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One of the more sig-
nificant technological
advances of this cen-
tury is being developed
at a tiny scale, invisible
to the human eye. Na-
notechnology, though,
can fundamentally
change the ways we
design, envision and
build architecture.
Theorist and re-
searcher Ralph Merkle
wrote in the mid-
dle nineties: “Indeed,
just as we named the
Bronze Age, the Iron
Age, and the Silicon
Age after the most ad-
vanced materials that
humans could make,
we might call this new

technological epoch
we are entering the
Diamond Age”

In September 2005, Dartmouth
College in New Hampshire, Usa,
announced that their researchers
had constructed the smallest robot
on the planet. The tiny device was
as wide as a single strand of hu-
man hair, and much shorter than
the period at the end of this sen-
tence. At that time, Bruce Donald,
a Professor who led the research
at Dartmouth, noted that the ma-
chine was significantly smaller
than previous untethered robots
that were controllable. “When we
say ‘controllable, it means it’s like
a car; you can steer it anywhere on
a flat surface, and drive it wherev-
er you want to go” Donald said. “It


http://www.archfarm.org/en/09en_p/

www.Archfarm.org N°9 PAPER VERSION

30F8

1

WWW.
dartmouth.
edu/~news/
releases/2005/
09/14.html

2

WWW.
media.rice.
edu/media/
NewsBot.asp?
MODE=VIEW
&ID=8448&Sn
1D=327288878

3
www.physorg.
com/news
64081416.
html

4

WWW.
nanotechweb.
org/articles/
news/4/10/3/1

doesn’t drive on wheels, but crawls
like a silicon inchworm, making
tens of thousands of 10 nanom-
eter steps every second. It turns by
putting a silicon ‘foot’ out and piv-
oting like a motorcyclist skidding
around a tight turn.”1

Measuring only 60 by 250 mi-
crometers ( one micrometer is one
millionth of a meter), building the
microbot was a truly astonishing
feat. However five weeks later, sci-
entists at Rice University in Texas
announced that they had also de-
veloped a tiny robot that could
drive upon a surface.2Their robotic
device, which they called a nanocar,
was made of a single molecule and
was only a billionth of the dimen-
sional area of the microbot that
was built at Dartmouth. At three
by four nanometers (one nanome-
ter is one billionth of a meter), the
Rice nanocar is about as wide as a
single DNA molecule. And it looks
like a car. It has a chassis with two
axles and four wheels made of
buckyballs, tiny spheres that con-
sist of 60 carbon atoms each.

External forces power both the
Dartmouth microbot and the Rice
nanocar, so the analogies to road
vehicles are not useful for ena-
bling us to envision how they work.
Dartmouth’s microbot was pow-
ered by a grid of tiny electrodes
that are embedded in the surface
that it walks upon. The Rice nano-
car didn’t have a motor, so it had to
be pulled across the surface with
the infinitesimal tip of a scanning
tunneling microscope’s probe. But
by mid April of this year, Rice re-
searchers announced that they we
able to add a rotating molecular
motor to their nanocar, so that the
motor rotates 360° in one direc-
tion when light strikes it, driving
the car forward.3 The molecular
engine wasn'’t entirely of their de-
sign; the researchers at Rice modi-
fied a molecular motor that was
originally developed by Ben Ferin-
ga’s group at the University of Gro-
ningen in the Netherlands.4

I live in an old, six-storey walk-
up in Manhattan. The fire escape

that clings to the building is rust-
ing and the brick walls shake
when trucks roll down our street.
The new buildings that are being
constructed around me involve
massive machines and a mass of
workers. Unlike the microbot and
nanocar, these are things thatIcan
see and hear. What could such mi-
nuscule inventions possibly have
to do with the making of architec-
ture and cities? A nanometer is
about a million times smaller than
the diameter of a pinhead, and a
thousand times smaller than the
length of a typical bacterium. The
researchers at Rice University are
working on building a nanotruck
that can ferry little molecules from
one place to another. How could
these tiny achievements possibly
have any bearing on the work of an
architect?

