
RESEARCH/RESEARCHERS

Custom Cell Surface
Engineering May Increase
Adhesion to Wide Range of
Materials

Carolyn Bertozzi and her colleagues at
the Ernest Orlando Lawrence Berkeley
National Laboratory have used natural
biological processes to plant artificial
markers on the surfaces of living cells.
With these markers, cell surfaces can be
engineered to control cell adhesion to
synthetic organic polymers, metals,
ceramics, and other materials used in the
walls of bioreactors, and in biomedical
implants such as pacemakers and artifi-
cial organs. Bertozzi's group has used this
cell-surface engineering to turn cancer
cells into bright targets for diagnostic
probes and cell-killing toxins.

Cell surfaces are decorated with oligo-
saccharides—complex structures strung
together inside the cell from a few simple
sugars. Different kinds of cells display dif-
ferent oligosaccharides, and even the same
kinds of cells display different patterns
depending on their stage of development
or environment. Since each oligosaccha-
ride is chemically unique, each imparts to
the cell a unique surface for interaction
with the outside world.

Bertozzi said that if a properly designed
synthetic sugar with novel chemical prop-
erties could be ingested by the cell, the
sugar might be incorporated in an
oligosaccharide and delivered to the sur-
face. The result would be a cell with new
surface properties.

To demonstrate the technique, she and
her colleagues chose an analogue of sialic
acid, a sugar which in its natural form is
often found in the cell-surface oligosaccha-
rides of human cells. "We planned to use
an unnatural sugar related to sialic acid,
one that carries an unnatural functional

, group. We hoped that if the cells ate the
unnatural sugar—without noticing, so to
speak—they would install it along with its
functional group in oligosaccharides, and
thus decorate themselves with these
unnatural markers."

To tag the sialic acid, Bertozzi's team
chose the ketone group, a functional
group that was not normally found on
cell surfaces but was not harmful either,
and could react with other groups on syn-
thetic materials, and under physiological
conditions, such as a watery environment
and mammalian body temperature.

Rarely found on cell surfaces, ketones
react strongly with a functional group
called a hydrazide; the special reactivity
of the ketone could allow a selective affin-
ity for materials (such as ceramics, organ-
ic thin films, and metals) that had been

outfitted with a hydrazide group.
The natural chemical precursor of sialic

acid is called N-acetyl mannosamine—
more conveniently known as ManNAc—
but Bertozzi and her colleagues fed cul-
tured cells an artificially synthesized pre-
cursor known as ManLev, identical except
that it contains a ketone group. The cells
consequently manufactured sialic-acid
oligosaccharides with ketones and ex-
pressed them in copious amounts on their
surfaces—over a million copies on the sur-
faces of most cells. The researchers found
they could precisely control the degree of
ketone labeling by adjusting the relative

amounts of natural (ManNAc) and unnat-
ural (ManLev) precursors fed to the cells.

Bertozzi and her colleagues showed
that ketone-labeled cancer cells, otherwise
robust, could be made uniquely vulnera-
ble to a derivative of the natural plant
toxin ricin. The ricin analog, synthetically
armed with the reactive hydrazide group,
sought out and reacted with the ketone-
labeled cells.

Jane-Lun Bredas Receives 1997
Francqui Prize

Jane-Lun Bredas (Mons University,
Belgium), of the Material Research Group

Advanced Metallization Conference
October 6-8,1998, in Colorado Springs, Colorado
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the field of advanced metallization for IC applications.
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at RIKEN, Japan, has received the 1997
Francqui Prize. She is honored for her the-
oretical analysis of the electronic structure
of conductive polymers, which has pro-
vided an important contribution to experi-
mental method and has become estab-
lished as a foundation for new materials
research. The Francqui Prize is the highest
scientific honor award in Belgium, pre-
sented by the King of Belgium.

