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Today we will explore oxidation/reduction [ X
using selected ChemEd DL and JCE |
resources

« A JCE Classroom
Activity—hands on

 Netorials—iInteractive
online tutorials

* What's this? Videos
* Multimedia Problems
* Living Textbook—online and interactive

* Periodic Table Livel—comprehensive and free!
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;\% A Hands-On Redox Activity

To participate, you need:

« Unsweetened powdered drink
mix

« Steel wool (fine works best,
#0000)

 Container of water

« 2 clear, colorless cups
(beakers, glasses, clear plastic)

* Measuring cup
« Something to stir the water

(participation is not required)
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Redox Activity:
What to do

« Use a cup of water and about 1/4 of the drink mix,
stir them together (you can save the rest of the dry
mix to drink later)

 Pour the solution into two
clear cups

* Wash the steel wool with hot
water (to remove protective oils)

« Put steel wool into one of
the cups; set both aside

* Observe the cups later
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Oxidation is...

A. Gaining oxygen atom(s)
B. Gaining electron(s)

C. Losing electron(s)

D. Losing hydrogen atom(s)

— A
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Oxidation/Reduction l@

* When something is oxidized, it loses one
or more electrons.

* When something is reduced, it receives
one or more electrons.

« Oxidation and reduction always occur
together.

* \WWhen oxidation occurs in one place and
reduction in another, electrons flow from
the one place to the other.
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Why is redox important?

* Moving electrons can be useful.

 Electrons can do useful work.

— A flashlight comes on
thanks to the miracle of
moving electrons.

— An electric motor turns
thanks to the miracle of
moving electrons.
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Basics:
Netorials can help your students learn

* More than 30 _
i n te ra C tive , O n I i n e ngﬁak Interactive Chemistry Tutorials Gateway Page
tutorials cover

The Neforials cover selecled topics in first-<year chemistiry
Usa the links below to axplore specific modules

many introductory Ly cnemicoimeactons

tOpiCS: s®  Stoichiometry

chemical reactions, L% memocuarorces
stoichiometry, 5 T e—

biomolecules, ;. JR—

acids and bases, §  ecochamisty
electrochemistry. E————SSRee——
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Netorials: Redox Chemistry

Gateway to (., lectrochemistry

Within the topic of
Electrochemistry,
there are seven
different tutorials to
help your students
understand
everything from
oxidation/reduction
to electrolytic cells.

http://nsdl.org

Link

Name

Brief Summary

N

Introduction and
Legend

The basic premise of the 'leTorial application is
explained along with a descnption of the vanous
icons used

Oxidation and

Reduction

Oxidizing and reducing agents are defined
Common agents are described. Changes in oxidation
states are used to follow simple chemical reactions

Half-Reactions

Sohing net equations by manipulating half-reactions

Voltaic Cells

The construction and operation of a vollaic cell

Cell Voltage

A descnption of how a voltaic cell generates a
potential with a spontaneous redox reaction

Standard Cell
Potentials

Using the table of standard potentials to relate
oxidation / reduction strength and to calculate cell
potentials

Batteries

The construction and function of some comman
primary and secondary batteries

ChemEd DL

Electrolytic Cells

Cells that require an extemnal power source to drve
non-spontaneous reactions
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Oxidation
and
Reduction
Netorial

Here is a sample of
what you will find.

http://nsdl.org

t:. lectrochemistry: Oxidation and Reduction

Goal: 1o identify common agants of oxidation or reduction
Warking Definiions:

w Oxidizing agents cause the codation state of cther substances to become more positive by accepting thewr
abaciiong Ulil!iring agents are themsslves reduced. Cammion u:mdl..'mg agents ame hated in Flﬂul& 1.

