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Abstract
Polymers are highly attractive for their inherent properties of mechanical flexibility,

light weight, and easy processing. In addition, some polymers exhibit large property
changes in response to electrical stimulation, much beyond what is achievable by
inorganic materials. This adds significant benefit to their potential applications.

The focus of this issue of MRS Bulletin is on polymers that are electromechanically
responsive, which are also known as electroactive polymers (EAPs). These polymers
respond to electric field or current with strain and stress, and some of them also exhibit
the reverse effect of converting mechanical motion to an electrical signal.

There are many types of known polymers that respond electromechanically, and they
can be divided according to their activation mechanism into field-activated and ionic
EAPs. The articles in this issue cover the key material types used in these two groups,
review the mechanisms that drive them, and provide examples of applications and
current challenges. Recent advances in the development of these materials have led to
improvement in the induced strain and force and the further application of EAPs as
actuators for mimicking biologic systems and sensors. As described in this issue, the
use of these actuators is enabling exciting applications that would be considered
impossible otherwise.

mals, and insects for making biologically
inspired mechanisms.2 Increasingly, engi-
neers are able to develop EAP-actuated
mechanisms that were previously imagi-
nable only in science fiction.

The electromechanical properties of
some EAP materials enable them to serve
as both actuators and sensors. When they
are stimulated to respond with shape or
dimensional changes, they can be used as
actuators, while if they exhibit the inverse
effect, they can be used as sensors or even
power generators.

The polymer base of EAP materials
allows many attractive properties and
characteristics including low weight, frac-
ture tolerance, and pliability. Further, they
can be configured into almost any shape,
and their properties can be tailored to suit
a broad range of requirements.

For many years, it was known that
 certain polymers can be stimulated by
electric, chemical, pneumatic, light, tem-

Introduction
Electroactive polymers (EAPs) are

materials that respond mechanically to
electrical stimulation. Their electro-
mechanical response, exhibiting large
strain when subjected to electrical stimu-
lation, makes them the human-made actu-
ators that most closely emulate natural
muscles. For this ability, EAP materials
have earned the name “artificial mus-
cles.”1 There are many polymers that are
considered EAPs, and there are several
different mechanisms that determine their
response to electrical stimulation. Some of
the leading types of EAP materials are
covered in the six articles included in this
special issue of MRS Bulletin.

Impressive advances in improving the
actuation strain capability of EAPs are
attracting the attention of engineers and
scientists from many different disciplines.
These materials are particularly attractive
in biomimetics, since they can be used to
mimic the movements of humans, ani-
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perature, or magnetic activation to change
shape or size. However, the convenience
and the practicality of electrical stimula-
tion and the recent improvement in capa-
bilities have made EAPs one of the most
attractive among the mechanically
responsive polymers.

History and Currently Available
EAP Materials

The field of EAPs can be traced back to
an 1880 experiment conducted by
Roentgen using a rubber strip with one
end fixed and the other attached to a mass
that was subjected to an electric field
across the rubber band.3 The strip
responded to the stimulation with an
elongation. Sacerdote4 followed this
experiment with a formulation of the
strain response to electric-field activation.
A subsequent progress milestone was
recorded in 1925, with Eguchi’s discovery
of a method for making an electret by
solidifying carnauba wax, rosin, and
beeswax under a dc bias field.5 Electrets
are insulators—today typically made of
polymer materials—that can hold a
charge after being polarized in an electric
field, similar to the way an iron bar is
magnetized by exposure to a magnetic
field. Electrets generate voltage when sub-
jected to stress and deform when voltage
is run across them. However, their strain
and work output is generally too low to be
applicable as actuators, and therefore their
use has been limited to sensors. After the
1969 observation of substantial piezoelec-
tric activity in poly(vinylidene fluoride)
(PVDF),6 investigators started to examine
other polymer systems, and a series of
effective EAP materials have emerged.7–12

Polymers with significant mechanical
response began to emerge at the begin-
ning of the 1990s. Such EAP materials
as dielectric elastomers were demon-
strated to generate strains of more than
100% with a relatively fast response speed
(<0.1 s).1,13,14

The key EAP material types known
today and their activation mechanisms are
illustrated in the articles in this issue.
These material types are divided into two
major groups: field-activated and ionic
EAPs.

