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Foreword
We were delighted when, three years ago, the Higher 
Education Funding Council for England (HEFCE) invested 
£9.6 million from its Strategic Development Fund in the 
Universities of Birmingham and Warwick to support a 
new inter-disciplinary research alliance between the 
two institutions, the Science City Research Alliance. 
This collaborative project between the two universities 
was established to fund a group of high calibre Research 
Fellows in a new research venture within the themes of 
Energy, Advanced Materials and Translational Medicine, 
which are particular complementary strengths of the 
two institutions.

In total, twenty-two Science City Research Alliance 
Fellows joined the programme working across the three 
themes and utilizing shared research infrastructure and 
facilities at both universities. The inter-institutional 
alliance allows the Fellows to have the unusual experience 
of working for not one but two geographically-close 
universities at once, in each case having a home 
institution and an honorary appointment at the other, 
frequently in different Departments - or even Faculties- 
which greatly assists inter-disciplinary projects.

As the HEFCE funded programme reaches its half-way 
point, we are marking the occasion by showcasing the 
Fellows’ research and highlighting the progress they 
have made to date.  

At an individual level, the Fellows have already 
established themselves as excellent researchers.  They 
have been prolific in their publishing of high quality 
research publications (more than 50 in the last year 
alone) and in winning further funding from Research 
Councils (around £1 million in the last year) to continue 
and develop their work. Several Fellows have been 
invited to present lectures to key research audiences 
or through conference committees, showing a growing 
recognition of their work.

The best research frequently reaches beyond its  
pre- defined boundaries and it is heartening to see that 
even at this relatively early stage, the activities and 
outcomes of the work by the SCRA Fellows have already 
impacted in areas beyond their own academic disciplines.   
A number of the Fellows have created research 

partnerships with high-technology businesses and 
through this a series of new patents have been filed 
by the two universities to exploit the commercial 
opportunities of the research.  Many of the Fellows 
have also become STEM Ambassadors, working with 
young people to encourage engagement in the sciences. 
Public Engagement has also been key to their work and 
has included a Science Photography competition (co-
funded by EPSRC) and a series of presentations at last 
year’s British Festival of Science in Birmingham, 2010.

Perhaps most importantly, collaborations have begun 
to develop between the Fellows who are working 
together to develop new research proposals and sharing 
techniques and ideas between disciplines, showing 
the benefit of the strategic injection of posts for  
early-career researchers to scholarship, innovation and 
the generation of new intellectual capital.

The HEFCE funding has provided a unique opportunity 
for the Universities of Birmingham and Warwick to 
attract early-career researchers and to support them in 
developing not only their research, but also relationships 
between academia and business and across academic 
institutional boundaries. This brochure captures the 
challenges their research is addressing and some 
highlights of their progress so far.  I hope it makes for 
an interesting read that inspires great confidence in the 
future of our scientific research community.

Professor Pam thomas
Director, Science city Research alliance
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Challenge
The drive to de-carbonize the transportation sector has prompted the 
electrifi cation of the vehicle powertrain.  An integral component of the 
powertrain is the inverter which converts the DC energy from the power 
source (fuel cell or advanced Lithium batteries) to AC energy to drive the 
electrical machine (See Fig. 2).  This inverter is comprised of insulated gate 
bipolar transistors (IGBTs) which suffer from high switching losses due 
to reverse recovery charge.  Replacing these IGBTs with energy effi cient 
metal–oxide–semiconductor fi eld-effect transistor (MOSFETs) with low 
conduction losses is a research objective that both academia and industry 
are contemplating.  Conventional silicon MOSFETs are not up to the task 
because the voltage levels in the vehicle powertrain will require MOSFETs 
with unacceptably high on-state losses.  However, by using wide bandgap 
semiconductors like Silicon Carbide (SiC) and Gallium Nitride (GaN), this 
can be circumvented.  The objective is to develop electrothermal models 
to assess the performance of these wide bandgap semiconductors, so as 
to better inform the engineering community of where the solution lies.

Research
Layi Alatise’s research focuses on developing a methodology for 
evaluating the automotive performance of advanced wide bandgap 
semiconductor materials and devices for high powered automotive 
systems like electric vehicle powertrains.  Fig. 3 shows the on-state 
resistance vs. breakdown voltage characteristic where the superior 
performance of GaN and SiC is observable.  These semiconductor 
materials can be used to fabricate different devices ranging from 
vertical trench MOSFETs, D-MOSFETs or lateral MOSFETs (as shown 
in Fig. 4) depending on the process and the availability of high quality 
free-standing substrates. TCAD, CFD and analytical models will be 
developed and calibrated with experimental measurements.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 3 Fig. 4Fig. 2

Fig. 1   Warwick clean room.

Fig. 2  Electric Vehicle Powertrain showing the engine, motors and inverter

Fig. 3    Specifi c on-state resistance vs. Breakdown voltage for difference 
semiconductor materials.

Fig. 4   Vertical and Trench power MOSFETs. 

Dr. Layi Alatise O.Alatise@warwick.ac.uk 

automotive systems
semiconductor materials and devices for

energy effi cient

Fig. 1

Dr. layi alatise
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Research
In order to overcome the natural ineffi ciency of silicon as a light-
emitter, nanostructures have to be used.  Amongst these, nanopillars 
and nanopores have interesting characteristics as they present a huge 
surface-to-volume ratio while retaining a link with a semiconductor bulk.  
This leads to luminescence enhanced by quantum confi nement (fi g. 3) 
and moduled by surface interaction.  Jorge Barreto’s research focuses 
on developing a fabrication methodology compatible with the standard 
microelectronics techniques to obtain nanostructured silicon surfaces.  
The research will include extensive characterization of the optical 
properties of the nanostructures and how these properties change with 
the environment. Different approaches are considered to enhance the 
signal from electronic control to chemical surface functionalization.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 2 Fig. 3 Fig. 4Fig. 1

Fig. 1   Principle of light-based photoluminescence probing of nano-pillar structures. 
Sample is excited with a short-wavelength beam, and a long-wavelength signal 
is collected after sample de-excitation.

Fig. 2   A photonic-based test slide for optical measurements. Liquid sample drops 
are used on different regions of the slide that is probed with a laser while the 
photoluminescence is analysed.

Fig. 3   Modifi cation of the distribution of the available states (and energy gap) in a 
semiconductor nanostructure due to a change in its environment (B≠A).

Fig. 4   Evolution of the photoluminescence from porous silicon samples with time. 
 By modifying the environment the degradation can be delayed.

 

Dr. Jorge Barreto g.barreto@bham.ac.uk

optical 
      sensors

silicon nanopillars for

Challenge
Silicon photonic transducers are of great interest due 
to their low cost, the possibility to integrate them 
with electronic circuitry and their compatibility with 
biological applications. 

This research aims to probe tiny concentrations 
of specifi c elements within liquid samples by 
carefully monitoring optical parameters such as 
the photoluminescence of nanostructured silicon 
surfaces in contact with a liquid sample (fi g. 1).  The 
combination of an optimal structure with a reactive 
functionality will allow the future development of 
materials which are highly sensitive to either general 
or specifi c environment changes such as the sugar 
 iron content in blood or the chlorine content of 
water (fi g. 2).

Dr. Jorge Barreto



6

Research
Remzi Becer’s research includes the novel design and preparation 
of highly-functional polymer-coated magnetic nanoparticles for 
potential use in several applications. As illustrated in Fig 2, magnetically 
localising these particles will provide an improved treatment, enhanced 
imaging quality, high-end therapy in cancer-like diseases and precise 
controlled drug delivery. All these applications and many more will be 
possible using tailor made stimuli-responsive polymer coated magnetic 
nanoparticles. These polymers will carry several different functionalities 
to fulfi ll the requirements of designed coating material, (as shown in 
Fig. 3). These functionalities could be as stimuli-responsive units, 
fl uorescent label or tag, lectin binding recognition units, active 
compound carriers or metal binding units. 

The main research challenges are in the optimization of several 
parameters – not only in the synthesis but also in the obtained 
properties. Therefore, a high throughput experimentation approach 
is required to accelerate the polymer synthesis and characterization.
The ultimate goal of this research is to test selected stimuli-responsive 
and active compound loaded polymer-coated magnetic nanoparticles 
in living cells to ensure a successful drug release at the desired location, 
time and dosage. Depending on the time and the resources available, 
additional potential applications, i.e. contrast agent in 19F-magnetic 
resonance imaging, implant materials for diabetics and coating 
materials for implants to induce selective cell type growth, will 
be investigated using these multi functional smart materials. 

