Batteries
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First, a review of Redox Reactions

OIL RIG

oxidation Is loss reduction Is gain
IV.V: IR BR The Galvanic Scale

Most anodic or active (likely to Zinc
il‘0n wire t|n magnes|um corrode) Alqm:rpm
h tri tri A Galvanized steel
nail water Surip SUrip Mild steel, cast iron
S Lead
Tin
Brass, bronze
Copper
Silver solder
Stainless steel (passive)*
\ Silver
A Most cathodic or passive Graphite
Sllght"r‘ very not (protected from corrosion) Gold
rUSt? rUStY rUStY *Most stainless steel used in light construction is passive, typically Type 304.
Type 316 is recommended for exposure to salts or saltwater.
Note: Avoid placing dissimilar metals in direct contact unless they are close
Reduced compound A Oxidized compound B together on the galvanic scale.
(reducing agent) (oxidizing agent) © 2006 John Wlilay& Sons, Best Practlices Gulde to Resldantlal Construtlon
6
Ag B
A is oxidized, B is reduced,
losing electrons gaining electrons
6
B
Oxidized @ Reduced

compound A compound B
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CHAPTER 8 CoRROSION

Thus much pitting corrosion in :
metals is caused by thi
dissol ved ir varies in di ¥ this phenomenon - the concenerati .
may also m s in different parts, and in particular varics with wﬂu‘wa:' Or'm}ggn
' served by placing a metal vertically in an electrolyre oA R T

Mnemonic (memory aid) for anode and cathode:

An Ox

Red Cat
Anode = Oxidation

Reduction = Cathode




Plenty of solar energy, but how to store it!

Solar Power Production and Building Power Demand
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Large scale energy storage
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FOUNDATION

Battery X PRIZE

The best batteries currently offer energy storage densities of 100s of Wh/kg, more than two orders of magnitude below that of liquid
fuels. With breakthroughs in higher energy density, lightweight batteries will enable a revolution in electric aircraft, surface vehicles,

and robotic applications.

$ 1,000,000



|Phone Batter)’(llthlum ion) oo bkl el e A

700 - Fast-falling battery price expectations: 30% Laptop battery costs fell from $2K to
drop for 2012 DB Auto team forecast in one $250 over ~15 years, or a CAGR of
600 - year. about 14%. The DB auto team has

assume a lithium ion car battery cost

1 0,
500 - decline of 7.5% CAGR through 2020.

400 -

The battery is constructed as: 300 -
¢ positive electrode: LiCoO5 or LiMnz0O4 200
¢ Separator: Conducting polymer electrolyte (e.g., polyethyleneoxide, PEO)
* negative electrode: Li or carbon-Li intercalation compound 100
Typical reaction:
» Negative electrode: carbon-Li, = C + xLi* + xe™ 0 -
* Sepexator: Li- conceiotion 2012 2013 2014 2015 2016 2017 2018 2019 2020

» Positive electrode: Lij_,CoO5 + xLi* + xe~ — LiCoO5

Fuel Cells

Individual Fuel Cell

m Nov-09 » Dec-10

Source: D8 Auto team, industry discussions and pnvate interviews, Doutsche Bank




Copper

Magnesium
cathode

anode

Salt bridge

Voltmeter
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Mg — Mg?* + 2¢ Cu®* + 2 — Cu
Oxidation Reduction



Electrons
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Cathode(+)

~<—
negative

€

Iron(ll) nitrate solution

Iron(ll) nitrate solution

negative ions always flow towards the anode
= i negative ions always flow towards the anode



galvanized nails
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metal wire

copper wire




Electrolyte between anode and cathode to allow current flow

We will use
lemon juice,
vinegar, and
other “safe”
electrolytes
for this
experiment




Materials

copper foil (available in craft stores)
aluminum foil (from the supermarket)
facial tissue (Kleenex)

multimeter or voltmeter

disposable plate (to work on)

dish soap or lemon juice

Cut a piece of copper foil about 1 inch by 2 inches.
Separate the tissue into layers. Cut a piece about 1 inch by 3 inches.
Cut a piece of aluminum foil about 2 inches square.

oo bnh =~

Layer the materials so that the aluminum foil is on the bottom, the tissue is in the middle, and the copper is on
top. Fold the aluminum foil so that the edges wrap around the tissue and copper foil as shown above. This is
your battery.

