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Traveling halfway around the world for the first Nanotechnology Conference addressing
Nano Science Education was a journey well taken. The Asian Institute of Technology
(AIT) located just 25 miles south of Bangkok co-hosted the conference, which was
initiated and organized by Dr. Jurgen Schulte, Asian Pacific Nano Forum (APNF) and
member of The NanoTechnology Group Inc., with outstanding support from the
Microelectronics School of Advanced Technologies (MTEC), the Thai Academy of
Science and Technology (TAST),and the National Science and Technology Development
Agency (NSTDA).
The AIT campus was the perfect setting in a lovely landscaped and wooded area with
wildlife abounding. The fully equipped NSTDA Conference Center was just a few
minutes from the main building, thereby quite efficient for transporting the speakers and
attendees, while still providing an atmosphere remotely tucked away in the country
without the noise, traffic and pollution of the city. The AIT grounds had walking paths,
and boasted an Olympic-size pool and well-tended golf course. The restaurant at the
center offered wonderful native Thai food for our enjoyment at each meal, spoiling us for
our return home. Adding to the cultural experience were the Thai people themselves,
gentle, respectful and hospitable, a “nation of smiling faces”. Our host, Prof. J. Dutta of
AIT, abounded with energy as he generously provided all the Center’s services to
enhance our stay in Thailand. His personal efforts are acknowledged as we all left with
wonderful memories of our shared experiences, while looking forward to a return visit.
The goals of the conference were to begin exploring and anticipating future educational
and training needs in the emerging field of Nanotechnology for the Asian Pacific region.

The Opening Ceremony included speakers from the Thailand Ministry of Science and
Technology Office, and Professors from NSTDA, AIT, and APNF explaining their
understanding that to compete in the global market they must expand their current
technical and university education to include nano scale science and nanotechnology..
Specific goals were set to identify and discuss education requirements, specific programs,
development and implementation of curriculum, identify ways to match curriculum for
present and future industry workforce needs in their region and look at e-education
possibilities to bridge the gap amongst available academic expertise in different
countries.
To address these areas of inquiry, many models were presented by professors from
Sweden, Switzerland, Australia, Vietnam, Malaysia, New Zealand, Thailand, and Japan
along with my Keynote Presentation from the USA.
All aspects of the stated inquiries for the Conference were included in my Keynote
Address, with long term and short term models of education defining the benefits to
society that ultimately will result if we can succeed in expanding the current science
knowledge base to include micro, nano and meso scale science in preK-20 as the ultimate
goal.
In addition, discussions regarding the necessity of cross cultural communication, not only
between countries, but within the academic community to start the integration and unity
of specific fields of study such as chemistry, physics, biology, and engineering.
In traditional education modules, a chemistry student could excel in his field and never
talk with a physics or biology student about his specific research, nor share results that
may be important to a research project that might progress by unifying their efforts.
Therefore, expansion of basic course material to address unifying the science fields were
shown to be necessary for understanding the interactions and properties at the nano scale
and were discussed as a possible solution. Development of completely new courses were
also discussed for long term solutions, while module expansion to existing curriculum
was decidedly sufficient for near term expediency in solving the unification problem for
current students.
Another area of study which surfaced during the conference with issues concerning the
nano scale was mathematics. The development of expanded math modules with specific
areas of mathematics to address solutions at the nano scale was an important area for
inquiry as the sciences are unified, with due significance on the quantum behavior
exhibited at the atomic scale. All traditional disciplines will find it necessary to include
the basics of quantum physics, quantum theory and quantum mechanics, with the
possibility of quantum geometry as extended courses for problem solving in their
research efforts.
An example of this particular mathematics issue was described in the new book
“Hacking Matter” by Wil McCarthy. Basic Books Inc. 2003, pg. 6.

