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UCLA engineers working on
the development of a new
ultra-slippery nano-engi-
neered surface have

challenged a long-held concept in fluid
dynamics—the no-slip condition.
Mechanical and aerospace engineering
professor CJ Kim and graduate student
Chang-Hwan Choi have proven that
their nano-architectured surface in effect
defeats the fundamental notion of 
no-slip by a considerable margin, even in
practical flow conditions.

The no-slip condition states that fluids
stick to surfaces past which they flow,
and there is no movement where a fluid
touches the surface of a solid. Most

challenges to this condition thus far have
come from scientific interests because
the amount of measurable slip has been
too small to be useful. The advent of
micro and nano technologies, however,
has refocused attention on slip flows and
the need to measure slip accurately
because microfluidic applications can be
affected by even a relatively small slip.

Since the amount of drag reduction
caused by the internal slip surface of a
pipe is determined by pipe size and flow
conditions as well as the surface itself, a
rather complex scientific value called slip
length should be used to objectively
describe the slip as a pure surface
property, according to Kim.

Until recently, most of the reported slip
lengths were less than one micrometer
and prone to measurement errors. Kim
and Choi expected to measure tens of
micrometers of slip length on their new
surface, and so considered a slip of less
than one micrometer as no slip. “We
started with the no-slip assumption on a
flat surface in testing our slip length,”
said Choi, “and in most instances it
remains true.”

Consider, for instance, water droplets
moving along a glass surface and along a
Teflon surface. Compared to the
relatively sticky (i.e., hydrophilic) glass
surface, water beads and moves more
easily on non-stick (i.e., hydrophobic) 
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Researchers Discover No-slip Condition
Does Not Hold at the Nanoscale
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New Surface Benefits Microfluidic Applications and Cell Studies

(From left) Professor Benjamin Wu, Professor CJ Kim, Chang-Hwan Choi, and Professor James Dunn.
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surface, such as Teflon. Droplets, which
move mostly by a rolling motion, are
unaffected by surface slip, although they
move more easily along a more
hydrophobic surface.

The primary question, however, is the
movement of liquid in continuous flows,
where it must slip on a surface to flow
more easily. To determine if surface
wettability would make a difference to
continuous flow in microchannels, Choi
measured the slip length on a planar
hydrophobic surface while at Brown
University, and found it to be about 20-
30 nanometers, or thousands of times
smaller than the width of a human hair.

The nano-engineered material Kim and
Choi have created at UCLA has a dense
forest of sharply tipped nanoposts, which
greatly limits contact between a liquid
and the surface of the solid. The height
of the posts, their shape, and the large
number in a small space combine to
create a thick layer of air beneath the
liquid and to keep it from filling the gaps
between the posts.

“We’re using surface tension to keep the
liquid out of the gaps, and in most prac-
tical flow conditions (e.g., pressurized
flows) those gaps need to be very, very
small,” explained Kim. “So we’ve creat-
ed a surface with a high density of sharp-
tipped posts – submicron density – and
then treated them to be hydrophobic.”

At the suggestion of their colleague,
UCLA mechanical and aerospace engi-
neering professor Pirouz Kavehpour,
Choi used a rheometer—a commercial
tool used to measure viscosity—to track
slip length along their surfaces.
Although reliable and accurate, the
rheometer lacks the precision to measure
conventional miniscule slip lengths. But
it may work for the very large slip Kim
and Choi have on the nano-architec-
tured surface.

“The rheometer gave us repeatable
results, very quickly,” said Kim. “And it
showed that the nano-engineered sur-
face had a 20-30 micrometer slip length,
a thousand times larger than on a con-
ventional hydrophobic surface. We were
expecting the results in this range based
on our analysis and others’, but were still

surprised and very pleased to see it vali-
dated in testing.”

When the UCLA Henry Samueli
School of Engineering and Applied
Science researchers published their
results in Physical Review Letters earlier
this year, they received considerable
response from the physics community.

“Fluid dynamics is a classical field, and
while our results do not change a long-
held belief about the behavior of moving
liquids where they touch solids, we have
worked around the assumption by
creating a surface with a minimal liquid-
solid contact,” noted Kim. “The slip
length along the new surface is far more
than what was previously assumed
possible for flows under pressure. This
degree of slip is now large enough to be
useful for engineering applications and
not just limited to the microscale.”

In addition to developing a low-friction
surface for use in fluidic applications
such as underwater vehicles and tools 
for DNA analysis and real-time, on-site
testing and monitoring for early
detection of hazardous materials, UCLA
researchers are exploring new uses for
the innovative surface.

Kim and Choi also are working with
bioengineering professors Ben Wu and
James Dunn on the fabrication of new
surfaces for cell growth.

“We know cells grow well under certain
conditions, but at the nanoscale most of
the changes to date have been in the
chemical conditions; little attention has
been paid to the physical conditions,”
said Kim. “We’re approaching it from a
new direction and fabricating different
surfaces. We’re able to make the surface

as elaborate as needed, which is basically
a new capability at the nanoscale.”

In addition to addressing basic 
scientific questions about the physical
manipulation of cell growth at the
nanoscale, Dunn and Wu hope to use the
process for advances in medicine.

