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SPM Laboratory courses gain exposure
Mark R Flowers, Nanoscience Instruments, Inc.

Nanoscience education is becoming
increasingly important as new nanotechnology
initiatives increase funding and awareness of
this new yeld. Recent reports? estimate the
number of nanotechnology workers needed
internationally by the year 2015 will be

close to 2 million. Such reports underscore
the importance of exposing secondary

school students and undergraduates to
nanotechnology and nanoscience.

One way to give our future nanotechnologists
hands-on exposure to this technology is
through scanning probe microscopy laboratory
courses and demonstrations. Many educators
have already developed programs to teach
chemistry and physics using atomic force and
scanning tunneling microscopes. A recent
issue of the Journal of Chemical Education?
featured several articles about SPM laboratory
experiments for undergraduates.

Kimberly Aumnann, Karen J.C. Muyskens,

and Kumar Sinniah® at Calvin College in

Grand Rapids, Michigan summarize a three
week undergraduate introductory course on
SPM. Samples such as DNA and ylamentous
actin absorbed to mica, memory arrays in an
EPROM chip, and self-assembled monolayer
systems are used in the laboratory to
familiarize students with the breadth of possible
applications.

Biological applications of the AFM include
imaging DNA in its relaxed, stretched and
supercoiled states. An assessment of the use
of AP-mica versus bare mica is made as well,
and detailed descriptions of their preparation
are given in the lab supplement. In addition,
vlamentous actin is immobilized on mica

for AFM imaging. The students are able to
measure branching angles, periodicity and
heights of individual ylaments.

Microelectronic applications are also
investigated by dissembling EPROM memory
chips and imaging the internal structure.
Visualizing the complex pattern of layering

in integrated circuits is an ideal application

to demonstrate size reduction in the
semiconductor industry. In addition, their low

cost and ease of preparation lends perfectly to
such hands-on laboratories.

Self-assembled monolayers on graphite

are an excellent application for scanning
tunneling microscopy. In the work presented
by the Calvin College group, 3 different 30-
carbon hydrocarbons on graphite are imaged
to observe the ways in which the functional
group inpuences the appearance of the self-
assembled monolayers.

Furthermore, atomic scale imaging is important
for introducing students to nanoscience.
Advantages range from the traditional sense of
reinforcing theoretical ideas presented in the
classroom to the basis behind nanoscience
itself T understanding the atomic and molecular
building blocks of our future products.

Chuan-Jian Zhong, Li Han, Mathew M Maye,
Jin Luo, Nancy Kariuki, and Wayne Jones,
Jr.4 at SUNY-Binghampton present a hands-
on undergraduate SPM laboratory focused
on atomic resolution. This lab gives a good
background on the crystalline structure of 2
SPM standards T mica and HOPG. Detailed
descriptions of the cleavage plane, interatomic
spacing and bonding, and how these effect
macroscopic characteristics is discussed.

In addition, background on the imaging
mechanisms in both AFM and STM are
reviewed in the supplement.

The Journal of Chemical Education has
previously featured papers®® on SPM
education. The Feb 2003 issue, combined with
the detailed supplements available online, has
given its readers an exceptionally nice start to
teaching with SPM.
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Universit2t Basel

Uni Basel has created a virtual nanoscience program,
Nano-World, bringing nanoscience applications and
teaching tools to students through the internet.

The Nano-World program at Uni
Basel is built around remote learning.
Specialized software has been devel-
oped to interface with instruments as
well as simulation programs to give
secondary students access to the
expensive resources housed at the
University.

One instrument used in the Telelabo-
ratory project is an easyScan AFM
that has been modived with a remote
controllable sample stage, remote

The University of Wisconsin 8 Madison

controllable acquisition software, and
multiple-client access. Control of the
system can be switched between
users, and the data acquired on

the system can be viewed via web
browser, via PDA or via web-enabled
mobile phone.

The demo site at nano-world.org
has a very nice set of animations, an
overview of the remote AFM, and a
friction force simulator. The friction
force simulator allows the students
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to adjust parameters of an AFM in
frictional force mode and view the
resulting image in real-time. An
animated user manual and stick-slip
demonstration accompanies the
simulator.

The Nano-World web site is lo-
cated at www.nano-world.org. For
information on the demos, see
www.nanoworld.unibas.ch/nano/Lab/
demo

UWis MRSEC Education and Outreach program
offers a nanotechnology resource for people of all
ages and educational background.

The Materials Research Science
and Engineering Center on Nano-
structured Materials and Interfaces
(MRSEC) at the University of Wis-
consin has established a compre-
hensive nano outreach program.
Their web site, titled iExploring the
Nanoworldo offers the user a large
number of modules, sample courses,
and tutorials. The pages are or-
ganized by target audience: the
general public, k-12 students, college
students, k-12 teachers, college fac-
ulty, and MRSEC participants.

Science demonstration kits, models
& booklets described on the site can
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be purchased as well.

A video filab manualé for nanoscale

science shows experiments in action,

so the teacher knows what to expect
from the demonstration. It is also
quite entertaining for those not in a
lab to try them out.

One of the most unique parts of the
site is fiExploring the Nanoworld with

LEGOE Bricks.0 The 48-page manual

offers an excellent tutorial on a vari-
ety of nanoscale structures as well
as the devices used to image them.
A review on atomic force micros-
copy is given as well, showing how

http://mrsec.wisc.edu/EDETC/

to assemble a large-scale version
of an AFM with LEGO bricks. Color
photographs and drawings accom-
pany the text.

http://mrsec.wisc.edu/EDETC/
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