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Electrochemistry

Electrochemical Processes in Batteries

QUESTION

A galvanic cell consists of a left compartment with a
tin electrode in contact with 0.1 M Sn(NO;),(aq) and
a right compartment with a lead electrode in contact
with 1 X 10~ M Pb(NO,),(aq). The relevant
reduction potentials are:
Pb> +2¢ XPb  E°=-013V
Sn*+2e"%Sn  E°=-014V
When this cell is allowed to discharge
spontaneously at 25°C, which of the following
statements is true? ;

Electrons will flow from left to right through
the wire

2) Pb” ions will be reduced to Pb metal.

3) The concentration of Sn°" ions in the left
compartment will increase
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Dry Cells

Anode (oxidation):
Zng ——> Zn* g +2¢
Cathode (reduction):
2 MnO,  + 2 NHy*q) +2 € —> Mn,05 ) + 2 NH; (g, + HyOp
ammonia is tied up with Zn?
Zn% ) + 2 NH; o) + 2 Cly——> Zn(NH;),Cl,
Overall (cell) reaction:
2 MnO, , + 2NH,Cl, + Zny— Zn(NH;),Cl, () + Hy0() +Mn,05

cell =

4) The tin electrode will be the cathode
5) No noticeable change will occur, because
the cell is at equilibrium
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Alkaline Battery

Anode (oxidation):

Zng +2 OH y—> ZnO, + HyO) + 2 e~

Cathode (reduction):

MnO,, + 2 H,0y, +2 e"—>Mn(OH),  + 2 OH ",

Overall (cell) reaction:

Zng +MnO, ¢, + H)Op = ZnO, + Mn(OH), , E =15V
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Mercury and Silver (Button) Batteries

Anode (oxidation):

Zng +2 OH 7> ZnO(, + H,0,

Cathode (reduction) (mercury):

HgO, + H,0y, +2 e*—> Hgg, + 2 OH7,

Cathode (reduction) (silver):

Ag,0¢) +Hy0() +2 e — 2 Ag( +2 OHr,

Overall (cell) reaction (mercury):

Zng + HgO) ——* ZnO, + Hg, E =13V
Overall (cell) reaction (silver):

Zng + Agy0——> ZnOg, +2Ag; Eq=16V

Mercury and Silver Batteries
Steel (cathode)
Insulation (+)\  Zinc contz}in)er (anode)

Paste of Ag,0 on Porous separator

electrolyte KOH and Zn(OH),
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Secondary (Rechargeable) Batteries
Lead-Acid Batteries

Anode (oxidationy=——
Pb + 5042‘(@ PbSO4, +2 €
Cathode (reduction): [

PbO, ) +4 H g + SO,y + 2 &
Overall (cell) reaction (discharge)>

PbSO,  +2 H,0,,

PbO, , + Pb +2 H,S0, (4 2PbSO, ) +2Hy0(); By =2V
Overall cell) reaction (recharso):
2 PbSO, , +2 H,0, PbO, , + Pb, + 2 H,S0, (4

Lead-Acid
Battery

Cathode (positive):
lead grids filled

Anode (negative):
similar grids filled
with spongy lead

H,SO, electrolyte

Automotive Application: the Discharge
and Recharging of a Lead-Acid Battery

VOLTAIC (Discharge)

motor

—~

Oxidation half-reaction at 1 Reduction half-reaction at nj

Pb(s)+ SO42-(ag) —>PbSO4(s) + 26~ | |PbOz(s) + 4H*(ag) + SO2~(ag) + 2~

—> PbS04(s) + 2H20()
&) ©) () J
Anode Cathode
Switch e 1 LEAD-ACID CELL 11
Cathode Anode
© ©) ) ]
Oxidation half-reaction at 11

PBSO(s) + 26"— Pbls) + SO42~(aq) | [PbSO4(s) + 2H0() —>—

t PbO2(s) + 4H*(aq) + SO2~(ag) + 26~
=
supply

ELECTROLYTIC (Recharge)

