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Learning Objective: Define electrochemical reactions and predict
which direction is the spontaneous reaction.

References:
@ Atkins and de Paula Focus 5l and 5J
@ Chang Chapter 10
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Electrochemical Reactions

An example of an electrochemical
reaction is

2Hy(g) — 4HT +4e”

These free electrons can then move
through a circuit. Therefore,
electrochemical reactions convert

chemical energy to electrical energy.

The amount of energy produced by an
electrochemical cell is quantified by the
Gibbs Free Energy of the reaction:

Who expansion = AG
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Electrochemical Reactions

To complete the circuit, there must be
a place where the electrons originate

and a place they are used. Electric Current

=
@ The anode is where electrons are Fuelln_le | Arin
. . => f e <=
produced (oxidation) o | S
2Ha(g) — 4HY +4e” bl
@ The cathode is where the szi | o
electrons are used (reduction) Excess Unused
Fuel alsJeS
4H*(aq) + Oy + 4~ — 2H,0 = ”Z°E>:‘
If AG < 0 for these two coupled Anod Cathode

eEIectronte
reactions, then electrical work occurs

spontaneously.
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Daniell Cell

_ Voltmeter _
\%
A type of voltaic cell is called a
- + - .
(node salt bridge e Daniell Cell. This setup has an
Zn ke Cu anode and cathode in an

electrolyte solution connected by

a salt bridge. When the anode

and cathode is connected with a
ZnS04 CuSO4 wire, electrons will flow from the
anode to the cathode.

Zn(s) +2¢"—» Zn”’ Cu*' +2¢"— Cu(s)

Zn(s) | ZnSO4(aq)|| CuSOy(aq) | Cu(s)
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Daniell Cell Diagram

Voltmeter

= @ - The Daniell Cell Diagram is given
at the bottom of the figure.
e | salt bridge ot @ Single vertical lines denotes
Zn “ Cu phase boundaries
@ Double vertical lines denote
the salt bridge
ZnSO, Cuso, @ The anode side is on the left
roey+ 20— 727 O 26— o) @ The cathode side is on the

right
Zn(s) | ZnSO4(aq)|| CuSOy(aq) | Cu(s)
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Daniell Cell - Electromotive Force

Voltmeter

LR S
N The electromotive force (E) of
node salt bridge +(Rii‘ﬂé’.?§n> the reaction is measured in volts
Zn ket Cu by the voltmeter. The amount of

work produced by the cell is the
amount of charge moving
through the circuit times the

3 7nso, CuSO, - potential difference the charges
move through. So

Zn(s) + 2 —> Zn" Cu?" +2e"—> Cu(s)

Zn(s) | ZnSO4(aq)|| CuSO4(aq) | Cu(s)

w=—n-1.6022x 107 C -6.022 x 102> mol™* - E
= — n(96500)E
w = — nFE

2
|
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Daniell Cell - Gibbs Free Energy

 Voltmeter Recall that Wpo expansion = AG
RN therefore

©

Anode " salt bridge + Cathode AG = —nFE
(Oxidation) (Reduction)

Zn kel Cu
where

@ F is Faraday's Constant
(96500 C mol~1)

7 ZnSOy4 CuS0Oy4 @ nis the number of moles of
electrons transferred

Zn(s) +2¢"— Zn”’ Cu*' +2¢"— Cu(s)
@ E is the electromotive force

Zn(s) | ZnSO4(aq)|| CuSOy(aq) | Cu(s) .
in volts
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Nernst Equation

Given that there is a direct link between the electromotive force
and the Gibbs Free energy we can write

AG =AG® +RTInQ
AG AG® RT

—nF  —nF + —nF nQ
RT
E=E° — —|
nF nQ

This is the Nernst Equation. It represents a more convenient way
to determine the spontaneous direction of an electrochemical
reaction as it requires a measurement of the electromotive force
instead of Gibbs Free Energy.
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o . o
Determining E

Using the Zinc-Copper Daniell Cell reaction
Zn(s)|Zn** (aq)[|Cu®" (aq)|Cu(s)

The two half-cell reactions with their standard potentials (taken
from a table) are

o Anode: Zn(s) — Zn*" +2e” E® =0.7618 V
o Cathode: Cu®T +2e~ — Cu(s) E® =0.3419 V
Therefore, the E* for the complete reaction is

E® =0.7618 + 0.3419 = 1.1037 V
The standard change in Gibbs Free Energy is
AG® = —nFE® = —2(96500)(1.1037) = —2.13 x 10° J mol™!

So the spontaneous direction of the electrons to flow is from Zn
(anode) to Cu (cathode).
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Summary

@ The electromotive force is the potential difference which
moves electrons around a circuit.

@ This voltage arises from the two half cell reactions and can be
used to calculate the AG of the combined chemical reaction

@ The Nernst Equation

RT
E=E° — —|
nF n@Q

can be used to calculate the actual electromotive force from a
given mixture of reagents through the reaction quotient.
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