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 2 Fig. 3

Fig. 1  High-throughput screening of stimuli-responsive polymer libraries.

Fig. 2   Schematic representation of the use of magnetic nanoparticles on localized 
treatment, imaging, therapy and controlled delivery.

Fig. 3   Schematic representation of a classical magnetic nanoparticles (left) and the 
designed multifunctional polymer coated nanoparticles (right).

Dr. C. Remzi Becer c.r.becer@warwick.ac.uk 

polymer coated
stimuli-responsive

magnetic particles
Challenge
Smart nanoparticles have attracted great attention 
in various fi elds of science. These materials have 
been employed in automotive, electronics, 
iology, chemistry, as well as in healthcare. It is 
possible to introduce different functionalities on a 
single nanoparticle, which is capable of adapting 
and responding in a highly complex biological 
environment. Advanced polymer synthesis and 
modifi cation techniques allow the preparation of 
tailor-made macromolecules. For instance, smart 
polymers can be created that respond to external 
stimuli whilst carrying recognition units for living 
entities, a tag for detection, metal binding sites and 
an active compound to treat a disease. The potential 
benefi ts of this are that drugs may be released at the 
correct location in the body – optimizing the effect 
of drugs, reducing the overall dosage required and 
minimizing side effects.  Thus, smart nanoparticles 
have been used in several application areas in the last 
decade with a primary aim of improving the quality 
of human life.  

Fig. 1

Dr. c. Remzi Becer
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Challenge
Neural signal analysis is vital in detection, diagnosis, and treatment 
of brain disorders and the related diseases. Due to the nonlinear and 
non-stationary nature of neural signals, the analysis of neural signals 
is in general highly compute-intensive.  Furthermore, as experimental 
techniques have been advancing quickly, the density and the spatial 
scale of neural signals increases exponentially in the past few years. 
Neural signal analysis also manifests as a data intensive problem. Typical 
cases include signal decomposition and interdependence measurement. 
The lack of appropriate computing methods and tools has largely 
hampered the advances of neural science research and practice. To meet 
the requirement of performance and scalability of neural signal analysis, 
there is a pressing need for new high performance computing methods. 

The technology of general-purpose computing on graphics processing 
units (GPGPU) is in particular suited to solve problems that can be 
expressed as fi ne grained data-parallel computations.

GPGPU-enabled approaches exhibit signifi cant merits. With the support 
of GPGPU, a parallelized Ensemble Empirical Mode Decomposition 
(G-EEMD) has been developed, which excels in extracting useful 
information from noisy neural signals in a real-time manner (with 
speed-up of hundreds of times). A spectral entropy facilitated by 
G-EEMD was therefore proposed to analyze the EEG data for estimating 
the depth of anaesthesia (DoA). Furthermore, the results obtained 
from a Pharmacokinetics/pharmacodynamic (PK/PD) model analysis 
indicate that the G-EEMD method is more effective than its precedent 
alternatives. The method is also effi cient and effective in identifying the 
seizure state through an analysis of a multi-channel EEG with absence 
seizure. Non-linear interdependence analysis has also been supported to 
examine EEG for evidence of between posterior channels. It is now able 
to measure 12 channels in real time with a state-of-the-art GPU card, 
which was previously impossible.

Dan Chen collaborates with computer scientists, psychologists, 
engineers, neuroscientists and clinical scientists. He and collaborators 
work along two major research areas, namely neuroinformatics and 
crowd modelling & simulation.  The research of neuroinformatics has 
led to successful applications of real-time measurement of Depth of 
Anaesthesia, detection of seizure states, and fast measurement of non-
linear interdependence for multiple channels. 

Future 
For the next step, this project aims to study the visual and cognitive 
process through the analysis of multi-channel oscillatory neuronal 
synchronisation in animal and human brains. The research will focuses 
on analysis of the neural oscillation for understanding the brain network 
and function. The above efforts may pave the way of measuring 
information transfer in neuronal networks with large scale.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 2Fig. 1

Fig. 1  Hilbert–Huang spectral entropy calculation.

Fig. 2  The procedure of EEG signals collection and analysis with GPGPU Aided EEMD.

Dr. Dan Chen d.chen@cs.bham.ac.uk

neural signal 
            analysis

high performance computing

 for

Dr. Dan chen
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Fuel Cells
 Shangfeng Du’s research focuses on the investigation of the interaction 
of catalysts with supports and electrolytes, the aggregation of catalyst 
nanoparticles and electrolyte aggregates, and fi nally the development 
of economic and durable fuel cell electrodes for PEMFCs and SOFCs.

Integrated Pt-nanowire (NW) electrodes have been developed by 
a novel one-step method at room temperature without using any 
templates, organic solvents or synthesized catalysts.  The process 
is much simpler and cheaper than the conventional techniques 
for manufacturing fuel cell electrodes.  The Pt-NW in the prepared 
electrode can effectively avoid the aggregation problem of conventional 
catalyst nanoparticles, leading to better durability.  In addition, during 
the whole procedure, no free nanoparticles are generated and all 
possible health problems caused by nanoparticle pollution can thus 
be avoided.

Viruses
This research is focused on the study of adhesion and aggregation 
between viruses, proteins and nanoparticles - aiming to improve 
the stability of nanoparticles in bio-systems and develop advanced 
nanomedicines for the diagnosis and treatment of cancer. 
For example, using a Nanoparticle Tracking Analysis (NTA) system, the 
adhesion force and range between nanoparticles can be calculated - 
enabling the self-adhesion and sticking behavior to be estimated.  This 
will improve the dispersing and processing procedures of nanoparticles 
in applications.

The future
The research will now look at optimizing current approaches and 
developing new methods for the special characterization between 
metal, inorganic or natural nanoparticles (e.g. the interaction between 
virus and nanoparticles, and the adhesion behavior within Pt NW 
based hybrid nanostructures in fuel cell electrodes). Collaboration with 
industrial partners will set-up pilot plants for the developed Pt-NW 
based fuel cell catalyst. 
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Fig. 1-2   Hydrogen fuel cell (HFC) taxi cab demonstrated on the UoB campus and the 
novel high performance Pt-nanowire fuel cell electrodes developed in the 
Group (J Power Sources195 (2010) 289).

Fig. 3-4   Size histogram measured for Adenovirus by NTA and the calculated adhesion 
force and range (J Adhesion 86 (2010)1029).

Dr. Antonio Feteira  a.feteira@bham.ac.uk

dielectrics
new

electronics
for

Fig. 2 Fig. 3 Fig. 4

aggregation
of

adhesion and

nanoparticles
Dr. Shangfeng Du s.du@bham.ac.uk 

Challenge
The surge of nanotechnology has provided a 
possible solution for energy and disease, two of 
the world’s top ten problems.  For example, the 
catalyst nanoparticles have brought tremendous 
progress to the development of fuel cells, which 
have been recognized as one of the most promising 
low carbon emission technologies in the future. The 
application of nanoparticles in biomedicine offers 
excellent prospects for the development of new non-
invasive strategies for the diagnosis and treatment 
of cancer.  However, there is still no fundamental 
understanding of the optimum nanoparticle 
behaviuor. In particular, the infl uence of nanoparticle 
adhesion and  aggregation in fuel cells and bio-
systems has not been investigated satisfactorily.  It 
is these adhesion and aggregation problems which 
are limiting the advance of new energy and medicine 
technologies in the marketplace.  This research will 
lead to a breakthrough in nanoparticle science to 
improve our understanding and give advances in fuel 
cell engineering and applications in transport and 
buildings, and nanomedicine for cancer diagnosis 
and treatment, respectively.

�����������

Fig. 1

Dr. Shangfeng Du
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Challenge
The ever increasing trend towards miniaturisation of electronic 
devices combined with more stringent requirements, either technical 
(such operation under extreme conditions) or environmental (such as 
new European legislation prohibiting the use of hazardous elements) 
is driving research into novel advanced functional ceramics.  These new 
multifunctional materials could improve the current state of electronics, 
for example, materials exhibiting simultaneously switchable electric and 
magnetic polarisation appear in scientifi c and technological roadmaps 
for electronics.  Unfortunately, the fundamental principles for the 
simultaneous occurrence of these two properties in a single material 
are often at odds. 

Research
Antonio Feteira works within a multidisciplinary research group 
involving fundamental chemistry and engineering of electronic 
devices.  His group based at the University of Birmingham develops 
novel ceramic systems which are subsequently turned into prototypes 
by some of his collaborators either at the School of Electronic 
Engineering in Birmingham or at his partner lab in Austria.

