC, and 
the rigidity conferred by the double strand DNA allowed to evaluate 
the temperature at distances up to 5.6 nm from the nanoparticle 
surface. 
 

[1] M. Colombo, S. Carregal-Romero, M. F. Casula, L. Gutierrez, M. P. Morales, 
I. B. Bohm, J. T. Heverhagen,    D. Prosperi, W. J. Parak, Chem. Soc. Rev. 
2012, 41, 4306-4334. 

[2] S. Laurent, S. Dutz, U. O. Häfeli, M. Mahmoudi, Adv. Colloid Interface Sci. 
2011, 166, 8 

[3] M. Creixell, A. C. Bohórquez, M. Torres-Lugo, C. Rinaldi, ACS Nano 2011, 
5, 7124-7129. 

[4] L. Polo-Corrales, C. Rinaldi, J. Appl. Phys. 2012, 111, 07B334-333. 
[5] A. M. Derfus, G. von Maltzahn, T. J. Harris, T. Duza, K. S. Vecchio, E. 

Ruoslahti, S. N. Bhatia, Adv. Mater. 2007, 19, 3932-3936. 

 
Email: jmfuente@unizar.es, vgrazu@unizar.es 
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I4. Development of Non-Polymeric Amphiphilic Coating for 
Metal Oxide Nanoparticles to be used as Delivery and 
Imaging Agents 

Galina Z. Goloverda , D. Nilov, P. Kucheryavy, V. Walker, 
C. Kidd, and V. L. Kolesnichenko 

Xavier University, Chemistry Department, New Orleans, 
Louisiana 70125, USA 

Development and study of the magnetic nanoparticles for 
biological and clinical application remains one of the most 
challenging research areas in chemistry and materials science. The 
performance of these particles as, for example, drug delivery, MRI, 
hyperthermia or cell tracking agents, depends on their magnetic 
susceptibility. Their ability to form stable aqueous colloids, the 
mobility, and diffusion properties in biological media, rely on organic 
coating, which is usually composed of hydrophilic biocompatible 
polymers such as dextrans or poly(ethylene glycol)s.  Some areas of 
biomedical imaging, labeling and delivery application can benefit 
from magnetic nanoparticles with higher mobility and penetration, 
stronger interaction with fluids and tissues, and that can be easily 
conjugated to biological molecules.  The idea of this work was to 
develop a non-polymeric organic coating of an adjustable size, which 
might offer a simpler way to obtaining particles with these properties.    

Our target capping ligands were based on isophthalic acid core 
whose two carboxyl groups, being adequately spaced from one 
another, would strongly bind to the nanoparticle’s surface, and 
assure the adduct’s stability in aqueous colloids.  The precursor 5-
hydroxyisophthalic acid was functionalized via the phenolic hydroxyl 
group by a nucleophilic oxirane ring opening addition reaction with 
allyl glycidyl ether.  The chain length was varied by changing the 
stoichiometric ratio of the nucleophile to oxirane monomer, namely 
1-1, 1-2 and 1-3 adducts were obtained in pure form.  Dihydroxylated 
derivative of the 1-1 adduct, 5-diglyceroxy isophthalic acid, was 
synthesized and shown to bind to the surface of 5 nm γ-Fe2O3 
nanoparticles in reaction with their surfactant-free diethylene glycol 
colloids.  The reported method can be extended to the synthesis of 
O-substituted derivatives of other hydroxyacids of potential 
applications in biology and medicine. 
 
Email: gzgolove@xula.edu 

mailto:gzgolove@xula.edu
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K14. Particle-Stabilised Novel materials  

Bernard P. Binks 

Surfactant & Colloid Group, Department of Chemistry, 
University of Hull, Hull. HU6 7RX. U.K.  

www.hull.ac.uk/scg 

Colloidal particles may adsorb at a range of fluid-fluid interfaces 
including air-water, oil-water and air-oil. As a result, they are 
responsible for the stabilisation of foams (aqueous and non-
aqueous) and emulsions (simple and multiple). Such dispersed 
systems may be stable indefinitely to disproportionation and 
coalescence due to a close-packed layer of particles around bubbles 
or drops. The controlled assembly of particles at liquid interfaces also 
enables the preparation of novel materials, including dry water. The 
lecture will discuss our recent findings in the following three areas: 

(i) Preparation of powdered emulsions using particle 
mixtures. 

(ii) Oil powders and oil gels from Pickering emulsions. 
(iii) Oil foams and dry oil stabilised solely by particles of low 

surface energy.   

Email: b.p.binks@hull.ac.uk  

http://www.hull.ac.uk/scg
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123. Arrested Coalescence Behavior of Giant Pickering 
Droplets and Colloidosomes stabilized by Poly(tert-
butylaminoethyl methacrylate) Latexes 

Erica J. Wanless1 , Andrew J. Morse2 , Emma C. 
Giakoumatos1 ,  Sin-Ying Tan1 , Grant B. Webber1, Seher 
Ata3 , Steven P. Armes2  

1 Priority Research Centre for Advanced Particle 
Processing and Transport, University of Newcastle, 
Australia. 

2 Department of Chemistry, University of Sheffield,.  

3 School of Mining Engineering, University of New South 
Wales, Australia. 

The coalescence of two oil droplets grown at pH 10 in the presence 
of lightly cross-linked 260 nm diameter charge-stabilized 
poly(tert-butylamino)ethyl methacrylate (PTBAEMA) latexes was 
monitored using a high-speed video camera. Three model oils (n-
dodecane, isopropyl myristate and sunflower oil) were investigated, 
each in the absence and presence of an oil-soluble cross-linker 
(tolylene 2,4-diisocyanate-terminated poly(propylene glycol), PPG-
TDI). In the absence of PPG-TDI, rapid coalescence was observed 
for giant Pickering oil droplets, which exhibited faster coalescence 
times compared to bare oil droplets. An increase in the damping 
coefficients for coalescing Pickering droplets (compared to those of 
bare oil droplets) indicated PTBAEMA latex particle adsorption at pH 
10. Addition of PPG-TDI cross-linker to oil droplets in the absence of 
latex particles led to a reduction in the interfacial tension, confirming 
the surface-active nature of this reagent. PPG-TDI was added to the 
oil phase to react with the secondary amine groups on the PTBAEMA 
latex, producing giant colloidosomes that are stable to coalescence. 
This stability was not observed for bare oil droplets in the presence 
of PPG-TDI, confirming that the cross-linked particles at the interface 
provide the additional stability. Separation of the colloidosomes five 
minutes after their contact produced a visible neck connecting the 
droplets. This neck was broken when isopropyl myristate and 
sunflower oil droplets were separated. In the case of the n-dodecane-
based colloidosomes the contact area only stretched upon 
separation, with no cleavage of the neck being observed, indicating 
formation of inter-crosslinked colloidosomes containing n-dodecane. 
Finally, interactions between asymmetric droplets were examined. 
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The effect of adding oil-soluble cross-linker to only one n-dodecane 
droplet resulted in “arrested coalescence” in the presence of 
PTBAEMA latex particles. Here the droplet aging time was found to 
be critical. Aging times of less than 60 s led to catastrophic droplet 
coalescence, whereas aging times longer than 60 s indicated cross-
linker diffusion from one droplet to the other, which produced inter-
crosslinked colloidosomes. Arrested coalescence was only observed 
for aging times of approximately 60 s. 

Email: erica.wanless@newcastle.edu.au 
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28. Aqueous Organometallic Catalysis: Contribution of CD-
Based Hydrogels and CD-Substituted Polymers 

Jonathan Potier,a  Stéphane Menuel,a Patr ice Woisel,b  
Frédéric Hapiot,a Eric Monfliera 

a Université d’Artois, UCCS, UMR CNRS 8181, France. b  
Université de Lil le1, UMET, UMR CNRS 8207, France.  

In a green chemistry context, aqueous organometallic catalysis has 
gained an increasing interest over the past ten years. As such, 
biphasic systems composed of a substrate-containing organic phase 
and a catalyst-containing aqueous phase proved to be especially 
effective to convert terminal alkenes into aldehydes 
(hydroformylation reaction).1 While modified CDs are appropriate to 
help converting C10 alkenes, we recently develop novel catalytic 
systems capable of converting alkenes containing up to 18 carbons 
in aqueous media.  

 
 

Herein, two strategies will be especially 
highlighted.  

First, supramolecular hydrogels elaborated from 
a mixture of native α-cyclodextrin and 
poly(ethylene glycol)s proved to be appropriate 
media to favour higher olefins Rh-catalysed hydroformylation. The 
formation of Pickering emulsions during the catalytic process 
appeared to be responsible for the catalytic performances.2  
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Second, randomly 

methylated -CDs have 
been grafted to 
polyNIPAM chains. The 
resulting amphiphilic 
molecules self-
assembled above 33°C 
(T>LCST) to form 
Pickering emulsions that 
greatly improved the 

catalytic performances in a higher olefins hydroformylation reaction.    

1. Hapiot, F.; Bricout, H.; Tilloy, S.; Monflier, E. in Hydroformylation 
for Organic Synthesis (Ed. Maurizio Taddei), Topics in Current 
Chemistry, Springer Berlin Heidelberg, 2013, 342, 49-78. 

2. Potier, J.; Menuel, S.; Chambrier, M.-H., Burylo, L., Blach J.-F., 
Woisel, P.; Monflier E.; Hapiot F. ACS Catal., 2013, 3, 1618-1621. 

Email: frederic.hapiot@univ-artois.fr 

  



79 of 340 
 

178. Complex Colloidal Polymer Particles via Radical 
Dispersion Polymerization in Non-Polar Solvent for 
Electrophoretic Display Applications 

Alexandre Richeza , J. Henry Wilsonb ,  

Louise Farrandb , Mark Gouldingb, Simon Biggsa, Olivier 
Cayrea 

aInstitute of Particle Science and Engineering, University 
of Leeds, Leeds, LS2 9JT, UK, b Merck Chemicals Ltd, 
Southampton, SO16 7QD, UK 

Developing particles for electrophoretic display (EPD) applications 
has recently been an area where industrial and academic interest 
has significantly grown. Current directions are aiming to make EPD 
devices faster, colored, flexible and generally more reliable. 
Dispersion polymerization in non-polar solvents is a well-suited 
technique to prepare latex particles in low dielectric constant, low 
permittivity medium such as alkanes, a key requirement of EPD 
particles. We have investigated the possibility of producing a range 
of latex particles of various core compositions with this technique 
and will be reporting here our efforts in: 

 The use of polydimethylsiloxane-methacrylate as a 
stabilizer for dispersion polymerization of methyl 
methacrylate (MMA) and its copolymerization with a range 
of other monomers such as 4-vinylpyridine and 2-
(dimethylamino)ethyl methacrylate in dodecane, 

 The influence of varying monomer and stabilizer 
concentration on the control exerted over the synthesized 
particle properties, 

 A method for introducing a porogen within PMMA particle 
cores to tune particle density, 

 A method for encapsulating pigment particles within PMMA 
particles, which enables the design of highly reflective 
inorganic-organic hybrid particles. For this purpose, we will 
present data obtained from two approaches based on 
modifying the pigment surface. 
 

Email: o.j.cayre@leeds.ac.uk  

mailto:o.j.cayre@leeds.ac.uk
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K15. Harnessing Capillary Pressure in the Assembly of 
Colloidal Particles in Nanocomposites 

J.L. Keddie  

Department of Physics, University of Surrey, Guildford, 
Surrey GU2 7XH, UK 

Colloidal polymer particles are ideal building blocks for 
nanocomposite coatings and adhesives, because they allow 
heterogeneity to be controlled precisely at nanometer length scales. 
Structure can be built into individual polymer particles, such as via 
encapsulation of inorganic nanoparticles or via the growth of polymer 
shells, and these particles can be assembled into hierarchical 
structures. Alternatively, polymer particles can be blended with 
inorganic or polymer nanoparticles. In this talk, I will provide 
examples of both approaches to the design of nanocomposites and 
outline their advantages.  In comparison to the fabrication of 
polymeric nanocomposites from solutions or the melt phase, the use 
of waterborne colloids introduces a powerful mechanism to achieve 
structural control: the capillary (or Laplace) pressure at the meniscus 
between colloidal particles. We have found that the capillary forces 
generated during film formation, being on the order of 10-7 N, are 
sufficiently strong  to bend carbon nanotubes (CNTs) (see Jurewicz 
et al., Langmuir (2012) 28, 8266) and also ex-foliated graphene 
sheets to create honeycomb-like structures, such as shown in Figure 
1. Our recent results on binary particle blends also indicate that the 
capillary pressure can guide the convective assembly of 
nanoparticles into precise positions (cf. Norris et al., Adv. Mater. 
(2004) 16, 1393). Figure 2 shows how Au nanoparticles can be 
positioned with exquisite control in hexagonal arrays of larger 
colloidal polymer particles. Rather surprisingly, the type of interstitial 
void occupied by the Au nanoparticles alternates in a layer-by-layer 
fashion within the colloidal crystal, in turn influencing the optical 
properties. 
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Fig. 1.  SEM image of CNTs 

assembled in a honeycomb 

structure under the action of 

capillary forces. 

Fig. 2. Au nanoparticles assembled 

in polymeric colloidal crystal with 

FCC structure. The Au appears as 

bright white dots near the surface 

and as grey dots in the next layer 

below. 
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115. Cationic polymer latexes prepared by RAFT-mediated 
surfactant-free emulsion polymerization for the 
modification of cellulose surfaces 

L. Carlsson,3,2 I. Chaduc,1 A. Fall,2,3 L. Wågberg,2 ,3 E. 
Malmström,2  B. Charleux,1 F. D’Agosto,1 A. Carlmark,2 
Muriel Lansalot1 

1 Université de Lyon, Univ Lyon 1, CPE Lyon, CNRS, 
UMR 5265, C2P2 (Chemistry, Catalysis, Polymers & 
Processes), Team LCPP, 69616 Villeurbanne, France  
2 KTH Royal Institute of Technology, School of Chemical 
Science and Engineering, Fibre and Polymer Technology, 
SE-100 44 Stockholm, Sweden 
3 KTH Royal Institute of Technology, School of Chemical 
Science and Engineering, Wallenberg Wood Science 
Centre, SE-100 44 Stockholm, Sweden 

The endeavour to produce new cellulose-based hybrid materials 
often requires an alteration of the surface properties of this 
hydrophilic natural material to allow its combination with a non-polar 
polymer matrix. This paper presents the successful surface 
modification of a cellulose model surface by the preparation and 
subsequent physical adsorption of cationic polymer latexes 
constituted of amphiphilic block copolymers of poly(N,N-
dimethylaminoethyl methacrylate-co-methacrylic acid) (P(DMAEMA-
co-MAA)) and poly(methyl methacrylate) (PMMA). First, RAFT 
polymerization of DMAEMA was performed in water at pH = 7. During 
the polymerization, DMAEMA was hydrolyzed to a small extent, 
leading to a macroRAFT containing 10% of methacrylic acid units. 
This P(DMAEMA-co-MAA) macroRAFT was then used for the RAFT-
mediated surfactant-free emulsion polymerization of methyl 
methacrylate (MMA) targeting different molar masses for the 
hydrophobic PMMA block. During the synthesis, amphiphilic block 
copolymers formed and self-assembled into spherical cationic latex 
nanoparticles by polymerization-induced self-assembly (PISA). As 
expected, the size of the particles increased with PMMA molar mass. 
The cationic latex particles were subsequently adsorbed to cellulose 
model surfaces in a quartz crystal microbalance with dissipation 
(QCM-D). The adsorbed amount was found to increase with the size 
of the particles (i.e. the molar mass of the PMMA block) and the 
contact angles after adsorption were significantly higher than that of 
net cellulose. This strategy allows for physical surface modification 
of cellulose using an aqueous dispersion of particles for which both 
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the surface chemistry and the surface structure can be altered in a 
well-defined way.  

 
 
Figure 1. AFM images of PMMA latexes stabilized by cationic 
P(DMAEMA-co-MAA) and adsorbed onto cellulose model surfaces 
formed on QCM crystals (100 mg L-1). Insert pictures: contact angles.  
 
Email: muriel.lansalot@univ-lyon1.fr  
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113. Metallacarboranes as a New Class of Surfactants: 
Aggregation in Water and Interaction with Polymers 

Pavel Matejicek ,1 Vladimir Dordovic,1  Mariusz Uchman,1 
Zdenek Tosner,1 Jiri Brus,2  Alexander Zhigunov2 
1 Department of Physical and Macromolecular Chemistry, 
Faculty of Science, Charles Univers ity in Prague, Hlavova 
2030, 128 40 Prague 2, Czech Republic  
2 Institute of Macromolecular Chemistry, v.v.i., Academy 
of Sciences of the Czech Republic, Heyrovský Sq. 2, 
16206 Prague 6, Czech Republic  
 
Each anion of [3-cobalt(III) bis(1,2-dicarbollide)](-1), CoD-, consists 
of two carborane nido clusters, surface of which is composed of nine 
partly hydridic hydrogen atoms that cannot form classical hydrogen 
bond and two partly positively charged hydrogen atoms attached to 
carbon atoms. Since the overall negative charge is delocalised, salts 
of CoD- are fully dissociated in water and counterions are free 
moving. All these features stand behind peculiar behaviour of 
metallacarboranes in water: CoD-cluster has a distinct amphiphilic 
character despite the lack of amphiphilic topology. By a combined 
experimental study (scattering, microscopy, NMR and calorimetry 
techniques) of NaCoD aqueous solutions we demonstrated that 
despite the above-mentioned peculiarities NaCoD behaves like a 
classical surfactant: It forms micelles with distinct value of CMC. 
Nevertheless, the micellization is enthalpy driven process due to C-
H…H-B interaction. Besides the thorough characterization of NaCoD 
self-assembly in water, we also studied interaction of CoD- with 
cationic polyelectrolytes poly(2(4)-vinyl pyridines), P2VP and P4VP, 
and non-ionic poly(ethylene oxide), PEO. Structure of the 
precipitants (P2VP/H/CoD, P4VP/H/CoD and PEO/Na/CoD) has 
been studied by means of WAXS and advanced solid-state NMR 
techniques. The nanocomposite structure and CoD- dynamics are 
unique reflecting mutual interactions of polymers with bulky 
metallacarborane clusters, which can be therefore called as an 
amphi-dynamic system. 

Email: pavel.matejicek@natur.cuni.cz 
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89. Polymer Stabilised Nanodiscs adsorbed at the Silicon-
Water Interface 

Gavin.D.A, Hazell1, K.J Edler1, T. Arnold2 and R, Barker3  

1 Department of Chemistry, University of Bath, Claverton 
Down Campus, BA2 7AY, United Kingdom 
2 Diamond Light Source, Harwell Science and Innovation 
Campus, Oxfordshire, OX11 0DE, United Kingdom 
3 Institut-Laue-Langevin, 6 reue Jules Horowitz, 
Grenoble, 38042, France 
 

Nanodiscs are self-assembled structures that consist of a bilayer of 
phospholipids controlled in diameter by a protein or polymer 
stabilising belt. Nanostructured lipid aggregates offer enormous 
potential as tools for membrane structural biology and biophysics. In 
particular polymer stabilised nanodiscs (PS-nanodiscs) are easy to 
assemble and can be used directly in the protein purification step. 
They have been shown to effectively incorporate membrane proteins 
in their active form1. Studies of adsorbed layers of nanodiscs 
containing membrane proteins offer an alternative approach to 
structural determination by means of x-ray/neutron reflectometry 
and/or grazing incidence x-ray diffraction. However little work has 
been completed assessing nanodisc interaction at the solid-liquid 
interface. An aim of our experiments was to adsorb PS-nanodiscs at 
the silicon water interface as well as upon two solid supported lipid 
monolayers containing zwitterionic and cationic lipids. Our studies 
were completed using neutron reflectometry and a quartz crystal 
microbalance. Results indicated that PS-nanodiscs composed of 
mixtures of 1,2-Dimyristoyl-sn-glycero-3-phospho-rac-(1-glycerol) 
sodium salt (DMPG) and 1,2-Distearoyl-sn-glycero-3-
phosphocholine (DMPC) form observable layers on the surface of 
cationic and zwitterionic lipid monolayers but not directly on the 
surface of silicon. Packed layers of nanodiscs at the solid-liquid 
interface may provide an alternative platform for the structural 
analysis of encapsulated membrane proteins as well as new 
approaches for drug delivery and bio sensing.  

1. Knowles, T. J.; Finka, R.; Smith, C.; Lin, Y. P.; Daffron, T.; 
Overduin, M., Membrane Proteins Solubilized Intact in Lipid 
Containing Nanoparticles Bounded by Styrene Maleic Acid 
Copolymer. Journal of the American Chemical Society 2012, 131 
(22). 

Email: g.d.a.hazell@bath.ac.uk  
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K16. Colloidal Cell Imprints for Biosensor and Antimicrobial 
Applications 

Josef Borovicka1 , Will iam J. Metheringham2, Leigh A. 
Madden3, Christopher Walton2 , Simeon D. Stoyanov4 and 
Vesselin N. Paunov1*  

 
1 –Department of Chemistry, University of Hull, HU67RX, 
Hull, UK  
2 – Department of Physics, University of Hull, HU67RX, 
Hull, UK 
3 – Department of Biology, University of Hull, HU67RX, 
Hull, UK 
4 –Laboratory of Physical Chemistry and Colloid Science, 
Wageningen, University, 6703 HB Wageningen, The 
Netherlands 
 

We produced a new class of engineered colloids which can 
recognise the shape and size of targeted microbial cells and 
selectively bind to their surfaces. These imprinted colloid particles, 
which we called “colloid antibodies”, were recently fabricated by 
partial fragmentation of silica shells obtained by templating the 
targeted microbial cells. We demonstrated the shape and size 
recognition between such colloidal imprints and matching microbial 
cells. We explored the binding of colloidal imprints to target microbial 
cells in a binary mixture of cells of different shape and size, which 
also resulted in high binding selectivity. We probed the role of the 
electrostatic interactions between the target cells and their colloid 
imprints by pre-coating both of them with polyelectrolytes. Shape-
selective binding occurred predominantly in the case of opposite 
surface charges of the colloid cell imprint and the targeted cells. Such 
colloidal cell imprints can be additionally functionalized with surface 
groups which can enhance their binding efficiency to the microbial 
cells, deliver a drug payload directly to their surface or allow them to 
be manipulated using external fields. We fabricated such “colloid 
antibodies” with photothermal mechanism for shape-selective killing 
of matching cells. This was achieved by the subsequent deposition 
of: (i) gold nanoparticles and (ii) silica shell over the microbial cells. 
We demonstrated that fragments of these composite gold 
nanoparticle/silica shells act as “colloid antibodies” and can bind to 
cells of matching shape and deliver gold nanoparticles directly onto 
their surface. After irradiation with a laser, the localized heating 
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around the gold nanoparticles destroyed only the microbial cells of 
matching shape. This approach opens a number of avenues for 
building powerful selective biocides based on combinations of colloid 
antibodies and other cell killing strategies which can be applied in 
new selective antimicrobial therapies. 

 

Email: V.N.Paunov@hull.ac.uk  
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138. Towards Smart Drug Carriers: Formation of pH 
Responsive Polyelectrolyte Shell around Magnetic Core 

Kirsi Yliniemi1, Emmanuelle Morin2 , Lauri Viitala1 , 
Benjamin P. Wilson1 , Arto Urtti2, Kyösti Kontturi1 ,  
 

1 Department of Chemistry, Aalto University, P.O. Box 
16100, 00076 AALTO, Finland. 2 Centre for Drug 
Research (CDR), Faculty of Pharmacy, University of 
Helsinki, P.O. Box 56, 00014 University of Helsinki, 
Finland 
 

For the effective activation of drugs and minimisation of side effects 
the drug has: 
1) to be stable until the right target has been found,  
2) to cross several biological barriers, 
3) to be activated in the right place at the right time. 
 

To fulfill these demands, smart materials – i.e. materials which react 
to the changes in their environment – have been suggested as drug 
carriers [1, 2]. The conformation of weak polyelectrolytes is strongly 
dependent on the degree of ionization which, in turn, can be 
controlled by pH and thus, nanocontainers covered by weak 
polyelectrolyte shell are promising candidates for drug carriers: 
groups of Möhwald and Shchukin [1, 3], for example, have deposited 
oppositely charged polyelectrolytes on mesoporous SiO2 or TiO2 
particles by layer-by-layer (LbL) technique and studied the properties 
of the containers. 
 

In this communication, a rapid method to prepare polyelectrolyte 
covered Fe3O4 particles is presented: this method exploits the 
magnetic properties of the core and different polyelectrolyte pairs as 
a pH responsive shell are studied. The shell properties are studied 
by Dynamic Light Scattering (DLS) while the fundamental studies of 
polyelectrolyte shell are performed by Isothermal Titration 
Calorimeter (ITC). DLS measurements demonstrate how the 
deposition conditions affect the polyelectrolyte shell’s response to 
the pH change while the polyelectrolyte-polyelectrolyte interaction 
studies by ITC show that the ion pairing between weak anionic and 
cationic polyelectrolytes is followed by complex coacervation in this 
colloidal system and such behaviour depends on pH. 
 

[1] M. Delcea, H. Möhwald, A.G. Skirtach, Adv. Drug Deliv. Rev. 63 (2011) 
730-747. [2] Y. Liu, J. Yang, Z. Zhao, J. Li, R. Zhang, F. Yao, J. Colloid 
Interface Sci. 379 (2012) 130-140. [3] D. Shchukin, H. Möhwald, Small 3 

(2007) 926-943. 
Email: kirsi.yliniemi@aalto.fi 
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191. FePtAu Nanoparticles as novel magnetic bioprobes 

Priyank Mohan, M. Takahashi, P. Singh, D. Mott, S. 
Maenosono 
 
School of Materials Science, Japan Advanced Institute of 
Science and Technology 
 
Magneto-plasmonic hybrid nanoparticles (NPs) have attracted much 
attention with their demonstration as  potential vehicle for 
simultaneous plasmonic monitoring and magnetic manipulation. 
These dual functional probes hold great promise as sensing probes 
for diagnostics and environmental applications such as 
immunomagnetic/chemo-magnetic separation under plasmonic 
imaging, dual mode imaging(MRI and plasmonic) and SERS 
sensing. Much effort has been made in the field of synthesizing 
mainly core-shell particles such as Fe3O4@Au/Ag or FePt@Au/Ag 
showing their promising ability for biological sensing applications, but 
there are still several limitations regarding the synthetic techniques 
and resulting particle characteristics such as inability to uniformly 
coat magnetic core with the shell  material, control over oxidation 
characteristics of both core and shell, as well as others,. In addition, 
there is still a large lack in understanding how to truly control the 
magnetic characteristics of the core material which are suppressed 
by the addition of shell material or encapsulating ligands. With this in 
mind, we have developed FePtAu ternary NPs, which are used as a 
new material for dual functional magnetic/plasmonic applications. Au 
has traditionally been included in fcc FePt as a dopant to lower the 
annealing temperature required for the L10 fct phase transition, 
however no significant work has been done to fully characterize their 
potential in magneto-plasmonic applications. In this work, we 
synthesized FePtAu and heterostructured FePt@Au spherical NPs 
for dual application of plasmonic imaging and magnetic separation, 
characterized with the help of TEM-EDS, XRD, ICP-OES, UV-Vis. 
and SQUID. Preliminary results suggest that the particles can prove 
to be a better or equivalent promising material as core-shell 
structures in context to specific use. Our research leads to a deeper 
understanding of the critical role of physical and chemical properties 
(precise control of size, shape and composition) and their correlation 
to the usage of  particles in the above mentioned applications. 

Email: shinya@jaist.ac.jp  
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130. Aqueous synthesis of red-emitting CdTe/CdS/ZnS 
quantum dots and their interactions with cells 

Mehriban Akin Ulusoy,  a Johanna Gabriela Walter, a 
Rebecca Bongartz, a Frank Stahl, a Mark A. Green, b 
Thomas Scheper a 

 
a Gottfr ied Wilhelm Leibniz University of Hannover, 
Institute for Technical Chemistry,30167 Hannover, 
Germany. 
b Department of Physics, King’s College London, The 
Strand, London, UK WC2R 2LS 
 
Core/shell (CS) semiconductor nanocrystals (so-called quantum 
dots, QDs) emitting in the near-infrared range are of particular 
interest owing to deep tissue penetration which is important in 
biomedical imaging applications. Therefore, recent studies mostly 
focused on developing new strategies which will allow simple 
manufacturing of QDs with large spectral shifts. 1 By using the lattice 
strain between a small soft core (CdTe) and a thick compressive shell 
(ZnS, CdS), Nie and coworkers (2009) 2 presented a new class of 
CS QDs (magic-core/thick shell) exhibiting type-II behavior with 
greater photostability and giant spectral shifts in comparison to 
traditional CS QDs. Furthermore, growth of an external shell with a 
wide bandgap serving as an outer protection layer, resulting in a 
core/shell/shell (CSS) system, can even create more qualified and 
stabile QDs while maintaining the lattice strain induced spectral 
tuning properties.  

Herein, a simple strategy was developed for aqueous one-pot 
synthesis of magic-core/thick shell CdTe/CdS QDs and further 
overgrowth of ZnS shell around CdTe/CdS QDs. Zinc sulfide was 
chosen as outer shell material due to its chemical inertness, wide 
bandgap energy and negligible toxicity which gains specific interest 
in biomedical applications. Moreover, it assures effective passivation 
of surface trap states giving rise to enhanced fluorescence quantum 
yields. 3 The optical and structural properties of QDs have been 
investigated through the measurements of quantum yield, 
photostability, XRD and DLS size analysis. The effect of a protective 
ZnS shell around CdTe/CdS QDs has been evaluated in terms of 
fluorescence efficiency and biocompatibility. Their size and 
composition dependent cellular interactions were examined by 
means of in vitro cytotoxicity assays. Furthermore, aptamers directed 
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to cancer cell surface-specific receptors were conjugated to QDs and 
utilized as targeting moiety in cell labeling studies.   
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K17. Knowledge and take off of Clinical constraints: a 
security to reach Nanomedicine!  

Claire Billotey 
 
Université Jean Monet, Saint-Etienne, France; CHU Saint-
Etienne, France 
 

Despite the numerous nanoprobe developments since 15 years and 
the research fundings devoted to the nanotechnology, only some 
(around thirty in France) have obtained the medicine status. These 
medicines are principally drug vectorization probes, and some are 
nanoparticles used as contrast MRI agents. The advantage that 
brings the nanovector is the protection against the degradation 
accelerated by the active principle and an enhance the , the small 
size and the chemical composition of the nanovector allowing a 
passage of the various biological barriers. This nanovectorisation 
allows to administer more low doses of medicine and thus to reduce 
the side effects, or to equivalent doses, to increase the efficiency of 
the drugs. 

It commonly accepted that the development of a new medicine is a 
very long (15-20 years) and very expensive  process, and  in fact is 
a very uncertain course with multiple obstacles, by resulting only 1 
over roughly 10,000 screened molecules reached the medicine 
status. 

For medicine based on nanotechnology, this course is more 
complex, especially due to safety parameter, with specific toxicity 
and the absence of optimal tools to evaluate it. Considering the 
history of recent failure of nanomedicine development at end clinical 
stages, the taking into account of biodistribution and pharmacokinetic 
datas and the real clinical needs at a very early stage of nanoprobe 
developments appear as an essential tool to optimize this evaluation 
an enhance the success  of this course. But the studies of 
pharmacokinetics realized to the animal can enough not take into 
account the human clinical reality and raise the problem of the 
adequacy of the animal model. So, despite no toxicity revealed by 
regulatory toxicology tests, hard adverse effects would be revealed 
during the II or III clinical trials, with a resulting rough arrest of the 
clinical trial. 
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The knowledge of clinical reality and existent medicines should be 
also taking into account, a new medicine should be demonstrated to 
give a true medical advantage. So the orphan diseases, especially 
poor prognosis cancer without efficient therapy were frequently 
selected by pharmaceutical industry to perform the clinical proof of 
concept. But, the economic reality will imply to enhance the clinical 
scope and market to make profitable the very important fundings. 

The ethical patterns should not be underestimated.   

In conclusion, as for any medicine, the passage of the clinical stage 
is a long and uncertain course, with multiple obstacles, but among 
which some are more complex to cross for nanomedicine, as for the 
evaluation of the safety because of still not optimal tools of study. 
The studies of biodistribution and pharmacokinetics appear as an 
essential tool to optimize this evaluation. 
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I5. Dendronized magnetic core-shell and cubic shaped 
nanoparticles designed for targeting, MRI and hyperthermia 

A. Walter,a D. Felder-Flesch,a C. Bil lotey,b Sylvie Begin-
Colin,a* 
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Some of the significant and most promising applications for inorganic 
nanoparticles (NPs) lie in the fields of biology and biomedicine. Due 
to their magnetic properties tuned by their shape and/or composition, 
superparamagnetic iron oxide NPs (SPIO) with appropriate surface 
chemistry can be used in numerous in vivo applications such as MRI 
contrast enhancement, hyperthermia treatment, cell sorting, drug 
delivery...  
In that context, we will present the main synthesis ways of iron oxide 
NPs and their functionalization and we will propose a concept 
combining a dendritic coating of magnetic oxide nanoparticles with 
phosphonate anchors. Indeed, phosphonates ensure a strong 
anchoring at the NPs surface while preserving their magnetic 
properties, and dendritic shells, in addition to their small and easily 
controllable size (as a function of their generation), are promising 
building blocks simultaneously solving the problems of 
biocompatibility, large in vivo stability and specificity. Dendronized 
iron oxide nanoparticles were demonstrated to induce any 
cytotoxicity. In vivo and in vitro MRI measurements showed that the 
contrast enhancement properties of the dendronized NPs were 
higher than those obtained with commercial polymer-coated NPs. 
Moreover, both types of dendronized NPs were eliminated by urinary 
and hepatobiliary pathways without unspecific uptake especially in 
the RES organs and in the lungs. The design of dendronized NPs 
was further improved to obtain theranostic nano-objects (which can 
both identify disease states and simultaneously deliver therapy) by 
adjusting the morphology and the composition of the inorganic 
magnetic core and by designing multifonctionalized dendrons. These 
NPs were found suitable to combine imaging and therapy by 
hyperthermia. Finally these dendronized NPs bearing melanin 
vectors were demonstrated very suitable to specifically target in vivo 
tumoral cells. 
Email: sylvie.begin@ipcms.unistra.fr 
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I6. Controlling biodegradation and fate of magnetic 
particles for medical applications 

Florence Gazeau , CNRS, Université Paris Diderot, 
Laboratoire Matière et Systèmes Complexes  
 
Many research efforts are presently focused on the life cycle and 
toxicity of nano-sized materials. While most toxicology studies warn 
about the effects of nanomaterials on biological functions 
(cytotoxicity, immunogenicity, genotoxicity…), the physical 
transformations of nano-objects in living environment are mostly 
unknown. Yet the mechanisms of biological transformations – 
aggregation, protein adsorption, degradation and elimination - 
determine the long term fate of nanoparticles in the body, their safety 
as well as their therapeutic outcome.   
Here we propose a multiscale methodology to examine the influence 
of intracellular lysosomal confinement on the structure and physical 
properties of magnetic nanoparticles that show outstanding 
properties for magnetothermal therapy and MRI detection. 
Our material science approach – combining nanoscale TEM 
observations of nanoparticle structure with the follow-up of magnetic 
properties in biological environment - opens up a new way to 
evaluate the life cycle of nanoparticles in the body and identify their 
biodegradation products. We will present several examples of 
magnetic nanostructures – iron oxide nanospheres, nanocubes, 
cooperative nanoflowers and iron oxide/gold dimers with different 
coating – and examine how cell-induced morphological degradation 
critically alters their magnetic properties, heating power and 
Magnetic Resonance relaxivity over time. Hence maintaining 
nanoparticles in the extracellular matrix of the tumor environment 
might be more advantageous for thermal therapy than favoring 
uptake by tumor cells. By contrast, specific internalization by the 
monocyte/macrophage system warrants the long term 
metabolization of particles and iron recycling.   
In the research for safe-by-design efficient nanoparticles for 
nanomedecine, one should control not only their synthetic identity, 
but also their ever-evolving context-dependent structure and 
properties. Controlling the balance between short term efficacy in the 
relevant biological context and long term degradability or elimination 
is an important challenge that may be overcome by chemical design 
of functionalized nanoparticles. 
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117. Destabilising Pickering Emulsions 

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

Emulsions stabilised by solid particles (Pickering emulsions) are 
remarkably robust structures [1]. Particle-coated drops can be 
squeezed together and the liquid evaporated to form porous solids 
[2,3]. The drop stability is attributed to the dense packing of strongly 
bound colloidal particles at the liquid interface. The particle layer is 
thought to behave like a 2-dimensional solid and provide a 
mechanical barrier to droplet coarsening [4]. Drops may coalesce, 
however, in emulsions under external stress. The mechanisms that 
cause the thin films to rupture are not well understood. 

In this presentation, I will discuss our recent efforts at investigating 
destabilisation in aqueous emulsions of oil drops coated by silanised 
silica particles. We used confocal microscopy to follow the structural 
changes as drops are compressed together in emulsions. We 
characterised the elasticity and yielding behaviour of the 
concentrated emulsions. The elasticity is correlated with the salt 
concentration in the water and hence the particle aggregation in 
emulsions at a given drop volume fraction. Destabilisation is 
favoured by minimising the attractive interactions between particles, 
since deformation of the drops exposes interfacial area that is free of 
particles. Large shear strains cause the emulsions to yield and 
coalesce, rather than flow. By controlling destabilisation, Pickering 
emulsions have been used to form highly elastic gels and thin films. 
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147. Pickering emulsions stabilized by soft microgels 
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Some colloidal gel particles called microgels have the ability to 
adsorb at an oil–water interface and stabilise Pickering emulsions. 
Such particles are soft, deformable, porous and they can swell or 
shrink under the action of an external stimulus. These specificities 
makes them emulsifiers of special interest as they offer a large 
versatility to emulsions and materials elaborated thereof [1]. We took 
advantage of the limited coalescence process occurring in Pickering 
emulsions combined to cryo-scanning electron microscopy, to 
determine the surface coverage of the drops. Using non-polar oils, 
oil-in-water emulsions with different macroscopic properties have 
been prepared.  We have studied the packing and morphology of the 
deformed microgels at the oil-water interface [2] and found a relation 
between their organisation and emulsion properties. We show that 
the packing density can be triggered through various microgel 
structural parameters such as cross-linking density [3] or size [4], and 
emulsification process like the stirring speed [5] or the temperature 
of emulsification [3]. At low surface coverage, emulsions are highly 
flocculated whereas at high surface coverage, the drops are free and 
the emulsion can flow easily. Water-in-oil emulsions are stabilized 
when the oil is a good solvent of the polymer (Figure). In this case, 
oil-loaded microgels are dispersed in the aqueous phase and give 
anti-Bancroft emulsions [6]. 
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Figure. Relation between the emulsion properties and the microgel 

packing at the oil-water interface. 
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183. Photoresponsive Aggregation of β-Cyclodextrin 
Capped Nanoparticles 

Jennifer A. Krings , Daniela John, Alexander Böker, Bart 
Jan Ravoo 

Organic Chemistry Institute, Westfälische Wilhelms-
Universität Münster DWI, Leibniz-Institut für Interaktive 
Materialien, RWTH Aachen 

The general aim of this collaborative project is the investigation of 
light-responsive, self-assembled materials of multifunctional 
particles.  

We could show that light-responsive supramolecular adhesion of 
cyclodextrin covered silica nanoparticles and a bifunctional, non-
covalent azobenzene linker is possible. The self-assembly of these 
nanoparticles is photocontrolled due to the photoresponsive nature 
of the supramolecular recognition motifs – host guest inclusion of 
cyclodextrin cavities and azobenzene molecules. Switching 
experiments between aggregation and dispersion of the system 
show that aggregation is fully reversible over at least 4 cycles. [1] 

It is also well known that nanoparticles can form pickering 
emulsions. In connection with the above described system, we 
investigated the control of the stability of emulsions consisting of 
cyclodextrin covered silica nanoparticles and an azobenzene linker.  

Currently we investigate the preparation of anisotropic cyclodextrin 
functionalized silica microparticles using “sandwich” microcontact 
printing, in particular with the help of so-called “wrinkled” stamps. 
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Figure 1: Photoresponsive aggregation and dispersion of β-
cyclodextrin capped nanoparticles. [1] 
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169. Stabilisation of Fluorinated Oil-in-Water Emulsions 
using Fluoroalkyl-Functionalized Silica Nanoparticles 

Ibrahim E Salama  and Alison Paul  

Soft Matter Group, School of Chemistry, Cardiff 
University, Main Building,  

Park Place, Cardiff CF10 3AT, UK 

The unique physical, chemical and biological properties of fluorinated 
oils have generated much interest in their use in several biomedical 
applications such as propellants for pressurized metered dose 
inhalers (pMDIs) for direct delivery of drugs to lungs1, ultrasound 
contrast enhancement2 and for transport of oxygen in vivo in artificial 
blood3. Perfluoropropane (PFP) and hydrogenated perfluoropropane 
(HPFP) showed promise in the field of drug delivery and gene 
transfection4. 

All the aforementioned applications require that PFP and HPFP to be 
in the form of a dispersion. Emulsions of fluorinated oils and water 
are mostly formed using nonionic surfactants such as polaxamers 
and zonyls or a phospholipid (egg or soy lecithin). However, a 
problem inherent in such emulsion is the tendency of the emulsion to 
de-stabilize on storage and for the emulsion droplets to grow in size 
at the expense of small droplets (Ostwald ripening destabilisation 
mechanism)5.  

We have prepared a series of fluoroalkyl-functionalized silica 
particles by the treatment of silica particles with fluoroalkyl-functional 
chlorosilanes. Confirmation of covalent attachment was confirmed 
via X-ray photoelectron spectroscopy (XPS), while elemental 
analysis, thermogravimetric analysis and nitrogen adsorption 
isotherms were used to determine the different grafting densities.   

The modified nanoparticles were used successfully to prepare stable 
HPFP-in-water Pickering emulsions. The emulsions stabilized by 
modified particles have i) higher stability compared to those prepared 
with unmodified ones; ii) low polydispersity, iii) stability at lower 
particle concentrations and iv) undergo no change in the average 
droplet size over the time course of six months.  
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Fluorinated emulsions stabilized by these modified silica particles 
exhibit preferential behavior to those stabilized by polymeric 
surfactants.    
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62. Measuring the hydrophobic force in a soft matter 
system 

Rico F. Tabor1 , Chu Wu2, Franz Grieser2, Raymond R. 
Dagastine2, Derek Y. C. Chan2  

1 School of Chemistry, Monash University, Clayton, 
AUSTRALIA,  

2 University of Melbourne, Parkvil le, AUSTRALIA.  

The hydrophobic attraction describes the well-known tendency for 
nonpolar molecules and surfaces to agglomerate in water, controlled 
by the re-organisation of intervening water molecules to minimize 
disruption to their hydrogen bonding network. Measurements of the 
attraction between chemically-hydrophobised solid surfaces have 
reported ranges varying from tens to hundreds of nanometres, all 
attributed to hydrophobic forces. 

Here, by studying the interaction between two hydrophobic drops of 
fluorinated oil in water under well-controlled conditions, we were able 
to effectively suppress known surface forces in order to measure the 
intrinsic hydrophobic attraction. By introducing moderate repulsions 
of electrostatic, quantum electrodynamic and hydrodynamic origin, 
we probed the strength and range of the hydrophobic force.  

In a wide variety of experiments using different conditions and 
velocities, we observe only a strong, short-ranged attraction with an 
exponential decay length of 0.30 ± 0.03 nm - comparable to 
molecular correlations of water molecules. Interestingly, there is no 
difference in the range or strength of the force when salts with very 
kosmotropic or chaotropic characteristics are added to the water. 

This attraction is implicated in a range of fundamental phenomena 
from self-assembled monolayer formation to the action of membrane 
proteins and non-stick surface coatings. 

 

Email: rico.tabor@monash.edu.au 

  



106 of 340 
 

150. Cluster formation in fluids with competing short-range 
and long-range interactions 

Martin B. Sweatman1 Rui Fartaria1 and Leo Lue2  

1 Institute of Materials and Processes, School of 
Engineering, University of Edinburgh, Edinburgh EH9 3JL, 
UK. 

2 Department of Chemical and Process Engineering, 
University of Strathclyde, Glasgow G1 1XJ, UK.  

 

We investigate1 the low density behaviour of fluids that interact 
through a short-ranged attraction together with a long-ranged 
repulsion (SALR potential) by developing a molecular 
thermodynamic model.  The SALR potential is a model of effective 
solute interactions where the solvent degrees of freedom are 
integrated-out.  For this system, we find that clusters form for a range 
of interaction parameters where attractive and repulsive interactions 
nearly balance, similar to micelle formation in aqueous surfactant 
solutions. We focus on systems for which equilibrium behaviour and 
liquid-like clusters (i.e. droplets) are expected, and find in addition a 
novel coexistence between a low density cluster phase and a high 
density cluster phase within a very narrow range of parameters.  
Moreover, a simple formula for the average cluster size is developed. 
Based on this formula, we propose a non-classical crystal nucleation 
pathway whereby macroscopic crystals are formed via crystal 
nucleation within microscopic precursor droplets.  We also perform 
large-scale Monte Carlo simulations, which demonstrate that the 
cluster fluid phase is thermodynamically stable for this system. 