Place the battery on a plate. Scak the paper with either dish soap or lemon juice. (We tried one of each.)

o

6. With your voltmeter, measure the voltage generated by placing one terminal on the copper and one on the
aluminum. We got up to half a volt of electricity from our primitive Galvanic cell batteries.




Method Two: Copper and Zinc Wire Battery

Materials

2 inch long piece of zinc-plated steel wire ("galvanized" picture-hanging wire works well)
4 inch long piece of uncoated copper wire, as thin as possible

a layer of Kleenex (see above)

disposable plate

lemon juice or dish soap

1. Cut a piece of tissue about 1 1/2 inches long and 1/2 inch wide.

2. Wrap the tissue layer around the steel wire, leaving the ends uncovered.

3. Coil the copper wire around the tissue, being sure not to touch the steel wire inside. Make the coils as close
together as possible without overlapping.

4. Soak the paper in lemon juice or scap as above and measure the voltage!

The Instructables page has directions for several variations, which include making several batteries and attaching them
in series to light an LED, and flower and animal "sculptures" which use lemon juice to light up attached LEDs using the
same techniques. One variation which we tried but did not (yet) get to work was to make tiny batteries from coils of wire
inside lemon juice-filled drinking straws sealed with hot glue. Although the cells we made looked right, we could
measure no voltage from them. We'll write an update post when we've got a few more designs to show off!
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MAKE YOUR OWN PILE You can create your own voltaic pile using 2p and T Lo Db LS UL LS DAL

10p coins and some paper towel the same size as the coins and soaked in
lemon juice (or water that has had as much table salt dissolved in it as
possible - what's called a 'saturated’ solution). The paper discs need to be
the same size as the 10p coins so that they don't overlap and short-circuit.
Build up your pile by placing a 2p coin, a 10p coin and then a disc of wet
paper towel in sequence. The lemon juice (or salt solution) is there to act as
a conductor, to help the electrons travel between the different metals.
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Silver Plate

0———)7 Zinc Plate

Blotting Paper
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Note: English
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Repeat the 2p coin/10p coin/wet paper sequence at least ten times. If you ©2007 HowStuftWorks
have a multimeter, you should be able to measure the voltage. You can

construct a pile using any two different metals. You'll find that different

combinations of metals will produce slightly different voltages, though you

won't be able to feel the difference
hitp://www.open2.net/science/roughscience/library/batteries.htm
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A few things to know....

How Batteries Work Battery Packs

1.5 volts

Parallel Arrangement

6 volts

Serial Arrangement
®2007 HowStuffWorks




A SIMPLE

ELECTRIC
CELL

two
metal
strips

Quiz:

Most reactive Yolts™*

magnesium
zZinc

iron

tin
hydrogen
copper
silver
Least reactive

o
-0.76
-0.45
-0.15
0.00
+0.34
+0.80

salt solution

{(* when used as an electrode and
compared to hydrogen 0.00 ¥ )

Iron-Zinc: which will reduce, and which

will oxidise?

Iron-Tin: which will reduce, and which

will oxidise!?

OXIDISING

AGENTS
(Oxidants)

Weakest
oxidising
agents

Strength of
oxidising
agents
INcreases
down table

Strongest
oxidising
agents

Redox table - |list of reduction
potentials measured under standard
conditions (25°C, 1 atmosphere

pressure, 1 mol/L solution)

Li* + e~ == Li(s) -3.04 V
K+ + e~ == K(s) -2.92 V
Ba+t + 2e-== Ba(s) -2.90 Vv
Ca% + 2e- == Cals) -2.87 V
Nat + e~ == Nais) 271V
Mg2+ + 2e- == Mg(s) -2.36 W
AP+ + 3e- == Al(s) -1.66V
Znt 4+ 2e- == Zn(s) -0.76
Felt + 2e- == Fe(s) -0.41V
Sn¥+ + 2e- == Sn(s) -0.14 v
Pb2* + 2e- == Pb(s) -0.13 VW
Felt + 3e- == Fe(s -0.02 v
H* + e~ == 1/2H,(qg) 0.00V