-:Hedu:ing oagents cause the oxidation state of other substances fo become mone negathe by releasing
glactrons 10 them. Reducing agents are themsehes oxidized. Common reducing agens are ksted i Figure
L

"ﬁ\’.‘-' i o B Dotfforns fo ee Comymon coidizing and reduCing agenfs

¥ el reEEng agand §

Figuro 1 plerse moloct ya @ genl

Metice that the reducing agents isted m Figure 1 are mostly alkal and alkaling sarth melals, Gioups 1a and 2a
respoctively. Why is @ easy for these matals 1o gree up their electrons? Notice also that the sodizing agents are
mastly halogens. Why do Groups Ta and Ba nonmetals find it relatrely easy to accept ebectrons? Atoms in both
oups are trying to achieve an octet of valence slectrons! |t is chemically ‘easier for Groups 1a and 2a to lose 1
o 2 electrons than to gain 6 or T, The exact opposde holds irue for Groups 6a and Ta (i i3 easier for these soms
to gain 1 or 2 electrons than ta bose 6 or T)

Oxidation pcows when the coodstion state of an atom, molecule, or ion becomes mare positve
Example set 1: { Zn —=In®"} [ Cr** & C* ) | Se™ @5e )
Raduction sccurs when the codaton state of an alom. melecubs. or lon becomes mons negative

Example sot 2: | In®* —=In} (O™ @ Cr*" | | Se @5e™ )

Hote: The abovwn exampie seds (1. 2] Wustrate the poant that Ihe oppocie of teduction is madation. (he opposde
of nmadation in peduction

? Based on the previous definitions, identify the oxidizing agents in the following equations by clicking
on them, (Clicking the question mark will reser the problem,)

[‘f::zn + 2Na(sy) —» 2NaF(s)

r2H2IQr+G:[gr —» 2H:01g)

[' Mg (s) + CHBr () e [CHy] [MgBr*]

Right! Fluonna is 8 common cuodemng agent
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Which would be most effective
to put out a magnesium fire?
(Stamp your answer)
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Want to teach redox chemistry
graphically”? Try What's This?

What's this? AChemEq DL | olesions commnt
IS a series of free -
videos donated by
the JCE to the
ChemEd DL
 Nitrogen triiodide
detonation
 Copper penny with
nitric acid
« Magnesium with
carbon dioxide
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/7 )\ Let's pause for
Q J questions from
the audience....
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Practical Redox Chemistry: 9
Hydrogen fuel cells Y

 “Clean” energy!
2 Hy(g) + O,(g) > 2H,O(l)

* No harmful byproducts produced, only
water and electricity.

e & & e
L @ a8
CH;0H + H,0 : 3/2 0, + 6 H*
C'Oz +6H* 3 Hzo

anode cathode

NSTA 2652
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Are hydrogen fuel cells a viable

solution to the energy crisis?
(Stamp your answer)

Absolutely! Nope!

i\
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« Water can be split into
oxygen and hydrogen gas
by an electric current.

* At present most electricity
IS generated by burning
fossil fuels.

* But maybe it could come
from solar panels.

http://nsdl.org
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Some of the more than 30 General %g
Chemistry Multimedia Problems &M
tackle electrolysis of water |

In a typical multimedia problem students watch
videos and answer questions about the videos.
Regarding electrolysis, they:

« Think about half reactions

« Compare electrolysis with boiling

* View nanoscale diagrams showing molecules
Think about interparticle forces

Are aided in avoiding misconceptions

NSUA sem
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Observe the video and answer the ;3
poll question:

Which gas is in the =Y
collection tube at the right?

A. Water vapor - F
B. Oxygen gas

C. Hydrogen gas Afte@24 min:

(assume that the liquid was initially Water containing H;S04 is decomposed

by electrolysis. The two product gases

at the mark just above 10 mL) are tested with a flame and a glowing
splint

HINT: Think about the properties of gases and the
stoichiometry of the reaction crn wes
2 HZO — 2 H2 + 02 N&ri SEMINARSgp
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Questions from Electrolysis of
Water Multimedia Problem

Poll Question:

Which of the following is the best representation of
what happens during the electrolysis of water?
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This question and the one on the next
slide address a common misconception.