1. Martin B. Sweatman, Rui Fartaria and Leo Lue, J. Chem. Phys., 

in press. 
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4. Crystal nucleation kinetics in colloids 

Malcolm J W Povey, University of Leeds 

 

It is shown that Classical Nucleation Theory (CNT) remains a sound 
basis upon which to understand nucleation in colloids. Speed of 
sound measurement is a very precise method for determining crystal 
solid content during primary crystal nucleation and in the induction 
phase, far more sensitive than turbidity measurement. It is shown 
that speed of sound determinations of dispersed temperature/time 
dependent phase solid contents measured in a number of different 
emulsion systems are fitted well by CNT. Computation of the energy 
barrier to nucleation for studied systems indicates that whilst 
homogeneous nucleation is unlikely at higher surface energies the 
addition of surfactant, lowering the interfacial energy may have a 
dramatic impact on surface nucleation rates. Data is included 
supporting this contention. The impact of reducing the size of 
colloidal particles to the point where the interfacial region occupies a 
significant proportion of the total volume of the dispersed phase is 
discussed and it is suggested that in these circumstances 
undercooling may fall significantly in comparison with the 
undercooling measured in micrometer sized emulsions. The 
measurement of collision induced nucleation in colloids permits the 
determination of the energy barrier established by different 
surfactants which can then be used as a comparison measure of the 
effectiveness of different surfactants as stabilisers. 
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39. The breakup mechanism of biomolecular and colloidal 
aggregates in a shear flow 

Sean Breann Ó Conchúir  and A. Zaccone 

Cavendish Laboratory, University of Cambridge 

The theory of self-assembly of colloidal particles in shear flow is 
incomplete. Previous analytical approaches have failed to capture 
the microscopic interplay between diffusion, shear and 
intermolecular interactions which controls the aggregates fate in 
shear. In this work we analytically solved the drift-diffusion equation 
for the breakup rate of a dimer in flow. Then applying rigidity 
percolation theory, we found that the lifetime of a generic cluster 
formed under shear is controlled by the typical lifetime of a single 
bond in its interior, which in turn depends on the efficiency of the 
stress transmitted from other bonds in the cluster. We showed that 
aggregate breakup is a thermally-activated process where the 
activation energy is controlled by the interplay between 
intermolecular forces and the shear drift, and where structural 
parameters determine whether cluster fragmentation or surface 
erosion prevails. In our latest work, we analyzed floppy modes and 
non affine deformations to derive a lower bound on the fractal 
dimension df below which aggregates are mechanically unstable, ie. 

for large aggregates df ≃ 2.4. This theoretical framework is in 
quantitative agreement with experiments and can be used for the 
population balance modeling of colloidal and protein aggregation. 
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44. Bio-inspired mini-eggs with pH-responsive membrane 
for enzyme immobilization 

Li Mei, Rui Xie, Chao Yang, Xiao-Jie Ju, Wei Wang, Ji-
Yun Wang, Liang-Yin Chu  

School of chemical engineering, Sichuan University, 
Chengdu 610065, PR China  

Calcium alginate (Ca-alginate) hydrogel, which is featured with 
good biocompatibility and biodegradability etc, has been widely 
applied in biological and medical fields.  Unfortunately, all 
previously reported carriers based on Ca-alginate hydrogels do not 
have pH-responsive characteristics; as a result, the efficiency of 
Ca-alginate-hydrogel-based carriers in practical applications is 
restricted and affected.  In this study, a novel family of bio-inspired 
Ca-alginate-based capsules or so-called mini-eggs with a pH-
responsive membrane are developed by a simple co-extrusion 
minifluidic approach and subsequent adsorption and biosilicification 
method.  Such mini-eggs with a pH-responsive membrane are 
composed by two biocompatible materials, Ca-alginate and 
protamine, for enzyme immobilization.  The average diameters of 
APSiE mini-egg with thin membrane and thick membrane are 4.2 
mm and 3.5 mm, and the corresponding coefficient of variation 
values are 2.2 % and 4.2 % respectively.  The wall of APSiE mini-
egg with thin membrane and APSiE mini-egg with thick membrane 
are composed of inner Ca-alginate/protamine composite soft layer 
and outer silica surface rigid layer.  The Ca-alginate/protamine 
composite soft layer provides the pH-responsive switching function 
driven by electrostatic interactions between Ca-alginate networks 
and protamine molecules at different pH values, and the silica 
surface rigid layer offers protection and restriction for the soft layer 
in order to guarantee the endurance and stability of the pH-
responsive performance.  The trans-membrane permeation results 
of VB12 molecules show that the critical pH value pHcritical of the as-
prepared capsule is about 4.5.  The ratio of catalytic rate of 
invertase encapsulated in APSiE mini-eggs with the thin membrane 
and APSiE mini-eggs with the thick membrane at pH=5 to that at 
pH=4 are 2.38 and 123 respectively.  The pH-responsive switching 
action of the prepared mini-egg membrane is rapid, reversible and 
reproducible.  This work provides a new approach to improve the 
efficiency of Ca-alginate-hydrogel-based biomedical carriers.  

Email: xierui@scu.edu.cn, chuly@scu.edu.cn 
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162. Life in extreme environments: The role of intrinsically 
disordered proteins under conditions of abiotic stress 

Fanny Yuen , Alex Routh, Matthew Watson and Alan 
Tunnacliffe  

Dept. of Chemical Engineering and Biotechnology, 
University of Cambridge 

The ability of extremophile organisms to survive hostile conditions 
has caused us to reassess the requirements for life. Scientists and 
engineers strive to elucidate extremophile survival mechanisms that 
might allow the development of new technologies for preserving 
biological materials. LEA proteins are linked to the acquisition of cold 
and desiccation tolerance in plants and animals. As intrinsically 
disordered proteins (IDPs), LEA proteins are inherently tolerant to 
stress-induced denaturation, and LEA proteins have been shown to 
protect globular proteins, such as pig heart citrate synthase (CS) and 
rabbit muscle lactate dehydrogenase, and a human cell proteome 
from abiotic stresses [1].  

The mechanism by which LEA proteins protect folded proteins is still 
unclear. Leading models of LEA protein protection include 
chaperone- and shield-like interactions. However, our aggregation 
assays, isothermal titration calorimetry experiments, and small angle 
neutron scattering experiments demonstrated that such bulk 
interaction mechanisms are insufficient to fully explain the observed 
aggregation protection of CS by LEA proteins.  

Interfaces are known to nucleate and accelerate protein aggregation 
[2]. Our dynamic surface tension and neutron reflection experiments 
showed that LEA proteins are surface active, and these new results 
have led us to hypothesize that LEA proteins act by preferentially 
adsorbing onto surfaces generated during the freeze-thaw process, 
thereby excluding folded proteins from interfaces where they would 
otherwise undergo irreversible aggregation.  

References: [1] S. Chakrabortee, C. Boschetti, L. J. Walton, S. 
Sarkar, D. C. Rubinsztein and A. Tunnacliffe, PNAS, 2007, 104, 
18073-18078. [2] C.F. Lee, S. Bird, M. Shaw, L. Jean and D.J. Vaux, 
J. Biol. Chem., 2012, 287, 38006-38019. 

Email: fsly2@cam.ac.uk  
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190. Development of fluorinated colloidal gold 
nanoparticles as theranostic drug delivery systems   

Claudia Pigliacelli ,a,b  I. Tirotta,a,b  G. Resnati,a,b  P. 
Metrangolo,a ,b,c F. Baldell i Bombellia,b ,d  

a Laboratory of Nanostructured Fluorinated Materials 
(NFMLab), Department of Chemistry, Materials, and 
Chemical Engineering “Giulio Natta”, Politecnico di Milano, 
Milan, Italy  

b Fondazione Centro Europeo di Nanomedicina, Milan, 
Italy 

c VTT-Technical Research Centre of Finland, Espoo, 
Finland. 

d School of Pharmacy, University of East Anglia, Norwich, 
UK 

In the last decades the use of nanoparticles (NPs) for biomedical 
applications has attracted a growing research interest, promoting 
NPs as a versatile tool with potential use in imaging, therapy, and 
drug delivery. [1] The possibility of combining diagnostic and 
therapeutic properties in unique nano-objects has led to the 
development of new theranostic systems, [2] which might improve 
the prognosis of many diseases. At the same time, fluorinated tracers 
represent a powerful diagnostic tool for in vivo imaging through 19F 
MRI detection, also showing the ability to provide quantitative 
information about the targeted disease area. [3] Thus, the use of 
fluorinated ligands for NP surface functionalization can bring to the 
development of innovative theranostic agents to be employed in 
nanomedicine. 

In this contribution we report on a novel multifunctional nanomaterial 
based on gold NPs 
stabilized with highly 
fluorinated chains or with 
a mixture of 
hydrogenated and highly 
fluorinated ligands. 
These NPs were 
successfully transferred 
into an aqueous 
environment using two 
different coating 
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strategies, based on the use of different amphiphilic polymers, and 
the nano-dispersions were characterized by DLS, zeta-potential, 
19F-NMR, FTIR, TEM and UV-VIS measurements. As shown in 
Figure 1, the two coating strategies produced different hybrid 
nanostructures. Indeed in one case we obtained NPs formed by a 
single Au core coated with a layer of polymer, while in the other the 
NPs were composed of Au clusters covered by a coating film. 
Overall, these systems can function simultaneously as 19F-MRI 
contrast agents and as drug delivery systems thus resulting in 
promising theranostic agents for biomedical applications. 

 

References 

1. Doane, T.L. and C. Burda, Chemical Society Reviews, 
2012. 41(7): p. 2885-2911. 

2. Motamedi, S., et al., Biomedical optics express, 2011. 2(5): 
p. 1194. 

3. Boccalon, M., et al., 2013. 49(78): p. 8794-8796. 
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1. Multipod-like Polystyrene/Silica Clusters Designed by 
Seeded-growth Emulsion Polymerization: Towards Colloidal 
Molecules and Unconventional Inorganic Nanoparticles 

A. Désert1,2 , C. Hubert1, C. Chomette1, I. Chaduc3, J. 
Parvole3, A. Komla4, J.C. Taveau2 , O. Lambert2 , M. 
Lansalot3 , E. Bourgeat-Lami3 , A. Thil l4 , O. Spalla4, L. 
Belloni4 , S. Ravaine5 and E. Duguet1  

1 ICMCB, CNRS, Univ. Bordeaux, France; 2 CBMN, Univ. 
Bordeaux, CNRS, France; 3 C2P2, CPE, CNRS, Univ. Lyon 
Claude Bernard, France; 4 LIONS, IRAMIS CEA, France; 5  
CRPP, CNRS, Univ. Bordeaux, France 

Hybrid organic-inorganic nanoparticles with well-controlled 
morphology are currently of great interest for numerous applications. 
Synthetic routes leading to robust aggregates made of nanoparticles 
of different chemical natures which are associated in a controlled 
manner (i.e. number of nanoparticles and geometrical arrangement) 
are especially investigated as potential “colloidal molecules”. 

Our strategy is based on a seeded emulsion polymerization process 
leading to biphasic particles, which are composed of spherical silica 
spheres surrounded by a varying number of polystyrene (PS) 
nodules. The hydrophilic surface of the silica seed particles (50-400 
nm) needs to be previously functionalized. In such conditions, the 
nucleation/growth of the PS nodules is highly promoted at the silica 
surface, leading to multipod-like morphologies: bipods, tetrapods, 
hexapods, octopods, etc. While varying experimental conditions, the 
key parameters were evidenced. 

The talk deals with recent insights in the high yield and repeatability 
of the synthesis process, the thorough characterization of some 
multipod-like clusters by cryo-electron tomography, the development 
of a model to help the understanding of the formation mechanism of 
almost pure suspensions of well-defined clusters, and the use of 
these clusters as precursors of dimpled silica particles and gold 
nanocages. 

 

References: Polym. Chem. 3, 1130 (2012); Langmuir 28, 11575 
(2012); Angew. Chem. Int. Ed., 52, 11068 (2013) 

E-Mail: etienne.duguet@univ-bordeaux.fr 
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I7. About the opportunity to include inorganic components 
in nanoscaled drug delivery systems. 

Etienne Duguet , ICMCB, CNRS, Univ. Bordeaux, France 

 

Recent progresses in nanotechnology offer exciting opportunities in 
the development of promising inorganic materials for medicine. Their 
possible insertion in drug delivery systems was recently investigated 
for protecting the drug molecules, making the systems biodistribution 
monitored by conventional medical imaging techniques or acting as 
heat converted for speeding the drug release.  

The talk will be the opportunity to give general considerations on 
these aspects, discuss recent results and will be illustrated in 
particular by examples from our own research activity.  

References:  

Nanomed., 1, 157 (2006); NMR Biomed. 24, 413 (2011); J. Mater. 
Chem., 21, 4393 (2011); Nanoscale, 4, 3954 (2012); Nanoscale, 5, 
11464 (2013); Chem.-Asian J., 9, 275 (2014); J. Mater. Chem. B, 2, 
59 (2014).  

 

Email: etienne.duguet@univ-bordeaux.fr 

  



116 of 340 
 

I8. Synthesis and functionalisation of nanoparticles and 
some biological applications 

Y. Lalatonne, J. Bolley, S. Richard, F.  Benyettou, I. 
Milošević, E. Guénin, Laurence Motte  

Laboratoire Chimie Structure Propriétés de Biomatériaux 
et d’Agents Thérapeutiques, UMR CNRS 7244, Université 
Paris 13 

Molecular medicine is paving the way to new treatment paradigms 
for still untreatable diseases, by generating new diagnostic and 
therapeutic tools tailored to the needs of the individual patient. With 
engineered nanoparticles (NPs), a revolution is expected in the 
diagnosis and treatment of many diseases.  

Concerning molecular imaging, the nanoscale materials owns their 
specific advantage to be used as probe for each imaging modalities 
and especially for magnetic resonance and optical imaging. Here we 
will described the synthesis optimization of two different kinds of 
inorganic NPs:  superparamagnetic iron oxide NPs and persistent 
luminescent nanocrystals.  

NPs surface must be tailored to insert molecules on the NP surface 
with control of their architecture and surface density to improve 
affinity and targeting efficiency or to impart additional properties. The 
design of multifunctional NPs is an exciting future challenge in the 
field. We will present several methodologies for the efficient NP 
surface functionalisation, allowing the attachment of passive or 
active targeting moieties (PEG and/or peptide and antibody). In-vitro 
assays and in vivo results will be presented. 

 

Email: Lmotte2009@hotmail.fr 

mailto:Lmotte2009@hotmail.fr
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 I9. Hydrophobic nanoparticles: a versatile platform to 
design colloidal silica-based nanostructures 

Carla Cannas, A. Ardu, F. Orrù, A. Musinu 

University of Cagliari, Department of Chemical and 
Geological Sciences, Italy and INSTM  

 

Hydrophobic nanoparticles (HBNPs) have been intensively studied 
because recent advances in synthesis through non aqueous 
approaches have allowed to easily prepare a wide range of 
nanoparticles and it has been shown that these routes are more 
efficient in producing stable colloidal nanoparticles with narrow size 
distribution, high crystallinity, tunable size and shape. However, their 
hydrophobicity often represents a limit for their applications in many 
field such as in biology and medicine. Thus, their conversion into 
hydrophilic systems is a crucial step toward their widespread use. 
Therefore, a suitable surface modification with organic or inorganic 
materials is needed. Hydrophobic nanoparticles made up of an 
inorganic core bound at the surface to the polar head of a long chain 
molecule (capping agent) represents an ideal building block to create 
composite systems with improved properties. This work shows how, 
starting from oleic acid-oleylamine capped nanoparticles, it is 
possible to design different silica-based colloidal nanoarchitectures. 
The homogeneous molecular coating and its affinity for the reactants 
chosen for their coating, more than the nanoparticle composition 
itself, are the key in order to orient the synthetic strategy versus the 
desired material. Following this general idea, monodisperse core-
shell nanostructures with a core with different shapes and 
compositions and a low-porous silica shell have been achieved. This 
has been possible thanks to the high affinity of the capping agent for 
the inner core of the micelles inside which the coating process with 
TEOS takes place. Magnetic multicore nanosystems with high 
surface area and an ordered (hexagonal or cubic) porous silica 
structure can be also created due to the high tendency of oleic acid 
or oleylamine to be intercalated with cationic surfactants and triblock 
copolymers. This contribution provides a brief overview of the 
progress in the synthesis of silica-based colloidal nanoarchitectures 

Email: e-mail:ccannas@unica.it  
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K18. Engineering polymer micro and nanoparticles with 
controlled size, composition and morphology by 
microfluidics-assisted emulsification 

Christophe. A. Serra  

Group for the Intensif ication and Integration of Polymer 
Processes (G2IP), Institute of Chemistry and Processes 
for Energy Environment and Health (ICPEES), European 
Engineering School of Chemistry, Polymers and Materials 
Science (ECPM), University of Strasbourg (UdS), France.  

Most conventional processes for the production of polymer particles 
imply heterogeneous polymerization processes (emulsion, 
suspension) or precipitation processes in a non-solvent. Although 
these processes lead to polymer particles having a different size 
domain, the size is very sensible to the operating parameters and 
cannot readily be adjusted, not to mention the large particle size 
distribution which is often observed. Recently, microfluidic processes 
have been considered because of their unique capacity to generate 
micro and nanodroplets with a very narrow size distribution. Thus, if 
the dispersed phase is composed of a polymerizable liquid, it is 
possible to obtain polymer particles with well-defined characteristics 
like size, shape and morphology. Here we present our latest 
developments on microfluidic processes for the production of sized-, 
composition- and morphology-controlled polymer micro and 
nanoparticles. 

Capillary-based flow-focusing and co-flow microsystems were 
developed to produce polymer microparticles of adjustable sizes (50 
to 600 µm) with a narrow size distribution (CV<5%) while colloidal 
suspensions of highly monodisperse size-controlled polymer 
nanoparticles (60 nm and above) were obtained by means of 
elongational-flow or nanoprecipitation microsystems. Particles had 
different shapes (spheres, rods) and morphologies (core-shell, 
Janus, capsules). Influence of operating conditions (flow rate of the 
different fluids, microsystem characteristic dimensions and design) 
as well as material parameters (viscosity of the different fluids, 
surface tension) was investigated. Empirical relationships were thus 
derived from experimental data to predict particle overall size, shell 
thickness or rods length. 
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Besides the morphology, we will also present particles with various 
compositions and will emphasize their potential applications: drug 
loaded micro and nanoparticles for new drug delivery strategies, 
composed inorganic-organic multiscale and multidomain 
microparticles for sensorics and liquid crystalline elastomer 
microparticles showing an anisotropic reversible shape change upon 
temperature for thermal actuators or artificial muscles. 

 

Email: ca.serra@unistra.fr 
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153. Multi-Stimuli-Responsive Microcapsules for Adjustable 
Controlled-Release 

Xiao-Jie Ju,  Jie Wei, Xiao-Yi Zou, Rui Xie, Wei Wang, 
Liang-Yin Chu* 

School of Chemical Engineering, Sichuan University, 
Chengdu 610065, P. R. China 

 

Smart microcapsules, which can control the release of the 
encapsulated contents according to various environmental stimuli, 
have attracted great interests from various fields in recent years.  
Because of their relatively faster response rate and other advantages 
such as small size, large inner volume, huge total surface area and 
stable capsule membrane, these environmental stimuli-responsive 
microcapsules are considered to be the most ideally intelligent drug 
delivery systems.  In many cases, different environmental changes 
may occur at the same time, thus single stimulus-responsive 
microcapsules are insufficient for practical applications.  More 
importantly, the patients’ conditions are usually complex and diverse.  
To achieve best effects and reduce side effects of drugs, it is 
necessary to regulate the release dosage and the release rate in time 
according to patients’ individual differences.  Therefore, it is 
extremely favorable that microcapsules possess multiple stimuli-
responsive properties and adjustable controlled-release rate, which 
are of great potential in drug delivery. 

In this study, we report on a novel multi-stimuli-responsive 
microcapsules with adjustable controlled-release characteristics is 
prepared by a microfluidic technique.  The proposed microcapsules 
are composed of crosslinked chitosan acting as pH-responsive 
capsule membrane, embedded magnetic nanoparticles to realize 
“site-specific targeting”, and embedded temperature-responsive sub-
microspheres serving as “micro-valves”.  By applying an external 
magnetic field, the prepared smart microcapsules can achieve 
targeting aggregation at specific sites.  Due to acid-induced swelling 
of the capsule membranes, the microcapsules exhibit higher release 
rate at specific acidic sites compared to that at normal sites with 
physiological pH.  More importantly, through controlling the 
hydrodynamic size of sub-microsphere “micro-valves” by regulating 
the environment temperature, the release rate of drug molecules 
from the microcapsules can be flexibly adjusted.  This kind of multi-
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stimuli-responsive microcapsules with site-specific targeting and 
adjustable controlled-release characteristics provides a new mode 
for designing “intelligent” controlled-release systems and is expected 
to realize more rational drug administration. 

 

Email: juxiaojie@scu.edu.cn; chuly@scu.edu.cn 
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141. Janus Materials 

Zhenzhong Yang , Institute of Chemistry, Chinese 
Academy of Sciences, Beijing 100190, China  

Janus materials with two different chemical regions 
compartmentalized onto the same objects are gaining growing 
interests. It is key to develop new methods to large-scale synthesize 
Janus materials with tunable morphology, strict chemical 
compartamentalization and precise control of microstructure.  

Janus particles are fabricated by simultaneous biphasic grafting of 
different polymer brushes onto the two sides of a colloid at a 
liquid/liquid Pickering emulsion interface by atomic transfer radical 
polymerization. Similarly, Janus non-spherical colloids are prepared 
by asymmetric wet-etching the colloid frozen at the interface. We 
firstly developed large scale production of Janus composite colloids 
based on surface polymerization induced de-wetting onto a solid 
particle surface and polymerization induced phase separation 
against a polymer colloid during swell polymerization. Janus balance 
is tunable.  

We further extend the Janus performance into hollow spheres by 
materialization of an emulsion interface. The materials may find 
potential applications in containers and controlled release. Janus 
composite hollow spheres with a porous shell are also synthesized 
by controlling the emulsion interfacial phase separation. After loading 
functional nanoparticles inside the cavity, the composite cages can 
selectively enrich desired reagents inside a confined environment for 
further manipulation.  

Janus nanosheets are fabricated by crushing the as-prepared Janus 
hollow spheres, which can be used as solid surfactants to better 
emulsify immiscible fluids. Interestingly, stable "dry fluid" droplets 
can be achieved in air after the external continuous phase elutes. 
Functional Janus nanosheets can be derived by selective growth of 
materials for example paramagnetic ones by adsorbing Fe3O4 
nanoparticles onto desired sides, which can be manipulated with a 
magnet. The dispersed droplets can be therefore manipulated, and 
the Janus nanosheets are easily collected for recycling. Janus 
polymer/inorganic composite nanosheets are synthesized by grafting 
polymer chains onto desire sides.  

Email: yangzz@iccas.ac.cn  
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168. Colloid – Liquid Crystal Gels 

Tiffany A. Wood ,  J. S. Lintuvuori, A. B. Schofield, D. 
Marenduzzo, W. C. K. Poon 

School of Physics and Astronomy, James Clerk Maxwell 
Building, University of Edinburgh, EH9 3JZ  

 

Liquid crystalline materials occur in aqueous solutions of surfactant, 
DNA, peptide solutions, lipids and drugs in addition to the 
thermotropic materials used in liquid crystal displays.  In many 
multicomponent biological systems and commercial formulations 
colloids are combined with liquid crystalline phases – therefore it is 
important to understand interactions between colloids and liquid 
crystals. 

The nematic phase has orientational order and any defects caused 
by shear relax over time as the phase equilibrates.  Immersing 
particles within a nematic phase creates defects since the uni-
directional nematic must accommodate the surface morphology of 
the particle.    

We examine the range of gel structures that form when hard-sphere 
colloids are dispersed in the nematic phase of 5CB.  Through 
experiments and computer simulations we show that, when the 
surfaces of particles support homeotropic anchoring in a nematic 
solvent, colloidal structure is sensitive to concentration.  Elastic 
mediation results in chain-like structures at very low volume 

fractions,   < 2%.   At intermediate volume fractions, 2% <  < 22%, 
multi-particle clusters form and gather to form a percolating colloidal 

gel.  For   > 22%   the colloids are knitted together by percolating 
lines of defects that extend through the sample and lead to high 
elasticity [1].  All these structures are deeply metastable with 
percolating structures that persist for longer than 1 year. 

https://www.sciencemag.org/search?author1=J.+S.+Lintuvuori&sortspec=date&submit=Submit
https://www.sciencemag.org/search?author1=A.+B.+Schofield&sortspec=date&submit=Submit
https://www.sciencemag.org/search?author1=D.+Marenduzzo&sortspec=date&submit=Submit
https://www.sciencemag.org/search?author1=D.+Marenduzzo&sortspec=date&submit=Submit
https://www.sciencemag.org/search?author1=W.+C.+K.+Poon&sortspec=date&submit=Submit
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Figure 1: Appearance of colloid dispersions in 5CB for different 

concentrations (A) in a vial after 10 months, from left to right  = 

1%, 3% and 5% (B) a drop of  = 3%  on a slide showing 

heterogeneous macroscopic texture (C) a spread drop of  = 33% 
showing a smooth macroscopic texture.  Confocal images of (D) the 

chain-like structures at  = 0.5%, (E) percolating colloidal clusters at 

 = 6% and (F) a densely knitted structure at  = 33%.  

Email: Tiffany.wood@ed.ac.uk 
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70. Colloidal Suspensions of Pharmaceutical Solids in Non-
aqueous Systems 

Clare Mayes*#,  Francois Ricard#, Paul Luckham* 

*Imperial College London, # GlaxoSmithKline 

 

There are a number of reasons for attempting to understand and 
predict the behaviour of colloidal pharmaceutical solids in non-
aqueous solvents.  

Firstly, crystallisations in the pharmaceutical industry are often 
seeded with suspensions of active pharmaceutical ingredient (API) 
in order to provide control of solid state and particle size. This is often 
performed using daughter seeds for size control of the output 
crystallised material. An understanding of how seeds behave in a 
suspending solvent, in particular for sub-micron particles with high 
surface area, is therefore critical. 

Additionally, by reducing the particle size of poorly soluble APIs to 
the colloidal range there is a potential to increase the drug dissolution 
rate and apparent solubility in vivo through increasing surface area.  

In this work, an initial screening of factors expected to have an impact 
on the behaviour of colloidal suspensions of pharmaceutical solids in 
non-aqueous systems   was performed using a d-optimal design of 
experiment (DoE). This study showed a number of the factors to be 
important individually such as API type and concentration as well as 
a number of 2 factor interactions in line with expected theoretical 
behaviour. In particular, the links between the concentration of 
surfactant and the 2 factor interactions of API:water and 
solvent:water have been investigated by use of rheology and settling 
rate analysis.  The results of the work will be presented with particular 
attention being given to physical properties of the chemical 
components studied and their impact on colloidal behaviour. 

 

Email: clare.e.mayes@gsk.com 
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K19. Superspreading vs surfactant enhanced spreading: the 
role of adsorption on water/air interface 

A. Barton1,  N.M. Kovalchuk1 ,2 , A. Trybala1, Victor M. 
Starov1 

1 Department of Chemical Engineering, Loughborough 
University, UK 

2 Institute of Biocolloid Chemistry, Kiev, Ukraine  

Forcing water to spread quickly over hydrophobic surfaces is a 
challenging task for many industrial applications requiring covering 
large solid hydrophobic surfaces by water based compositions or 
their penetration into porous substrates. It was addressed in 1960s, 
when the extraordinary wetting properties of trisiloxane aqueous 
solutions were discovered [1]. The solutions spread very quickly 
covering a large area within a minute. That is why the phenomenon 
has been referred to as “superspreading” [2]. Systematic study of 
these compounds was started in 1990s to understand the 
mechanism of quick and extensive spreading and its relation to the 
surfactant properties [3]. It was shown later that other surfactants can 
also promote the spreading of water solutions considerably, but over 
the narrower range of substrate energies and therefore a more 
general term “surfactant enhanced spreading” was introduced [4].  

Despite the intensive studies the mechanism of the surfactant 
enhanced spreading is not clear till now. Here we revisited the 
system first studied in [5] and containing aqueous solutions of 
sodium decanesulfonate and dodecyltrimethylammonium bromide. 
Each surfactant solution as well as their mixture spreads only slightly 
over the moderately hydrophobic substrates, whereas the putting a 
drop on one surfactant onto the top of another results in an enhanced 
spreading. Dynamic of spreading of this composition is studied as a 
function of concentration and compared with that of trisiloxane 
aqueous solution. The system behaviour is discussed as related to 
the surface tension of the mixture and bulk crystallisation processes.  

References: [1]. Schwarz EG, Reid WG Ind. Eng. Chem. 1964, 56, 
26. [2]. Ananthapadmanabhan KP et. al. Coll. Surf. 1990, 44, 281. 
[3]. Hill RM COCIS, 1998, 3, 247. [4]. Stoebe T et. al. Langmuir, 
1997, 13, 7270. [5]. Wu Y, Rosen MJ Langmuir, 2005, 21, 2342. 

Email: V.Starov@lboro.ac.uk  
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38. Achieving a ‘flatter’ film profile for applications in P-
OLED displays: a numerical and experimental investigation 
of mixed solvent inks and their influence on film shape 

Adam D. Eales1; N. Dartnell2; A. F. Routh1  

1 Department of Chemical Engineering, University of 
Cambridge,  

2 Cambridge Display Technology Ltd. (Company number 
02672530)  

Polymer-Organic Light Emitting Diodes (P-OLEDs) are a technology 
where light is emitted as a function of the electrical operation. Such 
systems have the potential for use in the next generation of flexible 
electronics applications, such as bendable mobile telephones [1] and 
curved television displays [2, 3].  

 
During the manufacturing process of P-OLED displays a solvent 
containing polymer ink, is dried. Depending on the processing 
conditions and ink properties, a variety of different film profiles can 
be achieved. Typically the profile has some form of undulation, which 
results in a non-uniform emission profile and less than optimal 
efficiency and display lifetime. The aim of this project is to model the 
dynamics of the drying process in order to determine the final deposit 
shape. It is hoped that the model will enable prediction of conditions 
that will lead to 'flatter’ profiles.  

We present, to our knowledge, the first comprehensive numerical 
study of inks consisting of an ‘ideal’ binary solvent system. The ratio 
of solvent evaporation rates and surface tensions can alter the final 
shape, whilst the viscosity ratio proves to be less important. In 
addition, it is possible to determine the critical compositions that 
should lead to flatter profiles: 
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Experimentally we use white light interferometry, to study an 
axisymmetric, ‘pinned’ droplet in which a ‘coffee-ring’ shape will 
develop due to an outward Capillary flow, as discovered by Deegan 
and co-workers [4]. The code that we have developed can also 
predict the final film profile for different initial and maximal volume 
fractions of polymer and for varying extents of evaporation 
suppression in the gelled region, towards the periphery of the 
droplet.  

This work has relevance for a plethora of other applications in 
which droplets containing a dispersed material are evaporated, 
such as blood disease diagnostics [5], fabrication of 
micro/nanowires [6] and distribution of pesticides on leaves.  

 
[1]. http://www.bbc.co.uk/news/technology-24238653 

[2]. http://www.bbc.co.uk/news/technology-25633199 

[3]. http://www.bbc.co.uk/news/technology-22335776 

[4]. Deegan et al., 1997, Nature, 389, pp. 827-829.   

[5]. Brutin et al., 2011, J. Fluid. Mech., 667 pp. 85-95   

[6]. Naqshbandi et al., 2012, Nature Communications 3:1188 
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100. The evaporation of a capillary bridge between a 
particle and a substrate 

Michael Neeson1*, Rico Tabor2 , Franz Grieser1, Raymond 
Dagastine1, Derek Chan1  

1. Particulate Fluids Processing Centre, University of 
Melbourne, Parkville VIC 3010 Australia  
2. School of Chemistry, Monash University, Clayton VIC 
3800 Australia 

 

Capillary bridges are formed when a small volume of liquid sits 
between two solid surfaces. These bridges have wide ranging 
applications from particle-surface adhesion to evaporation and 
condensation in porous media. By considering a capillary bridge 
between a spherical particle and a flat substrate, we investigate how 
the physical properties of a given system affect the resulting 
configuration. 

Through a careful analysis of the Gibbs free energy, the shape of the 
resulting configuration can be found, revealing a critical liquid volume 
for which the configuration switches from a spherical interface to an 
axisymmetric collar configuration. We also show that despite the 
gravitational forces being much smaller than interfacial forces (Bond 
number = 0.07), gravity plays a crucial role in determining the 
resulting configuration of these systems. Having established a 
theoretical model, a variety of key physical systems are presented. 
Fitting the theoretical model to experimental images allows the 
extraction of important physical quantities (Laplace pressure, 
capillary force, drop volume etc.), providing important physical 
insights into the underlying dynamics of such systems. Comparing 
the theory presented to surface-immobilised Janus drops of water 
and mercury, and we observe good qualitative agreement. 



130 of 340 
 

      

 

On the left, time-lapse images of an evaporating water capillary 
bridge between a silica particle and a silica substrate. The air-water 
interface is initially spherical, until the particle touches the substrate 
(~350s) at which point the configuration switches to an axisymmetric 
collar around the base of the particle. During the evaporation 
process, successive drops are compared to the Young-Laplace 
solution. On the right, time-lapse images of a compound mercury-
water drop on a hydrophobic glass substrate with the water 
evaporating. During evaporation, the initially asymmetric interface 
forms an axisymmetric collar. 

 

Email: michael.neeson@unimelb.edu.au  
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96. On the Fate of Silver Nanoparticles in Simulated Primary 
Wastewater Treatment 

Stephen Kinga , Helen Jarvieb , Michael Bowesb,  

Emma Gozzardb  & Jayne Lawrence c  

a ISIS Facil ity, STFC Rutherford Appleton Laboratory, 
Harwell Oxford, OX11 0QX 

b NERC Centre for Ecology & Hydrology, Crowmarsh 
Gifford, OX10 8BB 

c Pharmaceutical Science Division, King’s College 
London, SE1 9NH 

 

Our ability to synthesise, functionalise and manipulate matter at the 
nanoscale is revolutionising many product sectors, from energy to 
healthcare. Of particular note are the myriad of applications for 
different types of nanoparticles, global production of which already 
numbers many Mtonnes/year. Where there has been much less 
research, however, is into the environmental fate and behaviour of 
these nanoparticles. Of particular concern is the ecotoxicological 
impact of silver nanoparticles (AgNP) because of the known 
antimicrobial action of elemental silver, indeed often the very raison 
d’être for its use. 

For a large proportion of nanoparticles their major route of release 
into the natural environment is through domestic and industrial 
wastewater discharges. This in turn makes wastewater treatment 
plants the ‘gateways’ to the wider aquatic and terrestrial 
environment. Understanding the colloidal behaviour of nanoparticles 
during wastewater treatment is thus of key importance for predicting 
their environmental fate. 
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This presentation will describe a series of SANS experiments 
exploring the time-dependent colloidal stability of a commercially-
produced, sterically-stabilised, AgNP in real wastewater using a 
settlement microcosm. The results point to a significant and 
unexpected interaction between the non-ionic stabiliser and 
components of the wastewater, an effect duplicated using a model 
system with a completely different non-ionic stabiliser. These 
findings demonstrate the key role that surface coatings on 
functionalised nanoparticles play in directing the fate of nanoparticles 
in wastewater treatment.  

 

Email: stephen.king@stfc.ac.uk 
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61. NMR Relaxivity Studies on Surfactant-free 
Superparamagnetic Iron Oxide Nanoparticles: the Effect of 
Particle Size, Magnetization and an Iron Oxidation State 

Vladimir L. Kolesnichenko1, G. Z. Goloverda1, P. 
Kucheryavy1 , J. He3 , V. T. John3 , P. Maharjan2 , and L. 
Spinu2 

1 Xavier University, 2 University of New Orleans, and 3 
Tulane University, New Orleans, Louisiana, USA 

Searching for a novel material to be used as positive-image MRI 
contrast agent, alternative to gadolinium chelates, was a primary 
motivation of this work.  Magnetite nanoparticles in the size range of 
3.2-7.5 nm were synthesized with high yields under variable reaction 
conditions using high temperature hydrolysis of the precursor iron(II) 
and iron(III) alkoxides in surfactant-free diethylene glycol solutions.  
The average sizes of the particles were adjusted by changing the 
reaction temperature and time, and by using sequential growth 
technique.  In order to obtain γ-iron(III) oxide particles in the same 
range of sizes, diethylene glycol colloids of magnetite were 
oxygenated at room temperature.  As-obtained colloids were 
characterized by DLS and NMR; powdery products obtained by 
coagulating the same colloids with oleic acid, were characterized by 
TEM, XRD, TGA, FTIR and magnetic measurements.  NMR r1 and r2 

relaxivity measurements in diethylene glycol (for OH and CH2-
protons) and in water, have shown the decrease in r2/r1 ratio with the 
particle size reduction, which correlate with the results of magnetic 
measurements on magnetite nanoparticles.  Saturation 
magnetization of the oxidized particles was found to be 20% lower 
than that for Fe3O4 with the same particle size, but their r1 relaxivities 
are similar.  Since oxidation of magnetite is spontaneous under 
ambient conditions, it was important to learn that the oxidation 
product has no disadvantages as compared to its precursor, and 
therefore it may be a better imaging agent due to its chemical 
stability. 

Email: vkolesni@xula.edu 

mailto:vkolesni@xula.edu
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K20. Colloid uses and use of a colloid in enhanced oil 
recovery 

Harry Frampton 

BP Upstream Technology 

 

This paper gives an idiosyncratic review of the history of applications 
for colloids from 1910 to present and results of a patent search are 
used to identify current applications.  It can be observed that while 
the patents for Colloid and Nanoparticle constituted only about 
0.0256 percent of the total for the world over the first 13 years of this 
century, they have been consistently on the increase.  It is concluded 
that the basic areas of use of colloids are developing, but more slowly 
than the underlying science, which has allowed access to smart 
materials and other impressive innovations.  By way of example the 
principles behind the development of “smart”, thermal responsive 
particles for improved recovery of crude oil are presented. This 
includes design of a “popcorn” polymer particle incorporating thermal 
cleavable crosslinks, based on the desired properties before and 
after shape change.  This leads up to a discussion of the action of 
the particles in blocking rock pore throats and an indication of the 
current level of commercial use. 

Email: Harry.frampton@uk.bp.com 

  

mailto:Harry.frampton@uk.bp.com


135 of 340 
 

58. Model sheet structures for cement  

Merlin A. Etzolda , Peter J. McDonaldb, Alexander F. 
Routha 

A BP-Institute, University of Cambridge, Cambridge, 
CB30EZ, UK.  
b Department of Physics, University of Surrey, Guildford, 
GU2 7XH, UK 

 
The hardening of cement is of crucial importance for many civil 
engineering projects. Despite cement’s importance as one of 
mankind’s most produced materials, fundamental questions remain 
unresolved. 
 
One of these questions concerns the 3D morphology of the abundant 
hydration product, the calcium silicate hydrates (C-S-H), on length 
scales of 1 nm to 500 nm. They have been the topic of an intense 
debate. The two dominant viewpoints describe C-S-H either as a 
colloidal structure of layered particles [1] or a quasi-continuous layer 
structure [2, 3]. 
 
In this work, an algorithm to generate amorphous quasi-continuous 
layer structures is presented. The structure evolves from a number 
of seeds placed on the surface of the virtual cement particle, from 
which an extended sheet structure grows. New sheets can form 
aligned with previously deposited sheets. Resultant structures are 
shown in Figure 1 for different primary kinetic parameters.  

 
The resulting structures are 
characterised and compared 
against experimental data. It is 
demonstrated that sheet 
structures can be grown with a 
pore space corresponding to 
NMR T2-relaxometry. The 
small-angle scattering curves for 
these structures were 
simulated. Again, general 
agreement is observed with 
experimental data. 
 

Figure 2: Cross sections through the 
sheet structures grown at different kinetic 
parameters. The first row shows 
intermediate, the second row fully evolved 
structures. 
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These results demonstrate that the proposed sheet structures are an 
alternative to colloidal structures for the nano structure of cement.  
 
References 
[1] H. M. Jennings. Cem. Conc. Res, 38(3):275–289, 2008. 
[2] R. F. Feldman, P. J. Sereda. Eng. J.-Canada, 53(8/9):53–59, 
1970. 
[3] E. M. Gartner. Cem. Conc. Res, 27:665–672, 1997. 
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204. Microparticle disassembly from fluid interfaces: 
remotely triggered particle delivery 

Vincent Poulichet , Valeria Garbin 

Department of Chemical Engineering, Imperial College 
London, London SW7 2AZ 

Self-assembly of colloids at fluid-fluid interfaces is exploited for the 
fabrication of selectively permeable capsules, tunable 
nanomaterials, and nanocomposites with complex morphologies. 
Disassembly of colloids from interfaces is equally important, for 
instance for green catalytic processes, advanced manufacturing, and 
drug delivery. Successful strategies to promote particle desorption 
include interfacial displacement by surfactants, changing interactions 
by tuning pH, and mechanically forcing the particles out of the 
interface by area compression. We developed a new technique for 
mechanically forced desorption where the fluid-fluid interface is 
manipulated remotely by ultrasound to trigger disassembly of an 
interfacial colloid monolayer. Different mechanisms of particle 
expulsion are observed depending on surface coverage: single 
particle expulsion, localized streams of particles, and delivery of 
blobs of particles of controlled size. This technique is up-scalable and 
can be used to precisely control the timing and dynamics of particle 
desorption and delivery. 

Email: v.garbin@imperial.ac.uk  
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144. The effect of stabilizer choice on microcapsule 
morphology 

Alison L. Tasker,  O. J. Cayre, and S. R. Biggs  

Institute of Particle Science, University of Leeds, Leeds, 
UK  

Polymer shell- liquid core microcapsules are of considerable interest 
in many industrial applications where it is desirable to protect the core 
from its surroundings. There are many available methods of 
fabricating core-shell microcapsules, and in this work we use solvent 
evaporation, well known and often used in the literature, to 
precipitate a polymer shell (poly-methylmethacrylate, PMMA) around 
a hexadecane, HD core.[1] This is achieved by dissolving PMMA in 
a good solvent, dichloromethane, DCM, and adding a poor solvent 
HD, and emulsifying with an aqueous phase containing either a 
surfactant or polymeric stabilizer. The DCM is allowed to evaporate, 
resulting in insolubility of the polymer which thus precipitates to form 
a shell around the HD. The choice of stabilizer is key in defining the 
final morphology of the capsules. Possible morphologies include 
core-shell, where the polymer forms a complete shell around a single 
core, acorn, where the polymer precipitates separately to the oil, and 
occluded, where the polymer precipitates around multiple cores. The 
final morphology of the capsules is determined by the spreading 
coefficients and interfacial tensions of the three immiscible phases – 
the polymer, the HD, and the aqueous phase. Previous work [2] 
found only polymeric stabilizers were suitable to form core-shell 
morphologies. However, by studying the effect of other classes of 
stabilizers on interfacial tension of the oil and water, in this work we 
have been able to systematically investigate the effect of increasing 
chain length of a surfactant family to obtain the desired core- shell 
morphology. Results show that a reduction in the chain length in a 
particular stabilizer family reduces the amount by which the oil-water 
interfacial tension is reduced, thus giving a higher percentage of 
core-shell microcapsules. In addition, we have found that by 
increasing the number of hydrophobic long hydrocarbon chains we 
are also able to reduce the oil-water interfacial tension to a lesser 
extent, once again resulting in core-shell microcapsules. Results also 
show that by altering the pH of a polymeric stabilizer, stable core-
shell capsules can also be fabricated. 

[1] Dowding, P. J., Atkin, R., Vincent, B., and Bouillot, P., 2004, "Oil 
core-polymer shell microcapsules prepared by internal phase 

file:///C:/Users/pjdowdi/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/VP71QIWR/144.%20Alison%20Tasker.docx%23_ENREF_1
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separation from emulsion droplets. I. Characterization and release 
rates for microcapsules with polystyrene shells," Langmuir, 20(26), 
pp. 11374-11379. 

