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Tools > Audio > Audio Setup Wizard
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Presenter

Joyce Palmer Allen

Assistant Educational Coordinator for the National Nanotechnology
Infrastructure Network (NNIN) and works at the Institute of
Electronics and Nanotechnology (IEN) at Georgia Institute of
Technology. Her job includes planning, developing, and
implementing educational outreach programs in nanotechnology and
representing the NNIN Education and Outreach office at local and
national conferences and meetings. She also helps to oversee

a programs such as the NNIN Research Experience for Teachers and
Research Experience for Undergrads at Georgia Tech.
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Host: Michael Lesiecki
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Objectives

The National Resource for Nanoscale Science and Technology

® Reasons K-12 students need to be exposed to nanoscale
science and engineering (NSE) information.

® Big Ideas of NSE and their connections to science
standards.

® Resources for introducing students to NSE.

® Resources for connecting NSE to curriculum.

® Examples using NSE resources.

NACK Webinar




Who is Joining Us?

The National Resource for Nanoscale Science and Technology

Poll Question:
What grade level do you teach?
A. Elementary
B. Middle school
C. High School
D. 2-yr or 4-yr

If you do not teach, do you provide outreach
to K-127? Type your answers in the chat box.

NACK Webinar




Poll Question

The National Resource for Nanoscale Science and Technology

Poll Question: How familiar are you with
resources for NSE?

A. I'm very familiar and use websites like the
NNIN regularly

B. I'm pretty familiar — I've heard of the NNIN

C. | have NO idea where to find NSE resources
— HELP!

Open for discussion: What do you hope to gain
from participating in this webinar?

NACK Webinar



The National Resource for Nanoscale Science and Technology

Why expose students to
NSE?

NACK Webinar




Why should your students be exposed to NSE?

The National Resource for Nanoscale Science and Technology

Nanoscience and nanotechnology are
growing industries!

By 2018:
* Expected to be a $2 trillion

“industry”

* Expected to be 5% of Gross

By 2018: Domestic Product
* U.S. Bureau of Labor Statistics estimates
8,654,000 U.S. STEM jobs By 2020:
* NSF estimates that nanotechnology
* 17% growth in STEM jobs vs. 9.8% for non- will employ 6 million workers in the
STEM. manufacture of nanomaterial-based

products.

Sources

(www.aboutastra.org)

(US Dept. of Commerce Report)
CEN.ACS.ORG

NACK Webinar



http://www.aboutastra.org/

Information about STEM

The National Resource for Nanoscale Science and Technology

ASTRA

ALLIANCE FOR SCIENCE & TECHNOLOGY

RESEARCH IN AMERICA

b o

Home Reports State Innovation Vital Signs 2013 STEM Results Profiles

State Innovation Vital Signs 2013

State Innovation Vital Signs 2013 (R&D STEM & Data) Report cards to help illustrate the importance of
scientific research to state and local economies, job growth, innovation, our standard of living, and national
security.

One highlight of this work is a feature which ranks states according to a variety of indices provided by U.S.
Census Bureau, the U.S. Bureau of Labor Statistics, TechAmerica, The Information Technology & Innovation
Foundation, and several other organizations which track specific trends in this area.

Please feel free to share these Reports with your elected representatives as well.

E] State STEM Education Overview prepared by OPAR at Georgia Tech Research Institute.

= Alabama Download
= Alaska Download
= Arizona Download
= Arkansas Download
= California Download
= Colorado Download
= Connecticut Download
= Delaware Download

Video

4

Source: http://www.usinnovation.org/state-innovation-vital-signs
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US Innovation Today Newsletter

Stay informed of latest news on STEM,
innovation, science, and technology.

E-mail *

Subscribe

Latest News

Congress and NIH Don't See Eye to Eye
on Science Education

US should not surrender its edge in
innovation: Barack Obama

President Announces New School
Broadband Effort

Economist: manufacturing is critical to
innovation

CloudPassage Named Security Innovation
of the Year for 2013-2014 by Cloud




STEM Jobs

The National Resource for Nanoscale Science and Technology

211,000 Georgia STEM Jobs to fill for

2018
* Georgia kids and parents need to know
about the potential for rewarding and high
paying careers in STEM.

* Overall U.S. demand for scientist and
engineers is expected to increase at four
times the rate for other occupations.

NACK Webinar



Results of The Harris Poll of 2,467 U.S. adults (ages 18 and over)
surveyed online between June 18 and June 25, 2012.

The National Resource for Nanoscale Science and Technology

FAMILIARITY WITH NANOTECHNOLOGY BY REGIOMN AND GENDER

"How much hawe you heard about nanotechnology?"