Superconductive Motor
Reaches 104 hp at 77 K

Scientists and engineers at the Naval
Research Laboratory (NRL) and the
Naval Surface Warfare Center (NSWC)—
Carderock Division have demonstrated a
superconductive motor performance out-
put using Tc superconducting field mag-
nets of 104 hp with its high-Tc field wind-
ings cooled to 77 K using liquid nitrogen,

Otto Schmitt, professor emeritus of Physics and Electrical
Engineering at the University of Minnesota, died January 6 of natural
causes. He was 84.

Schmitt joined the faculty at the University of Minnesota in the
mid-1940s. He was hired by President Franklin D. Roosevelt's science
advisor for research during War World II. Among his inventions
were a magnetic anomaly detector, or "mad gear," which detected
changes in magnetic fields to pinpoint the presence of enemy sub-
marines. He found a way to distract German radar operators by trans-
mitting jokes slightly off channel. "When the operators listened to the
jokes they couldn't keep track of their radar signals. It fooled some of
them for months," said Bill DeLaittre, a friend of the family.

Schmitt had over 60 patents and authored more than 300 technical publications. An inven-
tion he is best known for is the "Schmitt trigger," developed in 1938. It is used in millions of
electronic devices, including computers. He was a member of the National Academy of
Engineering and was inducted into the Minnesota Inventors Hall of Fame. "He was a brilliant
man whose interests spanned everything from anti-submarine warfare to nerve impulse con-
duction," said Paul Loftness, a former student of Schmitt.
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according to Don Waltman, NSWC—
Annapolis. The previous known record
for a motor having a high-Tc field wind-
ing and operating at a temperature of 77
K was 5 hp. At a field winding tempera-
ture of 28 K using liquid neon, the motor
produced 230 hp of shaft power and at a
temperature of 4.2 K, cooled with liquid
helium, the machine produced 320 hp.

The field magnet for the motor consists
of six discrete coils wound with high-Tc
superconducting wire made with bis-
muth strontium calcium copper oxide
(2223). The performances of these new
superconducting coils represent signifi-
cant progress and improvement over
high-Tc superconducting coils that had
been previously installed and tested in
the same motor in the fall of 1995 when
motor outputs of 167 hp and 122 hp were
measured at field winding temperatures
of 4.2 K and 28 K, respectively.

The motor is a dc homopolar or acyclic
machine whose original design and con-
struction used field magnets fabricated
with niobium titanium superconducting
wire, which is the most widely used super-
conducting material for magnet applica-
tions. Niobium titanium superconducting
wire belongs to the class of superconduct-
ing materials commonly called low-Tc
superconductors which are superconduct-
ing only in the temperature range of 20 K
or less. In most applications, such as the
magnets for magnetic resonance imaging
systems used by many hospitals, the niobi-
um titanium superconducting magnets are
cooled using liquid helium. In contrast, the
high-Tc superconducting materials offer
the advantage of being cooled with liquid
nitrogen, which is more plentiful and less
costly than liquid helium.

The NSWC homopolar motor was select-
ed to demonstrate the performance of the
high-Tc materials, because it is a funda-
mental property of homopolar machines
that there are no forces developed on the
field winding of the motor in reaction to
the electromagnetically induced torque in
its rotor. This property, therefore, reduces
the design complexity of the superconduct-
ing magnets and the suspension compo-
nents to structurally support the magnets
in the machine.

