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ano2Earth (pronounced “nano-to-Earth”) is a secondary school
science curriculum that brings nanoscale science and technology to
life in the context of Earth and environmental sciences. Nanoscale
science and technology, working together with environmental
science issues, transcends traditional scientific knowledge and processes presented in high school chemistry, biology, geoscience, and environmental science
classes today. Nevertheless, every aspect of the curriculum addresses one or
more of the National Science Education Standards (NSES). Nano2Earth originated as an outreach project in the Department of Geosciences at Virginia Tech.
Welcome to Nanoscience was a collaborative project four years in development. It
was conceived, written, and classroom-tested by five high school science teachers from southwest Virginia, four professors from Virginia Tech, and several
graduate students (see Working Group on Nano2Earth and the Nanobiogeochemistry Secondary Science and Math Curriculum Project, p. ix). This material
is based on work originally supported by the National Science Foundation (NSF)
Nanoscale Science and Engineering Program under contract EAR-0103053, and
subsequently by NSF and the Environmental Protection Agency (EPA) under
NSF Cooperative Agreement EF-0830093, Center for the Environmental Implications of NanoTechnology (CEINT). Any opinions, findings, conclusions, or
recommendations expressed in this material are those of the authors and do
not necessarily reflect the views of the NSF or the EPA. This work has not been
subjected to EPA review and no oﬃcial endorsement should be inferred.
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he secondary school curriculum presented in this book is designed
to introduce the new, revolutionary fields of nanoscience and nanotechnology to high school students. This curriculum is the first in the
country (as far as we know) to introduce these two subjects using an
environmental science approach, which makes the curriculum appropriate for
biology, chemistry, and Earth science courses.
This book is divided into two parts. Part I is made up of chapters 1–5. Chapters 1–3 provide background material for the teacher, answering questions such
as the following: What is nanoscience and technology? What are the important
historical and societal aspects of nanotechnology? How is nanoscience related to
environmental science? Chapter 4 describes how education in nanoscience and
nanotechnology addresses the National Science Education Standards. Chapter 5
describes the curriculum.
Part II is the Nano2Earth curriculum itself, consisting of five lessons. Teachers may use the entire curriculum or pick and choose among its several parts
depending on their preferred emphasis, the course level, and available time. The
curriculum is meant to be flexible, with numerous entry and exit points. Teachers

Andrew Madden explains to the Nano2Earth team how nanoscale forces of interaction are
related to the properties of mineral surfaces.
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Appendixes include excerpts from the NSES, a correlation chart relating AP
Environmental Science Themes with Nano2Earth lesson content, and a glossary
of key terms.
We encourage comments and suggestions. Please send them to Ms. Ellen
Mathena (mathena@vt.edu). These will help us produce the next edition of
Nano2Earth. In addition, questions concerning the use of this curriculum should
also be sent to Ellen for distribution to the appropriate team member.
Lesson 5 in this book uses a computer simulation program. This program
can be downloaded at www.nsta.org/download/nanosim.exe.

©

Tips For Using This Book

2.

Activities in both Lesson 3 and Lesson 4 require probeware or a dissolved
oxygen (D.O.) probe (Lesson 3) or a light-sensing probe (Lesson 4).
Activities in Lesson 4 require fluorescent microbeads that must be purchased—no substitutes have been identified (see the lesson description
on pp. 81–84 for details).
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can use aspects of the curriculum for as little as one day, explore the entire package for a few weeks, or choose an in-between length of time. For example, Lesson 5, “Nanoforces in Nature” includes two scenarios. The choice of scenario
would depend on whether Lesson 3 or Lesson 4 was done beforehand.
While most required materials are readily available or inexpensive, two lessons
include technology or supplies that the teacher should consider before starting:

x
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he prefix nano simply means one billionth. So, 1 nanometer (nm) is
10–9 m. To help put this size in perspective, one-tenth of 1 nm is approximately the size of an atom. For example, 10 gold atoms, lying
side by side, would be about 1 nm long. So why should a fundamental
branch of science—one that is applicable to all sciences—be named using the
nano prefix? What is so special about this length scale? The answer lies in the
physical properties of any substance that is this small.
Let’s consider the melting point of gold. Find gold’s melting point in any
reference book for metals; it is listed at exactly 1,064°C (1,947°F). This temperature can be easily verified by placing a gold nugget in a high-temperature
furnace and increasing the temperature. When 1,064°C (1,947°F) is reached, the
nugget changes shape and forms a ball of liquid gold. Let’s try the experiment
again, but this time, instead of a gold nugget that we can see and easily handle,
let’s melt a nugget that is only a few nanometers in diameter (obviously, we’ll
need special equipment and methods for this, but it can be done). Surprisingly,
gold’s melting temperature in the second case is only 427°C (800°F). Have we
made a mistake?
More experimentation would show that no mistakes were made, and we
would actually find that the melting temperature of gold particles depends
on the size of the particles being heated. So why do all the reference books
list 1,064°C (1,947°F) as gold’s melting temperature? Because for all practical
purposes, this melting temperature is accurate. If we continued our melting
experiments with a range of gold particle sizes, we would find that all the gold
particles that we can see melt at this temperature, from large nuggets to very
small nuggets. However, when the nugget size is reduced to several tens of
nanometers, we would start to measure a lower melting temperature. In the
nanosize range, the smaller the particle, the lower the melting temperature.
This example allows us to easily and precisely define nanoscience and nanotechnology. Nanoscience is the field of science that measures and explains the
changes of the properties of substances as a function of size. Like the melting of
gold, the properties of any substance will remain constant as its size gets smaller
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and smaller—that is, until the size is reduced to the nanoscale (depending on the
substance and the property being measured, roughly 10–100 nm). In the dimensional nanoscale, any physical property measured will continuously change with
size, and often dramatically so. Nanotechnology is the application of property
modifications that happen at the nanoscale to some beneficial endeavor—and
what a warehouse of beneficial endeavors there are! As described in the next
chapter, the promise of nanoscience is so great and the application of nanotechnology so vast that they are projected to change our world, similar to the current
biological revolution occurring in genomics.
It is important to realize from the outset that all substances, including solids, liquids, and gases, show property changes through the nanosize regime. In
addition, not all three dimensions of a substance need be in the nanoscale. For
example, a nanoparticle (such as our small, low-melting temperature gold particles described previously) is small in all three dimensions. What if we simply
confine one dimension to the nanoscale? With two dimensions unlimited, and
one confined, we have created a nanofilm, which is a film with a thickness in the
nanoscale. Will its physical properties be aﬀected relative to the same substance
with no size restrictions? Absolutely.

Two aluminum wires twisted together (see arrow at right) provide excellent
electrical conduction from one wire to the other. Yet the aluminum metal
wires are covered with aluminum oxide, an insulator. How is good electrical
conduction achieved through the nonconductive aluminum oxide?
Nanoscience explains this phenomenon.

NST1147 • 9781760011147 • © 2015 Hawker Brownlow Education

WELCOME TO NANOSCIENCE: INTERDISCIPLINARY ENVIRONMENTAL EXPLORATIONS

1

© 2015 Hawker Brownlow Education • 9781760011147 • NST1147

What Are Nanoscience and Nanotechnology? A Nano Primer

One of the most valuable of all gemstones, blood-red ruby is aluminum
oxide with the same composition as the thin ﬁlm that covers aluminum wire.
Rubies do not conduct electricity, but the thin ﬁlm of the wire does, thanks
to the special properties of nanoﬁlms.

PHOTO COURTESTY OF RICHARD BAMBACH

©

H

aw

ke

rB

ro
w
nl
ow

Ed
uc

at

io
n

Consider the following example: Imagine that you have two wires made of
aluminum, a metal that conducts electricity well. Imagine connecting each wire
to the terminals of a battery, and then touching the surfaces of the wires together.
Naturally, a circuit is formed and an electrical current will flow from one wire
to the other. However, the surface of the wires is not conductive aluminum (Al)
as one might assume, but instead a thin film of aluminum oxide (Al2O3), which
covers the aluminum metal. This is because the surface of aluminum—whether
the aluminum makes up a wire, a soda can, or an airplane wing—oxidizes in
air to an aluminum oxide. The apparent problem in our electrical conduction
experiment is that aluminum oxide is a well-known insulator; that is, it does not
conduct electricity. So how can a current flow from one wire to the other? The
answer lies in the physical dimension of the thin film of aluminum oxide. The
coatings on the aluminum wires are very thin, typically 1 nm thick. In this size
range the electrical properties of aluminum oxide have changed. When conducting electrons perpendicular to the thin film (that is, across the film from one wire
to the next), the aluminum oxide acts more like a conductor, and, therefore, the
electrons are free to pass from one wire to the next. In other words, because of
the dimensions and geometry of the aluminum oxide, it behaves more like a
conductor than an insulator, and good electrical contact between the two wires
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is the result. Although this is something we take for granted—or were never
aware of in the first place—it is a dramatic result. One simply needs to imagine
what electronics would be like if bulk properties also applied to thin films!
In summary, in the examples presented above, we have defined the
nanoscale and nanoscience. We have seen surprising results for two “ordinary”
phenomena that we thought we knew everything about, but which were both
shown to have surprising twists. These deceptively simple twists are what the
nanorevolution is all about. This revolution is described in the next chapter.
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