The advent of nanotechnology
unleashes an entirely new age, our
age, where we have achieved the
domestication of atoms. Ours is
an age of molecular manipulation,
where common distinctions be-
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new forms of life and are funda-
mentally altering the properties of
matter, and our relationship to it.
Nanotechnology is concerned with
the study and design of molecular
and atomic phenomena. As Chris-
tine Peterson, President of the
Foresight Institute, stated at a u.s.
House of Representatives Com-
mittee on Science meeting in April
2003, “the ultimate goal of nanote-
chnology is the complete control
o of the physical structure of mat-
: ter, all the way down to the atomic
et Dt vom [ Fon level.”! Researchers, such as those
at Rice University, have already

shown how nanotechnology ena-

bles us to design and build matter

Y
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It is erroneous to think that
nanotechnology is some sort of fu-
turistic science that might arrive
at our doorstep in 20 or 30 years,
it is already here. During the past
15 years, more than a dozen Nobel
prizes have been awarded for na-
notechnology research. Most uni-
versities in the world are involved
in nanotechnology research and
engineering, and new nanotech
products are already being incor-
porated into architecture. One of
the challenges in understanding
nanotechnology as an industry
lies in the fact that it is not really
a technology; it is technologies. It
is a significant part of many indus-
tries. Like electricity, it is perva-
sive. Additionally, nanotechnology
operates at the molecular scale, so
it is an integral part of many disci-
plines (including physics, chemis-
try, biology, computer science, and
materials science) and is not easily
defined as a discipline in and of it-
self; rather, it is an area of research
that is shared by many scientific
fields. If you were to ask an assort-

ment of scientists what nanote-
chnology is, you would receive an
equally broad range of definitions.
The word itself is derived from
three Greek words: nano (dwarf
or tiny), techne (craft or skill), and
logos (reasoned thought). Hence,
the word can be interpreted to
mean applying science to the craft
of making at a tiny scale.

Although physicist Richard P.
Feynman is often attributed with
havingpredicted the age of nanote-
chnology, during his famous 1959
lecture titled There’s Plenty of Room
at the Bottom, it was not until some
decades later that nanotechnology
appeared as a scientific pursuit.
The word itself, nanotechnology,
was nonexistent until it emerged
within the scientific community
during the 1980s. The word was
popularized when physicist K. Eric
Drexler used it repeatedly in his
book, Engines of Creation: The Com-
ing Era of Nanotechnology, in 1987.
Drexler was looking for a word that
would encapsulate future techno-
logical systems that would oper-

ate at the molecular level; that is
to say, at many times smaller than
the scale of the microtechnologies
found in microprocessors. At that
time, microtechnology was a com-
mon term applied to systems that
manipulated matter at the scale of
micrometers. Appropriately, Drex-
ler coined the term nanotechnol-
ogy to describe molecular systems
that would be designed and built
at the scale of nanometers.

Both Drexler’s and Feynman’s
texts provide a marvelous intro-
duction to the history and study
of nanotechnology. Feynman’s
talk challenged physicists to think
small, and Drexler’s Engines of Cre-
ation excited the imagination in
terms of the potential of nanoscale
science and technology. Drexler’s
book outlined a future where we
would be able to design and build
atomically precise machines, tiny
robotic systems that could sustain
the human body and even assist in
the creation of cities. Its implica-
tions were enormous, touching on
materials science, medicine, engi-
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neering, economics, computers,
travel, and new opportunities for
designers.

Today, the term nanotechnol-
ogy is often applied to the many
products that have been created by
researchers that have altered the
molecular structure of matter. The
emerging nanotech products that
are applicable to architecture and
related design disciplines, alone,
are too numerous to detail in this
short article. Websites like nanoar-
chitecture.net post at least a dozen
fresh innovations every week, in-
cluding materials like super insu-
lates, pollutant-resistant coatings,
shape-shifting polymers and al-
loys, and highly effective filtration
membranes. Some material prod-
ucts are designed to perform a spe-
cific task and some materials, such
as carbon nanotubes, can be engi-
neered to perform multiple tasks.
Nanotubes are stronger than steel
and kevlar, can conduct or insulate
electrical current, can harvest en-
ergy from light, can emit light, can
filter pollutants, can disassemble

a molecule and transport it to an-
other location, and can bind with
other molecular structures to form
sophisticated composites with
novel properties; nanotubes can
even self-assemble, meaning they
build themselves.?