Field-activated EAPs are driven by the
Coulomb interaction (electrostatic force)
produced by the electric field created
between the coating electrodes on films or
by charge on a local scale. Strain manifests
from molecular, microscopic, or macro-
scopic phenomena in response to an
applied electric field (see Tables I and II as
well as Figures 1 and 2). An applied elec-
tric field may induce a molecular confor-
mation change as the dipoles are aligned
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with the field. Examples include a piezo-
electric strain concomitant with a ferro-
electric response at crystalline phase, and
a bulk elastic strain from local field
changes at nonuniform material fea -
tures and trapped space charges. Field-
 activated EAPs are covered in the article
by Cheng et al. in this issue. Since the actu-
ation does not involve diffusion of charge
species, they respond quite fast (<10−3 s).
This type of EAP can be made to hold the
induced displacement while activated
under a dc voltage without consuming
electrical energy, making these EAPs
highly efficient for robotic applications.
These materials have a high mechanical
energy density. However, generating a
large deformation requires a high activa-
tion field of 100 V/µm or more, which
may be close to the electric breakdown
level. From a basic energy-conservation
point of view, the required high activation

field is the result of the low dielectric con-
stant in the polymer, which is typically
<10. Substantially raising the dielectric
constant of the activated polymer while
maintaining a high electric breakdown
strength is a challenge and a worthy
research area to further advance field-
 activated EAPs. The performance of these
EAPs may also be improved by employ-
ing multilayer structures with film thick-
nesses of <1 µm, to generate a high field
with low voltage.

In contrast to the field-activated EAP
materials, ionic EAPs are materials that
involve drifting or diffusion of ions. They
consist of an electrolyte between two elec-
trodes. Examples of ionic EAP materials
include ionic polymer–metal composites
(IPMCs) (covered by Park and co-authors
in this issue), conductive polymers (cov-
ered by Smela), and gels (covered by
Calvert). Because of the actuation mecha-

nism (ionic motion) and their mechanical
properties, carbon nanotube actuators
(covered by Qu and co-authors) are also
classified as ionic EAP materials.

Conductive polymers exhibit volume
constriction as water and anions leave an
oxidized polymer during reduction, and
ionic polymer–metal composites with a
stationary anionic framework have direc-
tional volume expansion as hydrated
cations move toward one electrode. Gels
show volume expansion as water forms at
the anode and flows toward a cathode in a
cell, and sheets of carbon nanotubes bend
as carbon–carbon bond lengths change
and cation surface charges interact with
the applied field. One unique advantage is
that the activation of the ionic EAP can be
done by as low as 1–2 V. On the other
hand, high current density is required in
order to make up for the electrical energy
input in actuation. The macroscopic

Table I: Summary of the Leading Ionic and Field-Activated EAP Material Types.

EAP Material Types Principle Reported Materials

Field-Activated EAPs

Ferroelectric polymers These polymers exhibit spontaneous polarization that can be switched � Electron-radiated poly(vinylidene fluoride 
by external electric fields. They can exhibit piezoelectric response trifluoroethylene)
when poled and electrostriction in nonpolar phase. Recent 

� PVDF-TrFE–based terpolymers
introduction of defects in PVDF-TrFE copolymer crystalline 
structure by electron irradiation or copolymerizing with a third bulky 
monomer dramatically increased the induced strain.

Dielectric EAPs or Coulomb forces between the electrodes squeeze the material, � Silicone
electrostatically causing it to expand in the plane of the electrodes. When the 

� Polyurethane
stricted polymers stiffness is low, a thin film can be shown to stretch more than 100%.

Electrostrictive graft Electric field causes molecular alignment of the pendant group made � Modified copolymer–PVDF-TrFE
elastomers of graft crystalline elastomers attached to the backbone.

Ionic EAPs

Ionic gels Application of voltage causes movement of hydrogen ions in or out of � Poly(vinyl alcohol) gel with dimethyl 
the gel. The effect is a simulation of the chemical analogue of sulfoxide
reaction with acid and alkaline.

