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“Blue Phases” are thermodynamically distinct phases in cholesteric liquid crystals found
close to the isotropic-chiral nematic phase transition. They consist of a network of
disclination lines where the local order of the liquid crystal is considerably disturbed. The
characteristic length scale of the disclination network is in the region of visible light, which
gives rise to spectacular optical properties. The picture shows our candidate for Blue
Phase Ill. (Image Oliver Henrich, University of Edinburgh)

See http://www.iop.org/activity/groups/subject/Icf/ for further details
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Hon. Secretary’s report

Welcome

The committee of the Liquids and
Complex Fluids Group are pleased to
welcome you to the 2009 group
newsletter. This newsletter outlines
the nature of the group, its interests
and relevant activities across the
country.

What is the Liquids and Complex
Fluids Group?

The Liquids and Complex Fluids
Group aims to advance research on
the liquid state of matter by fostering
collaborations between
experimentalists, theorists and
computer simulators. Topics range
from the structure and dynamics of
pure liquids of all kinds to complex
fluids such as emulsions, gels, foams,
colloids, and liquid crystals, a scope
that encompasses both microscopic
and mesoscopic length scales from
‘simple’ liquids to soft condensed
matter. The group also has strong
interests in synthetic and biopolymers,
with close collaboration with both the
Polymer Physics and the Biological

Physics groups. There are also
strong ties with other liquid matter
researchers through the Royal Society
of Chemistry and the European
Physical Society.

A distinctive aim of the group is
postgraduate education, particularly
via our own graduate Winter School,
aimed at underpinning the education
of the next generation of workers in
the field. Another aim is the
development of new instrumentation
and analysis tools for work on liquids
and complex fluids at UK x-ray and
neutron sources.

2009 Group News

Firstly, a welcome to all of our new
members! Membership of the Group
has nearly doubled in the last year.
Your Liquids and Complex Fluids
group is now three years old and we
continue to be increasingly active and
dynamic in providing a wide variety of
events that we hope will be of interest
to our members: conferences, one-
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day meetings, workshops and the
postgraduate Winter School. Our
events aim to cover all of the major
areas of interest to our membership -
experiment, theory and simulation:
biological, chemical and physical.
Details of forthcoming meetings for
2009 and 2010 are outlined below.
Remember, this is your group; if you
have any suggestions for meetings,
conferences or workshops, please let
us know.

In 2008/9 we organised large
international meetings (such as
‘Phase Separation and Mixing’ at
Trinity College, Cambridge),
participated in joint activities (such as
the loP’s ‘Biological and Soft Matter’
meeting in Warwick) and smaller
one-day workshops (such as the
forthcoming ‘Influence of External
Fields in Soft Matter’ workshop to be
held at the IoP in London in October).

As group secretary, | particularly wish
to thank all of those who have given a
considerable amount time organising
these activities for the benefit of
everyone. Many thanks! We hope that
as many members as possible will
take full advantage of their group
membership by attending as many
meetings and workshops as they can.

| also take this opportunity to remind
students of the Research Student
Conference Fund, to which all student
members of the Group are eligible to
apply.

The postgraduate ‘Winter School’,
held this year in January at Hinsley
Hall in Leeds, continues to be a
centrepiece of the group activities. As
the report later in the newsletter

shows, this very successful activity
makes our group attractive to a
significant number of new young
members, many of whom go on to
participate in further group activities.
We hope to hold the next Winter
School in Oxford in January 2010.
Details will be posted on the LCF
Group website in the near future, and
all current group members will be
notified by email. | warmly encourage
all graduate students to attend, and
do please contact me for further
details.

We also hope that the Annual General
Meeting of the Group will be held in
Oxford in January 2010, and a notice
will be sent out to all current members
confirming date and location. This
short meeting is the ideal opportunity
for you to comment on the present
activities of the group, propose
improvements, and make suggestions
for future events. | would encourage
as many members as possible to
attend.

