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Professor Sir Kostya Novoselov
Nobel Laureate and Professor of Physics,
University of Manchester
Scientific research is a race to a target which is not known.
That’s both the beauty and the tragedy of it. The beauty is
that at any moment you might discover new phenomena –
you just need to keep your eyes wide open. The tragedy is
that nobody can give you recipes of how to maximise your
chances. The art of a good scientist is to design
experiments in such a way so to amplify the science in
question.
Graphene research has been extremely rich for unexpected
results in many areas of science – from electronics to
optics, from chemistry to biology. Such breadth of ideas
attracted a lot of established and young scientists to this
field. These talents did not only develop graphene
research, but initiated a number of new directions; some
explicitly, and some only vaguely connected to graphene.
This is a very good example that in science ideas come
first and the systems where they are realised - only second.
In this sense the National Graphene Institute came as a
catalyst, a melting pot, to allow a faster exchange of ideas
and the creation of new ones. Any projects are allowed in
the National Graphene Institute as long as they take us
beyond basic graphene research. The initiation of new
projects, either scientific or industrial, is encouraged on
all levels. The key part, however, is not the equipment,
the labs and the clean rooms, but the dynamic and research
-hungry staff. People with different backgrounds, different
interests and with different motivations work together.
The only common denominator between them is that what
they are doing is not mundane and will lead to the creation
of a new science and new technologies.
The variety of appearances of those people reflects all the
stages one passes during the research cycle: brilliant idea,
hard work, disappointment, occasional breakthrough, and
hard work at each stage. Most important are the emotions:
genuine and strong. Every single step of this cycle is an
emotional battle – these people take it personally, and
that’s why they are the best in their professions.

Dr. Artem Mishchenko
EPSRC Research Fellow 2d materials &
nanoelectromechanics
In terms of applications, it’s hard to predict right now
because a lot depends on whether we can actually grow
all these structures at a large scale, like metre size. The
way I work is that I’m testing ideas. Maybe I’ll try this,
and then I look in the literature and see whether anybody
has done it already. Then sometimes you look and think,
that’s a nice thing to try but why not do it this way? And
then you find another paper, ah that’s why, so it doesn’t
work. I mean most of the time it’s quite boring. It’s not
like, oh yeah, a new discovery every week but there have
been a few times.
One time was with tunnelling transistors actually. We
had a device where two graphene flakes were crystallographically aligned to each other which we hadn’t
realised. It looked like 90 degrees misaligned. We saw a
peak in the current we didn’t understand. We were just
sitting there and discussing it and then Kostya started
drawing the band diagram of the device, like, one Dirac
cone on top of the other. I asked why, why are you
drawing them on top of each other? Maybe they’re just
like, slightly misaligned by one degree and this can
explain everything; that’s why we can see this peak.
Then I did the calculations really quickly, faster than the
theoreticians. It was really funny, so like, I’m writing an
email, telling the theory guys no, you should do it this
way. They were like, you’re really smart. These things
don’t happen often.

Dr. Leonid A. Ponomarenko
Royal Society University Research Fellow:
electronic properties of graphene & graphene-based devicGraphene in medicine is a very, very young child we are
trying to bring up. It’s tremendously exciting. Our role is
to bring two worlds together. It’s like a translation of
physical science into biology and medicine, and biological
science into physics and engineering. That’s how I’d sum it
up. Many physicists think that biology is two decades
behind physics and a biologist might tell you that physicists
have no connection with reality. So we’re kind of stuck in
the middle. Biologists think these materials are hugely
exciting but not really relevant to what the biological
system is all about. And that’s kind of true. Our bodies
aren’t built to contain graphene or other man-made
devices, they’re built of different forms of carbon.
This material has unique properties which we’re applying
to specific biological problems, for example, the electrical
conductivity of the material, the flow of electrons across
its surface. We’re trying to build devices, sensitive in
detecting or specific in their interaction with biological
molecules by interfacing them with parts of the human
body. We focus on the neuronal system that
communicates through electrons and ions. If we can start
interfering with the neuronal network using super-thin
electro conductive materials, the hypothesis is that we may
be able, for example, to alleviate the symptoms in
Parkinsonian patients by reducing the firing activity of
hyperactive neurones in very well defined and targeted
areas of the brain. This could ease the tremors or other
motor symptoms that you can see in a Parkinson’s patient.