� Poly(acrylonitrile) with conductive fibers

Ionomeric polymer– The base ionomers provide channels for cations to move in a fixed Base ionomers:
metal composites network of negative ions on interconnected clusters. Mobile cations � Nafion® (perfluorosulfonate, made by 
(IPMCs) from the anode are responsible for the bending actuation. DuPont)

� Flemion® (perfluorocarboxylate, made by 
Asahi Glass, Japan)

Cations: tetra-n-butylammonium, Li+, 
and Na+

Metal: Pt and Gold

Conductive polymers Materials that swell in response to an applied voltage as a result of � Polypyrrole, poly(ethylene dioxythiophene), 
(CPs) oxidation or reduction, depending on the polarity, causing insertion poly(p-phenylene vinylene)s, polyaniline, 

or de-insertion of (possibly solvated) ions. and polythiophenes

Carbon nanotubes The carbon–carbon bond of nanotubes (CNTs) suspended in an � Single- and multiwalled carbon nanotubes
(CNTs) electrolyte changes length as a result of charge injection that affects 

the ionic charge balance between the CNTs and the electrolyte.
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motion of charged species, responsible for
the actuation, results in low actuation
speed (on the order of seconds). Their
 disadvantages are the need to maintain
wetness (electrolytes) and their low effi-
ciency (~1%).

An emerging field in EAPs is molecular
motors (Figure 3), which are organic mol-
ecules displaying huge shape change
under electric excitation (covered by
Huang in this issue). Recent advances in
this field of EAPs have led to strains of
40%–60% and energy densities at the
molecular level of ~50 J/cm3. Having such
energy density values make these motors
potentially able to perform significant
manipulation tasks at micron scales.
Integrating such molecular EAP materials
into nanoscale and mesoscale devices,
although a great challenge, can potentially

lead to exciting new applications in the
EAP field.

Despite the enormous progress that has
been made in recent years, EAP materials
are still far from being considered the
actuator material of first choice by engi-
neers and designers. Some of the current
limitations of EAP materials include their
low durability and performance repro-
ducibility, as well as the lack of established
databases and standard products. To
reach the required level of maturity, there
is a need for establishing scientific and
engineering foundations. Improving
understanding of the basic principles that
drive the various EAP material types,
designing effective computational chem-
istry models and electromechanical ana-
lytical tools, developing comprehensive
knowledge of the related materials sci-

ence, and enhancing materials processing
techniques are required. To address the
materials limitations and lay further
groundwork in the field, studies are under
way. This research will provide pathways
to gain better understanding and charac-
terization of the parameters that control
the force and deformation response of
EAP materials. Meanwhile, efforts are
being made to develop effective processes
for synthesizing, fabricating, electroding,
shaping, and handling these materials.
Databases are being established to sup-
port users of these materials.

Applications of EAPs
The properties of EAP materials, which

include resilience, fracture tolerance and
operation similarity to biological muscles,
make them very attractive for a wide vari-
ety of biomimetic, robotic, and engineer-
ing applications. In recent years, there has
been significant progress in the field of
EAPs toward making practical actuators,
and commercial products are starting to
emerge. Successful devices that have been
reported use the ability of such EAPs as
the IPMC to bend significantly under low-
voltage activation as well as dielectric
elastomers to produce large strain. Some
reported EAP-actuated devices include
audio speakers, focus control for cameras
in cellular telephones, miniature manipu-
lators and grippers, active diaphragms for
pumps, and a dust wiper for a rover in a
space application.1

At the end of 2002, an EAP-actuated
product was announced by Eamax, Japan,
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Table II: Advantages and Disadvantages of the Two EAP Groups.

