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COATING.”

“IT TURNS OUT THAT A SINGLE
LAYER OF A CARBON ATOM IS
SO CHEMICALLY STABLE THAT
PEOPLE LIKE TO USE IT FOR

- Kin Fai Mak

How does your collaboration work, and how
did it develop?

Jie Shan: We both have Ph.D.s in physics from
Columbia University — we met at Columbia —
and our research has since branched out into
different directions. So some of our projects
have had an engineering flavor, and others
more of a physics flavor.

In the late 2000s, this new research direction
— two-dimensional materials — has become a
focus area.

Kin Fai Mak: Before that, it was more
optics-based research, very focused on devel-
oping optical spectroscopy techniques and less
on the materials side. We combined the two
and learned a few new things along the way in
order to study two-dimensional materials.

Can you describe your work with these two-
dimensional materials?

Shan: These are called two-dimensional, or
atomically thin, materials because they are
only one, or just few, atoms thick.

Mak: It's a very exciting area. It was only
about 10 years ago that people really isolated
and identified these materials. Before that, it
seemed like a crazy, theoretical kind of thing,
for instance, to see a single layer of atoms.

Shan: In some old textbooks, people dreamed
about what the electronic properties of a single
sheet of carbon atoms would be, for example.

Mak: Scientific development is a bit like, if you
only have the theory, you will run out of ideas
quickly. So you need to experiment to stimu-
late the development of the theory.

Researchers thought single-layer materials
would be too hard to see, that they wouldn’t
reflect much light. But it turns out that a single
layer can reflect almost 100 percent of the light
if you do it “correctly,” and so it actually could
become too bright to see. There are a lot of
interesting optical phenomena happening at
this thickness.

These materials have other exciting and coun-
terintuitive properties. They are mechanically

very strong. Research has shown that a single
layer of carbon atoms is stronger than steel,
for example. And they are extremely good
conductors — they may be the best conductors
— compared to all the other metals.

Shan: This is a new class of materials where
you can tailor their properties, because it’s
just one sheet, so everything is surface. You
can stimulate it, you can do something to it
easily. And you can make heterostructures,
like a sandwich, putting different things
together. You can engineer something that
doesn’t exist in nature and with new proper-
ties.

What are some real-world applications of
your research?

Shan: The field is totally open. We are
engineering new properties that could be
realized by putting different things together:
conductors, insulators, semiconductors. And
because it’s just one atom thick, it could lead
to making anything flexible you can imagine.
Flexible electronics, flexible sensors, transpar-
ent electrodes for displays ...

Mak: It turns out that a single layer of a car-
bon atom is so chemically stable that people
like to use it for coating, for example, for
corrosion protection.

Did you know it would be a good fit when you
were both recruited to Cornell?

Mak: I'm not entirely new to Cornell — I was
a postdoc at the Kavli Institute at Cornell for
Nanoscale Science from 2012 to 2014. And af-
ter that, we started our own lab at Penn State.
Then the NEXT initiative came along, and we
knew Cornell is one of the top places in doing
the kind of research we are doing.

Shan: From my visits, I had the impression
that people here are very open, it’s very easy
to collaborate. The College of Engineering’s
applied and engineering physics and the
College of Arts and Sciences’ physics depart-
ment have their labs in the same building, on
the same floor.

“For research,
one needs to be
a long-distance

runner.”
- Jie Shan

“... you need to
experiment to
stimulate the
development of the
theory.”
- Kin Fai Mak




It's also to our advantage to have colleagues in
two different departments. Now we have two
homes, and we look forward to more oppor-
tunities to collaborate with colleagues with
similar interests.

Mak: One of our biophysics colleagues has
her office on the same floor as my office. She

is working on optics and we are doing optics,
so maybe there is a possibility to collaborate in
the future as well.

Shan: Some of the best collaborations are ini-
tiated by students. Our students and postdocs
have already made friends with students and
postdocs in colleagues’ labs, so they already
have been talking and trying to work on some-
thing together.

Mak: We're still new here, so we're still explor-
ing the different possibilities, seeing how we
fit in.

What recent technological advances in your
research have changed its potential impact?