FOREWARD
Mark Sellers
Senior Experimental Officer: condensed matter research

Mark Epstein
A photograph, the moment it’s taken, is of the past; the
shutter freezes the moment. Yet graphene is a dynamic
force in the world – young, growing and evolving. A
Random Walk acknowledges this apparent paradox, of
trying to speak about the dynamic and the developing in a
visual language that crystalizes the moment. The black and
white image is itself a paradox; an analogue technology
that aesthetically refused to die despite the ubiquity of the
Kodachrome colour photograph. The monochrome form
references the (lack of) colour of graphite, the carbon
crystal from which graphene is isolated.
A Random Walk also acknowledges its own incompleteness.
Taken from Sir Andre Geim’s acceptance lecture Random
Walk to Graphene when, in 2010 he shared the Nobel Prize
in Physics with Sir Kostya Novoselov, this collection of
photographs can never be anything more than a random
walk around graphene. At this point in time there are
more than 250 researchers working across The University
of Manchester, conducting research that stretches deeper
and wider than anywhere else in the world. The
journalists, bloggers and cheer-leaders are clamouring for
this new wonder material to change the world yet the
academics and those close to the real work, are excited but
circumspect. I have tried to tell their stories.
If graphene does open the door to a new 2d family of
wonder materials, the new materials of our age, it will
become so familiar it may cease to feel remarkable. Then,
the photographic moment will serve as a small memento of
these remarkable people engaged in a remarkable
collective project which originated in Manchester, the city
of graphene.

I’m an experimentalist with a genuine interest in low
temperature physics and material science. I came across
graphene in 2005 as I was finishing my PhD thesis. My
good friend Kostya Novoselov called and told me about a
new material that was just one atom thick and conducted
electricity better than anything known before. At the end
of this conversation he invited me for a job interview in
Manchester. One of my strongest impressions during that
first visit was staring at a graphene flake under a
microscope for a good half hour before I recognised it.
Graphene’s very transparent so spotting it takes some eye
training. And so it was that I started work on graphene at a
time when very few people realised its true potential.
With silicon technology running out of steam it’s time to
think hard about materials for the next generation of
smaller, faster and less energy-hungry electronics. In my
opinion, graphene is just the material for the job. But
before this happens, we have to learn a great deal about its
electronic, thermal and mechanical properties. Most
importantly, we have to learn how to grow nearly perfect
graphene and process it at nanoscale.
I’m motivated by the beauty in the end result of all the
work we’ve done so far. The field is a community of
enthusiastic and creative researchers – it’s a pleasure to
work in such a thriving area. One day I wish to see a
graphene integrated circuit outperforming its silicon
counterpart.

Sir Andre Geim
Regius Professor & Royal Society Research Professor
Professor of Condensed Matter Physics
Poking in directions far away from my immediate area of
expertise has led to interesting results, even if the initial
ideas were extremely basic. This has influenced my
research style. Earlier in my career, I started making
similar exploratory detours that somehow acquired the
name ‘Friday night experiments’. The term is of course
inaccurate. No serious work can be accomplished in just
one night. It usually requires many months of lateral
thinking and digging through irrelevant literature without
any clear idea in sight. Eventually, you get a feeling –
rather than an idea – about what could be interesting to
explore. Next, you give it a try, and normally you fail.
Then, you may or may not try again. In any case, at some
moment you must decide (and this is the most difficult
part) whether to continue further efforts or cut losses
and start thinking of another experiment. All this
happens against the backdrop of your main research and
occupies only a small part of your time and brain.

I really can’t remember when I first heard about
graphene but I remember thinking I’d better get a better
pair of glasses and a smaller tool kit. I also remember
when the Nobel Prize was announced. We knew there
were a few people in the running but until the
announcement’s made, nobody knows. I’m on the same
corridor as Andre and Kostya and one of the guys had
obviously heard on the internet – we just heard this
great yelp so everyone comes out of their offices,
walking up and down. What an earth’s going on? Oh
right, okay, that’s it. And then it all kicked off and it’s
never stopped kicking off, ever since.

Richard O'Connor
Senior Cleanroom Technician
I love vintage engineering and visiting the Museum of
Science and Industry to see how Industrial Revolution
engineers such as Thomas Newcomen and James Watt
made and developed great steam engines to power the
country’s industry. These people were pioneers doing
things for the first time and I think in a similar way
we’re doing the same. The researchers I work with
have such diverse experimental requirements and
varying levels of technical knowledge that I can be
asked to make what at first may look impossible,
possible. I’m currently designing and manufacturing a
device to measure the electrical conductivity of
graphene membranes that are under environmental
control. I hope that my ability to design and produce
bespoke experimental equipment will provide the
scientists I work with, the means to make the next big
discovery.