Impact
Novel ceramic systems will enable the development of a new age 
of electronics, characterised by either enhanced performances or 
new functionalities.

The future
The research group is developing potential new dielectrics for 
a wide range of applications, including:
• Piezoelectrics for actuators and sensors
• Microwave Filters for wireless communication
• Multiferroics for tunable fi lters

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 3Fig. 2

Fig. 1     Microstructure of Microwave Ceramic Developed by Powerwave Ltd.
Feteira et al, Journal of the American Ceramic Society, Vol. 94, pages 
817–821, March 2011.

Fig. 2-3   Findings include new low fi ring temperature (<750 C) dielectrics, 
new high k gate-dielectric and new Pb-free ferroelectrics.

Dr. Antonio Feteira  a.feteira@bham.ac.uk
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Fig. 1

Dr. antonio Feteira
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Research Approach
A growing body of research indicates that nerve fi bre activity provides 
an important stimulus for oligodendrocyte development.  For example 
recent work by Dr Fulton confi rms that neural activity regulates the 
abundance of oligodendrocyte precursors and infl uences myelin 
formation in a brain slice culture system (Fig. 2).  While the mechanisms 
allowing nerve fi bre activity to stimulate myelination remain unknown, 
a a number of candidate processes exist that may couple electrical 
activity in nerve fi bres to oligodendrocyte development.  These processes 
could be exploited to stimulate myelin replacement in individuals 
suffering from damaged and degraded myelin.  Therefore determining 
the mechanism relaying nerve activity to oligodendrocyte development
is of great clinical value. 

Research
Daniel Fulton’s research is focused on the exploitation of neuron-
oligodendrocyte interactions to stimulate myelin repair.  The work 
supported by this SCRA Fellowship will evaluate the ability of these 
candidate mechanisms to promote oligodendrocyte maturation, and 
will seek to exploit these interactions by their development into novel 
therapies capable of stimulating myelin replacement.  Dr Fulton’s work 
benefi ts from a newly installed multi-photon imaging suite provided 
through the Science Cities Research Alliance.  This facility, situated 
at the University of Warwick’s School of Life Sciences, enables high 
resolution imaging through the depth of slice cultures, permitting 
the use of novel imaging probes to investigate the role of neuron-
vand function (Fig. 3).  By integrating the research focus on neuro-
glial biology at the University of Warwick, with the University of 
Birmingham’s expertise in neural repair, this project will bridge the 
two partner institutions and provide an excellent base from which 
to establish valuable inter-university collaborations.
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Fig. 2 Fig. 3

Fig. 1  Neurofi lament staining of axonal fi bres in a cerebellum slice culture.

Fig. 2    A-B: Blockade of neutronal activity reduces oligodendrocyte precursor numbers. 
C-E: Axons are myelinated in ex vivo slice cultures. Overlay of axonal (NF 200) 
and myelin (MBP)labels reveals mtelination of axons after 7 days in vitro. D-E: 
Blockade of neuronal fi ring with TTX for 7 days promotes myelin formation. F: 
MBP signal areas is increased in TTX treated cultures.

Fig. 3   Genetically encoded calcium indicator GcAMP3 (green signal) expressed in slice 
culture. Time lapse two-photon monitoring of GcAMP3 signal reveals calcium 
rhythms in infected neurons (Red and Blue traces).

Dr. Daniel Fulton d.fulton@warwick.ac.uk

neuron-glial
 interactions

neural repair through

Challenge
Diseases of the brain’s white matter such as 
Multiple Sclerosis severely impair the quality 
of life of affl icted individuals and impose an 
enormous economic and social burden on 
society.  These disorders arise when myelin 
sheathes, insulating material that wraps 
nerve fi bers, become degraded through 
disease and injury.  Myelin sheathes are 
essential for healthy brain function because 
the insulation they provide ensures rapid and 
effi cient communication between distantly 
located centers in the brain.  Replacing 
damaged myelin is essential for curing white 
matter disease, but this requires a clearer 
understanding of the processes that govern 
the generation of oligodendrocytes, the myelin 
producing cells of the brain.  

Fig. 1

Dr. Daniel Fulton
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Research
Paloma García’s research aims to understand the basic mechanisms that 
control the maintenance and differentiation of pluripotent stem cells.  
This understanding is important for the development of regenerative 
therapies based on the use of ESCs and iPSCs.  The research focuses on 
a specifi c protein, B-Myb, which is extremely highly expressed in ESCs 
(up to 10000x normal somatic cells) and iPS cells.  Paloma’s research 
has led to the development of mouse genetic reagents that enable 
controlled manipulation of B-Myb expression.  In parallel, a whole range 
of state-of-the-art techniques have been developed in the laboratory 
for the detailed analysis of the dynamics and mechanisms of genome 
replication and alterations in the transcriptome and proteome of 
pluripotent stem cells consequent to changes in B-Myb activity.

Achievements
There have been some very exciting successes in generating mouse 
iPS from somatic cells (compare panel A: no virus, with panel B where 
iPS cells have been generated by viral infection and visualized by 
Alkaline phosphatase staining (red)).  This has been possible through 
collaboration with Dr. Murphy’s group in Boston.  The research team
are now in the position to perform comparative studies between ESC 
and iPS cells, and elucidate the role of B-Myb in the maintenance of 
genome stability in both cell types. 

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Challenge
Many of the diseases that represent the biggest burden to society (heart failure, 
diabetes, stroke, haematological disorders, neurodegeneration, blindness, spinal 
cord injury) are due to the loss of specifi c cell types that could be derived from 
stem cells.  There are two types of stem cells: adult and embryonic.  Adult stem 
cells serve to maintain organs throughout the entire life of an organism, and are 
characterised by limited proliferation ability, and the potential to give rise to 
several different cell types depending on the organ from which they derive.

In contrast, embryonic stem cells (ESCs) are highly proliferative and have the 
potential to give rise to every cell type in the body.  This means they have great 
potential for regenerative medicine yet, few therapeutic applications have been 
developed to date.  The reason for this paucity in clinical applications is a lack 
of understanding of the basic biology of ESCs.  Before real treatments can be 
delivered, we must fi rst (i) establish protocols to differentiate these cells towards 
appropriate cell lineages in an accurate and effi cient way; (ii) avoid immune 
rejection in transplantation strategies; and (iii) overcome the problem of
genome instability.

Immune rejection can be solved using induced pluripotent stem cells (iPS), i.e. 
ESCs-like cells derived from somatic cells. This revolutionary discovery by a 
Japanese group 4 years ago has been tremendously welcomed by the scientifi c 
community, not only because iPS can avoid an immune response by the host, but 
also because generation of these cells does not raise any of the ethical problems 
associated with embryonic stem cells.  Nevertheless, ineffi cient reprogramming 
protocols, as well as genome instability problems shared with ESCs, retracts the 
use of iPS cells from therapeutic purposes.

Fig. 2 Fig. 3

Fig. 1  Embryonic stem cells.

Fig. 2-3   Generation of iPS cells by viral infection: comparison between no virus 
(Panel A) and virus (Panel B).  The virus is indicated in red through alkaline 
phosphatase staining.

Dr. Paloma García  p.garcia@bham.ac.uk  

genome
role of B-Myb in the maintenance of
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integrity

Fig. 1

Dr. Paloma Garcia
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Challenge
For almost any external entity to elicit a biological response it must fi rst 
either interact with, or traverse, the cell membrane.  Examples include 
the mediation of bacterial and viral infection by the initial adhesion of 
the pathogen onto the membrane-bound receptors (typically proteins 
or carbohydrates); an anticancer drug must accumulate inside tumour 
tissue, preferably without accumulating in healthy cells; host-defense 
peptides which act as mammals’ fi rst line of defence against bacterial 
infection function through disruption of the bacterial cell membrane; 
preservation of biological tissue often involves freezing samples but 
severe membrane damage is induced by this process. 

Macromolecules (polymers/proteins/nanoparticles) are ideal candidates 
to interface with biological membranes due to their highly tunable 
structure, multivalent enhancement in recognition events and generally 
low toxicity/immunogenicity.  Recent advances in ‘smart’ materials 
allow the incorporation of protein-like activity into entirely synthetic 
polymers, offering many potential applications in biotechnology.

Research Aims
Projects in the Gibson group typically involve the design and 
fabrication of new macromolecules but with a focus on their properties 
and application rather than optimization of synthetic strategies.  A 
key aim is always to link quantitative biophysical measurement with 
observable biological responses to both understand and, hopefully, 
predict new properties.  At all stages the biological relevance including 
toxicological considerations are taken into account.  This includes strong 
collaborations with medics, immunologists, pathologists, microbiologists 
and physicists. 
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Fig. 2 Fig. 3 Fig. 4

Fig. 1 Nanoparticles in human skin cells by electron microscope.