Region
Total
East Midwest | South West
] ) ) 5 24
[HAVE HEARD AT LEAST A LITTLE (MNET) 38 38 26 28 41
A lot 5 5 5 & 5
Some 12 14 11 iz 14
A little 21 20 20 21 22
[Know the term, but that is all 26 29 20 25 28
INDthir‘lg at all 36 33 24 36 31

Source:
http://www.harrisinteractive.com/NewsRoom/HarrisPolls/tabid/447/mid/1508/articleld/1073/ctl/ReadCustom
%20Default/Default.aspx
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Additional Harris Poll Results

The National Resource for Nanoscale Science and Technology

TABLE 3B
NANOTECHNOLOGY RISKS V5. BENEFITS BY AGE

"Based on what you know, how would you describe the relative risks and benefits of nanotechnology?”

Base: Have heard at least a little about nanotechnology

Age
Total

18-29 30-39 40-49 L0-64 65+

% ] 5 5 U6 %

[Risks outweigh the benefits ] 8 g 5 2 1
|Risks and benefits are about equal 27 24 29 29 29 20
|[Benefits outweigh the risks 37 32 34 36 36 58
Mot at all sure 30 35 28 26 32 22

Note: Percentages may not add to 100% due to rounding.

NACK Webinar




What should our students know about
NSE?

The National Resource for Nanoscale Science and Technology

Big Ideas of
Nanoscale
Science and
Engineering

Stevens et al, 2009

NACK Webinar




Big Ildeas of Nanoscale Science

The National Resource for Nanoscale Science and Technology

* Size and Scale e Quantum

e Structure of Matter * Tools &

» Size Dependent Instrumentation
Properties « Models & Simulations

* Forces & « Science &Technology
nteractions

Self Assembly

Source: The Big Ideas of Nanoscale Science and Engineering: Guidebook for Secondary Teachers (2009). Steven, Sutherland, and Kraicik

NACK Webinar




Connection of Big Ideas to Science Standards

The National Resource for Nanoscale Science and Technology

NSE concepts are easy to integrate into your
classroom and align to Next Generation
Science Standards or your state science

standards.

NACK Webinar




Connection of Big Ideas to K-5 Next Generation

Science Standards

The National Resource for Nanoscale Science and Technology

Size and Scale

® Number and Operations in
Base Ten

Area and Volume

1-LS1 From Molecules to
Organisms: Structures and
Processes

Forces and Interactions

® K-PS2 Motion and Stability:
Forces and Interactions

® 3-PS2-3 Ask gquestions to
determine cause and effect
relationships of electric or
magnetic interaction between
two objects not in contact with
each other

Structure of Matter

5-PS1-1 Develop a model to
describe that matter is made of
particles too small to

be seen.

Models and Simulations
K-ESS3-1 Use a model....

K-2-ETS1-2 Develop a simple
sketch, drawing, or physical
model...

3-LS1-1 Develop models....

NACK Webinar




Connection of Big Ideas.to 6-8 Next Generation

Science Standards

The National Resource for Nanoscale Science and Technology

Structure of Matter Tools and Instrumentation

MS'P51_£_1 De?cribelthe altomilc MS-PS1-6 Undertake a design
D o] s o IeCHIEs project to construct, test, and

MS-LS1-2 Develop and use a modify a device..... L
model to describe the function of a MS-PS3-3 Apply scientific

cell as a whole and ways parts of principles to design, construct, and
cells contribute to the function. test a device. . ..
Size Dependent Properties Science and Technology

MS-PS1-4 Predict and describe

changes in particle motion, MS-PS4-3 Integrate quc_alltatlve .
temperature, and state of a pure scientific and technical information
substance when thermal energy is to support the claim that digitized
added or removed. signals....

MS-PS2-2 Change in an object’s -
motion depends on the sum of the MS-LS2-5 Evaluate competing

forces on the object and the mass of design solutions for maintaining
the object. biodiversity and ecosystem services.

NACK Webinar




Connection of Big Ideas.to 9-12 Next

Generation Science Standards

The National Resource for Nanoscale Science and Technology

Self-Assembly | Size Dependent Properties
HS P13 The structure and Interaction HS-PS1-4 ...compare the structure
determined by electrical forces within .Of substances at the bulk .Scale to
and between atoms. infer the strength of electrical forces
HS-L-S1-6 Evidence for how carbon, between particles.
hydrogen, and oxygen form sugar HS-PS1-5 ...the effects of changing
molecules and how they combine with the temperature or concentration of
and/or other large carbon-based the reacting particles on the rate oat
molecules. which a reaction occurs.

Size and Scale

Forces and Interactions , , ,
HS-LS1-2...illustrate the hierarchical

HS-PS2-4 ..... predict the organization of interacting systems that
itati i provide specific functions within

gravitational and e!ectrostatlc multicellular organisms.
forces between ObJeCtS' HS-LS2-1... use mathematical and/or

- - i i computational representations to support
HS-1.51-3 ....provide e_wdence explanations of factors that affect
that feedback mechanisms carrying capacity of ecosystems at
maintain homeostasis. different scales.