Researchers come in virtually around the clock as space is
at such a premium. I ordered some acetone last week,
which usually comes within a couple of days, but it’s still
not arrived. Normally we have twelve bottles in but we’re
completely out now so I’m on tenterhooks looking round

Phillip Higgins
Senior Mechanical Technician (Prototyping)

Dr. Marcelo Lozada-Hidalgo
Leverhulme Early Career Fellow: clean energy harvesting solutions
I got together with two PhD students and said, maybe we should use these
new properties that I found in my PhD to start a business based on clean
energy applications. It’s slowly taking off, we’ll see. Something you get
here, and this doesn’t happen in most universities in the world, you get the
chance to create a startup and liaise with the National Graphene Institute.
It’s one way the Institute bridges the gap between academia and industry.
The NGI is a research institute but it’s also commercially focused.

Dr. Aravind Vijayaraghavan
Graphene applications in sensors,
composites & biotechnology

Manchester’s the epicentre within graphene research, it really is. There’s no
one around the world with the diversity of people and expertise that we have
here. I guess it’s competitive to get here, but once you’re part of a research
team, people are very collaborative. I never got the vibe there’s someone
competing with me; it’s always like, okay we’re doing this, you’re doing
that, so why don’t we just work together to make it happen.
Being research, we don’t know what we want. It could be
absolutely anything. The researchers come up with little
bits of kit they need but we might need to change a few
things if what they ask for is impossible. It’s a two-way
thing. We talk, we come to an agreement. If they need a
little jig making, I’ll make it. What we’re doing is unique
I think. We’ve got this material. Where’s it going? What
are we going to do with it? How do we get the best out of
it? You don’t know what you’re going to get.
Compared to industry, in university you’ve got a lot more
freedom. It’s more about people than industry would be,
so you’ve got to not mind folk mithering you and some of
the researchers quite naturally have limited engineering
nous. We’re looking at stuff here that potentially could
make trillions and if we can do it in a pleasant way, that’d
be brilliant. It’s nice being at the start of something.

Dr. Gregory Auton
Doctoral Prize Fellow: condensed matter physics,
solid state physics, materials science

I’m developing energy-harvesting devices. A car
exhaust, for example, is several hundred degrees and
about a third of the petrol energy is lost to the tarmac
on the road. We’re trying to build thermal rectifying
devices that use waste energy from anything that emits
heat. The rectifier is a diode which works at high
frequency.
the corner for Fisher vans every five minutes. If the
researchers don’t have the solvent, there’s about three or
four processes that just stop. It sounds mundane but for
research, acetone is fundamental.
It’s my job to keep research moving. If strict procedures
aren’t followed, the cleanrooms can be contaminated
which might adversely affect somebody else’s work but
that’ll only come to light, as it’s all unseen, when a
device throws up an odd result. And then people are
backtracking to find out what the aberration is
attributable to – that’s when you find out that the person
on the bench before you has carried out the wrong
process in the wrong place and hence the chemical
contamination. We’re constantly learning and adapting
to make sure any procedural errors aren’t repeated. I
enjoy the more technical parts of the job – providing
direct technical support at the sharp end as it were.
On Sunday evenings though, my wife says I can be a bit
distant when I’m thinking about the week ahead.

Dr. Maria Iliut: Graphene composites & coatings

When I was fifteen, I left Moldova and went to study in
Constanta on the Black Sea in Romania. I tried so hard to
get there as there were very few places for people from
It needs to be made of a material with really high
mobility, where the electrons really shift. In a material
like gold an electron won’t move very far before it hits
something like an atom or a vibration in the lattice. But
graphene is actually the highest mobility material, at
room temperature, that we know of. There are just no
defects in graphene like there are in gold or platinum or
silver so the electrons virtually fly for say, 30
micrometres before they scatter. It’s a long way.
I spend a lot of my time making graphene flakes. We
get big pieces of high quality graphite and then stick
pieces of it onto a special tape, peel it off, and repeat
the process until it’s thin enough to put onto a wafer.
But we’re not just producing graphene, there’s a whole
range of different 2d materials we’ve discovered we can
exfoliate. Graphene opened the gates to these;
materials like boron nitride, tungsten disulphide,
molybdenum disulphide and molybdenum diselenide.
There’s a whole zoo of them. In fact, there’s a paper
called The Two Dimensional Zoo. What’s interesting is
the way these new materials behave when combined.
This introduces new physics.

