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Nanotechnology education is critically needed to create a skilled 
domestic workforce to achieve and sustain this growth 

Nano Tools: Motivation

 United States (World) 

 Primary workforce Final products market 

2000 25,000 (60,000) $13 B ($30 B) 

2008 150,000 (400,000) $80 B ($200 B) 

2000-2008  25% 

2015 800,000 (2,000,000) $400 B ($1,000 B) 

2020 2,000,000 (6,000,000) $1,000 B ($3,000 B) 

 

Actual and estimated growth of nanotechnology 
(NSF WTEC report “Nanotechnology Research Directions for Societal Needs in 2020)



To develop nanotechnology competences and professional skills in 

undergraduate students within STEM majors at the University of Rhode Island by 

exposing them to state-of-the-art instruments commonly used in nanotechnology. 

– To provide basic knowledge of the principles and operation of nanoscale

instrumentations.

– To foster problem-based, peer-to-peer learning through research-oriented group 

proposal projects.

– To enhance students’ technical communication skills through group presentations, 

journal-formatted project reports, and online learning and professional portfolios.

– To enhance student-faculty and faculty-faculty collaborations to create new 

research opportunities after the course.

– To expose students to societal, ethical, economic, environmental, and 

entrepreneurial/commercial implications of nanotechnology through topical 

seminars.

Nano Tools: Objectives



Nano Tools: ABET
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Physical and chemical 

characterization of hard or 

soft nanomaterials and 

nanoparticles

Cryogenic studies of 

nanoparticle dispersions

Physical characterization 

of hard or soft nano- 

material surfaces

Physical characterization 

of hard or soft nanoparticle 

dispersions
Dynamic light 

scattering (DLS)

Transmission 

electron microscopy 

(TEM)

Atomic force 

microscopy (AFM)

Weeks 2-3

Weeks 5-7

Weeks 9-10

How nanoparticle 

composition and dispersing 

medium determine inter-

nanoparticle interactions 

and colloidal stability

How direct imaging under 

dry or wet (cryogenic) can 

reveal microstructure and 

dispersibility

How composition can be 

quantified and connected to 

microstructure

How inter-nanoparticle 

interactions govern film 

deposition and morphology

Weeks 4-10

Interdisciplinary 

group proposal 

projects: 

Proposal 

planning, 

communication 

skills, and 

laboratory 

training with 

faculty mentors 

and their 

graduate 

students 

Scanning electron 

microscopy (SEM)

Figure 1. An overview of the interdisciplinary URI Nano Tools course. Green 

boxes in weeks 4, 8, and 11 denote periods where the PIs and invited 

speakers will give topical lectures related to the broader impacts of 

nanotechnology. Black boxes denote periods where technical lecture and 

laboratory content will be provided on Nano Tools. Red boxes denote 

activities related to independent research proposal planning and 

development.

Introduction to nanotechnologyWeek 1

Societal, ethical, and economic implicationsWeek 4

Environmental health and safety implicationsWeek 8

Nanotechnology entrepreneurship and commercializationWeek 11

Weeks 11-15

Proposal 

development, 

preliminary data, 

and 

presentations



• EGR450 Nano-tools is open to any science and engineering student that fulfill 

the math and physics requirements

• Three lecture instructors (Bothun, Bose and Craver) and one lab instructor 

(Khan)

• Three credits
– 1.5 hrs lecture

– 3 hrs laboratory session

• Lectures and Labs (10 weeks)

– 2 Lecture: Introduction to nanotechnology

– 2 Lectures: Interparticle interaction and DLS

– 3 Lectures: Electron microscopy and TEM and SEM

– 2 Lectures: AFM

– 1 Lecture: EHS

• Team Projects

– 4 weeks: Projects presentation (weekly updates and final presentation)

Nano Tools: Syllabus SP2014



Nano Tools: Demographics

Spring 2014



Nano Tools: Activities overview

Lectures Labs Products

Intro. Nano/DLS Gold Nanoparticle synthesis

DLS intro and use

Nanosuspension (used for the whole course)

Histogram hydrodynamic diameter

TEM/SEM TEM intro. and use

SEM intro.

TEM: core particle distribution using 

software

SEM: Image

AFM AFM Introduction AFM: Image

EHS Group activity/Video Essay



Nano Tools: Science communication

Activity with Journalist Students

• Students in our class were paired with a journalist student. Journalist student 

were required to prepare a science news piece.



