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Introduction to Nanomaterials (ME 494), 3 credits 1

Last updated: 10/11/2016 Department of Mechanical Engineering, University of Alaska Fairbanks

Instructor Dr. Lei Zhang
Assistant Professor
Department of Mechanical Engineering
Duckering 337A
(907) 474-6135
Izhangl4@alaska.edu
Time/Place:  Tuesday, Thursday 9:45-11:15 a.m., Duckering 333
Pre-requisites: ME 334
Course Materials
Textbook:

1. Nanostructures and Nanomaterials —Synthesis, Properties and Applications, Cao Guozhong and Wang Ying,
World Scientific Publishing, 2nd edition, 2011, ISBN: 978-981-4322-50-8

2. Nanomaterials: An Introduction to Synthesis, Properties and Applications, Dieter VVollath, Wiley, 2008
3. Lecture notes.

4. Assigned papers.

Reference book:

Nanoscale Materials in Chemistry, edited by Kenneth J. Klabunde & Ryan Richards, John Wiley & Sons, 2nd
edition, 2009.

References Journals:
ACS Nano and TBA.

Course Description

This course is aimed to introducing students to the concepts and the associated relevant physics and
materials science of what makes nanoscale materials so unique. This course provides a comprehensive
overview of nanomaterials in terms of the synthesis, characterization, properties, and applications. It will
cover the fundamental scientific principles for the different synthesis techniques, assembly of
nanostructured materials, and new physical and chemical properties at the nanoscale. Existing and emerging
applications will also be discussed through case studies. The 3-credit course is designed for students who
are ME-majored undergraduate and/or non ME-majored graduate standing (both of the groups must meet
the co-requisite requirement). The course constitutes three parts. The first part is on the structures,
properties, and characterization techniques of nanomaterials; the second part is on the introduction of some
special nanomaterials including carbon fullerenes and nanotubes, micro and mesoporous materials, and
core-shell-structure nanomaterials. The last part focuses on the applications of nanomaterials, including
biological applications, energy applications, and environmental applications. Since this course is to prepare
students to further explore the nanomaterials related topics, the course subjects will also broadly include
contemporary relevant topics such that each student may be exposed to the topic(s) of their own interests.

Course Goals

To foster a detailed understanding of various types of nanomaterials by composition, physical properties,
and applications.

Student Learning Outcomes
By the end of the course, the student will understand the following:
e Understand the difference between bulk materials and nanomaterials

e Explain typical synthesis method of nanomaterials
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Explain the physical and chemical properties of nanoparticles

Evaluate existing potential applications of nanomaterials

Instructional methods:

Instructional methods of this course include lecture (via Microsoft Powerpoint), essay writing, and student
oral presentation.

This class will be using Blackboard as an aid to communication.

Student Assignments

Homework

No plagiarism! Assignments about the structures and properties of nanomaterials will be distributed and
collected for grading.

Assigned Reading and Essay Writing

One reading assignment will be assigned to student about the properties of nanomaterials. Each student
needs to read through the paper assigned and perform the following task:

Each student writes a 3-page essay to at least address the following questions:

1. A summary of the paper content—use your own words to address what the problem is and why it
is important, the method used, and to what degree the authors solve the problem, and how.

2. Your comments on this paper—what problem(s) did the authors not solve or address, and in your
opinion what else of the problems would be needed to solve. Bonus points will be given if you
could suggest one approach or two to study the unsolved problems.

Oral Presentation

Each student will give three 10-15 minute oral presentations on the following topics:
(1) Nanomaterials for biological applications

(2) Nanomaterials for energy applications

(3) Nanomaterials for environmental applications

Student may choose one or more peer-reviewed paper(s) relating the presentation topics. Student will
submit or email his/her presentation paper(s) he/she presents to the instructor 2 weeks before the
presentation date. The oral presentation should address the significance of the paper (what is the problem
and why it is important), the method (to what degree the authors solve the problem, and how), and the
conclusion to this paper.

Final Exam

One final exam (open notes) will be given in class. The exam date will follow the final exam schedule
posted in the book Class Schedule. As a UAF student, you are subject to UAF's Honor Code:

"Students will not collaborate on any quizzes, in-class exams, or take-home exams that will contribute to
their grade in a course, unless permission is granted by the instructor of the course. Only those materials
permitted by the instructor may be used to assist in quizzes and examinations.

