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Abstract,
Florida Atlantic University offered its first course on nanotechnology in the fall semester of 2003 with the objective to introduce students with diversified backgrounds to the expanding nano-world.  An elective course “Introduction to Nanotechnology” offered through the Department of Mechanical Engineering received substantial enthusiasm as the most enrolled elective course in the department.  The course text by Mark Ratner and Daniel Ratner Nanotechnology: A Gentle Introduction to the Next Big Idea provided students an overview of technology progression as well as a background for hands-on laboratory experimentation and design proposals.  The course also used National Science Foundation funded curriculum materials including the Lab Manual for Nanoscale Science and Technology and Exploring the Nanoworld with LEGO® Brick developed by the University of Wisconsin.  Web-based learning supplemented class materials to increase exposure to students and bring material forward for discussion.  This course has effectively encouraged not only students but local professionals to participate in design proposals and to pursue further nanotechnology studies.  Based on the enthusiasm and student fascination with nanotechnology education, further work has been undertaken to continually encourage students and faculty to integrate nanotechnology into undergraduate education.  
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Introduction,
Not since the Industrial Revolution back in the eighteenth century has the world existed on the doorstep of a new technological revolution so boldly exciting that it has the power to change the world.  The technology that represents this new growing global paradigm shift is that of nanotechnology, which has cascaded into one of the largest multidisciplinary converging technologies to date.  Riding on the achievement of information technologies, nanotechnology is evolving at an ever increasing rate.  Within engineering, nanotechnology promotes diversification of disciplines leading to the design of new product developments.  In a MIT Technology Review article entitled, “Get Ready for Your Nano Future,” author Alan Leo states “We know nanotech will change the world – it’s time to think about how.”  With the rapid revolution of science and technology which began subsequent to Dr. Feynman’s 1959 essay, “There’s Plenty of Room at the Bottom,” it is increasingly imperative to prepare our students for the important opportunities and challenges within the expansion of this paradigm.  
By implementing nanotechnology into the undergraduate education program at the early stage, an engaging environment is created; in which students broaden their horizons for science, math, engineering, and technology, while preparing them for their places in the future nano-driven employment.  This is possible by providing new courses and research opportunities to bring forth the nano-cosmos to the masses.  In addition to educating students about the advancement of nanoscience and nanotechnology, we intend to involve students in nano-enabled product design and research.  We believe that the market force can be unleashed, and nanotechnology can change the way we live and work only through innovations in products, with creative engineering design.  Scientific progress has been amazingly noticeable in the laboratory, but is necessary to bring this technology forward to the marketplace through creativity and imagination.  Many challenges remain to be overcome.  It is therefore essential that a wide spectrum of participants be involved, including students, educators, professionals, and the public.  We aim at introducing students to nanotechnology, exciting them with ideas, empowering them with tools, and enticing them into productive research and development.  
Florida Atlantic University (FAU) is a relatively young state supported university, with seven campuses serving an ethnically diverse population of southeast Florida.  The College of Engineering is particularly proud of its achievements in educating an underrepresented student body.  It is believed that the current initiative along with future proposed programs will have a strong impact on efficient and innovative introduction of nanotechnology into the undergraduate curriculum attracting students to an area of emerging technology, and opening up opportunities for diversity.  

Objective,
To demonstrate the ease of application and progression of integrating nanotechnology into the undergraduate education curriculum for engineering students, while providing hands on learning and initial research experience.  This coursework demonstrates substantial opportunities for students and faculty, while bringing forth the nanotechnology paradigm shift opportunities to the masses.  
Scope of Work,
Introduction to nanotechnology began its integration in the fall of 2003 as an upper level elective entitled Nanotechnology.  The course syllabus is attached.  Students worked in small groups focusing on design applications of theory from class.  As a textbook, Mark and Daniel Ratner’s Nanotechnology: A Gentle Introduction to the Next Big Idea explained the fundamental shift in the scientific paradigm, while exposing students to massive interdisciplinary objectives.  The Lab Manual for Nanoscale Science and Technology from the National Science Foundation (NSF) and Exploring the Nanoworld with LEGO® Brick developed by the University of Wisconsin, supplied excellent hands-on activities to demonstrate new principles, while serving as a foundation for students imaginations for market products.  These laboratory manuals served as invaluable tools to increase understanding and awareness of nanotechnology advancements.  Topics in the lab manual from the NSF manual from University of Wisconsin included critical micelle formation, aqueous ferrofluid nanoparticles, synthesis of colloidal gold, and silver-raspberry solar cell construction.  LEGO® bricks provided simple models for scanning probe microscopy, atomic force microscopy, self assembly, chromatography, and composites.    Additional coursework included web-based learning through research on current advancements and topics which included artificial muscles, molecular imaging, and organic transistors.  Several students presented further in-depth analysis through a weekly seminar series open to the entire university.  Topics of discussion for this nanotechnology seminar series included microfluidics, nanoimmunology, and light emitting diodes. Included in the appendix is a copy of the syllabus from the Introduction to Nanotechnology course.    
Conclusions,
As one of the most successful elective courses in the College of Engineering, it is clear how students are arising to the adoption of nanotechnology into their coursework and design.  Due to the interest and desire of the students for additional coursework on nanotechnology, in the spring of 2004 a more in depth discussion course was provided for students, thus continuing the nanotechnology integration into the curriculum.  Furthermore, proposals are currently underway for future coursework involving simulations and directed independent studies for students.  Additionally, with ease of available materials on the web, courses such as this introduction can be easily implemented and provide outstanding opportunities in design, research, and knowledge.  
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Appendix 1, 
EML 4930 (Section #007, Call #15327)

NANOTECHNOLOGY Fall 2003

Credit



3 (including 1 design credit)

Prerequisite
Some mathematics, physics and chemistry including acquaintance with basic algebra, knowledge of light, heat and force, and molecular structures and molecular formulae.  

Course Description
Fundamental science behind nanotechnology.  Tools of nanoscience.  Smart materials.  Sensors.  Biomedical applications.  Energy capture, transformation and storage.  Optics and electronics.  Fabrication and modeling.  Nano business and nano industry.  

Time & Place
MWF   3:00 – 3:50     ENG 162

Instructor
Dr. Tsung-Chow (Joe) Su
Tel: (561) 297 – 3896


Office: Room 222, Bldg 36 (Old Engineering Building)


E-mail: su@fau.edu
Office Hours
M W F 1:00 – 2:00 PM

Goals
To introduce future engineers (1) science and engineering at molecular scales and (2)  how to harness our knowledge of nanoscience to create materials, machines, and devices that will fundamentally change the way we live and work.  

Textbook
(1) Mark Ratner and Daniel Ratner, Nanotechnology, The next Big Idea, Prentice Hall 2002


(2) Exploring the Nanoworld, http://www.mrsec.wisc.edu/edetc/nanolab/index.html

(3) Lab Manual for Nanoscale Science and Technology,


http://mrsec.wisc.edu/edetc/nanolab/index.html

(4) Exploring the Nanoworld with LEGO® Brick


http://www.mrsec.wisc.edu/edetc/LEGO/index.html
Course Requirements and Grading Policy


Eight team design projects



40%


Six homeworks





30%


Two team design proposals: Report and Presentation
20%


Team participation/contribution



10%

Team Design Projects Based on Learning From:

1. Synthesis of aqueous ferrofluid nanoparticles

2. Decanethiol monolayer 

3. Organic light emitting diodes 

4. Synthesis of colloidal gold 

5. Critical micelle formation

6. Titanium dioxide on silver raspberry solar cell

7. synthesis of CdSe nanoparticles

8. Properties of liquid crystal display