EAP Group Advantages Disadvantages

Ionic EAPs Low-voltage operation Slow response (fraction of a second)
The material bends with a relatively low 

actuation force

Low efficiency

In aqueous-based systems, the material 
sustains hydrolysis at >1.23 V

Field-activated Room-temperature Require high fields (as much as 200 V/µm)
EAPs operation for a long time

Rapid response (ms)
Induce relatively large 

actuation forces

Figure 1. Illustration of the drive mechanisms of the field-actuated electroactive polymer (EAP) materials covered in this issue. Further details
are covered in the article by Cheng et al. (a) Blue and red circles represent oppositely charged side groups in poly(vinylidene fluoride).
Applying an electric field causes molecular shape change associated with changes in dipolar density and induces large strain in the polymers.
(b) Electrostatic force can generate large deformation on soft polymers with high electric breakdown strength. The figure shows a polymer
before and after application of an electric field. The presence of opposite charges at the electrodes that coat the polymer give rise to
compression. The deformation is related to the softness of the spring (soft polymers) and the amount of charge at the electrodes.
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and it is a biomimetic device in the form of
a robot that looks and acts like a fish in an
aquarium. The operation of a large EAP
actuator was demonstrated in March 2007,
during the SPIE’s EAP-in-Action confer-
ence. Dielectric elastomer EAP strips were
used to bend fins of a 3-m-long blimp
made by EMPA, Switzerland, steering it
inside the conference room. Furthermore,
various organizations are considering
mechanisms that are applicable to aero-
space, automobiles, medicine, robotics,
exoskeletons, articulation mechanisms,
entertainment, toys, clothing, haptic and
tactile interfaces, noise control, transducers,
power generators, and smart structures.
The use of EAPs for medical applications is
being considered in an effort to produce
either smart prosthetics or assistive devices
that are external or internal to the human
body as well as effective medical tools such
as a steering mechanism for catheters.
While still far from practical, making effec-
tive prosthetics that are lightweight and
that perform like natural limbs can be one
of the benefits of having robust EAPs that
generate large strain and force.

Generally, the application of EAP mate-
rials as actuators for driving manip -
ulation, mobility, and robotic devices
involves disciplines that include materials
science, chemistry, electromechanics, con-
trol and computer algorithms, and elec-
tronics. To minimize the complexity
associated with the need for a broad range
of expertise, efforts are being made to
establish databases and commercial EAP
products (see links for initiatives of data-
bases at http://eap.jpl.nasa.gov/).

Space applications are among the most
demanding in terms of the harshness of
the operating conditions (extreme temper-
atures, high pressure or vacuum, radia-
tion effects, and very high reliability and
durability requirements). Space applica-
tions are in great need of materials that
can operate in a wide temperature range,
between nearly absolute zero up to hun-
dreds of degrees Celsius. The EAP materi-
als today are not applicable to handle the
related challenges.

Another challenge in aerospace is the
need for large-scale EAPs in the form of
films and fibers. The required dimensions
can be as large as several meters or
 kilometers, and in such dimensions, they
can be used to produce large gossamer
 structures such as antennas, solar sails, and
various large optical components.
Biomimetic capabilities using EAP  material
will potentially allow space  agencies to
conduct missions on other planets using
robots that emulate human operation.

In an effort to promote the realization of
the potential of EAP materials, one of the
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Figure 3. Molecular motors, where shape change on the molecular level is used to form an
actuator (covered in Huang’s article). Principle: An artificial molecular muscle called bistable
[3]rotaxane is composed of a symmetrical dumbbell component with two rings interlocked
onto the dumbbell. The distance between the two rings contracts and extends upon
oxidation and reduction. These molecular muscles, when self-assembled on microcantilever
beams, are capable of bending and stretching the beams upon oxidation and reduction.

Figure 2. Illustration of the actuation mechanisms of the ionic EAP materials covered in
this issue. (a) The movement of either anions or cations during oxidation and reduction
generates a volume change in a conducting, conjugated polymer (covered in Smela’s
article). (b) Ionic polymer metal composites bend in response to an electric field as volume
increases at one electrode and decreases at the other (covered in the article by Park
et al.). (c) Application of a voltage on single, bundled, or sheets of carbon nanotubes in an
electrolyte generates charged surfaces in the materials. Accompanying changes in
carbon–carbon bond lengths allows controlled bending (covered in the article by Qu et al.).
(d) Application of voltage causes bending in salt-free acidic hydrogel, since water uptake
and swelling occurs near the embedded cathode (left) and water loss and shrinkage near
the embedded anode (right) (covered in the article by Calvert).
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guest editors of this special issue posed an
arm-wrestling challenge: human versus
EAP-actuated robotic arm.15 Success in
developing materials and controlling
them in devices to robotically arm-wrestle
against a human will enable additional
capabilities that are currently considered
impossible. It would allow applying EAP
materials to improve many aspects of our
life, including more effective implants and
prosthetics, active clothing, and realistic
biologically inspired robots, as well as fab-
ricating products with unmatched capa-
bilities and dexterity.