S04+ 2e"+4H*==50,(g) +2H,0 0.21V

Cu?* + 2e== Cuis) 0.34 VWV
1/21,(s) + e~ == I- 0.54
1/21,(aq) + e-==1- 0.62 WV
Felt + g~ == Fet 077V
Agt + - == Ag(s) 0.80V
1/205(Q)+2H*+2e- == H,0 1.23V
1/2Cl(g) + e~ == CI- 1.36V

MNO4 +5e-+8H* == Mn2*+ +4H,0 1.51V
1/2 F,(g) + e~ == F- 287V

The higher the reduction potential, {(e.q.
F,), the more easily the substance is
reduced (and thus the greater its
oxidising power).

REDUCING

AGENTS
(Reductants)

Strongest
reducing
agents

Strength of
reducing
agents
decreases
down table

Weakest
reducing
agents




LEDs

Color

Wavelength [nm]

Voltage drop [AV]

Semiconductor material

Infrared

A>760

AV<1.63

Gallium arsenide (GaAs)
Aluminium gallium arsenide (AlGaAs)

Red

610 < A< 760

1.63<AV <203

Aluminium gallium arsenide (AlGaAs)

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide (GaP)

Orange

590 < A< 610

203<AV<210

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide (GaP)

Yellow

570 < A < 590

210<AV<2.18

Gallium arsenide phosphide (GaAsP)
Aluminium gallium indium phosphide (AlGalnP)
Gallium(lll) phosphide (GaP)

Green

500 < A < 570

1954 < AV< 4.0

Indium gallium nitride (InGaN) / Gallium(lll}) nitride (GaN)
Gallium(lll) phosphide (GaP)

Aluminium gallium indium phosphide (AlGalnP)
Aluminium gallium phosphide (AlGaP)

Blue

450 < A < 500

248 < AV <37

Zinc selenide (ZnSe)

Indium gallium nitride (InGaN)

Silicon carbide (SiC) as substrate

Silicon (Si) as substrate — (under development)

Violet

400 < A < 450

276 < AV<4.0

Indium gallium nitride (InGaN)

Purple

multiple types

248 < AV <37

Dual blue/red LEDs,
blue with red phosphor,
or white with purple plastic

Ultraviolet A < 400

31<AV<44

Diamond (235 nm)!>®!

Boron nitride (215 nm)58l57]

Aluminium nitride (AIN) (210 nm)8!

Aluminium gallium nitride (AlGaN)

Aluminium gallium indium nitride (AlGalnN) — (down to 210 nm)9!

Pink

multiple types

AV ~ 3.360]

Blue with one or two phosphor layers:
yellow with red, orange or pink phosphor added afterwards,
or white with pink pigment or dye. [61)

White

Broad spectrum

AV=35

Blue/UV diode with yellow phosphor

LEDs are diodes, thus
the current has to flow
in a2 one direction only.
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FIGURE 1.18 The reaction between

potassium iodide and lead nitrate is a

spectacular example of a double
replacement reaction.
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yuble replacement reactions

Sometimes when two compounds react they totally swap ions. Two new
compounds are formed. Instead of one element or group of elements
being replaced, two lots are replaced. This is called a double replace-
ment reaction.

You observed this type of reaction in Experiment 1.5, part A, the
reaction between potassium iodide and lead nitrate. It is called ‘swap-

ping ions” because it is a double replacement reaction:
\’I\I\'\

potassium jodide + lead nitrate — potassium nitrate
2Kli(aq) + Pb(NO,),(aq) — 2KNO{(aq) + Pbl,(s)

In this experiment, an{insolublecs: (Pbl,) Yas formed and appeared
as a solid that settled out of solution. 1TH€ insoluble lead iodide is
known as a precipitate. Reactions that have precipitates as their prod-
ucts are known as precipitation reactions.

asiliin,

lead iodide
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Redox Report for SCI3--Due Thursday, May 17, Period 6.