[2] Loxley, A., and Vincent, B., 1998, "Preparation of 
poly(methylmethacrylate) microcapsules with liquid cores," Journal 
of Colloid and Interface Science, 208(1), pp. 49-62. 
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158. Large-area patterning of the tackiness of a colloidal 
nanocomposite adhesive by sintering of nanoparticles 
under IR radiation 

R.S. Gurney,a Joseph L. Keddie ,a  D. Dupin,b E. Sibandc  
 

a. Dept. of Physics, University of Surrey, Guildford GU2 7XH, UK  
b. Dpto. Nuevos Materiales, IK4-CIDETEC, Paseo Miramón 196, 
Donostia –  San Sebastián 20009, Spain  c. Allnex, Anderlecht Str 
33, Drogenbos, B-1620, Belgium 
 

We present a simple technique to switch off the tack adhesion in 
selected areas of a colloidal nanocomposite adhesive. It is made 
from a blend of soft colloidal polymer particles and hard thermoplastic 
copolymer nanoparticles. The nanoparticles self-assemble around 
the larger colloidal particles when they are swept up by the receding 
air/water interface under fast evaporation. The addition of 
nanoparticles can be used to tune the viscoelastic and mechanical 
properties of the nanocomposite adhesive. In regions that are 
exposed to IR radiation through a mask, the nanoparticles are heated 
and sinter together to form a percolating skeleton, which raises the 
yield point and stiffens the adhesive. The tack adhesion is therefore 
lost locally where it has been heated. Masks can be made from 
silicone-coated disks, such as coins, or reflective plates containing 
an array of holes. Shadowed regions retain their tack adhesion, 
whereas the irradiated regions are non-tacky. The process enables 
the switching of the adhesive surface at specified positions to create 
a desired pattern (Gurney et al., ACS Appl. Mater. Interf., (2013) 5, 
2137). 

 

Email: j.keddie@surrey.ac.uk 
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K21. Core@shell heterostructured nanoparticles for next-
generation SERS applications 

A. T. N. Dao, P. Singh, A. Wadhwa, D. Hotta, D. Mott, 
Shinya Maenosono  

School of Materials Science, Japan Advanced Institute of 
Science and Technology 

 

Metal nanoparticles (NPs) have long been utilized for various types 
of chemical and/or biological sensing applications exploiting their 
localized surface plasmon resonance (LSPR) and/or surface 
enhanced Raman scattering (SERS) properties. At the same time, 
much of the knowledge being gained for manipulating NP structure 
or composition has focused on multimetallic type NPs. Such systems 
can display multiple properties arising from the individual 
components, but it is the observation of synergistic phenomena that 
is the most intriguing. Recently, we have synthesized various binary 
core@shell type NPs such as Au@Ag, Pt@Ag, Au@Fe and Au@Cu 
NPs. In all cases, it has been demonstrated that electron transfer 
from core to shell materials takes place and it modifies 
electronic/chemical states of shell materials. This synergistic effect 
enhances strengths and eliminates weaknesses of the shell element 
which is not achievable by alloying strategy. For example, Ag has 
superior SERS properties than Au, however Ag is easy to be 
oxidized. If one makes Au-Ag alloy NPs, both LSPR/SERS properties 
and oxidation resistivity would be in between those of Au and Ag 
NPs. In the case of Au@Ag NPs, however, we can combine 
LSPR/SERS properties of Ag and chemical stability of Au into single 
NPs. The electron transfer phenomenon has been confirmed for 
various core@shell NP systems by XPS and many other analytical 
techniques. We attempt to provide a unified explanation for those 
observations. 

 

Email: shinya@jaist.ac.jp 
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133. Ultra-Small Functional g-Maghemite Nanoparticles: 
Surface Engineering for Effective siRNA/microRNA-
Mediated Delivery/Gene Silencing Applications 

Liron Israel,¶ Katya Buchman-Kapilov ,¶  Stella Ostrovsky, ¶ 

Emmanuel Lellouche,§ Shulamit Michaeli,§  and Jean-Paul 
Lellouche¶] 
Nanomaterials Research Center, Institute of Nanotechnolog y & 
Advanced Materials, Bar-I lan University, Ramat-Gan 5290002 
(§: Faculty of Life Sciences & ¶: Department of Chemistry)  

Iron oxide nanoparticles (NPs) have been quite widely used in 
numerous biotechnology applications (magnetism-driven cell 
separation, magnetic field-guided drug/gene delivery, non-invasive 
tissue MRI, anti-cancer hyperthermia). Serious drawbacks dealing 
with NP fabrication, i.e., both detrimental NP aggregation and 
controlled NP surface functionalization versatility are extremely 
challenging issues calling for innovative solutions.  
Our recent work in the field led to the discovery of a novel 
method/concept for the (i) aggregation control of ultra-small 

hydrophilic super-paramagnetic maghemite (-Fe2O3) NPs and for (ii) 
its successful use for NP functionalization toward siRNA/microRNA-
mediated gene delivery/silencing applications. This 
nanofabrication method does not make use of any surface-
passivating organic species. Indeed, the controlled high-power 
ultrasound-assisted metal Ce(III/IV) cation doping of the surface of 
45/50 nm-sized (DLS) maghemite NPs strongly modified the NP 
surface charge to highly positive values (+41.0 - +50.0 mV range) of 

-potential. Such a Ce3/4+ cation-doping process enabled (i) an 
effective charge control of NP aggregation, (ii) the full NP water 
compatibility for biological applications and finally (iii) the 
development of quite versatile surface engineering chemistries using 
the known rich Ce3/4+ complex coordination chemistry for any 
biomolecule or organic species (polymer) binding. 
This new NP ”inorganic” stabilization and surface functionalization 

approach afforded optimized (i) ultra-small core Ce3/4+-doped -
Fe2O3 NPs and (ii) various functional polycationic branched 25kDa 
b-PEI polymer-based decorated NPs for siRNA/microRNA in vitro/in 
vivo delivery applications. In addition, effective chemical strategies 
for NP toxicity mitigation have been successfully developed for 
successful in-vivo end-user applications dealing with safe 
siRNA/microRNA delivery. 
 

Email: lellouj@biu.ac.il 
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160. Stimuli responsive hybrid nanomaterials from 
synthesis to applications in nanomedecine  

Jean-Daniel Marty,1 , Camille Frangvil le,1  Christophe 
Mingotaud,1  Rainer Haag,2 Nancy Lauth-de Viguerie1  

1 IMRCP, UMR 5623, Université de Toulouse, 31062 
Toulouse, Cedex 9, France 

2 Freie Universität Berlin, Takustr. 3, 14195 Berlin, 
Germany 

Organic-inorganic nanoparticles (NPs) are an appealing class of 
colloids to be used in nanopharmaceutics. Recently their great 
potential not only for imaging and diagnosis but also for clinical 
therapeutics has started to flourish. Adequately choosing the 
constituents leads to systems that can response to external stimuli 
(magnetic or electric field, light, temperature…) that can be taken into 
account in biological applications.[1] Different nanohybrids based on 
the use of thermo- or pH responsive polymers were thus designed 
for such a purpose.[2,3]  

As depicted in Figure 1, by designing new core-shell polymeric 
structures, we were able to get nanocarriers presenting a high 
binding affinity for copper ions and able to release these ions at low 
pH.[4] We demonstrate that the exact architecture of the core-shell 
system is a paramount parameter to control the maximum loading, 
the strength of complexation and the release profile of copper into 
the solution. Their low toxicity may open a new way to balance the 
Cu-homeostasis in neurodegenerative diseases, e.g., Alzheimer’s 
disease.  

 

  

 

 

 

Fig. 1: Schematic illustration of the encapsulation and release of Cu-
ions by core-shell nanostructures 
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Other examples take advantages of thermo responsive polymers. 
Thus nanohybrids with application as MRI, i.e. magnetic resonance 
imaging, contrast agent have been synthesized in presence of those 
polymers. The critical effect of polymer architecture and 
concentration on the morphology and relaxivity properties of the as-
synthesized nanoparticles will be discussed.  

[1] M. Beija, N. Lauth, R. Salvayre J.-D. Marty, Trends in 
biotechnology, 2012, 30 (9), 485-496. 
[2] M. Beija, J.-D. Marty, M. Destarac, Chem. Commun., 2011, 47, 
2826-2828. 
[3] J. Keilitz, M. Radowski, J.-D. Marty, R. Haag, F. Gauffre, C. 
Mingotaud, Chem. Mater., 2008, 120, 2423-2425. 
[4] S. Nowag, C. Frangville, K. Achazi, G. Multhaup, J.-D. Marty, C. 
Mingotaud, R. Haag, submitted 
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19. Patchy + Smart = Efficient? – Design of Advanced 
Micellar Carriers with Tunable Charge and Composition 

A. C. Rinkenauer,1  M. J. Barthel,1  A. Träger,1 U. Günther,1  
M. Wagner,1  S. Höppener,1 U. Mansfeld,1  E. Betthausen,2  
U. S. Schubert,1  Felix H. Schacher1  

[1] Institute of Organic Chemistry and Macromolecular 
Chemistry and Jena Center for Soft Matter, Friedrich -
Schiller-University Jena, Lessingstraße 8, D-07743 Jena, 
Germany; [2] Macromolecular Chemistry II, University of 
Bayreuth, Universitätsstraße 30, D-95440 Bayreuth, 
Germany 

Block copolymers represent a unique class of materials for the 
generation of nanostructured materials in different environments – 
mainly driven by the inherent immiscibility of unlike building blocks.[1] 
Although being in the focus of research for decades, applications 
exploiting this potential to date are scarce. We present the use of 
(ampholytic) ABC triblock terpolymers for the design of efficient non-
viral gene vectors or the preparation of core-shell-corona micelles 
with adjustable composition and charge. The first example, 
polybutadiene-block-poly(methacrylic acid)-block-poly(2-
dimethylaminoethyl methacrylate) (PB-b-PMAA-b-PDMAEMA), 
forms soft and patchy multicompartment micelles which are able to 
react with changes of surface charge and morphology on subtle 
differences in the pH of the surrounding environment (Figure 1). We 
demonstrate that these structures can be used as superior non-viral 
gene transfection agents, outperforming even the “gold standard” 
poly(ethylene imine) (PEI).[2] Even one step further, we use mixtures 
of different polyether-based ABC triblock terpolymers to design sub 
50 nm micelles with exact control over charge, charge density, and 
the content of possible targeting units.[3] 
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Figure 1: patchy PB-b-PMAA-b-PDMAEMA micelles at different 
pH. 

References: [1] F. H. Schacher, P. A. Rupar, I. Manners, Angew. 
Chem. Int. Ed. 2012, 51, 7898-7921; [2] A. C. Rinkenauer, A. 
Schallon, U. Günther, M. Wagner, E. Betthausen, U. S. Schubert, 
F. H. Schacher, ACS Nano 2013, 7, 9621-9631; [3] M. J. 
Barthel, A. C. Rinkenauer, A. Träger, M. Wagner, S. Höppener, U. 
Mansfeld, M. Gottschaldt, F. H. Schacher, U. S. Schubert, 
submitted;  
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80. Probing the True Near-Field Interaction between Metallic 
Nanoparticle and Fluorophore in Bulk Colloidal Solution 
Using Toehold-Mediated Internal Control 

Yan Shan Ang  and Lin-Yue Lanry Yung 

Chemical & Biomolecular Engineering, National University 
of Singapore, 4 Engineering Drive 4, Singapore 117585  

 

Metallic nanoparticles (MNP) are known to alter the emission of 
vicinal fluorophores through the near-field interaction. Both 
quenching and enhancement have been observed in various 
systems, depending on whether the excitation and emission 
enhancement or the increased non-radiative decay rate dominates. 
While observations for substrate-bound or single-particle systems 
are largely consistent and in line with theoretical predictions, it is well-
recognized that observations in bulk colloidal solution are difficult to 
reproduce. We hypothesize that interference from the inner filter 
effect due to the large absorption cross-section of MNP could play a 
significant role in masking the true near-field MNP-fluorophore 
interaction. We demonstrate that this far-field interference could be 
accounted for experimentally using the concept of DNA toehold to 
trigger the in situ dynamic assembly and disassembly of MNP-
fluorophore conjugate within the same reaction volume. This ensured 
that both the sample and reference control remained in the same 
photophysical environment. Our toehold-mediated internal control 
system was used to evaluate the effect of nanoparticle size and 
MNP-fluorophore separation distance on the 
enhancement/quenching process. The trends observed were in line 
with theoretical predictions thereby validating the applicability of our 
proposed system. It is hoped that our DNA toehold design can serve 
as a central system to probe the near-field interaction of other MNP-
fluorophore combinations more accurately so as to unify the diverse 
observations reported in literature to date.  

Email: cheyly@nus.edu.sg 
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Plenary 3. Interactions between drops and bubbles in 
complex fluids 

Raymond R. Dagastine , University of Melbourne, 
Victoria, Australia 

In complex fluids, soft or deformable components, such as drops, 
bubbles, or capsules, respond to their surrounds in a far more 
complicated manner than rigid particle dispersions. This creates 
challenges in the processing and the characterization of these 
systems for a diverse set of applications. These applications range 
from the purification of minerals or pharmaceuticals using solvent 
extraction processes, to the formulation of emulsions and foams in 
food and personal care products. Through a combination of novel 
experimental methods, mainly using Atomic Force Microscopy (AFM) 
to visualize the collisions between micro-drops or micro-bubbles on 
the nanoscale, coupled with theoretical models, we have been able 
to quantitatively link the dynamic coupling of shape changes with 
external forces that control their behavior for a range of systems 
involving drops and bubbles.   
 
This talk will focus on how oil-water and air-water deformable 
interfaces are mediated by the concentration, type and composition 
of stablisers in a complex fluid.  First, we will discuss the direct 
measurement of colloidal forces between surfactant stabilized oil 
drops and air bubbles as a function of the type of stabilizer.  Then we 
will examine the behavior of a mixed surfactant system of ionic and 
non-ionic surfactants. Through careful control of the ratio ionic to 
non-ionic surfactant, we are able to obverse significantly different 
charging behavior compared to the pure ionic system. This will be 
followed by measurements using highly concentrated surfactant 
systems or other nano-colloids (e.g. nanoparticles, micro-
emulsions). We observe significant differences between the 
structural forces between these deformable interfaces compared to 
the periodic oscillatory structural forces commonly observed 
between rigid interfaces. In addition, quantitative comparison 
between these system types indicates that the deformable nature of 
droplets allows them to act as far more sensitive probes than solid 
spheres. Furthermore, the responsive nature of soft surfaces can 
give rise to unexpected behavior not encountered in rigid systems 
including reversible aggregation/flocculation for emulsion droplets 
and, potentially, spatial ordering within concentrated emulsion 
phases.  More recent studies on the impact of hydrodynamic 
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drainage effects on the resulting force behavior as well as changes 
associated with the aspect ratio of the nano-colloid will also be 
discussed. This work will showcase the utility of these methods to 
help bring new understanding to both fundamental and complex 
systems affecting microscopic drop and bubble behavior. 
 
 
Email: rrd@unimelb.edu.au 
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K22. Interaction of particles with fluid-fluid interfaces 
quantified using magnetic tweezers 

Stefano Cappelli 1,2 , A.M. de Jong1,2 , M.W.J. Prins1,2,3  

1 Eindhoven University of Technology, Eindhoven, The 
Netherlands, 2 Institute for Complex Molecular Systems, 
Eindhoven, The Netherlands, 3 Philips Research, High 
Tech Campus, The Netherlands 

 

A key challenge in point-of-care diagnostics is the miniaturization and 
integration of assay processes in lab-on-chip devices. Assay 
processes based on magnetic particles are particularly suited for 
miniaturization and integration, because the particles can be actively 
controlled using external magnetic fields [1,2]. The sensitivity and 
specificity of the assays crucially depend on the interaction of the 
particles with surfaces, interfaces and biological materials. Therefore 
we are investigating particle-based methodologies to characterize 
interactions of protein-coated particles with surfaces [3], protein-
ligand systems [4] and cells [5]. Here, we extend the magnetic 
particle based toolbox to the characterization of interaction between 
particles and fluid-fluid interfaces, providing a novel tool for colloidal 
science studies [6]. 

In our experiments we use a magnetic tweezers setup with five 
electromagnets. Magnetic particles are first suspended in an 
aqueous phase and then trapped at a fluid-fluid interface. In a 
rotation experiment, a well controlled mechanical torque is applied to 
the trapped particles, using in-plane and out-of-plane rotating 
magnetic fields. The resulting particle rotation is tracked using optical 
imaging with fluorescent tags. In-plane rotation gives information 
about the in-plane mobility of the particles in the interface, thereby 
probing the local micro-rheology. Out-of-plane rotation induces an 
asymmetric deformation of the interface (capillary dipole) due to 
contact line pinning. By reconstructing the angular displacement and 
comparison with numerical simulations we are able to quantify the 
interface deformation. As a next step we will record data of contact 
line pinning and contact line friction forces on the microparticle 
surfaces. This novel technique represents a versatile tool to quantify 
and unravel the interactions of particles with fluid-fluid interfaces, 
with relevance for colloid science, active rheology, mesoscopic flow 
phenomena, and particle-based biosensing. 
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6. Understanding Pickering Emulsions Using Mesoscale 
Simulations 
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And 
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Although Pickering emulsions are becoming extremely popular in the 
academic community, few applications benefit from such interesting 
systems. We argue that better understanding their fundamental 
properties, especially related to their stability, will enable a host of 
practical applications. The stability of Pickering emulsions is related 
to structural and dynamical properties of interfacial nanoparticles. 
Our group has investigated such properties by means of multi-scale 
simulations (from atomistic to coarse-grained, to phenomenological). 
We considered several nanoparticle types, including spherical and 
elliptical, Janus or homogeneous with different amounts of 
hydrophilic/hydrophobic surface groups. We focused on (a) the effect 
of particle properties on self-assembled aggregates structure, (b) 
systems of different composition, (c) particles properties as a 
function of droplet size, and (d) particles with grafted polymers. For 
a given system composition, we investigated the effect of increasing 
nanoparticle density. We will present a survey of our recent results, 
quantified in terms of interfacial tension reduction, radial distribution 
function, order parameters, contact angle, self-diffusion coefficient, 
etc. The goal is to identify properties that could be tested 
experimentally. 

 

Email: a.striolo@ucl.ac.uk 

  

mailto:a.striolo@ucl.ac.uk


153 of 340 
 

K23. The Versatile Properties of Hollow Silica Spheres 
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Hollow silica nanoparticles are structurally simple colloidal building 
blocks. However, such silica capsules possess a vast range of 
interesting properties. Here, I will present a comprehensive overview 
on the optical, mechanical, and thermal properties of monodisperse 
hollow silica nanoparticles, which feature particle sizes of less 1 µm 
and shell thicknesses of only a few ten nm. 

Individual hollow silica spheres feature an unique coloration effect, 
which originates from an incoherent scattering mechanism, namely 
Mie scattering. The low refractive index of hollow capsules 
suppresses multiple scattering, which is typically observed in solid 
colloidal particle powders. The large mean free path of light through 
such a hollow powder material therefore allows the observation of 
colorful Mie scattering with the naked eye.1 

Arranging hollow spheres in a two-dimensional superstructure 
allowed us to determine the collective mechanical properties using 
nanoindentation. We investigated the elastic response as well as the 
plastic deformation. Such films feature mechanical properties 
comparable to solid polymer films. Their granular morphology 
reflects into an peculiar compression behaviour. Furthermore, such 
hollow particle films exhibit a large capacity to dissipate energy upon 
compression.2,3 

Three-dimensional superstructures of hollow spheres can be 
regarded as an analogue to silica aerogels, however, with a much 
better defined internal structure and symmetry. The massive 
nanostructuring of the silica network and the interconnectivity at few, 
defined contact points between the spheres opposes the transport of 
thermal energy through such a material. The thermal conductivity 
through such films is therefore almost as low as in the case of silica 
aerogels. Without the need for supercritical drying, we can employ 
well established colloidal processing routes to fabricate highly 
insulating porous silica films. We present in great detail the influence 
of various structural parameters on the thermal conductivity. 
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35. Can Polymersomes form Colloidosomes? 
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b-Department of Chemistry, The University of Liverpool, 
Crown Street, Liverpool  

 

Hydroxy-functional polymersomes (or block copolymer vesicles) 
were prepared via a facile one-pot RAFT aqueous dispersion 
polymerisation protocol and evaluated as Pickering emulsifiers for 
stabilisation of n-dodecane-in-water emulsions. Linear 
polymersomes produced polydisperse oil droplets of approximately 
50 µm diameter, regardless of the polymersome concentration in the 
aqueous phase. Introducing an oil-soluble polymeric diisocyanate 
cross-linker into the oil phase prior to homogenisation led to block 
copolymer microcapsules as expected. However, TEM inspection of 
these microcapsules after an alcohol challenge revealed no evidence 
for polymersomes, which suggests that these delicate nano-
structures do not survive the high shear emulsification process. Thus 
the emulsion droplets are stabilised by individual diblock copolymer 
chains, rather than polymersomes. Cross-linked polymersomes 
(prepared by the addition of ethylene glycol dimethacrylate as a third 
comonomer) also formed stable n-dodecane-in-water Pickering 
emulsions, as judged by optical and fluorescence microscopy. 
However, in this case the droplet diameter varied from 50 to 250 µm 
according to the aqueous polymersome concentration. Moreover, 
diisocyanate cross-linking at the oil/water interface led to the 
formation of well-defined colloidosomes, as judged by TEM studies.  
Thus polymersomes can indeed stabilize colloidosomes, provided 
that they are sufficiently cross-linked to survive emulsification. 
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K34. Translational R&D in Healthcare Biomagnetics 

 
Quentin Pankhurst, Institute of Biomedical Engineering, University 
College London, London WC1E 6BT 
 
‘Healthcare Biomagnetics’ – the sensing, moving and heating of 
magnetic nanoparticles in vitro or in the human body – is a rapidly 
changing field that is attracting much interest worldwide.1 It offers the 
potential to develop safe and convenient alternatives for a diverse 
range of therapeutic and diagnostic healthcare applications, using 
injectable materials of proven safety and reliability. In doing so, it 
makes use of the three fundamental ‘action-at-a-distance’ properties 
of magnetic materials – their ability to act as remote sensors,2 
mechanical actuators,3 and sources of heat fro both hyperthermia 
and thermoablation.4 The versatility of the field is leading to the 
emergence of multi-modal applications, combining two or more of the 
sensing-moving-heating properties in the same product. Similarly, 
certain applications are now entering or are close to beginning Phase 
I/II clinical trials, or in the case of in vitro products, are already 
entering the marketplace. Examples of work in the fields of targeted 
delivery of drugs and other therapeutic agents, and others, will be 
presented and discussed. 
 

   
Representative images related to (from left to right): magnetic sensing, 
actuation and hyperthermia 
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High magnetic moment nanoparticles will have many potential 
applications in sensing, separation, diagnosis and treatment of 
diseases such as cancer, which is still a leading cause of disease 
worldwide. Magnetic nanoparticles offers an exciting new alternative 
treatment, with local heating of affected areas allows to eliminate the 
side effect of current radio-or chemotherapy. The most cutting edge 
research has recently focused on the combination of heat treatment 
with traditional cancer drugs. That synergistic effect with enhance the 
treatment efficacy of both hyperthermia and drugs. For many 
applications, the currently available MNPs namely iron oxide are sub-
optimal in terms of their physical and biochemical properties. They 
have lower saturation magnetisation and often are not well 
biofunctionalised for specific biological target. In this presentation, 
novel class of MNPs with different size, shape (cube, octopods, rods, 
multipods, star), chemical composition (e.g., metallic Co, alloy FePt, 
trimetallic FePtPd, etc..;), coating and surface chemistry have been 
fabricated using wet chemical methods.  Multifunctional/hybrid MNPs 
with noble metal Au and semiconductor quantum dots CdSe were 
also synthesised. Magnetic nanoparticles could also be used to track 
neural stem cells after a transplant in order to monitor how the cells 
heal spinal injuries or tracking of engrafted pancreatic islets for 
transplantation. 
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Fig 1. Magnetic AC field treatment applied via an in-house patented 
system  
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S. Maenosono, N.T.K. Thanh (2009). Synthesis and 
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Department of Chemistry, University of  Warwick, Coventry 
CV$ 7AL, UK 

 

Particles that can undergo directed self-propulsion are desirable for 
colloidal cargo delivery and self-assembly. Herein we describe the 
synthesis of silica–manganese oxide “matchstick” colloids that 
undergo catalytic self-propulsion by consumption of hydrogen 
peroxide. Chemotaxis is observed when particles are placed in a fuel 
gradient. Movement opposes convective flow which is tracked by 
following inert polymer microspheres simultaneously. 
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118. Self-Diffusiophoresis of Chemically Active Colloids 

Mihail N. Popescu 

Max Planck Institute for Intelligent Systems, Stuttgart, 
70569, GERMANY 

The challenge of enabling micrometer-scale objects to perform 
autonomous motion (so-called self-propulsion) in a liquid 
environment has received significant interest in the last decade. One 
route to achieve this is by covering part of the surface of a colloid 
with a catalyst for a chemical reaction in the surrounding solution 
(i.e., making a chemically active "Janus" colloid) [1,2]. In this way 
gradients in concentrations of reactants and products can be created 
along the particle’s surface and self-phoretic-propulsion emerges [2-
4].  

I discuss here two model systems of self-diffusiophoresis [3]. The 
first one is a Janus sphere (carrier) connected by a thin rigid rod to a 
spherical, catalytically inert particle (cargo). Generalizing previous 
results [4], I analyze this system in the most general setting of 

different radii (R1, R2), reactants-surface interactions (1, 2), and as 
a function of the catalyst coverage. 

The second one is that of a Janus sphere near a hard wall acting as 
a perfect sink for the reaction products, for which recent results [5] 
evidenced several non-trivial steady-states, including a “hovering” 
state. Taking advantage of the particular geometry of the hovering 
state (the axis of the Janus colloid is normal to the wall), the 
dependence of the position at hovering (height above the wall) on the 
percentage of catalyst coverage of the Janus particle and on the 
hydrodynamic boundary condition (stick or slip) at the wall is 
determined analytically. 

References [1] R.F. Ismagilov, A. Schwartz, N. Bowden, G.M. 
Whitesides, Angew. Chem., Int. Ed., 41, 652 (2002). [2] W.F. Paxton 
et al, JAchS 126, 13424 (2004); J.R. Howse et al, Phys. Rev. Lett. 
99, 048102 (2007). [3] R. Golestanian, T.B. Liverpool, and A. Ajdari, 
New J. Phys. 9, 126 (2007). [4] M.N. Popescu, M. Tasinkevych, S. 
Dietrich, EPL 95: 28004 (2011). [5] William Upsal, private 
communication (2014). 
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188. Formulation of electrostrictive materials for energy 
harvesting devices 
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Embedded electronics have been used for weather database 
information, accelerometers and fatigue measurements. Nowadays, 
the main drawback of microsensors and actuators used in embedded 
electronics is their long term autonomy. In order to overcome to this 
problem, a promising approach is to harvest and convert mechanical 
energy from ambient vibrations to fulfill energy demands of micro-
electromechanicals systems (MEMS). Variable capacitor composed 
of electrostrictive materials (i.e. for which dielectrics properties are 
modified under strain) are easily integrated to MEMS. A recent 
approach is based on the use of polymers loaded with conductive 
nanoparticles. Near percolated networks of conductive particles are 
expected to yield materials with giant dielectric constant and 
electrostriction coefficients [1]. Nevertheless, the validation of such 
expectations and the development of electrostrictive 
nanocomposites remain challenging. It is necessary to finely control 
the morphology of the particle networks formed by the particles within 
an elastic polymer.  
 

The aim of the present work is the development of near percolated 
carbon nanotubes (CNT) networks within an elastic polymer matrix, 
such as polydimethylsiloxane (PDMS). A novel emulsion formulation 
route is employed to achieve a fine control over the structure of the 
materials. The nanotubes are dispersed in the continuous phase of 
an emulsion made of PDMS droplets in water. The CNT are 
segregated in between the PDMS droplets and can form near 
percolated networks of morphology controlled by the size of the 
emulsion droplets. The dielectrics properties of the composites 
materials will be driven by several factors such as (i) the droplets 
size, (ii) CNT loads and (iii) their aggregation state. The influence of 
these factors is investigated. A particular attention will be paid to the 
variations of the dielectric properties in response to a mechanical 
stress in order to assess the potential of these new materials for 
electrostriction and energy harvesting applications 
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187. Controlling Shell Thickness of Large Core-Shell Drops 
in Non-Confined Microfluidics 

Ankur Chaurasia  and Shahriar Sajjadi  

King’s College London, UK   

For numerous encapsulation applications such as nutrients, drugs, 
and long-term cell encapsulation, large core-shell droplets or 
particles are required.1-3 Such structures exhibit greater stability with 
thin shells4, while their permeability can be controlled via suitable 
material selections to tune release profiles.5 Variation in shell 
thickness of core-shell droplets formed in a confined, flow-focused 
microfluidic approach is already known.6 We introduce a non-
confined microfluidic approach that produces giant core-shell 
droplets under the influence of buoyancy, which has so far remained 
unexplored. Two glass capillaries with selectively treated surfaces 
were coupled, aligned and housed inside a vessel containing the 
quiescent continuous phase. We demonstrate the production of giant 
core-shell drops, with droplet diameters ranging from 1.6 to 6 mm 
and typical shell thickness in the hundreds of micrometers. We also 
show an alternative approach for producing core-shell drops having 
ultra-thin shells using a single-step, biphasic flow using the same 
device. The relative thickness of shells was controlled by the relative 
flow rates of inner and middle phases (Figure 1). Droplets with 

diameters within 200 m - 1.8 mm having shell thickness of 1 - 30 

m were produced. The facile nature of working with such systems 
by having a quiescent outer phase and non-confined geometry 
means scale up would be easy. 
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Figure 1. Relative shell thickness (t/R, t: Shell thickness, R: Drop 
radius) versus inner-to-middle phase flow rate ratio (Qi/Qm) curve 
showing the drops with thin shells obtained towards high Qi/Qm. 

 
1 A. Manukian, ARS Inc. Gainsville FL, DDT Magazine, 2008, 8. 
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Reviews, 2000, 42, 29-64. 

3 N. Bremond, E.S. Carreras, L.Y. Chu and J. Bibette, Soft Matter, 
2010, 6, 2484-2488. 

4 S.H. Kim, J.W. Kim, J.C. Choc and D.A. Weitz, Lab Lab on a Chip, 
2011, 11, 3162-3166. 

5 C. Ye, A. Chen, P. Colombo and C. Martinez, J. R. Soc. Interface, 
2010, 7, S461–S473 

6 G.T. Vladisavljevic, H.C. Shum and D.A. Weitz, Progress in Colloid 
and Polymer Science, 2012, 139, 115-118. 
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K26. Using demixing, remixing & wetting to organize 
colloidal particles 

Paul S. Clegg 

School of Physics and Astronomy, University of Edinburgh, 
Mayfield Road, Edinburgh EH9 3JZ, UK.  

 

Formation of many soft composite materials involves the co-
evolution of a host system that undergoes a phase transition with a 
dispersed constituent that alters or arrests that process. The host 
system is some solvent e.g. a phase-separating fluid or a liquid 
crystal while the dispersed constituent might be particles or 
polymers. In all cases the host can be thought of as creating effective 
interactions between the dispersed constituent. The resulting soft 
composite materials can have tuneable properties. 

I will present experimental results demonstrating that phase-
separating fluids can be used to organize colloidal particles: 
employing demixing to create bicontinuous gels stabilized by 
interfacial particles (bijels) [1]. I will then go on to present work 
showing pre-transitional clustering of particles approaching the 
phase boundary of a binary liquid [2]. Finally I will employ both these 
phenomena to create colloidal networks beginning with a partially 
miscible emulsion [3]. 

[1] M.E. Cates and P.S. Clegg, Soft Matter, 4, 2132 (2008). 

[2] N. Hijnen and P.S. Clegg, Langmuir (accepted). 

[3] N. Hijnen and P.S. Clegg, Materials Horizons, 1, 360 (2014). 
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157. Assembly of Colloidal Particles in Vertical and Lateral 
Directions in Thick Films 

 
Jospeh L. Keddie, A. Utgenannt, A. Georgiadis A. 
Kanaras, and C. Jeynes,  

Department of Physics, University of Surrey, Guildford, 
Surrey GU2 7XH, UK 

The controlled assembly of polymer particles and nanoparticles to 
create nanostructured films with functional optical properties and 
structures will be described. With a colloidal dispersion in a fluid, the 
competing effects of evaporation, which causes particle 
accumulation at the free surface, and Brownian diffusion, which 
smooths out concentration gradients, can be controlled to determine 
the concentration profile in the vertical direction. In blends of particles 
with differing size, a wide variety of structures, at sub-mm length 
scales, are created by adjusting these competing effects, as 
described through the use of a mean Peclét number (R.E. Trueman 
et al., J. Coll. Interf. Sci. (2012) 377, 207). Large particles are slowly 
diffusing so that they accumulate near the receding air/water 
interface. However, when nanoparticles are sufficiently small, they 
can pass through the interparticle voids to create templated 
structures (see Figure 1). In another type of assembly process, the 
evaporation rate laterally across a waterborne colloidal film is 
modulated by shining IR radiation through a shadow mask to heat 
locally. Colloidal particles are carried in a convective flow to fast-
evaporating regions to build up thicker layers with lateral 
characteristic lengths on the order of millimeters (see Figure 2). 
Applications include drag-resistant coatings and microlenses (A 
Georgiadis, et al. Soft Matter (2012) 7, 11098).  The addition of Au 
nanoparticles introduces plasmonic properties (A. Utgenannt et al, 
Chem. Comm. (2013) 49, 425) that are defined through the structural 
arrangement. 
 
  



166 of 340 
 

Figure 1. Au nanoparticles template around colloidal particles 
 

 

   
Figure 2. Patterned surface of colloidal film. 
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22. How do Important State Variables like Particle 
Concentration and Strength of Attraction affect the 
Rheology of Cohesive Colloidal Suspensions?   

Richard Buscall , Exeter, Devon, U.K.  

Concentrated colloidal suspensions found in nature and industry are 
almost invariably found to be cohesive to some degree, colloidally 
stable systems being rare outside of the university laboratory.  The 
rheology and processing behaviours depend upon the usual state 
variables of particle size and shape (distributions), particle 
concentration and strength of interparticle attraction. Here I will focus 
on the latter two variables, since these together seem to conspire to 
produce a wide range of behaviours, to the point where, arguably, 
even the phenomenological catalogue of them is far from complete, 
let alone an understanding of them. It should be mentioned also that 
cohesive suspensions are very often adhesive too (of the dozen or 
so known mechanisms of inter particle attraction, the majority are 
non-specific), hence the phenomenology can depend also upon the 
nature of any solid bounding surfaces. Thus, even though the bulk 
flow behaviour of weakly-attracting particles (well-depth << 20 kBT ) 
is relatively simple (shear-thinning), complex time-dependent 
behaviour can be observed in the presence of smooth boundaries 
because of the slow development of adhesion. This can be mistaken 
for thixotropy.  

More strongly attracting systems show a yield stress typically, 
although this does not mean that the rheology is universal in other 
respects. The linearity or otherwise of the viscoelasticity below the 
yield point seems to vary markedly from one system to another, for 
example. Some cohesive yield stress liquids (YSL) show history-
independent and reproducible behaviour and some do not. It is 
tempting to suppose that the former are ergodic, i.e. that yielding in 
such cases involves tilting of the energy landscape until activated 
flow occurs (cf. Eyring), whereas the latter systems might just be 
uncompromisingly athermal: the horrors of irreproducible behaviour, 
shear-banding, irreversible history dependence do indeed seem to 
be associated with larger particles, higher concentrations and very 
strong attractions, in the speaker’s experience. 
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The rheology of cohesive suspensions is so rich that I will only be 
able to illustrate two or three aspects in the time available. My aim 
though will be to draw attention to aspects where, either, there is a 
dearth of experimental data, or, where there is an obvious need for 
systematic work.  
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193. Taking a Look into the Black Box - New Perspectives of 
Nanoparticle Formation 

Joerg Polte 
 

Humboldt-Universität zu Berlin, Berlin, Germany  
 

Colloidal nanoparticles have attracted much attention due to their 
unique properties and promising applications. Synthetic procedures 
are known and have been investigated since Faraday’s ground-
breaking experiments about gold colloids more than 150 years 
ago.[1] In the past 25 years, the synthesis, characterization and 
application of colloidal nanoparticles turned into one of the most vivid 
research fields.[2]  
In this regard, it is surprising that the actual nanoparticle formation 
processes remain a black box. In general, progress in synthetic 
procedures is achieved by trial and error approaches without having 
a precise idea of the underlying growth mechanisms. Simple 
questions of fundamental interest such as (i) “What is the principal 
growth mechanism?”, (ii) “What determines the final particle size?” 
or (iii) “How do the different synthesis parameters affect the growth 
mechanism and consequently the final size?” cannot be answered.  
In recent publications, we showed for several metal nanoparticle 
syntheses that time-resolved in-situ experiments can deliver a 
precise image of the particle growth. The deduced mechanisms are 
in contrast to classical and non-classical nucleation theories.[3-5]  
The growth mechanisms and therefore the answer of question (i) can 
only be the first step to gain a profound understanding of nanoparticle 
formation. It is more complicated to deal with the other two questions 
and investigate the different physicochemical processes that occur 
during the synthesis, identify their influence on the growth 
mechanism and apply this knowledge to control the particle growth 
and final size. 
Exemplified for syntheses of gold, silver and palladium nanoparticles, 
it will be demonstrated that the gained mechanistic knowledge allows 
improving and developing strategies for size controlled syntheses of 
nanoparticles without any stabilizing agents. 
1) Faraday, M., Phil. Trans. of the Royal Society of London, 1857,147, 145. 2) Xia, 

Y. et al., Angew. Chem. Int. Ed., 2009,48, 1, 60. 3) Polte, J. et al., J. Am. Chem. 

Soc., 2010, 132, 4, 1296. 4) Polte, J. et al., ACS Nano, 2010, 6, 5791. 5) 

Wuithschick, M. et al., Chem. Mater., 2013, 25 (23), 4679 
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K27. Colloid electrostatics at very low ionic strengths 

Paul Bartlett1, James Hallett1,2, David Gillespie1 , Sam 
Finlayson1 , Rob Richardson2 , Katy Neale1 , Aleks Marsh1  

1 School of Chemistry, University of Bristol, Bristol, UK  

2 H.H. Wills Physics Laboratory, University of Bristol, 
Bristol, UK 

A charged colloid (of radius 𝑎) in solution is surrounded by a layer of 
ions which are attracted to the surface of the particle. In contact with 
an external reservoir of ions, the ionic atmosphere has a 
characteristic thickness of 𝜅−1(the Debye screening length). The 
range and strength of the double-layer repulsions between charged 
particles varies dramatically with 𝜅𝑎.  

In the large 𝜅𝑎 limit, where repulsions decay exponentially with 
separation, experiments are in excellent agreement with classical 
DLVO theory. The situation is however uncertain for 𝜅𝑎 ≪ 1, where 
double layers are diffuse and interactions are very weakly screened. 
Recent calculations1, for instance, have suggested that for strongly 
overlapping double layers the strength and character of the 
repulsions between charged surfaces might change substantially at 
small separations. In contrast, earlier work2 has even questioned if 
charged particles might not be repulsive at all at very low ionic 
strengths.  

In this talk, we present an experimental study of the stability and 
interactions of highly-charged colloids with no added electrolyte and 
no external salt reservoir, so 𝜅𝑎 = 0. We use a novel system3 of ionic-
liquid stabilized nanoparticles dispersed in a non-polar solvent to 
ensure that the dispersion contains only the exact number of counter-
ions required for neutrality. We determine the structure of 
concentrated dispersions over an extended range of volume 
fractions using small angle X-ray scattering measurements. The 
variation of the structure factor with concentration is analysed to yield 
an effective pair potential. We find a surprisingly strong non-
monotonic density dependence which we interpret in terms of 
counter-ion only solutions of the Poisson-Boltzmann equation. The 
finding has important implications for the operation of electrophoretic 
displays. 

 



171 of 340 
 

References 

1. Philipse, A. P., Kuipers, B. W. M. & Vrij, A. Algebraic 
Repulsions between Charged Planes with Strongly Overlapping 
Electrical Double Layers. Langmuir 29, 2859–2870 (2013). 

2. Lin, S. & Wiesner, M. R. Paradox of Stability of 
Nanoparticles at Very Low Ionic Strength. Langmuir 28, 11032–
11041 (2012). 

3. Hussain, G., Robinson, A. & Bartlett, P. Charge Generation 
in Low-Polarity Solvents: Poly(ionic liquid)-Functionalized Particles. 
Langmuir 29, 4204–4213 (2013). 

 

Email: p.bartlett@bristol.ac.uk 
  

mailto:p.bartlett@bristol.ac.uk


172 of 340 
 

195. Preparation of Soft, Responsive Nanogel Particles with 
Controlled Internal Structure 

Imre Varga, Roberta Acciaro, Daria Kaczmarek, Attila 
Kardos 

Institute of Chemistry, Eötvös Loránd University, 1117 
Budapest Pazmany s. 1/A, Hungary.  

The synthesis of responsive nanogel particles has attracted a 
considerable interest in the last decade.1 To meet the challenges of 
nanotechnology, there is compelling need to develop synthetic 
methods for controlling the internal structure of the nanogel beads. 
In this contribution we provide information about the synthesis of soft, 
responsive poly(N-isopropylacrylamide) based nanogel particles 
with controlled internal structure. To achieve this goal the monomer 
conversion during the polymerization of pNIPAm nanogel particles 
has been investigated. Our results indicated that in agreement with 
literature results1 the formed nanogel beads have inhomogeneous 
internal structure, which is the consequence of the different monomer 
reactivities. Based on our kinetic data we were able to control the 
internal structure of the prepared nanogel beads in a single pot 
reaction by controlling the monomer concentrations in the reaction 
mixture during the particle synthesis. This allowed us to prepare both 
nonagel particles with homogenous internal structure and unique 
core/shell particles, (i.e. pNIPAm particles with pure acrylic acid 
shell). Our investigations clearly indicated that the particle internal 
structure has a profound effect on the particle properties. 
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Figure 1 The optical appearance, the temperature dependant 
swelling, as well as the schematic representation of the internal 
structure of the microgel particles prepared by the traditional Batch 
method (on the left) and by our novel approach giving rise to either 
homogenous nanogel beads (in the middle) or unique core/shell 
structures (on the right). 

References 

[1] B. R. Saunders et al., Adv. Coll. Int. Sci. 2009, 147-148, 251-
262.  

Email: imo@chem.elte.hu 

  

25 30 35 40 45

150

200

250

300

350

400

450  Batch polym.

 Feeding polym.

t [
o
C]

 

 

d
h
 [

n
m

]

mailto:imo@chem.elte.hu


174 of 340 
 

49. Self-Assembly of Poly (Methacrylate-co-Acrylic Acid) 
Copolymers of Varying Architecture Synthesised by RAFT 
Polymerisation 

Sarah Canning1 ,2 , Mark Geoghegan2, Stephen Rimmer1  

1 Polymer and Biomaterials Chemistry Laboratories, 
Department of Chemistry, University of Sheffield, S3 7HF, 
UK 

2 Department of Physics and Astronomy, University of 
Sheffield, S3 7RH, UK 

Polymers with segmented amphiphilic structure possess numerous 
supramolecular properties leading to interesting nano-scale 
structures.1 The study of this behaviour has largely been limited to 
linear block copolymers, but as the supramolecular organisation of 
the segments is expected to be controlled by architecture, 
consideration of other segmented architectures could lead to new 
and useful supramolecular and nanoscale structures. As a technique 
for producing segmented polymers of differing architectures, 
Reversible Addition-Fragmentation Chain Transfer (RAFT) 
polymerisation2,3 is possibly the most versatile of the controlled 
radical polymerisation techniques.4 

 Amphiphilic block copolymers with constant chemistry but 
differing architectures have been shown by transmission electron 
microscopy (TEM) and small angle neutron scattering (SANS) to self-
assemble into micellar structures in water. RAFT polymerisation has 
been used to synthesise poly (alkyl methacrylate-acrylic acid) 
copolymers in a range of different architectures: graft, highly 
branched block and linear block, in addition to random versions of 
each of these copolymers. This set of model materials has allowed 
us to investigate the effects of architecture and composition on the 
properties of the copolymers. Additionally the hydrophobicity of the 
methacrylate block has been varied to study its effect on solution 
conformation.   

 These materials were designed to improve the adhesion of 
hydrophilic materials to a hydrophobic substrate via deposition from 
a fluid. However due to the amphiphilic nature of the materials they 
show potential for further use as surface active polymers in a range 
of nano- and bio- technologies. 

1. G. Riess, Progress in Polymer Science, 2003, 28, 1107-1170.  
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180. Elaboration of polysaccharide-covered polyester 
nanoparticles for the encapsulation of polyphenolic 
molecules 

Asma Chebil a,b, Michèle Léonard a,b, Cécile Nouvel a,b, Jean-Luc Six a,b, 
Alain Durand a,b 
 
a Université de Lorraine, Laboratoire de Chimie Physique 

Macromoléculaire LCPM, FRE 3564, Nancy F-54000, France  
b CNRS, Laboratoire de Chimie Physique Macromoléculaire LCPM, 

FRE 3564, Nancy F-54000, France  

 
Polysaccharide-covered polyester nanoparticles were prepared by 
two different methods: nanoprecipitation and emulsion/solvent 
evaporation. The core of nanoparticles was made of polylactic acid 
(PLA) while their surface was covered by dextran chains via the use 

of water-soluble randomly hydrophobized dextran (DexC6, Figure 1) 
as a polymeric stabilizer during either the nanoprecipitation or the 
emulsification step. These processes were optimized in order to 
obtain nanoparticles with reproducible size distributions well-below 1 
µm. The encapsulation and release of homologous polyphenolic 
molecules (PM: confidential substances) in dextran-covered PLA 
nanoparticles was the targeted application. Investigated PM 
molecules varied by the length of alkyl group (R, cf. Figure 1). 
 