Questions from Electrolysis of
Water Multimedia Problem

Poll Question:
Which of the following is the best representation of
what happens during the boiling of water ?

This question and the one from the previous slide
address a common misconception.



Hands-On Redox Activity: E
What happened? ”

Take another look at the experiment you set aside
at the beginning of this Web seminar

« Steel wool is made of iron, a reducing agent

* Fe reduces the azo dyes that
color many drink mixes, turning
them from colored to colorless

« Coarse steel wool takes
longer than fine steel wool
(less surface area) Red drink mix (right) has

become colorless after
reacting with steel wool (left).

http://nsdl.org



More JCE Classroom Activities
that teach redox chemistry

« Aluminum-Air Battery. Construct and use a battery that
runs on air.

« Silver to Black — and Back. Remove silver tarnish
electrochemically.

» Calories — Who's Counting? Determine the energy
content of foods by burning them.

« Trusty or Rusty? Oxidation Rate of Nails

JCE HS CLIC: http://www.jce.divched.org/HS/index.html




/7 )\ Let's pause for
Q J questions from
the audience....
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Oxidation in the Chemical Industry

Chemical Feedstocks
ACETYLENE=—— OLEFINS =—— ALKANES

H
H-C=C-H He o H-C—C-H
H H !
decr EBSfﬂQ' cost -
availability -

- 02 Selective Chemical

Oxidation
N_i/ End Products
"HC\/\/( mN—NH (\,r\ H
H« Ei Gﬁ -
HOLC WD:'H _.

>95% of organic chemicals are derived from petroleum feedstocks,
a resource that largely consists of reduced hydrocarbons



Oxidation of Organic Chemicals: Energy Production

Energy Production

Heat/thermal energy

CHy + 20 ——— CO; + 2H,0
methane
(natural gas)

Electricity Generation
CHy+ 20, ——— CO, + 2H,0
Ch +n0p — nCO;

(electricity via thermal energy,
e.g., power plants)

H, H; H,

..fc'\ - y -
c C c C.,C,CH
H Hz Hp
(octane)

HsC + 120,

http://nsdl.org
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Advantages

 Inexpensive
- Strong Oxidant
« Environmentally Benign

0O,

Challenges

+ O, is a 4-electron oxidant

1e,, 1H" 1e, 1H* 1e’, 1H* 1e, 1H*
——F

« Kinetically inert, ground-state triplet
- Difficult to avoid over-oxidation
« Side reactions often generate radicals

HO, —— H,0, —— HO + H,0 —— 2 H;0

} |

1

2e,2H 2e,2H'




Strategies for Aerobic Oxidation: Oxidase Catalysis

Metalloenzymes: Oxidases Fuel Cells

4H

anode cathode

Chemical Oxidase Catalysis
LHMIH-
Sub™ 120,
+ 2 H +2H
SubH; H,O
L. M'HIHEH-

:> An oxidase mechanism is compatible with the
entire scope of target oxidation reactions

WEB
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/7 )\ Let's pause for
Q J questions from
the audience....
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Let’'s consider some redox %
chemistry of the elements. S

Which statement about the
alkali metals is true?

A. They are neither oxidizing agents .
nor reducing agents.

B. They usually act as reducing
agents.

C. They usually act as oxidizing
agents.

NSTA e
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Learning about redox from an @
online, interactive textbook '

Fontslee: % pdgger =) mnalles O mesi

Coune Modules Who's Online
W Tisonal We have €7 guests onbne
Faoem Wi to Ovietaly
Latest Hiwt
bluitsAeom higiecules
Etrctren Orials
Eroen Wirss (o Debriala

Bhouse Over Terms for Dedinition:

Com you lind your cowme
aaily?

il‘ regeroy le hard
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Typical textbook chapters, plus many
new, exciting features

Font-size: (%) bigger (=) smaller () reset
Student Resources for General Chemistry

