Electrochemistry - Cell Potential
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* The difference in potential energy between

the anode and the cathode in a voltaic cell is
called the cell potential

* The cell potential depends on the relative
ease with which the oxidizing agent is
reduced at the cathode and the reducing
agent is oxidized at the anode.

* The cell potential under standard conditions
Is called the standard emf, E°_,

— 25 °C, 1 atm for gases, 1 M concentration of
solution

— Sum of the cell potentials for the half-reactions
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 \We cannot measure the

absolute tendency of a half-

reaction, we can only measure

It relative to another half- |

reaction. .|
« \We select as a standard half- |

reaction the reduction of H* to

H, under standard conditions,

which we assign a potential
difference = 0 v.

—Standard hydrogen
electrode, SHE
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SHE reduction potential is defined to be exactly 0 V.

Standard reduction potentials compare the tendency
for a particular reduction half-reaction to occur relative
to the reduction of H* to H..

— Under standard conditions

Half-reactions with a stronger tendency toward
reduction than the SHE have a positive value for E° ;.

Half-reactions with a stronger tendency toward
oxidation than the SHE have a negative value for E° .

For an oxidation half-reaction, E° i i.tion — E reduction



TABLE 18.1 Standard Electrode Potentials at 25°C
Reduction Half-Reaction

Fag) +2e — 2F (aq)

oxidisnagentMa02a0) + 2 H(ag) + 26 — 2H,00)
PbO(s) + 4 H'(aq) + SO,% (aq) + 2 ¢~ — PbS04(s) + 2 H0())
Mn0, (ag) + 4 H'(ag) + 3 e~ — MnO,(s) + 2 H0()
Mn0, (aq) + 8 H'(ag) + 5 ¢~ — Mn?*(aq) + 4 H,0()
A(aq) +3e” — Au(s)
PbO,(s) + 4 H'(aq) + 2~ — Pb?*(aq) + 2 Hy0(1)
Cly(g) +2e — 2CI (aq)
Cr,0;2(aq) + 14 H'(aq) + 6 ¢~ — 20 (aq) + 7 H0())
0,(8) + 4H'(aq) + 4e” — 2H,0())
MnOy(s) + 4 H'(aq) + 2 e~ — Mn?*(aq) + 2 H,0()
1057 (aq) + 6 H (ag) + 5¢~ — 31x(aq) + 3 H,0()
Bry() +2¢” — 2Br(aq)
V0,'(aq) + 2 H'(aq) + & — V0?'(aq) + H,0()
NO;(aq) + 4 H'(aq) + 3¢~ — NO(g) + 2 H,0()
Cloy(g) + e~ — Cl0;"(aq)
Ag'(ag) + e~ — Agls)
Fe**(ag) + &~ — Fe?*(aq)
0y(g) + 2 H'(ag) + 2~ — H;0,(aq)
MnO, (aq) + €~ — Mn04*"(aq)
lhs) + 2~ — 217 (aqg) 0.54
Cut(aq) + e~ — Cu(s) 0.52
0,(8) + 2 H0() + 4 &~ — 4 0H (aq) 0.40
Cut(ag) +2e” —> Cu(s) 0.34
S0;%~(aq) + 4 H'(aq) + 2~ — Hy505(aq) + H0() 0.20
Cut(aq) + e~ —> Cu*(aq) 0.16
sn*ag)+2¢0 000 —snt*ag 0 015 Sn""(aq) o 15
Fe’*(aq) +3e” —> Fe(s) —0.036
Po*tag)+2¢ 0 —PO(s)  —013
Sn*(aq) + 2 e~ —> Sn(s) —0.14
Ni2t(aq) + 2 € —> Ni(s) —0.23
Cd?*(aq) +2¢~ —> Cd(s) —0.40
Fe?*(agq) + 26~ —> Fe(s) —0.45
Cr¥*(aq) + e~ — Cr?*(aq)
Cr¥*(aq) + 3¢ — Cr(s)
n**(ag) +2¢ — Zn(s)
2H0() + 2 — Hy(g) + 2 OH (aq)
Mn?*(aq) + 2 ¢~ —> Mn(s)
AP*(aq) +3 e~ — Alis)
Mg?*(aq) + 2 ¢~ — Mg(s)
Na*(aq) + ¢~ — Na(s)
Ca?'(aq) +2¢~ — Ca(s)
Ba®*(aq) + 2 ¢~ —> Ba(s)

Weaker  K'(aq) + €~ — K(s)
oxidizing agent |i*(aq) 4 ¢~ — Li(s)
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(o) — (o) (o)
0= cell — E oxidation + E reduction

* When adding E® values for the half-

ce
va
ha

Is, do not multiply the half-cell E°
ues, even if you need to multiply the
f-reactions to balance the equation.
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* A redox reaction will be spontaneous when
there is a strong tendency for the oxidizing
agent to be reduced and the reducing agent
to be oxidized.

— Higher on the table of standard reduction

potentials = stronger tendency for the reactant to
be reduced

— lower on the table of standard reduction
potentials = stronger tendency for the product to
be oxidized

Hl