Fig. 2    New drug candidates are always screened for their pharmacological profi le 
which includes their lipid solubility.  Unfortunately, many protein drugs have 
poor pharmacokinetic profi les and are poorly lipid soluble.  Research has led to 
the covalent attachment of therapeutic proteins to ‘smart’ polymers which can 
improve lipid solubility specifi cally at the site of action.

Fig. 3   As resistance to conventional antibiotics increases, there is a growing need to 
develop new strategies to combat or prevent bacterial infections.  The fi rst stage 
of most bacterial infections is the adhesion of the pathogen onto carbohydrates 
on the surface of cells, or vice versa with the pathogen’s surface carbohydrates 
binding to proteins on the cell.  Synthetic polymers with carbohydrates 
presented along their backbone are currently being developed which  disrupt 
these interactions and prevent infection. 

Fig. 4   Hundreds of new candidate drugs are discovered each year.  However, these do 
not always function in vivo as they may not reach their target, be metabolized 
or simply excreted.  Incorporation of the drug into a carrier can address this 
issue.  Nanoparticles are attractive for this application, but there is very 
little fundamental understanding of how nanoparticles interact with cells.  
Novel synthetic strategies are being developed to generate large libraries of 
nanoparticles for investigation their interactions (uptake and toxicity) with 
different cells types (see fi gure).

Dr Matthew. I. Gibson 
m.i.gibson@warwick.ac.uk 
www.warwick.ac.uk/go/gibsongroup
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Challenge
Investigating the catalytic performance of nanoscale materials by 
designing catalysts with distinct reactivity and selectivity, represents 
a new research opportunity.  This also opens up new avenues for 
atom-by-atom engineering of catalysts with the potential of tuneable 
chemical activity/selectivity (i.e. tailoring the catalytic properties 
through selection of size and composition). However, to date, little is 
known about the stability and structural variation of metal clusters 
under realistic reaction conditions (i.e. high temperatures and 
pressures).  Our knowledge about the structural/electronic properties of 
nanostructured materials and the dynamics of clean/adsorbate-covered 
surfaces is mostly from surface science (i.e. well-defi ned structures 
under ultra high vacuum conditions).  The resulting understanding 
of surface processes does not, however, automatically translate into 
equally good understanding of heterogeneous catalysis under realistic 
conditions.  Pressure and material gaps are the two main obstacles 
limiting the progress in modern heterogeneous catalysis.

Research
Vahideh Habibpour’s research aims to bridge the gap between 
laboratory-based modern catalysis and catalysis under realistic reaction 
conditions.  In the Nanoscale Physics Research Laboratory combination 

of size-selected cluster beam deposition technology (Fig. 2) and 
scanning transmission electron microscopy (STEM) will be exploited 
to create stable catalyst materials.  In this project, for the fi rst time, 
high-pressure chemical reactors will be used to explore the chemical 
performance of nanocluster-based model catalysts under practical 
conditions.  The precise control of the atomic structures, and the choice 
of support materials are important parameters to infl uence the yield 
and selectivity of chemical reactions as well as to identify the active 
sizes/shapes and appropriate metal-support systems (Fig. 3). 

This project benefi ts from a dynamic feedback loop between the 
nanofabrication; pre- and post-reaction analysis; and catalytic 
measurements (Fig. 4).  This is necessary to avoid the uncertainties 
associated with the reaction conditions and will potentially lead to 
the design of new or refi ned catalyst materials.

Impact
The outcome of this project will be of great signifi cance in 
developing large-scale catalyst manufacturing technology, where 
catalytically active systems which have been discovered (i.e. the 
optimum size and shape) can be produced by conventional wet or 
colloidal chemistry.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 1   Science City Research Alliance facilities at the Nanoscale Physics Research 
Laboratory at the University of Birmingham.  The equipment is a high vacuum 
radio frequency magnetron cluster source which uses a size selected cluster 
beam to produce nano particles.

Fig. 2  High vacuum radio frequency magnetron sputtering cluster beam source.

Fig. 3   Schematic of CO oxidation reaction (O2: green, CO: red) on supported size 
-selected nanoclusters. 

Fig. 4  A constructive approach in heterogeneous catalysis.

Dr. Vahideh Habibpour  v.habibpour@bham.ac.uk 
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Challenge
The generation, distribution and delivery of energy will change 
substantially in the next few years as renewable sources of energy 
are introduced and new energy demands such as electric vehicles 
increase.  Effi cient energy conversion is essential in connecting more 
distributed forms of energy generation to power networks and 
improving energy effi ciency in sustainable transport and electrical 
devices.  Power electronics is the key enabling technology in all future 
energy scenarios and the share of electrical energy controlled by power 
electronics is set to increase from 40% in 2000 to 80% by 2015. 

In meeting future energy challenges, there is a need to develop new 
materials.  Silicon is currently used but these devices cannot operate 
at very high frequencies or above 200°C.  Silicon carbide (SiC) is one 
potential wide bandgap alternative and offers huge advantages due to 
its exceptional material properties.  SiC devices will allow smaller and 
lighter systems than their silicon equivalents - enabling a reduction 
in the size and weight of power electronic modules and dramatically 
increased energy effi ciency.

While Silicon Carbide is a promising technology, it has a number of 
issues.  These include problems with the metal-oxide interface which 
affect its use as a semi-conductor device.  There are also technological 
problems in 4H-SiC dopant activation compared with other materials 
and surface problems particularly after annealing.

Research
Mike Jennings’ research is focused on the development of a metal oxide 
semiconductor (MOS) technology for the purpose of realising reliable, 
low resistance SiC transistors.  This will be achieved by applying some 
highly novel gate oxidation processes for the purpose of producing 
stoichiometric and carbon free silicon dioxide (SiO

2
) layers above SiC.

The research themes investigated are:
• High temperature (up to 1500 °C) thermal oxidation
• Oxidation via transferred Si layers utilising the smartcut process
• Alternative SiC polytypes, specifi cally the cubic form 3C-SiC
In parallel to this, Mike is working on fabricating high voltage bipolar 
rectifi ers and transistors.  The work here involves the development 
of niche processes in order to overcome problems with metal-
semiconductor contacts, poor dopant activation and surface defects 
during the fabrication process.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 1  State of the art Silicon Carbide Cleanroom.

Fig. 2  Silicon Carbide Applications Map.

Fig. 3  SiC MOS Field Effect Mobility challenge.

Fig. 2 Fig. 3
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Challenge
The properties of any “functional” material – whether the function is 
electronic, magnetic, optic or mechanic in origin – are totally dependent 
on the material structure.  Variations in structure may include the 
average atomic confi guration within the material, local distortions 
from this average (Fig 2), ordering of these distortions over very long 
distances, or large scale defect entities which pervade the material, such 
as domain walls or grain boundaries.  The range of distances over which 
these features can occur mean that, to fully understand the structure of 
a material, a number of analysis techniques are required.  Whilst some 
techniques for studying material structure have been in use for nearly 
100 years, applying numerous techniques to complex materials and 
reconciling this data is a much more modern challenge. 

Research
Dean Keeble’s research is centered around two structural techniques: 
nuclear magnetic resonance (NMR); and x-ray diffraction (XRD). He is 
particularly interested in the correlation between measured NMR and 
XRD parameters, and the physical properties exhibited by ferroelectric 
and piezoelectric materials.  Dr. Keeble’s work will be based around 
two world-leading facilities which have themselves benefi tted from 
investment from the Science City Research Alliance: the Magnetic 

Resonance Centre; and the X-Ray Diffraction Facility.  The research 
supported by the Science City Research Fellowship will allow Dr. Keeble 
to combine further the equipment and expertise in these two research 
areas, and to develop new techniques for characterizing the structure of 
advanced materials. 

Research Approach
NMR and XRD probe very different length scales in the same materials: 
XRD probes long range, average (both spatially and temporally) 
structure; whereas NMR probes short range structure (Fig. 3). When 
combined, a very full picture of the “multi-scale” structure can be 
formed, with the XRD providing the underlying long range structure, 
and NMR informing us about the short range distortions.  These short 
range distortions are fundamentally key to understanding the physical 
properties that are observed, particularly in some materials, known 
as relaxors, in which the long range structure, as measured by XRD, is 
incapable of exhibiting the physical properties that are measured.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 3Fig. 2 Fig. 4

Fig. 1   A simulated X-ray back-scattered Laue image of a ferroelectric heavy metal 
oxide, revealing the symmetry and orientation of a crystal.

