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“Book With No Title” Herceptin Gabapentin (for cancer pain). Photo courtesy of Margaret Oechsli. 

Good Things Come in Small Packages

The cover photo of this issue of Zoom in on America looks 
like a frozen window pane in winter. The picture below 
looks like a piece of bark from a birch tree. Frost on a 
window and bark from a tree are things easily visible to the 
naked eye. But these pictures actually are of molecules 
so small that they can be seen only through a powerful 
microscope.  

The photographs in this issue were taken by Dr. Margaret 
Oechsli, a lung cancer researcher and artistic photogra-
pher. Dr. Oechsli’s beautiful photographs help to make the 
science of nanotechnology easier for the average person 
to understand. Her photographs show medications magni-
fied from 50 to 100 times by a powerful microscope; the 
fabulous colors come from use of a polarizing light fil-
ter. Showing natural things that look abstract is what Dr. 
Oechsli finds most intriguing about these pictures. 

The science of nanotechnology not only is opening our 
eyes to these tiny molecules; it also has the potential to 
change our daily lives.  

Nanotechnology is still a rapidly developing field. Like 
many other scientific advances, however, artists and writ-
ers began to imagine what a world influenced by nano-

technology would look like even before scientists devel-
oped the technology.  

In his 1965 book, The Cyberiad, Polish science fiction writ-
er Stanislaw Lem (1921-2006) anticipated, among other 
things, what is now called nanotechnology - the technol-
ogy that researches and manipulates nanoscale objects. 
He too made a point of combining the physical with the 
nonmaterial. He writes:

We want the Demon, you see, to extract from the dance of 
atoms only information that is genuine, like mathematical 
theorems, fashion magazines, blueprints, historical chron-
icles, or a recipe for ion crumpets, or how to clean and iron 
a suit of asbestos, and poetry too, and scientific advice, 
and almanacs, and calendars, and secret documents, and 
everything that ever appeared in any newspaper in the 
Universe, and telephone books of the future…

Stanisław Lem, The Cyberiad (tr. Michael Kandel)

The two main protagonists of The Cyberiad, the genius 
constructors Trurl and Klaupacius, compete with each oth-
er by inventing not only ever more advanced robots, but 
whole universes built at nanoscale. 
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RICHARD FEYNMAN - THE FATHER OF NANOTECHNOLOGY

The word “nanos” means “dwarf” in Greek. It started to be 
used to describe a technology that deals with objects on a 
very small scale - the scale of atoms. This scale came to 
be called nanoscale.

The study of materials and objects is carried out on many 
levels. It turns out that we can learn a lot about them when 
we analyze the atoms from which they are made. On the 
one hand, small cells are part of a bigger object that has 
certain properties. On the other hand, the cells have a “life” 
of their own and are capable of behaving in unusual and 
unique ways. They move about and they also store infor-
mation. 

The goal of nanotechnology is to control and manipulate 
nanoscale matter - matter that ranges from 1 to 100 nano-
meters (billionths of a meter). At such a small scale, gases, 
liquids, and solids possess unusual chemical and biologi-
cal properties. This is why nanotechnology has emerged 
as a serious and well-financed field of research. 

Richard P. Feynman, an American scientist who won a No-
bel Prize for his research, is considered the father of nano-
technology. In 1959, Feynman delivered a famous lecture 
at the annual meeting of the American Physical Society.  In 
his speech, titled “There is Plenty of Room at the Bottom,” 
he spoke about extreme miniaturization and asked the au-
dience whether it would be possible to write the entire 24 
volumes of the Encyclopedia Britannica on the head of a 
pin. He reasoned that the head of a pin is one-sixteenth of 
an inch wide. Magnified by 25,000 times, the area of the 
head of the pin would equal the area of all the pages of 

the Encyclopedia Britannica. A little dot, when demagnified 
25,000 times, is not visible to the eye, but it still contains 
about 1,000 atoms. Feynman concluded, therefore, that if 
the Encyclopedia Britannica was reduced in size, together 
with all the writing inside, by 25,000 times, it would occupy 
as much space as the head of a pin. 

Feynman went on to say, on the basis of the same reason-
ing, that “All of the information which all of mankind has ev-
ery recorded in books can be carried around in a pamphlet 
in your hand - and not written in code, but a simple repro-
duction of the original pictures, engravings, and everything 
else on a small scale without loss of resolution.”

With time it has become clear that researching things that 
are one-billionth of a meter in size can result in countless 
engineering applications. Better understanding the proper-
ties of “nanoparticles” can help us develop better materials 
and manufacturing models, more efficient energy produc-
ing systems, improved or new mechanical systems, and 
enhanced films, fiber optics and other soft materials. 