Finally, we will be soliciting
nominations for the biennial Group
Prize in 2010, so please put forward
exceptional young researchers for
recognition. Nomination forms will be
available on the Group website early
next year.

We are always on the lookout for new
committee members. If you are
interested in joining the LCFG
Committee and would like more
information about its work, or if you
have any issues you would like raised
at the next annual general meeting,
please contact me at any time. | look
forward to meeting as many of you as
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possible at the group activities
throughout the year.

Cait MacPhee, Hon. Secretary,
Liquids and Complex Fluids Group

Reports on recent group
events

A report on the 2009 EPSRC/loP
LCFG WinterSchool

Stuart Clarke

Cambridge

The third annual EPSRC/lIoP Winter
School on Liquids and Complex Fluids
‘Solutions in the Snow’ was
successfully held in January 2009 at
the delightful Hinsley Hall in Leeds.

This rolling series of schools,
repeated on a three-year cycle, was
supported in part by the EPSRC. We
are pleased to report that the Schools
have been very successful and
continue to enhance the community of
postgraduate students working in the
general area of liquid matter, by
facilitating significant communication
and networking, and by providing key
education in a number of central
topics.

At the 2009 School Prof Tom McLeish
(Durham) covered the field of
‘Polymer Dynamics’, Prof Matthew
Turner (Warwick) explored
‘Membranes’, Prof. Nigel Wilding
(Bath) described ‘Simulation Methods’
and Prof Jacob Klein (Oxford)
surveyed ‘Confined Fluids’.

Feedback from the attendees was
very positive. New to this year were

after dinner speakers in the evenings
and a ‘Speed dating’ session (where
students had two minutes to tell
another student about their work).
These were developed to help
students get to know what their peers
are working on, whilst enhancing their
presentation and communication
skills. We also had the opportunity to
visit Leeds Armoury, the UK’s national
collection of arms and armour

The poster sessions were again
strongly supported with a vote for the
‘best’ with a small cash prize and a
year’s subscription to ‘Soft Matter’,
kindly donated by the journal. Several
students specifically mentioned the
poster session as a highlight for them.

We feel that it is very important that
the meeting should be limited in size
to retain a fairly intimate nature. | am
pleased to report that the school was
once again fully subscribed.
Significantly, we are very pleased that
many of attendees were returning
students from previous years. We feel
that this indicates the success of the
format and we hope that this will
continue. The students were again
particularly enthusiastic to meet and
network with each other as borne out
by the feedback where over 50% of
the students specifically cited this as
one of the most enjoyable aspects of
the Schools. ‘I most enjoyed
discussing and introductions with
other students’, ‘meeting others doing
relevant work to my subjects’, ‘chance
to meet other researchers’, ‘very
helpful to meet new people in different
fields who | knew | would like to
contact in the future’.
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PhD students and post docs with
appropriate interests are strongly
encouraged to come to the 2010
school in Oxford. Members of the
LCFG are also encouraged to apply
for student travel bursaries (please
see the loP website for the on-line
application form). More details of the
2010 school, including application
forms, will shortly be available on the
group website. The subjects under
discussion will be ‘Molecular liquids’,
‘Colloids’, ‘Polymers’, and ‘Simulation
& theory’ — it looks like being a great
event!!

Phase Separation and Mixing
Trinity College, Cambridge, 3rd-5th
September 2008

This meeting, jointly organised by the
LCFG with the Colloid and Interface
Science Group (of the Royal Society
of Chemistry) and the Colloid and
Surface Chemistry Group (of the
Society of Chemical Industry)

o | . Ny

Hinsley Hall in Leeds, the 2009 venue for the LCFG Winter School

addressed phase separation and
mixing in its many forms, bringing
together workers with interests in a
diverse range of systems, including
polymers, colloids, emulsions, gels
and lipid membranes. We were also
very pleased to draw together
experimentalists and theoreticians.