Home | Penodic Table Livel Quick Resources [ Tools

8 Usemame DEn (i e

Atoms, Molecules, and Chemical Reactions

< Using Chamical Equations in Calculations

L The Structure of Atoms

GenChem Textbook Chemistry hi iigo!
‘ The Electronic Structure of Atoms

Introduction

What Chemists Dio . Chemical Bonding: Electron Pairs and Octets FhemPath Resources
Measurement L Further Aspects of Covalent Bonding Tuur textbook:
Nurrbers: Units: Gusntities ¢ Properties of Organic Compounds and Other Covalent Substances
Handiing Large and Small - Gases _’Isewhere:
Numbers with Units < Solids, Liquids, and Solutions
lons in Solution ¢
Acid-Base Reactions ¢ Chemistry of the Representative Elements
Acid and Base Strength < Chemical Equilibrium
Lewis Acids and Bases < lonic Equilibria in Aqueous Solutions
¢ Thermodynamics: Atoms, Molecules. and Energy  Over Terms for Definition:
Common Oxidizing Agents € Entropy and Spontaneous Reactions
Common Reducing Agents { Electrochemical Cells
Substances Which Are Both Oxidizing and Reducing Agents | « Chemical Kinstics
Redox Couples < Nuclear Chemistry
The Structure of Atoms the slow decay of Ining orga « Molecules In Living Systems

everyday |ife have many prop
centuries ago. Could you im:

elactnicity from batteries? Cc « Metals
Chemical Bonding: Electron decomposition of nitrogen tri0OMTET

The Electromic Structure of
Atoms

Spectra and Structure of Atoms and Molecules




Consider Chapter 4.
The Structure of Atoms

» Groups of Related
Elements teaches
your students about
alkali metals and
halogens

* Words tell the story

* Videos bring the
message home

http://nsdl.org

Because of their similanties, lithium, sodium, potassium, rubidium, and cesium are
grouped together and called the alkali metals What do we mean when we say these
elements are similar? The following video of lithium, sodium, and potassium reacting in
water demonstrates the similanties quite well. In the wideo, lithium is at the

top. sodium the bottom left, and potassium the bottom night

A small section from online appears above.

WEB
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Periodic Table Live!
Enables students to explore properties of
alkali metals, halogens, and other elements

-
H M
. ———33 Sodium
L Li} Ba By CIH] O] F|]Ha —
= = "
My all si] r] 5] ci] ar 11

Kl Cal s

Ti| v | ce| Ml Fel o mil cu] 2n] 6a) au] as] sa] Br] ke Na ;"
Rbj) Sej ¥ | 2r] Hb| Me] Tc| Ru] Rh| Pd] Ag| Cd] In] Sn sb| Te] 1] %e 1 ': 1 ’ p -
cs] a] Lo wf| Ts| W] Re| o2 1] px| au] Hg]| 71| o8] &i] Po] Ac] & 22.989770 -

Fr RJJ'A_t. Ri | ob| sq| Bh| Hs| Mt |Uun|Uua| Uub)

(ol

1
Er Jﬂ. wh | Lu e Ll

Madia  Charactenstics | Discovery | Name | Preparation | Reactions | Uses

LE

Sodium, an alkali metal, is the first element of the 3rd period and so is in |
Group [A. Other members of the group are lithium (Li), potassium (K),
rubidium (Rb), cesium (Cs), and francium (Fr).

Sodium was first prepared by electrolysis of caustic soda, sodium hydroxide,
in 1807 by Davy. The name is derived from soda, the substance from which
the element was first obtained. The symbol Na is an abbreviation of natrum,
Latin for sodium.

Sodium is present in fair abundance in the sun and stars. Sodium is the sixth
most abundant element on earth, comprising about 2.6% of the earth's crust;
it is the most abundant of the alkali group of metals of which it is 2a member.

Use the manu on the laft to browse meda for sodum SOdiIJ[TI I'I'IEtﬂl has a Mw StI'Ul:hJI'E.

Sodium is now obtained commerdally by the electrolysis of absolutely dry
fused sodium chloride (the Downs process).