The science of nanotechnology continues to develop 
quickly. Many people hope that it will bring about improve-
ments in the diagnosis of illnesses, the development of 
new medical devices, and discovery of new medicines 
with fewer side effects. There also is hope that nanotech-
nology will help identify cleaner and more affordable ener-
gy sources, development of stronger and lighter materials, 
and make it easier to provide clean drinking water or to 
clean up chemicals that pollute the environment.

“Invincible Summer” Sulfosalicylic Acid. Photo courtesy of Margaret Oechsli. 
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“Painting Poetry” Eloxatin (colon cancer). Photo courtesy of Margaret Oechsli. 

Nanotechnology deals with atoms and molecules, par-
ticles so small that they require special measurement 
units. The measurement unit is the nanometer, which 
equals one billionth of a meter or one millionth of a mil-
limeter. It is hard for us to imagine how this compares to 
everyday objects with which we are familiar. To get an idea 
how small a nanometer really is: a sheet of paper is about 
100,000 nanometers thick. Hair, depending on its color 
and thickness, is anywhere between 15,000 (blond) to 
180,000 (black) nanometers in diameter. One inch equals 
25,400,000 nanometers. It is only when we look at objects 
such as DNA or bacteria that we begin to reach nanotech-
nology scale. DNA is 2.5 nanometers in diameter. If magni-
fied 1,000 times, it reaches the size of a bacterium which is 
2.5 micrometers long. A typical protein such as hemoglo-
bin is 5 nanometers in diameter.

Needless to say, high-powered electron microscopes and 
precision equipment play an important role in the develop-
ment of nanotechnology. The best results are obtained us-
ing a scanning tunneling microscope (STM), which makes 
it possible for the user to view atomic-scale images of met-
al surfaces. The STM makes it possible to view a three-di-
mensional profile of an object’s surface, which is useful for 
observing surface defects and roughness. For example, 
scientists researched the nanostructure of lotus leaves to 
learn what makes them water-repellant. On the basis of 

that knowledge, scientists are now able to make water re-
pellent surfaces which are used in producing stain-proof 
fabrics.  

While we do not see such small objects with the naked 
eye, everything that is produced by nature is built from 
nanoscale particles. Many important functions of living or-
ganisms take place at the nanoscale. Scientists wants to 
imitate the processes of nature. Some nanoscale particles, 
for instance, are extremely good conductors of electricity 
or heat. Others may reflect light better or change colors as 
their size changes. Still others have interesting magnetic 
properties.  

Nanotechnology can be applied to benefit all walks of life. 
Its application to the field of medicine can be lifesaving.  
Nanomedicine already plays an important role in the di-
agnosis of cancer, for instance, and anti-bacterial dress-
ing that uses nanoscale silver is helping people recov-
ering from wounds. The environment can benefit from 
nanoscale dry powder which can neutralize gas and liquid 
toxins. Electric tools can be improved by using batteries 
that employ nanoscale materials to make them more pow-
erful. Even businesses such as the cosmetic industry can 
benefit from nanotechnology. 

(on the basis of http://www.nano.gov/)

HOW SMALL IS NANOSCALE?
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“Artificial Intelligence”. Abraxane, (cancer drug with use of nanotechnology). Photo courtesy of Margaret Oechsli.

is a lot faster than traditional screening methods, which can 
take months. The new sensor system can read changes 
caused by drugs. Scientists found that each drug mecha-
nism generates a unique pattern, and they used these cell 
surface differences to profile different drug mechanisms. 
Cell surface changes induced by drugs trigger different 
sets of fluorescent proteins to turn on together, offering 
patterns that identify specific cell death mechanisms.

(read more on UMassAmherst website: http://www.umass.
edu/newsoffice/article/promising-new-method-found-rap-
idly)

Thanks to their small size, nanoparticles can also help in 
delivering drugs more effectively in the body. They can 
move through spaces where bigger particles cannot enter 
and they can penetrate into cells. Also, some tissues in hu-
man body are protected by mucosal barriers, which make 
it difficult for drugs to penetrate them. It is thought that 
nanotechnology will enable effective penetration of mucus 
and transportation of medications. There are high hopes 
of revolutionizing the field of eye medicine, or ophthalmol-
ogy. Mucus Penetrating Particle technology, for example, 
is used to transport various therapeutic drugs through the 
mucus layer and to the front or the back of the eye. For 
patients this means more effective eye drops and, in some 
instances, could eliminate the need of surgery. 