Summary and Outlook
For many years, electroactive polymers

received relatively little attention, due to
their limited actuation capability at the
level of a fraction of a percent of strain and
the small number of available materials.

Since the early 1990s, a series of new
EAP materials have emerged that exhibit
large strain levels from 4% to more than
100% and elastic energy density exceeding
1 J/cm3 in response to electrical stimula-
tion. This capability of the new EAP mate-
rials made them attractive as actuators for
their operational similarity to biological
muscles, particularly their resilience, dam-
age tolerance, and ability to induce large
actuation strains (stretching, contracting,
or bending).

Even though the actuation performance
of existing EAP materials and their robust-
ness require further improvement, there
have already been reported successes in
the development of EAP-actuated mecha-
nisms. Most of the considered applications
are still far from being practical. While
there are many potential applications, if
EAP materials are developed to operate
internal organs inside a human body, this

technology can have a tremendously posi-
tive impact on many human lives.

To make the field-activated EAP materials
applicable for commercial devices, it is nec-
essary for them to produce large strain
using dramatically lower voltages than
currently needed. This may be achieved by
increasing the polymer dielectric constant
using support fillers to form effective com-
posite EAP materials. Meanwhile, advanc-
ing the ionic group of EAP materials
requires increasing their response speed
and lifetime and developing new materials
that can be operated in “dry” environ-
ments by adding an effective protective
coating layer or working with solvents of
near-zero vapor pressure. Addressing these
challenges to improving the capability and
performance of EAP materials requires a
better understanding of their operation
mechanism along with improved fabrica-
tion and characterization techniques.

The field of EAPs is far from mature;
however, the number of researchers and
engineers who are pursuing careers in EAP-
related disciplines is steadily increasing,
which is helping to address the challenges
in the field and enhance the capabilities of
the materials. In order to exploit the highest
benefits from EAPs, multidisciplinary coop-
erative efforts need to grow among scien-
tists and engineers, including such experts
as chemists, materials scientists, roboticists,
computer and electronic engineers, and
medical professionals. Advances are
needed in developing a better understand-
ing of the material behavior. Effective sen-
sors and control algorithms are needed to
address the unique and challenging
requirements for practical EAP actuators.

Despite their limitations, EAPs have
unique properties that could fit niche
actuation, sensing, and biomimetic appli-

cations. The materials community contin-
ues to develop devices and applications
that take advantage of the current state of
the art of EAPs.
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Dartmouth as chair of
what was the Textile
Sciences Department. In
this position, he oversaw
the department’s conver-
sion into a materials
department with a focus
on soft materials. 

Calvert’s research
interests have migrated
through polymer crystal-
lization, composite mate-
rials, crystal-induced
joint diseases, ceramics
processing, biomimetic
materials, and process-
ing. His current research
is focused on methods to
print soft electronics and
biological materials.

Calvert can be reached
at the Department of
Materials and Textiles,
Rm. 213, University of
Massachusetts
Dartmouth, 285 Old
Westport Rd., North
Dartmouth, MA 02747
USA; tel. 508-999-8355
and e-mail pcalvert@
umassd.edu.

Zhongyang Cheng is an
associate professor in the
Materials Research and
Education Center and
the Department of
Mechanical Engineering
at Auburn University.

Cheng received his BS
degree in applied
physics, his MS degree in
electronic materials and
components, and his

PhD degree in electronic
engineering from Xi’an
Jiaotong University,
China. After graduation,
Cheng went to Heinrich
Hertz Institute in
Germany, where he was
a visiting scientist. He
then worked as a post-
doctoral research associ-
ate at the University of
Puerto Rico. Prior to join-
ing Auburn University in
2002, Cheng was a
research associate at the
Pennsylvania State
University for four years. 

Cheng’s research inter-
ests include various
smart materials (ferro-
electric, piezoelectric,
and dielectric ceramics
and polymers, magneto -
strictive alloys,
ceramic–polymer com-
posites) and their appli-
cations in actuators,
transducers, sensors, and
biosensors.