Students will not represent the work of others as their own. A student will attribute the source of
information not original with himself or herself (direct quotes or paraphrases) in compositions, theses
and other reports.

No work submitted for one course may be submitted for credit in another course without the explicit
approval of both instructors.
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Violations of the Honor Code will result in a failing grade for the assignment and, ordinarily, for the
course in which the violation occurred. Moreover, violation of the Honor Code may result in suspension

or expulsion."
Grading
The performance of each student will be evaluated by:
total

In Class 3 Presentations 10 points each 30 points

Written Essay 15 points 15 points

HW Assignments 30 points 30 points

Final Exam 25 points 25 points

Total 100 points

A+ (96-100) A (90-95) A- (87-89) B+ (83-86) B (80-82) B- (77-79) C+ (73-76)
C (70-72) C- (67-69) D+ (65-66) D (63-64) D- (60-62) F (<60)

Oral presentation and written essay evaluation forms are attached at the end.

Course Calendar
Week | Content

1 Emergence and challenges of nanotechnology

2 Physical Chemistry of Solid Surfaces |

3 Physical Chemistry of Solid Surfaces Il
(HW #1 will be distributed at the end of week3, due at the end of week4)

4 Zero-Dimensional Nanostructures: Nanoparticles |

5 Zero-Dimensional Nanostructures: Nanoparticles 1

(HW #2 will be distributed at the end of week5, due at the end of week6)

6 One-Dimensional Nanostructures: Nanowires and Nanorods
(HW #3 will be distributed at the end of week6, due at the end of week?7)

7 Two-Dimensional Nanostructures: Thin Films
(HW #4 will be distributed at the end of week 7, due at the end of week3)

8 Special Nanomaterials: Carbon Fullerenes and Nanotubes
(HW #5 will be distributed at the end of week 8, due at the end of week9)

9 Special Nanomaterials: Micro and Mesoporous Materials, Core-Shell Structures
Nanostructures Fabricated by Physical Techniques

10 (Reading assignment will be assigned, written essay is due at the end of week14)
11 Characterization and Properties of Nanomaterials
12 Nanomaterials for biological applications

Students presentation #1

13 Nanomaterials for energy applications
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Students presentation #2

14 Nanomaterials for environmental applications

Students presentation #3
15 Final Exam (in-class. date: TBA)

Course policies:

Make-up homework assignments and exams are possible only by prior approval by the instructor. Plagiarism
will result in a failing grade.

Disabilities Services:

The Office of Disability Services implements the Americans with Disabilities Act (ADA), and ensures that
UAF students have equal access to the campus and course materials. The instructor will work with the Office of
Disabilities Services (203 WHIT, 474-7043) to provide reasonable accommodation to students with disabilities.

Oral Presentation Evaluation Form (10 points in total for each presentation)

Delivery Excellent | Good | Needs Improvement
(point) (point) (point)
Introduction clear and interesting 1 0.5 0.2
Related topic to audience 1 0.5 0.2
Communicated sincerity & enthusiasm 1 0.5 0.2
Maintained strong eye-contact 1 0.5 0.2
Avoided distracting mannerisms 1 0.5 0.2
Seemed knowledgeable & confident 1 0.5 0.2
Presented visual aids well 1 0.5 0.2
Completed speech within time limit 1 0.5 0.2
Content
Main points well-organized, used supporting 1 05 0.2
evidence & examples
Written Work
Outline well-written and complete, 1 0.5 0.2
bibliography included in proper format
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Essay Evaluation Form (15 points in total)

Excellent | Good Needs Improvement
(point) (point) (point)
Importance of the work well addressed 2 1 0.5
Experimental methods used well addressed 2 1 0.5
Clearly identified problem 2 1 0.5
Clearly identified to what degree and how the 2 1 0.5
authors solve the problem
Main points well-organized, used supporting 2 1 0.5
evidence
Clear conclusion 2 1 0.5
Bibliography included in proper format 1 0.5 0.2
Clear, concise language 1 0.5 0.2
Submit on time 1 n/a 0
Bonus points (max 4 points in total)
Clearly identified what problem(s) did the 1 0.5 n/a
authors did not solve or address
What else of the problems would be needed 1 0.5 n/a
to solve in your opinion?
Suggest one approach or two to study the 2 1 n/a
unsolved problems