“The microscale of the red blood cell is very different from the
nanoscale of the water molecule. The mathematics that describes
them is completely different. But these two scales are separated by
three orders of magnitude (i.e., by a factor of 1000) in size, and
between them lies a mysterious realm called the mesoscale (from the
Greek “mesos”, or middle), where neither set of theories is accurate.
The equations in quantum field theory become exponentially more
complicated as the number and size of particles increase-especially
because random voids and impurities creep in, disrupting the
quantum waveforms in unpredictable ways. So while quantum theory
is highly accurate, its predictions tend to be almost worthless on the
mesoscale. Similarly, the classical laws of physics are really just
statistical observations-the averaged behavior of large groups of
atoms. But these averages, like any statistics, lose their validity as the
sample size decreases. Objects much smaller than a micron in size
start to behave in some very non-Newtonian ways, as nonaverage
behavior of individual particles increasingly stands out. So if
mesoscale physics are neither classical nor quantum, we clearly need
some entirely new set of theories to describe them. This will be an
important frontier for physics and chemistry as the twenty-first
century unfolds.”…
“The study of mesoscale effects is an important aspect of ‘condensed
matter physics’, which Britannica defines as ‘the study of the thermal,
elastic, electrical, magnetic, and optical properties of solid and liquid
substances.’
At the nanoscale, these properties become extremely important as we need to understand
the interactions between atoms if we are to use them as building blocks in new
technologies. Nano materials, particles and quantum dots are exhibiting these strange
new behaviors, which we must strive to understand and include in our curriculum.
Developing a knowledge base for the future workforce involving these technologies of
the small scales of science requires up-to-the-moment real-time information for inclusion
and rapid dissemination from research labs around the world.
This issue which arises in all levels of education involves a mega size data stream of new
material for inclusion. Each day new discoveries are coming out of our university and
corporate labs, exhibiting this non-Newtonian behavior, which do not currently reach the
classrooms. One of the solutions to this problem is the use of “remote interactive nano
labs” developed for all grade levels of science presented as e-learning or digital media
CD/DVD add-on modules with continuous updates.

Nano Science Instruments www.nanoscience.com

To illustrate these possibilities I included digital animations of STM and AFM scans of
elements at the atomic level from the new desktop scanning science instruments designed
for this purpose. This package of tools designed for curriculum developers now provides
the software for dynamic animations of atomic elements allowing young students to
experience visual learning at an early age.

Sample of STM scan of graphite at atomic scale

The remote lab architecture also permits control of the experiments at three levels in
interaction. The Beginner stage is teacher controlled and can be produced on CD/DVD
formatted for the classrooms. The Intermediate stage is developed to allow students in
middle grades to start learning hands-on teacher guided experiments and can also be
delivered in CD/DVD format. The Advanced level will permit high school students total
interactive experiments developed for group interaction and encouraging discussion of
results among peers. This stage is best experienced as an e-learning platform which has
been successfully tested at the University of Basel in Switzerland.
The visual interactive learning platform challenges the students to desire more education
in the unified fields of science, while preparing them for university level learning
situations and increasing their skill levels and knowledge base regarding research and
problem solving. This model was presented as a long term solution directly targeting the
issue involving lack of student interest in the science fields.
At the university level, these instruments provide cost-saving experimental education for
all 1st and 2nd year students to learn the basics of nanoscale science experiments in
preparation for handling the real tools. Since the full size STM and AFM microscopes
are so expensive, very few students actually get to work with them in the research labs of
universities. Developing basic experiments with the smaller compact models allows
classroom access to an expanded student base.
During the panel discussions, many Professors felt that the real STM and AFM
instruments were necessary. However, another issue surfaced that pertained to the lack
of current students interested in the new Nanotechnology courses. Therefore, a short
term solution was not available concerning our present lack of student awareness
concerning nanoscale science education, with the exception of developing a higher
volume of students from other countries. However, in looking at the long term effect of

utilizing these remote nano labs in early education, it soon became apparent that early
exposure to these exciting new fields will expand the student interest in the coming
decade. The attendees were very receptive to new ideas as part of both long term and
short term solution-based planning for our combined effort of developing an enhanced
global workforce for the future.
This led into the topic of course models and degree granting issues. Unfortunately, there
is no single solution that suits all universities in all countries. The consensus soon
became apparent that each country in the region must investigate what types of
businesses are currently drawn to their workforce and if they would be candidates for
future nano products and manufacturing. Addressing this important aspect in the early
stages allows the engineering schools and universities to focus on distinct avenues of
exploration at the nanoscale so that their graduating students will not leave the country
for jobs. Interaction between universities in many countries is a normal practice, with the
ultimate goal of competitive employment in their native lands upon graduation. The
following presentations of many different models concerned with unifying the sciences,
while developing levels of degrees that involve nanoscale science in various countries,
led into a final workshop session designed to summarize all the information for the
participants.
Professor Heinrich Hofmann, Powder Technology Laboratory, Institute of Materials,
Swiss Federal Institute of Technology in Lausanne gave a presentation on Materials for
Nanotechnology and Nanostructured Materials. These two interesting areas of materials
science and technology come together developing new systems like sensors, systems for
medical biotechnology, MEMS, flat panel displays, batteries, etc. Only when we are able
to connect the quantum dot with the macroscopic world will we have the chance to use
nanostructured materials in an economically interesting manner. This combination of
material science and nanotechnology open s the door to a very interesting
interdisciplinary field of research whereby engineers as well as scientists must understand
relationships and it is very challenging.
The second model was presented by Uppsala University Professor Mats Boman, which
addressed Material Science for Nanotechnology defined in three areas: Engineering,
Physics and Chemistry. In order to unify the sciences, the engineers need more solid
state physics, chemistry and expanded materials science to include physical, chemical
aspects and processing. Physics should include process technology, chemistry and
materials science for structure, properties and relationships. Chemistry should include
materials process technology, physics, and materials science for structure, properties and
relationships.
The education model also clarified distinct areas of course study for nanotechnology as
follows:
• Nanostructured inorganic materials. Fabrication of inorganic materials structures
at the nano scale including properties and characterization.
• Bio nanomaterials. Biology based on materials and device structures at the
nanoscale including medical biotechnology and protein engineering.
• Modelling of nanomaterials. Structural and functional aspects.