NACK Webinar




Resources for Introducing NSE

The National Resource for Nanoscale Science and Technology

O Demos
®; <
Books
‘_ MutmedCz>
< Lessons >

Games

NACK Webinar




Lesson: Using Media to Explore Social and Ethical Issues in

Nanoscience and Nanotechnologies

The National Resource for Nanoscale Science and Technology

Topic Select All Level Select All

|| Biology || Chemistry _| Environmental Science || Elementary _| Middle School

_| General Science _| Physical science | _| Physics _| High School I Adult

|| Science and Society | | Tools and Technology

Search Articles |
This lesson introduces students to social and 55 e i
ethical issues related to nanotechnology. The g - g
lesson demonstrates possible social issues through LS 8 8
case studeies using popular films, books, and news ';’.g carioas 1
stories. The lesson is intented to stimulate ng(l notec h
discussion about social and ethical issues related to 0 fsee
nanotechnology as well as, in a broader context, N a n O te C h n O ' O g y
the interaction of science and technology with =ia ctiirgensions
society. > <y @ -~ ;study

nanoparticlesQ) g- concerns

. - =3 o
Files: 1% 11{0O

[4] Teacher prepartion Guide t | : : K' g O

materiais
4] Student Guide et
o

[ Next Generation Science Standards for this 3 3

lesson maloralor = v% /a8

Subject: General Science, Science and Society
Audience: High School

Source: www.nnin.org
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Nanotechnology: Small Science, Big

The National Resource for Nanoscale Science and Technology

‘ Qverview ’ Resources W Commenis

Checklist

Scientist reviewed?
Peer reviewed?
Visitor evaluation?

Adaptable Formats

Nano Topics

1d nature and

-y

Audience

All ages

Permissions

Source: www.nisenet.org

NACK Webinar




Size Matters: Introduction to Nanoscience

The National Resource for Nanoscale Science and Technology

Cards for Number Line Activity: Objects

(Printing on card stock paper 1s recommended: then cut to separate.)

1. thickness of a penny 2. nucleus of an oxygen 3. diameter of a red blood
: atom cell

4. height of a typical 5. width of a proteinase 6. length of a dust mite
5-year-old child ; enzyme :

e .

Source: www.nanosense.sri
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Size Sorting Activity

The National Resource for Nanoscale Science and Technology
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Introduction Through Books

The National Resource for Nanoscale Science and Technology

9-12

mems

NANOTECHNOLOGY
Kins

nanotechnolo

Linda Willams
s 0, Wonde Aoy

B2 MLICH IS
-*% A MILLION?

e by David M. Schwaitz T
= pictutes by Steven Kelloaa ; N &
; e 25 £1 - . ] o NANOTECHNOLOGIES

iy Y+ 7. ( . 4 y
'('." e {{é“;‘, 3 z - Prnoples. ASplaatons.
o ' } trplcations and

JOE SCHREIBER
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Introduction Through Multimedia

The National Resource for Nanoscale Science and Technology

Webquests PowerPoints

NACK Webinar




Introduction through PowerPoints

The National Resource for Nanoscale Science and Technology

Naro Me org Brought to you by the Nanotechnology Applications and Career Knowledge (NACK) Network

HOME STUDENTS ALUMNI EDUCATORS INDUSTRY ABOUTUS PARTNERS

The NACK Commitment

NACK's mission Is to provide quality
Resources to K-12 & Post-Secondary
educators. Nanod4me Resources are free
for regstered users

g

To Create an Account: %

SignUp

Registration for the 2013-2014 series!
Webinars are not just a one-way presentation, but 3 two-way connection
between presenters and attendees. They are accessibie oniine from

virtuahily anywhere

Post-Secondary Professional ~r
K-12 Resources Development Additional Resources

Source: nano4me.org/educator-resources
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The National Resource for Nanoscale Science and Technology

multiple modules and corresponding lab packages. All modules and labs can be rearranged to create new courses.
Suitable for two-year degree programs, for certificate programs, and for freshman-sophomore use in four-year degree
programs.

ESC2MM|ESCHMZ|ESC2M3I|ESC214|ESC 215 | E SC 216

Multimedia: A collection of interactive multimedia in nanotechnology. These resources are suitable for a variety of levels and
subject areas.

Remote Access: Video learning modules and example lab experiments suitable for post-secondary and secondary
classrooms. Reguest time on our characterization equipment and bring cutting-edge technology into your classroom today.

K-12 Resources

Introductory Level Modules: A series of thought-provoking nanotechnology PowerPoint presentations filled with in-depth
material surveying where nanotechnology came from, why it is so unigue, how it is practiced, and what it can do.