Periodic Table Live! %|

IS a great resource for exploring the National
Chemistry Week theme: Chemistry—It's Elemental

« NCW is the week of October 18-24 and includes
Mole Day (Oct. 23)

* Chemistry—It's Elemental
celebrates the 140t anniversary
of Mendeleev’s creation of
a periodic table

 The October issue of the JCE

hemical Education

Is full of good ideas and great ;Mm -
aCtiVitieS é Chemistry -1t's Elemental
ChemEd DL NSUA ?Eﬁ'”msa

http://nsdl.org



Will you and your students participate %|
in National Chemistry Week this year?LL

YES NO

é
Nﬁ | ;ﬁgmnns@

ChemEd DL

http://nsdl.org



Chemical Education Digital Library

http://www.chemedd|.org/

is the place on the Web to find
chemistry resources. It is a
collaboration of the JCE, the ACS
Education Division, and the
ChemCollective project. We have
demonstrated only a fraction of

what is there. '
ChemEd DL

Explore!

k The ChemCollectwe




ChemEd DL

Everything we shared today—and much, much

more—can be found in the ChemEd DL, the
JCE Dlib, or NSDL.
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THE NATIONAL SCIENCE DIGITAL LIBRARY

http://nsdl.org

Dr. John Moore
jwmoore@chem.wisc.edu

Dr. Lynn Diener THA N K
Imdiener@wisc.edu YO U |

Dr. Shannon Stahl
stahl@chem.wisc.edu
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~
Resources from this web seminar are listed at:

http://www.diigo.com/list/nsdlworkshops/web-

seminar-chemistry-redox
\ )

g Learn about new tools and resources, discuss\
Issues related to science education, find out

about ways to enhance your teaching at:

Khttp://expertvoices.nsdl.org/learningdigitaIK1 2

/
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YBackto NSTAorg " Comtact Us " Help  * Feedback

E’\srALeOming Center

Learning Resources
& Opportundi=s & : Adkmirdstrator
Welcome to Your Professional Development HOfip
The Learning Cenler is NSTA's e-professional development portal to [ Chick Here to Log in Now |

hedp you address your classroom neads and busy schedules, You can
gain access 1o more than 3,300 different resources thal cater fo your
preference for leaming. Crver 925 resources, such as journal articles,
scince objects and web 2eminars are avalable {or fres. A sulte of

EXEE O sware f2r

Most Popular Science Objects

praclical tools such as My Livary, My Transcripl, and My —— . Viewed  Emaled
Professional Development Plan and Portfolio tool help you organize, personalize, and document your 1. Energy; Different Kinds of Energy
growth over time. If desired, you may review an archived Web Seminar overview of the NSTA 2. Piale Tectonics: Layered Earih
Leamning Center, or download the "How lo Guids® POF (2.7 MB). 3. Energy: Thermal Eneray, Heat, and
Temperature
e o s = T e ="
I‘-'ii Cynlore i srnind Opool _1'?'!'.'-""’-"_"_"'-" [5“_"“ Fl 4. K0nveres: Tho i 6 bt
o ﬁu. 'jfﬁ'- E- ﬁﬂ.. m. S - a'ﬁlﬂﬂﬁ.'ﬁ!lﬂi' Mare Populsr Resources
_ Multimedia Civenview
By Subject By Grade Level By State Standards
: View,
O Earth & Space Science O Elamentary Select your state o begin: Overview,
B Life Science © pidide School I'Chc-m astale ¥ ofithe, |
O Physical Science ® High School l:n%g 1,
0~ i-uuu-th -
~ollege Center, . \‘,P*
@ Flash Player Required
¥
8| [ig-It-Yourself Leaming 3] Live Online Seminars & Classes Erea Laaming Resouices
Learn af your own pace onlne with these 1.2 Learn online from certified instructors with :
or 610 hour interactive activities your coleagues. 1.2 hour seminars, week and Sola System:
A Look at the

http://learningcenter.nsta.org
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