 
 
Figure 3. Dextran-covered PLA nanoparticles 
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The most hydrophobic substances appeared convenient for making 

the first attempts of encapsulation with significant yields. For these 

molecules, their miscibility with PLA in the solid state was 

characterized by Modulated Differential Scanning Calorimetry. The 

more hydrophobic the polyphenolic molecule, the lower the 

miscibility with PLA was. Loaded nanoparticles were characterized 

by measuring their size, evaluating their surface coverage as well as 

the thickness of polysaccharide superficial layer. We demonstrated 

that the use of polysaccharide-based stabilizers provided excellent 

colloidal stability in water and even in the presence of sodium 

chloride (from 10-4 mol/L to 4 mol/L) and allowed re-dispersion after 

freeze-drying. Nevertheless, the structure of dextran-based stabilizer 

appeared as an important parameter, particularly the number of 

e compared the 

yields of encapsulation obtained by either the nanoprecipitation 

process or emulsion/solvent evaporation process. 
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K28. Control over the Self-assembly of Nanoparticle 
Semiflexible Biopolyelectrolyte Complexes 

Li Shi, Florent Carn, François Boué, and Eric Buhler  

Laboratoire Matière et Systèmes Complexes (MSC), UMR 7057, 
Université Paris Diderot-Paris 7, Bâtiment Condorcet, 75205 Paris 
cedex 13, France 
 

The electrostatic complexation between model negatively charged 
silica nanoparticles (NPs) with radius R=10 nm and chitosan, a 
natural polyelectrolyte bearing positive charges with a semi-rigid 
backbone of persistence length of Lp=9 nm, was studied by a 
combination of SANS, SAXS, light scattering, and cryo-TEM. In this 
system, corresponding to Lp/R=1, we observe the formation of (i) 
randomly branched complexes in the presence of an excess of 
chitosan chains and (ii) well-defined single-strand nanorods with 
monodisperse cross-section in the presence of an excess of 
nanoparticles. We also observe no formation of nanorods for NPs 
with poly-L-lysine, a flexible polyelectrolyte, corresponding to 
Lp/R=0.1, suggesting a key role played by this ratio Lp/R. The 
intermediate case obtained with the semiflexible biopolyelectrolyte 
hyaluronan and corresponding to Lp/R=0.5 is also discussed. In the 
intermediate range of nanoparticles concentrations, we observe an 
associative phase separation (complex coacervation) leading to 
more compact complexes in both supernatant and coacervate 
phases. This method might open the door to a greater degree of 
control of nanoparticles self-assembly into larger nanostructures, 
through molecular structural parameters like Lp/R, combined with 
polyelectrolytes/nanoparticles ratio. 
 
L. Shi, F. Carn, F. Boué, G. Mosser, E. Buhler ACS Macro Lett. 2012, 
1, 857-861. “Nanorods of Well- Defined Length and Monodisperse 
Cross-Section Obtained from Electrostatic Complexation of 
Nanoparticles with a Semiflexible Biopolymer” 
 
L. Shi, F. Carn, F. Boué, G. Mosser, E. Buhler Soft Matter 2013, 9, 
5004-5015. “Control over the Electrostatic Self-assembly of 
Nanoparticle Semiflexible Biopolyelectrolyte Complexes” 
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155. Many-body depletion interactions  

Martin Turesson, Clifford E. Woodward and Jan Forsman ,  

Theoretical Chemistry, Lund University  

We have constructed a theory for colloid+non-adsorbing polymer 
dispersions, where an effective many-body Hamiltonian, acting 
between the particles, was derived.  Explicit comparisons with 
simulations have revealed that the theory is able to predict structure 
and phase diagrams in these systems, with a remarkable accuracy 
(see examples in the graphs below).  We have extended this theory 
to handle good solvent cases. We have also made theoretical 
calculations on a system of charged particles + depleting polymers, 
as studied experimentally by A. Stradner, P. Schurtenberger and 
colleagues (SANS, SAXS). We find excellent agreement with 
experimental S(k) curves at various concentrations of polymer and 
simple salt, provided that the former are modelled as “proper” chains, 
and not as spherical particles (the Asakura-Oosawa, AO, approach), 
and that the electrostatics is handled at the full non-linear Poisson-
Boltzmann level, rather than its linearized (screened Coulomb) 
version. In these systems, the particles are an order of magnitude 
larger than the polymers, so there was no need for a many-body 
potential, i.e. the “pair potential approach” that fails so badly for the 
kind of systems studied in the graphs below, actually works fine in 
this case.  

Simulations of a large number of non-adsorbing polymers + N 
particles, in a simulation box of a given size. The radius of gyration 
is twice that of the particle radius, so many-body interactions are very 
important. As the number of particles increase from the “gas”, the 
canonical system phase separates, until the concentration becomes 
“liquid-like”. These simulations are computationally very demanding. 

The same system as above, but with implicit polymers, entering via 
a many-body Hamiltonian. These simulations are very simple and 
fast. Extremely inaccurate predictions are obtained if only the pair 
(two-body) part of the many-body Hamiltonian is used. In those 
cases, the simulated g(r) peaks are typically well above 100.  
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106. Ostwald ripening of emulsions 
stabilized by a complex proteoglycan - gum Arabic 

Alan Parker and Richard Babas 

Materials Science, Corporate Research Division, 
Firmenich SA, Geneva, Switzerland 

 
Ostwald ripening is one of the main mechanisms destabilizing 
emulsions. It is driven by the Laplace pressure of the droplets. Gum 
Arabic produces very stable emulsions, due to the elastic film that it 
forms at interfaces1. For the first time, we study systematically the 
effects of Ostwald ripening on the size distribution of emulsions 
stabilized by gum Arabic. Our variables are: the concentration of gum 
Arabic, the composition of the oil phase and the emulsification 
pressure. 

The results are contrary to intuition based on other mechanisms of 
destabilization: 

1) Using less emulsifier can give more stable emulsions. 

2) Higher emulsification pressures lead to droplets that are smaller 
initially, but with lower long-term stability, due to their higher Laplace 
pressure. 

The existing theories of Ostwald ripening cannot completely explain 
our results. For pure oil, theory predicts two different behaviors, 
depending on whether the maximum diameter is above or below a 
critical value: 

1) Maximum above critical: the average diameter increases without 
limit and the distribution has a universal form. 

2) Maximum below critical: the size distribution is stable. 

For oil containing a highly insoluble component, theory predicts that 
a bimodal distribution is possible. The small droplets are stable, but 
the large droplets increase in size without limit, exactly as though the 
oil were pure. 

Our results show a previously unreported intermediate regime where 
the droplet distribution is bimodal, but the droplet diameters are fixed. 
Over time, the proportion of small droplets decreases and that of the 
large droplets increases. We discuss the role of interfacial elasticity 
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for this intermediate regime and propose a “fate diagram” that uses 
the Laplace pressure and the osmotic pressure to parameterize our 
observations. 

1. Erni, P. et al., “Interfacial rheology of surface-active biopolymers: 
acacia senegal gum versus hydrophobically modified starch”, 
Biomacromolecules. 8, 3458, 2007. 

 E-mail: alan.parker@firmenich.com 
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84. Probing nanoparticle interactions with biological 
system for drug delivery applications 

Beatrice Cattoz, P. Griff iths 

Department of Pharmaceutical, Chemical and 
Environmental Sciences, Faculty of Engineering and 
Science, University of Greenwich, Medway Campus, 
Central Avenue, Chatham Marit ime Kent ME4 4TB 

Before any drug administered to the gastro-intestinal tract reaches 
the epithelium, it must traverse a layer of mucus. The main polymeric 
component of mucus is the glycoproteins collectively called mucins. 
These are complex gel-forming polymers which exhibit electrostatic, 
hydrophobic and H-bonding interactions and are responsible for the 
viscous and elastic gel-like properties of the mucus layer.  

The efficacy of nanoparticles (NPs) to penetrate this layer, and 
deliver macromolecular drugs in therapeutic concentrations to the 
epithelium will depend on the surface chemistry (decoration) of the 
NPs.  Quantifying the interactions between these NPs and the mucin 
gel is essential for designing successful drug delivery systems.  In 
this project various decorations were fabricated, including zeta 
potential changing, slippery, and proteolytic enzymes.  Figure 1 
illustrates slippery and proteolytic enzyme decorated NPs 
penetrating a mucus layer that would stop conventional NPs. 

 

Figure 1: Possible scenarios of mucus interactions with particles of 
different surface chemistries 

The effect of these NPs on the mobility of intestinal mucin gel was 
assessed by pulse-gradient-spin-echo NMR (PGSE-NMR); whereas 
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the potential of the NPs to interact with the mucus and alter its 
tridimensional structure was investigated using two scattering 
techniques, small angle neutron scattering (SANS) and spin-echo 
SANS (SESANS). 

The proteolytic strategy showed promising results, i.e. insertion of 
0.5wt% of enzyme functionalized NPs to 5wt% intestinal mucin 
solution led to c.a. 2 fold increase in the mobility of the mucin 
molecules as measured by PGSE-NMR, this is indicative of a 
significant change in the structure of the mucin. 

Scattering measurements also revealed a change in the mucus 
structure upon addition of functionalized NPs, occurring mostly at a 
lengthscale larger than 0.5μm. 

Email: B.N.Cattoz@gre.ac.uk  
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K31. Characterization of suspension separation in 
thickeners, by an acoustic backscatter system 

Timothy Hunter1, Shane Usher2, Simon Biggs1, Jaiyana 
Bux1, Martin Til lotson3 , Peter Scales2, Anthony Stickland2 
and George Franks2  
1 Institute of Particle Science & Engineering, University of 
Leeds, UK 2 The Department of  Chemical and Biomolecular 
Engineering, University of Melbourne, Australia3 School of Civi l  
Engineering, University of Leeds 

The measurement of suspended particle changes within settling 
multiphase systems is important to many engineering and 
environmental applications; particularly for example, in minerals 
processing and water treatment. Many industrial separation 
operations rely on gravitational settling of particles (such as clarifiers 
& thickeners) and the ability to monitor concentration and 
stratification in situ may greatly aid in optimisation and allow more 
accurate modeling of these processes. Acoustic backscatter systems 
(ABS) are potentially a practical and relatively cheap characterization 
technique, which can give the ability to profile depthwise particle 
segregation in large environments, although their application in 
concentrated industrial suspensions is largely unstudied. Here for the 
first time however, a collaboration between the University of Leeds 
and the University of Melbourne has investigated the use of an ABS 
to characterize a model mineral separation system, utilizing a 
bespoke continual-flow ‘mini thickener’ with inline pipe flocculator. 
The free-settling region of the suspension was studied by the use of 
2 and 5 MHz transducers mounted in the top of the column; where 
the acoustic backscatter strength and attenuation from echo pulses 
were analyzed to study concentration changes with time. A 1 MHz 
probe mounted in the near-bed region was used to measure 
consolidated bed build-up and average density changes, also from 
the signal decay. Importantly, the influence of a scraper-rake on 
solids densification was observed by analyzing systems at two 
different scraper rotation speeds (0.1 and 1 rpm). In a second 
experimental programme in association with Yorkshire Water (UK), 
a full scale water treatment thickener was characterized by similar in 
situ measurements with the ABS. Here, the changing sludge 
interface and solids profile was measured from probes positioned at 
different radial locations from the centre. Again, rake densification of 
the sludge was analyzed by a deeper probe inserted within the 
consolidated sludge zone.   
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186 of 340 
 

95. Characterization of Graphene, Graphene Oxide and 
Nanographite Dispersions using NMR Solvent Relaxation 

1David Fairhurst, PhD  and 2Terence Cosgrove, DSc.,  

1XiGo Nanotools Inc, Bethlehem, PA 18017 USA  

2Department of Physical Chemistry, University of Bristol, 
BS8 1TS 

 
Nanocarbon materials, such as graphene/graphene oxide and 
graphite, are increasingly attracting much attention owing to their 
stable physicochemical properties, low cost, excellent chemical 
stability, wide operating temperature range properties and long cycle 
life. They are being considered for use in all types of applications to 
deliver enhanced performance capabilities to products such as 
reinforced composites the development of new generation 
supercapcitors, sensors and electrode materials. However, studying 
these systems in-situ is not straightforward as the formulations are 
opaque and often highly concentrated dispersions in a variety of 
aqueous and non-aqueous liquids. The physical characterization of 
nanoparticulate dispersions poses challenges, especially at high 
concentrations. NMR solvent relaxation is a non-invasive technique 
that probes the molecular motions of species adsorbed onto the 
particle surface and so can be used to characterize the strength of 
interaction between a liquid (or other additives) and particle surface 
functional groups. A major advantage of the technique is that 
measurements can be made at virtually any solids concentration and 
in almost any fluid media. The ability to distinguish between 
molecules at the surface and those in the bulk solution can be used 
to obtain valuable information on the interfacial interactions and 
structure at industrially relevant concentration without dilution. In any 
dispersion, the available amount of wetted surface area depends not 
only on the amount of physical external/internal surface presented 
but also the physico-chemical nature of the particle-liquid interface 
(i.e., surface chemistry). In this paper we will show data, obtained 
using a small bench-top low field NMR device, on dispersions of 
porous and non-porous nanocarbon materials that illustrates the 
versatile utility of the technique. 

Email: dfairhurst@xigonanotools.com  
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175. Functional Graphene-Polyelectrolyte Thin Films 
Formed By Hydrogen Bonding 

Alison Y.W. Sham1, S. M. Notley2  

1 Department of Applied Mathematics, Research School 
of Physics and Engineering, The Australian National 
University, Canberra, ACT 0200, Australia  

2 Department of Chemistry and Biotechnology, Swinburne 
University of Technology, Hawthorn, VIC 3122, Australia  

Electrically conducting thin films are essential for a variety of 
applications including solar cells, photonics and flexible electronics.  
Recently, graphene, a carbon allotrope consisting of single layer 
macroscopic carbon sheets, has attracted considerable interest in a 
range of research fields due to its unique 2D structure [1].  As a 
consequence of this unique structure, graphene possesses 
remarkable electrical conductivity, tensile strength, flexibility and 
optical transmittance, making it ideal for integration into thin films. 

This study focuses on incorporating colloidal graphene 
nanoparticles into polyelectrolyte multilayers using hydrogen 
bonding.  First, colloidal dispersions of pristine graphene 
nanoparticles were created from synthetic graphite using a method 
of surfactant-assisted exfoliation [2].  Thin films containing the 
anionic polyelectrolyte, polyacrylic acid and graphene nanoparticles 
were then constructed using the layer-by-layer approach [3].  Films 
were prepared using dip coating and a Quartz Crystal Microbalance 
(QCM) apparatus was used to monitor the deposition kinetics and 
adsorbed mass.  

A range of analytical techniques were used to characterize 
the resultant film composition, surface features and mechanism of 
formation for the thin films.  QCM measurements, Raman spectra 
and UV visible spectra indicate the successful formation of thin film 
multilayers through hydrogen bonding.  However, atomic force 
microscopy imaging and optical microscopy indicate partial 
dewetting of the films from the silica substrates.  It was also 
demonstrated that there was both a linear and exponential 
component to the film growth.  These insights may guide further 
studies regarding graphene-based thin films. 
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K29. CO2-Switchable Wormlike Micelles 

Yujun Feng1 ,2 , Yongmin Zhang2, Zonglin Chu2  

1 Polymer Research Institute, Stake Key Laboratory of 
Polymer Materials Engineering, Sichuan University, 
Chengdu 610065, P. R. China 

2 Chengdu Institute of Organic Chemistry, Chinese 
Academy of Sciences, Chengdu 610041, P. R. China  

 
Recently, interest has emerged in the design of environmentally 
stimuli-responsive wormlike micelles (WLMs) due to their peculiar 
micellar structures and tunable rheological behaviours, as well as 
potential applications. Simpler “green” triggers for switching WLMs 
between an “on” and “off” state without compromising their inherent 
properties are also highly desirable.[1] 
Here we developed three CO2-triggered wormlike micellar systems 
based on the following surfactants respectively: “pseudo”-gemini 
surfactants containing a commodity anionic surfactant and a diamine 
with molar ratio of 2:1,[2] a C18-tailed polyamine,[3] and a C22-tailed 
tertiary amine.[4] Before introducing CO2, all of these surfactant 
solutions are low-viscosity emulsion-like fluid; however, upon 
bubbling CO2 for only 2 minutes, they immediately transform into 
transparent viscoelastic gels with viscosity thousand times higher 
than that of the original solution. When CO2 is displaced with N2 or 
air, the gels restore to their initial low-viscous cloudy state. Of special 
interest is that such a CO2-responsive behaviour is reversible when 
cyclically bubbling and removing CO2, and could be repeated 
several cycles without loss of response to CO2. Cryo-TEM 
observation before and after CO2 streaming reveals a 
microstructural transition from spherical micelles to WLMs networks, 
NMR characterization of the corresponding species attributes the 
mechanism to the protonation and deprotonation of the amine groups 
in the systems. Compared with traditional trigger of HCl, CO2 does 
not produce contamination and accumulation of by-products in the 
solution, which may prolong the switchable cycles. These unique 
features furnish CO2-switchable WLMs to thicken and separate 
specific fluids for a myriad of technological applications, particularly 
water-alternate-gas oil recovery process. 
 
[1] Chu, Z.; Dreiss, C. A.; Feng, Y., Chem. Soc. Rev. 2013, 42, 7174 
[2] Zhang, Y.; Feng, Y.; Wang, Y.; Li, X., Langmuir 2013, 29, 4187 
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5. Realising Autonomous Transport Applications for Janus 
Particle Catalytic Swimming Devices 

Steve Ebbens, A. Campbell, A. Sadeghi, J. Howse – 
University of Sheffield, R. Golestanian – University of 
Oxford, G. Buxton – Robert Morris University, USA  

 
Janus colloidal swimmers produce motion by asymmetrically 
decomposing dissolved fuel molecules around their surfaces.  The 
goal for Janus swimming devices is to allow the delivery of drugs 
within the body, or transport of analytes in a microfluidic device.   
Here we survey the steps taken towards autonomous transport for 
these devices within our research group and highlight the challenges 
that still remain.  The key to controlling Janus particle device 
trajectory is to influence rotational diffusion rate.  If left to undergo 
unrestricted Brownian rotational motion, swimmer trajectories are 
rapidly randomised; because their direction of travel is determined by 
the Janus particles orientation.  Consequently, without control, the 
propulsion force manifests as super-diffusion at time scales beyond 
the rotational diffusion constant, rather than the more useful directed 
motion required for applications.  So we describe and compare the 
wide range of methods we have investigated to modify and control 
rotational diffusion; including stimulus responsive size change, 
magnetic quenching, interfacial confinement, self-assembly, 
gravitational bias, and control of the catalyst patch geometry, Figure 
1.  
We discuss how these phenomena can be exploited to achieve new 
applications such as the active separation of devices according to 
properties such as spin, or velocity.  Combined with self-assembly, 
this can allow swimmers with particular properties to be 
autonomously manufactured.   In addition we show how the 
interaction of swimmers with interfaces can allow them to follow 
surface patterned features, providing a method to direct and control 
their motion.   
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Figure 1: (a) Schematic of Janus colloid (b) control via self-assembly 
(c) control via magnetic fields 
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181. Switching between two modes of coalescence in dense 
thermo-responsive emulsions 

Huanhuan Feng1 , Martien A. Cohen Stuart 1, Karin 
Schroen2, Jasper van der Gucht1 & Joris Sprakel1  

1.Laboratory of Physical Chemistry and Colloid Science, 
Wageningen University, Dreijenplein 6, 6703 HB 
Wageningen, The Netherlands.  

2. Food Process Engineering Group, Wageningen 
University,Bomenweg 2, 6703 HD Wageningen, The 
Netherlands. 

 

We apply a new method of micro-centrifugation to directly study the 
coalescence in densely packed emulsions, under well-defined 
conditions. By combining microfluidic centrifugation and high-speed 
imaging we are able to obtain direct and quantitative measurements 
of temperature-dependent critical disjoining pressures and 
coalescence rates. In experiments using a thermoresponsive 
emulsion we find two distinct modes in which a dense emulsion 
coalesces. A small change in temperature allows switching from 
coalescence occurring exclusively at the oil-emulsion front to 
coalescence occurring randomly throughout the entire packed layer 
of emulsion. These findings shed new light on the mechanisms of 
coalescence in dense emulsions at the length scale of the individual 
droplets. 

 

Email: Joris.sprakel@wur.nl  
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Dynamic arrest in soft colloidal matter 

Johan Mattsson 

School of Physics & Astronomy, University of Leeds  

Understanding how dynamic arrest takes place in disordered 
systems such as glasses or gels is an important problem in 
condensed matter physics. A molecular glass is normally formed by 
cooling of a liquid. Upon entering the supercooled state, the 
structural dynamics slows down dramatically, eventually leading to 
the formation of a non-equilibrium glassy state. On route towards the 
glass, the behaviour shows a range of highly general, near universal 
characteristics, such as stretched exponential behaviour of dynamic 
correlation functions and cooperative dynamics. Such generalities 
exist even though molecular glasses can be formed from liquids 
encompassing a wide range of molecular structures and interactions. 
Glass formation also occurs in altogether very different systems. One 
of the most interesting, both from a fundamental and an applications 
point of view, is that of colloidal suspensions. The high degree of 
control that can be achieved regarding colloidal particle size, shape 
and interactions makes this a fantastic model system for learning 
about glass-formation in general.  Moreover, in colloidal systems with 
attractive interactions dynamic arrest into gels can also take place 
and the interplay between glass- and gel-formation is often both 
important and complex. We will here discuss both glass and gel 
formation in colloidal model systems and will also discuss how 
concepts from colloid physics might be important for understanding 
dynamic arrest also in molecular polymer systems which undergo 
gelation. 

Email: k.j.l.mattsson@leeds.ac.uk 
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K32. Exfoliation of layered materials for energy, water and 
biomedical applications 

Shannon M. Notley 

Faculty of Science, Technology and Engineering, 
Swinburne University of Technology, Hawthorn, VIC 3122 
Australia 

The exfoliation of van der Waals bonded solids has been of great 
recent interest with the formation of graphene from graphite the most 
notable. Other materials such as the transition metal dichalcogenides 
have received less attention however MoS2 and WS2 also display 
interesting properties in the limit of 2D. In principle, any layered solid 
material held together through weak dispersion forces can be 
exfoliated to single sheets using a range of techniques such as the 
“scotch tape method”, solvothermal and intercalation routes, 
chemical oxidation and reduction as well as surfactant assisted liquid 
phase exfoliation. All of these techniques have advantages and 
limitations, indeed few are capable of generating large volumes of 
exfoliated sheets whilst maintaining sheet integrity. One method that 
shows great promise and can be scaled to meet industry needs is 
the aqueous based surfactant assisted liquid exfoliation technique. 
Here, the properties of material such as graphene, MoS2 and WS2 
will be discussed as will potential applications of exfoliated sheets 
generated in this manner. 
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Figure 1. Schematic representation of exfoliation of MoS2 and the 
PL spectrum of particles generated using this technique.  
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107. Influence of particle shape and concentration on the 
pattern of dried colloidal droplets 

Mahoulo Ahouansou , Huai Nyin Yow, Ol ivier Cayre and 
Simon R. Biggs  

Institute of Particle Science and Engineering, School of 
Process, Environmental and Material Engineering, 
University of Leeds, United Kingdom.  

Inkjet printing is a widely used technique to deposit small volumes of 
liquid with high precision, both for volume and spatial location, onto 
a great variety of substrates. Although this is a very efficient 
deposition technique, being able to control the dried deposit pattern 
of particulate inks upon solvent evaporation is an important challenge 
that is yet to be overcome.  

Our work studies the deposit patterns of particles of various shapes 
onto well-defined substrates. Our aim is to gain a better 
understanding of the phenomena involved during the droplet drying 
process and thus, provide us with tools to control the dried deposit 
structure regardless of the initial ink composition. This work 
investigates the drying behavior of colloidal suspensions as a 
function of particle shape, size and weight fraction. For spherical 
colloids (silica Ludox nanoparticles, 25 nm in diameter), a "circular 
stain" is observed due to an outward flow of particles upon solvent 
evaporation as the drop contact line is pinned by the presence of 
nanoparticles. This circular pattern indicative of a "coffee ring effect" 
is observed regardless of the particle concentration, whereby a 
steady increase in the height and width of the drop edge is observed 
with increasing particle concentration up to 2 wt% in mass.  
Meanwhile, for a disk-like particle system (Laponite-clay 
nanoparticles, 30 nm in diameter and 5 nm thick), the “coffee ring 
effect” is only observed at low particle concentrations, and a 
complete film across the deposit is observed at higher concentration. 
The study of the dried deposit structure of rod-like, cubic and other 
shapes colloidal nanoparticles has also been investigated.   
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Figure 1: 3D images of the whole dried deposit structure of (a) 
spherical silica Ludox ® ,(b) disk-like clay Laponite at 2 wt% by an 
interferometer and (c) TEM image of faceted gold nanoparticles (rod-
like, cubic and other shapes) 

Email: pmmah@leeds.ac.uk  
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173. Carbon nanoparticle colloids for facile and 
multifunctional superhydrophobic surfaces 

Ashish Asthana,a  Tanmoy Maitra,a Robert Büchel,b  
Manish K. Tiwari ,a ,c and Dimos Poulikakos a,   

A. Laboratory of Thermodynamics in Emerging 
Technologies, Department of Mechanical and Process 
Engineering, ETH Zurich, Switzerland.   

B. Particle Technology Laboratory, Department of  
Mechanical and Process Engineering, ETH Zurich, Zurich 
8092, Switzerland. 

C. Current address: Mechanical Engineering, University 
College of London, London, WC1E 7JE,  

Colloidal dispersion of a hydrophobic polymer with nanoparticles 
would be well suited to prepare nanocomposite coatings with 
superhydrophobic properties. However, in general, it is challenging 
to form stable particle colloids in hydrophobic polymer solutions. 
Herein we overcome this problem by employing a commercially 
available, short chain fluoroacrylic copolymer solution to disperse 
carbon nanoparticles. The copolymer has perfluoro (hydrophobic) 
and acrylic (hydrophilic) components. The latter facilitates particle 
dispersion. The hydrophobicity of the perfluoro chains and the 
texture from the nanoparticles provided a facile means to produce 
superhydrophobic surfaces by casting. Using different nanoparticles, 
multiple desirable properties could be simultaneously attained such 
as the ability to resist impalement by impacting drops, electrical 
conductivity, the self-cleaning ability (i.e., low contact angle 
hysteresis) and the ability to separate oil/water mixtures. Three 
different carbon nanoparticles, namely, carbon black (CB), carbon 
nanotubes (CNT), graphene nanoplatelets (GNP) and their 
combinations were employed. At 50 weight% of either CB or CNT, 
the coatings resisted impalement by water drops falling down at 3.7 
m/s, the highest attainable speed in our setup. The coatings were 
also tested with 5 volume% IPA-water mixture, which has a surface 
tension of 47.8 mN/m and thus poses a stiffer non-wetting challenge. 
Only the CB coatings could resist impalement by the IPA-water 
mixture drops up to 3.7 m/s. GNP based surfaces featured very high 
conductivity ~1000 S/m, but the lowest drop impact resistance. The 
optimal performance was obtained by combining the carbon fillers, 
for example, excellent impalement resistance up to 3.5 m/s with the 
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IPA-water mixture drops and electrical conductivity of ~1000 S/m. All 
the synthesized coatings were superhydrophobic and oleophilic. This 
property was used to separate mineral oil and water through filtration 
of their mixture.                    

Email: m.tiwari@ucl.ac.uk 
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K30. Use of Particle Technology in Development of 
Advanced Functional Materials 

Ravi Sharma, Cabot Corporation, 157 Concord Road, 
Bil lerica, MA 01821, USA 

Cabot Corporation is a world leader in the production of carbon black, 
activated carbons, and fumed metal oxide particles.  These materials 
are critical enablers of functions such as color, conductivity, 
reinforcement, rheology, and adsorption that drive performance in a 
range of applications in key industrial segments. Engineering 
materials for these industrial applications requires considerable 
capabilities: (i) High volume production of particles with controlled 
size and shape, (ii) Surface modification of particles to enable certain 
key functions; e.g. processing, and (iii) Incorporation of particles in a 
matrix of interest for a variety of end uses; e.g., conductive 
plastics.  Case studies highlighting the use of particle surface 
engineering to improve product performance will be presented. 
 

Email: ravi.sharma@cabotcorp.com 
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32. Micromolding in Capillaries for Nanopatterning of Rare-
Earth-Ion-Doped Nanoparticle films on Plastic Sheets 

Satoshi Watanabe,1 T. Asanuma,1 H. Hyodo,2 K. Soga,1 
M. Matsumoto1 

1. Department of Materials Science and Technology, 
Tokyo University of Science 

 2. Institute of Multidisciplinary Research for Advanced 
Materials, Tohoku University  

 

We report calcination-free micromolding in capillaries1 for the 
nanopatterning of rare-earth-ion-doped nanoparticle films on flexible 
plastic sheets. We synthesized polyethylene imine-modified NaYF4 
nanoparticles doped with Er3+ and Yb3+ as upconversion 
luminescent material. The diameter of the NaYF4 nanoparticles was 
estimated to be about 50 nm using scanning electron microscopy. 
Figure 1a shows an experimental scheme of the patterning of the 
NaYF4 nanoparticle films on flexible plastic sheets. A small droplet 
of the NaYF4 nanoparticle dispersion was placed at the open end of 
polydimethylsiloxane (PDMS) molds on flexible plastic sheets, 
leading to spontaneous inflow of the NaYF4 nanoparticle dispersion 
into the channels by capillary force. After drying, the samples were 
analyzed mainly by optical, fluorescence, and scanning electron 
microscopies. Figure 1b shows a scanning electron microscope 
(SEM) image of the NaYF4 nanoparticles on a flexible plastic sheet. 
The NaYF4 nanoparticles are aligned along the walls of the PDMS 
mold. Fluorescence microscopy showed that visible upconversion 
luminescence and near-infrared fluorescence appeared from the 
NaYF4 nanoparticles. These results demonstrate that calcination-
free micromolding in capillaries allows for the nanopatterning of 
inorganic phosphor films on flexible plastic sheets. 

  



203 of 340 
 

 

 

Figure 1 (a) Experimental scheme and (b) SEM image of 
polyethylene imine-modified NaYF4 nanoparticles on flexible plastic 
sheets. 

[1] S. Watanabe et al., Adv. Funct. Mater. 2010, 21, 4264–4269; 
Langmuir 2013, 29, 11185−11191; J. Colloid Interface Sci. 2014, in 
press. 

Email: watasato@rs.noda.tus.ac.jp 

  

PDMS mold

Substrate

Dispersion

NaYF4 nanoparticle

(a) (b)

mailto:watasato@rs.noda.tus.ac.jp


204 of 340 
 

206. Designing bimetallic nanoparticles for high catalytic 
performance 

Nikolaos Dimitratos1 ,4 , Ceri Hammond1, Ren Su2,  
Andrew J. Logsdail3, Christopher A. Downing 3, Peter P. 
Wells3 ,4, Scott Rogers3,4, Alberto Vil la5  

1. Cardiff Catalysis Institute, School of Chemistry, Cardiff 
University, CF10 3AT, Cardiff, UK; 2 .Interdisciplinary 
Nanoscience Center ( iNANO) and Department of Physics 
and Astronomy, Aarhus University, Gustav Wieds Vej 14, 
DK-8000 Aarhus C, Denmark; 3 . University College 
London, Kathleen Lonsdale Materials Chemistry, 
Department of Chemistry, 20 Gordon St., London, W C1H 
0AJ, UK; 4.The UK Catalysis Hub, Research Complex at 
Harwell, Rutherford Appleton Laboratory, Oxfordshire, 
OX11 0FA, UK; 5. Dipartimento di Chimica, Università 
degli Studi di Milano,via Golgi 19, 20133 Milano, Italy  

The rapid advances in colloid chemistry over the last decade have 
resulted in the synthesis of monometallic nanoparticles with tunable 
size, shape and composition, which have been used as model 
catalytic systems to investigate synthesis-structure-activity 
correlations in a range of chemical processes. Besides the 
development of monometallic catalysts, a new set of catalysts 
prepared by mixing two metal components and resulting to a 
bimetallic system has been introduced in the area of catalysis. We 
have developed Au-based nanoparticles where the control of size, 
shape and morphology of structure (alloy or core-shell) (Figure 1) is 
achievable.1 Here we present case studies where the influence of 
preparation in catalytic performance of Au-based nanoparticles 
synthesised by colloidal methods in a variety of important reactions 
in terms of activity and selectivity is evident, such as (i) the oxidation 
of benzyl alcohol and glycerol, (ii) CO oxidation, (iii) synthesis of 
H2O2 via in situ processes and (iv) the production of H2 via 
photocatalytic processes using bio-refinery “waste” chemicals. The 
catalysts have been characterised using a combination of 
techniques, (i) UV-vis spectroscopy, (ii) transmission electron 
microscopy, (iii) STEM HAADF/XEDS and (iv) X-ray photoelectron 
spectroscopy. An overview of the UK Catalysis Hub (facilities at 
Harwell Campus) and the benefits in terms of collaborations and 
objectives will be presented.  
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Au+Pd   PdshellAucore       AushellPdcore 

    
 
Fig.1  Representative STEM-HAADF images of individual sol-
immobilized Au+Pd, PdshellAucore and AushellPdcore supported 
nanoparticles on activated Carbon.  
References 

1 N. Dimitratos, J.A. Lopez-Sanchez, G.J. Hutchings, Chem. Sci., 
2012, 3, 20 ; Q. He et al, Faraday Discuss., 2013, 162, 365; R. Su et 
al, ACS Nano, 2014, in press.  
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131. Catalyzed H-D Exchange Reaction in Micelles of Ionic 
Liquids 

María Figueira-González, Luis García-Río, Mercedes 
Parajó-Montes, Pedro Rodríguez-Dafonte  

CIQUS, Department of Physical Chemistry, University of 
Santiago de Compostela, 15782, Santiago de 
Compostela, Spain. 

Ionic Liquids (ILs), as well as common ionic surfactants, can be 
constituted by a charged hydrophilic headgroup and one or more 
hydrophobic tails. These species are able to self-aggregate as 
micelles in aqueous solution. Typical ions of ILs are asymmetric 
organic cations containing nitrogen (imidazole, pyridine, etc) and a 
wide variety of anions. Long-chain ILs composed of the 1-alkyl-3-
methylimidazolium cation ([Cnmim+]) are among this novel type of 
amphiphiles. 

In 1964 Olofson et al. reported for the first time the facile deuterium 
(D) exchange of the C(2)-H of the 1,3-dimethylimidazolium cation in 
D2O. For [Cnmim+]-based ILs the H-D exchange reaction has been 
explained in terms of three main effects: the IL concentration, the 
length of the chain, and the nature of the counterion. The goal of the 
present work is to determine the weight of each factor in the kinetic 
process in a wide number of new ILs. The kinetic study starts with 
the evaluation of the effect of the concentration of the ILs on the 
exchange process. The second step in this work is to analyze the 
effect of the anion. Finally, for amphiphilic ILs we determine the role 
that self-aggregation plays in the exchange process for cationic and 
anionic micelles. The kinetic study of the H-D exchange reaction for 
IL-based micelles provides relevant information about the studied 
systems. 
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Figure 1. Variation of relative rate constants with [C12mim][Cl] () 

and [C12mim][C1SO4] () concentration. The H-D exchange reaction 
was performed in D2O at 25ºC. 
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K33. High-performance doubly crosslinked microgels for 
biomaterial applications 

Brian R. Saunders 
School of Materials, The Universi ty of Manchester, 
Grosvenor Street, Manchester, M13 9PL, UK 

 

Recently, we developed a technology that transforms injectable 
microgel dispersions into hydrogels via inter-linking of the particles. 
These new hydrogels are termed doubly crosslinked microgels (DX 
MG) and have been shown to restore the mechanical properties of 
degenerated intervertebral discs (IVD). DX MGs have a unique 
advantage from the biomaterials perspective because most of the 
assembly is conducted outside the body and the particles are simply 
linked together in vivo using free-radical chemistry under mild 
conditions. This presentation briefly discusses our DX MG work in 
the context of IVD repair and highlights the potential applications of 
these hydrogels from the perspective of a potential treatment for 
some types of lower back pain. Two new types of high performance 
DX MG composites are also discussed. We will show that the use of 
additives provide major increases in both DX MG elasticity and 
ductility. Future biomaterial challenges will also be identified and the 
role that injectable DX MGs could play in solving them will be 
highlighted. 

 

Email: brian.saunders@manchester.ac.uk 
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40. Liquid Crystal Emulsions for Efficacy 

Jun Bae Lee, Chun Ho Park, Jihui Jang, Myoung Seok 
Yoon, Han Kon Kim, Hee Chang Ryu, Miyeong Lee, 
Kyoungae Won 

1 COSMAX Research & Innovation. 2 Kyung Hee 
University Skin Biotechnology center  

Much research has been carried out to investigate the effects of 
various formulations to deliver active ingredients to the skin, 
including emulsions for dermal and transdermal delivery. Although 
there are many factors which affect the degree of skin penetration for 
active ingredients, it is very difficult to draw general conclusion due 
to differences in composition and physicochemical properties. 
Recently, liquid crystal emulsions (LCEs) have been extensively 
used in the cosmetic and drug industry. Because LCEs have multi-
lamellar structures similar to the structure of human stratum 
corneum, they are expected to enhance the skin penetration of 
actives. However, according to many of the previous studies, it is 
hard to maintain formulation stability with LC emulsions due to 
swelling and re-crystallization. In this study, we prepared LCEs and 
these formulations showed long-term stability up to 6 months under 
a variety of temperature conditions, including -20ºC, 4ºC, 25ºC and 
50ºC. Polarizing microscopy and electron microscopy were used in 
order to observe LCEs. Maltese cross patterns could be observed 
using polarizing microscopy, which means that these emulsions are 
optically anisotropic. Furthermore, we observed multi-lamellar 
structures using electron microscopy. In this study, the visualized 
multi-lamellar structures in LCEs were obtained using Mueller matrix 
polarimetry. This might be due to the retardance of light between the 
short-axis and the fast-axis. To the best of our knowledge, this is the 
first time that an extensive study of the quantitative assessment of 
multi-lamellar structures has been performed using the Mueller 
matrix. We used in vivo confocal Raman spectroscopy in order to 
monitor human skin penetration. This method is a non-destructive 
and label-free technique, which can be applied directly to human 
skin. LCEs and ordinary O/W emulsions were applied once and 
measurements were performed up to 6 h after treatment. 
Remarkable differences between LCEs and ordinary O/W emulsions 
in the delivery of retinyl palmitate can clearly be observed.  

Email: jblee@cosmax.com 
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82. Heterogeneous Dynamics of Polymer Chains and 
Spherical Nanoparticles in Nanocomposites 

Alessandro Patti 

School of Chemical Engineering and Analytical Science, 
The University of Manchester, Sackville Street, 
Manchester M13 9PL 

 
By performing molecular dynamics simulations, we investigate the 
structural and dynamical properties of polymer melts containing 
probe spherical nanoparticles. Generally speaking, the behaviour of 
these polymer nanocomposites is strongly affected by the interaction 
strength established between the nanoparticles and the chain 
monomers, and by the nanoparticles’ size. We highlight that this 
dependence is not always evident and some intriguing properties, 
such as the heterogeneous dynamics of both polymer chains and 
nanoparticles, and their non-Gaussian behaviour at short and long 
time scales, are not particularly influenced by the degree of attraction 
between nanoparticles and polymer for the range of interactions we 
study (up to 6 kT). We find the existence of weakly ordered 
interdigitated structures with sequential arrangements of particles 
and polymer chains, which separate each other and hence inhibit the 
formation of nanoparticles’ clusters. This is especially evident with 
big nanoparticles, being less prone to aggregate than small ones, 
even when their interaction with the polymer chain is as low as 0.5 
kT. Moreover, by integrating the stress-tensor autocorrelation 
functions, we estimate the shear viscosity and determine its 
dependence on the strength of the polymer-nanoparticle interactions 
and on the nanoparticles’ size. By acting as plasticizers, small 
nanoparticles decrease the viscosity, especially at low-to-moderate 
interactions with the polymer. By contrast, big nanoparticles that 
establish strongly attractive interactions with the polymer chains, 
behave as thickening agents and significantly increase the viscosity. 
This complex, and perhaps still scantily understood, balance 
between nanoparticles’ geometry and their interaction with the 
polymer is key to predict and fully control the macroscopic response 
of nanocomposite materials and hence suitably tailor their 
mechanical properties. 
 

Email: alessandro.patti@manchester.ac.uk  
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P1. Comprehensive Study of Catastrophic Phase Inversion 
Emulsification 

Aseel Al-qutbia , Fatemeh Jahanzada , Shahriar Sajjadib  

aDivision of Chemical Engineering, London South Bank 
University, London, SE1 0AA; bDepartment of Physics, 
King’s College London, Strand, WC2R 2LS  

This research aims to uncover the mechanistic basis of catastrophic 
phase inversion (CPI) in producing fine emulsions. It also 
investigates the conditions under which CPI can produce finer 
emulsions than direct emulsification. Phase inversion process can be 
altered by the surfactant affinity toward phases and the dynamic 
effects caused by variations in process parameters such as agitation 
intensity or the rate of addition of phases as examples. In this study 
both aspects have been considered. The effective value of HLB 
(hydrophilic-lipophilic balance) of the surfactants has been altered 
either by changing the surfactant composition (the ratio between the 
oil soluble surfactant and the water soluble surfactant) or by altering 
the emulsification temperature. While the dynamic effects have been 
explored by changing the mixing rate. 

This work focused on emulsification process using a model of 
cyclohexane-water emulsion and two non-ionic surfactants (Igepal 
Co-720 with HLB of 14.2 and Igepal Co–520 with HLB of 10). A series 
of experiments has been carried out at constant phase ratios to 
produce oil-in-water emulsions. In some cases the surfactant or 
surfactants mixture was dissolved in the oil phase and in other cases 
it was dissolved in the water phase. Microscopic images of the 
emulsions have been acquired using optical microscopy and the 
average droplet size was measured. The onset of phase inversion 
was monitored via variations in conductivity and where a large 
increase in conductivity occurred. The effects of different process 
and formulation parameters on the inversion time, the effective 
dispersed phase ratio as well as the Sauter mean diameter of drops 
in the final emulsions were studied. It has been found that these 
parameters can play a key role in controlling the emulsion 
morphology and drop size. In all systems used throughout this study 
CPI emulsification was found to produce finer oil droplets than direct 
emulsification. It was also concluded that in order to obtain an 
emulsion with a finer droplet size, it is better to place the 
surfactant/surfactants mixture in the oil phase.  

Email: alqutbia@lsbu.ac.uk   
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P2. Stability of Natural Rubber Latex 

Fanny Alousquea , F. Gaboriaudb, M. Eloyb, N. Bremonda  
and J. Bibettea  

a Laboratoire Colloïdes et Matériaux Divisés, ESPCI ParisTech - 
CNRS UMR 8231, 10 Rue Vauquelin, 75005 Paris, France; b 
Manufacture Française des Pneumatiques Michelin, 23 Place 
des Carmes Déchaux, 63040 Clermont Ferrand Cedex 9, France  

Natural rubber (NR) latex is a widely used natural compound for 
industrial applications. NR latex is extracted from a tree, Hevea 
Brasiliensis. This natural latex is a colloidal dispersion mainly made 
up of polyisoprene 1, 4-cis particles in an aqueous serum. These 
particles are stabilized by a complex layer of phospholipids and 
proteins. Coagulation of latex naturally occurs on the tree after 
tapping, but the underlying physicochemical mechanisms involved 
are still not well understood. Here, we report an experimental 
investigation on the peculiar destabilization pathways of NR latex. 

Originality of this work is found in the biological origin of the latex. 
Usually, the coagulation of natural rubber is realised by neutralisation 
of acidic groups by adding acidic solution. However, irreversible 
coagulation of natural latex is possible with other compounds such 
as hydrophobic carbon black (CB) or divalent cations. The natural 
latex quickly coagulates when mixed with CB powder. We have 
shown that NR is destabilized when hydrophobic particles are 
incorporated into the dispersion via a bridging phenomenon. 
Moreover, this heteroaggregation is controlled with the help of a 
surfactant adsorbed onto the CB. Finally, this process results in the 
fabrication of composite materials with a NR matrix and well-
dispersed CB particles. It is also observed that divalent cations lead 
to an irreversible aggregation that forms a slightly elastic coagulum. 
These observations led us to describe the phenomenology of 
coagulation with these two different chemicals. 

