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1. The Power of Plastic
BREBIR

Plastics are without doubt the most versatile and relied upon
man-made materials in the world today. Their applications
range from chairs and tables to computers and telephones, and
they have all but”replaced metals in many industries. Now it
seems that they are poised to%invade one of the last strongholds
of the metals: the domain of the battery.

Despite their many desirable properties, plastics have
always been dependent on metals as a source of power. Mobile
phones, laptop computers, hand-held video games®—all have
nceded metal compounds to generate the electricity they need to
work. Metals have many problems associated with them.
Many of them, such as the lithium used in watch batteries, are
very dangerous to work with. The manufacture of the batteries
is not a task to be treated lightly. Most of them, such as
cadmium in the Nicad rechargeable batteries®, are also highly
toxic, and pose a serious problem in terms of environmentally
friendly disposal. Of course, all these problems lead to an
inevitable increase in the cost of manufacture, which must be
met by the consumer.

Now it seems that a new alternative to these costly heavy
metal systems is on the horizon®. Imagine instead a battery
which could be made from totally recyclable plastics. A battery
which incorporates only non-toxic materials, and so poses no
danger to people. A battery which could be moulded to any
desired shape or design; one which could be used as part of the
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body of a mobile phone or a computer.

The technology for such a battery is being worked on by
Peter Searson and Ted Poehler at the Johns Hopkins campus in
Maryland, Baltimore. Preliminary tests® secem to show that
the plastic batteries can outperform their metallic counterparts
in terms of how much energy they can store, the voltages they
can produce, the temperatures they can operate at, and how
often they can be recharged.

Batteries, or electrochemical cells, have been around for
many years, and the principles of their operation have
remained the same since their discovery. They consist of three
parts: the electrolyte through which charged ions® move inside
the cell to allow the chemical reaction to produce electricity,
and two electrodes. One of these, the anede, is broken down
during the reaction to produce the ions and electrons. The
electrons travel out of the cell and into the wires of the system
that is using the electricity. The other electrode, the cathode,
takes in electrons from the system and recombines them with
the ions released from the anode, thus completing the circuit.
So far, the electrodes have nearly always been built from
metals, since metals can easily and reversibly be broken down
into the electrons and ions.

For the past 25 years or so, chemists have known about
plastics which can conduct electricity®. They consist of long
polymer chains, which have a long chain of interacting
electrons running along their length. This itself does not
conduct; it is like a road packed with cars bumper to
bumper®—nobody can go anywhere. What can be done is to
remove an electron from the chain, and so create a hole. Like
removing one car from the traffic jam, this enables the
electrons to move about, allowing electricity to flow.
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In principle, therefore, it became possible to make
electrodes out of plastic; by removing an electron from the
chain, the plastic became conducting and able to receive an
clectron from outside, in the same way as a normal cathode.
This is called p-type doping®, because the loss of the electron
from the chain gives it a positive (p) charge.

The problem came when people tried to make the plastic
cquivalent of an anode; this required the addition of an
electron to the chain ( n-type doping®), rather than the
removal of one. Unfortunately, the plastics always became
unstable when the electron was added. Nobody could find an
n-type plastic which would work.

In the late summer of 1995, Searson and Poehler made an
important discovery. They found that combining two types of
plastic, polypyrrole and polystyrenesulphonate®, gave a
product which was stable when an electron was added.
However, after doing tests on this material, which could be
used as an anode in a battery, they discarded it. Two
problems had arisen. the voltage produced by the new anode
could not be raised above 1V; and the substance which was
being used to supply the extra electron to the plastic was the
dangerously reactive metal lithium.

But the discovery of this plastic had been a significant step
forward. By the start of January 1996, Searson and Poehler
had produced a new plastic, this time based on
polythiophene®. Tests showed that this plastic could be used as
an anode, to form a battery producing voltages much higher
than the single volt of its predecessor. More importantly, the
agent used to dope the plastic had been changed. No longer
lithium, the team was now using a non-metallic material.

In July 1996, the world’s first all-plastic battery was
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produced, using the new anode. Tests showed that it did
indeed exceed many of the specifications of existing metallic
batteries.

Exact details of the nature of the plastic, as well as the
compound used to dope it with the extra electron, have not
been revealed by the team since the technology has not yet been
patented. In addition, the new battery is not without its
problems. Calculations suggest that, although the battery is
lighter, it does not store as much charge as some of the lithium
based products available. There will probably be no weight
advantage in using the plastic cell.

More importantly, the prototype loses charge at a rate of
2% per week if left standing around, compared to the 0.2%
per week of the lithium battery. Though the inventors say that
this will not be a problem for batteries which are in constant
use, since they must be recharged regularly anyway, they are
looking into the cause of the reduced storage efficiency to see
what improvements can be made.

In the world of today, the implications are tremendous.
Many battery manufacturers are lining up to take a look at the
all-plastic design. Before long, the power of plastic could be
upon us. ‘

Aldo Guiducci
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What problems do metallic batteries have?

Why have the electrodes been built from metals so far?
Why is it possible to make electrodes out of plastic in theory?
Why is it difficult to make the plastic equivalent of an anode?

What problems do the new plastic battery have?



2. Probing inte Your Future
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Suppose that you had a technology thit you could use to build a
new generation of superfast microchips”’, to invent novel
materials such as crack-resistant plastic and shatter-proof

ceramic?; and to make tiny artificial sensors and robots—if

you could figure out how. What would this machine be like?
Would it be a complex robot, perhaps? Or a computer-driven
assembly line? What about ... a microscope?

“A microscope?!” you say. “You can’t make things with
a microscope. The last time [ checked, a microscope was a
magnification and imaging device®.”

You're absolutely right. And that’s just what the
technology just described to you, known as scanning probe
microscopy ¥, was designed to do. There are two types of
scanning probe microscope: the scanning tunneling microscope
(STM)® and the atomic force microscope ( AFM)®. Gerd
Binnig and Heinrich Rohrer, the inventors of the former,
won the Nobel Prize in Physics for this accomplishment in
1986.

The business end® of both STM and AFM is a microscopic
probe® kept at an almost infinitesimal distance from the surface
it is probing. The interactions between the probe and surface
are measured to produce an image of the surface. This type of
imaging is analogous to being blindfolded and trying to figure
out what an object is like using your sense of touch (which
litcrally consists of the interactions between the object’s surface
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