*Title: Redox reactions

*Aim: To study Redox Reactions

-Define: Redox Reaction--provide an example with:

--A balanced chemical equation (you can use the Silver Nitrate and Copper example)
--Derive the two half equations (e.g. Cu --> Cu?* + 2e- is one "half equation").
--ldentify which element is being reduced, and which one is oxidised.

(Recall OIL RIG--> Oxidation Is Loss of electrons, Reduction Is Gain of electrons)

copper magnesiuL

The following apply only to the ) )

Nail Experiment and need to be 4 (
included in your report: =l == | &
*Hypothesis "
‘Materials

*Method

*Observations

*Chemical Reactions taking place
within each test tube.
Discussion/Conclusion

| & \
i — =
water L salt solution ——J

ALSO INCLUDE IN YOUR REPORT:

+A chart of the measured voltaic potentials
of ALL the metal combinations we tested
with the lemons.

*Which combination of metals provided the
highest voltage? Write the two half
equations for these two metals, and again,
decide which metal is being oxidised, and
which one is being reduced.

*What do you think would happen to each metal if you hooked up the lemon battery to a
lightbulb for a long time?

Thanks!
Mr. Middendorf and Ms. Balfe

pS. PLEASE REFERENCE Al- TNTERNET SouRcES.



Prac 1 —Redox reactions and electrochemistry

Materials

4 Nails

4 Test tubes
Copper wire

Magnesium wire strip
Salt solution

In this prac, we want to investigate factors that affect the rusting (or lack thereof) of an iron nail.

Design an experiment which investigates the rusting of iron.

e

copper magnesium

T |2 34/
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water L salt solution — I
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Cognitive Skills

 Excellent

Student balances chemical
reaction, noting the ion "swap",
and provides an insightful
discussion/conclusion which
theorises on the nature of the
reaction based on actual
observations combined with
prior chemistry knowledge.

Rubric--Chemic

Reactions Prac

Student balances chemical
reaction, noting the ion "swap"
and answers three discussion
questions.

Student balances chemical
reaction.

Procedural Skills

Student records observations,
providing detail and context of
experiment, and makes running
notes of possible hypotheses.

Student records observations,
providing detail and context of
experiment.

Student records observations.

Interpersonal Skills

The student actively promotes
effective group interaction and
initiates group tasks.

Student cooperates with group

and participates in group tasks.

Student works with group to
complete experiment.




Chemical Reactio'ns Name

3 Allow the mixture to set
4 Record: your observataon »

“potassium thscussmn

e ; in this reaction, the fons. of the two substance :
“. swap over and one of the new: ‘substancesisa’
_-.sohd This solid also contains Ie_ad ions: 3
Pfééipi}aé 1. Write a word equat:on forth . reactton i

“ showing how the jons swap.- . :

- 2 “What product remains dlssolved in the clear‘ .

salution? How could you obtam :

4 product from this solutlon?

e SR e s 3 Write a balanced chemical equat
IGURE 1,13 A precipitate is formed in this reaction. reaction. §

Observations:

Balanced Chemical Equation:

Discussion/Conclusion:




Cognitive Skills

Student balances chemical
reaction, noting the ion "swap",
and provides an insightful
discussion/conclusion which
theorises on the nature of the
reaction based on actual
observations combined with
prior chemistry knowledge.

Student balances chemical
reaction, noting the ion "swap"
and answers three discussion
guestions.

Student balances chemical
reaction.

Procedural Skills

Student records observations,
providing detail and context of
experiment, and makes running
notes of possible hypotheses.

Student records observations,
providing detail and context of
experiment.

Student records observations.

Interpersonal Skills

The student actively promotes
effective group interaction and
initiates group tasks.

Student cooperates with group

and participates in group tasks.

Student works with group to
complete experiment.