This interesting surface reactivity of NR particles is studied with the 
help of surfactants that allow one to modify their interfacial 
composition and thus the interactions between them. Moreover, we 
use fluorescent molecules to tag the surface by specific reaction with 
primary amines. This allows us to show the role of surface species in 
the destabilization process and to image the final structure of the 
coagulum. 

Email: fanny.alousque@espci.fr 
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P3. High-Yield Synthesis of Monodispersed Gold Nanostar 
with Highly Tunable Optical Property for Biomedical 
Applications 

Yan Shan Ang  and Lin-Yue Lanry Yung  

Chemical & Biomolecular Engineering, National University 
of Singapore, 4 Engineering Drive 4, Singapore 117585  

 

We developed a surfactant-free synthesis route to produce highly-
monodispersed gold nanostar (AuNS) in high yield (ca. 100 %) using 
hydrogen peroxide as the “green” reducing agent. The mechanism 
underlying the anisotropic growth of AuNS was elucidated. Multiply-
twinned gold seed was necessary in initiating the formation of bumps 
on the gold core while Ag+ was the main shaping agent in promoting 
the preferential elongation of spikes along certain crystallographic 
directions. The morphology of the as-synthesized AuNS was stable 
for months under room temperature condition and surprisingly, did 
not reconstruct into a more thermodynamically-favored spherical 
shape. The LSPR peak could be tuned predictably across a wide 
optical wavelength range of ca. 560 – 850 nm, including the important 
biological optical window, by changing the Ag+ concentration. The 
AuNS was synthesized reproducibly within the size range of 70 – 150 
nm by adjusting the Au3+-to-seed ratio.  We also demonstrated the 
ease of modifying the relatively “clean” surface of our AuNS with 
different biomolecules and biocompatible molecules. Overall, this 
synthesis protocol is versatile in controlling the size and spikiness of 
the AuNS while maintaining good homogeneity and stability which 
should yield high quality, functionalized AuNS for downstream 
biomedical applications. 

 

Email: cheyly@nus.edu.sg 
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P4. Adsorption mechanisms of model antigens on aluminum-
based vaccine adjuvants 

Jean-François Art , Christine C. Dupont-Gillain 

Université catholique de Louvain, Institute of Condensed 
Matter and Nanosciences, Bio- and Soft Matter, Croix du 
Sud 1 bte L7.04.01, 1348 Louvain-la-Neuve, Belgium 

 

Aluminum-based adjuvants, i.e. aluminum hydroxide and aluminum 
phosphate, have been used for over sixty years in vaccine 
preparation. They are known to induce a strong, durable and 
protective immune response. Antigen adsorption on adjuvants is a 
crucial but still not well understood step of vaccine formulation. The 
objective of this work is to better understand the interaction between 
antigens and aluminum-based adjuvants used in vaccines. Two 
AlPO4 and two Al(OH)3 were characterized in terms of surface 
chemical composition, particles morphology and crystallinity. Bovine 
serum albumin, maltoheptose and dextran were chosen as model 
antigens representative of protein and low/high molecular weight 
polysaccharides, respectively. Quartz Crystal Microbalance (QCM), 
which records frequency shifts of a piezoelectric crystal upon 
adsorption, is a powerful tool to monitor adsorption in situ and in real 
time. The potentialities of QCM to probe antigen-adjuvant particles 
interactions were explored.   

Surface chemical composition of the adjuvants was determined by 
X-ray photoelectron spectroscopy, and their morphology was studied 
by scanning electron microscopy. Aluminum hydroxide particles are 
lamellar and composed of amorphous Al(OH)3 and crystalline 
AlOOH. Aluminum phosphate particles are round shaped, 
amorphous, and have an Al(PO4)x(OH)y formula, x and y depending 
on production conditions. Strategies to cover the surface of QCM 
sensors with a homogeneous layer of adjuvant particles were then 
developed, with a view to monitor antigen adsorption on the designed 
sensors. Sensors were coated by electrostatically-driven deposition 
of adjuvant particles. An optimal pH for deposition of each adjuvant 
was identified. 
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Model antigen adsorption was monitored on the adjuvant-coated 
QCM sensors. Very low amounts of maltoheptose and dextran seem 
to adsorb to all adjuvants. In contrast, BSA adsorbs well to AlPO4 
and Al(OH)3. Further work is now needed to validate the adsorption 
measurements using QCM. More experiments will be done in 
different conditions of pH and ionic strength to clarify the role of 
polysaccharides in the adsorption process of conjugate vaccines. 

 

Email: christine.dupont@uclouvain.be 
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P5. Novel Polymer Coated Super Paramagnetic Iron Oxide 
Nanoparticles (SPIONs): synthesis, colloidal stability and 
evaluation for cell tracking 

Michael Barrow , Solène I. Cauët, Anita K. Peacock, Arthur 
Taylor, Lara K. Bogart, Raphael Levy, Patricia Murray, 
Dave J. Adams, Matthew J. Rosseinsky  

University of Liverpool  

Stem cell therapies have potential to combat many diseases, 
especially those that have no known cure. Stem cells can be 
monitored in vivo using non-invasive imaging techniques such as 
magnetic resonance imaging (MRI), where cells are labelled with a 
contrast agent prior to transplantation. MRI contrast agents are 
normally split into T1 and T2 categories. Super paramagnetic iron 
oxide nanoparticles (SPIONs) generate much attention as T2 agents, 
and are often preferred due to high sensitivity and biocompatibility. 
This high sensitivity allows the visualization of stem cells within 
certain organs. Synthesis of SPIONs for biomedical applications 
typically involves synthesis of an iron oxide core, followed by some 
type post modification technique to render the materials hydrophilic. 

Our focus is to manufacture chemical coatings that lead to 
nanoparticles with high cell labelling efficiency, whilst exhibiting no 
toxicological effect on cell function. They must also be stable in 
aqueous conditions. This work follows on from our group’s previous 
work involving the biocompatible polymer poly[2-
(methacryloyloxy)ethylphosphorylcholine]. We use controlled radical 
polymerisation techniques to produce polymer coated SPIONS with 
different surface charge and investigate how this can influence cell 
uptake and colloidal stability in buffer solution and acidic cell-like 
environments. 

 

Email: michael.barrow@liv.ac.uk 
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P6. Dynamics and structure: A study of arrest in a non-
aqueous colloidal system 

Felicity R. Bartholomewa, P. J. Dowdingb, A. F. Routha  

aDepartment of Chemical Engineering, BP Institute, 
University of Cambridge, Cambridge, CB3 0EZ, UK; 
bInfineum UK Ltd., Milton Hill, Abingdon, OX13 6BB, UK  

 

Overbased detergents are a class of engine oil additive, comprising 
a metal carbonate core (typically 1-10 nm in diameter) surrounded 
by a sheath of surfactant molecules which are adsorbed to the 
particle surface. They are included in the lubricant to prevent deposit 
formation on the metal engine parts and to neutralise acids. With the 
increased use of bio-diesel, an increase in the volume of small polar 
molecules (such as water and acetic acid) contaminating the 
lubricant has been observed. The mechanism of water interaction 
with overbased detergents has not been fully understood, however, 
it is known that water hinders their efficacy. 

The effect of water on the overbased detergent is largely determined 

by its interactions with the surfactant molecules. When water was 
added to samples of sulfonate overbased detergents, sedimentation 
of surfactant and some metal carbonate occurred in the following 24 
hours. Upon the addition of water to solutions of a particular salicylate 
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overbased detergent in n-dodecane, gelling occurs over a period of 
weeks. The dynamics of gelling and mechanical properties of the gel 
have been found to vary depending on the volume fraction of 
particles and the volume of water added. This system has been 
studied by dynamic light scattering (see fig. 1) and small angle 
neutron scattering. The gels have been characterised using 
controlled stress rheology and thermogravimetric analysis; results 
have shown different compositions and rheological properties at 
different sample heights. The arrest is hypothesised to be due to a 
depletion interaction, induced by the formation of aggregates of 
surfactant. Varying the particle volume fraction, volume of 
contaminant and free surfactant concentration have all been found 
to have an impact on the arrest. 

 

Email: frb28@cam.ac.uk 
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P7. Synthesis of multi-voided polymeric particles 

Antonino Bianco 

The University of Sheffield  

 

Porous micro-particles have very broad applications and may be 
synthesised using emulsion non-solvent induced phase separation 
(NIPS). The properties of a colloidal emulsion may be exploited in 
order to control key manufacturing features, such as particle size and 
porosity.  

A polymer may be dissolved in a good solvent to make a polymer 
solution of a desired concentration. The polymer solution is added to 
a non-solvent along with a surfactant to form an emulsion. Stirring 
rate allows to control droplet size. Each droplet of polymer solution 
becomes an independent system, and the droplet size is directly 
related to the final polymer particle size. When the emulsion is 
transferred to a “precipitator” solvent for quenching, the 
precipitator/solvent exchange determines polymer precipitation and 
vitrification, leaving particles with a porous morphology. A smaller 
particle allows a higher precipitator/solvent exchange rate, affecting 
the pore size. This way both particle and pore size may be controlled. 

 

Email: abianco1@sheffield.ac.uk 
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P8. Non-aqueous microgels and the Flory Rehner theory 

Jessica A. Bonhama , M. A. Faersb and J. S. van 
Duijneveldta  

aUniversity of Bristol, School of Chemistry, Cantock’s 
Close, Bristol, BS8 1TS; bBayer CropScience AG, 40789 
Monheim, Germany 

 

Microgels are cross linked polymer latex particles that form stable 
colloidal dispersions. Their typical sizes range from 10 to 1000 nm in 
diameter and they can display a swelling – de-swelling transition in 
response to external environment (pH, temperature and solvency). 
However, in non-aqueous solvents, microgels have only been shown 
to swell in response to solvency and the scope for observing any 
swelling transition is more limited. 

The Flory-Rehner theory (FRT) [1, 2] describes the swelling behavior 
of macroscopic polymer gels and is an extension of the phase theory 
for polymer solutions. In principle, the theory can also be applied to 
microgel particles, however a quantitative verification of the FRT as 
applied to microgels does not appear to be available.  

The FRT highlights three key parameters in the swelling transition of 
gels: the average molecular weight between cross links, the solvent 
molar volume and the Flory-Huggins solvent parameter. These three 
parameters can be used to predict how gels will behave.  

Microgels made of styrene and divinylbenzene monomers are 
swollen in various organic solvents and from this a swelling ratio of 
the particles can be determined. It is shown that, at least qualitatively, 
the FRT provides a useful guide to swelling behaviour of non-
aqueous microgels. 

[1] P.J. Flory and J. Rehner, J. Chem. Phys., 1943, 11, 512-520. 

[2] P.J. Flory and J. Rehner, J. Chem. Phys., 1943, 11, 521-526. 
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P9. Zwitterionic SiO2NH2-Au Particles with Tunable 
Patchiness via Wrinkle Templating 

Roland Brüx , S. Hilt l,  Alexander Böker  

DWI – Leibniz-Institut für Interaktive Materialien, Lehrstuhl 
für Makromolekulare Materialien und Oberflächen, RWTH 
Aachen University, D-52056 Aachen, Germany 

 

In this work we present a template-based approach utilizing wrinkled 
surfaces to obtain zwitterionic SiO2NH2-Au patchy particles. 
Templates are prepared by stress release on a bilayer system 
consisting of an elastic PDMS basis and a rigid silica top layer, 
generated by air plasma oxidation. In the next step amine-
functionalized silica particles are assembled on top of the wrinkles, 
immersing a defined part of the particle into the wrinkle grooves and 
leaving only the accessible surface area available for further 
modification. In an electrostatic adsorption step gold nanoparticles 
are added on top of the substrate for partial modification of the silica 
surfaces. Ultrasonication or wetting of the surface with a water 
droplet releases particles with two oppositely charged hemispheres. 
Variation of wrinkle dimensions offers the ability to control the 
patchiness of the resulting SiO2NH2-Au particles. Additionally 
alignment on wrinkle templates allows for further modification like 
enhancement of the gold to a closed structure. 

We performed interfacial tension measurements to prove the surface 
activity of the SiO2NH2-Au patchy particles at an oil/water interface. 
Depending on charge and charge distribution of the particles, shown 
by ζ-potential measurements at different pH-values, orientation at the 
interface relative to the curvature and the Janus character correlating 
with the coverage of the interface the differing values could be 
explained. 

The ability to adapt waterborne patchy particles towards system 
requirements by variation of patchiness and surface charges should 
surpass standard surfactants as emulsion or foam stabilizers.  
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P10. New method to predict the surface tension of colloidal 
polyelectrolyte/surfactant mixtures 

Richard A. Campbella , Ágnes Ábrahamb & Imre Vargab  

aInstitut Laue-Langevin, 6 rue Jules Horowitz, 38042 
Grenoble Cedex 9, France; bInstitute of Chemistry, Eötvös 
Loránd University, Budapest 112, H-1518 Hungary 

While the surface tension of complex mixtures determines the fate of 
important natural processes like the stability of aerosol droplets in 
clouds and the biological function of lung surfactants, the property is 
notoriously difficult to interpret and model. For example, it was 
established over a decade ago that some strongly interacting 
colloidal polyelectrolyte/surfactant (P/S) mixtures exhibit a peak in 
their surface tension isotherms [1]. Recently we have systematically 
linked the peak of a strongly interacting P/S mixture to slow dynamic 
changes in its bulk phase behavior [2], and we went on to 
demonstrate the non-equilibrium nature of the system [3]. Here we 
present a new approach that successfully predicts the surface 
tension of two synthetic mixtures (Pdadmac/SDS and NaPSS/DTAB) 
and one biologically-relevant mixture (DNA/DTAB). The approach is 
based on the non-equilibrium framework of comprehensive 
precipitation of kinetically-trapped aggregates followed by their 
transport under gravity away from the probed interface. Importantly 
our approach does not need any measurements of the surface 
properties of the mixtures; only the surface tension isotherm of the 
pure surfactant and some bulk measurements of the mixtures are 
required. This simplification in our understanding of the surface 
properties of strongly interacting mixtures may lead to the 
optimization of applications involving commercial synthetic polymers, 
DNA and proteins at surfaces, such as in common household 
formulations as well as drug and gene delivery applications. 

[1] Staples, E.; Tucker, I.; Penfold, J.; Warren, N.; Thomas, R. K. 
Langmuir 2002, 18, 5147; [2] Campbell, R. A.; Angus-Smyth, A.; 
Arteta, M. Y.; Tonigold, K.; Nylander, T.; Varga, I. J. Phys. Chem. 
Letters 2010, 1, 3021; [3] Campbell, R. A.; Arteta, M. Y.; Angus-
Smyth, A.; Nylander, T.; Varga, I. J. Phys. Chem. B. 2011, 115, 
15202; [4] Ábraham, A.; Campbell, R. A.; Varga, I. Langmuir, 2013, 
29, 11554. 
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P11. Key factors regulating the mass delivery of 
macromolecules to model cell membranes: gravity and 
electrostatics 

Richard A. Campbella , Erik B. Watkinsa, Vivien Jagalskib,  
Anna Åkesson-Runnsjöb and Marité Cárdenasb  

aInstitut Laue-Langevin, 6 rue Jules Horowitz, 38042 
Grenoble Cedex 9, France; b Institute of Chemistry and 
Nano-Science Center, University of Copenhagen, 
Universitetsparken 5, DK-2100 Copenhagen, Denmark  

An immense effort has been invested to understand the mechanisms 
of interactions between macromolecules and lipid membranes [1]. A 
key challenge is to develop drug delivery systems involving the 
efficient transport of therapeutic agents to cell membranes [2]. One 
approach is to position reservoirs of the drug in contact with the 
membrane for continuous delivery in the form of self-assembled 
aggregates in colloidal systems [3]. This approach can provide a way 
to reduce dosages and the frequency of injections administered to 
patients. In this poster we show that both gravity and electrostatics 
can be key factors regulating interactions between model cell 
membranes and self-assembled lamellar aggregates of dendrimers 
and phospholipids [4]. The system is a proxy for the trafficking of 
reservoirs of therapeutic drugs to cell membranes for slow diffusion. 
Neutron reflectometry measurements were carried out on supported 
lipid bilayers of varying charge and on hydrophilic silica surfaces. 
Translocation of the macromolecule across the membrane and 
adsorption of the lamellar aggregates occur only when the 
membrane is located above the bulk liquid and has sufficient charge. 
We emphasize the dramatic directionality effects to researchers 
involved in biochemical investigations of complex formulations. 
Further, our findings indicate the potential to switch on the interaction 
through tuning the charge of the aggregates and/or to specific cell 
types, which is discussed in the context of potential future targeted 
drug delivery applications 

[1] Leroueil, P. R.; Hong, S.; Mecke, A.; Baker, J. R.; Orr, B. G.; 
Banaszak Holl, M. M. Accounts Chem. Res. 2007, 40, 335. [2] Faraji, 
A. H.; Wipf, P. Bioorg. Med. Chem. 2009, 17, 2950. [3] Bitan-
Cherbakovski, L.; Libster, D.; Aserin, A.; Garti, N. J. Phys. Chem. B 
2011, 115, 11984. [4] Campbell, R. A.; Watkins, E. B.; Jagalski, V.; 
Åkesson-Runnsjö, A.; Cárdenas, M. ACS Macro Lett. 2014, 3, 121.               
Email: campbell@ill.eu   
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P12. Measurement of Partition Coefficient of a mutually 
soluble solvent in oil/ mixture of polymer + salt + water 
systems 

Mohammad Chahardowlia , Rouhi Farajzadehb, Rumen 
Krastevc, Hans Bruininga 

aDelft University of Technology, The Netherland; bShell 
Global Solutions International Rijswijk, The Netherlands; 
cNatural and Medical sciences Institute at the university of 
Tübingen, Germany  Email:  

Solvents that are soluble both in water and in oil can enhance oil 
recovery from oil reservoirs. The mutually soluble solvent is always 
dissolved in the aqueous phase and then it is carried through the 
reservoir. Upon contact with oil phase, the mutual solvent migrates 
into the oil phase and it mobilizes the trapped oil. The extra oil 
recovery is critically depends on the partitioning of the solvent in the 
oil phase. Here the concentration ratio (partition coefficient) does not 
depend on the relative volumes of the oleic and the aqueous phase; 
and it is a constant parameter for such a system.  

The partition coefficient of two mutually soluble solvents in different 
water-NaCl-polymer / oil systems has been investigated. The 
mutually soluble solvents were dissolved first in polymer solution in 
a flask. Then the oil phase was added to the mixture and the flask 
and it has been shaken for a period of about 24 hours over a shaker. 
Afterwards, the volume fraction of the solvent in the oleic phase and 
the volume fraction of the solvent in the aqueous phase were 
measured.  

The effect of oil type, polymer concentration, presence of NaCl in the 
aqueous phase and the solvent concentration in the aqueous phase 
has been investigated. The result shows the presence of NaCl 
increases the partition coefficient. The higher solvent concentration 
leads to a higher partition coefficient. The partition coefficient was 
first increased with the increasing of the polymer concentration, after 
a pick it was decreased. Moreover, increasing the oil viscosity 
decreased the partition coefficient. The partitioning coefficient of 
solvent A is always bigger than the partition coefficient of solvent B. 
However, the above mentioned behaviour of the partition coefficient 
for the presence of NaCl, the polymer concentration, the oil viscosity 
and the solvent concentration is the same.  

Email: Chahardowli@tudelft.nl 
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P13. On the design of supracolloidal chirality 

Dwaipayan Chakrabartia,b , Szilard N. Fejerb, John W. R. 
Morganb , Nicolas Dorsazb, Halim Kusumaatmajac, and 
David J. Walesb  

aSchool of Chemistry, University of Birmingham, 
Edgbaston, Birmingham B15 2TT, UK; bDepartment of 
Chemistry, University of Cambridge, Lensfield Road, 
Cambridge CB2 1EW, UK; cDepartment of Physics, Durham 
University, South Road, Durham DH1 3LE, UK 

Understanding how chirality is expressed, controlled, and 
propagated at the microscale is of much topical interest for bottom-
up routes to functional materials [1, 2]. This presentation will describe 
computational approaches to programmed assembly of 
supracolloidal chiral architectures with achiral building blocks, 
maintaining a close tie with contemporary experimental research. 
Illustrative case studies will be presented, demonstrating how 
chirality can emerge from the interplay between two competing 
length scales for anisotropic interactions [3], how helix-handedness 
inversion can potentially be exploited [4], how the pitch of a 
supracolloidal helix can be controlled [5], and how a minimalist 
design rule for a Bernal spiral with patchy colloids can be derived [6]. 

References 
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P14. Synthesis of Magnetic Polystyrene Nanoparticles using 
Amphiphilic Ionic Liquid stabilized Miniemulsion 
Polymerization 

Sourav Chakraborty , Klaus Jähnichen, Brigitte Voit  

Leibniz Institute of Polymer Research Dresden, Hohe 
Strasse 6, 01069 Dresden, Germany 

In our study, we have synthesized polymer magnetic nanoparticles 
(PMN) using miniemulsion polymerization (MEP) process. We have 
investigated the use of imidazole based amphiphilic ionic liquids as 
surfactant in MEP of styrene to prepare PMN. Following the demand 
for producing magnetic colloidal nanoparticles with nice stability as 
well as with high content of magnetic nanoparticles (MNP) for several 
applications, we have explored an efficient pathway to increase the 
MNP content in the composite through RAFT mediated MEP. A 
carboxyl-terminated chain transfer agent (CTA) has been proved to 
be useful to increase the MNP content in PMN. The content of MNP 
as well as morphology of PMN was possible to adjust by controlling 
the initiator to CTA mole ratio. The type of initiator (water soluble or 
water insoluble) had also an effect on the morphology of PMN. The 
influence of MNP on the molar mass distribution of polystyrene in 
PMN both in absence and presence of CTA has been investigated. 
The characterization of the materials has been performed by TEM, 
SEC, DLS, and TGA. Finally the magnetic property of the materials 
was determined by vibrating sample magnetometer (VSM) analysis. 

Email: chakraborty@ipfdd.de 

  

mailto:chakraborty@ipfdd.de


228 of 340 
 

P15. Controlling Shell Thickness of Large Core-Shell Drops 
in Non-Confined Microfluidics 

Ankur Chaurasia  and Shahriar Sajjadi  

King’s College London, UK  

 

For numerous encapsulation applications such as nutrients, drugs, 
and long-term cell encapsulation, large core-shell droplets or 
particles are required.1-3 Such structures exhibit greater stability 
with thin shells4, while their permeability can be controlled via 
suitable material selections to tune release profiles.5 Variation in 
shell thickness of core-shell droplets formed in a confined, flow-
focused microfluidic approach is already known.6 We introduce a 
non-confined microfluidic approach that produces giant core-shell 
droplets under the influence of buoyancy, which has so far remained 
unexplored. Two glass capillaries with selectively treated surfaces 
were coupled, aligned and housed inside a vessel containing the 
quiescent continuous phase. We demonstrate the production of giant 
core-shell drops, with droplet diameters ranging from 1.6 to 6 mm 
and typical shell thickness in the hundreds of micrometers. We also 
show an alternative approach for producing core-shell drops having 
ultra-thin shells using a single-step, biphasic flow using the same 
device. The relative thickness of shells was controlled by the relative 
flow rates of inner and middle phases (Figure 1). Droplets with 
diameters within 200 μm - 1.8 mm having shell thickness of 1 - 30 
μm were produced. The facile nature of working with such systems 
by having a quiescent outer phase and non-confined geometry 
means scale up would be easy. 
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Figure 1. Relative shell thickness (t/R, t: Shell thickness, R: Drop 
radius) versus inner-to-middle phase flow rate ratio (Qi/Qm) curve 
showing the drops with thin shells obtained towards high Qi/Qm. 

 

1 A. Manukian, ARS Inc. Gainsville FL, DDT Magazine, 2008, 8. 

2 H. Uludag, P.D. Vos and P.A. Tresco, Advanced Drug Delivery 
Reviews, 2000, 42, 29-64. 

3 N. Bremond, E.S. Carreras, L.Y. Chu and J. Bibette, Soft Matter, 
2010, 6, 2484-2488. 

4 S.H. Kim, J.W. Kim, J.C. Choc and D.A. Weitz, Lab Lab on a Chip, 
2011, 11, 3162-3166. 

5 C. Ye, A. Chen, P. Colombo and C. Martinez, J. R. Soc. Interface, 
2010, 7, S461–S473 

6 G.T. Vladisavljevic, H.C. Shum and D.A. Weitz, Progress in Colloid 
and Polymer Science, 2012, 139, 115-118. 
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P16. Dextran-covered nanocapsules prepared by interfacial 
“click” reaction 

K. Poltoraka,b,  Asma Chebila,b, J.-L. Sixa,b, M. Léonarda,b ,  
A. Duranda,b, C. Nouvela,b  

aUniversité de Lorraine, Laboratoire de Chimie Physique 
Macromoléculaire LCPM, FRE 3564, Nancy F-54000, 
France; bCNRS 

Submicron polymer particles have attracted a great interest in the 
past few decades. They have been extensively investigated in drug 
delivery systems or as other active substances carriers1. 
Nanoparticles can be divided into two main groups: nanospheres, 
with homogenous structure in a whole particle, and nanocapsules 
(NCs), which have a typical core-shell structure. The liquid core of 
nanocapsules allows facile encapsulation of hydrophilic or 
hydrophobic substances. It is possible to control their release by 
adjusting the nature and thickness of the polymer shell, but also the 
polarity and the volume of the liquid core2. Taking into account these 
advantages, we focused our interest especially on polymer 
nanocapsules.  

To assure the biocompatibility and biodegradability of NCs, we 
choose polylactide (PLA) as inner hydrophobic polymer shell and 
Miglyol 810 (a neutral oil widely used in biochemistry and cosmetics) 
to form the liquid core. NCs were also surrounded by a hydrophilic 
shell of Dextran (a natural polysaccharide), to ensure their colloidal 
stability. 

There are many different methods to prepare the oily core-polymer 
shell objects3. Based on our previous works4, to obtain NCs with 
well-controlled morphology, we combined the classic method of 
emulsion-solvent evaporation with the interfacial in situ “click” CuAAc 
reaction. By varying four parameters: power and time of sonication, 
chemical nature of catalyst and amount of Miglyol 810 in the organic 
phase we successfully optimized the “click” reaction between α-
alkyne PLA and reactive surfactant DexN3 at the oil 
(dichloromethane mixed with various Miglyol 810 amount)/water 
interface. The obtained objects were characterized in terms of size, 
colloidal stability and dextran coverage stability with or without the 
“click” reaction as well as copper residual amount. 

1. P. Kothamasu, H. Kanumur, N. Ravur, C. Maddu, R. 
Parasuramrajam, S. Thangavel, BioImpacts 2012, 2, 71-81.  
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P17. Preparation of sterically stabilized aqueous 
nanodispersions using modified poly(ethyleneimine)s 

Amarendar Chelumalla , Imre Varga 

Institute of Chemistry, Lorand Eotvos University, Budapest, 
Hungary 

 

New approaches of producing aqueous dispersions of nanosized 
particles prepared from water insoluble actives (e.g. drugs, paints, 
optoelectronic nanodevices) have attracted much attention in the last 
decade. Due to their inherent instability, these particles require 
special means of treatments to provide colloid stability. Numerous 
surface modification agents ranging from alkyl chains to 
macromolecules have been applied for this purpose. Our aim is to 
perform a systematic investigation how efficiently hydrophobically 
modified poly(ethileneimin)s (hf-PEI) can perform for this purpose. 
PEI is hyper-branched weak polyamine that is widely used both in 
research and industry when surface modification is required. To 
enhance its interaction with hydrophobic nanoparticles we grafted 
the PEI molecules with various hydrophobic chains. We investigated 
the effect of graft and charge density, the alkyl chain length and the 
effect of PEI molecular weight. To test the efficiency of the hf-PEIs 
we used model nanoparticles stabilized in an organic solvent and the 
solvent exchange technique to prepare an aqueous dispersion. The 
characteristics of the prepared aqueous dispersions were 
investigated by turbidity, dynamic light scattering, and electrophoretic 
mobility measurements as a function of sample age and ionic 
strength. 
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P18. Superhydrophobic Silicone Nanofilaments for Coating 
Solid Surfaces 

Zonglin Chu  and Stefan Seeger 

Department of Chemistry, University of Zürich, 
Winterthurerstrasse 190, Zürich CH-8057, Switzerland.  

 

Silica nanoparticles, which can usually be prepared via Stöber 
reactions in the presence of a suitable amount of ammonia catalyst, 
are frequently used in the fabrication of self-cleaning surfaces. 
However, to achieve superhydrophobicity, the nanosilica-modified 
surfaces need to be further functionalized with low-surface-energy 
materials. Here, we describe the preparation of polymethylsiloxane 
nanofilaments in a facile way, i.e., the hydrolysis of 
trichloromethylsilane in toluene in the presence water without using 
any catalyst. With such a technique, a dense SNF layer can be grown 
on various substrates, including glass, silicon, ceramics, Titanium, 
Aluminum, cotton fabrics, silk, wood, polyethylene, and so on, by 
liquid (wet toluene) phase deposition of trichloromethylsilane (TCMS) 
in the presence of a trace amount of water (ca. 50 ppm to 200 ppm) 
at room temperature. The water repellent properties can be 
controlled by a variety of reaction parameters, such as silane 
precursor, reaction time, water content, etc. Besides, such a coating 
exhibits excellent chemical and environmental stability. 

Email: sseeger@chem.uzh.ch 
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P19. Development of nanoparticulate systems for delivery of 
novel oligonucleotide antibacterials 

Doroty Codonia, Davide Cartaa, Alberto Berardia, Teresa 
Diaz Calvoa, Clara Franch De La Cala, Alejandro Marin 
Menendeza , Chris Morrisb, Francesca Baldell i Bombelli b,  
Desirè Di Silviob , Debora Bertic , Costanza Montisc, Kostas 
Hatzixanthisc , Michael McArthura ,d .  

aProcarta Biosystems Ltd., Norwich Research Park, Norwich, 
UK; bSchool of Pharmacy, University of East Anglia, Norwich 
Research Park, Norwich, UK; cCSGI, University of Florence, 
Chemistry Department, Florence, Italy;  dNorwich Medical  
School, University of East Anglia, Norwich Research Park, 
Norwich, UK.  

DNA-based therapeutics such as transcription factor decoy (TFD) 
oligonucleotides are being developed as new antibacterials to 
combat the emerging threat of antibiotic resistance in the clinic. TFDs 
mimic the binding sequence of transcription factor proteins, to 
competitively block expression of essential bacterial genes, thus 
preventing infection. In our group, this technology has been 
successfully applied to stop bacterial growth in vitro and treat 
infections in animal models. The major technical challenge is delivery 
of these oligonucleotides, which as large, highly charged molecules 
cannot permeate membranes and are also susceptible to enzymatic 
degradation in biological fluids. In order to improve the bioavailability, 
a dequalinium analogue is being developed as a delivery system. 
The analogue readily forms nanoparticles that encapsulate the TFD. 
Nanoparticulate TFDs are not only protected from biological 
degradation but also have the ability to deliver the oligonucleotide to 
the bacterial cytoplasm. Further, this has been demonstrated with 
Gram-positive and Gram-negative bacterial pathogens with markedly 
different cell walls suggesting that the delivery mechanism is robust. 
We refer to these nucleic-acid based therapeutics as SnareTM 
antibacterials. Our current efforts are focused on the development of 
stable formulations and on the physical and structural 
characterization of the complex formed between the TFD and the 
dequalinium analogue. In order to define key biophysical parameters 
of the lipoplexes to scale up production and allow progress to clinical 
trials, but also to understand to what extent the properties can be 
engineered to control the biodistribution and PK/PD of the SnareTM 
antibacterials and therefore the range of infections they may be 
designed to treat. 

 Email: dcodoni@procartabio.com  
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P20. Particle-stabilised aqueous ethanol foams 

B. P. Binksa,  Sophie A. Darragha, J. D. Hinesb and T. S. 
Horozova  

aSurfactant and Colloid Group, Department of Chemistry, 
University of Hull, Hull. HU6 7RX. U.K.; bDeb Group Ltd., 
Denby Hall Way, Denby, Derby. DE5 8JZ. U.K.  

 

It is possible to encapsulate various liquids in particle-stabilised 
materials, such as liquid marbles, particle-stabilised emulsions and 
“dry water”. Encapsulation may allow for controlled release of an 
active component dissolved in the encapsulated liquid, and this may 
be manipulated by appropriate selection and variation of the particles 
comprising the shell. We investigate how liquids may be successfully 
encapsulated by solid particles until they are required at the point of 
use. To control this process, the behaviour of particles at various 
aqueous liquid-air interfaces should be understood. Therefore we 
have investigated the effect of reducing surface tension of the 
aqueous phase on the colloidal behaviour of a range of particles. Our 
results show that with decreasing surface tension, a transitional 
behavior from liquid-in-air systems (dry water, liquid marbles) to air-
in-liquid systems (foams) is observed. With further decrease in 
surface tension, particle dispersions were formed. We have 
explained this behaviour by direct measurement of the particle 
contact angles at the aqueous ethanol-air interface. The information 
gathered helps our understanding of the boundaries of encapsulation 
for application in forming dry water and liquid marbles with active 
components in the liquid core.  

 

Figure 1. Microscopy image of an air bubble in an aqueous foam 
stabilised with hydrophobised silica particles (2 µm diameter) Scale 
bar – 30 µm 

Email: s.darragh@2007.hull.ac.uk 
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P21. RAFT Dispersion Polymerisation in Non-Polar 
Solvents: Facile Production of Block Copolymer Spheres, 
Vesicles and Thermo-responsive Worms in n-Alkanes 

Matthew J. Derry , Lee A. Fielding, Jacob A. Lane and 
Steven P. Armes 

Dainton Building, Department of Chemistry, The University 
of Sheffield, Brook Hill, Sheffield, South Yorkshire, S3 
7HF, UK. 

Well-defined poly(lauryl methacrylate-benzyl methacrylate) (PLMA-
PBzMA) diblock copolymer nanoparticles are prepared in n-alkanes 
via RAFT dispersion polymerization.1 Using a relatively long PLMA 
macromolecular chain transfer agent (macro-CTA) leads to the 
formation of well-defined spherical nanoparticles. In contrast, using 
a relatively short PLMA macro-CTA enables both worm-like and 
vesicular morphologies to be produced, in addition to the spherical 
phase. Particular attention is paid to the worm phase, which forms 
soft free-standing gels at 20°C due to multiple inter-worm 
interactions.2 Such worm gels exhibit thermo-responsive behavior: 
heating above 50°C causes a worm-to-sphere transition that leads to 
de-gelation. This worm-to-sphere thermal transition is irreversible in 
dilute solution (0.01 % w/w), but more or less reversible in 
concentrated solution (20 % w/w). Surface plasticization of the worm 
cores is invoked to account for the observed change in morphology, 
since this is sufficient to increase the copolymer curvature and hence 
induce a worm-to-sphere transition. 

 

 

1) Fielding, L. A.; Derry, M. J.; Ladmiral, V.; Rosselgong, J.; 
Rodrigues, A. M.; Ratcliffe, L. P. D.; Sugihara, S.; Armes, S. P. Chem. Sci., 
2013, 4, 2081-2087. 2) Lane, J. A.; Fielding, L. A.; Derry, M. J.; Armes, 
S. P. Manuscript in preparation, 2014. 
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P22 The Application of Mixed Surfactant Systems to 
developing Hierarchical Porous Silicas 

Zaineb Et Tarhounia , Alison Paula, Peter Griff ithsb, and 
Karen Wilsonc  

aSchool of Chemistry, Cardiff University, Main Building, 
Park Place, Cardiff, CF10 3AT; bFaculty of Engineering and 
Sciences, University of Greenwich, Central Avenue, 
Chatham Marit ime, ME4 4TB; cAston University, Aston 
Triangle, Birmingham, B4 7ET 

Hierarchical porous silica structures are widely used in various 
applications in the field of adsorption, sensing and catalysis in terms 
of their high specific surface areas and wide pore size distribution. 
These materials are used as substrates to produce catalysts as they 
have ordered porous structures, and the efficiency of these catalysts 
depends on the morphology of the silicas. In addition, adding 
macropores (>50 nm) to the mesoporous (2-50 nm) system, the 
properties of both meso network and macropores could be exploited 
simultaneously which results in increased mass transport and 
accessibility to the active sites, leading to enhanced performance the 
materials. 

In this work, hierarchical porous silicas have been synthesised in 
order to display multimodal pore sizes in the silica network which are 
desirable to provide improved flow performance coupled with high 
surface areas. Hydrocarbon surfactant 
hexadecyltrimethylammonium bromide (CTAB) has been used with 
a fluorocarbon surfactant, Zonyl-FSN-100 which has an average 
chemical structure of C8F17C2H4 (OC2H4)9OH. Perfluorohexane 
was used as an oil phase in the emulsion solution, and is used as a 
variable parameter to show how the mixed or demixed micelles form 
in the emulsion, which acts as a template to form bi-modal 
mesoporous silicas. The phase behaviour of these 
surfactant/water/PFH systems has been studied. The resulting silica 
materials possessed high surface area over the range 600-1110 
m2g-1), mesopore volumes of 1.2- 2.3 cm3g-1 and pore diameters 
of 2.5-3.4 nm. Sulfonic acid functionalization was realized to yield 
mesoporous solid acid catalyst using postgrafting techniques. 
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The catalytic performance was estimated using palmitic acid 
esterification as a benchmark reaction. Thus, the synthesis of porous 
silica network and its characterization in this study have been 
considered based on emulsion chemistry using hydrocarbon and 
fluorocarbon surfactants.   
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P23. Characterization of lipophilic and hydrophilic dye-
loaded red blood cells as delivery carrier 

Yi-Ping Fang , Chun-Lan Yu, You-Shan Dai 

Department of Biotechnology, Yuanpei University, 
Hsinchu, Taiwan 

Natural and biomimetic concept have extensively developed and 
optimized for application in drug delivery system (DDS). Among the 
intrinsic cellular based carrier the most have been attention are red 
blood cells. Red blood cells are biocompatibility and biodegradable 
sourced from endogenous cells which can avoid provoking an 
immune response and prolonged the circulation in bloodstream. In 
terms of the structure, red blood cells own unique biconcave discoid 
feature and large inner space. It provides sufficient space to entrap 
the active pharmaceutical ingredients which enable to provide 
sufficient space for encapsulating various types of active 
pharmaceutical ingredients. In the present work, we employed 
hypotonic dialysis method to prepare red blood cell ghosts in order 
to disrupted membranes of red blood cell empty out the 
haemoglobin. The aim of the study was to investigate the influence 
factor in preparation process and to validate the drug-loaded red 
blood cell ghosts. Rhodamine 6G (R6G; lipophilic dye) and 
fluorescein isothiocyanate (FITC; hydrophilic dye) are as model drug. 
The results demonstrated that gradient isotonic solution, dialysis 
time, dialysis bag volume and concentration of dye were influence in 
entrapment efficiency. Scanning electron micrographs of red blood 
cells presented biconcave discoid feature and inner space can load 
active pharmaceutical ingredients. 
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P24. Highly Charged and Salt Free Nonpolar Colloids 

Samuel D. Finlayson , Paul Bartlett  

School of Chemistry, University of Bristol, Bristol, UK  

 

The low dielectric constant which defines nonpolar media results in 
long ranged electrostatic interactions, with interesting ramifications 
for colloids. In particular the phenomenon of counterion 
condensation, an important facet of some aqueous polyelectrolytes 
such as DNA [1], is also important in nonpolar systems. For a 
polymer charged above a critical value, counterions are predicted to 
condense into a tightly bound layer on the polymer, with a diffuse 
phase of surrounding counterions. While well established for 
aqueous polyelectrolyte systems, spherical colloids have never 
shown this behaviour due to geometric dependent entropic 
considerations. 

By using spherical particles containing a covalently bound ionic liquid 
and dispersed in dodecane, a highly charged, salt free and unique 
system is prepared with which the aforementioned phenomena can 
be studied. Prior results on this counterion only system have shown 
strong evidence for a condensation effect dependent on particle 
volume fraction [2].  In this poster, pair potentials measured with the 
aid of blinking optical tweezers [3] will be presented. The results will 
be discussed in the context of more traditional aqueous potentials as 
well as more complex systems such as Pickering Emulsions.  

 

References  

1. G.S. Manning, J.Chem. Phys. 1969, 51, 924  

2. D. Gillespie et al., Soft Matter 2014, 10, 566  

3. J.Crocker and D.Grier, Physical Review Letters 1994, 73, 
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P25. Effects of native and modified cyclodextrins on the 
aggregation behaviour of poloxamines in water 
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Gaitanob  

aInstitute of Pharmaceutical Science, King’s College 
London, UK; bDepartment of Chemistry and Soil Science, 
University of Navarra, Spain  

 

Amphiphilic linear surfactants based on polyethylene 
oxide/polypropylene oxide (PEO/PPO) triblock copolymers, known 
as poloxamers or Pluronics, exhibit a rich polymorphism in water, 
which can be tailored by modifying the molecular weight, the 
PEO/PPO ratio, and the distribution of the hydrophilic and 
hydrophobic blocks1,2. Their structural features and 
physicochemical properties, as well as their potential applications in 
drug delivery and targeting, are well documented3,4. An interesting 
and less studied family of polymeric surfactants based on PEO and 
PPO are poloxamines, or Tetronics. These are four-armed (X-
shaped) copolymers containing a PEO and PPO block per arm. For 
the purpose of developing drug delivery vehicles, Tetronics show 
advantages over Pluronics, in particular because of the central 
ethylene diamine spacer, which makes drug loading and release pH-
sensitive and offers the possibility of site-specific delivery5,6. 

Cyclodextrins (CDs) are known to direct micellization processes 
either by the formation of inclusion compounds or by other modes of 
interaction7. The combination of native CDs with Pluronics may lead 
to the formation of pseudo-polyrotaxanes and gels8, which have 
obvious applications for sustained release, while the effect of 
substituted CDs is highly dependent on the nature of the 
substituents, leading in specific cases to full micellar rupture, which 
is envisaged as a trigger for controlled release7. 

In this contribution, we study the effect of native and substituted CDs 
on the micellization process of three Tetronics (304, 904, 1307 and 
the reverse 90R4), having different HLB and aggregation properties, 
by using a combination of techniques (SANS, DLS, and NMR). We 
have also explored the rheological behaviour of the gels formed at 
high concentration of poloxamine as a function of temperature, as a 
first step towards the development of drug delivery systems. 
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P26. Manipulating the large scale structure of plate-like clay 
colloids in aqueous suspension 

William J. Ganley and Jeroen S. van Duijneveldt  

School of Chemistry, University of Bristol, Bristol, BS8 
1TS, United Kingdom  

Known for their anisotropy in shape, clay minerals have found wide 
industrial use due to the formation of low volume fraction colloidal 
gels and the ability to fine-tune the properties of these materials using 
surface chemistry. The formation of liquid crystalline phases in these 
systems has been a long running academic pursuit as gelation often 
intervenes. Despite this, their exact structure is still under debate for 
static systems and is poorly understood under flow. 
Aqueous suspensions of the plate-like clay montmorillonite have not 
been reported to form a thermodynamic liquid crystalline phase 
unlike other clay minerals of similar particle shape. This is thought to 
be due to weaker electrostatic repulsion between particles, reducing 
the excluded volume effect and allowing gelation before the liquid 
crystalline phase is able to form. 
It has recently been shown that the rheological properties of 
montmorillonite suspensions can be dramatically altered by 
adsorbing an amine terminated amphiphilic polymer to the surface of 
the platelets as a means of masking electrostatic interactions [1]. The 
most striking effect being a near doubling of the weight percentage 
of clay required for a sol/gel transition. We present scattering 
measurements showing that the only structural change 
accompanying this is the prevention of a tenuous 1 dimensional 
structure forming at length scales corresponding to tens of microns. 
This is at odds with more established surface treatments such as 
sodium pyrophosphate [2] which exhibits similar rheological 
modification yet does not appear to prevent the formation of this 1-
dimensional structure. 
These results suggest the existence of multiple mechanisms of 
structural modification that can alter the flow properties of plate-like 
clay suspensions. Such mechanisms appear to be both large scale 
and controlled by the interactions between particles. 
[1] Y. Cui, C. L. Pizzey, J. S. van Duijneveldt, Phil. Trans. R. Soc. A 
2013, 371, 1988 20120262. [2] S. Abend, G. Lagaly, Appl. Clay Sci. 
2000, 16, 201-227.  
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P27. Synthesis and Characterisation of Poly(amidoamine)-
BSA conjugates 
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Although the development of therapeutic proteins has increased over 
the last decades, their general use as therapeutic agents has been 
hindered by their immunogenicity and their ability to reach 
intracellular targets. Several polymer-protein conjugates have been 
developed with success to overcome some of these limitations 1. 
However, efficient intracellular delivery remains a challenge and 
restricts the use of proteins with an extracellular target. 
Poly(amidoamine)s 2,3 (PAAs) are pH responsive polymers and 
have been used to promote intracellular delivery of different 
macromolecules via interpolyelectrolyte complexes. Our objective 
was to develop a method to obtain a poly(amidoamine)s-protein 
conjugate that could promote cytosolic delivery. 

