Chemicals case study

Nanotechnology - the Present and Future - An
Interview with Dr K. Eric Drexler, Chairman of The
Foresight Institute

With the current major investment in nanotechnology R&D resulting in a
myriad of practical discoveries and applications, nanotechnology is set to drive
major breakthroughs in almost any sector of technology.

Combined with the suitability of computational tools to this emerging sci-
ence, it came as no surprise that nanotechnology was a hot topic of discussion
and debate at AccelrysWorld 2004.

Accelrys caught up with Dr K. Eric Drexler, founder of The Foresight Institute
(www.foresight.org), and talked about the present and future goals of this
enabling science.

The Foresight Institute is a non-profit organization, founded in 1986, to pro-
mote communication among researchers and to help to disseminate research
results to a broader audience, such as the general public, policy makers, and
venture capitalists, and to facilitate the formation of companies, networks,
and collaborations in the field.

Nanotechnology is a name that gets widely touted today. "The original defi-
nition is based on the development of molecular machine systems able to
build a wide range of products inexpensively, with atomic precision," said Dr
Drexler. "The term now covers a wide range of cutting edge areas of technolo-
gy.As a result, new developments of great value are coming out that are under
this label."

Dr Drexler believes that some of these breakthroughs will have revolutionary
potential, with applications ranging from aircraft and antibiotics to integrat-
ed circuits. "Molecular manufacturing promises a comprehensive revolution in
our ability to manipulate the structure of matter. It's about bringing digital
control to the atomic level and doing so on a large scale at low cost. It's very
difficult to overstate the significance of that to physical technology, econom-
ics, medicine, and military affairs."
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Chemicals case study continued

As the majority of molecular modeling and simulation software operates at
the nanoscale, these tools will play a major part in the development and appli-
cation of this technology. "Developing molecular manufacturing systems
involves the use of molecular machine systems, and molecular machine sys-
tems are well modeled by molecular mechanics," explained Dr Drexler. "To
examine the chemical reactions that are at the heart of construction involves
the use of packages that address molecular physics at the level of quantum
theory, but most of the system, most of the complexity, most of the novelty, is
at the level of hundreds to thousands to millions of atoms in structures that
are well described by molecular mechanics approximations.”

"“The vital role of molecular modeling in this field is to enable engineering
design, at the component and systems level, to set the objectives that then
will guide the laboratory efforts at physical implementation.”

So what are the practical applications of this science and what can we all look
forward to in the future? There are a number of products on the market today
that have been developed using nanotechnology, such as nanoparticles in
sunscreens, and carbon nanotubes in strong materials.

Dr Drexler explained that an important goal is devices with improved proper-
ties. "The earliest major results are likely to be in the field of molecular sensors
that use molecular machinery for their active elements in moving and sensing
the structures involved." A good example could be, for example, a DNA reader.
"I think a natural early goal for a molecular machine centered nanotechnolo-
gy development programme would be a DNA reader that enables you obtain,
from a blood sample, a CD with your genome on it, after only a day of chip
time. The chip will have molecular machines sitting on top of microelectronic
circuitry, using kilobase per second per read heads."

Dr Drexler was philosophical about the longer-term future of nanotechnolo-
gy, explaining that the goal is atomically precise fabrication, by guiding the
motion of molecules, resulting in precise rearrangements of atoms that would
typically transfer at one to several atoms at a time. But there is caution to be
heeded. "The belief that nanotechnology is about building by picking up and
putting down single atoms is technically misleading,” warned Drexler. "This
has been a basis for some of the misunderstanding that has plagued the
field." Dr Drexler believes that this has been part of the reason that many
chemists have failed to examine the original research literature that would
have shown this perception to be incorrect.
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Putting any misconceptions aside, Dr Drexler believes that manufactured
novel nanoscale machines will one day become reality. "These machines
already exist in nature and researchers have already begun to redesign protein
molecules to have novel function as enzymes." Dr Drexler thinks that a rea-
sonably well-defined and attractive milestone on route to nanoscale
machines would be a piece of molecular machinery comparable in size and
complexity to a ribosome. "A machine, that, like a ribosome, can use digital
data to guide the atomically precise construction of polymeric materials with
predictable and tailored properties, designed and implemented faster and

easier."

Dr Drexler believes computational tools will play an important role in achiev-
ing these goals. "l think that every significant advance in new artificial molec-
ular machine systems will be based on molecular modeling," believes Drexler.
"People will not put into practice ideas without first testing them by simula-
tion. The simulations can be used to refine the designs to within engineering

margins of safety, eliminating resources wasted on 'non-starters".

"This methodology, led by molecular simulation, will be at the heart of the
engineering process that will lead us forward into this new world of technol-
ogy," concluded Dr Drexler.
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