Fig. 2   A disordered crystal structure.

Fig. 3  NMR spectra across a small-range binary solid solution.

Fig. 4  A Reverse Monte Carlo supercell showing cation disorder in a relaxor ferroelectric.

Dr. Dean Keeble  d.s.keeble@warwick.ac.uk
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Complex Oxide Materials
Multifunctional Perovskite Oxides: New materials may be developed 
by exploring charge, spin and orbital-ordering related properties of 
strongly correlated electrons.  These new physical properties are 
essential in overcoming the limitations of microelectronics and 
increasing integration and miniaturization.  Understanding the 
fundamental physics of such oxide materials may provide an avenue for 
practical applications, eg colossal magnetoresistance, high temperature 
superconductors, ferroelectric memories, thermoelectrics, and solar 
energy materials. (LaMnO

3
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Surface and Interface of Perovskite Oxides: Interfaces in complex 
oxide materials give rise to new properties that are often strikingly 
distinct from their bulk counterparts.  Understanding and controlling 
interfaces within precisely controlled perovskite heterostructures 
(layered materials) is essential to the success of modern nanoscience. 
(Interface of LaAlO

3
/SrTiO

3
, LaMnO

3
/SrTiO

3
, LaMnO

3
/LaAlO

3

Photovoltaic Effects in Polar Oxide Materials: In contrast to 
conventional solar energy conversion devices, ferroelectric oxide 
materials have bulk photovoltaic effects.  This technique uses 
polarization for a charge separation instead of p-n junction and makes it 
possible to obtain a high effi cient and cost effective photovoltaic device. 
(Ni-doped PZT).

ZnO and Related Materials
ZnO Based Optoelectronic Devices: ZnO has been considered as an 
alternative to traditional III-V based materials for next-generation short 
wavelength optoelectronic devices.  The diffi culty of getting robust 
p-type due to asymmetric doping characteristics has hindered making pn 
junction device.  P-type doping in ZnO is still unclear and remains as the 
biggest obstacle in technological development.  Hyunsik Kim’s research 
is to resolve this for p-type ZnO and ultimately utilize effective p-type 
doping method on oxide materials.  Also, his research will open new 
avenues for oxide based electronics by investigating doped and undoped 
ZnO/ZnMgO interface.  

ZnO Materials for Homo and Hetero Solar Cell Devices: There are 
potential applications of i) doped Zn(Mg)O thin fi lms based on pn 
junction devices and ii) ZnO materials for dye-sensitized solar cells 
(DSCs) solar cell.  Dye molecules are used as the photosensitized anode, 
and are absorbed in porous oxide fi lm.  Diverse nanostructures of ZnO 
material provide a large surface area for dye adsorption so ZnO is a good 
candidate material for application in solar cell devices. 

Transparent Conducting Oxide (TCO): TCO is a key technology 
for display and solar cell devices.  Doped ZnO materials can yield a 
high electrical conductivity while maintaining optical transparency.  
In particular, doped ZnO improve those properties, and can replace 
conventional ITO materials.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 1  STEM image for LaMnO
3
/SrTiO

3
 Superlattice.

Fig. 2             AFM images for SrTiO3 substrate and LaAlO3 fi lm.

Fig. 3  Integration roadmap.

Dr. Antonio Feteira  a.feteira@bham.ac.uk
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Challenge
The miniaturization of Si based semiconductor has 
been driven by oxide materials.  Integrated circuits 
(ICs) below 45nm node have been achieved only 
after replacing conventional gate isolator SiO

2
 with a 

new oxide material, HfO
2
.  However, current Si based 

technology will reach the limit of miniaturization 
to low nanometer scale around 2020, and thus 
the importance of oxide materials is not limited to 
gate isolators.  As a result, oxide based electronics 
is becoming an alternative for next generation 
technologies.  Furthermore, the versatile functional 
properties of oxide materials will generate new 
classes of devices and future technology platforms. 

Fig. 2  Fig. 3

Fig. 1
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Research
Adrian Lloyd’s research focuses on two essential processes for the 
viability of any pathogenic bacterium: synthesis of the peptidoglycan 
component of the cell wall (which protects the otherwise fragile 
bacterial cell) and protein synthesis.  

The research takes two main approaches to overcome bacterial 
resistance to antimicrobials:

1. Characterisation of targets essential for clinical pneumococcal 
penicillin resistance such as MurM, and;
2. Targeting essential multiple cytoplasmic steps of petptidoglycan 
synthesis to generate novel antimicrobials for bacterial pathogens 
including mycobacterium tuberculosis, MRSA, E.coli etc.

One fi nal area of research has been to target synthesis of essential 
amino acid precursors that are unique to peptidoglycan synthesis 
(diaminopimelic acid) to provide an additional viable antimicrobial 
targeting strategy.

Progress
Substantial progress has been made in preventing petodoglycan 
synthesis.  Research initially targeted a protein called MurM that is 
essential for clinically observed penicillin resistance and has also been 
linked to changes in the chemical make up of the peptidoglycan that 
appear in penicillin resistant Streptococcus pneumoniae isolated from 
patients with pneumococcal infections.  MurM was found to act as 
a key enzyme in the formation of particular structures within the S. 
pneumoniae peptidoglycan called dipeptide bridges that link together 
strands of the peptidoglycan mesh that contributes to the bacterial 
cell wall.  The presence of high levels of these dipeptide bridges in the 
peptidoglycan of Streptococcus pneumoniae is a pre-requisite for high 
level penicillin resistance.

Replication of MurM activity in a test tube has allowed the chemistry 
of the MurM reaction to be defi ned in detail and with it, understanding 
of the key steps by which Streptococcus pneumoniae deploys MurM to 
gain this resistance.

As a spin-off from this research, the precursor steps which the bacterial 
cell uses to create its peptidoglycan can be reproduced and targeted 
to disrupt antimicrobial resistance.  A structure-based drug design 
programme has been developed with MRCT, utilising crystallographic 
facilities funded by Advantage West Midlands.  This is opening the 
possibility for targeting inhibitors at MurC and possibly MurE to F 
as well. Collaboration with the University of Birmingham is now 
progressing with reference to Mycobacterium tuberculosis. Patents 
are currently being fi led in the areas of therapeutic assay development 
for targeted drug discovery.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 2 Fig. 3 Fig. 4

Fig. 1   Crystal Structure of MurC. 

Fig. 2  Scanning Electron Microscope image of MRSA.

Fig. 3  Crystallization equipment.

Fig. 4   Petri dish comparison of bacterial resistance to antibiotic strips. In the left 
dish, the dark area shows bacteria being killed, in the right dish, the bacteria 
are resistant to the antibiotic.

Dr. Adrian Lloyd  adrian.lloyd@warwick.ac.uk 
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Challenge
Antibiotic resistance is a cause of 
acute medical concern.  Resistance 
to traditional antimicrobials, such as 
penicillin, has reduced therapeutic options 
particularly in acute infections.  The 
pharmaceutical industry has failed to 
identify new antimicrobials through (by 
defi nition) irrational high-throughput 
screening of company libraries and 
many pharmaceutical companies have 
consequently left this sector.  Nevertheless, 
there is still signifi cant commercial interest 
in antimicrobial development, and clear 
acknowledgment that academic research 
is pivotal for early stage discovery in this 
vitally important medical area.
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Approach
Rebecca Notman’s research interests lie in molecular modelling and 
simulation. Molecular dynamics simulation is a powerful computational 
tool which enables us to “zoom-in”, to understand how the 
molecular-level properties of materials are related to their functions. 
Molecular simulation can add signifi cant value in the interpretation 
of experimental data and can assist in the design of new materials.  
Therefore, a key aim of the work is to make links with complementary 
experimental programmes within Science City and beyond Research

Research
One area of current research is focused on investigating the relationship 
between the physiochemical properties of nanoparticles, such as silica, 
carbon or polystyrene nanoparticles, and their route and rate of uptake 
into biological cells (see Fig. 2). This has involved the development of 
new computational methods to compute the rates 
of nanoparticle transport across membranes.

The structure and organisation of the human skin barrier at the 
molecular-level is poorly understood. Dr Notman developed the fi rst 
molecular model of the skin barrier and has simulated its structural, 
mechanical and dynamical properties. Recent work has focused on 

the effects of oleic acid on drug permeability across the skin (Fig. 3). 
Research in this area has had signifi cant impact in the Personal Care 
industry and in the pharmaceutical industry. 

