Totally Epic AP ChemRReview: Cell Potential!

Electrochemistry: a study of the interchange of electrical and chemical energy
< There are two types of electrochemical cells: galvanic (voltaic) and electrolytic.
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»  Voltaic or Galvanic Cell ( 154l AL ): a thermodynamically ;EG.'J ofdvlf (e
spontaneous) redox reaction which generates useful electrical energy in the form of an electric

current

+  Electrolytic Cell: requires electrical energy (direct current or DC power source) to drive a
i ~ Lavocabl, i ;
thermodynamically _un t avol fwip (i.e. non-spontaneous) redox reaction.

e Inshort: galvanic (voltaic) cells g oo ale current, while electrolytic cells 1 Se  current!
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Cell Potential (.|| ): a measure of the potential difference (how much ¥ o\T0q e exists) between two half

cells an electrochemical cell. The potential difference is caused by the ability of £ “ lecHonS  toflow from one

half-cell to the other.

=>» The cell potential is a quantitative description of the Arivia A Q ofCe behind an electrochemical
reaction that pushes electrons through the wire (or external circuit).
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Standard Cell Potential (= c¢|! ):cell potential measured at standard conditions: 1 atm, 1 M solution, and
25°C. A ‘naught’ sign (°) is used to show standard conditions. Usually measured in Volts (1V = 1 Joule/Colomb =1J/C)

The cell potential can be easily calculated by adding the oxidation and reduction potentials.
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o EZ,; isthe standard cell potential.

o EJ, isthestandard oxidation cell potential for the oxidation half-reaction.

e« E ??ed is the standard reduction cell potential for the reduction half-reaction.

=» The more politve, the value of E’en, the greater the driving force of electrons through the system
(under standard conditions), thus the more likely the reaction will proceed - more spontaneous/more
thermodynamically favorable.

When you balance a redox reaction, don’t change the cell potential!
Cell potential is an intensive property and thus does not depend on how many times a reaction occurs.

Because the values come from a chart of standard reduction potentials, you MUST REVERSE the sign of the E” of the
oxidized species before adding to the E° of the reduced species.

1. For a spontaneous redox reaction to occur, the overall cell potential must be -;;f':):w"*\"di

a) The metal with the greater (more positive) reduction potential will be reduced!

2. Foranon-spontaneous redox reaction to occur, the overall cell potential mustbe _N¢ 9 ahve

a) The metal with the greater (more positive) reduction potential will be oxidized!
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Example 1: Consider the half reactions shown below and tHe standard electrode reduction potentials that follow.
AB*(ag)+3e — Al(s) E°=-1.66V
Zn**(ag)+2e — Zn(s) E°=-0.76V

a. Write the balanced redox reaction for copper and aluminum that is thermodynamically favorable (i.e.
spontaneous). Calculate the standard cell potential of this reaction.
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b. Write the balanced redox reaction for copper and aluminum that is not thermodynamically favorable (i.e.
non-spontaneous). Calculate the standard cell potential of this reaction.
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Example 2: use the provided information to find the reduction potential of the missing half-reaction

AP*(aq) + 3e™ - Al(s) Ereqg = —1.66V
3Cu*(ag) +3 e - 3 Cu(s) B ou =711
AP¥*(aq) + 3 Cu(s) — Al(s) + 3 Cu*(aq) Egeny = —2.18V
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Eo&,u :EO\K 4 E"(e(L = E:"(—' ‘(0(0: -Ql%

£, = Lbb-2.13=-0.52V

Cu®*(ag) + 2e~ - Cu(s) Ereqg = +0.34V
n’*(aq) + 2e” = Zn(s) Ereq = —0.76V
Mn?*(aq) + 2 e~ - Mn(s) Eyeq = — 118V

Example 3: Based on the reduction potentials given above, which of the following reactions will be
thermodynamically favored?

a. Mn**(aq) + Cu(s) - Mn(s) + Cu?*(aq)
b. Mn?*(aq) + Zn(s) - Mn(s) + Zn**(aq)
¢. In**(aq) + Cu(s) - Zn(s) + Cu®*(aq)

iZn_z’I'(aq) + B&(s) - Zn(s) + Mn**(aq) E;“ = 1S-03, :gDHQ\/ S
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