Introductory Level Activities: Interactive nano-enabled products used to expand the imaginations of K-12 students with
current applications benefiting from nanotechnology.

High School Level Nanotech Academy Activities: A collection of informal activities created for a 1-3 day nanotechnology
camp available to those interested in creating similar events or to supplement the classroom experience.

High School Level Experiments: A collection of experiments and activities that introduce nanotechnology concepts and
applications to many levels; includes, but is not limited to, nanoparticle synthesis for bacterial inhibition, micro- and
nanofluidic device fabrication with common materials, micro- and nanoencapsulation, and nanowire sensor applications.

Multimedia: A collection of interactive multimedia in nanotechnology. These resources are suitable for a variety of levels and
subject areas.

Remote Access: Video learning modules and example lab experiments suitable for post-secondary and secondary
classrooms. Reguest fime on our characterization equipment and bring cufting-edge technology into your classroom today.

Contact Sitemap Logout My Account Renew RE5 Terms & Conditions Privacy Policy

NACK Webinar




Example of PowerPoint From Module

The National Resource for Nanoscale Science and Technology

~

Module 81

Introduction to Nanotechnology
Module #1

Nanotechnology:
What s It, And Why Is It So “BIG” Now?

® patton brothers dusiration (vww pationbros com
Nanotechnology is Impacting Everything

Copyright 2008 The Pennsylvania State University

Copyright April 2009 The Pennsylvanig State University Last Updated: 162011

NACK Webinar




Introduction through Webquest

The National Resource for Nanoscale Science and Technology

From s..Science Come Big Decisions

Tk uniyEasiTy . oy
WISCO\J?[N mm n S EC ru nstitute for

: B Chemical

¥ Education
Introduction Task Choices Evaluation Teacher Submit Your Results

A Nanotechnology Webquest

by Jeanne Nye and

Andrew Greenberg

Lake Mills Middle School and
University of Wisconsin-Madison

Nanotechnology

Imagine ... a single area of scientific discovery
with the potential to enable a wealth of innovative
new technologies across all areas of our society.
Nanotechnology, utilizing the manipulation of
individual atoms, has this potential. Besides
making existing products and processes better,
nanotechnology has the potential to:

Source: www.ice.chem.wisc.edu/Small%20Science/From_Small_Science_Comes_Big_Decisions/Introduction.html
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The National Resource for Nanoscale Science and Technology

You are a nanotechnology researcher with an agency whose projects are funded totally by the
NNI. When you got to work this morning you found out that your group is earmarked for
extreme funding cuts! You and the other research groups are being given the opportunity to
present your case to the National Nanotechnology Budget Review Committee to defend your
current projects and funding. How you present your case can have a great impact on where
these research dollars are spent and, thus, the future of nanotechnology in our country, the
scientific community, and the world.

NACK Webinar




Explores areas of NSE

The National Resource for Nanoscale Science and Technology

Energy Military Environmental Transportation Healthcare
impacts
«  Utilization ;‘°me_ta“d « Fabrication :\::;iz?:;ve
s  Bicfoels ecurity +« Improvements g 5
Mational o Erironmeriial . uels Prosthetics
° Production Defense impact of - Mechanics Treatment
manufactured
nanoparticles
Agriculture and Manufacturing Education and Information and Aerospace
Food Technology Basic Research Electronic
Cosmetics e ‘Workfsrce Technology Spacecrafts &
« Food and Clothing Training Suits
Agriculture Construction e« Curriculum » Electronics Health
= Bioengineering Materials «  Public e Cell Phones Monitoring
Electronics Education « Il-pods Energy
» Graduate « Computers Food
Research Electronics

NACK Webinar




Introduction through Simulations

The National Resource for Nanoscale Science and Technology

Specimen 1 Bac \ Insect Spiracle Housefly mouth

Specimen 3 i V’rf"a' Elec’ron Red blood cells Skeletal muscle
= . " Microscope

Specimen 5 i Immune Human hair
- system cells

House spider Bone ¢
— Datsy Anther Mold
-: e — T —
, »

Click and drag the specimens at Munder the microscope to examine.
Then identify and sort the slides by dragging them to their
appropriate spot on the right shelf.

Close Window E3

http://school.discoveryeducation.com/lessonplans/interact/vemwindow.html

NACK Webinar 38 NNIN S
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The Way it Works

The National Resource for Nanoscale Science and Technology

I i
= = =
Speciment  Spacimen 2 Insect Spiracle - Housefly mouth = § '
- - Specimen1  Specimen 2 N\ - 0 Insect Spiracke  Housefly mouth
— - (‘ .