PAA with vinyl end groups was synthesised by Michael addition 
polymerisation and characterised by NMR, FT-IR and GPC (Mw = 
13.2 kDa, PDI= 1.92). PAA-BSA conjugates were synthesised by 
hydrogen-transfer between the PAA vinyl groups and the NH2 
groups present on the surface of the protein 4. The bioconjugation 
was carried out at pH 8 and 9 for 24 h, 4 days and 8 days. The 
reaction mixtures were recovered by freeze drying followed by 
ultrafiltration. The samples were analysed by native and SDS PAGE 
electrophoresis. A conjugate was only observed after 8 days, at both 
pH. The conjugates showed different elution times compared to BSA 
and PAA. SDS PAGE gels showed the presence of a high molecular 
weight conjugate (~200 kDa) suggesting that there are 
approximately 10 chains of PAAs (13.2 kDa) per BSA (66.4 kDa). 
The conjugates were further purified by anionic exchange 
chromatography to remove any unconjugated protein. 

The method developed in this study could be used to develop a 
bioconjugate using a therapeutic protein with an intracellular target. 

(1) Bukowski, R. M. et al. (2002), Cancer, 95, 389. (2) Richardson, 
S. C. W., et al. (2010) J. Control. Release, 142, 78. (3) Dubois, J.L.N. 
& Lavignac, N. (2014), Polym. Chem. 5, 1586. (4) Ranucci, E., et al. 
(1995) Polymer, 36, 2989 
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nanoparticles for evaluation of human mesenchymal stem 
cell (hMSC) labelling in a tissue-engineered airway  
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With the successful transplantation of a tissue-engineered larynx into 
a patient1, the clinical use of stem cell therapy is promising. The 
cellular distribution, function and viability of human mesenchymal 
stem cells (hMSCs) must first be evaluated in a safe and non-
invasive manner.2  

Several studies using commercially available (Feridex® and 
Resovist®) or synthesised iron oxide nanoparticles have allowed 
labelling and tracking of hMSCs in vitro by magnetic resonance 
imaging (MRI).3-5 However, most of these materials are not suitable 
for biomedical applications as they are made in organic solvents and 
require complex post-synthesis phase transfer by ligand exchange. 
To overcome this, we present the use of a microwave-assisted 
simple one-pot synthesis of iron oxide nanoparticles by the polyol 
method for their use as contrast agents in MRI. This novel method is 
reliable and leads to mono-disperse, water-soluble and stable 
nanoparticles further functionalised for biomedical applications with 
different coatings such as citrate or fluorescent silica coating. Their 
enhanced cellular uptake and magnetic properties allow their use in 
cellular tracking by MRI.  

In this study, experiments are carried out to optimize the synthetic 
method, properties (size, coating), and dose of the nanoparticles for 
their uptake by hMSCs. MRI of hMSCs labelled with nanoparticles as 
contrast agents is a useful tool towards further understanding their 
role in tissue-engineered organs. While active targeting of magnetic 
nanoparticles with specific antibodies has been thoroughly studied to 
control their biodistribution, a novel strategy to obtain information on 
the differentiation stages of transplanted hMSCs in vitro was studied. 
The use of a superparamagnetic iron oxide nanoparticle based 



246 of 340 
 

imaging modality could be therefore applied to assess the success 
of stem cell therapy.  

 

Figure 1: TEM image of novel magnetite nanoparticles synthesised 
by the polyol method 
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P29. Template-directed Synthesis of Hybrid Mineral Hollow 
Capsules via o/w Emulsions 
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Oberflächen, RWTH Aachen University  

Nature provides intelligent solutions for the design of novel hybrid 
materials of various shape and compositions under mild and energy 
efficient conditions. 

 Functional materials containing hydroxyapatite have a growing 
demand in medical applications. We are able to synthesize mineral 
hollow capsules of hydroxyapatite via a template-directed synthesis. 
The basis of this biomimetic synthesis is a protein stabilized oil/water 
emulsion. The oil phase serves as a template for the mineral hollow 
capsules, whereas the protein serves at the one hand as an 
emulsifier and on the other hand as a matrix where ions - like calcium 
and phosphate ions - can bind and crystallization of hydroxyapatite 
can be induced. Among other proteins, the small globular protein 
hydrophobin fulfils these two functions due to its self-assembly 
properties and amphiphilicity resulting from its hydrophilic and 
hydrophobic patches. Influencing the scaffold via the choice of 
protein or oil, we can tune the morphology of the mineral capsule 
wall. Furthermore, we use different low molecular agents to alter the 
morphology even further. 

 Moreover, we investigate the dynamics of protein adsorption via 
pendant-drop-measurements, since the matrix protein plays a crucial 
role in the crystallization step. Here, we focus the denaturation and 
reorientation processes of the protein that can be reached by 
adapting the measured time-dependent interfacial tension to protein 
models. 

References: [1] A. Schulz, B. Varnholt, B.M. Liebeck, M.J. Richter, 
K. Kreuels, T. Subkowski, A. Böker J. Mater. Chem. B 2013, 1, 1190-
1198. [2] A. Schulz, H. Wang, P. van Rijn, A. Böker J. Mater. Chem. 
2011, 21, 18903-18918. [3] A. Schulz, B.M. Liebeck, D. John, A. 
Heiss, T. Subkowski, A. Böker J. Mater. Chem. 2011, 21, 9731-9736. 
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P30. Controllable Nitric Oxide Release in the presence of 
Gold Nanoparticles 
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A major problem associated with nitric oxide (NO) donors is the 
release of the desired amount of NO at a specific site. A number of 
platforms have been developed for the regulation of NO dosage. We 
present the use of citrate stabilized gold nanoparticles as a platform 
to regulate NO release. Because of the affinity between gold and 
thiols, the characteristic -S-NO bond of S-nitrosothiols (RSNOs) 
breaks in the presence of gold nanoparticles, thereby releasing NO 
and modifying the gold nanoparticle surface with the corresponding 
thiol. This system allows for surface-controlled NO release, where 
the amount of NO released is proportional to the number of thiols 
bound to the gold nanoparticle surface. Moreover, by employing an 
amperometric technique to detect the maximum NO release, we 
were able to estimate the stoichiometry of the reaction, that is, the 
number of adsorbed RSNO molecules per gold nanoparticle1. The 
obtained values agree reasonably well with those found by a direct 
technique such as Isothermal titration calorimetry (ITC) 2. A kinetic 
model for NO release and its subsequent decomposition is proposed 
and used to fit the experimental results. The reaction order was found 
to be zeroth- and first- order with respect to RSNO and gold 
nanoparticles respectively. 

 

1. P. Taladriz-Blanco, V. Pastoriza-Santos, L. Rodríguez-
Lorenzo, J. Pérez-Juste, P. Hervés, Langmuir, 2013, 29, 8061-8069.  

2. P. Taladriz-Blanco, N. J. Buurma, J. Pérez-Juste, L. M. Liz-
Marzán, P. Hervés, J. Mater. Chem. 2011, 21, 16880-16887. 

 

Email : jherves@uvigo.es 

  



249 of 340 
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Mixtures of ethylene glycol and water (EGW), with ≤ 1 wt% extra 
polymer (10 kDa PEG - polyethylene glycol - or 100 kDa PEO - 
polyethylene oxide), and ~15±1 wt% dispersed polystyrene particles, 
were jetted from a drop-on-demand (DoD) print head (MicroFab ABP 
80 µm diameter) with a range of actuation drive voltages. Spark flash 
shadowgraph imaging established the break-off times and drop 
speeds achieved.     No significant differences between the observed 
break-off times were found for these fluids (i.e. for the EGW mixture 
alone, for EGW with the extra polymer at various concentration 
levels, and these with the colloid suspension). This result is 
consistent with the measured near-Newtonian rheology for the 
colloidal solutions. Effects of the ~400±40 nm hydrodynamic particle 
diameter with ≤ 1 wt% extra polymers appear to be rather small for 
inkjet printing, thus aiding applications. Jet break-off was located 
near the nozzle exit for the colloidal jets whereas without colloids the 
jet break-off   moved from the head end for low added polymer 
towards the nozzle exit for higher extra polymer concentrations or 
molecular weight. The jets without colloid tended to produce more 
satellites than the colloidal jets at given DoD drive voltage, but most 
probably because they also produced jets with higher total volumes 
and drop speeds. Added 100 kDa PEO at ≤ 0.1 wt% produced similar 
effects to added 10 kDa PEG at 1.0 wt%, a similar factor to that 
observed in other comparisons of PEO and PS jetting.  

This work was supported by the UK Engineering and Physical 
Sciences Research Council (EPSRC) through grant number 
EP/H018913/1 (Innovation in Industrial Inkjet Technology) and a 
consortium of UK companies, whose permission to publish and 
support for this work is acknowledged. 
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P32. Self-Assembly of Cyclodextrin Covered Particles at 
Interfaces 

Daniela Johna, Jennifer A. Kringsb , Bart J. Ravoob,  
Alexander Bökera  

aDWI – Leibniz-Institut für Interaktive Materialien, 
Lehrstuhl für Makromolekulare Materialien und 
Oberflächen, RWTH Aachen, Germany; bOrganisch-
Chemisches Institut, Westfälische Wilhelms -Universität 
Münster, Germany 

The main aim of this collaborative project is the investigation of light-
responsive, self-assembled, cyclodextrin covered particles at 
interfaces. These particles could be silica particles as well as 
modified microgels. We investigated the light-responsive 
supramolecular adhesion of cyclodextrin covered nanoparticles and 
a bifunctional, non-covalent azobenzene linker. The self-assembly of 
these particles is photo-controllable due to the photo-responsive 
host-guest interaction of cyclodextrin cavities and azobenzene 
molecules. 

In our project, we are focus on the investigation of silica particles in 
a range from nanometres to micrometres. Using atomic force 
microscopy, we could show that - depending on different parameters 
(e.g. particle size, concentration etc.) - these silica particles can be 
aligned in wrinkled structures to form chains. Furthermore, especially 
cyclodextrin covered silica nanoparticles can form pickering 
emulsions. In connection with the above described properties, we 
investigated the stability of emulsions consisting of cyclodextrin 
covered nanoparticles and an azobenzene linker. Additionally, we 
measured the interfacial tension of these silica particles in the 
absence as well as presence of an azobenzene linker. First results 
show the influence of the azobenzene linker on the interfacial tension 
due to a better stabilization at the interface. Currently, we investigate 
the preparation of photo-responsive chains by cross-linking the 
aligned cyclodextrin covered particles with an azobenzene linker. 
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P33. Addition of water to an alcoholic RAFT PISA formulation 
affects both polymerisation kinetics and copolymer 
morphology 

Elizabeth R. Jones, Prof. S. P. Armes  

Department of Chemistry, University of Sheffield  

The efficient synthesis of amine-functional diblock copolymer nano-
objects via RAFT alcoholic dispersion polymerisation has been 
recently reported. Benzyl methacrylate (BzMA) is polymerised in 
ethanol using a poly(2-(dimethylamino)ethyl methacrylate) (PDMA) 
chain transfer agent at 70˚C. Depending on the packing parameter, 
p, polymerisation-induced self-assembly (PISA) can produce 
spherical micelles, worm-like micelles or vesicles. High monomer 
conversions (> 99% by 1H NMR) are achieved within 24 h, while THF 
GPC studies indicate low copolymer polydispersities (Mw/Mn < 
1.30), suggesting good pseudo-living character. When transferred 
from ethanol to water, the nanoparticles remain colloidally stable and 
acquire appreciable cationic character, as judged by DLS and 
aqueous electrophoresis studies respectively. Utilising an 
ethanol/water mixture leads to a significantly faster rate of BzMA 
polymerisation, with 80% conversion being achieved at 70oC within 
7 h. This is presumably because water is a poor solvent for the BzMA 
monomer, which partitions into the growing micelles; thus enhancing 
the local monomer concentration and increasing the polymerisation 
rate. Moreover, the addition of water also affects the final copolymer 
morphology, with only kinetically-trapped spherical micelles being 
obtained when targeting diblock compositions that produce well-
defined vesicles when utilising pure ethanol. This suggests possible 
protonation of the PDMA stabiliser chains in the presence of water. 
The resulting charge repulsion between neighbouring chains means 
that more asymmetric diblocks (i.e. longer PBzMA blocks for a fixed 
PDMA block) are needed to achieve non-spherical morphologies. 
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P34. Gold Nanoparticles and Biological Structures 

Rute Fernandesa , Neil R. Smythb, Simone Nitt ic, Michael R. 
Ardern-Jonesb, Antonios G. Kanarasa  

aInstitute of Life Sciences,  Faculty of Physical and Applied 
Sciences, University of Southampton, Southampton, 
United Kingdom; bFaculty of Medicine, University of 
Southampton, Southampton, United Kingdom; c Istituto 
Italiano di Technologia, Via Morego 30, 16163 Genova, 
Italy 

Understanding the interactions of nanoparticles with skin is of high 
importance for the development of new ways to deliver drugs 
efficiently but also in order to realize potential toxicity risks. Certainly, 
the study of the penetration of skin with nanoparticles is a complex 
research task because it involves a number of parameters that can 
not be easily controlled related to the complexity of the skin and the 
type of nanoparticles. 

In this presentation we take a thorough analytical approach to 
answer key questions concerning these interactions. We will 
particularly focus on how the charge, shape and function of 
nanoparticles influence the penetration through skin. For our studies 
we chose to work with gold nanoparticles due to the ease of their 
surface modification.  

To gain a good understanding, we employ a number of techniques 
such as ICP-OES to quantitatively measure the penetration of 
nanoparticles, as well as two-photon photoluminescence microscopy 
and tem cross sectioning to analytically detect the particles in the 
skin. Moreover we will hypothesize potential mechanisms of 
penetration. 

 

Email: a.kanaras@soton.ac.uk 

  



253 of 340 
 

P35. Applications of silica / polymer colloidal core shell 
particles for antireflective coatings 

Heidrun Keul, Damien Reardon  

DSM, Advanced  Surfaces and Materials, P.O. Box 18, 
6160 MD Geleen, Netherlands 

Antireflective coatings on a substrate such as glass can be prepared 
as an interference-type multilayer coating or as  a low refractive index 
gradient coating. In order to obtain a one layer coating with good 
antireflective properties, very low refractive index materials are 
necessary. The optimum refractive index n for a one layer 
antireflective coating is 1.23. There are, however, no low index solid 
materials that display a refractive index lower than 1.37, therefore the 
best method to realize  materials with a low n, is to reduce their 
packing density or increase porosity.  

DSM managed to develop a coating technology based on silica 
modified, cationic polymer colloids. For the synthesis of these hybrid 
nanoparticles, small in-situ produced silica nanoparticles were 
deposited on cationic polymer colloids. Parameters that influence the 
growth rate and the density of the silica shell are e.g. pH, temperature 
and the addition rate of TMOS. The alcoholic particle dispersion is 
then treated with a silica binder. To obtain an antireflective coating, 
this formulation is applied on glass in a thickness of λ/4 and thermally 
treated at 450-650°C, to introduce the porosity into the coating. The 
resulting antireflective coating has a porosity of 30-40%, is 
mechanically robust, with a transmission of 98% or higher, and 
shows excellent durability.   
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P36. Stable vesicle formation from glycolipid biosurfactant 
and its applications 

Do-Hoon Kima ,b , Young Suk Choa, Hyung Jun Lima  

aAmore-Pacific Co. R&D Center, 314-1, Bora-dong, 
Giheung-gu, Yongin-si, Gyeonggi-Do 446-729, Republic of 
Korea; bDepartment of Chemical Engineering, Hanyang 
University, Seoul, 133-791, Republic of Korea 

Glycolipid biosurfactants, such as mannosylerythritol lipids(MELs), 
are produced by different yeasts belonging to the genus 
Pseudozyma and have been attracting much attention as new 
cosmetics ingredients owing to their unique interfacial action and 
moisturizing properties. In this study, stable vesicle formation from 
glycolipid bio surfactant and its mechanism were investigated using 
a biocompatible Mannosylerythritol lipid(MEL)/phospholipid mixture 
by varying the composition. The mixed vesicle  was investigated 
dynamic light scattering, TEM and fluorescent microscope.  
Mannosylerythritol lipid efficiently self-assembled in water to form 
giant vesicles. Interestingly, the addition of mannosylerythritol lipids 
into phospholipid liposomes brought various effects on their 
properties, especially on their structures. Dynamic light 
scattering(DLS) measurements revealed that the average size of the 
vesicles at the compostion  of XMEL=0.25 was 230nm , which is 
small compared to other compostions. Moreover, the mixed vesicle 

was kept its dispersion stability at 25 ℃ for more than 2month, 
indicating the formation of a thermodynamically stable vesicle. Also, 
we studied the effect of biosurfactants on cell penetration by 
liposome. Our results showed that a biosurfactant of 
mannosylerythritol lipids increased the efficiency of cell penetration 
mediated by phospholid liposome. 
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P37. Particularities of agglomeration of nanoparticles in 
aqueous colloids 

Nikolay Klassen , Vasin A.A., Masalov V.M., Shmit ’ko I.M., 
Suhinina N.S., Likhter A.M.  

Institute of Solid State Physics Russian Academy of 
Sciences, Astrakhan University, Russia  

Experimentally studying water colloids with nanoparticles of silica, 
we found some unusual agglomerations. First, in the vicinity of the 
outer edges of the films of the suspensions of water and amorphous 
SiO2 particles, poured onto a glass substrate, optically anisotropic 
agglomerates of the nanoparticles were found. Their optical 
anisotropy was determined by enlightenment of their images in 
crossed polarizers. In the optical microscope agglomerates looked 
like sticks of length 10 - 15 micrometers and a thickness of a few 
micrometers , forming clusters in a bandwidth from the edge of about 
100 micrometers. With the placement of the suspension between the 
electrodes with the gap between them of 10 - 20 mm, application of 
a potential difference of 100-600 volts produced at the positive 
electrode a set of quasi-periodic rows of silica particles oriented 
parallel to the electrode. These microparticles , unlike the first case 
have a circular shape , and showed no optical anisotropy. Row 
spacing amounts to a few tens of microns. When applying electrical 
field we observed droplet ejection slurry onto the lower surface of the 
cover glass (detached above the suspension at 0.3-0.5 mm), with the 
formation of parallel rows of droplets in the vicinity of the positive 
electrode. Simultaneously we observed at the negative electrode 
increase of anisotropic agglomerates like sticks described above. 
Discovered phenomena are explained by two particularities of liquid 
water: formation around the silica particles of an electrical double 
layer of micelles and abnormally high dielectric permittivity of water 
(ε = 81). Due to decrease of surface tension of water by silica 
particles they are attracted to the edge resulting in creation of an 
electric field perpendicular to the edge and leading to the formation 
of chains of particles having the appearance of stick and the above 
described optical anisotropy. Due to the fact that the outer surface of 
the micelles has a positive charge, the anisotropic particles are 
concentrated at the negative electrode. If a double layer of micelles 
is destroyed by the electric field of the capacitor, its remaining shell 
is negatively charged and they are attracted to the positive electrode 
of the capacitor. But these micelles can’t enter into direct contact with 
an electrode, due to the fact that they have much lower dielectrical 
polarization in comparison with water. Due to negative electrical 
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polarization these micelles are pushed away to the regions with lower 
field. So the equilibrium distance between the rows corresponds to 
the balance between the attraction and repulsion forces. Therefore, 
as a result of balancing a row of the particles is formed being parallel 
to the electrode. Remaining from the shattered micelles positive 
charges for the same reasons form the next row,eyc. This version 
can explain the formation of quasi-periodic rows of SiO2 particles, 
parallel to the electrodes, and the expulsion of these rows on an outer 
cover glass. The distance between the rows is determined by size 
and charge of the particles, so the variation of these parameters will 
provide preparation of regular nanostructures with controlled spatial 
distances. 
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P38. Study of structural changes of water confined in the 
AOT and Brij-30 reverse micelles by UV-visible spectroscopy 

Manoni Kurtanidze , Marina Rukhadze, George 
Bezarashvili  Faculty of Exact and Natural Sciences, Ivane 
Javakhishvil i Tbilisi State University, 3 I.Chavchavadze 
ave, Tbil isi, 0128, Georgia  

The microemulsion systems represent a good artificial model of 
biological membranes due to the likeness of their structure. The 
analogous picture of normal membrane structure in cell is created by 
reverse micelles, besides water dissolved in the core of micelle 
represents the best model of the confined water in biosystems [1]. 
Complexity of water structure becomes enormous when it is confined 
to nanometer-scale cavities. Therefore investigation of the properties 
of water core of the reverse micelles is urgent and topical [2].  

The goal of the proposed work was to study the influence of 
kosmotropic and chaotropic ionic additives introduced in the water 
nanopools of AOT sodium bis(2-ethylhexyl) sulfosuccinate and Brij-
30 (polyoxyethylene (4) lauryl ether) reverse micelles, also in their 
mixed (AOT+Brij-30) micelles by using ultraviolet-visible 
spectroscopy. 

The microstructure of AOT and Brij-30 reverse micelles were 
investigated using ultraviolet-visible spectroscopic method. The 
binding constants of optical probe o-nitroaniline (o-NA) with reverse 
micelles were calculated. The different influence of kosmotropic and 
chaotropic ions on water core structure of reverse micelles is 
reflected in the changes of values of binding constants of optical 
probe with AOT and Brij-30 reverse micelles, viz., binding constants 
of o-NA with AOT reverse micelles are greater in the presence of 
acetate, than in the presence of perchlorate in the water core of AOT 
reverse micelles. Vice versa, the values of binding constants of o-NA 
with Brij-30 reverse micelles in the presence of perchlorate ions 
exceed their values in the case of acetate ions additives in the water 
pockets of Brij-30 reverse micelles.  Results may be useful in the 
study of properties of water aggregates close to the ionic center of 
the surfactant. 

  



258 of 340 
 

References:  

[1] P.M. Wiggins. Water in Complex environments such as living 
systems, Physica A. 314(2002) 485-491. 

[2] R.D. Falcone, J.J. Silber, M.A. Biasutti, N.M. Correa, Binding of 
o-Nitroaniline to Nonaqueous AOT Reverse Micelles, Organic 
Chemistry in Argentina, ARKIVOC, vii, (2011) 369. 

 

Email: manoni.kurtanidze524@ens.tsu.edu.ge 

  

mailto:manoni.kurtanidze524@ens.tsu.edu.ge


259 of 340 
 

P39. A supramolecular route towards hierarchical colloids in 
water via cucurbit[8]uril complexation 

Yang Lan and Oren A. Scherman* 

Melvil le Laboratory for Polymer Synthesis, Department of 
Chemistry, University of Cambridge, Cambridge, UK  

A supramolecular route towards hierarchical colloids in water based 
on cucurbit[8]uril (CB[8]) host-guest interactions is proposed. Core–
shell polymeric microspheres with a cleavable shell were prepared in 
water using the supramolecular route as show in Figure 1a. CB[8] 
was employed to bring together functional polymeric microspheres 
and functional polymers via CB[8] host-guest interactions. This 
supramolecular approach offers a powerful tool to switch the 
cytotoxicity of polymeric microspheres, leading to potential 
applications in the eradication of cancer cells. 

This supramolecular route was further employed to build up hybrid 
raspberry-like colloids (HRCs) in water as shown in Figure 1b. CB[8] 
was employed as supromolecular linking reagent to lock methyl 
viologen functionalised polymeric nanoparticles onto 4-
hydroxyazobenzene functionalised silica microspheres via the 
formation of CB[8] ternary complexes. The formed HRCs are 
photoresponsive and the disassembly/assembly of the HRCs can be 
reversibly controlled upon light irradiation. This facile supramolecular 
route provides a platform for the preparation of hierarchical colloids 
with advanced structures. 

 

Figure 1: TEM image of a) core-shell polymeric microspheres and 
b) hybrid raspberry-like colloids based on cucurbit[8]uril host-guest 

interactions. 
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P40. An AFM Study of Droplet-Droplet Interaction with 
Different Surfactant Concentrations 

 
Kai Li1, Wei Wang1*, Jing Gong1, Panagiota Angeli2  

1. Beij ing Key Laboratory of Urban Oil &Gas Distr ibution 
Technology, China University of Petroleum, Beijing, 
China2.. Department of Chemical Engineering, University 
College London, London, United Kingdom 

The instrument of Atomic Force Microscope (AFM) was used for 
measuring the force behaviour of two approaching droplets and the 
influence of experimental conditions including ramp size, trig 
threshold and drop size on droplet-droplet interaction were explored. 
The dynamic interaction and deformation of two oil droplets 
submerged in deionised water phase approaching/retracting each 
other under different velocities were measured and analysed, which 
shows a similar velocity dependent trend with Dagastine et al. finding 
0 and is believed to be caused by dynamic film drainage process. An 
experiment to demonstrate the deformation behaviour of droplets 
containing certain amount of oil soluble surfactant was carried out 
and the role of surfactant was discussed. Concentrations of 
surfactant varied in a wide range from far below critical micelle 
concentration (CMC) to above CMC. Force curves of 8 sets were 
compared and further converted into drop deformation behaviour. 
Results show that droplet deformability is sensitive to the amount of 
surfactant adsorption onto the interfacial film between the two 
droplets in situ. With surfactant concentration below CMC, the ability 
of droplets against deformation initially shows an increasing trend 
and then decreases. As the surfactant concentration continues to 
increase above CMC, the drop deformability is strengthened further. 
Interestingly, this trend is similar with that of interfacial dilational 
modulus curve, which demonstrate that drop-drop interaction and 
drop deformation is strongly related to the dilational elasticity of the 
interfacial film. 
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P41. Iron oxide micro-rods at liquid interfaces 

Tao Li, Paul Clegg 

School of Physics and Astronomy, University of 
Edinburgh,Mayfield Road, Edinburgh, EH9 3JZ, UK  

Rod-like particles can induce some interesting properties at liquid 
interfaces. The structural transitions within rods monolayers are 
more complex than those of spheres with the similar dimensions or 
surface chemistry. More interesting, in an external magnetic field, 
rods with magnetic moments can be used to reorganize the networks 
at the liquid interface. In the present work, the behavior of 
monolayers of monodisperse akaganéite rods with or without a 
permanent moment has been studied in a Langmuir trough. These 
iron oxide micro-rods have the same size and surface chemistry. 
Phase transitions and in-plan rearrangements are observed with the 
increasing of the surface pressure during the compression process. 
From the microscopy observations, some individual rods flip into a 
perpendicular position relative to the interface to relieve the 
compressional stress. For the monolayer of magnetic rods, an 
applied magnetic field is introduced to fix the rods’ ordering direction. 
The competition of magnetic forces with other kind of forces is 
evaluated. We hope that our work will aid in understanding the 
complex interaction between the rods at interfaces. 
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P42. Janus Container 

Fuxin Liang 

Institute of Chemistry, Chinese Academy of Sciences, 
Beijing 100190, China  

In 1991, P. G. de Gennes in his Nobel lecture firstly employed the 
term of two faceted Roman God "Janus" to describe characteristics 
and performances of such particles with two different components 
districted onto the same surface. In analogous to molecular 
surfactants, Janus particles of amphiphilic performance were 
predicated to stack densely at an interface forming a porous 
monolayer, where small molecules can transport. The non-
centrosymmetric Janus materials have been extensively reported 
with varied shapes including particle, rod, and disc which own two 
different compositions are compartmentalized onto the same 
surface. 
 
Beside of Janus particles, we extended the concept of Janus to 
hollow spheres achieving Janus cages. We realize that an emulsion 
interface is Janus with both hydrophilic exterior and oleophilic interior 
surfaces, which can act as a temporal template to prepare Janus 
shell after duplication. Hydrophilic and lipophilic species self-
organized at the interface forming a silica shell which can 
spontaneously face towards the external aqueous and the internal oil 
phases, respectively. Micelle-like Janus hollow spheres are 
achieved. Hydrophobic organic components can be selectively 
captured inside the cavity from their aqueous surroundings. Selective 
grafting responsive polymers for example thermal responsive onto 
the interior surface, the Janus hollow spheres can load oil at high 
temperature. At lower temperature, the cavity becomes hydrophilic 
and the oil is released. Janus micro-reactors are further derived after 
incorporating catalysts such as photocatalytic nanoparticles P25. 
Decomposition of organic pollutants is completed at a local higher 
concentration after being collected from their aqueous surroundings. 
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P43. Material characterization and CO2 adsorption ability of 
mesoporous silica synthesized via P123 combined with F68 

Yu-Chih Lin1*, Yiwen Huang2, and Hsunling Bai2 

1 Department of Environmental Engineering and Health, Yuanpei 
University, 306 Yuanpei St., HsinchuCity 300, Taiwan. 

2 Institute of Environmental Engineering, National Chiao Tung 
University, Hsinchu city, Taiwan 

Ordered mesoporous silica is the popular adsorbent in pollution 
removal and separation. For the past few years, mesoporous silica 
have been considered as potential adsorbent for CO2 removal, due 
to the high specific surface area, tunable pore size and well-defined 
pore structure. Especially, SBA-15 with unique micro/mesoporous 
structure, thicker wall thickness and higher hydrothermal stability is 
one of the suitable candidates for CO2 capture.  
Porous structure has been discussed that was the important 
parameter affecting on the adsorbent’s performance, and then 
modifying adsorbent with the appropriate porous structures to 
enhance the adsorption efficiency is concerned. Therefore, P123 
combined with F68 is utilizing as the dual-template surfactant to 
synthesize the mesoporous silica, in order to altering porous 
structure and improving adsorption capacity. The material 
characterization of synthesized mesoporous silica in this study are 
discussed as specific surface area, pore distribution structure and 
transmission observation of pore structure.  In addition, the CO2 
adsorption capacity of the synthesized mesoporous silica is also 
described and compared with the common SBA-15.  
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P44. An effective approach to the fabrication of plasmonic 
structures on graphene based on self-assembly and 
nanosphere lithography 

Valeria Lotito, Tomaso Zambelli 
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Biomedical Engineering, ETH Zurich, CH-8092, Switzerland 

Introducing plasmonic structures on top of graphene can be 
important for sensing and optoelectronic applications, e.g. for the 
enhancement of photoresponsivity of graphene photodetectors. 
Electron beam lithography (EBL), which has been used to control 
their structural and spectral properties [1-2], is not a viable option for 
the fabrication of patterns over large areas, due to cost and time 
burden. We propose nanosphere lithography as an effective 
approach to the fabrication of large area plasmonic structures on 
graphene and apply proper strategies to avoid possible damage to 
graphene resulting from surface treatment and further processing 
steps, which could deteriorate graphene properties. 
 
Self-assembly of polystyrene nanospheres at liquid/air interface is 
carried out, followed by transfer of the nanosphere monolayers on 
large area graphene covered by protective layers chosen according 
to the further processing steps and used to prevent possible 
graphene damage. The fabrication process is completed by 
performing reactive ion etching and metal deposition. 
Periodic patterns with different spectral characteristics and shapes 
can thereby be created on graphene, in a more effective way 
compared to EBL. The plasmonic properties are tuned by proper 
control over the self-assembly process and reactive ion etching 
parameters. The approach can be adapted to create other different 
patterns, e.g. via self-assembly of binary colloids. 
This work was supported by the Swiss Innovation Promotion Agency 
CTI-KTI. 
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P45. Oleanolic Acid Delivery using Biodegradable 
Nanoparticles for Cancer Therapy 

Man Kwun Wai DeDe ; Dr. Phil ip Kwok; Dr. Jenny Lam 
Department of Pharmacology and Pharmacy, The 
University of Hong Kong 
 

Oleanolic acid (OA) is a naturally occurring pentacyclic triterpenoid 
widely found in Chinese herbs. It has been extensively studied owing 
to the beneficial effects such as hepatoprotection, anti-inflammatory 
and it is recently found to have anti-tumor ability. However, 
resembling the other hydrophobic drugs, it has poor water solubility 
and therefore very limited intestinal absorption when administrated 
orally. Investigations concerning the delivery of OA have been 
carried out to enhance its dissolution and bioavailability. 
Nanoparticulate systems involve the reduction of drug particle size 
into nano-scale thereby increasing the interfacial surface area. As a 
result, absorption of drug in the body system could be enhanced. 
Biodegradable polymer-based system can be metabolized by the 
body system into harmless compounds so it is regarded safe and 
promising. This study was conducted to evaluate the efficacy of four 
types of biodegradable copolymers as potential OA delivery 
nanoparticulate system. 
 

Co-polymers consisting a hydrophilic block: poly(ethylene) glycol 
(PEG) and a hydrophobic block of either poly(lactic-co-glycolic) acid 
(PLGA) or poly(lactic acid) (PLA) were used to fabricate a novel 
nanoformulation to improve OA bioavailability. The OA-loaded 
mPEG-(D,L)PLA, mPEG-(L)PLA, mPEG-(D,L)PLGA and mPEG-
(L)PLGA nanoparticles (NPs), prepared by nanoprecipitation, were 
observed to be spherical in shape under transmission electron 
microscope. Results indicated that narrow size distributed NPs with 
mean hydrodynamic diameter of 200±16.0, 233±13.9, 211±10.1 and 
229±10.1nm respectively were obtained. mPEG-(D,L)PLA NPs 
attained the highest encapsulation of OA with 75.8% efficiency while 
mPEG-(L)PLGA NPs displayed the lowest encapsulation efficiency 
at 40.8%. The in vitro anti-tumoral activity was evaluated on A549, 
lung carcinoma epithelial cell lines using MTT assay. All the four 
types of OA-loaded NPs demonstrated better anti-cancer ability than 
saturated OA in medium. Moreover, NPs without OA exhibited 
significantly lower cytotoxicity towards A549 indicating induced cell 
death was due to the effective delivery of OA as an anti-cancer 
therapeutic agent.  
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Formulations 
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S.M.King2 
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Amphiphilic block copolymers of the poly (ethylene oxide)–poly 
(propylene oxide) (PEO–PPO) group (commercially available as 
Pluronic or Poloxamers) are widely used in numerous applications, 
especially the pharmaceutical, consumer, technological and 
formulation areas. Whilst, mixtures of small molecule surfactants and 
Pluronics have previously been examined, as has the effect of 
alcohols on Pluronic behaviour. There are far fewer studies of the 
quaternary systems; Pluronic/small molecule 
surfactants/alcohol/water. 
 
Against this background, we have employed a range of techniques 
including surface tension, pulsed gradient spin-echo nuclear 
magnetic resonance (PGSE-NMR) and small- angle neutron 
scattering (SANS) to quantify the interaction between these small 
molecule surfactants (sodium dodecyl sulphate, 
dodecyltrimethylammonium bromide and polyoxyethylene (23) lauryl 
ether) and short, medium and long chain alcohols (ethanol, hexanol 
and decanol respectively) on the critical micelle concentration (CMC) 
and subsequently the micellar structure. SANS data for aqueous 
Pluronic solutions with added alcohols fitted to a charged spherical 
core/shell model for the micelle. The addition of the surfactants led 
to significantly smaller, oblate elliptical mixed micelles in the absence 
of alcohols. Addition of ethanol to the system led to a decrease in the 
micelle size, whereas larger micelles were observed upon addition 
of longer chain alcohols. NMR studies provided a complementary 
estimate of the micelle composition using average diffusion 
coefficients.  These observations extend our understanding of the 
synergistic interactions between the Pluronic and small molecule 
surfactants when the partitioning of the added alcohol perturbs the 
interaction between the two types of surfactants. 

Email: mo16@gre.ac.uk 
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P47. Design of silicone-in-water emulsions for use as release 
agents  

Frédéric Marchal and Stefan Breunig 

Bluestar Silicones France, Saint-Fons, France 

 
With their high chain flexibility, low glass-transition temperature and 
low surface tension, polyorganosiloxanes are often the molecules of 
choice when one needs to formulate lubricants and release agents 
[1]. Among the various industrial processes requiring release agents, 
metal die casting is one of the most important, but also one of the 
most demanding since high thermal- and corrosion-resistance is 
needed. Specific functional silicones must be designed and 
synthesized, in order to comply with all performance requirements 
[2]. Then, those functional silicones should be properly emulsified, 
since – particularly for health, environmental and safety reasons – 
the preferred vehicle for such applications is water. 
 
After a rapid overview of the key chemical routes for silicone 
functionalization, we will explain why such functional silicones are 
particularly difficult to emulsify. Next, we will present some aspects 
of silicone emulsification, with emphasis on the interplay between 
stability, droplet size, interfacial tension, shear, and respective 
viscosities of silicone and aqueous phase. The underlying choice of 
emulsification route will be discussed [3]. Finally, we will show the 
impact of various formulation parameters on release properties. 
 
[1] W. Noll, in Chemistry and Technology of Silicones, ACADEMIC 
PRESS, INC., London, 1968, pp. 531-638.  
[2] S. Breunig, P. Olier, WO patent 2001088018 
[3] S. Sajjadi, Colloids and Surfaces A, 2007, 299, 73 
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P48. Preparation and in vitro characterisation of rapamycin-
loaded solid lipid nanoparticles for the brain-targeted 
therapy 

Jarosław Mazuryk a, b, d, e, Sylwia Haracz c, Stefano Giovagnoli d, 
Alessandro Magini e, Carla Emiliani e * and Adam Patkowski a, b * 

a) The NanoBioMedical Centre, Umultowska 85, 61-614 Poznań, 
Poland 
b) Molecular Biophysics Division, Faculty of Physics, Adam 
Mickiewicz University, Umultowska 85, 61-614 Poznań, Poland 
c) Chemical Physics Division, Faculty of Chemistry, Adam 
Mickiewicz University, Umultowska 89b, 61-614 Poznań, Poland 
d) Department of Chemistry and Technology of Drugs, University of 
Perugia, Via del Liceo 1, 06123 Perugia, Italy 
e) Department of Experimental Medicine and Biochemical 
Sciences, University of Perugia, Via del Giochetto, 06126 Perugia, 
Italy 

 

Neurodegenerative disorders, such as Alzheimer, Parkinson or 
lysosomal storage diseases belong to most delibitating diseases of 
affluence which continuously remain without any efficient, low-cost 
remedy. Much effort has been paid for inventing effective brain-
targeted drug composites to sufficiently overcome the blood-brain 
barrier, that constitutes a natural system strictly regulating the 
transport into the central neural system from the blood or 
cerebrospinal fluid. At the same time, specific inhibition by rapamycin 
of the mTOR complex, i.e. mammalian target of rapamycin displaying 
Ser/Thr kinase activity, responsible for autophagy, metabolism and 
cell proliferation, has been recently demonstrated to repair the 
cognitative behavior in a Alzheimer mouse model. Hereof, design of 
well-defined solid lipid nanoparticles carrying rapamycin becomes a 
powerful strategy to cross the BBB and treat the central nervous 
system-localized lesions.  
 
Rapamycin-loaded SLN (10 and 20 % w/w), based on cetyl palmitate, 
Compritol® ATO888 and Geleol® as matrixes and stabilized with 1% 
polysorbate 80, were prepared using a cold high-pressure 
homogenization, solvent evaporation and dialysis protocol. Drug 
content and thermal stability of the nanoformulations were 
established exploiting DSC, UV-NIR and Raman spectroscopy, 
whereas DLS, zeta-potential and SEM measurements revealed their 
colloidal size distribution (50, 100, 200 nm). These favorable 
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properties made the rapamycin-loaded SLN useful for in vitro 
treatment of a SH-SY5Y neuroblastoma cell line, i.e. an in vitro model 
for neurodegenerative diseases. Long-term studies of MTT toxicity 
and mTOR activity provided a promising evidence for controlled 
rapamycin release from lipid matrixes in cytosol, what confirms a 
potential biomedical application of the nanoformulations.  
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P49. Squeezing an emulsion with two continuous phases: 
centrifugal compression of the bijel 

Katherine Rumble and Paul Clegg 

School of Physics and Astronomy, University of Edinburgh 

Bicontinuous interfacially jammed emulsion gels or bijels are a class 
of soft material where two partially miscible liquids are quenched and 
phase separate via spinodal decomposition. This results in a short-
lived bicontinuous structure; the interface can then be stabilised by 
solid particles which jam causing a long-lived stable structure to be 
formed [1]. We have investigated the mechanical response of bijels 
using centrifugal compression (as for droplets in [2]). This was 
combined with imaging in order to observe internal changes to the 
particle network and gain insight into potential new structures which 
could be formed. We find that the bijel structure is preserved only at 
low centrifuge speeds at around 10 g with a complete destruction of 
the structure occurring for speeds around and above 100 g. The 
distorted bijel does not exhibit an elastic response because it has two 
continuous phases, which following compression at 10 g, sit one 
above the other. Therefore, one of the liquids is trapped and cannot 
regain access to the particle stabilised structure. The treatment at 
low speeds results in domains which are elongated in the direction 
perpendicular to the axis of rotation. The final structure can be 
controlled via the temperature and the initial domain size of the bijel.  

[1] E. M. Herzig, K. A. White, A. B. Schofield, W. C. K. Poon, P. S. 
Clegg, Nature Materials, 6, 966-971 (2007). 

[2] L. Maurice, R. A. Maguire, A. B. Schofield, M. E. Cates, P. S. 
Clegg, J. H. J. Thijssen, Soft Matter, 9, 7757-7765 (2013). 
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P50. The effect of electronic configuration on the catalytic 
activity of gold nanoparticles in the solvent free oxidation of 
alcohols 

Menezes Mikhail, Luckham Paul F 

It is well known that spherical gold nanoparticles are good catalysts 
for various oxidation reactions, but there has been little reported data 
on the catalytic ability of non-spherical gold nanoparticles. The 
plasmon resonances of rod shaped and spherical gold nanoparticles 
are very different with rod shaped particles having two resonances, 
one of which can extend into the near infra-red region of the 
electromagnetic spectrum, which suggests they would behave 
differently as catalysts. In this report, we demonstrate a robust 
method to synthesize gold nanoparticles in different configurations 
and subsequently use them to catalyse the oxidation of alcohols to 
analogous carbonyl compounds. Specifically, we developed a 
reproducible method to synthesize monodisperse rod-shaped as well 
as spherical gold nanoparticles by a seed-mediated synthesis 
technique using CTAB as a stabilising agent, AgNO3 to control the 
growth and L-ascorbic acid as the reducing agent. The nanoparticles 
are used as catalysts for the oxidation of non-activated alcohols in a 
base free aqueous environment with H2O2 as the oxidising agent. 
Reaction yields from these tests display noteworthy differences in the 
catalytic activity based upon the shape of the nanoparticles. 

Email: mikhail.menezes07@imperial.ac.uk 
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P51. Formulation and characterization of 1-
monoacylglycerols-loaded microemulsions  

Mikulcová Veronika a, Kašpárková Věra a,b, Hauerlandová Iva a, 
Buňková Leona c 

a Department of Fat, Surfactant and Cosmetics Technology, Faculty 
of Technology, Tomas Bata University in Zlín, nám. T. G. Masaryka 
5555, 760 01 Zlín, Czech Republic 
b Centre of Polymer Systems, Tomas Bata University in Zlin, T.G.M. 
Sq. 5555, 760 01 Zlin, Czech Republic 
c Department of Environmental Engineering Protection, Faculty of 
Technology, Tomas Bata University in Zlín, nám. T. G. Masaryka 
5555, 760 01 Zlín, Czech Republic 
Microemulsions have recently attracted attention as useful carriers 
of active substances, which offer opportunities for the encapsulation 
of both water-soluble and oil-soluble compounds. Due to their 
beneficial physicochemical properties, they are applicable in the 
cosmetic, pharmaceutical and food industry. The objective of our 
study was to investigate the effect of various co-surfactants on the 
formulations of o/w microemulsions containing 1-monoacylglycerols 
(1-MAG) with fatty acid of different chain length, namely capric 
(C10:0), lauric (C12:0) and myristic (C14:0) acids. Medium-chain 
length alcohols (ethanol, 1-propanol, 1-butanol, 1-pentanol) were 
used as co-surfactants, and Tween 80 as a surfactant. Phase 
behaviour of the emulsion systems was studied with the help of 
pseudo-ternary phase diagrams, which were then used to determine 
the final composition of microemulsions. On the optimum 
formulations, the size of the microemulsion droplets was determined 
using photon correlation spectroscopy and their antibacterial 
properties against the most common pathogens were studied. The 
results indicate that the largest region of limited miscibility exists for 
microemulsions with the pentanol as co-surfactant. For systems 
wherein ethanol, butanol and propanol were used, the reduction of 
immiscibility area compared with pentanol was determined. Phase 
diagrams based on the data proved that the area of limited miscibility 
for the respective 1-MAG increases with increasing chain length of 
the alcohol used. Regarding size, emulsion droplets diameters were 
of about 12-24 nm and the best antibacterial properties were 
determined for 1-MAG C12:0 microemulsions irrespective of the co-
surfactant used. 