Moldova. Making the adjustment at that age was difficult,
it took me two years to establish my personality and I was
always underestimating my own ability. I cut my hair
short, coloured it white and I was wearing guy’s clothes
and stuff. A little bit crazy. I thought I’m not good
enough but this was not an underestimation of myself,
more like motivation, there is room for improvement.
I went to University in Cluj. They had studentships for
people from Moldova. They offered the option of double
specialisation so I chose to do chemistry and physics. We
were doing proper chemistry and proper physics which
has influenced my thinking ever since because if you go
too much with physics, you risk losing yourself in
mathematics and losing the meaning of things. Chemistry
fills in the gaps and when you make this connection, it’s
beautiful. Understanding processes from more
perspectives will give you the whole image of something.
Linda Calderbank
Building Attendant

My group is split into two, so we have the group based
here in the NGI working on sensors: mechanical sensors,
chemical sensors, light sensors and so on. They work with
individual pieces of graphene. My lab over in the Mill
works with bulk quantities of graphene, so you take
graphene and you put it into polymers or surfaces.
They’re working with composites and coatings, and large
quantities of graphene rather than with individual crystals
which is more suited to materials application rather than
electronic application. That’s roughly how the group’s
split.
How we produce graphene depends entirely on the end
application. We make graphene in dispersions and then
coat it on surfaces, other people directly grow large sheets
of graphene. It all depends. We’re doing a lot of work on
biomedical applications although it’s not yet anywhere
close to an application, but we’re looking at how cells
grow on graphene, or what happens when you put
graphene into the body, or when you put graphene into a
culture medium. How do cells react to the material?
Do they like it? Do they stick to the graphene? Do they
change in any way? It’s an exciting area to be working in.
Dr. Oana M. Istrate
Postdoctoral Research Associate: graphene-barrier films

I’ve lived off-grid for 25 years. I live on a narrow boat
out Droylesdon way, Openshaw, Ashton. We sort of dob
about a bit. We use smokeless fuel and firewood and
we’ve got solar panels on the boat. We’re trying to keep
our carbon footprint as low as possible and that’s why I
love it here. It’s my job to go into the cleanrooms and
make sure they’re spick and span. When I first got all
togged-up and put the suit on: the gown, the boots, the
gloves and all that, it was like something out of a James
Bond film. In this job I feel like I’m in carbon heaven.

Professor Irina Grigorieva
Professor of Physics/Director of the Centre for Doctoral Training in Science & Applications of Graphene & Related
Nanomaterials: electronic & magnetic properties of graphene & its derivatives
I developed a passion for science when I came to do a PhD at the research institute in
Chernogolovka. It was a small place, in the middle of a forest. I just fell in love with it.
With Russian physicists and scientists in general, knowledge was king – you had to
know not only your subject, but also history, poetry, or the origin of life; you were
expected to be well-read, to know the writers. There was an air of cleverness about it
and I loved it, I absolutely loved it.
Carbon in principle cannot be magnetic but graphene can. In graphene the electrons live
in two symmetric triangular sublattices made of carbon atoms. Break that symmetry,
and we can by removing carbon atoms or attaching foreign atoms to it, then some of the
electrons acquire a magnetic moment becoming tiny sources of magnetic fields. You can
then align these magnetic moments so that graphene strongly responds to an external
magnetic field. Think of a steel nail that makes the magnetic field stronger when placed
next to a magnet. So, defects make graphene paramagnetic. As electrons in graphene
interact very strongly, they pass information from one magnetic moment to another. When we have sufficient numbers
of symmetry-breaking defects, their magnetic moments can start to interact, making graphene truly magnetic with its
own magnetic field. This has not been achieved but it would be wonderful as we would have a material that is transparent,
conductive and magnetic at the same time. In terms of device physics this would create many new opportunities.