The invited speakers represented the
very best in their fields with Jean-
Pierre Hansen (Cambidge, UK),
Sarah Keller, (University of
Washington, USA), Richard Jones,
(Sheffield, UK), Paul Bartlett, (Bristol,
UK), lan Norton (Birmingham, UK)
and Geoff Mitchell (Reading, UK).
The quality of the presentations from
all speakers was very high. Indeed
there appeared to be a friendly rivalry
as each succeeding speaker seemed
to try and outdo the preceding with
even better movies/illustrations.

The organisers were particularly
pleased with the turnout for the
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meeting (> 70 registered attendees)
and were happy to see a good
number of younger research students,
highlighting a bright future for this
area and the group. The meeting also
saw the presentation of the Liquids
and Complex Fluids Group biennial
prize for the best early career scientist
to Dirk Aarts of Oxford. Dirk’s work
combining theory with elegant
experiments is in the very best
tradition of the group and again
reflects a strong future for our subject.
Many congratulations to him. The
poster prize was won by Parvaneh
Mokarian-Tabari and colleagues at
Sheffield for her poster on ‘The role of
solvent evapouration on interfacial
instability in spin cast thin polymer
films’.

We thank the loP conference group,
particularly Faye Heran and Claire
Garland for their invaluable assistance
in coordinating and running the
meeting so smoothly. (We would also
like to congratulate Claire on the
arrival of her daughter just before the
meeting.) We thank the Master,
scholars and fellows of Trinity College
for allowing us to hold the meeting in
the college, and to hold the
conference dinner in the great hall — a
wonder venue.

Most particularly we thank all the
attendees who came, contributed and
made this such an interesting and
lively meeting.

"A celebration of Disordered
Matter: Hard Spheres, Wet
Molecules, and Awkward Ice"
January 8 " 2009

Neal Skipper
University College London

A meeting held at UCL in honour of
Professor John Finney was attended
by over 100 people, including many
friends and collaborators from
overseas. The three scientific
sessions "Ices", "Glasses and Liquids
and "Biological Systems" were chosen
to reflect some of Professor Finney's
many interests, and each produced
much topical debate. The session on
water ices covered newly discovered
phases and topics in proton ordering
and amorphous ices. After lunch we
then melted into a series of talks in
glasses and liquids, starting with a
discussion of simple systems and
then moving to the nature of the
hydrophobic effect as understood via
complex neutron scattering
experiments and both "simple" and
more detailed models. Finally, a
session was devoted to the hydration
of biomolecules, with contributions
from both experimental and
computational studies, and concluded
by a review of the role of water in
biology.

Forthcoming events

The Influence of External Fields in
Soft Matter

2nd October 2009

Institute of Physics, 76 Portland Place
Organisers: Dirk Aarts, Stuart Clarke

This meeting aims to bring together
experimentalists, simulators and
theoreticians with interests in soft
matter under external fields.
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Confirmed speakers include: Wilson
Poon (University of Edinburgh)
‘Imaging colloids under flow’; Suzanne
Fielding (University of Manchester)
‘Shear banding in complex fluids’

See www.iop.org for further details.

SAS09: XIV International

Conference on Small Angle
Scattering

13th - 18th September 2009

Oxford, UK

The purpose of the Conference is to
provide an opportunity for scientists
using SAS in the study of both soft
and hard condensed matter, whether
with light, X-rays or neutrons, to meet
and share their latest scientific results
and technological improvements.

The organisers have reached the
venue capacity for this event. If you
would like to be notified in the event of
places becoming available through
late cancellations, please email
sas2009@diamond.ac.uk.

Complex fluid-fluid interfaces

25th February 2010

Institute of Physics, 76 Portland Place
Organizers: Paul Clegg & Jan
Vermant

The self-assembly of spherical
particles at liquid-liquid interfaces
(both planar and in Pickering
emulsions) has proved to be a rich
source of new physics. Building on
this, recent studies have probed the
behaviour of anisotropic or magnetic
particles and systems where one or
both of the fluids are complex.
Investigations are also underway into
the role of interfacial elasticity on bulk
and microfluidic flow properties. This

one day meeting aims to bring
together experimentalists, simulators
and theoreticians interested in
interfacial trapping and its influence
on flow.