Polypeptide Grown From Flat
Surfaces Form Helical Change
in a Polar Arrangement

Researchers at the Max Planck Institute
for Polymer Research in Mainz and at the
University of Groningen have investigated
the electromechanical properties of poly-
peptides grown directly from a flat sur-
face. They published their results in the
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January 2 issue of Science. One of the chal-
lenges of supramolecular chemistry is the
manufacture of ultrathin layers with a per-
ceptible and stable polar order. Following
the approach by Whitesell and Chang
(Science 261[1993] 73) the researchers have
grown monomolecular films of 15-nm
thickness of the helical polypeptide poly-
gamma-benzyl-L-glutamate (PBLG)
directly from a flat aluminum surface.
Infrared spectra indicated that the a-helical
polypeptide stands upright on the surface.
Determination of the electric field-induced
change in film thickness is a measure of
the degree of polar order. The Nomarski
optical interferometer (Winkelhahn et al.,
Applied Physics Letter 64 [1994] 1347), capa-
ble of detecting periodic thickness changes
with sup-picometer resolution, provides
such electromechanical data. The mea-
sured PBLG film polarization was found
to be comparable to that of conventional
ferroelectric materials. This result demon-
strates that the polymerization starting
from the surface forces the helical chains
into a polar arrangement.

Despite having piezoelectric coeffi-
cients less than those of most commercial
materials, these piezoelectric-active films
can be grown on a variety of electrodes,
even on flexible substrates, without the
need for subsequent poling. An addition-
al advantage of this electromechanical
interferometer is the possibility to esti-
mate the mechanical plate modulus of an
ultrathin film. The coupling of the electri-
cal and mechanical properties allows the
direct probing of the mechanical moduli
of polypeptides in the biological relevant
a-helical conformation. The researchers'
results verify the theoretical prediction
(Helfrich et al., Macromolecules 27 [1994]
472) for a single polypeptide in its helical
form along the helical axis.

Theory and Experiment Suggest
Atom-Sized Electronic Devices
Exist Within Carbon Nanotubes

Scientists with the Ernest Orlando
Lawrence Berkeley National Laboratory
(Berkeley Lab) have confirmed the possible
existence of atom-sized electronic devices
on nanotubes. According to a theory pro-
posed by Berkeley Lab physicists Marvin
Cohen and Steven Louie, both also with
the University of California—Berkeley, an
electronic device could be created at the
interface between two dissimilar nan-
otubes, one that acts as a metal and one
that acts as a semiconductor. This would
create a Schottky barrier. Under the scheme
envisioned by Cohen and Louie, the two
dissimilar tubes would be connected by the
introduction of pentagon-heptagon pair

defects (rings of five and seven carbon
atoms) into the interface region.

As reported in the October 10, 1997
issue of Science, Alex Zettl and Phil
Collins have confirmed that Schottky bar-
riers exist along carbon nanotubes. They
brought the tip of a scanning tunneling
microscope (STM) into contact with a tan-
gle of nanotubes on a substrate, then
slowly withdrew it. Van der Waals forces
induced a single nanotube to stick to the
tip of the STM and the researchers care-
fully stretched it out from the other nano-

tubes on the substrate. Once a single nan-
otube was extracted, the researchers slid
the STM tip across its entire surface to
measure variations in an electrical current
passing through.

Zettl said, "We measured distinct
changes in the conductivity as the active
length of the nanotube was increased,
suggesting that different segments of the
nanotube exhibit different electronic
properties. The changes occurred over
very short lengths and were suggestive of
on-tube nanodevices."
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PHYSICS OF SOLID-STATE LASER MATERIALS

; H A R D C O V E R / $ S 9 95/ISBN I-5396-658-1/ATOMIC, MOLECULAR, AND OPTICAL

A. M. ZAGOSK.IN, University of British Columbia Vancouver,
E>C, Canada

QUANTUM THEORY OF
MANY-BODY SYSTEMS
Techniques and Applications

This self-contained treatment of the physics of many-
body systems from the point of view of condensed mat-
ter covers ail the important diagram techniques for normal
and superconducting systems. It employs the mathematical
formalisms of quasiparticles and Green's functions.
Examples are drawn from mesoscopic physics, where
systems are small enough that quantum coherence is
maintained throughout theirvolume and which thus pro-
vide an ideal test ing ground fo r many-body
theories. Problems at the end of each chapter help to
guide learning and to illustrate the applications of the
formalism.