When I was young I fell in love with Impressionism and
how the painters of that period used light and small brush
strokes to create the most unique masterpieces. Polymer
nanocomposites represent a similar magical field where,
depending on the content and properties of your filler and
your polymer matrix, you can obtain a material that can
have unique properties. When you’re working with say,
carbon nanotubes or graphene, and you put them into a
polymer matrix, the colour changes, sometimes from
something translucent to a shade of grey or even black.
That may indicate you have achieved a nanocomposite
material, a hypothesis that can be tested via microscopy.
It’s one of the most beautiful things in the world when
you look through a microscope and see carbon nanotubes
or graphene layers protruding through a polymer matrix.
Or when you use microscopy to characterise the way
graphene layers are folded. These images not only give
you a lot of detail about your material and the filler/
polymer matrix interface, they also offer a glimpse into
the story of the material. It’s something one is not always
able to see, but working at the interface of chemistry,
physics, materials science and even biology, you are
sometimes allowed that privilege.

Dr. Anastasia Tyurnina
Visiting Researcher,
Moscow
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characterization of graphene & 2d materials
I was the first person to find graphene at Moscow State
University. My supervisor, Prof. Alexander Obraztsov
asked me to check about 200 different materials using an
old raman spectroscope. One by one I went through the
list, but one sample I always put it aside, it looked
empty. I’ll do it later, later, later. But finally, because I
needed to do everything my supervisor said, I scanned it
and there was a signal. I scanned it again; there was a
good signal from high quality graphite. I went to my
supervisor and said “there’s something going on here, it’s
an empty sample but I see a signal.” And then, a month
later Andre and Kostya’s paper was published and Prof.
Obraztsov said “We found graphene as well.”
And so on 6th October, 2010, the day after the Nobel
Prize was awarded, I defended my PhD at Moscow State
University. Now I am at Manchester I feel lack of the
words in English to explain my feeling about working
next to Andre and Kostya. When I worked in Japan I
climbed Mount Fuji, and I met the sunrise. It was my
27th birthday. Then when I worked in France I climbed
Mont Blanc. But here in England I don’t need to do
anything else. For me to work next to such scientists is
already enough. That’s how I can compare.

James Baker
Graphene Business Director

It’s a very rich area. This is the material I’ve been waiting for, for the whole of my
career because the properties it has and the techniques we’ve developed for
analysing other materials work perfectly on graphene. We’re working on polymers
and graphene together and also other 2d materials like molybdenum disulphide and
boron nitride. We use raman spectroscopy, a technique we developed in the
deformation of carbon fibres but it turns out it’s an ideal technique for looking at
the deformation of graphene so we’re able to transfer that expertise. Much of the
fundamental work has been done on graphene, so now we’re looking at how it and
other 2d materials interact with polymers.

Hexagonal boron nitride is like the sister of graphene,
only instead of carbon atoms you have boron and nitrogen
atoms in the lattice. You prepare the two materials
separately using mechanical exfoliation to peel thin sheets
from larger crystals. Then you take a tiny graphene crystal
and put it face down onto the boron nitride using my
special micropositioning machine. When you do this the
electronic quality of graphene is improved by like, a
hundred times. We were the first group to combine 2d
materials in Manchester and it all started when I was
working with Andre as a postdoc. This has since evolved
into a huge scientific field of research.

Dan Cochlin
Graphene Communications & Marketing Manager
National Graphene Institute

We’re mainly working on membranes for desalination.
Working in Rahul Nair’s group, you can discuss anything
with anyone. People here are targeting the pinnacle
points of research, not just aiming for small publications
– it’s a competitive field. You write a paper, go to bed
and when you wake up, someone, somewhere in the
world could have published a similar paper.
I just want to learn and then take all this knowledge back
to India where we have similar facilities but not the
expertise. My family are very happy and proud I’m here
but they’re unhappy because I’m away from them. I’m
from such a background. I’m the only guy who has
finished higher studies and came up to be here. Actually
that makes me even more conscious to do some stuff
which can be easily explained to people like, let’s say my
parents. So the membranes project is one of those things.
This can really help India.
Charlotte Powell
Graphene Communications & Marketing Assistant
Working at the institute is different from one day to the
next. Obviously you have the normal social media,
putting news releases out and things, and then we’ll deal
with events and then there’s the filming. We get a lot of
people like the BBC and
Channel 4. We’ve also
had some high profile
visits to the institute.
We’ve had like, the
Chinese President. I
think I’m very lucky.
We have a really good
team, have a laugh and
get things done. I do
enjoy working with
them. Don’t tell them
though, because their
egos will be massive by
the end of that.