Impact
Additional research characterizes the binding of macromolecules to 
solid surfaces (such as quartz, and carbon nanotubes, Fig. 4), which is 
a fi rst step in materials engineering at the nanoscale. Of current 
interest are simulations of the ice-binding mechanisms of biomimetic 
antifreeze macromolecules.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 1 Fig. 2 Fig. 3 Fig. 4

Fig. 1  Molecular models of skin lipid bilayers.

Fig. 2   Molecular simulations of the diffusion of polystyrene nanoparticles across 
biological membrane.

Fig. 3   Simulations of drug transport across the skin in the presence and absence of 
oleic acid.

Fig. 4   Snapshots of genetically-selected peptides binding to a carbon nanotube (left) 
and a quartz surface (right). 

Dr. Rebecca Notman r.notman@warwick.ac.uk  
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Challenge 
An understanding of interfacial phenomena is 
central to modern science.  Applications include drug 
delivery, diagnostics, coatings, encapsulating agents 
and biological materials.  Interfaces at the nano-scale 
have attracted a great deal of attention because 
their properties (e.g. chemical, optical, electronic 
and mechanical) are often very different from the 
bulk material; however, it is extremely challenging 
to obtain structural and dynamic information at this 
resolution through experiment.  Knowledge of how 
to predict, optimise and control the behaviours of 
membranes, surfaces and interfaces at the molecular 
level will facilitate the design of novel functional 
(bio)materials, tailored to solve the global challenges 
of health, energy and food.

Dr.  Rebecca notman
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Challenge
The push for miniaturisation in electronics is as strong as ever, with 
microchips incorporating ‘wires’ spaced less than 45nm apart already 
on the market.  These chips are currently fabricated using a technique 
known as photolithography, which projects light through a patterned 
reticule onto a photosensitive polymer fi lm.  The solubility of the fi lm 
is altered in the exposed areas, and subsequent development with a 
solvent leaves a polymer mask that protects some areas whilst other 
uncovered areas are processed.  However, photolithography is reaching 
its limit, and is unlikely to meet industry goals for 2016, as set by the 
International Technology Roadmap for Semiconductors, shown in fi gure 
2.  Accordingly, next-generation lithographies (NGL’s) are being sought 
to take over from photolithography in 2016.  A number of different 
techniques, such as multiple patterning photolithography, extreme 
ultraviolet lithography and directed self-assembly are all being actively 
investigated.  In each case however, the photosensitive polymer fi lm is 
also reaching the limit of its resolution as feature sizes approach the 
dimensions of the polymer molecule.

Research
Alex Robinson’s research focuses on the development of novel materials 
and processes for nanofabrication beyond the current regime.  Figure 3 
shows a derivative of the fullerene C60, which has been developed as a 
‘molecular’ resist, whose unit size is therefore far smaller than that of 
the polymer resists used today.  Figure 4 shows 25 nm features etched 
into a silicon substrate at room temperature using the newly developed 
resist with high aspect ratio in a single step – something that cannot 
be done with any other current resist.  In addition to the fullerene 
materials Alex Robinson is investigating other nanofabrication routes 
such as direct patterning of conductive materials at the nanoscale and 
self assembly in order to realize novel nanoscale devices such as sensors, 
electronics and patterned nanosurfaces for applications in many areas. 

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 2 Fig. 3 Fig. 4

Fig. 1   High aspect ratio pillars etched into silicon.

Fig. 2   The current and predicted feature sizes required for memory (black; dense features) 
and logic (red; sparse features). Resist solutions for patterning beyond the 32 nm 
node are not yet available.

Fig. 3  The methanofullerene used in the chemically amplifi ed molecular resist MF07-01.

Fig.4  Dense features etched in silicon with line width 25 nm and height of 100 nm

Nanofabrication 

Fig. 1

Dr. Alex Robinson  a.p.g.robinson@bham.ac.uk
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Research
Ana M Sanchez’s current research is focused on the development 
of new methodologies capable of determining, with high accuracy, 
the composition of individual columns of atoms at interfaces.  These 
will be used to tackle the challenging problems of In/Sb interplay 
and compositional modulation in GaInAsSb quaternary alloys, 
providing critical information for the development of third-generation 
high effi ciency solar cells and lasers emitting in the mid-infrared.  
Additionally, advanced electron microscopy techniques are being used 
to achieve the integration of complex oxides such as ferrimagnets, 
ferroelectrics and multiferroics in all-oxide epitaxial tunnel junctions, 
which has recently attracted interest because of the potential for 
new physics and novel device functionalities.  Furthermore, electron 
microscopy techniques are being applied and/or developed to analyze 
many other novel advanced materials, such as topological insulators, 
Heusler alloys, diblock polymers, etc.     

Progress
An innovative and straightforward method for a reliable and systematic 
characterization is being developed.  The variety of compositionally 
sensitive signals in (Scanning) Transmission Electron Microscopy 
(S(TEM)), i.e. dark fi eld 002 images, High Angle Annular Dark Field 
(HAADF)-STEM and Electron Energy Loss Spectroscopy, all suffer from 
diffi culties in quantitative analysis, particularly in the estimation of 
errors.  Nevertheless, by using all three techniques in combination it is 
possible to obtain accurate compositional measurements. Furthermore, 
quantitative strain analysis of coherent heterostructures using 
conventional High Resolution TEM and STEM can be used to ensure 
consistent and accurate measurements. 

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 2 Fig. 3 Fig. 4

Fig. 1    Tomographic reconstruction of strain compensated quantum dot stacks 
embedded in a solar cell.

Fig. 2   Visualization of the three families of 60°misfi t dislocations in InN quantum dot 
grown on GaN.

Fig. 3   Electron Diffraction Pattern of La
2
/

3
Sr

1
/

3
MnO

3
/CoFe2O4/SrRuO

3
 trilayer grown 

on SrTiO
3
.

Fig.4   High Angle Annular Dark Field- Scanning Transmission Electron Microscopy image 
of Bi

2
Se

3
.

Dr. Ana M Sanchez a.m.sanchez@warwick.ac.uk
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Challenge
Developments in the fi elds of advanced materials and 
nanotechnology have impacted almost every sector of 
the world-wide economy. Detailed understanding of the 
complex inter-relationships between structure, properties 
and processing is essential to ensure that UK industry remains 
at the forefront in the development of such materials for 
technological applications.  It is increasingly important to have 
as complete a description as possible of the infl uence of the 
chemistry, structure and bonding on a sub-nanometre level.

Electron microscopy has a unique ability to obtain full 
morphological, crystallographic, chemical and atomic structural 
data from a sample.  The past decade has been marked by 
the development and refi nement of new analytical tools and 
procedures that allow experimental determination of the 
structural and chemical characteristics of materials at 
an atomic or near-atomic level.  Electron microscopy is 
becoming an indispensable technique for materials science 
and engineering, not only in understanding the basic structure 
and composition of but also in guiding the development of 
new materials. 

electron

Fig. 1

Dr.  ana Sanchez



21

Research
David Smith works within a multidisciplinary group of mathematicians, 
engineers, biologists and clinical scientists. The group combines high 
speed phase contrast microscopy imaging of human sperm swimming 
through fl uids with physiological properties, with simulations of the 
fl uid fl ow, resistance forces, and energy expenditure. 

Impact
Through modelling, the group have produced the fi rst detailed 
explanation for how sperm come to swim close to surfaces, potentially 
guiding them to the egg more effectively. We have described how 
a ‘good’ sperm, like the one in the image, adopts an advantageous 
fl agellar movement to propel it effectively through liquids.

Other fi ndings include explaining how fl uid fl ow is generated in the 
developing mammalian embryo, leading to the placement of the 
heart on the left of the torso, and fi nding a mechanism by which cilia 
in the lung are able to clear liquid robustly across a range of physical 
conditions.