Cheng can be reached
at 275 Wilmore
Laboratory, Materials
Engineering, Auburn
University, Auburn, 
AL 36849 USA; tel. 
334-844-3419 and 
e-mail chengzh@
eng.auburn.edu.

Liming Dai is the Wright
Brothers Institute
Endowed Chair
Professor of Nano-
materials in the Depart-
ment of Chemical and
Materials Engineering at
University of Dayton,
Ohio. He also holds joint
appointments in the
Department of
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Chemistry and the
University of Dayton
Research Institute.

Dai’s expertise ranges
across several fields,
including synthesis, chem-
ical modification, and
device fabrication of
 conjugated polymers,
fullerene-containing poly-
mers, and carbon nano -
tubes. He has authored or
co-authored approxi-
mately 200 peer-reviewed
journal articles, review
papers, and book chap-
ters. Dai also has
 published a research
monograph on intelligent
macromolecules and an
edited book on carbon
nanotechnology and holds
roughly 20 registered or
provisional patents.

He has received several
awards, including the
2006 Sigma Xi George 
B. Noland Research
Award and the 2006
Outstanding Engineers
and Scientists Award
from the Affiliate
Societies Council of
Dayton.

Dai can be reached at
the Department of
Chemical and Materials
Engineering, School of
Engineering, University
of Dayton, 300 College
Park, Dayton, OH 45469
USA; tel. 937-229-2670
and e-mail ldai@
udayton.edu.

Tony Jun Huang is the
James Henderson
Assistant Professor of
Engineering Science and
Mechanics at the

Pennsylvania State
University.

He received a PhD
degree in mechanical and
aerospace engineering
from the University of
California, Los Angeles,
in 2005, and his BS and
MS degrees in energy
and power engineering
from Xi’an Jiaotong
University in China
in 1996 and 1999,
 respectively.

Huang’s research
interests include biomed-
ical nano-electro-
mechanical systems
(bio-NEMS), molecular
mechanics, nanomateri-
als and nanodevices, and
microfluidics. He has
received honors such as
the 2006 Rustum and
Della Roy Innovation in
Materials Research
Award from Penn State
and “one of the five most
intriguing articles in the
third quarter of 2005” by
CAS Science Spotlight.

Huang can be reached
at the Department of
Engineering Science and
Mechanics, the
Pennsylvania State
University, 212
Earth–Engineering
Sciences Bldg.,
University Park, PA
16802 USA; tel. 814-863-
4209 and e-mail 
junhuang@psu.edu.

Kwangmok Jung is a
postdoctoral scholar in
the Department of
Mechanical Engineering
at the University of
Nevada, Reno.

He received his BS,
MS, and PhD degrees in
mechanical engineering
from Sungkyunkwan
University, Korea, in
1991, 2002, and 2006,
respectively. Jung
worked for Daewoo
Motor Company from
1995 to 1999. Afterward,
he joined the Intelligent
Microsystem Research
Center in Korea.

Jung is actively work-
ing in the areas of elec-
troactive polymer
actuators and sensors.
His current research
interests focus on artifi-
cial muscle actuators and
sensors, microrobots, and
biomechatronics.

Jung can be reached
by e-mail at kwangj@
unr.edu.

Doyeon Kim is a princi-
pal engineer at
FormFactor Inc. in
Livermore, California.
He received his BS and
MS degrees in chemical
engineering from Inha
University in Korea, and
his PhD degree in
mechanical engineering
from the University of
Nevada, Reno.

Kim’s main research
interests include
 electrochemical analysis
and metallization for var-
ious applications. He
also has five years of
industrial experience,
specializing in electro-
chemistry.

Kim can be reached at
FormFactor Inc., 7005
SouthFront Rd.,

Livermore, CA 94551
USA; tel. 925-290-4000.

Kwang J. Kim is profes-
sor and chair of the
Mechanical Engineering
Department and director
of both the Active
Materials and Processing
Laboratory and the
Advanced Energy
Laboratory at the
University of Nevada,
Reno.