Email: mikulcova@ft.utb.cz 
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P52. Preparation of Colloidal Inkjet Inks by Emulsion 
Polymerisation 

Mohmed Mulla, Huai Nyin Yow, Olivier Cayre, and Simon Biggs 

University of Leeds  

Nanoparticles are widely used in ink formulations as they offer some 
very desirable advantages, including a long shelf life due to the high 
stability of the dispersions, and controllable jetting behaviour. The 
aim of this project is to produce high solids content, sub 100 nm 
monodisperse latex particles to be used as model inkjet inks. Highly 
concentrated (up to 45 wt% solids content) stable PMMA latex 
particle dispersions have been prepared via emulsion 
polymerisation. More specifically a chain transfer agent has been 
utilised to enhance particle nucleation efficiency, aiding the 
preparation of polymer particles with a narrow weight distribution and 
increased monodispersity. Our initial work has found that high 
nanolatex concentration can be achieved with a relatively low 
emulsifier concentration, without sacrificing the colloidal stability of 
the dispersions. Waterborne nanoparticles around 50 nm have been 
obtained with a 45 wt % solids content. These dispersions do not 
require any lengthy processing to perform rheological experiments in 
regions where the particle suspensions show clear shear thinning 
behaviour.  

In this study, we compare the use of a surfactant and a block 
copolymer as emulsion polymerization stabiliser. In addition, we also 
systematically study the effect of the emulsifier, initiator and chain 
transfer agent concentration on final particle size and polydispersity 
of the synthesised particles.  
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P53. Coalescence stability of oil-in-water emulsions 
prepared using microchannel emulsification 

Ryo Murakami1,2, T. Iwahashi1, Y. Fujimoto1, Y. Fujimoto1, M. 
Yamamoto1,2 

1Department of Chemistry of Functional Molecules, Konan 
University, Kobe, Japan. 2Japan Science and Technology Agency, 
CREST, Kobe 658-8501, Japan. 

Pickering (or Ramsden) emulsions are dispersions of oil and water 
stabilised by colloidal particles1. One of the most important 
parameters in stabilizing the Pickering emulsions is wettability of 
colloidal particles against oil/water interfaces, which is quantified by 
a contact angle measured through water phase (θ). The energy of 
adsorption of particles at oil/water interfaces is given by an equation: 

22 )cos1( θRπγG Δ , where γ is an interfacial tension of an oil 

and water and R is a particle radius. When θ < 90º, the ΔG value 
increases and the particles become strongly adsorbed at oil/water 
interfaces with increasing θ, leading to the formation of emulsions 
stable against coalescence.  
 
Metal oxide particles, such as silica and alumina, are widely used as 
particulate emulsifiers. The metal oxide particles are positively 
charged when pH is lower than isoelectric point (IEP), while they are 
negatively charged when pH is higher than IEP. For macroscopically 
flat surfaces of metal oxides, it has been shown that the surfaces of 
metal oxides are most hydrophobic when pH is around IEP2.  
 
In this study, we have used alumina-coated silica (ACS) particles and 
prepared Pickering oil-in-water (o/w) emulsions using microchannel 
emulsification. The emulsions were made as a function of pH and 
NaCl concentration (mNaCl) of aqueous dispersions of ACS particles. 
The pH region where oil drops are stable against coalescence was 
determined, on the basis of monodispersity of oil drop size, at each 
mNaCl. Combining results of emulsion stability against coalescence 
and those of zeta potential measurements, it is found that 
monodispersed stable o/w emulsions are formed when pH of the 
aqueous dispersions is around IEP, indicating that relatively less 
charged particles are relatively hydrophobic, so that they are more 
strongly adsorbed at oil/water interfaces than those when pH is apart 
from the IEP. 
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P54. Physisorption of -conjugated polymer Onto Silica 
Surface in Toluene 

Ayako Nakao* and Michiya Fujiki* 

* Graduate Scool of Materials Science, Nara Institute of Science 
and Technology, 8916-5 Takayama, Ikoma, Nara 630-0192, Japan 

A physisorption is one of 
the most common 

phenomena at the 
interface between soft 
matter and hard matter. 
Even among them, 
definitive difference in 

physisorption at the solid 

surface between polymers 
and small molecules might 
mainly be due to large 
numbers of conformation freedom (entropy) that is a uniqueness of 
floppy chains. An open question is what is the inherent nature on 
solution-phase physisorption of polymer at the surface, which might 
be a long-standing issue in the realm of surface and interfacial 
science. To address this question, we desighned a new solution 
depletion system, consisting of uncharged poly(dioctylfluorene) 
(PF8) chosen as a chromophoric probe (Fig.1) and spherical silica 
with smooth surface (0.5 µm in diameter) dispersed in toluene. Long-
range van der Waals and other noncovalent forces may be 
responsible for this physisorption. The present outcome may lead to 
an import pillar of several innovative hybridized materials consisting 
of various pi-conjugated polymers and inorganic directed toward 
printable solar-conversion and white-light-emitting systems in the 
future. 

Experimental: The spherical silica was dispersed in toluene solution 
of PF8 and stirred at room temperature. The crude silica core-shell 
particles were purified by washing with toluene removes non-
adsorbed PF8.  

Fig.1. Chemical structure of PF8. 
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Results and discussion: Herein we found spontaneous physisorbed 
PF8 onto the silica surface without any specific treatment. PL 
spectrum of the particles and observation by the naked eye revealed 
that PF8 on the silica surface is physisorbed. Indeed, the PF8-silica 
showed cleary intense four regression PL signals due to phonon-side 

-phase of 
PF8 (Fig.2). 
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Fig.2. PL spectra of PF8/0.5m 

spherical silica composite. 
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nanoparticles from AC susceptibility measurements 
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 cInstituto Madrileño de Estudios Avanzados en Nanociencia 
(IMDEA-Nanociencia), Cantoblanco 28049, Madrid, Spain 
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400 14 Göteborg, Sweden 

The US nanomedicine industry totals around $34.2 billion and the 
demand for biomedical nanosized products is expected to grow a 
17.1% in 2014.1 Due to the growing market needs, the introduction 
of a cost-efficient, high-yield and reproducible method for the 
synthesis of magnetic nanoparticles would revolutionize the market 
by improving the properties of the generated materials. Microwave 
reactors have the potential to offer this possibility thanks to the 
introduction of new high performance bench-systems (e.g. MARS 6, 
CEM Corporation) that could generate around 500 g of particles per 
week in a high controlled and reproducible manner. 

Techniques such as magnetic resonance imaging (MRI), magnetic 
hyperthermia and magnetic particle imaging (MPI) heavily rely on the 
magnetic relaxation properties of magnetic nanoparticles. 
Understanding the mechanism of relaxation in working conditions is 
crucial for their routine use. Nonetheless, small changes to the 
synthetic conditions can lead to drastic variations on the frequency 

range of maximum imaginary component ('') of the complex 
susceptibility leading to products with unpredictable behavior or non-
reproducible properties, as seen in the case of magnetic 
hyperthermia.2 To this aim we have investigated the effect of the 
synthetic conditions with a microwave reactor in the final magnetic 
relaxation properties by AC susceptibility measurements on iron 
oxide nanoparticles. Citric acid and dextran ligands were used in the 
system to exemplify the drastic changes on the frequency of 
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maximum susceptibility loss with the concentration of ligand in 
solution.  

The frequency of maximum '' was found to increase along with the 
concentration of ligand in solution. The results reveal that it is 

possible to match a targeted frequency of maximum '' for a specific 
application through a carefully programmed microwave-based 
synthesis.  

 

Figure 4. AC susceptibility (Re: real part, Im: imaginary part) 
measurements of A) citric acid-iron oxide NP series and B) dextran-
iron oxide NP series. 
1. The Freedonia Group 2010. 
2. Kallumadil, M., et al.,  J. Magn. Magn. Mater. 2009, 321, 
3650-3651. 
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P56. PNIPAAM Brushes Grafted from Two-Dimentional 
Phase-Separated Structures 

Shigetaka Otagiri, R. Okuda, S. Watanabe, M. Matsumoto 

Dept. Mater. Sci. Technol., Tokyo Univ. Sci., Katsushika-ku, Tokyo 
125-8585, Japan  

Surface-initiated graft polymerization has been attracting 
considerable attention as a tool to modify the surface properties of 
solids. In particular, surface-initiated atom transfer radical 
polymerization (ATRP) yields polymer brushes with high graft density 
and with smooth surfaces. PNIPAAM is a representative 
thermoresponsive polymer with lower critical solution temperature 
(LCST) at 32°C 

The Langmuir-Blodgett (LB) technique has been used to fabricate 
organic ultrathin films with well-defined structures. Mixed LB films 
form two-dimensional phase-separated structures with patterns of 
the size of a micrometer or nanometer length scale. These patterns 
can be controlled by adjusting the intermolecular interactions. Mixed 
LB films containing a silane-coupling agent can be converted to 
templates on which materials can be patterned. In this study, we 
grafted PNIPAAM brushes from two-dimensional patterns fabricated 
from mixed LB films. 

We prepared mixed LB films of CH3(CH2)18COOH 
(H19A)/CF3(CF2)7(CH2)2SiCl3 (F8H2SiCl) = 1/3, heated them and 
treated them with organic solvent, followed by the reaction with a 
silane-coupling agent bearing an amino group, with a subsequent 
reaction to immobilize a polymerization initiator. The graft 
polymerization of NIPAAM was carried out for specific times at room 
temperature. The PNIPAAM brushes were characterized using AFM 
in air and in water at 25°C, 30°C, and 34°C. In situ AFM revealed that 
the PNIPAAM brushes were in a swollen state at 25°C in water due 
to hydration. On the other hand, the PNIPAAM brushes contracted in 
water due to dehydration when the temperature was raised to 30°C. 
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P57. Designing Disorder Using DNA-Functionalized Colloids 

Lorenzo Di Michele, Francesco Varrato, Giuseppe Foffi, and 

Erika Eiser 

Understanding and controlling the properties of amorphous materials 

is essential in the design of new materials. Among different 

amorphous structures, colloidal gels play an important role. We use 

the short-ranged attractive interactions between colloids provided by 

selective DNA bonding to build ramified amorphous space-spanning 

structures that can sustain mechanical stress. [1] The mechanism of 

aggregation in our system occurs through arrested demixing in 

binary colloidal mixtures. This leads to the formation of bigels - a new 

class of materials. We obtain these materials by end-grafting highly 

specific single-stranded (ss) DNA. As ssDNA can only bind to its 

complementary counterpart, we can design new colloid-colloid 

binding rules. Here, we present two types of amorphous gels: Two 

inter-percolating but independent colloidal gels which we call bigels 

(Figure), and a single colloidal gel subsequently coated with a single 

layer of a different type of colloid. Later we call coaxially coated 

colloidal gels. [2] 

I will discuss both the structural analysis and the mechanical 

properties of such systems. [3] 

 

Figure: (Left) Carton of the typical colloid surfaces bound with DNA. 

The double strands are used a spacers, and the sticky overhangs 

are designed such that A and A’ cannot bind to B or B’. The polymer 

strands in between are used to tune strength of the intra-colloidal 

bonds. (Right) Snapshot from a demixed bigel.[1,2] 

 = 10%

25 µm



284 of 340 
 

 

[1] F Varrato, L DI Michele, M Belushkin, N Dorsaz, SH Nathan, E Eiser, G 
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P58. Hydrotropes as Supercritical Carbon Dioxide 
Viscosifiers 

Jocelyn Peach, Julian Eastoe 

School of Chemistry, University of Bristol, UK 

The development of applications involving supercritical carbon 
dioxide (scCO2) could contribute towards a significant and necessary 
movement towards green chemistry, offering potential replacements 
for volatile organic compounds. Unfortunately, the physico-chemical 
properties of scCO2 are sub-optimal for applications, including low 
poor solubilizing power of ionic and polar species alongside a low 
viscosity. These are two key properties that must be addressed if 
scCO2 is to fulfil its potential as a green solvent. Success in 
enhancing both solvency and viscosity of scCO2 has been achieved 
through the intelligent design and use of CO2-philic, self-assembling 
amphiphiles, where addition leads to an increase in internal structure 
of the system, and therefore an enhancement of viscosity. The 
development of viscosifying agents has thus far focused on building 
the system internal structure, through elongating reversed spherical 
micelles to form ellipsoid, rod-like and worm-like structures which 
then may cross-link to make networks1.  

Formation of organogels has been reported in Aerosol-OT (Dioctyl 
sodium sulfosuccinate,  AOT) and oil systems through the addition 
of para-substituted phenols2, however the gels ‘dissolve’ with 
addition of water to the systems. Viscosity enhancement, paired with 
the formation of reverse rod-like and worm-like structures has also 
been reported with the inclusion of hydrotropic salts in both water-in-
oil (w/o) and water-in-carbon dioxide (w/c) systems3,4, though 
viscosity increases within w/c systems were significantly less 
pronounced than those in w/o systems4 . 

Here we report the results from novel combinations of para-
substituted phenols and hydrotropic salts at a range of 
concentrations, ratios and water levels, and the impacts these 
combinations have on phase behaviour and viscosity of water-in-oil 
and water-in-carbon dioxide systems. 

(1)  Trickett, K.; Xing, D.; Enick, R. M.; Eastoe, J.; Hollamby, M. 
J.; Mutch, K. J.; Rogers, S. E.; Heenan, R. K.; Steytler, D. C. 
Langmuir 2010, 26, 83–88. 
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(3)  Hatzopoulos, M. H.; Eastoe, J.; Dowding, P. J.; Grillo, I. J. 
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(4)  James, C.; Hatzopoulos, M. H.; Yan, C.; Smith, G. N.; 
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96–102.  
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P59. Structure and Growth Properties of Mesoporous Silica 
Anti-Reflective Coatings 

Jonathan C Pegg and Julian Eastoe 

School of Chemistry, University of Bristol, UK 

Here we report some of the early work and background for a 3 year 
project investigating the structure and growth properties of a proxy 
system for a commercial anti-reflective (AR) coating. When glass 
meets air, around 4 % of normal incident light is reflected, and this 
increases abruptly with incidence angle. Reflective losses from 
glass substrates can be eliminated by applying AR coatings.1,2 To 
optimize transmission into solar cell modules reflective loses must be 
minimized; hence AR coatings are industrially, economically and 
environmentally important. Porous silica films, prepared via sol-gel 
routes, provide low and tuneable refractive indices, representing an 
approach for making AR coatings.3-5 The commercial product uses a 
novel core-latex-template to fabricate a unique closed pore silica AR 
coating: offering advantages of greater performance and longer life-
time, relative to traditional open pore coatings.  
Despite the practical success of this AR coating, understanding of 
the structure and growth properties, necessary for optimising films 
properties, is lacking. Industrial formulations are complex 
and multicomponent. Initial work has been centred on preparing 
simple, model binary/ternary systems, comprising of the silicon 
alkoxide tetraethyl orthosilicate, a polymer latex particle and a 
surfactant. Some initial results from these model systems will be 
discussed, including the physical properties (e.g. phase behaviour, 
wettability on glass) and small-angle neutron scattering studies. 
 
1 K. Abe, Y Sanada and T. Morimoto, J. Sol-Gel Sci. Technol., 2003, 
26, 709. 2 Ö. Kesmez, E. Burunkaya, N. Kiraz, H. E. Çamurulu, M. 
Asiltürk and E. Arpaç, J. Non-Cryst. Solids, 2011, 357, 3130. 3 P. K 
Biswas, P. Sujatha Devi, P. K. Chakraborty, A. Chatterjee, D. 
Ganguli, M. P Kamath, A. S Joshi, J. Mater. Sci. Lett., 2003, 22, 181. 
4 G. M Wu, J Shen, T. H Yang, B Zhou and J Wang, J. Mater. Sci. 
Technol., 2003, 19, 299. 5 I. A Rahman, P. Vejayakumaran, C. S 
Sipaut, J Ismail, M. A Bakar, R Adnan and C. K Chee, Colloids Surf., 
A, 2007, 294,102. 
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P60. The behaviour of protein fibrils in complex system 

Jinfeng Peng, Paul Venema, Erik van der Linden 

Physics and Physical Chemistry of Foods, Wageningen 
University, Wageningen, The Netherlands.  

There is an on-going interest in the development of new functional 
structures in pharmaceutical, food and material science fields.  
Proteins are an important source of biomacromolecules  for 
designing functional structures due to their ability to form  different 
morphologies on a nano-scale. For example,  protein fibrils are rod-
like assemblies with a width of a few nanometers, whereas their 
length can be up to several micrometers long. Numerous proteins 
have shown the ability to aggregate into fibrils, such as, ovalbumin, 
soy proteins and whey proteins. Fibrils have received considerable 
attention from a variety of directions, reaching from physics to biology 
and the medical field. It has been found  that the presence of fibrils 
leads to an increase in zero shear viscosity and that they show shear 
thinning behaviour, these properties make them also interesting as 
food ingredients. Fibrils are also surface active and were used to 
increase the strength of capsules in the production of microcapsules. 
For a wider application of fibrils, it is important to study the properties 
of fibrils also in more complex systems with the aim to better 
understand the interaction between fibrils and other components. 
Here we studied  the interaction between protein fibrils and mono-
disperse colloidal particles. Although the fibrils are efficient depletion 
agents at relatively low concentrations, thereby flocculating the 
dispersion, at higher concentration they stabilize the dispersion 
again.   

Acknowledgement: This research is financially supported by 
NanoNextNL (consortium of Dutch government and 130 other 
partners). 
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P61. Surface Contamination of Clays:  Asphaltene 
Adsorption and Hydration 

Amin Pourmohammadbagher, John M. Shaw 

Department of Chemical and Materials Engineering, University of 
Alberta, Edmonton, Alberta, T6G 2V4 Canada 

Asphaltenes are a self-associating and surface active petroleum 
fraction. Clays, such as kaolinite and illite, can adsorb asphaltenes 
on their surface due to their structure and cation exchange capacity. 
Asphaltene adsorption alters clay surface properties such as surface 
composition, surface energy, and surface charge, and hence alters 
clay behavior during oil production, particularly near well bores, and 
at oil water interfaces in surface facilities. A detailed understanding 
of the behavior of “coated” clays is crucial to understanding the roles 
of clays in hydrocarbon resource exploitation. In this study, the effect 
of asphaltene adsorption and clay hydration on the association 
behavior of kaolinite and illite particles in diverse solvents (e.g. 
toluene, heptane, and pyridine) is investigated at 60°C and 
atmospheric pressure. A precision solution calorimeter was used to 
measure the enthalpy of solution of clays and clays coated with 
asphaltenes in solvents. Thermogravimetric analysis (TGA) was also 
used to measure the hydration capacity of clays and clays coated 
with asphaltenes. Asphaltene adsorption on illite has negligible effect 
on the enthalpy of solution of clay + solvent mixtures but a significant 
change in the enthalpy of solution is observed for kaolinite + solvent 
mixtures. Both calorimetric and TGA measurements show that 
kaolinite has a higher water saturation capacity and more sites for 
asphaltene adsorption than illite. Kaolinite contamination with 
asphaltenes would appear to play a more important role than illite in 
altering the production performance of hydrocarbon reservoirs. 
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P62. Enhanced Electrogenerated Chemiluminescence in 
Responsive Microgels 

Valerie Ravaine, N. Sojic, F. Pinaud, L. Russo, I. Gosse, S. Pinet. 

University of Bordeaux, Institut des Sciences Moléculaires, Pessac, 
France 

Stimuli-responsive hydrogels, and especially bioresponsive ones, 
have already demonstrated their interest in biosensing applications 
using various transduction methods, including luminescence as an 
easy readout. These highly swollen networks undergo volume phase 
transition upon stimulus application, which modifies many of their 
physical properties. Among them, various hydrogels or microgels 
have been designed to perform a change in fluorescence upon 
network expansion or contraction.  

Another way to generate luminescence is electrogenerated 
chemiluminescence (ECL). ECL is the process of light emission by 
the excited state of a luminophore that results from an initial 
electrochemical reaction at the electrode surface. It is a remarkably 
versatile and ultrasensitive method that has emerged in various 
research fields1 and it has already proved its performances in 
immunoassays and multiplexed arrays2. 
 

 
Figure. a) Concept of luminescence enhancement 
upon microgel collapse at the swell-collapse 
transition; b) Image of Transmission electron 
microscopy of microgels. 
 

In the present work, we have synthesized microgels based on 
poly(N-isopropylacrylamide) (pNIPAM) copolymerized with a 
Ruthenium (Ru(bpy)3

2+ monomer) complex. The electrochemistry, 
photoluminescence and electrogenerated chemiluminescence (ECL) 
of these thermoresponsive redox microgels has been investigated. 
For the first time, reversible ECL enhancement is demonstrated in 
stimuli-responsive 100-nm microgel particles3. Such an unexpected 
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amplification reaches 2 orders of magnitude and it is intrinsically 
correlated with the collapse of the microgel particles. The swell-
collapse transition decreases the average distance between 
adjacent redox sites and favors the electron-transfer processes in the 
microgels resulting in the enhanced ECL emission. This study opens 
new perspectives towards applications in ultrasensitive bioassays. 

[1] W. Miao, Chem. Rev. 2008, 108, 2506; [2] F. Deiss et al. J. Am. 
Chem. Soc. 2009, 131, 6088; [3] F. Pinaud et al. J. Am. Chem. Soc. 
2013, 135, 5517−5520 
Email: vravaine@enscbp.fr; sojic@enscbp.fr  
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P63. Responsive Hyaluronic Acid Nanogels for Drug Delivery 

L. Messagera, N. Portecopa, V. Lapeyrea, R. Auzély-Veltyb, B. 
Catargic, Valerie Ravainea 
aInstitut des Sciences Moléculaires, Université Bordeaux, France, 
bCentre de Recherche sur les Macromolécules végétales, France, 
cCBMN, Université Bordeaux, France  
Nanogels are an attractive class of delivery systems. These soft 
particles, made of highly swollen polymer network, can physically 
entrap a drug and release it at a rate depending on its diffusion 
though the network. Therefore, any change in the swelling degree 
can trigger the release kinetics. In this work, we develop new 
nanogels made of hyaluronic acid which can swell or shrink in 
response to pH. These biocompatible and degradable matrices can 
encapsulate a drug and release it according to these stimuli. 
Hyaluronic acid (HA) is a linear polysaccharide with acknowledged 
biocompatibility. It is functionalized with polymerizable methacrylate 
functions to be processed as network [1]. This linear precursor is 
confined in aqueous nanoreactors to be further cross-linked. To this 
end, monodisperse water-in-oil nanoemulsions are used as template 
and yield well-defined nanogels. Cross-linking is achieved via 
photopolymerization, which allows a fine control of the 
polymerization conversion rate. As a consequence, their swelling 
properties in different environments are modulated [2]. Thanks to 
their confirmed biocompatibility, these matrices displayed interesting 
drug delivery properties. Model macromolecules with different 
molecular weights have been encapsulated and can be released 
upon enzymatic degradation of the matrix. We show how the release 
kinetics can be triggered by nanogel structural parameters. 
Moreover, we show that release can also be triggered by nanogel 
responsie to an external stimulus like pH (Figure).  

 

Figure. Stimulus-triggered drug release and TEM image of HA-
based nanogels. 
[1] Hachet E. et al. Biomacromolecules, 2012. 13 1818-1827; [2] 
Messager, L et al., J. Mater. Chem. B, 2013, 1, 3369–3379 
Email: vravaine@enscbp.fr 

mailto:vravaine@enscbp.fr


293 of 340 
 

P64. Pickering foams with long-term stability embedded in 
hydrogel 

Amin Sadeghpoura,b, Franz Pirolta, Manuela Maurera, Michael 
Rappoltb, Otto Glattera 

aDepartment of Chemistry, University of Graz, Heinrichstrasse 28, 
8010 Graz, Austria; bSchool of Food Science & Nutrition, University 
of Leeds, Leeds, LS2 9JT, UK 
 
Pickering foams are the gas in liquid or solid systems stabilized by 
particles.1 These systems are highly relevant for applications in food 
science and industry.2 The nanoparticles used in these systems are 
required to have suitable surface properties to form highly stable 
foams. Therefore, providing a proper formulation for surface 
modification of nanoparticles to reach a controlled contact angle and 
stability at the interface is a key challenge. 

We have recently described a surface modification for hydrophilic 
silica nanoparticles (~18 nm) by adsorption of oleic acid.3 Such 
modification leads to surface hydrophobization of nanoparticles and 
at the same time maintains their stability. The properties of Pickering 
emulsions formulated with those modified particles have been 
studied previously.3, 4 

Our very recent findings reveal that the oleic acid modified silica 
nanoparticles can also be successfully applied to create surfactant 
free Pickering foams. In this contribution we will report about the 
stability of such foams. Furthermore, we will present how these 
Pickering foams can reach the long-term stability after getting 
embedded in a proper hydrogel.  

1. Binks, B. P.; Horozov, T. S., Aqueous foams stabilized solely by silica 
nanoparticles. Angewandte Chemie-International Edition 2005, 44, (24), 

3722-3725. 
2. Dickinson, E., Food emulsions and foams: Stabilization by particles. 
Current Opinion in Colloid & Interface Science 2010, 15, (1-2), 40-49. 

3. Sadeghpour, A.; Pirolt, F.; Glatter, O., Submicrometer-sized pickering 
emulsions stabilized by silica nanoparticles with adsorbed oleic Acid. 
Langmuir 2013, 29, (20), 6004-12. 

4. Sadeghpour, A.; Pirolt, F.; Iglesias, G. R.; Glatter, O., Lipid Transfer 
between Submicrometer Sized Pickering ISAsome Emulsions and the 
Influence of Added Hydrogel. Langmuir 2014, in press. 
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P65. Investigation of dispersion stability of modified glucan 
microcapsules for combined imaging and drug delivery 

 
Ivan Saloň, František Štěpánek 
 
Department of Chemical Engineering, Institute of Chemical 
Technology, Technická 5, Prague 6, 166 18, Czech Republic 
 
Saccharomyces cerevisiae (baker’s yeast) can be processed by a 
simple chemical purification to glucan particles. They are 
hollow, porous 2–5 μm microspheres and typically consist of 85 % 
1,3-D-glucan polymers. They can be used as drug carriers for the 
macrophage drug delivery. In the present work, glucan microparticles 
have been isolated from yeast and purified. Subsequently, the 
stability and agglomera 
tion kinetics of glucan microparticles were measured in isotonic 
buffers. The release kinetics of a model substance (vitamin B12) 
loaded into the microparticles was investigated at temperatures 

systematically ranging from 10C to 60C. The release rate was 
found to be a non-linear function of temperature and this behaviour 
was explained by a glass transition of β-glucan, measured by DSC 
and supplemented by temperature-dependent FT-IR. The 
temperature-dependent diffusion coefficients of vitamin B12 across 
the glucan wall were calculated from the experimental data using a 
mathematical model. The glucan microcapsules were fluorescently 
labeled to enable not only drug release but to also act as an imaging 
moiety.  
 
Email: saloni@vscht.cz 
  

mailto:saloni@vscht.cz


295 of 340 
 

P66. Chemical Mapping and Characterisation of Drying 
Colloidal Films  

Ryan Seabright, Patrick Fairclough 
University of Sheffield  
 
The drying of colloidal films forms the basis for numerous 
technologies that are industrially important – such as; paints, 
industrial coatings and inkjet printing. Studying the drying of  
these films has been an area of research for a number of years now 
with a keen interest being shown in different methods of both 
characterising the drying process and the chemical mapping of the 
dried films.1 

Most commercially available colloidal films are composed of a 
number of chemical components. For this reason, upon drying these 
systems have a tendency to undergo phase separation. The phase 
behaviour of these systems is largely dependent upon both the 
interactions between the different chemical components; and the 
drying time of the film these are both affected by factors such as 
humidity and temperature. For this reason finding methods for 
chemically mapping the dried films and understanding the phase 
separation is of great importance. This study will look at a number of 
ways that this can be achieved with techniques that include; Confocal 
Raman Microscopy, Fluorescent Microscopy and X-Ray  
Scattering. However, in order to make sense of how the phase 
structure of the film relates to drying time - ways to quantify the drying 
rate of colloidal films need to be established.  

Laser speckle imaging has been used in the field of biology to study 
the flow of blood in animals in in vivo since the work carried out by 
Briers and Fercher in 1981.2 Recently this same technique has been 
used to measure the rate of particle diffusion within a drying colloidal 
film, hence providing the potential for a new way to quantify the 
drying rate.3 

In the second half of the study, this technique will be compared to 
more established ways of quantify the drying of colloidal films, with 
the hope to explore the validity of using this technique either 
alongside or as a stand-alone to the pre-existing methods.  
 
1. A. F. Routh, Rep. Prog. Phys., 2013, 76, 046603.  
2. J. D. Briers and A. F. Fercher, Invest. Ophthalmol. Vis. Sci., 1981, 
22, 255.  
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3. P. a. Faccia, O. R. Pardini, J. I. Amalvy, N. Cap, E. E. Grumel, R. 
Arizaga, and M. Trivi, Prog. Org. Coatings, 2009,  
64, 350–355.  
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P67. Microemulsions containing essential oils  

 
Petra Ševčíkováa, V. Kašpárková a,b, I. Hauerlandováa, I. 
Slováková a 

 
aDepartment of Fat, Surfactant and Cosmetics  
Technology, Faculty of technology, Tomas Bata University in Zlin, T. 
G. Masaryk Sq. 275, 762 72 Zlin, Czech Republic  
b Centre of Polymer Systems, University Institute, Tomas Bata 
University in Zlin, Nad Ovcirnou 3685, 760 01 Zlin, Czech Republic 
 
Formulation and characterization of microemulsions (MEs) 
containing different types of essential oils (lemon, cinnamon, clove 
and thyme) were studied as well as their antibacterial activity against 
the growth of selected gram-positive (Micrococcus luteus, 
Staphylococcus aureus subsp. Aureus) and gram-negative 
(Pseudomonas aeruginosa, Escherichia coli) bacteria. The phase 
behaviour of microemulsions was  
determined via pseudo-ternary phase diagrams in order to determine 
the miscibility areas of all components used and reveal the effect of 
solubilizing agent (propylene glycol) on the size of microemulsion 
region. The obtained microemulsions were characterized by visual 
observation and by measuring their particle sizes using photon 
correlation spectroscopy (PCS). The results showed that the 
presence of the solubilizing agent positively influences the oil 
solubilisation and increases the size of stable, single-phase 
microemulsion region. Prepared MEs were transparent in 
appearance, stable during the storage period and their particle sizes 
were in the  
range of 9-14 nm. All prepared MEs showed the best antibacterial 
activity against both bacterial types at the highest used concentration 
of 9500 μm/ml, which always caused more than 50 % decrease in 
bacterial growth. Furthermore, in the presence of lemon, cinnamon 
and thyme MEs, the total growth inhibition of bacteria 
Staphylococcus aureus, was found at the same concentration. 
Generally, MEs containing cinnamon and thyme oil were evaluated 
as the most effective against the growth of the studied bacterial 
strains.  
 
Email psevcikova@ft.utb.cz  
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P68. Preparation of Hydroxyapatite Nanoparticles with 
Functional Polymer Coatings for Medical Applications 

Laura Shallcross1,2, Professor Paul Hatton2, Professor Steve 
Rimmer1 

1Department of Chemistry, University of Sheffield,  
2The School of Clinical Dentistry, University of Sheffield 
 
Current challenges involved in the design and preparation of 
functional nanoparticles include the difficulty of overcoming 
nanoparticle aggregation. The formation of aggregates is 
thermodynamically favourable; however it prevents the full 
functionality of nanoparticles from being expressed. If the 
nanoparticles could be made to disperse, this would increase their 
functionality and make them applicable to medicine and dentistry. 
The project aims to encapsulate nanoparticles of 
hydroxyapatite (HA) with functional polymer coatings to demonstrate 
an enabling technology with the possibility of opening new 
opportunities in medicine, dentistry and other non-health sectors. 

Highly branched homopolymers of poly(acrylic acid) (PAA), 
poly(methacrylic acid) (PMAA) and poly(2-acrylamido-2-
methylpropane sulfonic acid) (PAMPS) have been synthesised 
independently by RAFT polymerisation. The effectiveness of two 
different RAFT agents, 4-vinylbenzyl-pyrrolecarbodithioate (1) and 4-
vinylbenzyldithiobenzoate (2), was investigated to optimise the 
production of these polymers. (1)(2) 

The PAA and PMAA polymerisations were successful using both 
RAFT agents, but the AMPS monomer was found to be incompatible 
with (2) as the monomer degraded the RAFT agent. Nano and 
microparticles of hydroxyapatite (HA) were 
then included in the polymer reaction mixtures to investigate whether 
they could be coated in situ. Optical microscopy showed the 
presence of particles in every solution regardless of polymer, RAFT 
agent and size of HA. However, the size of the particles did change 
between solutions. Particle sizing and zeta potential studies were 
conducted on pure HA nano and microparticles, then on the resultant 
polymer solution from the 
in situ reactions. It was found that the size of the particles changed 
when subjected to polymer treatment.  
 
Email: cha08ls@sheffield.ac.uk 
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P69. Which key factors determine Cal B activity in 
bicontinuous microemulsions?  

Anne K. Steudlea, Mireia Subinyab, Cosima Stubenrauchb, Bettina 
Nestlc, Bernd Nebelc, Bernhard Hauerc, Sandra Engelskirchena  
 

aChemistry Department, Durham University, UK; bInstitute for 
Physical Chemistry, University Stuttgart, Germany; c Institute for 
Biotechnical Chemistry, University Stuttgart, Germany  
 

Enzyme catalysed biotransformations offer great potential due to 
high substrate specificity and high enantioselectivity, e.g. as 
observed for lipases. However, many processes lack the right 
reaction conditions to benefit from all the enzyme’s advantages as 
special requirements are needed to achieve optimum enzyme 
activity and stability. We propose a bicontinuous microemulsion for 
lipase catalysed hydrolysis reactions. The large connected interface 
between oil and water domain consists of a surfactant monolayer, 
where the lipase adsorbs and converts substrates from the oil phase 
of the microemulsion. In the present contribution, a basic 
microemulsion consisting of buffer-n-octane-nonionic surfactant CiEj 
was used to investigate the key factors that determine a successful 
hydrolysis reaction catalysed by the lipase B from Candida 
antarctica. In a model reaction, p-nitrophenyl palmitate, -laurate and 
-caprylate were used as substrates, yielding the respective fatty acid 
and p-nitrophenol as products. The kinetics of the reaction was then 
monitored by UV/Vis detecting the formation of p-nitrophenol as a 
function of time. The phase behaviour of the microemulsions 
containing the reactants was studied, and their partitioning between 
the phases determined. Special focus was set on clarifying the 
behaviour of p-nitrophenol in the microemulsion and the effect of the 
reaction media on the spectral properties of the product. 
Temperature, ionic strength and substrate polarity was varied to 
determine the optimum values for Cal B based on the obtained 
second order rate constants k2. The Cal B activity was found to be 
linearly dependent on both enzyme and substrate concentration, as 
expected. Surface tension measurements of diluted Cal B solutions 
were carried out and correlated with the performed activity 
measurements The impact of the composition of the interfacial film 
on the Cal B activity was measured using two different co-
surfactants, the phospholipid 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC) and the sugar surfactant decyl β-D-
glucopyranoside (β-C10G1).  
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P70. Self-Assembly of Aqueous Surfactants on Patterned 
Surfaces: Insights from Coarse-Grained Simulations  

Manaswee Suttipong, Brian P. Grady, Alberto Striolo 
 
University College London, Department of Chemical Engineering, 
Torrington Place, London WC1E 7JE, UK  
University of Oklahoma, School of Chemical, Biological and 
Materials Engineering, Norman, OK 73019, USA  
 
The adsorption and self-assembly of surfactants are ubiquitous 
processes in several technological applications. From a fundamental 
point of view, understanding such processes is also important 
because it can have profound implications in the manufacture of 
nano-structured materials using bottom-up strategies. Although a lot 
is known about the adsorption of surfactants on homogeneous flat 
surfaces, limited information is available, in quantifiable terms, 
regarding the adsorption of surfactants on heterogeneous surfaces. 
We will present dissipative particle dynamics simulation results for 
the adsorption of model surfactants on  
patterned flat surfaces. The results show that the surface pattern can 
be used to direct the morphology of the self- 
assembled aggregates (flat monolayers, hemi-cylinders, hemi-
spheres, hollow hemi-cylinders, and irregular structures have all 
been observed using the same surfactant but different surface 
patterns). We will discuss how our predictions could be tested 
experimentally, and how, if reliable, they could be used for the design 
of new materials.  
 
Email: manaswee.suttipong.13@ucl.ac.uk  
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P71. Magnetic-Plasmonic Heterostructured Nanoparticles as 
a Novel Cellular Probe for Bioapplications  

Mari Takahashi, Priyank Mohan, Derrick Mott, Kazuaki Matsumura, 
Akiko Nakade, Tsutomu Hamada, Tomohiko 
Taguchi, Shinya Maenosono  
 
School of Materials Science, Japan Advanced Institute of Science 
and Technology  
 
Magnetic nanoparticles (NPs) have been used for cell/protein 
separation. Recently they also have been used for subcellular 
vesicles separation, because this technique has advantages in terms 
of purification compared to conventional technique including 
ultracentrifugation and density gradient centrifugation. This magnetic 
separation technique provides important knowledge to the biological 
field and also to the pathology field. So far, magnetic separation was 
operated for stable vesicles which can exist for long time in a cell. 
However most subcellular events are transient processes including 
transformation of the vesicle membrane. Therefore it is important to 
observe subcellular events to trace what happened in a cell. Usually, 
fluorescent probes (dye molecules or quantum dots) have been used 
for bioimaging, but it has drawbacks in terms of color failure. On the 
other hand metal nanoparticles, for example Au NPs and Ag NPs, 
have attracted much attention as an alternative to fluorescent probes 
because they scatter light semipermanently through localized 
surface plasmon resonance. In this study, we synthesized magnetic 
core plasmonic shell FeCo@Ag and FeCo@AgAu NPs as novel 
probes which have plasmonic  
imaging and magnetic separation capabilities at the same time. 
These two types of NPs were characterized by TEM, EDS, XRD, UV-
vis and the magnetic properties of the NPs were investigated by 
SQUID. Because as synthesized NPs were capped with hydrophobic 
organic molecules, these NPs were made water soluble by ligand 
exchange with poly L-lysine with lactose and thiol moieties as a 
watersoluble bio- 
compatible capping ligand (PLL-Lac-SH) and FITC modified PLL-
Lac-SH (FITC-PLL-Lac-SH). Furthermore, to assess the capability of 
magnetic separation of subcellular vesicles, magnetic separation of 
W/O emulsion which mimics vesicles was conducted under confocal 
laser scanning microscope. 
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P72. Phase-Separated Structures of Mixed LB Films of Long-
Chain Carboxylic Acid and Long-Chain Amine 

H. Tanoguchi, Satoshi Watanabe, M. Matsumoto 
 
Department of Materials Science and Technology, Tokyo University 
of Science, Katsushika-ku, Tokyo125-8585, Japan 
 
We have studied the phase-separated structures of mixed LB films 
of long-chain fatty acid and hybrid carboxylic acid having both 
perfloroalkyl and alkyl portions in the hydrophobic part [1]. The 
phase-separated structures are controlled by adjusting the 
intermolecular interactions. In this study, we 
investigate the phase-separated structures of mixed LB films of long-
chain carboxylic acid and long-chain amine. In this combination, line 
tension should be small due to the strong coulombic interaction 
between carboxylic and amino groups. To facilitate the occurrence 
of phase separation, we use 
perfluorocarboxylic acid as a carboxylic acid.  
 
Solutions of perfluorotetradecanoic acid (CF3(CF2)12COOH: FTDA) 
and octadecylamine (CH3(CH2)17NH2 : ODA) at a concentration of 
1mM each were mixed at specific molar ratios and spread on pure 
water. Surface pressure-area isotherms of FTDA, ODA and their 
mixtures were measured at 298K. When the average area per 
molecule was plotted against xF13A, molar fraction of FTDA, two 

linear portions were observed in the regions of 0≤xF13A≤0.5 and 

0.5<xF13A≤1.0. This suggests the salt formation of FTDA and 

ODA:ODA+･FTDA-. AFM observations revealed the phase-

separated structures in the regions of 0≤xF13A≤0.5. The area fraction 

of the domains increased with an increase in xF13A in this region. This 

shows that the domains consist of ODA+･FTDA- salt and that the 

other region consists of ODA. On the other hand, domains were 
absent in the region of 0.5<xF13A≤1.0. 
 
[1] H. Kimura et al., J. Phys. Chem. B, 2008, 112, 15313-15319. 
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P73. Controlled Release of Highly Reactive Water Soluble 
Active by Microencapsulation  

Fideline L. Tchuenbou-Magaia1, Nigel Young2, James Gwyer2 and 
Zhibing Zhang1 

1 University of Birmingham, School of Chemical Engineering, B15 
2TT, UK; 2 Philips Research Laboratories CB4 0FY, UK 

Encapsulates are particles which can have different structures, 
including core-shell and multiple cores embedded in a matrix. 
Encapsulates have found more and more applications in different 
products, especially in printing and imaging, chemical and 
agrochemical, food and feed, cosmetic and household, and 
pharmaceutical/ biomedical, where they are used not only to allow 
stabilization of active ingredients but also to achieve their controlled 
release and targeted delivery. However, to design and produce 
encapsulates loaded with hydrophilic and water soluble active 
ingredients such as carbamide peroxide (CP) in order to achieve a 
sustained release of hydrogen peroxide (HP) is currently recognised 
to be very challenging.  

We have constructed CP-loaded encapsulates and achieved a 
sustained release of HP by spray cooling paraffin wax containing 
solid CP. The release profile of HP was temperature dependent and 
was tuned to achieve fast or slow release using release rate 
modifiers including solid polyethylene glycol and inorganic particles 
such as silica nanoparticles. Along with the long-term stability, these 
encapsulates now offer the potential to be used in the formulations 
of tooth whitening products which can realise hydrogen peroxide in 
a controlled and sustained manner. 

Email: f.l.tchuenboumagaia@bham.ac.uk 
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P74. Structures of Langmuir-Blodgett-Gibbs films  

Kosuke Toyoshima, S. Watanabe, M. Matsumoto 
  
Tokyo Univ. Sci., Nijuku 6-3-1, Katsushika-ku, Tokyo  
125-8585, Japan  
 
Layers of water-soluble surfactants form Gibbs films at the air-
solution interface while layers of water-insoluble amphiphiles form 
Langmuir films at the air-water interface. The phenomena that water-
soluble surfactants in the solutions adsorb to the Langmuir films are 
known as monolayer penetration. Recently we have fabricated 
Langmuir films in contact with Gibbs films using deuterated arachidic 
acid (D19A) as a Langmuir-film-forming material, and sodium 
dodecyl sulfate (SDS) and octaethylene glycol monododecyl ether as 
Gibbs-film-forming materials(1). We have concluded multilayer 
formation and termed these films Langmuir-Gibbs (LG) films. In this 
study, we transferred the LG films onto hydrophobic substrates and 
investigated the structures of the films. We termed the films on the 
solid substrates Langmuir- 
Blodgett-Gibbs (LBG) films.  
 
Langmuir films were prepared by spreading 1 mM hexane solution of 
D19A at 20°C on purified water. A given amount of SDS aqueous 
solution was injected into the subphase 30 min after the preparation 
of the Langmuir film. The LG films were  
transferred onto hydrophobized Si wafers using the horizontal lifting 
method 24 h after the injection of SDS into the subphase. The 
structures of the LBG films were characterized using IR and AFM.  IR 
measurements revealed the presence of both D19A and SDS in the 
LBG films. AFM observations showed that the LBG films consist of 
bilayers as a structural unit. These results are consistent with the 
structures of the LG films in that multilayers are formed in both the 
LG and LBG films.  
 
1) K. Oka et al., J. Oleo Sci., 62, 681 (2013) 
 
Email: kosuke-toyoshima.86@matsulab.net  



305 of 340 
 

P75. Controlled release and reaction kinetics in magnetic 
liposome microgels stable under isotonic conditions 

Martin Ullrich, F. Štěpánek 
 
Department of Chemical Engineering, Institute of Chemical 
Technology, Technicka 5, Prague 6, 166 28, Czech Republic 
 
Many biochemical processes in living cells are regulated by internal 
structuring of cells, i.e. compartmentalisation. Enzymes and 
reactants are separated by semi-permeable membranes. In order to 
mimic this feature we present internally structured alginate gel micro-
particles containing thermo-responsive liposomes (filled with 
reactants) and colloidal iron oxide allowing remote heating of micro-
particles by radiofrequency field. 
 
Utilizing these particles we controlled the progress of the oxidation of 
ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) 
catalysed by the enzyme laccase. The substrate was encapsulated 
inside the immobilized liposomes and the enzyme was dispersed 
within the alginate hydrogel. We were able to dose the substrate by 
short RF pulses and the product of the reaction was stepwise 
released out of the gel micro-particles.  
 
However, alginate gel particles are not very stable in isotonic buffers 
and are dissolved in few hours. Rigidity of such particles is necessary 
for further bio-adhesive study; therefore, a method of their 
stabilization in concentrated solutions was developed. The 
modification utilizes polycationic polysaccharide chitosan as a 
co-cross-linker of alginate gel. Such particles remain stable and rigid 
in an isotonic PBS buffer for more than a month. 
 