Shan: Maybe the biggest thing is targeted
transfer — being able to transfer different
single- or few-layer sheets from one location
to another, to stack them, align them or make
them the way you want.

Mak: Researchers can now manipulate on

a wafer scale a single layer or few layers of
atoms in many different materials, not just
graphene. If the method could be extended to
other more conventionally known ones — like
silicon or gallium arsenide — it would have
an immediate impact on the semiconductor
industry.

What is something that each of you has
learned from the other?

Mak: What I've learned from Jie is, don’t stop
- keep going.

Shan: Yes: for research, one needs to be a
long-distance runner.

Mak: That's what I got inspired by. There are so
many different kinds of people, and some are
really doing the marathons. Maybe the most fa-
mous example of that marathon run is [Cornell
physicist and professor] Hans Bethe; he kept
making big impacts for 70 years of his career.
Almost every decade, new things came out.
Shan: Amazing guy. Every decade, he had
some seminal papers.

Mak: So it seems that Jie did not learn any-
thing from me. (laughs)

Shan: (also laughs) That's not true! I think

we are complementary, not just in terms of
expertise, but also in terms of personality. Fai
is creative, energetic ...

Mak: ... More spontaneous, less organized,
that’s another way to put it.

Shan: I didn’t say that. (laughs)

Opposite page:
Postdoctoral researcher
Shengwei Jiang, front,
works in Jie Shan and Kin
Fai Mak’s shared lab as
Mak observes. Above:
Postdoctoral researcher
Yanhao Tang prepares
samples of atomically
thin materials in the lab.
Right: Doctoral student
Zefang Wang searches
for single atomic layer
samples through an optical

microscope.

What excites you most when you look at the
future of your fields?

Mak: With these single-layer structures, we are
learning more and more about materials with
different functionalities — some are magnetic,
some are superconducting. With so many
different potential combinations of materials,
how can we put them together in a way that
can create even more exciting properties?

Shan: And there have already been some
predictions that when you can do that, new
phenomena are expected to emerge.

Mak: And often you get results different from
the theory, and it's a complete surprise.

Shan: As we get to know more about what’s
going on in other fields, and with other materi-
als, our hope is that we’ll be able to maybe uti-
lize, introduce these new elements to research
collaborations with colleagues.

Mak: We're just trying different things, explor-
ing the territory, and our hope always is that
maybe we can see something really interesting
or make a completely new discovery.



GIFTS IN ACTION

The Gancas family gives back to Cornell, together

Cornell matters every day to Robyn Gancas ’08 and her brother
Jonathan Gancas "14 - you can see it in the office they share at
221 Properties, the real estate company they founded in Austin,
Texas.

“Above my desk | have my Cornell degree, and above his desk he
has his Cornell degree,” Robyn says.

Both earned their degrees from the School of Hotel
Administration, now part of the Cornell SC Johnson College

of Business. Robyn used her hospitality education in food and
beverage, in hotel work and in finance before joining Jonathan in
his single-minded pursuit: real estate.

Cornell also made a deep impression on their parents, Rod and
Karen Gancas. Like many Cornell parents, they visited Ithaca
often while their kids were in school, falling in love with the
campus and city, and also with the friendly, hard-working Hotel

School students. Above: The Gancas
family celebrates a 2014
graduation. From left,
Robyn ’08 with her
grandmother, Marjorie;
sister, Haley; brother, lan,
mother, Karen; brother,
Jonathan ’14; father, Rod,
and grandfather, Ron.

But even after Robyn and Jonathan, the
oldest two of their four children, graduated
and moved into careers, the positive
impression remained with Rod and Karen.
When the family decided on philanthropic
contributions this year, the Hotel School
was at the top of the list.

“We are always looking for causes that
mean a lot to us that we can give back to,” Left: Rod, left, and Karen
Karen said. Gancas visit their son
Jonathan ’14.

With Robyn instrumental in advising
them, Rod and Karen Gancas endowed

a scholarship at the Hotel School with a
preference for a student with a disability.
It will be awarded for the first time in fall
2018.

“We are always looking for
causes that mean a lot to us that
we can give back to.”

- Karen Gancas




