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This Factsheet assumes you know and understand the basics of cells and
standard el ectrode potentials (covered in Factsheet 37). It will concentrate
on applying that knowledge to examination questions on cells.

There are three main types of question on electrochemical cells. Actual
examination questions will usually contain more than one of these.

(1) Recall of basicfacts

You can be asked to give thefollowing:

(8 adrawing/description of the standard hydrogen electrode.

(b) the definition for a standard el ectrode potential .

(c) adrawing of theapparatus used to measure standard el ectrode potentials
(d) an explanation of why a high resistance voltmeter is used.

(e) an explanation of why potassium nitrate is used for the salt bridge.

(f) adescription and explanation of thetrend in oxidising and reducing
powers related to the E®  table of values.

All of these are covered in Factsheet 37.

Exam Hint: - Exam questions on this topic always include some
element of recall. Good candidates should be able to recall the

answers to all the above questions quickly and accurately.

(2) Writingtheoverall cell reaction

This depends on identifying which is the cathode and anode from the E®
values of the two electrodes.

:.,‘Ew The electrodewith the smallest (meaning most negative or least
positive) E° valueisthe cathode.

The values of electrode potentials are usualy given in a table, with the
most negative at the top and the most positive at the bottom, like this

Mg +2e = Mg -2.37
Al¥* +3e = Al -1.66
Zn* +2e = Zn -0.76
2H" +2¢ = H, 0.00
Cu* +2e = Cu +0.34
I, +2 =2 +0.54

If the E® valuesaregiven in thisformat, the higher of thetwo inthelist
isthe cathode.

Exam Hint: - Examiners willl not always give you the E® in this
order. Many otherwise good candidates lose out through assuming
that "the one on top is the cathode" without checking the values are in
the correct order first.
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Worked Example
What isthe cell reaction when the following half cells are combined?

V¥ + & =2V E° = -0.26V
Niz* + 2e = Ni E° = -0.25v
Method Answer
Identify the cathode V#|V* isthemorenegative electrodesoitisthe
cathode

Reverse the equation V# =« V¥+ @

for the cathode.
Write down the Ni?*+2e” = Ni
equation for the anode

"Balance" theelectrons
in the two equations

There are two electronsin the nickel equation
but only one in the vanadium equation.

So doubl e the vanadium equation:

V¥ = V3 + 2e

Ni2*+2e+2V%# = Ni + 2V¥ + 2e
Ni%+2vz [ Ni+2vs

Combine the equations.
Replace = by [J
Cancel theelectrons

Question 1 at the end of the Factsheet provides further practice on this
type of question.

(3) Calculating E® cell

@= E° cell= E° (anode) - E° (cathode) I

Clearly, this type of calculation depends on identifying the cathode and
anodefromthe E® valuesagain.

Notethat the reactant at the anodeis being (el ectrons are added) and that at
the cathode oxidised (electrons removed), so this is equivalent to an
alternative form which is often seen:

E° cell = E® (reactant being reduced) — E® (reactant being oxidised))

Worked Example
What is E® cell for V*|V2* combined with Ni#|Ni?

Answer
First, identify the cathode: here Vanadium isthe cathode, asitsE® valueis
more negative.
Then usethe equation:  E° cell = E® (anode) — E° (cathode)
E° cell = (-0.25) - (-0.26)
=+0.01vV
Take care with minus signs. Make sure you write al of them in your
working, and if you are unsure - use your calculator!

Exam Hint: - The overall answer should be positive for a real cell. I

Question 2 provides further practice on this type of example.
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Questions

You will need information on E® values (given in Factsheet 37) to answer
these questions.

1. Whatistheoveral cell equation when thefollowing half cellsare
combined?

(@ Mg#Mg with Cl|2CI-
(b) AI* Al with AglAg
(© CulCu with Fe*|Fe?
@ 121 with Fe*|Fe
(© 2HH,  with VeV
(f) MgMg with Zn?*|Zn
@ V¥V  with Fe*|Fe
(h) Fe*|[Fe with AglAg
() Cll2ci-  with IJ2I-

() AI*JAl  with Zn?*|Zn

2. Cdculate E® cell for each of the cellsin question 1.
3. (a) Draw theapparatusused to measurethe standard el ectrode potential
for an AI¥*|Al half cell.

(b) AnAl*|Al half cell andan | |21~ half cell are combined.
(i) Statewhich reactant isoxidised intheresulting cell reaction

(ii) Calculate the E® valuefor theresulting cell.

4. (8 What ismeant by a standard electrode potential ?
(b) Giventhefollowing standard electrode potentials:

Cu* E®
Cu E®

+0.15V
+0.52V

Cu*+ &
Cu" + e

=
=
=
=

(i) Givetheresulting reaction from combining the two half cells
Cu*|Cu*and Cu*|Cu

(i) Predict what would happen if copper (i) sulphate was added
to water.
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Answers
1
(@ Mg + Cl, 0O Mg*+ 2Cl-
(b) Al  + 3Agr O AP + 3Ag
(© Cu + 2Fe* [0 Cu* + 2Fe*
(d Fe + 1, 0 Fe* + 2
(@ 2v¥ + 2H* O 2v* + H,
(f) Mg+ zn O Mg + Zn*
(9 Fe + 2v* [0 Fe* + 2v*
(hy Fe* + Agg 0O Fe* + Ag
@(c, + 20 0O 2o +1,
() 3zn*+ 2Al O 2AI*+ 3Zn
2.
(@ +3.73V
(b) +2.46V
(c) +0.43v
(d) +0.98V
(e) -0.26V
(f) +161V
(g) +0.18V
(h) +0.03V
(i) +0.82v
G) +0.9v
3. high resistance voltmeter
@
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Temperature: 25° C

(b) (i) Reactant at cathodeis oxidised: Al
(i) E°® cell =+0.54 - (-1.66) = 2.20V

4,

(@ The SEP of ahalf cell iswhen astandard half cell (1 mol dm, 25°C)
is connected to a standard hydrogen electrode (1 mol dm= H* (aqg),
1 atm, 25°C) using a high resistance voltmeter.

(b) (i) Cathodeis Cu*+e=Cu

So equationsare: Cu = Cu*+e
Cu'+e = Cu
Combining: 2Cu* 0 Cu + Cu#

(i) It would disproportionate to give copper metal and
copper Il sulphate

_—, e—