Specimend  Specimen 4 Red dlood cells - Skeletal muscle = - e : ' -

s Specimen3  Specimen 4 J ) ) & Red blood cells Skeletal muscle
! E 3
Specimen  Specimen 6 Immune Human hair _ - .
. systam cells SpecimenS  Specimen & lmmtme” Human hair
3 E 3 3 system calls
e = B
iman 7 "

Specimen 7 Specimen 8 Housespider  Bone cel Specimen7 | Specknens y : - ”
1 1 oyes Houie essplder Bone ce
= = . 3 2

= =3

Specimend  Specimen 10
i i Specimen9  Specimen 10

Daisy Anther Mold

Datsy Anther Mold

S i el (e '
These cells come fro hat looks solid from the

The only celts in the human body witho [ .‘ret'i”b”lood cells (or erythrocytes) are
distinguished by their bright red color, which comes from the oxygen they carry, These cells
can also be distinguished by their shape; which is like a disk with two concave sides.

outside, but actually has a spongy center,

Close Window E3 Close Window E3
+
NNIN -
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Introduction through Videos

The National Resource for Nanoscale Science and Technology

9‘

: Complete Tribological
’;, Characterization of Lubricants

Home News Nano Databases

Accurate

l

Nano Business Nano Jobs Resources Introduction to Nanotechnology

PRYRSEE Nanotechnology Videos

In the areas of nanosclences and

| —

Our "NanoTube" collection of Infommund n

Nanotechnology Videos

Art(1)

Sicranotechnology (4)

General (34}

Cool stuff / For funf3)

Nanomaterials (2)

Nanomanufacturing, Self-assembly (12)

Fabrication technigues, Instruments and
processes (7)

Nanotechnology n ‘green’ agplications (1)

Nanomedicing (20}

Nanotechnology anc metrology (AFM, SPM,
STM™...) 19}

Carbon materials [nanotubes, fullerenes,
grachene) (28}

Nanotechnology ang energy applications
(fued cells, batteries, solar cells,...) (3)

Nanoslectronics (5)

Sergors, lab-on-a-chip (6)

Nanotechnology apelications (5)

Computing (4)

http://www.nanowerk.com/nanotechnology/videos/videos.php
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Introduction through Demos

The National Resource for Nanoscale Science and Technology

Source: www.nnin.org

tty’
NACK Webinar 41 ’:!{!"é! e



National Nanotechnology
Infrastructure Network

Outreach Demonstration Guide

."
SN S
—
(]
@
o
L 4
S
S
# a ) — B o
____j—¢ o T
o——7—= &3 o

Thos word wa sgpurasd by NSF sward S8 011574

Source: www.nnin.org
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The NNIN lesson Exploring Magic Sand will give you the background information for the full

lesson (hitp//www nain ong

k| Jtenchers hitmd). It also has resources 1o bay the materiaks

but you can Google “magsc sand™ and find other sources plus YouTube vidoos

Materials:

D S

4

10,
"
12
13
14

contamner of magic sand (small vials or boetics) plus 2 larger comtainer with magw sand
(we ase the one pound contamer it is shippod in)

contaimer of regular sand (small vials or bottles) plus a barger contamer of regular sand
2-3 inch cardboard picces 1o make sand demon (soe picture above)

rubber cement

small potri dishes o small cloar cups (2-3 depending on demo used) each filled Y with
water

waler in squunt bottie or use beaker/cup with water and cye dropper

furmel and fast flow filter paper (or coffee filters)

beaker/cup 1o cach liquid from funnel

clear beaker or cup

water and stirring rod

small drop bottle of surfactam (2 doing this pant of demo) — dish soap or vegetable oil
(you may add food color 10 this o it is casier 10 so¢)

paper towels

plastic table cloth (optional)

hand held scope (optional) (Radio Shack [lmanated Microscope Model MM 100
Catalog ¥ 63-1313)

To do a demao:
Prepare domo pecces in advance of cvent

Cut circles or squares from cardboard (minimum size 27) — such as from a shipping box

We use a dic cut machine 10 cut cirches or squares

Spread out 2 sheet of paper 1o work over

Spread rubber cement over cardboard piece and sprinkle with magic sand (press as
nccessary to stick).  Shake off excess sand and reuse of retumn 10 container




Introduction through Games

The National Resource for Nanoscale Science and Technology

Main Menu

HONME : H
Welcome to NanoMission!

ABOUT

PLAY NanoMission(TM) is a cutting edge gaming experience which educates players about basic
concepts in nanoscience through real world practical applications from microelectronics to drug

GET INVOLVED delivery.

Objective

New York Mucros:%u.f Whilst most young people are familiar with nanotechnology as a fantastic futuristic technology
Company involving miniature robots, very few have a realistic understanding of nanotechnology, realise its
impact on the world around them, or are genuinely stimulated about its possibilities. Coupled with
877—877—7274 declining numbers of physics. chemistry and engineering students, this is a major cause for
concern.

