Can plasma clean auto exhaust?

Despite years of research, automobiles
remain a major contributor to air pollu-
tion. This pollution might be greatly re-
duced if preliminary

research on a new

compact plasma-

boosted processor

is borne out in

practice. The de-

vice, known as a

compact plasma-

tron fuel converter,

is used to convert

a portion of an

auto’s gasoline

into hydrogen gas,

which is mixed into

the fuel entering 2

the engine. Such as

hydrogen-enriched
mixture can burn
with a leaner fuel-
to-air ratio, reduc-
ing nitrogen oxide
emissions by a fac-
tor of 10 below
current levels.

Dan Cohn, of
the Massachu-
setts Institute of
Technology (MIT)
Plasma Science and Fusion Center, report-
ed on the compact plasmatron fuel con-
verter’s results in the International Journal
of Hydrogen Energy (1999, 24, 341) and at
the December 1999 meeting of the Ameri-
can Physical Society in Seattle. The work
has involved collaboration between MIT,
Pacific Northwest National Laboratory
(Richland, WA), and Oak Ridge National
Laboratory in Tennessee.

“Our experiments show that plasmatron
fuel converters can convert 70% of the ener-
gy content in hydrocarbon fuels to hydrogen-
rich gas,” Cohn explains. “When the hydro-
gen-rich gas is burned together with gasoline,
the engine can operate with more excess air,
thus reducing pollutants and improving effi-
ciency.” Such pollution is especially great
when an engine starts, because at that point
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reducing pollution.
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One quarter of the car’s gasoline is fed
through the microplasmatron reformer with
air to produce hydrogen-rich gas that is fed

to the engine, improving efficiency and

catalytic converters are too cold to function
properly. Adding plasmatron-produced hydro-
gen at start-up would cut hydrocarbon emis-
sions.

The plasma-
tron consists of
small coaxial
electrodes with
the cathode on
the inside. An
electric discharge
travels through
the gas (which
becomes ionized,
creating a plas-
ma) to the anode.
The reactive
species produced
by the plasma
and the turbulent
motion of the
plasma facilitate
rapid production
of hydrogen. The
carbon in the
hydrocarbons is
partially oxidized
to carbon monox-
ide, so some
energy is
lost in the
process, and an additional small
amount of energy is used to drive the
electric current. However, Cohn and his
colleagues calculate that when about a
quarter of the fuel is treated by the
plasmatron, the gain in engine efficien-
cy makes up for the energy loss of
about 5% to 7%.

Because of their high energy density,
plasmatrons are less than 30 cm long
and weigh less than 10 kg. Cohn esti-
mates that they could add less than
$300 to the cost of a vehicle. Theoreti-
cal calculations and some experiments
by other groups indicate that hydrogen
mixtures will greatly decrease pollution
in spark-ignited engines. Recently, a

commercial engine. The results were consis-
tent with projections, which indicated that
an inexpensive method to cut automotive-
generated smog might be at hand.

Nanotube nanotweezers
The development and manufacture of
nanoscale machines and electronic
devices require tools that can manipulate
such tiny objects. Although atomic force
microscopes (AFMs) can be used to push
individual atoms around on a plane, there
has been no way to simply pick up
nanometer-scale objects and relocate
them in three-dimensional space. In addi-
tion, using just single-tip probes has made
it difficult to measure electrical properties,
which requires two points of contact.

As a result, researchers have sought to
develop tweezers that can pick up nano-
objects. In theory, tweezers made from thin
conductors could be closed and opened by
applying potentials to the two arms. Tweez-
ers with diameters of only 250 nm have
been generated from single silicon crystals
by using conventional lithography methods,
but much smaller tweezers are needed for
nanoscale manipulation.