Reduction half-reaction at I
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Secondary (Rechargeable) Batteries (Continued)

Nickel-Cadmium (Nicad) Battery
Anode (oxidation):
Cd +2OH (> Cd(OH), (, + 2 &
Cathode (reduction):
2 NiO(OH)y + 2 H,0() +2 e —> 2 Ni(OH), , + 2 OH"(,,,
Overall (cell) reaction:
Cd, +2 NiO(OH), + 2 H,0y—> 2 Ni(OH), (, + Cd(OH), (

Eccll =1
Lithium Solid-State Battery

Anode (oxidation): Li, —Li*(in solid electrolyte) + e
Cathode (reduction):  MnO, +Li*+e —> LiMnO,
Overall (cell) reaction: Lig + MnO, ) —LiMnO, ; Ey =3V




Lithium Solid-State Battery
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Advanced Designs:
Aluminum-Air Battery
Anode (oxidation):
4[Al+4 OH (> Al(OH) () +3 €]
Cathode (reduction):
3[0,5 ) +2H)O0p +4 e ——>4 OH7,
Overall (cell) reaction:
4 Al +3 0y + 6 HO0() + 4 OH () —> 4 Al(OH) 5 ()i Ecey = 2.7 V

Sodium-Sulfur Battery

Anode (oxidation):

2 Nag —»2Na*g +2¢

Cathode (reduction):

ni8 Sy +2e —> nS%

Overall (cell) reaction:

2 Na, + n/8 Sg ), —» Na,S, ) E g =21V

Advanced Designs
(Sodium-Sulfur Battery)
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Flow Batteries (Fuel Cells)
Anode H,0 (g) Cathode

(=) (+)
Hy——=— —~€—O0,
Porous carbon Molten Porous carbon
electrode Na,CO4 electrode

containing Ni containing Ni

and NiO

Flow Batteries (Fuel Cells)
The Hydrogen Oxygen Fuel Cell

Anode (oxidation):
Hy ) + CO%Zyy — Hy0p) + CO, ) +2 €
Cathode (reduction):
1205+ COyp +26 —> CO3%
Overall (cell) reaction:
Hy g + 1120, () —— H,0(, Eg=12V

Hydrogen Fuel Cell X:)

(=
Negative [ \\w Positive
electrode PE\M b /electrode

HZ\
Ny © ))

e H+ )
D ))
° o
@ Hydrogen is converted to H* and e by a catalyst on
the surface of the proton exchange membrane (PEM)

@ e cannot penetrate the membrane and moves
through an external circuit

4\0

2

© H* move through the membrane

@ A catalyst on the surface of the electrode converts
H*, 05 and e to water
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Flow Batteries (Fuel Cells)

Where doses the
The Hydrogen Oxygen Fuel Cell Hj(g) come
from?
Anode (oxidation):
Hy ) + COZyy — Hy0p) + CO, ) +2 €
Cathode (reduction):
11205+ COyp +26 —> CO3%
Overall (cell) reaction:
Hy o) + 17205 () — Hy0, Eg=12V

Other Fuel Cells:

2 NH; @t 3/20, [ —— N, @t 3 HQO(D
NoHy (g + Os () —————> Ny y +2H,0
CHy g +2 0y — COyp +2H)0

QUESTION

A fuel cell differs from typical batteries in
what key aspect?

1. The components in fuel cells are
replenished without recharging.

2. Fuel cells typically have a higher E°
value than typical batteries.

3. Fuel cells rely on solar power to
thermochemically generate electrons.

4. Although typical batteries may be
made from a variety of components,
fuel cells may only use H, and O,.

Electric Vefiicle




QUESTION

Which of the following statements about
batteries is false?

1) A battery is a group of galvanic cells connected
in series.

2) Lead storage batteries contain lead at the anode
and lead coated with lead dioxide at the cathode.

3) The alkaline dry cell battery can last longer than
a nickel-cadmium battery.

4) Afuel cell is a galvanic cell for which the
reactants are continuously supplied.

5) Dry cell batteries are used in tape players and
portable radios.