•
•
•

Nanostructured devices. Device applications of nanostructured materials.
Supermolecular chemistry. Synthesis, assembly, characterization and function of
supermolecular organics and organo-metallic complexes.
Properties and application of carbon based nanomaterials. Fullerines, carbon
nanotubes, patterning and orientation of macromolecules on the nanometer scale.

The next speaker, Professor Jons G. Hilborn, Head of Polymer Chemistry Program at
Angstom Laboratory, Uppsala University in Sweden went on to define the top-down and
bottom-up approach as:
• Where physics can explain
• Where mechanics can shape
• Where chemists can build
• Where biology can be controlled.
Demonstrating the simplicity of combining these sciences with hand drawn diagrams for
communication between the disciplines added another dimension to the presentation. His
presentation was titled: “Supramolecular Chemistry in Nanotechnology” which has
provided the means by which to selectively assemble small and large molecules into
intricate two-three dimensional nanostructures. Spontaneous organization (selfassembly) induced by interfaces is the link to directed assembly induced by e.g.
lithographic techniques. The basic principles that underlie all self-assembly were
discussed.
Professor John Ralston, Director of the Ian Wark Research Institute at University of
South Australia gave a presentation on Colloids and Interfacial Science in
Nanotechnology Education titled: “Surfactants in Solution” and explained with visual
diagrams how an Atomic Force Microscope works for specific research and modeling at
the atomic level. He also provided a list of instruments that would be useful and
economical in university teaching laboratories. Addressing course material which would
be important to industry with a strong emphasis placed on Chemistry, Physics and
Mathematics specifically focused at the nano scale added significant impact for the
participants.
Dr. Alison J. Downard of The MacDiarmid Institute for Advanced Materials and
Nanotechnology and Associate Dean of Science at the University of Canterbury in New
Zealand spoke about their teaching model which was recently established in 2002. They
developed a 4 theme area for teaching the following:
• Nanoengineered materials and devices
• Novel electronic, electro-optical and superconducting materials
• Functional materials
• Soft materials
The University of Canterbury also has a well-established science outreach program to
interest 15 and 16 year old high school students in science and technology fields of study.
They are developing a new presentation for outreach in nanotechnology for these
students.