Being able to instruct a collec-
tion of molecules in a solution to
self-assemble, building up mol-
ecule-by-molecule into a predict-
able material, is a remarkable
achievement. At the same time, it
is not an entirely surprising phe-
nomenon given the fact that our
own bodies are constantly creating
and assembling molecules. But it
has led to some dramatic thoughts
on the possibility of creating archi-
tectures that self-assemble. Archi-
tect John Johansen, author of the
book Nanoarchitecture, envisions a
future where architecture is grown
from a seed that has the support
of a chemical vat. Here, there is
an obvious analogy to the natu-
ral process of self-assembly and
a peculiar pursuit of architecture
as a planted organism. However

fantastic Johansen’s proposition,
there is a more credible plan afoot
which will enable nanotechnology
to revolutionize the way in which
we design and make architecture.
It leads us back to Drexler’s early
thoughts on atomically precise
machines, and back to the Rice
nanocar I mentioned at the begin-
ning of this article.

There are already a number of
molecular devices that offer us the
control and manipulation of mat-
ter at the molecular and atomic
level. Scientists have developed
molecular motors and switches,
and are working on pumps, gears,
and bearings. The California Nano-
systems Institute has developed
a molecular machine that works
as a nanoscale elevator,2 and the
Dutch recently created a molecu-
lar machine that sorts molecules.3
As I write this, researchers at New
York University are announcing
that they have been able to cre-
ate DNA robots that self-assemble
into an array of working machines,
analogous to a factory assembly
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line.1 The tiny devices grab vari-
ous molecular chains and fuse
them together, building materials
one molecule at a time.

Those involved in this kind of
research say that most of us that
are currently in the workforce will
see the early effects of molecular
manufacturing in our lifetimes.2
We will see the dawn of nanofac-
tories, robust molecular machine
shops that harvest atoms from a
reservoir of molecules to make so-
phisticated materials, devices, and
systems one atom at a time (see il-
lustration at left). As an evolution-
ary progression from current desk-
top printing and rapid prototype
3D printing processes, nanofacto-
ries will offer us personal, desk-
top manufacturing capabilities.
We will be able to make whatever
we desire, including things that
don'’t exist yet, from the bottom
up; and if we can make anything,
atom-by-atom, molecule-by-mol-
ecule, then we can also make exact
copies of things that exist, includ-
ing machines that replicate other


http://www.archfarm.org/en/09en_p/
http://www.workoutcompanion.com/nanofact/NanoFactoryFinal_1.1_640.mov
http://www.workoutcompanion.com/nanofact/NanoFactoryFinal_1.1_640.mov
http://www.workoutcompanion.com/nanofact/NanoFactoryFinal_1.1_640.mov
http://www.workoutcompanion.com/nanofact/NanoFactoryFinal_1.1_640.mov
http://www.workoutcompanion.com/nanofact/NanoFactoryFinal_1.1_640.mov
http://www.workoutcompanion.com/nanofact/NanoFactoryFinal_1.1_640.mov
http://msnbc.msn.com/id/13463422/
http://msnbc.msn.com/id/13463422/
http://msnbc.msn.com/id/13463422/
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15
http://cr.pennnet.com/Articles/Article_Display.cfm?Section=ARTCL&ARTICLE_ID=246107&VERSION_NUM=2&p=15

www.Archfarm.org N°9 PAPER VERSION

80F8

machines, and nanofactories that
make other, more sophisticated
nanofactories. It is this exponen-
tial fabrication capability that
makes molecular manufacturing
attractive. It would be precise and
cheap. The first few nanofactories
will be expensive, but declining
costs will rapidly emerge as the
machines self-replicate; one ma-
chine builds a copy of itself, those
two build two more, those four
build four more, etc.

As I mentioned, nano-techno-
logy can be interpreted to mean
applying science to the craft of
making at a tiny scale. Naturally,
the craft of makingis central to the
study and practice of architecture.
It is an activity that has acceler-
ated through the industrial revolu-
tion, the advent of electricity, the
machine age, the space age, and
the information age. Nanotech-
nology will leave its own mark on
the architecture of our age by fun-
damentally altering our technolo-
gies and techniques; as nanoscale
science and engineering advances

toward its well-defined goal of
complete control over all matter,
it will utterly transform the means
of architecture. It is impossible to
predict how sweeping that trans-
formation will be once molecular
manufacturing becomes possible;
however, I believe it will be swift,
extensive, and irrevocable. I once
met an academic that stressed,
architects need to return to the
source for inspiration: Greek Archi-
tecture! Mass is a manifestation of
energy. Thatis the source.
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