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LECTURES

Lecturer: Prof. Alexander Mukasyan

Office: 210 StinsorRemick Hall
E-mail: amoukasi@nd.edu Tel:1-9825

Time: MWF, 08:30 1T 09:20 a.m.
Location: 102 DeBartolo Classroom

Activities:

A Present new materi al

A Announce reading and hec
A Take quizzes, midter ms

Website: www.nd.edu/~amoukasi/CBE36



TEACHING ASSISTANTS

Name: E-mail:
Ashish Kushwaha akushwah@nd.edu
Yang Yang yyang3@nd.edu

Akash Sharma asharma6@nd.edu



TA0Os OFFI CE HOU

5:30-7:00 p.m. each Wednesday
TBA **

** Tentative: all changes will be announced

Activities:

A Di scuss homewor k,
A Di scuss |l ectures,
A Pick up missed ha

Website: www.nd.edu/~amoukasi/CBE3




GRADING
Weekly Home-Works  15%

ABe given each Friday:onwww.nd.edu/~amoukasi/CBE361
Mue Friday of the next week: please drop your HWs before 5 p.m.
into the box by my office (StinseRemick Hall, 210)

Quizzes 15%

ABe qgiven on Monday

ADuration: 10 minutes
AEach quiz involves3 guestionson the main concepts of the materials

discussed previous week

Midterm #1 20% Midterm #2 20%

Scheduled fori1/16/2011
Material covered: Chaptersii

Scheduled fori0/12/2011
Material covered: Chaptersél

Final Exam 30%



COURSE MATERIAL

Required text:

A Materials Science and Engineering: An Introduction
W.D. Callister, Jr., 8th edition, John Wiley and Sons, Inc. (2010).

Optional Material:

A Introduction to Materials Science for Engineers, J.F.Shackelford,
7t Edition, Prentice Hall PTR,Paramus, NJ, (2009)

A Essential of Materials Science and Engineering, D.R. Askeland
and P.P Phule, 5-th edition, Nelson Toromto (2006)

AThe Science and Design of Engineering Materials,
J. P. Schaffer, A.Saxena, S.D. Antolovich, T.H. Sanders, Jr. and
S.B.Warner, 2" Edition, McGraw-Hill (1999)



Course Objectives...

Antroduce fundamental concepts of Material Science &Engineering
AOverview of the Recent Achievements in Advanced Materials

ABasics of the research work on the examples of the projects
accomplished in my laboratory in years 1996 -2011

You will learn about:

A material structure
A material properties
A how structure dictates properties

A how processing can cha
This course will help you to:

A use materials properly

A reali ze new design oppoc

A establish basis for critical thinking



Ql: What 1 s mater |

A Composition: the chemical make up of a material!
A Examples: @ carbon; BN boron nitride;
La, «SKy 4F€, NIy O3 1 lanthanumbased perovskite

Q2: What are mater

A Mechanical Propertiedescribe how well a material
withstands applied forces, including tensile or
compressive, impact, cycling or fatigue at room or high
temperature

A Physical propertieslescribe material characteristics such
as color, elasticity, electrical and thermal conductivity,
magnetism and optical behavior that generally are not

significantly influenced by forces acting on a material.



Q3: Can materials have same composition
but possess different properties?

A Answer:Yes !l
A Examples: @ carbon can be in different modifications,

e.g.graphite, diamond, buckyball.

Graphite, is dlack, lustrous solid Pure diamonds are In solution buckminsterfullerene

that iscompletely opaque clear andcolorless deepred color is revealed



Q4: Why it could be so0?

The properties are defined material structuré

Material structuredescribes the arrangement of atoms or ions
In material and profoundly influences the material properties

graphite diamond buckyball




Scale of Structure Organization

units:

micrometer = 10°m = 1um
nanometer=10°m = 1nm
Angstrom = 101°m = 1A

AA hair is ~ 100 pm
AA diameter of single wall carbon nanotube ~ 2 nm
AA size of H, molecule ~ 2.5 A



MATERIAL STRUCTURE

Materials are...
engineered structures...not blackboxes!

Structure...has many dimensions...

Structural feature Dimension (m)

< 10-10

missing/extra atoms 10-10

(ordered atoms) 10-8-.10-1
particles
crystal




Nano World

Transmission Electron Microscope

(TEM) Focused lon Beam

(FIB)

ULTRA 55
ow

(SEM)




- Laboratory of Advanced Electron

Microscopy

Nano Laboratory Helios 600 Field Emission Scanning Electron Microscope Magellan

Director Manager

Prof. Alexander Mukasyan

Transmission Electron Microscope \
Titan (FEI)

01/06/2009

Magellan-Helios-Titan is a unique bundle T currently the only one
In the world- of advanced Electron Microscopes
with record high resolutions and top of the art capabilities



Magellan 400 family

Uncompromised
technologies

The Magellan 400L



The Magellan 400 family unigue
electron optics

Unique technology

Schottky-UC, hot swap gun

Schottky-UC,

hot swap gun \‘
Double magnetic
shielding* \.l

Uncompromised
stability

ConstantPowéM
lens technology*

2-mode objective lens
with field-free and
immersion capability

New TLD design

vCD

Uncompromised detection

Beam at landing V———
%_/

Beam deceleration Sample

Bias

* inherited from Titan developments



Gold on Carbon:
Record Resolution <0.6.nm

FESEM
Magellan 400

Magnification x1,600,000

Resolution 0.58 nm
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Investigating nanoparticles

Unique topographic
contrast together with very
high resolution

Platinum catalyst nanopatrticles,
imaged at very low energy using

beam deceleration for enhanced
surface details and a HFW of 1um.

6/7/2008 > " mag E — L1 S—
(PR Al 200.00 V KeNnlad 300 000 x Magellan 400
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Very detailed information from complex 3D
surfaces

Best topdown resolution

on small and large bulk
samples using low electron
beam energies
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