I’m helping to build an ecosystem that will take graphene
from idea, to concept, to prototype, through to product,
and then into the marketplace. What we’re trying to do
here is pretty unique compared to anywhere in the world.
New materials like silicon took 30–40 years to
commercialise, carbon fibre, 25–30 years. We’re trying
to condense the timescale of this new material from
discovery to application far quicker than has ever been
done before. Graphene’s just twelve years young.
I’m very much a believer in systems thinking; so people
thought of graphene as replacing silicon for example. Two
issues with that; replacing silicon is technically very
difficult to achieve, its performance is improving year on
year, despite everyone predicting that it’ll stop improving.
But more significantly, commercially and industrially,
billions, if not trillions of dollars have been spent on that
whole cycle. So for graphene to replace silicon, it would
be technically, commercially and industrially very, very
difficult. What you’re now seeing is graphene as a
complement to silicon; adding graphene into a coating or a
paste, or packaging, which takes the heat out of the silicon
wafer or device, it actually improves the performance of
that silicon device. So graphene’s now a friend rather than
a foe.
Dr. Mehul Chavda
Research Analyst, Morgan Advanced Materials
electrochemical graphene synthesis

Primarily we’re looking to attract industry to partner
with us, fund collaborative research and bring out
applications, so we tailor the vast majority of our output
towards an industrial audience. We need big companies,
small companies, UK companies, worldwide companies,
all to come and make an enquiry. It may get no further
than that initial conversation, or it may end up with a
collaborative project.
At the University you have this wonderful thing called
academic freedom where people can say what they want,
which is fantastic, but it makes it a very hard job for
people like us to get our message across. That said, one
of the most rewarding things about this job, and in fact
working in communications in the University full-stop, is
that generally you’re doing 85–90% positive stories;
positive research, positive funding, positive capital
projects, whatever it might be, awards, Nobel Prize, etc.
and so it’s an enjoyable dissemination of news. I saw this
job, Media Relations Office for the Engineering Faculty,
which included physics. Nothing much happened for a
while but on 6th October 2010 there was the Nobel
Prize win and I was covering that faculty, so I picked up
the news and that day was crazy, phone off the hook,
journalists turning up on our doorstep; it never really
died down and I thought, this is fun.

Professor Brian Derby
Professor of Material Science: nanostructured materials,
biomaterials, ceramics & glasses

Christian Berger PhD
(Vijayaraghavan group): condensed matter physics,
solid state physics, materials science

Beverly Brown
Receptionist/Personal Assistant
to the National Graphene Institute Directors

There’s a lot of interest in print electronics, that is, large
area electronic devices; a good example is the mobile
phone. The display has lots and lots of pixels and then
behind each pixel we have light emitting diodes, roughly
10 000 transistors and LEDs all packed into this very
active and extremely expensive-to-produce display.
That’s large area electronics.

Today’s just been a problem with one of the bits of
equipment. It’s alignment, so you have one substrate,
which has, say, some gold electrodes on the top, so that’s
for making electrical contacts. On top of that you want
to transfer your graphene which is patterned in a certain
way. You want the two layers to align perfectly. In order
to align them you have two reference frames. So you
measure out the graphene. And then you ask what’s the
size of the reference frame? And then you do a series of
alignment steps which have to be very rigorous, you have
to work to sub-micron dimensions. You’re concentrating
really hard, and at the same time you’ve got all these
backing pumps going off in the background, people
tapping you on the shoulder asking questions. It fries
your head a bit.

I’ve worked at the University for twenty six years,
starting in Electrical Engineering as Machines Group
Secretary and then P.A. to the Head of School. I manage
the Directors’ diaries but it can be quite tricky, like
putting together a jigsaw puzzle without seeing what the
picture looks like. I welcome visitors, sign them in and
issue them with a pass and I then have to make sure the
relevant member of our staff is around for the meeting.

We’re not looking for a single property but a whole slew of properties. Graphene
can improve thermal conductivity, getting heat in and out; it can produce improved wear and toughness, all these
things. I’m sort of supposed to be retired, well, partly-retired, but the work’s too interesting. It’s quite annoying that
something so interesting has come along at this stage in my career.

