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Figure 9.4 The zinc half cell develops &
a negative potential with respect to the
copper haif cell

In general, the more reactive

a metal, the more negative its
electrode potential in its half
cell.

Oxidation always occurs at the a

anode; reduction always occurs =

at the cathode. In the voltaic o
cell, the anode has a negative '-. )
charge and the cathode has a =
positive charge. g

Figure 9.5 This cell has an incomplete P>
circuit - no voltage is generated. A salt
bridge must be added 1o allow ions to
flow between the two electrodes

Zinc—copper voltaic cell showing a
copper half cell and a zinc half cell
connected by a salt bridge which
appears white. Electrons flow from the
zinc electrode fo the copper electrode
thiough the electrical wires, while

ﬁm-:.lomﬁ;m:

of this cell R o T

QOxidation and reduction : |

-zinc metal
strip

zinc copper
sulfate sulfate
solution solution

Zn?* (aq) + 2~ ==2n(s) Cu™ (aq) + 2e~ <= ¢y

Some zinc atoms from the metal
strip release electrons, giving it
a negative charge.

Some copper ions in the solution
accept electrons from the coppe
rod giving a positive charge r

Two connected half cells make a voltaic cell

If we now connect these two half cells by an external wire, electrons will hay
= A e [
a tendency to flow spontaneously from the zinc half cell to the copper half ce|]
gt : 7 2 ce
because of their different electrode potentials. The half cells connected in this
: : S S way
are often called electrodes and their name gives us information about the typ, i
> ype
of reaction that occurs there. The electrode where oxidation occurs 1s called the
anode, in this case it is the zinc electrode:
Zn(s) — Zn**(aq) + 2¢~ andit has a negative charge.
The electrode where reduction occurs is called the cathode, in this case it js the
copper electrode:
Cu**(aq) + 2¢~ — Cu(s) and it has a positive charge.

A potential difference will, however, only be generated between the electrodes
when the circuit is complete.

voltmeter

ZnS0, (aqg) CusO,(aq)

The voltaic cell therefore must have the following connections between the half

cells:

* An electrical wire, connected to the metal electrode in each half cell. A
voltmeter can also be attached to this external circuit to record the voltage
generated. Electrons will flow from the anode to the cathode through the wire.

* A salt bridge that completes the circuit. The salt bridge is a glass tube or strip
of absorptive paper that contains an aqueous solution of ions that enables

—



negative charge to be carried in the opposite direction to that of the electron
(from cathode to anode). This ion movement will neutralize any build u (,[a
charge and maintain the potential difference. The solution chosen is u[‘u[:]
NaNO; or KNO; as these will not interfere with the reactions at the electrodes
without a salt bridge no voltage will be generated. -

voltmeter

cathode

g:;ﬂ:::lgt” Reduction
occurs at
the anode. the cathode.
T "
solution solution

Zn(s) = Zn*" (aqg) + 2e Cu*(aq) + 2e — Culs)

Net reaction: Zn(s) + Cu*' (ag) = Zn*" (ag) + Cu(s)

Different half cells make voltaic cells with
different voltages

Any two half cells can be connected together similarly to make a voltaic cell. For
any such cell, the direction of electron flow and the voltage generated will be
determined by the difference in reducing strength of the two metals. In most cases
this can be judged by the relative position of the metals in the reactivity series.
For example, if we changed the copper half cell in the example above to a silver
half cell, a larger voltage would be produced because the difference in electrode
potentials of zinc and silver is greater than between that of zinc and copper.
Electrons will flow from zinc (anode) to silver (cathode).

voltmeter

~|__ silver nitrate
solution

zinc sulfate
solution

Zn(s) = Zn*" (aq) + 2e Ag'(aq) + e —> Ag(s)
Net reaction: Zn(s) + 2Ag* (ag) — Zn** (aq) + 2Ag ()

4 Figure 9.6 A copper—zinc voltaic cel
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You can view a simulation of this

voltaic cell

Now « goto

www heinemann.couk/hotlinks
1sert the express code 4259P and

click on this activity

v be tamili ar with the
1 of a mild electric shock
f you happen to bite some

slumimium foil on a tooth that

has a flling. The Allir ] s made
f an amalgam of mercury and
aith in or er and creates a
ta hen it touches the
a1l Alumin i *hy n the

s the electrol

weak current flows between the
electrodes and is detected by the

sensitive nernves in the teeth

Electrons always flow in the
external circuit from anode to
cathode.

< Figure 9.7 A silver—zinc voltaic cell