1. MEDICINE - HOPE TO FIGHT CANCER

About eight million people die of cancer worldwide each 
year. But a novel kind of nanoparticle could lead to more 
effective treatment. Scientists have discovered that 
nanoparticles can detect the deadliest cancer cells in 
blood. The most deadly kind of cancer occurs when its 
cells circulate in the body and spread the disease. They 
are also the hardest to find because they appear in very 
small numbers. Nanoparticles bind to the surface of can-
cer cells and make the cancer cells glow red. If detected, 
cancer cells can be sorted with the help of a laser. These 
so-called nanoflares have yet to be approved for use in 
treatment for cancer patients. But thanks to this technol-
ogy cancer cells can be tested in the lab with the goal of 
discovering new drugs to treat cancer. 

(read more on MIT Technology Review website: http://
www.technologyreview.com/news/532416/nanoparticle-
detects-the-deadliest-cancer-cells-in-blood/)

A newly researched multichannel nanosensor can be used 
to better understand how different drugs work. Research-
ers led by chemist Vincent Rotello at the University of Mas-
sachusetts Amherst developed a new multi-channel sen-
sor method using gold nanoparticles with red, green and 
blue outputs provided by fluorescent proteins. The method 

NANOTECHNOLOGY NEWS
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“Investigation of Nature” Herceptin (breast cancer). Photo courtesy of Margaret Oechsli.

the molecular scale, it is possible to embed circuitry into 
the body of the spacecraft. The material will be the skin of 
the spacecraft of the future, capable of alerting the system 
if anything goes wrong and even heal itself in case fast-
moving bits of debris from comets or asteroids puncture 
the surface of the spacecraft.

The possibility of loading nanotubes with hydrogen, which 
would shield spacecraft against one of the greatest dan-
gers for humans in outer space - Galactic Cosmic Radia-
tion - is currently being researched. If this works, scientists 
could go one step further and include atoms of other ele-
ments that are good at filtering out other forms of radiation.

The Space Elevator

One of the biggest impediments to space travel is the 
cost of launching spacecraft. It cost about $500 million to 
launch the Space Shuttle. It is no wonder that scientists 
have started thinking of other ways of “getting out there.” 
Some scientists have come up with an idea that sounds 
more like a science fiction film: Why not construct an el-
evator that can transport us into outer space?  It turns out 
that a “space elevator” would require a 22,000-mile-long 
cable. It turns out that making the cable using carbon 
nanotubes might prove the solution.

(based on NASA’s article “The Right Stuff for Super Space-
ships” http://science.nasa.gov/science-news/science-at-

nasa/2002/16sep_rightstuff/)

2. NASA TOMORROW’S PROGRAMS

Nanotechnology has already started to revolutionize space 
flight. There is great hope that nanomaterials will enable 
the construction of extremely light and strong space ve-
hicles. In fact, some scientists believe it will be possible to 
develop materials that can repair themselves automatical-
ly as a ship travels through space. Such a material would 
be 100 times stronger than steel but weigh only 1/6 as 
much. The incredible strength comes from the molecular 
structure of nanotubes. The surface of this material will 
“feel” the forces pressing on it.

What Are Nanotubes?

Nanotubes are allotropes of carbon with cylindrical nano-
structure. They measure about 1.2 to 1.4 nanometers 
across, only about 10 times the radius of the carbon at-
oms themselves. Nanotubes were discovered in 1991 and 
have become the focus of great interest in the scientific 
community. Research on how they should be created and 
used is carried out in 56 labs around the world. Over the 
last three years scientists have grown nanotubes from just 
1000 nanometers long (1 micron) to 200 million nanome-
ters (20 cm) today. 

Reducing the Spacecraft Weight

Nanotubes are then expected to radically reduce the 
weight of the spacecraft. Other “intelligent” things are ex-
pected of them as well. They will be integral, active parts 
of the system, able to store power, which will eliminate the 
need for heavy batteries. As the material is designed on 
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Activity Page

Exercise 1  

Choose the correct answer a, b or c. Sometimes more answers are correct:

1. This person is considered to be the father of nanotechnology:

a. Stanislaw Lem
b. Richard P. Feynman
c. Albert Einstein

2. The nanoscale ranges from:

a. 1 to 100 nanometers
b. 100 to 1000 nanometers
c. 1 to 10 millimeters

3. A nanometer is:

a. a billionth of a meter
b. a thousandth of a centimeter
c. a millionth of a millimeter

4.  Nanotechnology is all about:

a. describing tiny organisms
b. manipulating small things
c. controlling things on a small scale

ORDER YOUR FREE SUBSCRIPTION OF

ZOOM IN ON AMERICA AT:

KrakowAIRC@state.gov
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“Debt to Immagination”. Vidaza (myelodisplastic syndrome). Photo courtesy of Margaret Oechsli.