Dr. Justin Gooding, School of Chemical Sciences, The University of South Wales and
Dr. Joe Shapter, School of Chemistry, Physics and Earth Science at Flinders University
gave a combined presentation on “The Establishment of Undergraduate Degrees in
Nanotechnology” that were pioneered in Australia. Concentrating on models of their
programs and constraints that apply to their establishment, they also gave the reasoning
behind these decisions and explained the path of their national strategy for
Nanotechnology education in Australia.
Model 1: Flinders University Bachelors of Science (Honors 1) was the first model
discussed.
They offer two streams and the student must make a choice at the halfway point in the
first year which they admitted was less than ideal.
• Nanosturctures – Chemistry/Physics - 91.5 units, 3 years
• Biodevices – Chemistry/Biology – 72 units, 3 years
These courses also include topics in: Economics, Law, Commerce and Business
Third year students create a topic for a “scientific experience”
Model 2: University of South Wales Degree
An Undergraduate degree requires 48 units per year, of which 12 units are general
education.
A Bachelors Degree takes 3 years, while an Honors Degree is 4 years.
Key Choices made by Committee:
• Teach Molecular science as it applies to nanotechnology
• Give the degree a central pivot of surface science
• All core for the first two years
• Almost entirely options in the 3rd and 4th year into loose streams of
bionanotechnology, nano materials or quantum devices
• Opt out option after 3 years
• 4 year degree with 4th year mostly research
The students also get a Diploma for Innovative Management
• Five formal courses taught over the final 3 years of the 4 year course
• Students get a B.Sc. (Nano) and Diploma in Innovative Management
• Can also do some regular subjects in 4th year rather than scientific subjects.
Their programs offer many remote lecturers with an interactive video presentation.
Professor Muhammad Yahaya, Centre for Academic Advancement, University of
Kebangsaan, Malaysia presented the thrust of both the 7th and 8th Malaysian Plans to shift
away from an input-driven growth strategy to one that is knowledge and technology
based. Since Nanotechnology was identified as a core technology to propel domestic
innovations and capability to produce novel products for commercial purposes in many
areas, they have started some related field research with sensors, carbon nanotubes,
MEMS, along with characterization and functionalization of nanomaterials. Stating that
they were just in the beginning of developing courses and were ready to focus on
Nanotechnology R&D, a major concern which surfaced was the diversity of the culture of
Malaysia within the university level and in society as a whole. These concerns were
addressed again in our panel discussions and work groups, with the resulting consensus

rating the inclusion of cultural aspects as a necessary part of strategy planning sessions
for all countries to consider for success in their education efforts through formal and
informal course introduction.
Professor Nguyen Phu Thuy, Faculty of Technology, Vietnam National University,
Hanoi, Vietnam spoke about their plans for developing a Nanotechnology Program to be
executed in the coming school year of 2003-04. The Faculty of Technology (Fotech) of
the Vietnam National University (VNU) will be responsible for developing the
curriculum to address materials science, electronics and telecommunications technologies
as applies to nanoscale science. Plans include a 2 year MSc and a 4 year PhD with
emphasis on multi-disciplinary character and quality both from the theoretical and
practical points of view for the newly emerging post-graduation area. Other Institutions
involved in this effort are:
• Hanoi University of Technology
1. International Training Institute for Materials Science
2. Institute of Engineering Physics
• National Center for Natural Science and Technology
1. Institute of Chemistry
2. Institute of Physics
3. Institute of Material Science
Duration 2 years – 100 credit points for MSc.
Suggested direction for the PhD program – 4years
• Surface effects in nanomaterials
• Transport properties
• Data storage medium
• Nanostructured semiconductors
• Nanospintronics
• Nanostructured carbon and organic semiconductors
• Nanocomposites
• MEMS and applications
• Nanodevices
The program will be reviewed and revised every year and international cooperation with
advisors will be implemented.
Dr. Mats Boman, Uppsala University, Sweden gave a second talk on Nanotechnology
Curriculum and discussed the new MSc model in Sweden and how they hope to solve the
interdisciplinary challenge in this field of education. Their group decided that in order to
move discovery from research to industry, a new Ph.D will become necessary in
Nanotechnology.
In order to develop this degree the following Master level courses have been initiated.
• Year 1
Math
Physics / Chemisty / BioChemistry
Quantum / Computer Science
•

Year 2

Math for Nanoscience ( Physics, Physical Science, Math teachers)
Quantum Nano / Biology

Materials / Electronic materials / Functional materials
•

Year 3

•

Year 4

Physics (teach appropriate math and get involved in PhD projects)
Process technology / Nano analysis / Quantum / Design
General Medical / Free Choice Courses
Biology / Medicine
Materials Science
Nano Electronics plus project work (4-5)
Nano Physics