Dr. Roman Gorbachev
Royal Society University Research Fellow
experimental condensed matter physics

The work began just using boron nitride as a very flat
surface to support graphene. Now we’ve learned to
combine atomically thin sheets of many different crystals
to build up structures layer by layer in a precisely chosen
sequence. This allows us to design new materials with
special and unique electronic properties. Our approach
gives us access to new materials which do not exist in
nature and which cannot be grown artificially by any
other technique.
Dr. Siddeswara Vasu Kalangi
Postdoctoral Researcher: graphene based membranes

Professor Robert J. Young
Structure & mechanical properties of polymers & composites

If you consider the
amount of stages from
fundamental scientific
research to a product
being used in the
world, each stage
presents very specific
challenges and to
solve those challenges
you need input from
different stakeholders. These could
be academics or
larger organisations
to ultimately industrial partners like Morgan who step
in and say, okay, we can bring our knowledge of
industrial processes and supply chains to support this
project.
The production of graphene depends on supplies of
high quality graphite crystals and Morgan have been
sourcing graphite from all over the world for some
time now, but if you need a particular graphite, that
can be problematic if the source breaks down.
There’s also a lot of variation in the different types.
You have synthetic graphites that are produced as part
of industrial processes. The graphite you take out of
the ground can vary from place to place, but also
from seam to seam within the mine. So there’s a
whole load of knowledge that’s required for
something like that.

Chris Livingston
Stores Coordinator: National Graphene Institute

Professor Rahul Raveendran-Nair
Professor of Materials Physics/Royal Society Research
Fellow: graphene-based membranes & coatings

You’ve probably heard of Moore’s Law, which says
every two years, the power of a computer doubles.
What that effectively means is the computing bit of your
mobile phone is getting smaller and smaller. Now, it’s
believed that current polymers aren’t going to be fast
enough. So one of the applications for 2d materials such
as graphene, is to make a printable, faster piece of
electronics using inkjet technology.
There’s always something different happening and as the
NGI develops so does my job. I’m not only the stores
coordinator, I also lend a hand whenever it’s needed. I
order goods and receive them. Sometimes I cover
reception, do a bit of maintenance if required and I
purchase equipment, stuff that everyone uses. I also keep
an eye on all the gas cylinders – anything really to keep the
research moving.
I started here in the August of 2012 via the Works, an
agency that connects local people to jobs at the University.
Then, in the September, I was told I was Mr. 1000: the
1000th person employed on the scheme. My picture was
published on the cover of the University magazine, online
and all over the place. People kept saying “Aren’t you
Mr. 1000?” That was my fifteen minutes of fame. In this
job, there’s always something different happening.
Pauline Morgan
National Graphene Institute Director

It was Andre who suggested we work on a chemical
derivative of graphene; graphene oxide, which is graphene
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decorated with oxygen functional groups. At that time it
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was a new material. At first we thought we’d done
solid state physics, materials science
something wrong – what we were seeing was impossible.
But gradually we came to realise this membrane had
extraordinary properties – it let water in but blocked all
gasses. But that was counter-intuitive; why would this
membrane let in the larger water molecules but block
smaller molecules? Think of a pipe where the small ball
doesn’t go down but the bigger ball does. That’s when we
realised something special was happening. It could
potentially be useful in filtration.

Getting funding though, isn’t just about the science, it’s about the whole picture.
From the isolation of graphene to future applications and value, so much more
goes into a funding application than you realise. We have to understand the
potential economic impact on the region, the UK and the wider impact on Europe
plc. It feels like a journey: securing the funding, seeing it open and then helping it
become operational.
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There are bright yellow lights in the clean room. They’re
yellow because white light would expose photosensitive
materials and you’re wearing a full clean room suit,
which means mask, cap, boots, gloves, hood, a whole
gown and that’ll take like five or six minutes to put on,
or take off. And if you want to go to the toilet, you’re
like, oh I’ll just wait another half hour until I finish this
process but then you make a mistake, and you’re like, oh
I’ll just wait another half hour and it just drags on to four
or five hours.
But if you’ve managed to pull through the four or five
hours and you finally get results and everything lines up,
and you’ve got a device, you then know you’ve finished
your lab work. You can go into your nice comfortable
chair, sit down and do some measurements and watch
the results come into your laptop. It’s a very rewarding
process when it all works out.

Now I spend 90% of my time exploring this bizarre
hydrophilic property. Clean water is a big challenge –
it’s costly. This graphene membrane has the potential to
make clean water out of sea water – truly clean water –
but we have to do more research.

Although my focus is largely finance, not everything is about the money. I love
working with the schools and academics across the Faculty and University, as well
as the day-to-day finances and operations associated with setting up a new institute.
My team and I also get involved with all the major visits to the NGI. This is a
completely new area for me and the team.