• Summative Assessment: 

– Pre and post: content based and perception based questions

– Scientific ability rubric modified from Rutgers University Physics and Astronomy 

Education Research (PAER) group and Wansom S. et al. (2009)*

Nano Tools: Assessment

*Wansom, S., Mason, T.O., Hersam, M.C., Drane, D., Light, G., Cormia, R., Stevens, S., Bodner, G. 

(2009) A rubric for post-secondary degree programs in nanoscience and nanotechnology. International 

Journal of Engineering Education 25 (3), 615-627



Nano Tools: Summative Assessment Rubric



Nano Tools: Summative Assessment 

Examples Questions
6.- The figure below shows two images of different batches of gold nanoparticles. Can 

you identify the tool used? What type of quantitative and qualitative information can 

you obtain from it?. What type of information would you need to obtain a more reliable 

analysis of the image. [Objective A.iii] 



Nano Tools: Summative Assessment

Our objective is up to 70% of proficiency in each area.



Nano Tools: Students comments
What was the most effective 

part of this course?

What are your suggestions for 

changes that would improve 

this course?

What do you consider to be 

the most important?

Learning tools (in class brief 

description) and using them. It 

gave us confidence.

Make the final project last all 

year. Use each instrument and 

write a status report then at the 

end of the year present all data 

gathered.

How images can be taken and 

what equipment to use 

depending on what information 

you want to collect.

Working with older students in 

the lab was a great learning 

experience.

Don't squeeze AFM and project 

into last few weeks together; 

make project semester long 

learning experience.

Hands on experience, basic lab 

chem, contaminants concerns, 

instrument operation.

Using each machines yourself 

and completing a research 

project in which you apply the 

skills you have learned.

Final project should have started 

earlier. More concise lessons, 

some felt repetitive and it seemed 

like that time could have been 

used to the project.

Being introduced to the 

nanoworld at all. This course 

made me think a lot about my 

future in terms of research or 

even a career.

Research project. Learned how 

to work better in groups, time 

management with respect to 

balancing research projects and 

other classes. Learn about 

mentors.

Maybe more basic chemistry first 

because I had chemistry classes 

in a while and forgot some things. 

A quick review could have been 

useful.

Developing skills to use the 

instrumentation and more 

importantly, analyzing and 

interpreting the results from the 

instrumentation.



Nano Tools: Demographics 2Y

Spring 2014
Spring 2015



Nano Tools: Demographics



Nano Tools: Summative Assessment 2Y

0% 25% 50% 75% 100%

Size	&	scale

Nanoscale	forces

Tools	for	characterization

Data	analysis	&	
interpretation

Environmental	health	&	
safety

Ethical,	legal	&	social	
aspects

%	Students	achieving	or	exceeding	proficiency	2015
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Our objective is up to 70% of proficiency in each area.



Nano Tools: Demographics 3 Y

Spring 2014 Spring 2015 Spring 2016



Nano Tools: Summative Assessment

Our objective is up to 70% of proficiency in each area.



Nano Tools: Conclusions

• Starting with the tool, students learn how nanoscale properties are 

determined through theory reinforced by experimentation.

• Discussing complimentary results from different instruments

reinforces the fundamental basis for each technique and empowers 

students to make decisions on what properties to measure, how, and 

why.

• Applying nano tools to mentored research projects connects the 

instrumentation to applications and reinforces knowledge.



Nano Tools: Challenges

▪ Great experience for students and instructors, BUT time 

consuming and expensive.

▪ Students have varied backgrounds and laboratory 

experiences.

▪ Extensive hands-on work needed to be proficient using a 

“nano tool.” 

▪ Mentors understand objectives of the course and align 

their projects accordingly.

▪ Internal support to sustain the course…



Additional Instructors: Arijit Bose, Iftheker Khan, Everett Crisman, 

Richard Kingsley 

Teaching assistants: Nelson Anaya, Yaser Kashcooli, Nasim Ganji

Mentors: URI - Stephen Kennedy (BME/CHE), Samantha Meenach

(CHE), Yi Zheng (ME); Florida Polytechnic University - Rob MacCuspie

Other: Christopher Kitchens, Clemson University

Facilities: Rhode Island Consortium for Nanoscience and Nanotechnology
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