Also of interest to Group Members:

Thermodynamics 2009

23 - 25 September 2009

Imperial College London

As the science of energy and its
effects on the material world,
thermodynamics holds one of the
keys to meeting the challenges that
our modern society faces.
“Thermodynamics” now spans a large
range of domains: the life sciences,
with their complex supramolecular
arrangements; nano-materials, where
short-range interactions are dominant;
complex fluids, such as liquid crystals,
electrolytes and ionic fluids; critical
behavior and extraction processes;
the behavior of materials in extreme
conditions, and many more.

The Thermodynamics 2009
conference will bring together
researchers from all over the world
who are interested in these topics

www.thermodynamics2009.org

Jilich Soft Matter Days 2009
10-13 November 2009
Gustav-Stresemann-Institut, Bonn,
Germany

The workshop explores the physics
and chemistry of mesoscopically
structured systems. This workshop
will provide a forum to share and
discuss the latest advances for alll
active researchers in the field of Soft
Matter Science.
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http:/Aww.fz-juelich.de/iffljsmd2009

Gordon Research Conference
Colloidal, Macromolecular &
Polyelectrolyte Solutions
February 21-26, 2010
Ventura, CA

This conference on Colloidal,
Macromolecular & Polyelectrolyte
Solutions explores the frontiers of
research about complex solutions of
charged, macromolecular and
colloidal systems and their interfaces.
The meeting has a strong
interdisciplinary tradition bringing
together materials scientists,
engineers, physicists, chemists and
biochemists.

http://tinyurl.com/n7gvbh

4th International Workshop on
Dynamics In Confinement

3 -5 March 2010

Grenoble

The dynamical properties of
condensed matter confined in space
deviate appreciably from those of the
bulk state. In recent years a growing
number of experimental,
computational and theoretical studies
aimed at investigating these
confinement phenomena and at
disentangling those from effects which
are induced by the confining media
(e.g. surface interactions). This fourth
international workshop on ‘Dynamics
in Confinement’ aims at summarizing
the status of research by
spectroscopic methods, theoretical
concepts and computer simulations.

www.ill.eu/news-events/events/

Faraday Discussion 146: Wetting
Dynamics of Hydrophobic and
Structured Surfaces

12 - 14 April 2010

Virginia, USA

The aim of this meeting is to convene
scientists from experimental and
theoretical disciplines to discuss a
number of highly topical and
controversial issues related to wetting
and dewetting at hydrophobic
surfaces.

http://tinyurl.com/m4pu8g

International Soft Matter
Conference

5-8 July 2010,

Granada, Spain

Soft Matter is characterized by multi
component mixtures, large ranges of
length and time scales and many
interacting degrees of freedom,
leading to complex structures, phase
behaviour and dynamics. This implies
high sensitivity to external fields and
ubiquitous and significant non-
equilibrium phenomena. This
conference will bring together
students and scientists interested in
soft matter systems such as polymers,
colloids, surfactants, membranes,
biomaterials and their composites.

http://ismc2010.ugr.es

Gordon Research Conference
Water & Aqueous Solutions
August 8-13, 2010
Holderness School
Holderness, NH

Water covers more than two thirds of
the surface of the Earth and about the
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same fraction of water forms the total
mass of a human body. Since the
early days of our civilization water has
also been in the focus of technological
developments, from converting it to
wine to more modern achievements.
The meeting will focus on recent
advances in experimental, theoretical,
and computational understanding of
the behavior of the most important
and fascinating liquid in a variety of
situations and applications.

http://tinyurl.com/Ig2oax

The committee encourages members
to attend the variety of group
conferences, workshops and schools
organised by the group. In addition we
welcome members’ suggestions for
further meetings or other activities.
Please contact any member of the
committee.