1998/APPROX. 248 PP.. 122 ILLUS./HARDCOVER/$49.95
ISBN 0-387-98384-8
GRADUATE TEXTS IN CONTEMPORARY PHYSICS

R.E. H U M M E L , University ofFlonda, Gainesville

UNDERSTANDING MATERIALS SCIENCE
History, Properties, Applications

This introduction to materials science examines not only
the physical and engineenng properties of materials, but
also their history, development, and uses. It covers all
the topics normally taught in a one-semester course, but
from an entirely different perspective: Hummel orga-
nizes the major classes of matenals chronologically, pro-
gressing through matenals in the order humanity learned
to add them to its cultural and technological repertoire.
He explains the physical properties of common mate-
rial as well as "exotic matenals," such as superalloys, high-
tech ceramics, and optical and electronic materials.
Exercises conclude chapters. Complimentary examination
copies are available to qualified instructors.

1998/APPROX. 416 PP., 351 ILLUS.

HARDCOVER/S59.95/ISBN 0-387-98303-1

H. KUZMANY, University of Vienna, Austria

SOLID-STATE SPECTROSCOPY
An Introduction

Spectroscopic methods, using electromagnetic radiation
or charged or neutral particles, continue to be refined
and to expand our knowledge of the detailed structure
of solid-state materials. This graduate-level text elucidates
the theory, methods, and applications of these techniques,
including the latest advances with lasers and synchrotrons.
It covers such topics as Fourier-transform spectroscopy,
pulsed and magnetic NMR techniques, photoemission,
and light and electron scattering. Includes many useful
illustrations, tables, and problems.
1998/APPROX. 480 PP.. 236 ILLUS. 30 TABLES
H ARDCOVER/$64.95/ISBN 3-540-63913-6

R.L. FLEISCHER, Union College, Schenectady, NY

TRACKS TO INNOVATION
Nuclear Tracks in Science and Technology

A serendipitous discovery in nuclear physics, that ener-
getic charged particles leave latent tracks in matenals,
has led to a useful tool in materials science. When an
affected material is chemically etched, the tracks are
revealed as narrow, deep pits, whose size and shape is
determined both by the particle that made the track
and by the technique used in etching. This discovery
has also found widespread applications in other fields,
ranging from geology and materials science to archae-
ology and art history. Fleischer presents the fascinating
history of these developments and discusses the appli-
cations of the technique in a way that will be interest-
ing to anyone with a minimal knowledge of physics.
1998/193 PP., 92 ILLUS./HARDCOVER/$49.95

ISBN 0-387-98342-2

P. ESQUINAZI, University of Leipzig, Germany (ed.)

TUNNELING SYSTEMS IN SOLIDS
Advances in applied superconductivity require greater
understanding of the behavior of matter under extreme-
ly low temperatures. This is a comprehensive discussion
of the key experiments and latest theories concerning
the dynamics of tunneling systems in solids, particularly
at low temperatures. The book fully describes the details
of relevant experiments and new theories, providing a
wealth of information on the subject, including useful
introductory surveys and ideas on current research
directions.
1998/APPROX. 600 PP., 180 ILLUS.
HARDCOVER/$89.00 (TENT.)
ISBN 3-540-63960-8

T. ISHIGURO, Kyoto University Japan, K. YAMAJI,
Tsukuaba, Japan, G. SAITO, Kyoto University, Japan

ORGANIC SUPERCONDUCTORS
Second Edition

This book is an introduction to organic conductors and
superconductors and a review of the current status of
the field. It first discusses their structure and electronic
properties, using typical compounds as examples. In addi-
tion to explaining underlying theories of superconduc-
tivity, including spin-density waves, the monograph
addresses their design and synthesis. The second edi-
tion covers research of the last few years and better
integrates the chemical and physical aspects..
1998/APPROX. 288 PP., 188 ILLUS.

SOFTCOVER/$54.00 (TENT.)