The future
We are developing combined theoretical and experimental models to 
investigate how sperm interact with the complex environment of the 
female reproductive tract, and to test how microfl uidic ‘maze’ systems 
affect cell migration. Areas under current development include: 

� High performance computing simulation 
� Microchannel imaging of sperm
� 3D imaging 
� Pharmacological stimulation of motility

This will help in the development of novel rational treatments and 
diagnostics for male factor subfertility, a condition affecting around 
1 in 12 men. Other application areas for the microscopic fl uid fl ow 
modelling across Birmingham and Warwick include Raman spectroscopy 
of biological molecules such as DNA.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Challenge
Many fundamental 
processes in health and 
disease involve microscopic 
fl uid mechanics. Examples 
include the swimming of 
sperm to the egg, the clearance 
of mucus from the lungs and the 
development of the early embryo. 
Artifi cial microfl uidic apparatus also 
have tremendous potential to revolutionise IVF, 
metabolomic analysis and the delivery of drugs. 
At a microscopic level, the balance of physical 
effects is completely different from on macroscopic 
scales. For example, sperm do not swim in the 
way that fi sh or humans swim, rather they have 
to exploit viscous propulsion. Simulating the 
microscopic fl uid environment accurately is a major 
research challenge. Matters are complicated further 
by complex fl uid properties (‘rheology’) and the 
challenges in precise imaging of rapidly motile cells. 
Mathematical and computational methods are 
potentially a powerful tool to understand microscale 
biological fl uid mechanics, however existing 
methods do not adequately take into account the 
complex geometries and complex fl uid properties 
that characterise biological fl ow problems.

Fig. 2 Fig. 3 Fig. 4

Fig. 1   Simulation of the fl ow fi eld around a donor sperm cell.

Fig. 2   Normal versus mirrored situs in development is determined by microscale 
fl uid fl ow.

Fig. 3    Image of fertility treatment ICSI.

Fig. 4    Ciliated epithelium in the lung. 

Dr. David J. Smith  d.j.smith.2@bham.ac.uk 
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Research
Marco van den Top is part of a neuroscience group which combines 
state of the art electrophysiological recording techniques to study 
neuronal systems.  This technique is combined with calcium imaging, 
immunohistochemistry and molecular biology to study complex 
behaviours from a cellular to a network level.  Subsequently, data from 
whole body physiologists and geneticists is incorporated and shared 
with system biologists in order to develop predictive models of the 
complex behaviour that underlies energy homeostasis.

Impact
The research of the group over the years has signifi cantly contributed 
to current understanding of the role that the ventromedial hypothalamus 
plays in the integration of peripheral signals in the central drive to feed.  
This research has received signifi cant support from the major UK 
funding bodies as well as from small charitable institutions and has 
yielded several high impact publications.

The future
 We are developing models of obesity, diabetes and aging in order to 
obtain an insight into the functioning of the neuronal networks in the 
hypothalamus that control energy balance under pathophysiological 
conditions.  In addition, the role of circadian rhythmicity and stress in 
the maintenance of an appropriate energy balance will be investigated 
along with how disturbances in these pathways result in the 
development of metabolic defi cits.

S C I E N C E  C I T Y  R E S E A R C H  A L L I A N C E  F E L L OW S

Fig. 1 Fig. 2 Fig. 3

Dr. Marco van den Top  m.van-den-top@warwick.ac.uk 
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Challenge
The modern day obesity pandemic has propelled obesity to become the fi fth 
highest risk for global deaths.  In addition to obesity-induced deaths, the costs 
related to obesity in the NHS and the economy as a whole was estimated to 
amount to £9bn in 2001 and is estimated to rise exponentially in the years 
ahead.  The healthcare burden of this epidemic is mainly due to the increased 
risk of secondary chronic diseases including: diabetes, heart disease, hypertension, 
asthma and several types of cancer.  In order to intervene in the current obesity 
crisis, fundamental research is needed in order to fi nd future targets for 
pharmacological intervention. 

Our research is focused on the central neural mechanisms controlling energy 
balance and how disruption or dysfunction within these circuits contributes to 
the development of obesity and its co-morbidities diabetes and hypertension.  
This requires the identifi cation and isolation of the component parts at the 
cellular and network level that underpin this behaviour. 

Maintaining energy balance is a function of specifi c areas of the brain which act 
to integrate information regarding the energy status of the body and formulate 
appropriate responses to maintain homeostasis.  The hypothalamus is a major 
player in the maintenance of energy balance and as such has been the major 
focus of our research.  Marco van den Top’s research seeks to understand and 
identify the central neural mechanisms in the hypothalamus that contribute to 
the development of obesity and the manifestation of diabetes and hypertension.

Fig. 1   Electrophysiological properties of neurones. In vitro Patch-
clamp recordings.

Fig. 2   Morphological properties of neurones (diverse staining 
techniques including biocytin staining and identifying cells 
utilising fl uorescent dyes).

Fig. 3   Peptidergic expression profi le of neurones 
(Immunohistochemistry, Single cell RT-PCR).
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Research
Allan Walton is working closely with the Magnetic Materials group 
at the University of Birmingham: investigating the use of hydrogen 
to separate rare earth magnets from electrical devices (eg- hard drives 
and electric motors).  When hydrogen is introduced to a computer 
hard disk drive, the sintered NdFeB magnet will preferentially absorb 
the gas, forming an interstitial hydride with an associated 5% volume 
expansion.  The differential expansion between the surface (hydrided) 
and the bulk (non-hydrided) causes the surface grains to peel away 
as a course powder (known as Hydrogen Decrepitation – HD).  As the 
hydrided powder is not permanently magnetic it no longer sticks to 
the other ferromagnetic materials in the hard drive and can easily be 
sieved from the other components.  The extracted NdFeB powder can 
be re-processed in many ways to form new magnets.  It has been shown 
for example that by re-sintering the recycled powder it is possible to 
produce magnets with at least 90% of the properties compared to the 
starting material.

Impact
Neodymium and Dysprosium have been highlighted by both the 
EU and US as being at greatest risk of supply shortages of all critical 
materials for clean technologies.  The impact of a commercially viable 
route to extract and re-process these materials would be far reaching. 

The Future
Two patent applications have been fi led on the use of hydrogen 
to extract NdFeB from electrical devices.  The extraction processes 
as well as the re-processing routes will be optimised in the next 
couple of years.  A pilot plant is being set up in the NetShape 
building at the University of Birmingham which will be capable of 
processing up to 2000 hard drives. Dr Walton has given talks in the 
EU parliament building (advising MEP’s on possible recycling strategies 
for these materials), at the Royal Society and is a keynote speaker at the 
International Rare Earths Conference in Hong Kong in November 2011.
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Fig. 2 Fig. 3 Fig. 4 Fig. 5

Fig. 1   Hydrogen processed powder from sintered NdFeB magnet.

Fig. 2     a) Voice coil motor (VCM) from hard disk drive.
b) Hydrogen processed VCM.

Fig. 3  Manual separation of HDD.

Fig. 4  SEM secondarymelectron image of a decrepitated NfFeB crystal.

Fig. 5  Permanent magnet development in the Twentieth Century.

Challenge
Over 20% of all rare earth metals are used in permanent magnets 
including neodymium (Nd), samarium (Sm) and dysprosium (Dy).  
NdFeB magnets (which contain Dy) are used in many high tech 
applications and clean technologies including consumer electronics, 
motors in electric/hybrid vehicles and generators in offshore wind 
turbines.  Permanent magnet wind turbine generators have improved 
effi ciency and can be manufactured as a direct drive device (no 
gearbox required).  This is a huge advantage as the gearboxes often fail 
and it is particularly expensive to replace these parts in offshore wind 
turbines.  However each wind turbine requires 0.25 - 0.5 tonnes of 
NdFeB per MW which will put huge pressure on resources.

China currently produce >95% of the world’s rare earth elements but 
in 2006 it began to impose export quotas and in 2010 this quota was 
cut by around 40%.  This produced a shortfall in rare earth material on 
the world market for permanent magnets and resulted in neodymium 
and dysprosium prices soaring from around $20/kg and $150/kg to 
$420/kg and $3500/kg respectively over the last 18 months.  Recycling 
the existing stock of rare earth magnets contained within scrap devices 
is therefore a huge potential opportunity but there is no current 
commercial recycling activity worldwide.  NdFeB magnets are often 
only present in small quantities in electrical devices, for example each 
computer hard disk drive (HDD) will contain 10-20g of NdFeB in the 
voice coil motor.  The HDD market accounts for >25% of all sintered 
NdFeB material but to separate a magnet manually from a HDD 
would involve removing metallic tape, as well as up to 12 security 
screws from the casing and the voice coil motor.  The magnet is also 
plated with Ni and is glued into the voice coil assembly. The magnets 
are permanently magnetic and brittle which makes the materials 
diffi cult to extract using mechanical processes. Allan Walton has been 
investigating novel techniques to extract NdFeB from electrical scrap 
and re-processing routes to form new magnets

Dr. Allan Walton a.walton@bham.ac.uk  
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Challenge
There are many instances in medicine where clinical tests to detect 
and monitor disease or select appropriate therapies would be 
advantageous but do not currently exist.  Ideally such tests would be 
non-invasive and would simply detect the concentration of appropriate 
reporter molecules or ‘biomarkers’.  Typically, biomarker discovery 
involves in-depth characterization of cell lines, an animal model or 
clinical samples (appropriate body fl uids or diseased/non-diseased 
tissue).  Several ‘omic’ technologies can be used for discovery: genomics 
(DNA), transcriptomics (RNA), proteomics (protein) or metabolomics 
(metabolites).  Proteomics primarily uses mass spectrometry to 
measure and characterize proteins and, depending on the research 
question, can be used to target specifi c proteins or in an untargeted 
manner to gather information on large numbers of proteins. Proteins 
are arguably the most complex class of biological molecules and 
potentially carry information about disease burden not only due to 
their altered concentrations but also in-sequence variations and post-
translational modifi cations.  For example, both protein phosphorylation 
and glycosylation are altered in cancer cells.  A number of proteins such 
as CEA, AFP and PSA are used clinically as tumour markers.