He graduated from
Yonsei University, South
Korea, in 1987 and
received his MS and PhD
degrees from Arizona
State University in 1989
and 1992, respectively.
Afterward, Kim com-
pleted his postdoctoral
study at the University of
Maryland.

Kim was a senior
research engineer at
Thermal Electric Devices
Inc. from 1995 to 1997
and chief scientist at
Environmental Robots
Inc. in Albuquerque,
N.M., from 1997 to 2001.
He was also an adjunct
professor at the
University of New
Mexico from 1996 to
2001. He joined UNR as
an assistant professor in
2001, becoming a full
professor in 2007.

Kim’s research inter-
ests are in a broad spec-
trum of active materials,
sensors, and renewable
energy systems. He has
authored and co-
authored more than 200
technical papers, includ-
ing over 90 refereed jour-

nal papers and two
books. Kim also holds
one U.S. patent.

He is a recipient of the
2006 UNR Lemelson
Award for Innovation
and Entrepreneurship,
the 2002 Ralph E. Powe
Junior Faculty
Enhancement Award
from Oak Ridge
Associated Universities,
and a co-recipient of the
1997 Best Paper Award
from ASME/Advanced
Energy Systems/HPTC.

Kim can be reached at
the Mechanical
Engineering Department,
MS 312, University of
Nevada, Reno, Reno, NV
89577 USA; tel. 775-784-
7522 and e-mail
kwangkim@unr.edu.

Sang-Mun Kim is a doc-
toral student in the
Department of
Mechanical Engineering
at the University of
Nevada, Reno.

Kim received his MS
degree in ceramic engi-
neering at Yonsei
University in 2004 and
his BS degree in materi-
als science and engineer-
ing at Kunsan National
University in 2001. He
worked as a student
researcher on optical
thin-film materials,
including a 3D electro-
magnetic simulation
based on semiconducting
processes at the Korea
Institute of Science and
Technology.

Kim’s current research
interests at the UNR
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Active Materials and
Processing Laboratory
include development
and applications of 
electroactive-
polymer–based artificial-
muscle–driven biorobotic
actuators.

Kim can be reached at
the Mechanical
Engineering Department,
University of Nevada,
Reno, Reno, NV 89577
USA; e-mail kims42@
unr.nevada.edu.

Il-Seok Park is a post-
doctoral research scholar
in the Active Materials
and Processing
Laboratory at the
University of Nevada.

Park received his PhD
degree in ceramic engi-
neering from Yonsei
University, South Korea,
in 2005, and his MS and
BS degrees in aviation
materials engineering
from Korea Aerospace
University in 1997 and
1995, respectively. His
research experience
includes an internship
and a student researcher
position at the Korea
Institute of Science and
Technology.

He has published 38
technical papers and
holds five Korean
patents with two pend-
ing. Park’s research is
based in biomaterials
(all-ceramic dental
crowns, artificial hip
joints, and ceramic
implants) and electronic
components. His current
research interests are in

artificial-muscle materi-
als and hydrogen energy
systems.

Park can be reached at
the Mechanical
Engineering Department,
University of Nevada,
Reno, Reno, NV 89577
USA; e-mail ilseok@
unr.edu.

Qiang Peng is a postdoc-
toral researcher in Liming
Dai’s group at the
University of Dayton,
Ohio. Peng received his
PhD degree in organic
chemistry from Sichuan
University in China in
2004. Through August
2006, he held a Singapore
Millennium Foundation
postdoctoral fellowship in
the Department of
Chemical and Biomolec-
ular Engineering at the
National University of
Singapore.

Peng’s research areas
include the synthesis and
characterization of
organic/polymer opto-
electronic materials,
nanomaterials, and
devices.

Peng can be reached at
the Department of
Chemical and Materials
Engineering, School of
Engineering, University
of Dayton, Dayton, OH
45469 USA; e-mail
pengqian@notes.
udayton.edu.

Liangti Qu is a member
of professor Liming Dai’s
research group at the
University of Dayton. Qu
received his PhD degree

in chemistry from
Tsinghua University in
Beijing, China, in 2004.
Afterward, he joined pro-
fessor Dai’s group at the
University of Dayton.
His current work focuses
on the preparation of
ordered carbon-based
nanomaterials, including
aligned single-walled
and multiwalled carbon
nanotubes, and their
selective functionaliza-
tion with inorganic and
organic nanocomponents
for various applications.