ISBN 3-540-63025-2

SPRINGER SERIES IN SOLID-STATE SCIENCES, VOL. 88

S.M. METEV, Bremen Institute of Beam Technology, Bremen,
Germany, and V.P. VEIKO, Institute of Precise Mechanics and
Optics, St. Petersburg, Russia

LASER-ASSISTED MICROTECHNOLOGY
Second Edition

Laser-Assisted Microtechnology deals with laser applica-
tions to a wide variety of problems in microelectronic
design and fabrication. It covers micromachinmg of thin
films, microprocessing of materials, maskless laser
micropatteming and laser-assisted synthesis of thin-film
systems. The monograph describes fundamental aspects
and practical details of the technological processes as
well as the optimum conditions for their realization. The
new edition reflects the latest advances in the field

1998/251 PP., 98 ILLUS.. 17 TABS
HARDCOVER/$69.00 (TENT.)/ISBN 3-540-63973-X
SPRINGER SERIES IN MATERIALS SCIENCE, VOL. 19
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Research News Brief from AlChE
The American Institute of Chemical Engineers (AIChE)

held its annual meeting in Los Angeles on November 16-21,
1997, presenting 284 sessions. Among the sessions were top-
ics on biomaterials and on modeling food dehydration
processes.

Polymer Scaffolds Provide Insight into Guided Tissue
Regeneration

Eser Yuksel, a physician in the Division of Plastic Surgery
at Baylor College of Medicine in Houston, Texas, described
a method of post-mastectomy reconstruction that uses bio-
engineered polymers to allow a breast to regenerate itself.
Scientists at Baylor College and Rice University have creat-
ed a tissue scaffold of a biodegradable polymer blend of
polylactic and glycolic acid (PLGA). This scaffold is used
along with long-term growth factor delivery systems—
using microspheres of 12-um diameter—that "stimulate and
guide cell differentiation, proliferation, and migration to
produce soft tissue in the three-dimensional shape desired,"
Yuksel said. That is, cells from the surrounding tissue infil-
trate the scaffold during resorption, "ideally replacing the
scaffold with soft tissue (adipocytes, fibroblasts, endothetlial
cells and matrix)," according to the researchers. As the new
tissue grows, the polymer scaffolding slowly disintegrates.
Yuksel said, "The results of this study will be informative in
guided tissue regeneration for soft tissues."

Food Dehydration Processes Modeled
The key to good quality cooked pasta is the uniformity of

the cooking process. According to Moez Bouraoui, a post-
doctoral research assistant at Purdue University, the quality
of pasta depends on the temperature at which it is dried by
the manufacturer. Bouraoui reported that most processed
dry pasta is hot-air dried at temperatures in the range of
40-80°C. Bouraoui and the engineers at the university found
that the optimum temperature for drying was 100°C.

During cooking, pasta undergoes a transition from a
glassy state to a rubbery state, and its material properties—
especially viscosity and diffusivity—change as a result of
increased temperature and moisture content. However,
because pasta is hydrated from the outside to the inside, this
transition impacts the firmness and uniformity of cooking.
Often, this results in a hard inner core while the outer edges
are overcooked.

Bouraoui said that researchers at the University of Illinois
have used magnetic resonance imaging to measure profiles
of moisture distribution in pasta. Bouraoui's research team
used simulations obtained with nuclear magnetic resonance
imaging to match these profiles in order to develop a pasta
that cooks more evenly. Bouraoui's team found that "pasta
should be dried in the rubbery state so the structure can col-
lapse as moisture is removed."

