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FeaTURE ARTICLE

FLORIDA INSTITUTE OF TECHNOLOGY

Florida Institute of Technology’'s (FIT) successful
freshman lab course in nanotechnology offers a
useful model for introducing this material early in
the undergraduate experience.

Funded with an NSF  Nanotechnology
Undergraduate Education (NUE) grant in 2003,
the Nanoscience and Nanotechnology course is
team taught by physics, chemistry, and chemical
engineering faculty. Offered in the Spring semester
(the prerequisite is a semester of general
chemistry), it consists of 12 week-long labs
focusing on either synthesis or characterization.

The semester also includes two or three
seminars and concludes with a written report and
presentation by each student based on one of the
labs, explaining how that experiment relates to a
research topic or commercial application. (A full
course description can be found at http://research.
yt.edu/nanotechnology/courses/PHY1091.)

The labs incorporate both the Nanosurf easyScan
Scanning Tunneling Microscope (STM) and
Atomic Force Microscope (AFM) for looking at
surfaces such as graphite and CD ROMs as well
as materials synthesized by the students, such as
metal yiIms and carbon nanotubes.

Professor of chemistry Dr. Kurt Winkelmann, one
of the instructors, spoke to the Nanoadvisor about
designing the course. “The challenge in developing
labs for a course like this,0 he explains, fiis yguring
out how to do synthesis and characterization of
nano materials without using instruments that cost
a quarter million dollars and require grad students
to operate, and also be something that freshman
can do in a couple of hours.”

Some of the labs were developed by the FIT
instructors, while others are borrowed from the
University of Wisconsin, Madison’s MRSEC site
(http://mrsec.wisc.edu) and various sources from
the science education literature.

Another valuable resource in designing the
course was the NSF annual workshop Materials

Introducing Nanotechnology to Freshmen

Physics/Space Sciences
professor Jim Mantovani
(right) and student with
easyScan STM and AFM.
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Science and Nanotechnology for Chemists. Dr.
Winkelmann attended the week-long workshop
and found it very helpful. “I was able to network
with people who know how to teach this topic as
well as those in the same boat as myself.” (Details
on this workshop can be found at http://chemistry.
gsu.edu/CWCS/materials.html.)

In addition to introducing freshman to topics
in nanotechnology, another goal of the
course is to get students interested in doing
undergraduate research with professors involved
in nanotechnology, and a remarkable 40% of
the students from the course have gone on to
do so. Two helped Dr. Winkelmann develop a
new experiment for the course which is being
published in the Journal of Chemical Education,
and one took a summer research position at the
nearby NASA Kennedy Space Center to do AFM-
related analysis. In addition to undergraduate
research opportunities, FIT offers upper-level
nanotechnology courses taught by the engineering
faculty.

Dr. Winkelmann and his co-instructors in the
freshman lab course, Drs. Jim Brenner and Jim
Mantovani (the Pl on the NSF-NUE grant), have
described their work in greater detail in the chapter
they have contributed to the upcoming book
“Nanoscale Science and Engineering Education:
Issues, Trends and Future Directions” (American
Scientiyc Publishers).
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Procram Focus

NSF-Funded Program Leads to

Nanotechnology Minor
MicHIGAN TECHNOLOGICAL UNIVERSITY

Popular student and faculty response to the NSF-funded
nanotechnology program at Michigan Technological University
(MTU) has resulted in the creation of an interdisciplinary minor in
Nanoscale Science and Engineering.

In 2003, MTU was awarded one of the yrst Nanotechnology
Undergraduate Education (NUE) grants. The goal was to introduce
nanoscale science and engineering topics to yrst- and second-year
engineering and science students, with a particular emphasis on
reaching engineering students whose curricula have relatively little
pexibility.

The program sought to focus on three main aspects of nanoscale
studies: the underlying scientiyc principles, possible scientiyc
and engineering applications, and the societal implications of
implementing nanotechnology.

Two unanticipated developments in the wake of the program’s
implementation were a student-initiated Nanotechnology Student
Association (NanoSA) and the development and approval of the
new minor, which became available in 2005.

Professor of Physics Dr. John Jaszczak, Pl on the NUE grant
and the NanoSA faculty advisor, says “The grant was extremely
helpful in catalyzing our activities, and we are ynding that many are
continuing beyond the grant and growing.”

NUE Funded Activities

The introduction of nanotechnology components into the yrst- and
second-year engineering curricula involved some key challenges.
The highly structured nature of the engineering curricula allows
students very little leeway for taking electives, and the NUE faculty,
particularly those with research experience in nanotechnology,
had heavy schedules to contend with. Also, the grant’s one-year
duration did not allow time to develop and approve new courses.

The solution was to work within existing frameworks by developing
modular educational activities, particularly in the common yrst-
year experience for all engineering majors. These included an
introduction to Moore’s law, a new ethics case study, and a two-
hour interdisciplinary exploration called Exploring Nanotechnology
through Carbon Nanotubes.

The nanotube exploration has since been modiyed into a 1-
hour demonstration which Dr. Jaszczak has been doing at local
high schools using a Nanosurf easyScan 2 Scanning Tunneling
Microscope (STM). Dr. Jaszczak has also been using the easyScan
2 STM in demonstrations in MTU freshman and sophomore physics
courses to introduce them to Scanning Tunneling Microscopy and
make them aware of the nanotechnology program.

MichiganjTech

nano.mtu.edu

The introduction to underlying scientiyc principles,
applications, and societal implications is complemented
by several instrumentation demonstrations.

“The easyScan 2 STM was an answer to a real hope that | had
after introducing the nanoscale to students in the exploration and
wishing | could actually demonstrate atomic-scale imaging in the
classroom,” noted Dr. Jaszczak

The NUE funding also led to the development of two new electives,
Fundamentals of Nanoscale Science and Engineering (the core
of the NUE program, team taught by Dr. Jaszczak and Dr. Bruce
Seely, Department of Social Sciences) and Societal Implications of
Nanotechnology (taught by Dr. Seely), and seven undergraduate
summer research experiences.

Interdisciplinary Minor in Nanoscale Science and Engineering
A main purpose of the minor, in addition to introducing students
to the basic issues and overall scope of this yeld, is to encourage
students to pursue interdisciplinary coursework outside their major
and develop an understanding of the importance of pexibility in
terms of careers, research, and education.

“During the grant we brought in a lot of guest speakers,” Dr.
Jaszczak explains, “and without prodding them, they brought up
this point again and again, that you've got to be interdisciplinary. It's
not that you need to major in nanotechnology, but that you need to
know how to talk to people in other disciplines, that breakthroughs
are taking place at the boundaries of disciplines.”

Dr. Jaszczak is also an Adjunct Associate Professor in the
Department of Education and takes a special interest in introducing
nano-related topics at the undergraduate and high school levels. He
and Dr. Seely presented a paper at the Symposium on Education
in Nanoscience and Engineering at the Spring 2006 MRS meeting
entitled “Planting Seeds: Including Nanotechnology Education into
Engineering Curricula.”

The two have also contributed a chapter entitled “Developing nano
education at a technological university: Science, technology and
societal implications of nanotechnology” in the upcoming Nanoscale
Science and Engineering Education: Issues, Trends and Future
Directions (American Scientiyc Publishers).
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