Homework for Chemical Reactions Prac NAME

PART 1:

Balance the following equations:

1)  __ NaNOs;+___ PbO > __ Pb(NO;),+__ Nay,0

2 _ Agl+__ !':92(003)3 > Fels+___ Ag.CO;

3) __GCH©O+__ O, CO+__ HO

4) _ ZnSO4+__ LibCO;> _ ZnCO;+__ LSOy

5) _.VO0s+__ CaS~->___ CaO +_ V85

6) ___ Mn(NOy)+__ BeClh>__ Be(NOyy+__ MnCl

7y ___AgBr+__ GaPOs> __ AgisPOs+__ GaBr;

8) ___HSO4+__ B(OH);=> _ By(SO4)s+__ HO

9) __Sg+__ 0O, 80O,

10) __ Fe+__ AgNog 2> _ Fe(NOs),+__ Ag
PART 2:

Write up the chemical reactions experiment (lead nitrate and potassium iodide) in a neatly
presented one-page report and include:

*Title of Experiment

*Aim

*Materials (with sketch)

*Method

*Observations '

Chemical Reaction--the balanced chemical equation.

*Discussion (explain how you could obtain a solid product when combining lead nitrate and
potassium iodide).



PARBILE: Foid C3AALAATUAEINAY A6 WTTR VI 240, TSR LI,

) Reactants Products
| Word equation water  — hydrow +  oxygen
| Chemical formulae | H,0 — 5 + 0,
| Use numbers in 2H,0 ' 2H, +  Q,
front of formulae
to balance atoms
| Checking 4xH, 2x0 4%xH,2x0
Bal}x{d equation | 2H,0(1) — 2H (g} +  0O,g)

Feaion e
-, swap over and one of
- solid, This so

FIGURE 1;f3'A',precipnazté is formed in .tht§__'feéaioﬁ ' : reacﬁon_w

‘Chemical interactions &7 1.
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" Education |
Balancing Chemical Equations — .

Balancing Equations Worksheet
Balance the following equations:

1. Limestone (CaCO;), a common Ohio mineral, can be heated to produce calcium oxide.
CaCO; > CaO +CO,

2. Joseph Priestley discovered oxygen in 1774. He heated mercury (II) oxide to form
mercury and oxygen.

HgO > Hg + O

3. Ammonia is an important compound used to make fertilizers. It is produced by reacting
nitrogen and hydrogen.

N, + H, 2> NH;
4. Photosynthesis is a reaction by which plants convert carbon dioxide and water into sugar.
CO;, + H,O> Ce¢Hip0s + 0O

5. Combustion of gasoline in an automobile engine not only produces carbon dioxide and
water but also energy.

CsHg + 0O, > CO, + HO

6. Marble (calcium carbonate) reacts with sulfuric acid (one possible acid in acid rain).
CaCO; + H,SO4 > CaSOs + H,O + COq

7. Iron reacts with oxygen in the air to form rust (Fe,Os).
Fe + 0,2 Fe0;

8. Magnesium hydroxide (one ingredient in a popular antacid) is used to neutralize stomach
acid.

Mg(OH), + HCl > MgCl, + H,0

9. Silver nitrate and sodium bromide are used to make silver bromide (a sun-sensitive
substance useful in photographic processes).

AgNO; + NaBr > AgBr + NaNO;

10
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Electro-Chemistry and Redox Reactions

The ores of aluminium is called bauxite. Bauxite is a composition of
aluminium oxide, (Al,O3).




magnesium

copper
| 5 3 r( \
! 1 2
8

—

———

———

water

L salt solution ——




Silver Nitrate (AgNOs3) and Copper (Cu)

) | Cu(s) + 2AgNO3 (aq) — Cu(NO3)2 (aq) + 2 Ag(s)

edox_animation2.gifi§ \ \ \

Cu(s) + 2Ag*(ag) — Cu®*(aqg) + 2Ag(s)

l

Half Reactions:
Cu — Cu?* + 2¢~ Oxidation

2¢” + 2Ag" — 2Ag Reduction

Cu(s) + 2AgNO3 (agq) — Cu(NO3)2 (aq) + 2 Ag(s)




Half Reactions:
Cu — Cu?* + 26~ Oxidation

2¢” + 2Ag" — 2Ag Reduction

How can we use the
electrons in a Redox
reaction to create
electricity?