Bursaries

The Institute of Physics provides
support to students to contribute
toward attendance at conferences
through the Research Student
Conference Fund (RSCF). Students
may apply to receive up to £250 from
the RSCF during the course of their
PhD. Students may apply more than
once up to a total of £250 - for
example they may request the full
amount, or decide to request a
smaller amount and then apply for
funding again for another conference
at a later stage. Applications may be
submitted directly to the IoP at any
time but are considered on a quarterly
basis. Applications should reach the
Institute by: 1 March, 1 June, 1
September or 1 December. A
decision will be made within eight
weeks of the closing date. For further
information, see www.iop.org.

Research Reports

Complex Fluids from an Industrial
Perspective

Patrick Warren, Unilever R&D Port
Sunlight

“Did you ever realize that practically
all industrial chemistry is colloidal in
its nature? Hard rubber, celluloid,
glass, soap, paper, and lots of others,
all have to deal with amorphous
substances, as to which
comparatively little has been really
settled.”

--- Thomas Edison, April 1909

It seems appropriate to open a short
opinion piece about the industrial
applications of complex fluids with this
quote from Edison from almost exactly
100 years ago. In Edison’s day,
colloid and interface science was in its
infancy: McBain’s discovery of soap
micelles was still 4 years off,
Staudinger’s concept of
macromolecules would not appear for
another 10 years, and the famous
DLVO theory for colloidal stability was
some 30 years in the future!

We have come a long way since then.
Consider a modern 2-in-1 conditioning
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Myelin fingers in C12EO3 / water. The structures are ~ 10 nm diameter
lamellar-phase tubes of concentric cylindrical sheets. They are imaged
here using polarising light microscopy (image courtesy John Walsh).

shampoo that you can buy in a
supermarket. The principle active
ingredients are anionic surfactants,
micron-sized silicone oil droplets, and
cationic polymer. The surfactants
provide a cleaning benefit, the silicone
provides a conditioning benefit
(reduced friction), and the polymer is
there as a deposition aid. Other
ingredients may include a pearliser
(10-micron-sized platelets) to make
the product look more attractive, and
a perfume which can be thought of as
a blend of volatile oils. This complex
formulation has to be made from
inexpensive raw materials, be
processable (it's expensive to pump
high viscosity materials around), have
good storage stability (six months is
typical), and have the desired
technical effects in use. It is no mean
feat to achieve all of these!

10

There is a clever trick at the heart of
the 2-in-1 formulation. It was
discovered by Des Goddard and
others. They found that suitably
chosen cationic polymers can be
added to the anionic surfactant base
to make a formulation that is perfectly
stable at typical product
concentrations, but which exhibits
polymer / surfactant phase separation
on dilution. Dilution happens during
rinse-off and the precipitated polymer
/ surfactant phase (a co-acervate)
traps the silicone droplets in the hair
leading to the conditioning effect.

These 2-in-1 systems are carefully
designed, but they illustrate that the
science of complex fluids is still very
empirical when it comes to industrial
applications. This is perhaps not
surprising given the wealth of unusual
and unexpected phenomena that
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abound in complex fluids. For
example, the accompanying
micrograph shows myelinic figures
that appear when a simple non-ionic
surfactant is brought into contact with
water. These structures are important
for dispersing sparingly soluble
surfactants, yet they are still not fully
understood. In the face of this
uncertainty, an empirical approach
may still seem to be the best way
forward. One way to tame the
complexity is through high-throughput
screening and combinatorial
experimentation. The difficulties of
this approach would have surely been
recognised by Edison though, who
famously said “Results! Why, man, |
have gotten a lot of results! | know
several thousand things that won't
work.”

Can one design complex fluids using
computer models? Atthe moment,
this seems to be pie-in-the-sky, and
out of reach for practical purposes,
but it is surely a valuable target to aim
at. Computer-aided design is now
routinely used in mechanical
engineering, in civil engineering, and
so on. Why not so for formulation
science?

We have indeed come a long way
since Edison’s day, and much has
been discovered about the physics of
complex fluids. An outstanding
challenge now is to turn this hard-won
guantitative knowledge into hard-
edged computer-aided modelling and
design tools for the 21st century
formulation scientist.