Research
Doug Ward’s research applies proteomic approaches to discover 
biomarkers by analyzing carefully collected clinical samples.  This work 
capitalizes on the advanced mass spectrometry equipment provided 
by the Science City Research Alliance, the large patient base in the West 
Midlands and local scientifi c, clinical, bioinformatic and statistical 
expertise.  Most of his work focuses on identifying novel tumour 
markers for lung, liver, GI tract and bladder cancers.  He also uses 
proteomics to study α-antitrypsin defi ciency and organ transplantation.  
In addition to biomarker discovery, Dr Ward is also interested in using 
mass spectrometry to assay biomarkers where immunoassays are not 
suitable, and the downstream validation of promising candidates.

Achievements 
A number of high-quality prospectively collected and fully annotated 
bodyfl uid and tissue resources are now in place and analysis with 
Science City instrumentation is now underway.  Dr Ward has published 
biomarker studies on lung, colorectal, liver, pancreatic and gastric 
cancers and work is ongoing to further validate several candidate 
biomarkers.  Dr Ward has also set up an assay for the peptide hormone 
hepcidin (www.hepcidin.bham.ac.uk) which is contributing to a 
number of clinical studies. 
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Fig. 2 Fig. 3Fig. 1

Fig. 1  Expression of HNPI-III in normal mucosa (left) and cancerous mucosa.

Fig. 2  Assessment of urine mass spectrometry for the detection of bladder cancer.

Fig. 3  MIF as a serum marker for gastric cancer.
 

Dr. Doug Ward d.g.ward@bham.ac.uk
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Challenge
There are many instances in medicine where clinical 
tests to detect and monitor disease or select appropriate 
therapies would be advantageous but do not currently 
exist.  Ideally such tests would be non-invasive and 
would simply detect the concentration of appropriate 
reporter molecules or ‘biomarkers’.  Typically, biomarker 
discovery involves in-depth characterization of cell 
lines, an animal model or clinical samples (appropriate 
body fl uids or diseased/non-diseased tissue).  Several 
‘omic’ technologies can be used for discovery: genomics 
(DNA), transcriptomics (RNA), proteomics (protein) or 
metabolomics (metabolites).  Proteomics primarily uses 
mass spectrometry to measure and characterize proteins 
and, depending on the research question, can be used 
to target specifi c proteins or in an untargeted manner 
to gather information on large numbers of proteins. 
Proteins are arguably the most complex class of biological 
molecules and potentially carry information about disease 
burden not only due to their altered concentrations 
but also in-sequence variations and post-translational 
modifi cations.  For example, both protein phosphorylation 
and glycosylation are altered in cancer cells.  A number of 
proteins such as CEA, AFP and PSA are used clinically as 
tumour markers.
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Challenge
Modern vehicles are installed with greater numbers of electrical 
controllable actuators as illustrated in Fig. 2.  These are used not only for 
better driving performance and enhanced comfort, but also for better 
fuel consumption, achieving higher safety standards and complying with 
emission legislations.  Engine actuators (e.g. high pressure solenoid fuel 
injectors, intake air throttles, and exhaust gas recirculation valves) need 
to coordinate precisely to achieve the desired performance and emissions.  
Body electronics accessories (e.g. electrical car seats, electrical mirrors) 
need optimal control to provide better effi ciency.  The components in 
hybrid vehicle drivelines (e.g. batteries, converters and electric motors) 
need to be correlated intelligently to achieve the best fuel economy but 
also longer battery life.  System level real-time modeling and control 
is the critical methodology for solving these challenges not only in 
concept prototyping but also in production development.

Research
Jianlin Wei’s research focuses on automotive real time modeling and 
control and vehicle model optimization using intelligent computational 
techniques.  This builds on Jianlin’s previous research, including 
collaboration with Jaguar and University of Birmingham in the

development of a HCCI (Homogeneous Charge Compression Ignition) 
engine model and work in engine control system development, calibration, 
and Hardware-In-the-Loop (HIL) tests with Perkins Engines Co. Ltd.

The new facilities funded through Science City (see Fig. 3), have 
enabled recent research in modeling of vehicle body electronics and 
hybrid vehicle drive trains.  For instance, a project for real-time modeling 
and control of a vehicle windscreen wiper system to improve energy 
effi ciency has been initiated.  This investigates the use of model-based 
optimal control for optimal performance and energy effi ciency of the 
wiper system against different operation conditions (e.g. vehicle speed, 
humidity, wind speed).  Another major research area is the development 
of real-time model-based intelligent battery management systems for 
State of Charge (SoC) and State of Health (SoH) monitoring and fault 
detection in the hybrid vehicle drive trains.  Intelligent computational 
techniques (e.g. genetic algorithms or particle swarm optimization) 
are the key tools for model optimization and parameter identifi cation.  
Jianlin’s research has benefi tted from the Science City investment in 
dSPACE - a powerful real-time simulation system which provides a 
platform for rapid prototype design of model-based control strategies 
in real time. 
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Fig. 1  Schematic of a Hardware-in-the-Loop Simulation.

Fig. 2  Electro-mechanical actuators in a modern car.

Fig. 3  The automotive real-time modeling & control laboratory.

Fig. 2 Fig. 3
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Dr. Jianlin Wei j.wei@warwick.ac.uk 
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Energy Futures Project  
Energy Efficiency and Demand Reduction
Mike ahearne  |  email: m.ahearne@warwick.ac.uk

Translational Medicine  
Clinical Research Trials and Infrastructure Platform
Debbie Girdlestone  |  email: d.girdlestone@warwick.ac.uk

Advanced Materials  
Innovative Uses for Advanced Materials in the Modern World 
Karl west  |  email: k.s.west@warwick.ac.uk

Energy Futures Project  
Hydrogen Project  
 email: businessteam@bham.ac.uk

Translational Medicine  
Experimental Medicine Network of Excellence
Rubina Mian  |  email: r.mian@bham.ac.uk

Advanced Materials  
Creating and Characterising Next Generation Materials
Richard Simpson  |  email: r.simpson.1@bham.ac.uk

if you would like to find out more about becoming involved with the Science city Research alliance, 
please contact one of our Business engagement Managers.
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the Science city Research alliance is a strategic union between two of the top research universities 
in the UK, the University of Birmingham and the University of warwick. the alliance was formed 
under the Birmingham Science city initiative and has benefited from a multi-million pound  
investment by advantage west Midlands and the european Regional Development Fund in the  
technology areas of advanced Materials, energy Futures and translational Medicine, in which  
both universities have a critical mass of expertise. 

The investment has funded joint equipment and research 
infrastructure at both institutions, as well as specialist personnel such 
as Technical Facility Managers and Business Engagement Managers. 
The principal aims of this Alliance are to pool expertise and work 
collaboratively on research and to engage with business and industry 
- giving access to the latest research and state-of-the-art equipment 
in science and technology. 

The Science City Research Alliance is working in partnership with 
many companies across the UK and overseas such as Jaguar Land 
Rover, Johnson Matthey, Ford, Shell, Proctor and Gamble and Unilever, 
through provision of consultancy services and delivery of research 
projects, testing and analysis. Many regional SMEs are among 

the companies that the Alliance is assisting to develop their own 
technologies. Spin-out companies have been formed, the first is 
Anvil Semiconductors, which develops silicon carbide power device 
manufacturing technology for more energy efficient and robust 
power conversion, and Interface Spectra Ltd, a spin-out company 
established to manufacture instruments for analysing chemical 
information of sample surfaces.

A team of six Business Engagement Managers facilitates and manages 
the initial interaction between businesses and academics. These 
managers have considerable industrial experience and expertise and 
will guide businesses through each stage of the engagement process.

www.birminghamsciencecity.co.uk/research-alliance