OIL RIG

oxidation Is loss reduction Is gain




Baghdad Battery ~2000 years old




D% ANTIQUES

Zn + Cu?* = Zn?*+ Cu

Cu?*+2e =Cu:E%°=+034V
Zn®*+2e = Zn:E%=-0.76 V

Zinc Sulfate

Zinc Plate

Copper Sulfate

Copper Plate

©2007 HowStuffWorks




Half Reactions Potentials

OXIDISING

AGENTS
(Oxidants)

Weakest
oxidising
agents

Strength of
oxidising
agents
INcreases
down table

Strongest
oxidising
agents

Redox table - list of reduction
potentials measured under standard
conditions (25°C, 1 atmosphere

pressure, 1 mol/L solution)

Li* + e~ == Li(s) -3.04 v
K+ + e~ == K(s) -2.92 WV
Ba2t + 2e-== Ba(s) -2.90V
Ca%t + 2e- == Cals) -2.87 VW
Nat + e~ == Na(s) 271V
Mg+ + 2e- == Mqgis) -2.36 V
AP+ + 3e- == Al(s) -1.66W
Znt + 2e- == Zn(s) -0.76 WV
Feit + 2e- == Fe(s) -0.41%
Sh2+t + 2e- == Sn(s) -0.14 v
Pb** + 2e- == Pb(s) -0.13 V
Felt + 3e- == Fe(s -0.02 WV
H* + e~ == 1/2H.(Q) 0.00%

S04+ 2e"+4H*==50,(g) +2H,0 0.21V

Cuz+ + 2e== Cu(s) 0.34V
1/21,(5) + e~ == [- 0.54 Y
1/21,(aq) + e-=1" 0.62 Y
Felt + g~ == Fe?t 0.77 V
Agt + e == Agis) 0.80%
1/20,(0)+2H*+2e- == H,0 1.23V
1/2Clig) + e~ == ClI 1.36V

MNO4 +5e-+8H*== Mn?** +4H,0 1.51V
1/2 F,(Q) + e~ = F- 2.87 V
The higher the reduction potential, (e.q.
F,), the more easily the substance Is
reduced (and thus the greater its
oxidising power),

REDUCING

AGENTS
(Reductants)

Strongest
reducing

agents

Strength of
reducing
agents
decreases
down table

Weakest
reducing
agents




Today: experiment to find electrode potentials
between different metals.

Create chart!

Tips:

-Roll and squeeze the
lemon on a bench top
to loosen the juices
Inside - but don't
squeeze too hard.
--cut slit in lemon with
x-acto knife for tight fit
of electrodes.

--sand electrodes with
steel wool or
sandpaper.




Rubric for Redox Report

SHC Year 10 SCI3 and SCl4

Name

Criteria

Exceptional

Proficient

Pass

Demonstrate knowledge of
Redox Reactions

Student can provide an example
of a redox reaction, identifying
the corresponding half reaction
equations as reduction or
oxidation, explain a redox
reaction in terms of electron
transfer, AND hypothesise that an
element can be either reduced or
oxidised, depending on the
chemical environment.

Student can provide an
example of a redox reaction,
identifying the corresponding
half reaction equations as
reduction or oxidation, AND
explain a redox reaction in
terms of electron transfer.

Student can provide an
example of a redox reaction,
identifying the corresponding
half reaction equations as either
reduction or oxidation.

Develop, interpret and evaluate
chemistry experiments

Student can design and
document a scientific experiment,
record insightful observations of
the experiment, AND correctly
identify chemical reactions based
on the observations.

Student can design and
document a scientific
experiment, AND record
insightful observations of the
experiment.

Student can design and
properly document a scientific
experiment.

Collect, process, and
communicate scientific
information

Student can provide a readable
report with all the required
components (Title, Aim,
Hypothesis, Materials, Method,
Observations, Discussion/
Conclusion), organise the report
in a clear and logical sequence,
AND provide relevant additional
information from properly
referenced sources.

Student can provide a
readable report with all the
required components (Title,
Aim, Hypothesis, Materials,
Method, Observations,
Discussion/Conclusion), AND
organise the report in a clear
and logical sequence.

Student can provide a readable
report with all the required
components (Title, Aim,
Hypothesis, Materials, Method,
Observations, Discussion/
Conclusion).




Rubric for Redox Report SHC Year 10 SCI3 and SCI4  Name
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