Suggestions were made to join with 3-4 Universities in developing nano science courses.
A short term solutions was the use of an existing Master course in Chemical Engineering
and adding General Nanotechnology in years 3-4. Also find out what industry your
country requires and set a focus to develop nanotechnology courses specifically for the
workforce in that arena of specialization.
Professor Wiwut Tanthapanichakoon from the National Science and Technology
Development Agency presented the “Nanotech Requirements for Thailand.” In the
current status he identified 16 laboratories in 6 universities that could focus on this
education. Also available were 5 laboratories located in 2 government agency facilities.
The estimated number of researchers that were available numbered at 100. Typical areas
of research were: Nanoparticles, Quantum Dots, Carbon Nanotubes, Nanocoatings,
Micro-Electro-Mechanical Systems (MEMS) and also stated that they were indeed late
comers in this area of education. They have proposed a Nanotechnology Center with 300
researchers, and proposed a budget of $25 million (US), with R&D areas of: Advanced
Polymer, Nanocarbon, Nanoglass, Nanometal, Nanoparticles, Nanocoatings, and
Nanosynthesis. They have identified applications for Automotive, Foods, Energy,
Environment, Medicine and Health as future industries. Human Resources Development
is the key to success in Nanotechnology.
They plan to address this area with:
• Technical seminars
• Short term training
• Intensive courses
• Elective subjects
• New graduate programs
In November 2002 the Cabinet of the Government of Thailand assigned the task to the
Ministry of Science and Technology (MOST) the Ministry of Information and
Communication Technology (MICT) to come up with a concrete policy, measures and
actions on Nanotechnology for submission to the Cabinet. In response MOST has
ordered the NSTDA to tackle this important task and therefore, they developed the above
program for a center. To achieve synergism, it has been proposed that NSTDA and
NANOTEC promote development of a pioneering Master Program in Nanotechnology to
be followed by a similar Doctoral Program. These will be instigated by an appropriate
Thai institution or academic consortium, preferable with backup from one or more
leading foreign universities.

Professor Hiroo Niiyama of the Global Scientific Information and Computing Center at
Tokyo Institute of Technology gave his “Personal View on Nano-Tech Curriculum.” As
an overview he stated that many Japanese professors believe:
• Nanotech curriculum shall be a research or practice oriented program. Emphasis
shall be placed on thesis work.
• Therefore, appropriate numbers of research subjects shall be set up first, to which
students belong at earliest possible time.
• Each group is responsible for education also, through in-laboratory group studies
and tutoring.
Framework:
1st Year
• Well balanced curriculum: class studies
• Group studies in the research laboratory
• Assist Senior students: analysis, apparatus set-up etc.
2nd Year
• Specific research subject classified to nanomaterials, nanobio, or nanoelectronics
• Intensive training/education shall be done in each laboratory
Students belong to a laboratory at their earliest possible time in the MS studies.
1st Year Class Studies:
The 1st Semester:
• Core Subjects
1. Solid state physics
2. Surface science
3. Thermodynamics and Kinetics of solids
4. Instrumental analysis of surfaces
They are common to all students
The 2nd Semester:
• Electives
1. Nanomaterials – Heterogenous catalysts, Porous materials
2. Nano electronics
3. Nano Bio
Each stream shall prepare 3-5 lectures
2nd Year: Education through research
• MS Thesis Research
1. Several numbers of research groups shall be formulated in NECTEC,
MTEC, or BIOTEC to one of which students belong.
2. Linkage with overseas universities (co-supervision)
• Several credits shall be given:
1. Engineering Colloquy: conducted in each research group
2. Special lectures on nanotechnology
The last activity of the conference was to set up three working groups to address different
aspects of education and develop a list of solutions:
\

Group 1- Solutions ( short version from notes)
• Create a network for exchange of students, materials and information
• Translation of text to native languages
• Hands on learning
Group 2
• Faculty enhancement: reinforce Life Long Learning for the teachers. Identify
overlaps, learn more about each others subjects and develop collaboration
between departments.
• Utilize a lecture/research combination
• Form International collaborations
• Collaboration on textbook development
• Develop Intensive Introduction to Nanotechnology
Group 3 (This was my working group and as moderator I turned in the following report)
• Expanded modules of current syllabus to add subject specific nano science
information for: Biology, Physics, Chemistry, Math
• Interchanges of courses among faculty/departments as “we can’t each know
everything”
• Research the needs of industry in your particular country concerning the future of
nano products. Look at Supply and Demand of products.
• Include subjects based on engineering disciplines necessary to develop the Human
Resources in these areas.
• Emphasis & Purpose – Develop integrated knowledge base to focus on molecular
phenomenon
• International Programs- Set up exchange programs in Europe, USA, Canada and
Japan for 4th year experimental research students
• Schedule electronic media interactive lectures from various universities and
interrelated disciplines.
• Industry: Develop informational workshops to address human resources
development for nanotechnology.
As you can surmise from this overview a lot of groundwork for developing Nano Science
Education was shared with many solutions and suggestions shared on how to structure
the various degrees, which will help with strategy and planning efforts in all developing
countries. Many relationships were formed and future discussions on projects will be
forthcoming to benefit all parties.
As the first global conference on nanoscale education was closing, many of the speakers
offered to share their models with interested delegates, which is the true essence of a
global community in action. We all look forward to many new ideas surfacing from this
conference and especially the Asian Pacific region in the near future, while also offering
expertise and assistance to keep the momentum flowing.