Microscopelntemational.com
Our aim is to inspire youngsters about the world of nanotechnology, potentially opening their
eyes to choosing it as a career. Aimed at the gaming generations, NanoMission(TM) is an
engaging learning experience which educates players about basic concepts in nanoscience
through real world practical applications from microelectronics to drug delivery.

Industrial

Through sponsorship, we aim to make the PC version of the game, including a ‘teachers’ version
which contains lesson plans and online support, available free to schools and colleges
throughout the world.

NanoMission Modules

s A, . .. DA . ISETRICINYSN
Source: Nanomission.org
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Trading Cards

The National Resource for Nanoscale Science and Technology
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Source: www.cohesion.rice.edu/naturalsciences/nanokids/resources.cfm
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The National Resource for Nanoscale Science and Technology

Question Break




K-5 Resources Connecting
NSE to Curriculum




Lesson: Right Tool for the Job

The National Resource for Nanoscale Science and Technology

e vﬂ.-_. * The purpose of this lesson is to

m“mm W encourage students to think about
how the use of tools helps them to
gather information about the world
around them.

* Activities have students look at tools
that repair, tools that measure, and
tools that help us see.

* This lesson supports learning about
the nanoscale because objects are
too small to be seen and the
information we gather depends on

the tools that we use.

Source: nnin.org
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Right Tool for the Job Learning Center

The National Resource for Nanescale Science and Technology
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Example of Lesson Being Used with K
and 2"4 Grade Students

The National Resource for Nanoscale Science and Technology
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Lesson: Sometimes We Need Large

Numbers to Describe Small Things

The National Resource for Nan gale Science and Technology

P SRS * The purpose of this lesson is to help
£ HOW % A RN students visualize how small a nanometer
g i,_ MLICH [L., g is by relating the size to the numbers-
_’{;?\, A MILLION ? m|II|c?ns, billions and trillions and then
; oy t:;hmM/ i relating those numbers to how small
pictuses by Steven Kelloga ety particles of matter are.

* Activities include having students
experience how much a million is by
using a Becker Bottle and then relating
that to the size of particles (atoms) that
make up matter.

* This lesson supports learning about
nanoscale science because for students
to understand what one billionth is they
first must have an understanding of a
billion.

Source: nnin.org
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Materials in Learning Centers

The National Resource for Nanescale Science and Technology
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Activities in Lesson

The National Resource for Nanoscale Science and Technology

1. Whatwould a —>

million or billion of
something look like?

2. What would one
out of a million or
billion look like?

3. What particles make
up matter and what
would they look

like?

4. How many of these
particles could fit Calculate how many cesium atoms (particles) would fit
side by side across a across the length of a centimeter. Show your work
centimeter? 2 and circle your answer.

1 centimeter = 10,000,000 nanometers
1 cesium atom = .7 nanometers average diameter

NACK Webinar




6-12 Resources Connecting
NSE to Curriculum




Magnetism and Nanotechnology

The National Resource for Nanoscale Science and Technology

Y B 1. The purpose of this lesson is to take

what students know about magnetism
and relate that information to the
colloidal mixture called ferrofluid.

2. Activities include a review of
magnetism, and the testing of four
containers with a rare earth magnet.

3. This lesson supports learning about
nanoscale science because students
will compare differences in how
macro and nano sized magnetic
particles behave .

NACK Webinar




Ferrofluid Lesson

The National Resource for Nanoscale Science and Technology

www.youtube.com/watch?v=PvtUt02zVAs
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http://www.youtube.com/watch?v=PvtUt02zVAs

Lesson Clean Energy

The National Resource for Nanoscale Science and Technology

Source: nanosense.sri

NACK Webinar

The purpose of this lesson is to introduce
students to clean energy alternatives and how
nano science may provide important
breakthroughs in solar energy technology
through low cost, novel energy conversion
mechanisms.

Activities include an introductory PowerPoint
which provides a discussion of the top 10 global
problems of the next 50 years, and a
comparison of silicon-based and
nanocrystallline solar cells .

This lesson supports learning about nanoscale
science by having students compare
nanotechnology-influenced solar cells with
traditional solar cells.




Simulation of Solar Cells

The National Resource for Nanescale Science and Technology

Choose solar cell type Control Animation
Silicon Dye-Sensitized —J —’

Silicon-based solar cell using
to lightbulb light energy from sun to
generate electrical energy
(current).

Negative Layer

from lightbulb
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Lesson: Forensic Science: Building Your Own

Tool for Identifying DNA

The National Resource for Nanoscale Science and Technology

1. The purpose of this lesson is
to model the separation of
DNA in a gel electrophoresis
chamber by using a soap box
and different colors of food
coloring dye.