“There are many potential applications
for this work,” explained Dunn, “one is
tissue engineering. If we’re able to
change the cells’ orientation using the
nano-textured surface, we can make the
cells line up in a particular way to form
the shape and structure of the tissues that
we need.”

Added Wu,“We are currently investigat-
ing the molecular basis of the cells’
interactions on different nanostructures.
If we are successful, we can use this
knowledge to control the surfaces to
regulate cell behavior. Our research in
this area is really just the tip of the
iceberg.”

To create the well-regulated nano-
engineered surfaces, Kim and Choi use
interference lithography to etch the
pattern on a silicon substrate, followed
by deep reactive ion etching. To make
sharp tips on the posts, they heat the
silicon, creating silicon oxide, which is
then removed.

The current method of manufacturing is
practical for small area applications, but
the UCLA researchers are exploring
polymer as an alternative material to
decrease costs for large volume area
applications, as on the surface of a
torpedo. They also are exploring
applications for the silicon material in
field emission displays and tips for
atomic force microscopes.
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Professors Timothy Deming 
and Adrienne Lavine were 
appointed as chairs of the
Departments of Bioengineering

and Mechanical and Aerospace
Engineering, respectively, effective July
1, 2006.

“We are privileged to have strong,
dynamic faculty leading our
departments, and I am pleased to add
Tim and Adrienne to their ranks,” said
Vijay K. Dhir, dean of the UCLA Henry
Samueli School of Engineering and
Applied Science. “I am certain that both
will guide their departments well with
integrity and vision.”

Deming received his PhD in chemistry
from the University of California,
Berkeley in 1993, and joined UCLA in
2004 as a professor in the departments 
of bioengineering and chemistry.
Previously, he was a professor in the
materials and chemistry departments at
the University of California, Santa
Barbara.

“I wasn’t expecting to become chair so
soon after arriving at UCLA, but the
high quality of our faculty and their
unanimous support made it the right
decision for me,” said Deming. “We
have a very good group of active,
energetic young faculty, with a strong,
cohesive focus in biomaterials. We’re a
young department, which means we

have a lot of work ahead of us –
developing courses, building our
research programs, recruiting talented
students – but everyone is working
together very effectively, and we have a
strong undergraduate program with
exceptional students.”

Deming’s lab is exploring new, practical
chemical routes for the synthesis of
biological and biomimetic materials,
which can be prepared from renewable
resources. By using techniques from
both chemistry and biology to prepare
synthetic materials with targeted
properties, the researchers are leveraging
strengths from both disciplines to forge
exciting new approaches.

Asked about his plans for the future,
Deming replied, “We’re finalizing 
the courses in our undergraduate
curriculum. This is our first year with
seniors, so we’ll be teaching all of the
classes this year. We’re also working on
raising our department’s profile in 
the bioengineering community. We 
recently hosted the UC Systemwide
Bioengineering conference, which went
very well, and are focusing on recruiting
a widely-respected senior faculty
member. Later this year, we are really
looking forward to moving into the new
engineering building. Having all of 
our faculty and laboratories in one
location – not scattered throughout the
engineering complex – will help build
stronger collaborations within the
department.”

Lavine, the first woman to serve as
department chair in the School, has been
part of the mechanical and aerospace
engineering faculty since 1984, after
receiving her PhD in mechanical engi-
neering from University of California,
Berkeley. In 2005-06, she served as chair
of the UCLA Academic Senate.

“I am excited at the prospect of working
with colleagues and staff to improve our
department. The foundation that Tom
Hahn established will make my job

much easier, and I greatly appreciate 
his four years of service as chair,”
said Lavine. “The responsibility of
department chair is awe-inspiring, and I
take the responsibility very seriously.
There are a number of people in the
department who would be very effective
chairs, so I feel humbled to have been
selected.”

Lavine’s field of research is heat 
transfer and her interests include the
thermomechanical behavior of shape
memory alloys, thermal aspects of
manufacturing processes, and thermal
control of nano-manufacturing systems.

When asked about her priorities as chair,
Lavine responded, “The most important
job of a department chair is to support
the faculty, and to recruit excellent new
faculty. We’re fortunate to have a really
stellar faculty in place and are in 
a period of growth, so recruiting 
additional faculty in key areas is one of
my primary goals. Another critical
element to the department’s strength is
our students, and we want to work even
harder to attract top-caliber graduate
students. I think our undergraduates are
an underutilized resource; they’re great
students with a lot of energy and we’d
like to involve them more in the
department and their own education.
For instance, senior students could offer
workshops to younger students on topics
like the use of different computer 
software packages. Lastly, I want to make
sure that we build on past efforts to
strengthen ties with industry and
increase our interaction with our
industrial affiliates.”

She also is director of education 
and outreach for the UCLA Center 
for Scalable and Integrated Nano-
manufacturing, an NSF-funded Nano-
scale Science and Engineering Center 
at UCLA whose mandate is to establish 
an array of new nano-manufacturing 
technologies.

Professors Timothy Deming and 
Adrienne Lavine

New Department Chairs Named for Bioengineering and Mechanical 
and Aerospace Engineering

C
as

sa
nn

a 
O

ue
lle

tte
  

 R
ee

d 
H

ut
ch

in
so

n

Marlys Amundson