Edison quotes from Edison, His Life and
Inventions, F. L. Dyer and T. C. Martin
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(Barnes & Noble, New York, 2005) [full
text also available at Project Gutenberg].

For more on 2-in-1 delivery systems see :
Delivery System Handbook for Personal
Care and Cosmetic Products, ed. M. R.
Rosen (William Andrew, New York, 2005).

Molecular Physics of Carbon
Capture: Integrated advanced
molecular modelling and process
design

Niall Mac Dowell, Amparo Galindo,
Claire Adjiman and George Jackson

Molecular Systems Engineering,
Department of Chemical Engineering
and Chemical Technology,

Imperial College London

The requirement to substantially
reduce anthropogenic CO, emissions
is one which is gaining rapid
acceptance across the scientific and
corporate communities. Flue gases
from fossil fuel fired power plants are
the prime candidate emission source
for realising a significant near-term
reduction in CO, emissions. While the
technologies most likely to be
deployed on a large scale are
relatively mundane (absorbing CO,
from the post-combustion gas stream
in packed towers using amine
solvents), the chemistry and physics
of the systems involved are far from
straightforward. In addition to the ionic
speciation inherent in aqueous
mixtures of amines and CO,, it is the
complex system of competing
physicochemical interactions which
are both interesting and challenging.
Indeed, despite decades of research,
the actual mechanisms by which
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Figure 1: lllustration of the Molecular Systems Engineering concept

these reactions proceed are still a
matter of debate.

Due to the very large volumes
involved, the most significant barrier
to commercial deployment of carbon
abatement technologies is cost
(capital and operational expenditure).
A great opportunity for reducing these
costs lies in the design of novel
solvents and solvent blends for these
processes, as it is the solvent that
defines the thermodynamic and
kinetic limits of the process.
Traditionally, solvents have been
selected a priori and the process
optimised around this “constraint”. Our
work in the Molecular Systems
Engineering group at Imperial College
has focused on developing a detailed
understanding of the underlying
physical chemistry and competing
microscopic interactions between all
constituents of the fluid, and then
integrating this, via advanced
molecular equation-of-state
techniques, with rigorous process
modelling tools to provide a platform
for the rapid design of novel solvent
systems. This philosophy is illustrated
in Figure 1.

In our work, we have used the
statistical associating fluid theory for
potentials of variable range (SAFT-
VR) to describe these highly non-ideal

12

and complex fluid mixtures. We have
exploited the flexible nature of the
SAFT formalism to incorporate a
description of both the association
interactions and the chemical
reactions in our model. This is of
significant practical and scientific
interest: in this reactive mixture at low
CO, concentrations the prevailing
reaction is the formation of a
carbamate; at higher CO,
concentrations, the formation of
bicarbonate is favoured. As shown in
Figure 2, the microscopic models
developed within the SAFT-VR
framework provide a quantitative
prediction of the phase behaviour
across the entire composition range.
The ability to achieve this level of
accuracy in a thermodynamically
consistent manner and at the level of
the molecular interactions is
something that has not been possible
before.

Modelling reactive systems using a
physical (as opposed to chemical)
theory significantly reduces our
dependence on experimental data — in
developing these models we require
only binary mixture vapour-liquid
equilibrium data which are typically
available. Moreover, a description of
the various equilibria is implicitly
contained within the SAFT treatment
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Figure 2. The absorption of CO, (quantified by its mole fraction x) in aqueous
solutions of 30% monoethanolamine (MEA) as a function of the pressure in the

gas.

with no further need for correlation.
This provides a significant
simplification of the reactive
separation processes, making it
possible to formulate and solve
solvent design problems, the solutions
of which can be expected to be

particularly robust given the
fundamentally rigorous physical model
on which the models are based.
These conclusions represent a
significant step towards the realisation
of commercial deployment of CO,
capture technology.
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This newsletter is also available on the web and in larger print sizes

The contents of this newsletter do not necessarily represent the views or policies
of the Institute of Physics, except where explicitly stated.
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