2. Activities include making the
soapbox device and using it to
separate food coloring dye.

3. This lesson supports
learning about nanoscale
science by having students
learn about characteristic of

Source: www.sciencebuddies.org/science-fair- nanostructures such as DNA.
projects/project_ideas/BioChem_p028.shtml
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Lesson Being Conducted by Teachers

The National Resource for Nanescale Science and Technology
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9-12 Lesson: Connecting Acids and Bases with
Encapsulation and Chemistry with Nanotechnology

The National Resource for Nanoscale Science and Technology

. The purpose of this lesson is to help
students develop a theory of acids and
bases, differences in weak and strong
acids, learn about encapsulation, the
importance of scale to technological
challenges and how they connect to
research in drug delivery.

. Activities are included in Focus, Explore,
Reflect, Apply and Extension sections.
An alternative version of the Apply
section relates to biology.

. This lesson supports learning in
nanoscale science because it relates
encapsulation to current research in
using nanoscale structures for disease
detection and drug delivery.
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Lesson Being Conducted by Teachers

The National Resource for Nanoscale Science and Technology
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Lesson: Move A Wall

The National Resource for Nanoscale Science and Technology

1. The purpose of this lesson is for
students to use geometric and
trigonometric concepts to calculate
the distance a solid wall can be
moved.

2. Activities include setting up lab,
measuring distances, and calculating
how many nanometers the wall

- moves.

1 "fﬁ? 3. This lesson supports learning in

nanoscale science because the

distance the wall moves must be
calculated in nanometers. This

Wi

'—jml i

Source: nano- method is a model of how an image
cemmis.illinois.edu/materials/move_ from an Atomic Force Microscope is
a_wall_full

formed.
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Step by Step Instructions on Setting up Lab

The National Resource for Nanoscale Science and Technology
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How the lesson Works

The National Resource for Nanoscale Science and Technology
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Lesson Being Conducted by Teachers

The National Resource for Nanoscale Science and Technology
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Lesson: Mixtures and Nanotechnology

The National Resource for Nanoscale Science and Technology

1. The purpose of this lesson is for
students to develop or review their
knowledge of characteristics of
mixtures and how mixtures relate to
nanoscale.

2. Activities include looking at
containers of mixtures and then
sorting mixture cards based on
mixture characteristics.

3. This lesson supports learning in
nanoscale science because colloidal
mixtures are made up of particles
between one and 100 nanometers.

NACK Webinar




How the Lesson Works

The National Resource for Nanoscale Science and Technology

Lesson has five parts where students develop a knowledge of the vocabulary and
characteristics of mixtures.

Page ©
Gather up cards from the Heterogeoeous Mixtisre group. Do not disturb the cards in the other . 2
; y - ¥ - Conclading Activity
group. You will need thetns later. Separate the cards you packed up into two groups, colloids and =

other heterogeneous mixtures

Collosds Onher Heterogeneous Mixture

2. Usning markers and a sheet of chart paper, l1st your classification groups and tape to wall
3. After discussi
4. What che

mistures

with other groups make any changes in your groups that you feel are needed

eteristic did you use 10 separate the collosds from the other heterogeneous
£ Wiite & defination for colloids

Put D

1. Complete the following chart by placing the tertns below in the square where they belong

Beaten cg wh Blood, Butter, Cheese, Cloud, Colored Gema, Dust in Air, Floating soap, fog,

Gelatin, Marshumallows, Milk, Smoke, Spray Deodorant, Whipped Cream

Title of Chart

00 am
Drapersed Duspersing Medium ! am 2. 100
T 1
Particles Solid Ligqusd Gas T 5
Sold - >
iquad I
4 +
Cas

2. After placing all terms on the chast decade on a title for the chart
3. Descuss with your group which substances above would the following terms go with: sol,
emmbumn fnam asracnl

NACK Webinar




Concluding Activity

The National Resource for Nanoscale Science and Technology

How can yvou tell the difference

between a suspension, colloid and
solution?

Classification of some matteris based on particle size.

Scilutions

Suspensions

NACK Webinar




Students and Teachers Conducting Lesson

The National Resource for Nanoscale Science and Technology

NACK Webinar




Lesson: 3D Printing

The National Resource for Nanoscale Science and Technology

1. The purpose of this lesson is for students to
develop an understanding of the
relationships between science and
engineering.

2. Activities include a presentation on
microstereo lithography, students designing
computer images to create a three
dimensional objects and then using a
photoreactive polymer to create a three
dimensional object from their image.

3. This lesson supports learning of nanoscale
science because micro-stereolithography
allows for the creation of 3D micro-sized and
nano-sized objects.