Qu can be reached at
the Department of
Chemical and Materials
Engineering, School of
Engineering, University
of Dayton, Dayton, OH
45469 USA; e-mail
quliangz@notes.
udayton.edu.

Elisabeth Smela is an
associate professor in the
Department of Mechanical
Engineering at the
University of Maryland.

She received her BS
degree in physics from
the Massachusetts
Institute of Technology
and completed her PhD
degree in electrical engi-
neering at the University
of Pennsylvania. Smela
then worked at Linköping
University in Sweden and
at Risø National
Laboratory in Denmark.

In 1999, she joined the
startup company Santa
Fe Science and Techno-
logy in New Mexico as
vice president of research
and development. Her

research interests are in
polymer MEMS and
bioMEMS and more gen-
erally in combining
organic materials with
conventional inorganic
materials to make new
microscale devices.

Smela is a recipient of
thee Presidential Early
Career Award for
Scientists and Engineers,
the DuPont Young
Professor Award, the
Clark School’s E. Robert
Kent Outstanding
Teaching Award for
Junior Faculty, and UM’s
Outstanding Invention of
the Year Award in 2004.
She has published more
than 50 journal papers, of
which three have
appeared in Science.

Smela can be reached
at the Department of
Mechanical Engineering,
University of Maryland,
2176 Glenn L. Martin
Hall, College Park, MD
20742 USA; tel. 301-405-
5265, e-mail smela@eng.
umd.edu, and URL
www.wam.umd.edu/
~smela.

Geoffrey M. Spinks is a
professor of materials
engineering at the
University of
Wollongong, Australia.

His original training
was in the mechanical
properties of polymers.
More recently, he has con-
ducted research into the
mechanical properties and
processing of conducting
polymers. His work has
included substantial

research on the develop-
ment and characterization
of electromechanical
 actuators using conduct-
ing polymers and carbon
nano tubes. Spinks has co-
authored one book and
more than 100  journal arti-
cles and conference papers
and serves as a member of
the editorial board for
Progress in Organic
Coatings.

In 1997, Spinks was
awarded the Polymer
Science and Technology
Achievement Award
from the Polymer
Division of the Royal
Australian Chemical
Institute for outstanding
research in polymers.

Spinks can be reached
by e-mail at IPRI,
University of
Wollongong, Northfields
Ave., Wollongong, NSW
2522 Australia; e-mail
gspinks@uow.edu.au.

Gordon G. Wallace is
research director of the
Australian Research
Council (ARC) Centre of
Excellence for
Electromaterials Science.
He holds a DSc degree
from Deakin University.

In 1990, Wallace was
appointed professor at
the University of
Wollongong. He was
awarded an ARC Queen
Elizabeth II Fellowship in
1991 and an ARC Senior
Research Fellowship in
1995. In 2002, Wallace
was appointed to an
ARC Professorial
Fellowship and then
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received an E.T.S. Walton
Fellowship from the
Science Foundation
Ireland in 2003.

He is a fellow of the
Australian Academy of
Technological Sciences

and Engineering, the
Royal Australian
Chemical Institute
(RACI), and the Institute
of Physics (U.K.). In 2006,
he was awarded an ARC
Federation Fellowship.

He received the inaugural
Polymer Science and
Technology Achievement
Award from RACI in 1992
and RACI’s R.H. Stokes
Medal for research in elec-
trochemistry in 2004.

Wallace has published
more than 380 refereed
publications and a mono-
graph on inherently
 conducting polymers for
intelligent materials
 systems.

Wallace can be reached
at IPRI, University of
Wollongong, Northfields
Ave., Wollongong, NSW
2522 Australia; e-mail
gordon_wallace@uow.
edu.au. ■■

Electroactive Polymer Actuators and Sensors

MRS BULLETIN • VOLUME 33 • MARCH 2008 • www.mrs.org/bulletin 181

https://doi.org/10.1557/mrs2008.42 Published online by Cambridge University Press

https://doi.org/10.1557/mrs2008.42