Email: ullrichm@vscht.cz 
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P76. Direct Impact of Non-Equilibrium Aggregates on the 
Structure and Morphology of Pdadmac/SDS Layers at the 
Air/Water Interface  

Richard A. Campbell1, Marianna Yanez Arteta1,2, Tommy Nylander2, 
Boris A. Noskov3 & Imre Varga4 
 
1.Institut Laue-Langevin, Grenoble, France; 2. Department of Physical 
Chemistry, Lund University, Lund, Sweden;  
3. Chemical Faculty, St. Petersburg State University, St. Petersburg, 
Russia; 4. Institute of Chemistry, Eötvös Loránd University, Budapest, 
Hungary  
 
The exploitation of non-equilibrium effects in oppositely charged 
polyelectrolyte / surfactant (P/S) mixtures is attracting more and 
more attention. Here we discuss various different mechanisms to 
explain the non-equilibrium properties of P/S mixtures at the air/water 
interface in terms of adsorption vs. trapping or spreading of particles 
delivered by convection1 or deposition under gravity.2 

 
Poly(diallyldimethylammonium chloride)/sodium dodecyl sulfate 
(Pdadmac/SDS) samples have been examined with respect to the 
bulk composition, changes in the bulk phase behavior and sample 
history using ellipsometry, neutron reflectometry and Brewster angle 
microscopy (BAM). Aggregate penetration into the adsorption layer 
is observed from kinetically-trapped particles at the edge of the 
phase separation region for fresh-mixed samples. For the 
supernatant of well-equilibrated aged-settled samples, penetration of 
aggregates occurs only when the particles are positively charged, 
which is attributed to their interaction with the negatively charged 
headgroups of the surfactant monolayer. Through the application of 
a light mechanical stress to the sediment, the surface properties of 
aged-redispersed samples are significantly modified. Trapping of 
particles at the interface occurs for samples where the surface is not 
subjected to cleaning by aspiration, and the process is most 
prevalent at compositions close to charge neutralization (0.82 mM). 
This work begins to outline the complexity how non-equilibrium P/S 
aggregates can dramatically impact the interfacial properties directly. 
The implications of our findings are discussed in terms of 
applications.  
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[1] Angus-Smyth, A.; Bain C. D.; Varga, I.; Campbell, R. A. Effects of 
bulk aggregation on PEI–SDS monolayers at the dynamic air–liquid 
interface: depletion due to precipitation versus enrichment by a 
convection/spreading mechanism. Soft Matter, 2013, 26, 6103;  
[2] Campbell, R. A.; Arteta, M. Y.; Angus-Smyth, A.; Nylander, 
T.;Varga, I. Multilayers at Interfaces of an oppositely charged 
polyelectrolyte/surfactant system resulting from the transport of bulk 
aggregates under gravity. J. Phys. Chem. B 2012, 16, 7981.  
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P77. Particularities of electrical properties of water colloids 
and possibility of a new mechanism of communications in 
biological systems 

Alexander A Vasin, Klassen N.V., Likhter A.M., Fursova T.N. 
  
Institute of Solid State Physics, Russian Academy of Sciences, 
Astrakhan State University, Russia  
 
Our experimental studies of the behavior of water suspensions of 
inorganic and organic particles in electric fields revealed several 
anomalous properties, providing us to offer a new mechanism of 
communications between bio-systems based on low-frequency 
resonant oscillations of these suspensions.  
 
First, we studied aqueous suspension of submicron grains of pollen, 
which demonstrated a high electric and electro-optical activity. 
Grains of pollen have a size of about 1-1,5 micron. Being placed 
inside the electrical capacitor this suspension demonstrated active 
movement of the grains towards the positive electrode and 
simultaneous creation of the optical anisotropy. In addition, when the 
electric field inside the capacitor was modulated spatially using local 
field concentrators the seeds were redistributed as well creating the 
corresponding modulation of the refractive index of the suspension 
and inducing modulation of the profile of the suspension surface. 
 
It has been experimentally established that positive and negative 
charges of grains in water suspension cannot connect, as it should 
happen in a normal environment under the action of the Coulomb 
attraction, because the dielectric permittivities inside the grains are 
much smaller compared with water and therefore the external 
electrical field induce negative dielectric polarization inside the grains 
leading to their pushing away from the strong field region. In result, 
the competition between the Coulomb attraction and dipole repulsion 
results in an equilibrium distance between the clusters, where these 
forces compensate each other. Thus, these clusters create 
sustainable “macromolecules” with the equilibrium distance 
determined by the electrical charges and the geometrical dimensions 
of the clusters. On the other hand, the grains in these 
“macromolecules” can be oscillating around as usual molecules 
around their equilibrium state.  
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Our estimations of the equilibrium distances between the 
components of these molecules (charged grains or clusters) gave the 
values of several micrometers whereas the resonance frequencies 
of their oscillations can vary between several Hz and hundreds of Hz 
being dependent on the charges and dimensions of the constituents. 
Therefore, these resonators can serve as the basis of emitters and 
receptors of low-frequency electromagnetic waves in various 
biological systems (either plants or living organisms). Since low 
frequency fields can pass easily through organic environment, these 
“macromolecules” and resonators are able to provide a new 
mechanism of communications between Bio-systems. For example, 
it is well known that electromagnetic fields in the 
frequency range from 10 to 50 Hz affect rather severely the behavior 
of bees. However, microbiological studies of bees have not found 
any receptors which can be responsible for sensitivity of bees to this 
radiation. Our studies show that the receptors of this kind can be 
based on bound resonant states of clusters with charges of opposite 
signs, located in the aquatic environment.  
 
Email: klassen@issp.ac.ru  
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P78.Numerical simulation of nanoparticle formation in a co-
flow capillary device 

R. Othmana,b, Goran T. Vladisavljevića, H.C.H. Bandulasenaa, Z.K. 
Nagya,c 
 

aDepartment of Chemical Engineering, Loughborough University, 
Loughborough, LE11 3TU, UK, bSchool of Bioprocess Engineering, 
Universiti Malaysia Perlis, Malaysia, cSchool of Chemical 
Engineering, Purdue University, IN 47907-2100, USA  

 
The purpose of this study was to simulate the flow and concentration 
fields in a co-flow glass capillary device during formation of poly-ɛ-
caprolactone (PCL) and polylactide (PLA) nanoparticles by 
nanoprecipitation (“diffusion-stranding” process). A numerical 
simulation using computational fluid dynamics (CFD) has been done 
by coupling Navier-Stokes and convection-diffusion equations for 
laminar flow.  
 
The organic phase (0.1 % (w/w) polymer in tetrahydrofuran (THF)) 
was injected through the inner capillary tube with a tapered cross 
section culminated in a circular orifice. The water phase was 
delivered co-currently through the outer square capillary. The inner 
diameter of the orifice was 60 μm and the water phase flow rate was 
5 ml h-1. The flow rate ratio of the water to organic phase was varied 
from 1.5 to 10 by varying the organic phase flow rate between 0.5 
and 3.3 ml h-1.  
Both THF and the polymer diffused to the water phase causing a 
decrease in the concentration of THF and the polymer downstream 
from the orifice in both the longitudinal and perpendicular direction. 
Nanoprecipitation of PCL and PLA occurred when the mass fraction 
of THF decreased to 0.82 and 0.66, respectively. The mixing time 
was found to reduce from 1.26 to 0.29 s when the aqueous-to-
organic-phase flow rate ratio increased from 1.5 to 10. We observed 
a vortex formation in the vicinity of the orifice as a result of the high 
shear rate at the interface between the organic and water phase. The 
maximum vortex was formed at the organic phase flow rate of 3.3 ml 
h-1, creating a shear rate between the two phases at the orifice of 
1.8×104 s-1. Due to local vortex formation, the polymer was mainly 
transferred by convection near the orifice and by molecular diffusion 
farther downstream. 
 
Email: G.Vladisavljevic@lboro.ac.uk, R.Othman@lboro.ac.uk 
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P79. Encapsulation of Drugs in Microparticles Produced in 
Flow Focussing Glass Microcapillary Devices  

Ekanem E. Ekanem, Goran T. Vladisavljević  
 

Department of Chemical Engineering, Loughborough University, 
LE11 3TU, U.K.  
 

Encapsulation of drugs in biodegradable poly(lactic acid) (PLA) and 
poly(lactic-co-glycolic acid) (PLGA) particles was achieved by 
emulsification using axisymmetric flow focusing glass capillary 
devices and subsequent solvent evaporation. Due to the circular 
cross section of the orifice of the collection capillary, the dispersed 
phase was symmetrically surrounded by the continuous phase 
resulted in the generation of monodispersed droplets without wetting. 
By varying the orifice size and manipulating the flow rates of the 
dispersed and continuous phase, size-tuneable droplets were 
generated that have been transformed into monodispersed particles 
after droplet evaporation (Vladisavljević et al., 2014).  
 

In this work, flow focusing glass capillary devices were exploited to 
produce drug loaded biodegradable particles. The dispersed phase 
was a mixture of drug and polymer dissolved in a volatile organic 
solvent (ethyl acetate or dichloromethane) and the continuous phase 
was 5% (w/w) aqueous poly(vinyl alcohol) solution. As a result of the 
presence of nanoclay nanoparticles or a phase change material (2-
methyl pentane) in the dispersed phase, nanoclay embedded 
particles or golf ball-like particles (Kim, Lee, Park, & Cho, 2010) were 
respectively produced. Their microstructural differences were 
investigated to ascertain its effect on drug encapsulation and in-vitro 
drug release profile. Although glass capillary devices cannot easily 
be replicated as microfluidic devices made from mouldable polymers 
such as polydimethylsiloxane (PDMS), glass is chemically and 
mechanically more robust and offer superior optical properties 
compared to PDMS.  
 

References: Kim, M. R., Lee, S., Park, J.-K., & Cho, K. Y. (2010). Golf ball-
shaped PLGA microparticles with internal pores fabricated by simple O/W 
emulsion. Chemical Communications, 46, 7433–7435.  
 

Vladisavljević, G. T., Shahmohamadi, H., Das, D. B., Ekanem, E. E., 
Tauanov, Z., & Sharma, L. (2014). Glass capillary microfluidics for 
production of monodispersed poly (dl-lactic acid) and polycaprolactone 
microparticles: Experiments and numerical simulations. Journal of Colloid 
and Interface Science, 418, 163–70 
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P80. Alternate Soaking Technique for the Direct Fabrication 
of Hydroxyapatite films on Wettability-Patterned Substrates 

S. Watanabe, F. Hayashi, M. Matsumoto 

Department of Materials Science and Technology, Tokyo University 
of Science       

We report a hydrogel-free alternate soaking technique for the direct 
fabrication of hydroxylapatite (HAp) films on wettability-patterned 
substrates. Hexamethyldisilazane (HMDS) monolayers were formed 
on glass plates and were removed selectively by UV/Ozone 
treatments through a metal mask, resulting in the formation of 
wettability-patterned substrates.1 The wettability-patterned 
substrates were soaked alternately in methanol solution of CaCl2 and 
aqueous solution of Na2HPO4, leading to the formation of calcium 
phosphates (CP) which served as scaffolds for the growth of HAp in 
HAp precursor solution (Figure 1a). The HAp films were grown 
selectively on the CP films on the wettability-patterned substrates 
when immersed in the precursor solution containing calcium acetate, 
ammonium hydrogenphosphate, and ammonium acetate. Optical 
microscopy, scanning electron microscopy (SEM) and energy 
dispersive X-ray spectroscopy showed that the CP films were formed 
selectively on the hydrophilic regions of the wettability-patterned 
substrates. Figure 1b shows an SEM image of the HAp films on a 
wettability-patterned substrate after immersion in the HAp precursor 
solution for 48 h. HAp films were grown selectively on the CP films 

that HAp films can be fabricated selectively from the CP films on the 
wettability-patterned substrates. 

 

Figure 1 (a) Experimental scheme and (b) SEM image of HAp film 
on a wettability-patterned substrate. 

[1] S. Watanabe et al., Langmuir 2013, 29, 7743−7748. 

Email: watasato@rs.noda.tus.ac.jp 
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P81. Preparation of Double Emulsions using Hybrid 
Polymer/Silica Particles: New Pickering Emulsifiers with 
Adjustable Surface Wettability  

Mark Williams,a Nicholas J. Warren, a Steven P. Armes,a  
Pierre Verstraete,b and Johan Smets b 
aDepartment of Chemistry, University of Sheffield,Brook Hill, 
Sheffield, South Yorkshire, S3 7HF, UK.  
b Procter & Gamble, Eurocor NV/SA, Temselaan 100,1853 
Strombeek-Bever, Belgium  

 
A facile route for the preparation of water-in-oil-in-water (w/o/w) 
double emulsions is described for three model oils, namely n-
dodecane, isopropyl myristate and isononyl isononanoate, using 
fumed silica particles coated with poly(ethylene imine) (PEI). The 
surface wettability of such hybrid PEI/silica particles can be 
systematically adjusted by (i) increasing the adsorbed amount of PEI 
and (ii) addition of 1-undecanal to the oil phase prior to 
homogenization. In the absence of this long-chain aldehyde, 
PEI/silica hybrid particles (1.0 wt % fumed silica, PEI/silica mass ratio 
= 0.50) produce o/w Pickering emulsions in all cases. 
On addition of sufficient 1-undecanal, this reagent reacts with the 
primary amine groups on the PEI chains, which renders the PEI/silica 
hybrid particles sufficiently hydrophobic to stabilize w/o Pickering 
emulsions at 20oC. 1H NMR, gas chromatography and x-ray 
photoelectron spectroscopy provide compelling experimental 
evidence for this in situ Schiff base surface chemistry, while a 
significant increase in water contact angle indicates markedly greater 
surface hydrophobic character for the PEI/silica hybrid particles.  
However, when PEI/silica hybrid particles are prepared using a 
relatively low adsorbed amount of PEI (1.0 % w/w fumed silica, 
PEI/silica mass ratio = 0.075), the extent of surface modification 
achieved using this Schiff base chemistry is insufficient, and only o/w 
Pickering emulsions can be obtained. Fluorescence microscopy and 
laser diffraction studies confirm that highly stable w/o/w double 
emulsions can be achieved for all three model oils. Dye release 
studies from the internal aqueous cores into the aqueous continuous 
phase indicate some immediate loss of dye (12-18 %) during the high 
speed homogenization required for double emulsion formation, but 
no further dye release is observed at 20 °C for at least 15 days 
thereafter. 
  
Email: chp10mw@sheffield.ac.uk  
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P82. Electrochemical Study on the Effect of Polyethylene 
Glycol on the Interfacial Behaviour of the 
Water/Trifluorotoluene (TFT) interface  

Benjamin P. Wilson,Tuomas Vainikka, Christoffer Johans 
 
Department of Chemistry, Aalto University, Espoo, Finland 
 
The electrochemical potential across the oil-water interface within 
water-oil-surfactant emulsions or microemulsions is typically not 
considered. Their electrochemistry can however, be studied at oil-
water interfaces in a similar way as with solid electrodes with the 
primary difference being that the ions can also carry the current 
across the oil/water interface.  
 
By using a conventional four electrode cell, (Fig 1a) experiments 
were performed to determine the impact of a water soluble polymer, 
polyethylene glycol (PEG), on the electrochemical behaviour at a 
polarised water|trifluorotoluene interface. PEG concentration within 
an aqueous solution (containing for example H+ or Li+) was varied to 
determine the resultant effect on the interface ion transfer.  
 
The results demonstrate that additions of PEG to the aqueous phase 
can cause a marked reduction in the potential window of more than 
30% (Fig 1b). This appears to result from the facilitation by PEG of 
the transfer of positively charged ions from the aqueous to the oil 
phase. This type of knowledge can help further the understanding of 
the microemulsion interfacial characteristics. 

 a)        b)  
 
Figure 1a: Four electrode cell for oil-water electrochemistry; (b) 
Change in the potential window of a 5mM HCl|TFT interface with 
increasing PEG (Mw 10000) concentration  
 
E-mail: ben.wilson@aalto.fi 
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P83. A SANS study of water in supercritical CO2 
microemulsions with spherical core-shell structures 

Ci Yana, Masanobu Sagisakab, Craig Jamesa, Sarah Rogersc, Julian 
Eastoea 

 

a School of Chemistry, University of Bristol; b Graduate School of 
Science and Technology, Hirosaki University;  
c ISIS, Rutherford Appleton laboratory 
 
Being a non-flammable, green, and abundant compound, 
supercritical CO2 has been considered as a promising alternative for 
volatile organic solvents, however, in fact  
CO2 is a poor solvent especially towards polar solutes, and this 
remains a significant barrier to applications. Employing effective 
surfactants which generate stable dispersions and water/CO2 (w/c) 
microemulsions is accepted as one way to improve the physico-
chemical properties of CO2.  
 
In this paper, a Small-Angle Neutron Scattering (SANS) study on w/c 
microemulsions is described with contrast variation, which 
successfully shows clear evidence for spherical core-shell structures 
for the microemulsion droplets. These results extend our 
understanding of w/c microemulsions since SANS studies on such 
systems in the past are fully based on the  
structures of water core droplets, whereas here detailed structural 
parameters, such as surfactant film thickness and film bending 
energy, could only be extracted from the core-shell SANS profiles. 
Furthermore, with reduced pressure, elongated ellipsoidal droplet 
structures have been observed, which is uncommon for CO2 

microemulsions/emulsions. The implications of the presence of 
ellipsoidal droplets for applications of CO2, and viscosity 
enhancements will be discussed. 
 
Email: julian.eastoe@bristol.ac.uk 
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P84. Efficient Synthesis of oly(methacrylic acid)-block-
Poly(styrene-alt-N-phenylmaleimide) Diblock Copolymer 
Lamellae Using RAFT Dispersion Polymerization 

Pengcheng Yang, Liam P. D. Ratcliffe, Oleksandr O. Mykhaylyk and 
Steven P. Armes,  
Department of Chemistry, University of Sheffield 

RAFT dispersion polymerization is used to prepare diblock 
copolymer nano-objects via polymerization-induced self-assembly 
(PISA) using a poly(methacrylic acid) macromolecular chain transfer 
agent (PMAA macro-CTA) as the steric stabilizer and AIBN initiator 
at 70 °C. The core-forming block is a 1:1 alternating copolymer 
comprising styrene (St) and N-phenylmaleimide (NMI), and the 
continuous phase is a 50:50 ethanol/1,4-dioxane mixture. The 1,4-
dioxane co-solvent is essential for this formulation, because it aids 
solubilization of the NMI comonomer within the growing diblock 
copolymer micelles. Even so, kinetic studies reveal a significant 
retardation effect once micellar nucleation has occurred. More 
importantly, the relatively high glass transition temperature of the 
P(St-alt-NMI) core-forming block (Tg = 219°C) has an interesting 
influence on the evolution of the copolymer morphology with 
conversion. At the polymerization temperature of 70°C, this 
alternating copolymer is so stiff and inflexible that 2D lamellae are 
formed, rather than the vesicular phase that is commonly observed 
for other RAFT dispersion polymerization formulations.  
Small angle X-ray scattering studies confirmed the gradual evolution 
in copolymer morphology from spheres to worms to lamellae when 
targeting more asymmetric diblock compositions. A detailed phase 
diagram is reported for a series of PMAA79-P(St-alt-NMI)x diblock 
copolymers, which enables the reproducible synthesis of pure 
spheres, worms, and the lamellar phase. It is also noteworthy that 
the worm phase region is unusually broad compared to previous 
PISA formulations. The worms are relatively short and stiff but form 
free-standing gels above 9% w/w solids. Increasing the mean degree 
of polymerization of the core-forming block (x) leads to stronger, 
more brittle gels. On transferring the diblock copolymer nano-objects 
into water via dialysis, highly negative zeta potentials are observed 
above the pKa of the PMAA stabilizer chains, regardless of the 
copolymer morphology. Thermogravimetric analyses indicate that 
these diblock copolymer nano-objects have relatively high thermal 
stabilities, with little or no mass loss being observed on heating in air 
up to around 350°C. 
Email: p.yang@sheffield.ac.uk 
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P85. The effects of key factors to precise measurement of 
zeta potential  

Yu-shan Yeh, Hsin-Chia Ho  
 
Center for Measurement Standards (CMS)  
Industrial Technology Research Institute (ITRI), Taiwan 
 
Zeta potential is one of the important indicators to address the 
dispersion stability in micro- or nano- colloidal systems. Being widely 
used in fundamental research and industries, the way to evaluate the 
accuracy and precision of the measurement method are however 
rarely discussed. Due to the increasing  
importance in EHS (Environment, Health and Safety) related issues, 
there is an urgent need to build a standardized measuring system 
which provides reliable zeta potential values with appropriate 
traceability. This paper describes an architectural way to examine the 
effect of several key factors to precise zeta potential measurements 
utilizing a commercial zeta potential analyzer manufactured by 
Malvern Instruments. The measurements are carried out with the 
electrophoretic light scattering technique according to “ISO 13099-2 
Colloidal systems - methods for zeta potential determination, Part 2: 
optical methods” and the evaluation of uncertainties of modulator 
frequency, frequency shift, electrode voltage, and laser wavelength 
are demonstrated following the guidance of “ISO/IEC Guide 98-3 : 
2008”. The long-term stability of the measuring system is monitored 
with polystyrene nanoparticles. 
 
Email: yushan@itri.org.tw  
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P86. Nano-structures  mediated assembly of small molecules 
and polymers 

Rachel Yerushalmi - Rozen  

Dept. of Chemical Engineering &  Ilze Katz Institute for Nanoscale 
Science &Technology, Ben-Gurion University of the Negev, Israel  

The effect of embedded nano-structures on the self-organization and 
ordering of a host media of self-assembling molecules has been 
demonstrated in a few systems. Observations accumulated over the 
last two decades indicate that embedded nano-structures may affect 
the phase diagram of the host material, shift the onset of micellization, 
the liquid-liquid phase transition, induce polymer crystallization and 
more. Rationalization of the observed behaviors indicates that the 
relevant mechanisms are fundamentally different from those predicted 
by classical colloidal theories. In my talk I will describe experimental 
studies of a few examples investigated by us over the last years, 
where nano-structures induce self-assembly in a surfactant phase, 
modify the phase diagram of an amphiphilic polymer in an aqueous 
media, and nucleate the crystallization of conjugated polymers.  
 
References: 1: Yoav Dias and Rachel Yerushalmi - Rozen Polymer 

2013, 
54 

(23) 
6399-
6405; 

2: 

Shvartzman- Cohen, R.; Monje, I.; Florent, M.;  Fridman, V.;  Goldfarb, 
D.; Yerushalmi – Rozen, R MACROMOLECULES, 2010, 43 (2), pp 
606–614; 3: Ben-David, O.; Nativ-Roth, E.;  Yerushalmi-Rozen, R.;  
Gottlieb, M  SOFT MATTER, 2009, 5, 1925 – 1930. 
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P87. Preparation of well-dispersed iron-deposited graphene 
oxides and evaluation of their effect on the electromagnetic 
wave absorption of polymer composites  

Jin Woo Yi1, Byung Mun Jung1, Sang Bok Lee1, Jea Uk Lee1,  
Joon Hyung Byun1, Hwa Jin Cha1, Won Jung Kim1, Ki Hyeon Kim2, 
O Ok Park3 

 

1Korea Institute of Materials Science (KIMS); 2Yeungnam University; 
3 Korea Advanced Institute of Science and Technology (KAIST)  

 
GHz electromagnetic (EM) waves are increasingly applied in various 
applications due to the saturation at lower frequency bands and 
simultaneously, electronic devices are getting smaller and thinner. 
One of recent issues for such high frequency EM waves is a noise 
generation resulting in malfunctions of the devices. In order to 
suppress the noise, polymer composites containing magnetic fillers 
have been utilized as EM wave absorbers. In this work, Iron (Fe)-
deposited graphene oxide (GO) particles which could be well 
dispersed were fabricated by wet process. They were analysed using 
TEM, SEM, and VSM to optimize the ratios of GO to Fe and the 
fabrication conditions with respect to proper magnetization and 
improved dispersion. The Fe-deposited GOs were used as 
secondary filler to assist the primary hollow magnetic fibers for the 
improvement of near-field electromagnetic absorption property. We 
prepared composite film absorbers with 50 wt% primary hollow fibers 
and 2 wt% of  
several kinds of secondary fillers: Fe-deposited GO, GO, and Fe 
nanoparticles. The power losses of the absorbers measured by a 
microstrip line method showed that the incorporation of a small 
amount of Fe-deposited GO into the film alongside the hollow fibers 
could lead to a dramatic increase in the power loss compared to the 
other secondary fillers. According to the experimental results, it is 
expected that this increase was due to the fact that Fe-deposited 
GOs, 
which were aligned tin the in-plane direction and placed among the 
hollow fibers throughout the film, played a role  
in connecting the hollow fibers and spreading the electric and 
magnetic fields originated from the signal.  
 
Email: yjw0628@kims.re.kr  
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P88. Bayesian Sphere Sizing using NMR and X-
Food Systems Research 

Konstantinos Ziovasa, A.J. Sedermana, M.D. Mantlea, C.Gehin-
Delvalb, Z.D. Gunesb, E. Hughesb,c 

aDepartment of Chemical Engineering and Biotechnology, University 
of Cambridge, 
bNestle Research Centre, Lausanne, Switzerland 
c Department of Chemistry, Durham University 
 
The bubble or droplet size distribution (B/DSD) is an important 
structural characteristic for a wide range of food colloidal systems. It 
is thus necessary for the scientists working in the food industry to 
have a non-invasive, rapid measurement technique for the B/DSD. 
Currently there are a wide range of available techniques but they all 
suffer from various limitations. Sphere sizing using standard 
Bayesian probability theory combined with nuclear magnetic 
resonance (NMR) data has been developed recently [1]. The main 
advantage of this method is the short experimental time required. 
The basis of the method is a statistical model which is constructed 
through numerical simulations. This model ultimately generates 
likelihood functions, which describe statistically the intensity of the 
NMR k-space signal for a range of sphere sizes. By performing an 
NMR experiment on the sample of interest a single line in k-space  

 

Figure 5 – Estimated glass sphere diameter from three different 
methods. 
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can be acquired.  The acquired data are compared to the statistical 
model and a probability estimation for the size distribution is 
subsequently calculated. In this paper different types of samples are 
described. Initially, a model system was used. Glass spheres were 
dispersed in both Xanthan gum gels (used as a model system) and 
milk chocolate to mimic aerated food products. Different samples 
with a range of sphere diameters between 1.7 mm down to 100 µm 
were tested. A Bruker Biospin DMX-300 MHz spectrometer was used 
to acquire 1D-NMR k-space data and a Bruker Skyscan 1172 was 
used to acquire X-ray data.  Figure 1 shows a summary of the results 
from the Bayesian/NMR and the Bayesian/X-ray experiments along 
with a third reference method (morphological thinning analysis). All 
three methods show a good agreement. Future work will focus on 
studying commercial food products.  
 
References: 
[1]. D. J. Holland et al. , A Bayesian approach to characterizing multi-
phase flows using magnetic resonance: application to bubble flows, 
J. Magn. Reson.  209 (2011) 83. 
 
Email: kz236@cam.ac.uk 
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P89. Encapsulation of actives with hydrophobic property 
into polyhydroxybutyrate (PHB) nanoparticles 

Rafael A. Bini, Neves, H.R., Souza, J.B, Varanda, L.C. 
São Carlos Institute of Chemistry – University of São Paulo – Brazil 
 

Polymer-based colloids have been used to produce diverse types of 
particles for many applications with emphasis on biomedical areas. 
The class of the polyhydroxyalkanoates, synthesized by a variety of 
microorganisms, has attracted great interest because of its 
biocompatibility with animal tissue. Researches have been focused 
on the polyhydroxybutyrate (PHB) and the copolymer 
polyhydroxybutyrate-co-hidroxivalerato (PHBV). Recently it was 
demonstrated that short poly[(R,S)-3-hydroxybutyrate] is very 
efficiently internalized by living cells. In this work, the preparation of 
polymer particles PHB was performed by the methods of emulsion 
and solvent displacement in the presence of the Tween 80 
surfactant. Encapsulation of actives with hydrophobic property, like 
magnetic nanoparticles (Fe3O4), CdSe quantum dots, and 
dexamethasone (Sigma) were performed. The morphology and 
structure of the polymer particles were characterized by scanning 
(SEM) and transmission (TEM) electron microscopy. Release assays 
of dexamethasone were performed in PBS at pH 7.4. By control of 
viscosity and interfacial tension of the initial compositions was 
possible to get PHB particles with different sizes. Systems with high 
water content yielded the preparation of microparticles, whereas high 
levels of 2-propanol resulted in the formation of polymeric 
nanoparticles (100-400 nm). The release of dexamethasone 
presented an initial burst, with 50% release around the first 4 hours 
and complete release in 48 horas. The release profile followed the 
Weibull equation, indicating that the mechanism of drug transport 
through the matrix was according to Fick's diffusion. The used 
methods showed to be appropriate not only for the preparation of 
polymer particles, but also suggested that the drugs encapsulation in 
polymeric matrices by this system is possible, as well as, inorganic 
nanoparticles, like quantum dots, gold or iron oxide nanoparticles, 
thereby, demonstrating high versatility for many other studies. 

 

Email: r_bini11@yahoo.com.br / rafaelbini@iqsc.usp.br  
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P90. High pressure synthesis of FePt nanoparticles with 
controlled morphology and Fe content 

Luke Alexander Wormell Green and Nguyễn Thi Kim Thanh. 
UCL Healthcare Biomagnetic and Nanomaterials Laboratories, 21 
Albemarle Street, London W1S 4BS & Department of Physics and 
Astronomy, University College London, London, WC1E 6BT, United 
Kingdom.     
 
Magnetic nanoparticles (MNPs) are intensively researched due to 
their large potential in biomedicine, catalysis, and high density 
information storage. FePt NPs could be an alternative for commonly 
used magnetite NPs and the synthesis of FePt NPs is an active area 
of research. The challenge is to increase the Fe content and 
saturation magnetisation of FePt NPs so that they can be used in 
many practical applications. Fine tuning of synthetic methods is 
required in order to achieve the enhanced magnetic properties of 
FePt nanoparticles and novel methods are being sought. Here, use 
of an autoclave is shown to increase the Fe content, crystallinity and 
the subsequent magnetic properties of FePt pseudo cube 
nanoparticles compared to those synthesised under atmospheric 
pressure. Decreasing amount of oleic acid is also shown to increase 
the iron content and can lead to elongated FePt nanoparticles under 
normal pressure. Further application of nanoparticles synthesised in 
organic media often requires functionalisation or exchange of 
stabiliser chemicals. Greater demand for control over such 
functionalisation requires more information about nanoparticle-
stabiliser chemical interactions. Infra-red studies indicate mono and 
bi dentate coordination with oleic acid, however shifts of spectra 
show that the strength of the bi-dentate interactions weaken with 
increasing oleic acid amount 
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Ref: L. A. W. Green and N. T. K. Thanh* (2014) High pressure 
synthesis of FePt nanoparticles with controlled morphology and Fe 
content. RSC Advances. 4: 1168-1173 

Email: ntk-thanh.co.uk, http://www.ntk-thanh.co.uk 

  

http://www.ucl.ac.uk/~ucaptt0/High%20pressure.pdf
http://www.ntk-thanh.co.uk/
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P91. Multicore magnetic FePt nanoparticles: controlled 
formation and properties 

Luke A W Green,a Trinh T Thuy,b Derrick M Mott,b Shinya 
Maenosonob and Nguyen Thi Kim Thanh*a 
 
a Department of Physics and Astronomy, University College 
London, London, WC1E 6BT, United Kingdom. b Japan Advanced 
Institute of Science and Technology, 1-1 Asahidai, Nomi, Ishikawa, 
923-1292, Japan.     
 
Research in magnetic nanoparticles (NPs) has become one of the 
most active and exciting fields in materials science. The challenge is 
to produce magnetic NPs with high magnetic saturation without 
exceeding the super-paramagnetic limit so that they may be used as 
non-permanent magnets in biomedicine and catalysis. FePt offers 
enhanced saturation magnetisation properties compared to iron 
oxide, however synthetic methods require fine-tuning to achieve 
these superior properties. Multicore FePt NPs up to 44 nm in 
diameter and composed of Pt rich FePt nanocrystals within an iron 
rich FePt matrix not previously seen in the literature are presented 
here. The results indicate that coordination of Fe and Pt 
intermediates with oleic acid and oleylamine respectively hinders 
deposition of each respective metal in the growth of discrete and 
multicore NPs. 
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Fig. 1, STEM-HAADF images and elemental mapping of sample 
mcNPs prepared in dioctyl ether with 4.5 mmol (17 %) OA and tSf 
equal to 31.5.  

Ref: Green, L.A.W., Thuy, T.T., Mott D., Maenosono, S., Thanh, 
N.T.K.*, (2014). Multicore magnetic FePt nanoparticles: controlled 
formation and properties. RSC Advances. 4: 1039 - 1044 

 

Email: ntk-thanh.co.uk, http://www.ntk-thanh.co.uk 
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P92. Pathogen detection using protein A conjugated iron 
oxide nanoparticles  

Tran Quang Huya, Pham Van Chunga, Nguyen Thanh Thuya, 
Cristina Blanco-Andujarb, Nguyen Thi Kim Thanh*b 
 
a National Institute of Hygiene and Epidemiology, 1 Yersin street, 
HaiBaTrung district, Hanoi, Vietnam. 
b Department of Physics and Astronomy, University College 
London, London, WC1E 6BT and UCL Healthcare Biomagnetic and 
Nanomaterials Laboratories, 21 Albemarle Street, London W1S 
4BS.  
 
Pathogen detection plays a key role in the control and prevention of 
infectious diseases. For the first time protein A conjugated iron oxide 
nanoparticles were used for a convenient and quick detection of 
Vibrio cholerae O1 bacteria at the detection limit of 10 cfu mL-1 within 
15 min of incubation.  
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Fig. 1. A) Separation of bacterial cells from liquid samples: (a) adding 
the complex of IONPs@CHI@PrA@Ab to the sample, and (b) 
attracting bacterial cells by a magnet. B) TEM images of V. cholerae 
bacteria (a) before interaction with the complex of 
IONPs@CHI@PrA@Ab, (b) aggregated and bound by IONPs, (c) 
IONPs bound to the cell wall, and (d) IONPs bound to the bacterial 
flagellum. 

E-mail: ntk.thanh@ucl.ac.uk;http://www.ntk-thanh.co.uk 

  

mailto:ntk.thanh@ucl.ac.uk;http://www.ntk-thanh.co.uk
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P93. Production of polymer beads by membrane 
emulsification 

Mohammad Alroaithi and Shahriar Sajjadi 
Department of Physics, Kings College London, UK 
 
Highly uniform droplets are firstly produced by membrane 
emulsification using a hydrophilic ringed membrane of 10 μm pore 
size with an array of uniform pores under the paddle blade stirrer. A 
mixture of methyl methacrylate (MMA) and specific grade of polyvinyl 
alcohol (PVA) were used as monomer and stabiliser respectively. 
The various process parameters which affect the size and uniformity 
of the droplet (i.e. shear stress, stabiliser concentration, flow rate, 
and process type) are investigated. The second stage of the process 
is the polymerisation of the emulsion by conventional method. Before 
polymerisation takes place; however, wide ranges of the reactor’s 
impeller speeds were covered to study the optimum condition to 
prevent break-up or coalesces and obtain a define particle size with 
narrow size distribution.  
 

E-mail: Mohammad.alroaithi@kcl.ac.uk 
  

mailto:Mohammad.alroaithi@kcl.ac.uk
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P94. Tailoring the properties of P3HT particles by varying the 
emulsion processing parameters 

Franziska D. Fleischli1,2, Negar Ghasdian3, Theoni K. Georgiou1 & 
Natalie Stingelin1,2 
1 Department of Materials, Imperial College London, London  
2 Centre of Plastic Electronics, Imperial College London, London - 
UK 
3 Department of Chemistry, University of Hull, Hull - UK 

 

Two polymeric macrosurfactants based on the same hydrophobic 
component (n-butyl methacrylate, BuMA) and two different 
hydrophilic components, 2-(dimethylamino) ethyl methacrylate, 
DMAEMA and poly(ethylene glycol) methyl methacrylate, PEGMA 
were used to fabricate poly(3-hexyl thiophene), P3HT particles via 
emulsion templating. Four parameters were varied during the 
emulsion processing. Specifically, the i) type of macrosurfactant, ii) 
processing temperature, iii) homogenization technique, iv) organic 
solvent in the oil phase and v) phase in which the macrosurfactant 
was dissolved were varied and we investigated how these 
parameters affect the size and optical properties of the P3HT 
particles.  

Excitingly, both the size and optical properties of the P3HT particles 
were affected by these four parameters. Specifically, the size of the 
particles depended mostly on the droplet size, which was affected by 
the macrosurfactants’ ability to stabilise the emulsion as well as the 
evaporation rate of the solvent. On the other hand, the optical 
properties of the particles, i.e. the colour and UV-Vis absorption 
depend on aggregation of the P3HT chains within the particle. So the 
optical properties were affected when the P3HT aggregation was 
affected and interestingly the latter was influenced by all four 
parameters. 

Email: t.georgiou@imperial.ac.uk 

  

mailto:t.georgiou@imperial.ac.uk
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P95. Synthesis and characterisation of semiconducting 
polymer nanoparticles as photostable imaging agents 

Thais Fedatto Abelha1, Raha Ahmad Khanbeigi1, Helen Collins3, 
Mark Green2 and Lea Ann Dailey1 
1. Institute of Pharmaceutical Sciences , King’s College London, UK 
2. Division of Imaging Sciences & Biomedical Engineering, King's 
College London, UK 
3. Division of Immunology, Infection and Inflammatory Diseases, 
King's College London, UK. 
 
Background. Semiconducting polymer nanoparticles (SPN) have 
attracted wide attention for potential applications in bio-imaging due 
to their strong fluorescence and excellent photo-stability. This study 
investigates the impact of two different SPN compositions on 
physicochemical properties and cellular uptake versus green 
fluorescent polystyrene beads. 
Methods. Poly[(9,9-di-n-octylfluorenyl-2,7-diyl)-alt-
(benzo[2,1,3]thiadiazol-4,8-diyl)] (F8BT) SPNs were synthesised 
using mini-emulsion technique utilising sodium dodecyl sulphate or 
pegylated 12-hydroxystearate as stabilizer. Zeta-potential and 
hydrophilic interaction chromatography (HIC) were used to study 
protein corona formation. The size of particles incubated with 
water/CCM was assessed by DLS. In vitro assays using J774A.1 cell 
line were performed to evaluate cytotoxicity (MTT) and cellular 
uptake. 
Results. Colloidally stable SPNs coated with ionic and non-ionic 
surfactants were obtained. The size (CCM/10%FCS) of F8BT-PEG, 
F8BT-SDS and polystyrene was approximately 152nm, 137.5nm and 
247nm, respectively. F8BT-SDS and polystyrene nanoparticles 
demonstrated evidence of protein corona formation due to zeta 
potential change (-32.3mV to -15mV and -23.9mV to -18.6mV, 
respectively) after incubation in CCM/10%FCS. The HIC assay 
showed that all the surfactants were displaced by serum proteins 
after incubation and the protein corona formation reduced the 
hydrophobicity of the nanoparticles surface. The nanoparticles 
demonstrated cell internalisation both in presence and absence of 
serum, however cell association of F8BT-PEG was lower. SPNs 
tested at 90µg/mL showed cell viability of approximately 90% for 
polystyrene, 84% for F8BT-SDS and 3% for F8BT-PEG. 
Conclusion. This study showed that protein corona formation and 
composition is driven by the nature of the stabilizer and 
hydrophobicity of the nanoparticle core. However, nanoparticle 
internalization by macrophages was observed to be related primarily 
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to surface chemistry. This study demonstrates the importance of 
nanoparticle surface characteristics on the biological responses and 
highlights the need for studying the surface physiochemistry of 
particles in biological medium for accurate interpretation of results 
derived from particle-cell interaction studies.                                       

Email: lea_ann.dailey@kcl.ac.uk 
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P96. Copolymer nanoparticles via RAFT emulsion 
polymerization: synthesis, characterization and interfacial 
activity 

Victoria J. Cunningham, Abdullah M. Alswieleh and Steven P. 
Armes 
 
Department of Chemistry, University of Sheffield, Brook Hill, 
Sheffield, South Yorkshire, S3 7HF, UK. 

 

A poly(glycerol monomethacrylate) (PGMA) macromolecular chain 
transfer agent has been utilized to polymerize benzyl methacrylate 
(BzMA) via reversible addition-fragmentation chain transfer (RAFT)-
mediated aqueous emulsion polymerization. This formulation leads 
to the efficient formation of spherical diblock copolymer nanoparticles 
at up to 50 % solids. The degree of polymerization (DP) of the core-
forming PBzMA block has been systematically varied to control the 
mean particle diameter from 20 nm to 193 nm.  Conversions of more 
than 99 % were achieved for PGMA51-PBzMA250 within 6 h at 70oC 
using macro-CTA/initiator molar ratios ranging from 3.0 to 10.0. DMF 
GPC analyses confirmed that relatively low polydispersities (Mw/Mn 
< 1.30) and high blocking efficiencies could be achieved. These 
spherical nanoparticles are stable to both freeze-thaw cycles and the 
presence of added salt (up to 0.25 M MgSO4). Three sets of 
PGMA51-PBzMAx spherical nanoparticles have been used to 
prepare stable Pickering emulsions at various copolymer 
concentrations in four model oils: sunflower oil, n-dodecane, n-
hexane and isopropyl myristate.  A reduction in mean droplet 
diameter was observed via laser diffraction on increasing the 
nanoparticle concentration. Finally, the cis diol functionality on the 
PGMA stabilizer chains has been exploited to demonstrate the 
selective adsorption of PGMA51-PBzMA100 nanoparticles onto a 
micro-patterned phenylboronic acid-functionalized planar surface. 
Formation of a cyclic boronate ester at pH 10 causes strong selective 
binding of the nanoparticles via the cis-diol groups in the PGMA 
stabilizer chains, as judged by AFM studies. Control experiments 
confirmed that minimal selective nanoparticle binding occurred at pH 
4, or if the PGMA51 stabilizer block was replaced with a PEG113 
stabilizer block. 

E-mail: Cha08vjc@sheffield.ac.uk 



334 of 340 
 

P97. Self-Assembly of Poly(Methacrylate-co-Acrylic Acid) 
Copolymers of Varying Architecture Synthesised by RAFT 
Polymerisation 

Sarah Canning1,2, Mark Geoghegan2, Stephen Rimmer1 
1 Polymer and Biomaterials Chemistry Laboratories, Department of 
Chemistry, University of Sheffield, S3 7HF, UK 
2 Department of Physics and Astronomy, University of Sheffield, S3 
7RH, UK 

 

 Polymers with segmented amphiphilic structure possess 
numerous supramolecular properties leading to interesting nano-
scale structures.1 The study of this behaviour has largely been 
limited to linear block copolymers, but as the supramolecular 
organisation of the segments is expected to be controlled by 
architecture, consideration of other segmented architectures could 
lead to new and useful supramolecular and nanoscale structures. As 
a technique for producing segmented polymers of differing 
architectures, Reversible Addition-Fragmentation Chain Transfer 
(RAFT) polymerisation2,3 is possibly the most versatile of the 
controlled radical polymerisation techniques.4 

 Amphiphilic block copolymers with constant chemistry but 
differing architectures have been shown by transmission electron 
microscopy (TEM) and small angle neutron scattering (SANS) to self-
assemble into micellar structures in water. RAFT polymerisation has 
been used to synthesise poly(alkyl methacrylate-acrylic acid) 
copolymers in a range of different architectures: graft, highly 
branched block and linear block, in addition to random versions of 
each of these copolymers. This set of model materials has allowed 
us to investigate the effects of architecture and composition on the 
properties of the copolymers. Additionally the hydrophobicity of the 
methacrylate block has been varied to study its effect on solution 
conformation.   

 These materials were designed to improve the adhesion of 
hydrophilic materials to a hydrophobic substrate via deposition from 
a fluid. However due to the amphiphilic nature of the materials they 
show potential for further use as surface active polymers in a range 
of nano- and bio- technologies. 

1. G. Riess, Progress in Polymer Science, 2003, 28, 1107-1170.  

2. J. Chiefari et al, Macromolecules, 1998, 31, 5559-5562.  
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3. R. T. A. Mayadunne et al, Macromolecules, 1999, 32, 6977-6980.  

4. S. Perrier and P. Takolpuckdee, Journal of Polymer Science Part 
A: Polymer Chemistry, 2005, 43, 5347-5393.  
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The RSC/SCI Colloids Group is pleased to 
announce a meeting for academia, industry and 
students to link the latest research on colloidal 
gels to tomorrow’s applications in the captivating 
and inspiring atmosphere of Cambridge.  

See our website for further details including the 
call for papers and the line up of international 
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