Source: nano-
cemmes.illinois.edu/materials/3d_printing_full
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How the Lesson Works

The National Resource for Nanoscale Science and Technology

Instructor Information for 3-D Printing Lab Activity

Overview

I s lad students el make & these dmensicnal obyect of thewr own design. A photoreactive mixture of
chemucals will polymenze when exposed o ultraviolet Ight, leaving nearby polymer urrsacted, Using
PowerPort and & dala progecion, one can creale diferent shapes by shining the hght of the dala projectorn
of e photoreactve polymer. PowerPoirt allows black and whits cross sacticns to ba
reriace. Adding an ultraviolet absorber will prevent the light from penetrating
the polymwr more than a fraction of & mdlimeter. By corsnually lowering the pravious kayer of hardened
N0 e besher & Bree dimensional obyect can be made one cross-sectional layer at a ime

2. Set up the printer

). Staging devce move ,
While making layers of object thresded 1 Be sure threa
firushed layers are wewable rod noved to the top to allo
hom the sde nge of r .-
The mmage s progected into the beaker
of polymer
t e h ) K
Yo

Ainge fireshed object with distilled water c. Placeg

cbeect s shown with a quarner

n radermrva ooa
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Example PowerPoint for Image

The National Resource for Nanescale Science and Technology

*
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Image Created by Teachers at a Workshop

The National Resource for Nanoscale Science and Technology
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Lesson: Phase Change

The National Resource for Nanoscale Science and Technology

1. The purpose of this lesson is to help students
understand the nanoscale effect of various
energy inputs on the crystal lattice of a smart
material, Nitinol, and invites students to
become nanotechnology inventors.

2. Activities include students using the smart
material, Nitinol to learn about energy of
phase change. They are then challenged to
invent a use for Nitinol.

3. This lesson supports learning of nanoscale
science because students are given an
opportunity to design a device using a nano
material.

Source: www.nnin.org
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How the Lesson Works

The National Resource for Nanoscale Science and Technology

Students will compare the differences between alloys and polymers that are Smart
Memory Materials (SMM) and are not. They will determine the temperature at which

transition change occurs. If the 0.21 g Nitinol metal sample was
originally at room temperature, 21.0°C,
and the

specific heat capacity of Nitinol is 0.46
J/g°C, how much energy must be
absorbed by the

metal before it can change phase? Show
all work below

q = heat energy m = mass

c = specific heat AT = change in
temperature

g =(0.21 g)x(0.46 J/g-°C)[(50.0 °C - 21.0
°C)]

g =(0.21 g)x(0.46 J/g-°C)x(29.0 °C)
qg=2.8J

NACK Webinar




National Nanotechnology Infrastructure

Network (NNIN)

The National Resource for Nanoscale Science and Technology

Www.nnin.org
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The National Resource for Nanoscale Science and Technology
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Where to Find Resource List

The National Resource for Nanoscale Science and Technology

Book Internet and
Resources Multi-media
Resources

NACK Webinar



Book Resources.docx
Book Resources.docx
Internet and Multi-media Resources.docx
Internet and Multi-media Resources.docx
Internet and Multi-media Resources.docx

Conclusions

The National Resource for Nanoscale Science and Technology

1. National and state data indicate a need for
students to be exposed to information about
nanoscale.

2. The Big Ideas of Nanoscale Science and
Engineering reflect that NSE concepts are
already in the K-12 curriculum.

3. Free resources are available for teachers to
Introduce NSE to their students and to include In
the state curriculum they are required to teach.

NACK Webinar
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Please type all questions into the Chat Box




. . | LW SR U L
How Can We Better Serve You? \P \

A e

Whether you are joining us live or watching

the recorded version of this webinar, please

take 1 minute to provide your feedback and
suggestions.

http://questionpro.com/t/ABKVKZOQFENI



http://questionpro.com/t/ABkVkZQFNi

: el | A ALV S AE
Webinar Recordings \P "

To access this recording, slides, and handout visit

nano4dme.org/webinars.php



http://nano4me.org/webinars.php
http://nano4me.org/webinars.php
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Certificate of Participation \P "
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If you attended the live version of this
1.5 hour webinar and would like a

certificate of participation, please email:

sbarger@engr.psu.edu


mailto:sbarger@engr.psu.edu

N TS T X | A BT AT |
2014 Event‘s Calendar \P \

March 28: RET Experience: Activities for the HS

Webinar Classroom

April 7-10: Nanotechnology Course Resources

Workshop Workshop 1: Safety, Processing, and
Materials

April 25: Industry Partners for Your Nano Program

Webinar

May 13 - 15: Hands-On Introduction to Nanotechnology for
Workshop Educators

Want more events? Visit www.nano4dme.org/webinars for more
details about these and other upcoming workshops and webinars in
2014.




Thank Youl!

Thank you for attending the
NACK Network webinar

K-12 Resources in Nanotechnology