Technique Developed for Stacking
Sequence Determination

Researchers at IBM—Zurich have developed a direct procedure,
combining a vacuum annealing process with friction force
miaoscopy (FFM), to determine the stacking sequence for SrTiC>3
(STO), including the terminating layer (TL). According to Jean-
Pierre Locquet, the researchers annealed the STO substrates in vac-
uum (10~7 Torr) for about 1 h at various temperatures, revealing

MRS BULLETIN/MARCH 1998
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through scanning force microscopy two TL
(n +1/2 one-unit-cell steps, a TiO2 TL and
an SrO TL). With FFM, they observed the
lateral distribution of TL: A change of con-
trast occurs only when a (n +1/2) one-unit-
cell step is involved. In other words, higher
friction corresponds to the SrO TL, and
lower friction to the TiO2 TL. The
researchers said that the origin of the fric-
tion contrast is high oxygen desorption
from the TiC>2 layer at high temperatures
during vacuum annealing. According to the
researchers' article published in Applied
Physics Letters, the TL influences the terrace
edge structure, "The TiCh-terminated ter-
race edges meander along [100] and [010]
for typically 10-50 run, whereas the SrO-ter-
minated terraces edges are curved with a
radius of approximately 70-300 run."

The ability to add a single monolayer to
ultrathin films enables researchers to tai-
lor the properties of one-unit-cell films.
While Locquet and his colleagues have
identified how TLs influence the terrace
edge structure, they do not yet know

whether the determination is based on
kinetics or thermodynamics.

Dynamic Holography Using
Photorefractive Quantum Well
Enhances Laser Doppler
Signal

Researchers at Purdue University have
demonstrated a method for using lasers
and semiconductors to accurately measure
the velocity of a moving object. The
method relies on a principle similar to that
of a strobe light, which can make a moving
object appear to stand still by illuminating
it with very short flashes of light, except
the researchers have done the opposite:
They have used an electronic strobe to
make light appear to stand still. By captur-
ing light in this way, the researchers can
use laser beams to watch a moving object.
The special properties of the strobe result
in a cleaner signal coming back from the
moving object, resulting in a more accu-
rate measurement of its speed.

They accomplished this effect by using
a photorefractive quantum well, which
was developed by David D. Nolte, pro-
fessor of physics at the university, and his
graduate student, Indrajit Lahiri.

Nolte said, "Our device is unique in
that it measures velocities by constantly
adapting to and compensating for
unwanted light signals caused by envi-
ronmental factors, such as vibrations and
atmospheric fluctuations."

According to the researchers' article pub-
lished in the January 1 issue of Optic Letters,
the device determines velocity by measur-
ing the Doppler shift of laser light as it is
reflected off a moving object. Getting a
Doppler shift off a moving object is not
new, Nolte said. He said, "The big problem
is that when you shine a laser on a moving
object, the light that is reflected back has
horrible properties. You get a hodgepodge
pattern of bright and dark speckles, instead
of a nice, uniform intensity pattern. This
makes it difficult to get a reliable measure-
ment of the Doppler shift."
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Other factors also degrade the quality of
the laser light, such as vibrations, changes
in temperature, and atmospheric effects.
Together with the speckling problem, all
these effects fall into a category that Nolte
calls "nuisance" effects because they make
Doppler shift measurements difficult.

Nolte said, "Our device eliminates
these nuisance effects by using dynamic
holography, where the semiconductor
device acts as a holographic film. This
method is about the only way to com-
pletely eliminate them."

According to Nolte, when a strobe is
applied across the device, it takes a holo-
graphic snapshot of the light hitting it.
Each electronic strobe lasts only one mil-
lionth of a second, recording a new holo-
gram for each pulse—and making the
hologram stand still, if only for a millisec-
ond. The strobe frequency, on the order of
a kilohertz or tens of kilohertz, filters out
any changes in the light that occur below
those frequencies. All the nuisance fre-
quencies fall within this range and are
therefore removed by the device. On the

other hand, the Doppler-shifted light com-
ing from a moving object has a frequency
in the megahertz range, one thousand
times faster than the frequency of the elec-
tronic strobe. So, this light travels unim-
peded through the device to a detector.

Nolte said a research group in France
has used dynamic holograms inside bulk
crystals and bulk semiconductors to mea-
sure vibrations. Nolte's group, however,
has used dynamic holograms to measure
velocity, not vibration. •
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