Professor Vladimir Falko
Research Director, National Graphene Institute
condensed matter theory; modelling of properties of 2d
materials; fundamentals of nanoelectronics
Our Institute is a national facility, and this has quite an
important meaning for everyone at Manchester.
We facilitate links between academics from different
schools across the campus with researchers from other
universities across the UK and around the world.

Traditional ink is just colour, but graphene can act as a
conductor of electricity. It’s also incredibly thin and so
lets a lot of light through. We can also see through
graphene and that offers all kinds of possibilities. We’re
trying to develop printing techniques with graphene
which produce large area information in mobile and TV
displays and also newspapers.

Dr. Sarah Haigh PhD group
High resolution transmission electron microscope
(TEM) imaging and spectroscopic analysis
Left to Right: Daniel Kelly, Aidan Rooney,
Yichi Wang, Lan Nguyen, Sean Lawlor
There were a few inspirational teachers at school that
nurtured my curiosity, so much so that a group of my
friends and I drew out a schematics for a miniature
MAGLEV train for our science fair project in year 12.
Dr. Sarah Haigh
Reader in Materials Characterisation
structure & properties of nanomaterials

Our head of science said he couldn’t allow us to build it.
The currents we were generating with our setup meant a
high risk of instant death. I thought awesome. We still built
one, won the prize for scientific rigour and are (currently)
all still alive to tell the tale. I now spend my time seeking
the atoms of a variety of 2 dimensional crystals, relating
the structural peculiarities I find to properties of the
material. Many single layers tend to disintegrate into a
useless mush under the electron beam we image them
with – unless they are sandwiched within graphene which
significantly reduces the damage. Even then, you’ve got to
be fast – as if our faces start decomposing the moment the
lens gets into focus for this photo.
(Lan Nguyen)

The Graphene Institute isn’t a traditional school, it’s an
institute linking with different schools across the
University. It’s amazing, the people who are interested
in graphene and want to come and have a look round.
The Dyson guy came in. Sir Dyson! I was like Beverly,
behave. I get to speak to everyone from different
universities around the world, business people,
politicians. When the Chinese President, Xi Jinping
visited, it was weeks and weeks and weeks and weeks
and weeks of planning and practising. William and Kate
are coming on Friday.
When I first started in Physics around 2004, it was as
group secretary for Andre and Konstantin so I’ve known
them a long time. It’s really kind of mind-boggling what
they’re achieving here, but to me, they’re still my boys.
John Whittaker
Technical Services Manager
The material requires intervention. It doesn’t occur
naturally. The revolution was in isolating it but you have
to put this in a lot of perspective. We’ve been here
before with nanotechnologies. Far more work is needed
if we’re to utilise those properties. How do we actually
do that? We’re at different stages of technology readiness
levels but some are almost ready for upscaling. The lightbulb is a good example where graphene is being used
with other materials to enhance performance.
There’s a lot of competition around the world but that
seems to be focussed on graphene theory or graphene
around electronics. Their advancements are very high in
one area but nobody is doing what we’re doing here in
Manchester – exploring graphene across all its
dimensions. My main drive is to provide the best
facilities for graphene research to happen. I’d like to
think that I’m using my strengths. I’ve got degrees in
science but I regard myself as an engineer. I’ve been
hanging around scientists for nearly 30 years so you pick
up the lingo quite well. I was honoured when I was
offered this position.

I’ve done a lot of drawing but I don’t think I’d be able to
be an artist as it doesn’t use the neurotic analytical number
side of my brain; I like to have an answer. Images tell a
story and I guess that fits in with me wanting to take pictures in order to understand
things. Electron microscopy brings together a strong scientific bent and an aesthetic
sense. I was inspired by a fantastic professor at Oxford who called it ‘nanoexploring’. At Manchester we use high resolution transmission electron
microscope imaging (TEM) and spectroscopic analysis which makes us explorers
of the nano-world, a world you couldn’t possibly see with light, but we can with
electrons.
Even a millimetre sized block of material contains billions and billions of atoms.
However, in order to look at the atoms we have to make the sample very thin,
around 100 atoms or less, and that’s difficult. One benefit of 2d materials to a
microscopist is that they’re inherently just a few atoms thick (or thin) when looking
through a sheet. This allows us to take beautiful images, revealing the relationships
between the atoms’ positions and how the material functions.