Electron microscope images of two tweezer

joint MIT-Oak Ridge team ran laborato- arms less than 50 nm in diameter grabbing
ry tests with plasmatrons linked to a 310-nm-diameter polystyrene spheres.
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Phillip Kim and Charles M. Lieber of Har-
vard University have now created tiny
tweezers using the carbon cylinders known
as nanotubes (see The Industrial Physicist,
12799, pp. 22-25). They attached multi-
walled nanotubes only 50 nm in diameter
to a tapered glass micropipette. The nan-
otubes were attached atop deposited lay-
ers of gold to form separate electrodes on
each side of the micropipette. With no volt-
age applied, the tweezers stay open with a
gap of about 80 to 100 nm. But as the
applied voltage increases to about 8.3 V,
the tweezers close, snapping shut at 8.5 V.

“We showed that the nonlinear electrical
forces can’t be balanced by the nanotubes’
elastic resistance above a critical voltage,
causing the sudden closure,” explains
Lieber. Applying potential of the same
polarity to both electrodes causes the
tweezers to snap open again.

To test the tweezers, the Harvard team
used them to grasp nanoclusters of poly-
styrene spheres that were only 310 nm in
diameter. They also grabbed gallium
arsenide nanowires, pulling them out of an
entangled web of fibers, and measured
their electrical conductivity.

Such nanotube nanotweezers can be
exploited for several purposes, including
performing surgery on single cells and as
two-tip conducting AFM probes to measure
the electrical conductivity in individual mol-
ecules. Most obviously, they can be used
to create prototypes of three-dimensional
nanostructures that cannot be created by
standard lithography techniques.

Lieber believes that the limits of such
nanotube tweezers have not yet been
reached. By substituting single-walled nan-
otubes for multiwalled nanotubes and
using somewhat different methods to
attach them to a pipette, 2-nm-diameter
tweezers might be produced that can pick
up large molecules and the thinnest of
nanotubes themselves.

Faster photography

Although charge-coupled devices
(CCDs) have replaced photographic

emulsions for many scientific purposes,
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the high resolution and permanent nature
of film have ensured its continued central
role in recording images in the laboratory
and its dominance in the consumer mar-
ket. But photographic emulsions are much
less efficient than CCDs in recording low
light levels—they are “slower,” requiring
longer exposures for the same light levels.

Now, a new additive to chemical emulsions
may increase the light sensitivity of film
10-fold without cutting its resolution.

The new additive, or doping—proposed by
Jacqueline Belloni and other researchers at
the Université Paris Sud (Orsay, France) and
at the Research and Development Laborato-
ries of the film manufacturer Agfa-Gevaert




(Mortsel, Belgium)—is the formate ion
(HCO5™). These ions can both double the
theoretical efficiency of silver halide film and
bring actual performance of the film close to
the new theoretical limit.

The photographic process involves sever-
al steps, and efficiency can be reduced at
each one. First, photons generate electron-
hole pairs in silver halide crystals. Some of
the released electrons combine with, and
reduce, silver cations. When a critical num-
ber of silver atoms are produced in a given
grain, complete reduction of the grain occurs
during development. For a given light level,
larger grains produce more silver atoms, so
exposure times decrease with grain size, but
so does resolution.

The problem is that not all of the elec-
trons succeed in reducing cations—some
recombine with holes first. In addition,
some of the holes oxidize the newly
formed silver atoms, turning them back
into cations. The result is decreased effi-
ciency and longer exposure times.

To increase sensitivity, film makers add
sulfide or gold centers to the emulsion to
trap the electrons before they recombine
with holes. Or additional electron donors
may be added, but these tend to release
electrons whether or not there is light,
which results in fogging of the film.

Belloni took a different approach by using
formate ions (Nature, 1999, 402, 865).
These ions cannot reduce silver cations by
themselves, so they do not fog film. But
they do trap the holes produced by photons,
generating CO,™ radicals. These radicals, in
turn, inject a supplementary electron, which
forms an additional silver atom. Thus, a sin-
gle photon forms not only one silver atom
from the initial electron released, but also a
second silver atom from the reaction of
holes with formate ions. So the theoretical
maximum efficiency is doubled.

The actual increase in efficiency is
much higher, however, because the for-
mate ions prevent the electrons from
recombining with the holes and prevent

the holes from oxidizing the silver atoms.
The net result is that the sensitivity is 10-
fold greater than that of undoped film.

The emulsions operated close to the the-
oretical limits because only two photons for
each grain were needed to reach a level at
which half the grains were reduced when
developed. Because three silver atoms are
the minimum needed for a grain to be devel-
oped, at two silver atoms per photon, two
photons would be the minimum theoretically
required, as was observed.

Interestingly, the sensitivity of the formate-
doped film reaches its maximum only when
development is delayed for about 20 min
after exposure. This is because the reaction
that allows the CO,™ radical to reduce addi-
tional cations is a slow one, so that the sensi-
tivity immediately after exposure is only half
the maximum achieved after a delay. In prac-
tice, however, the need for such a delay will
rarely be a drawback because development is
ordinarily delayed at least 20 min.

Despite its increased sensitivity, the




Spin-polarized

doped film has insignificant fog-
ging. Better yet, its dynamic
range—the range of light levels
between no response and over-
exposure—is about 50% larger
than for undoped film. This helps
to avoid having bright areas
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washed out or dark ones lost in
shadows. CCDs can have a much
greater dynamic range than film,
and the doped emulsions reduce
the advantage of CCDs without
losing film’s higher resolution.

“It is important that we incorpo-
rate the formate within the crystals them-
selves, as that is where most of the holes
form,” Belloni says. In the past, she adds,
researchers avoided tinkering with the highly
standardized process of precipitating silver
crystals and concentrated on surface modifi-
cations after crystallization. Thus, they
missed discovering the formate process.

Because color film requires the use of
grains sensitized by dye molecules, the
researchers experimented to see whether
these emulsions too would become more
sensitive when doped. They found an
enhancement of five to eight times, which
indicates that gains will be possible with
color as well as black-and-white films.

Spintronics
F)r decades, data processing has been
based on the manipulation of electronic
charge, while data storage has used either
optical techniques or magnetic fields. Poten-
tially, there could be great advantages if the
magnetic orientation or, equivalently, the spin
states of electrons could be manipulated in
semiconductors that process information.
This might allow dense, nonvolatile data stor-
age on the same chips as data processing,
thus speeding computation. Manipulation of
spin states in semiconductors, or “spintron-
ics,” could lead to exotic technologies such
as guantum computing.
But putting spin-polarized electrons into
a semiconductor seemed a difficult chal-
lenge until recently. “Everyone thought that
the scattering of electrons would randomize
their spins as they moved through the semi-
conductor,” says David D. Awschalom, a

Electronics, magnetics, and photonics are com-
bined when spin-polarized holes and unpolarized
electrons are injected into a quantum well to

produce circularly polarized light.

researcher at the Center for Spintronics and
Quantum Computation at the University of
California, Santa Barbara, Quantum Insti-
tute. Awschalom and colleagues at Santa
Barbara and at the Laboratory for Electronic
Intelligent Systems at Tohoku University
(Sendai, Japan) thought differently. They
found that by using a p-type ferromagnetic
semiconductor as the spin polarizer, they
could reliably maintain polarization as elec-
trons moved through the semiconductor.

The layer that they used to create spin-
polarized holes was gallium-manganese
arsenide, which develops spontaneous
magnetization, as does any ferromagnet.
But unlike iron, which is a conductor, this
material is a semiconductor like gallium
arsenide. It can thus be grown by conven-
tional techniques on other semiconductor
materials.

The spin-polarized holes were injected
into a quantum well that lay below the fer-
romagnetic layer. Quantum wells exist
when a layer of material in a semiconduc-
tor is made so thin—less than 50 nm—
that quantum effects become important
because the electrons’ locations are
restricted in one dimension. Quantum
wells play a critical role in generating light
from electricity in an efficient manner for
lasers, among other purposes.

“We showed that the spin polarization
was maintained as the holes travel into the
quantum well,” Awschalom points out, an
achievement that would be equally possible
with electrons. “We combine in one semi-
conductor the ability to do electronic, mag-
netic, and optical manipulations.”
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