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ELECTROCHEMISTRY - PRACTICE

1 (a) One type of rechargeable battery used in electric cars makes use of the nickel-zinc

cell, in which the nickel and zinc electrodes, coated with their respective hydroxides
are immersed in a suitable electralyte.

The relevant half cell potentials are:

E® (Zn(OH)2(s) I Zn(s)) -1.24V
E® (NiIO(OH)(s) / Ni(OH)(s)) +0.49V

(i) Construct half-equations for the reactions at the anode and cathode and hence
write a balanced equation for the overall reaction that occurs during discharge.
Calculate the value of E® for this cell reaction.

(ii) Suggest a suitable substance to use as an electrolyte.
[4]

(b) A student attempts to carry out an experiment to coat a flower petal with copper in
the laboratory. The petal has to be coated with a thin layer of graphite paste, before
placing it in a bath of aqueous copper{ll) sulphate.

(i) Suggest why the article is first coated with graphite.

' (ii) Draw a labelled diagram of the electrical circuit for the electroplating, showing
clearly the polarity of the electrodes, and the direction of electron flow in the
external circuit.

(ili) A surface area of 5 cm? is to be electroplated. How many coulombs of
electricity will be required to increase its copper layer by 0.1 mm in thickness?
{Density of copper is 8.92 g cm™)

(iv) How may the thickness of copper be increased without changing the duration
of the electroplating process?
(6]

[Total: 10]
2 The standard electrode potential of the NOs/N,O halfcell is given below:
2NO; + 10H" + 8- == N,0O + 5H,0 EE=+1.11V

(i) Draw the fully labelled experimental setup for a voltaic cell made up of an NOs/N,O halfcell and a
Cu?/Cu halfcell under standard conditions. Indicate clearly the anode and cathode and show the
flow of electrons.

(ii) Calculate E%.. and write an equation for the reaction that occurs. [ +0.77V]

(iii) When a piece of copper is added to dilute nitric acid, NO; is formed instead of N,O. Explain why.

3 A cell is made up of a Pb?*(aq)|Pb(s) half-cell and a Fe**(aq)|Fe?* (aq)|Pt(s) half-cell

(i) Calculate the e.m.f. of this cell under standard conditions to decide on the anode and the
cathode of the cell and hence write the cell notation of the cell. [+0.90V]

(i) Suggest, with reason, what will happen to the e.m.f. if a few drops of dilute hydrochloric acid is
added to the Pb?*(aq)|Pb(s) half-cell.

(iii) Draw a labelled diagram of this cell, showing the polarity of the electrodes and the direction of
the electron flow in the external circuit.
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(iv) Use the Data Booklet to predict the reaction that would occur if the Fe**(aq)|Fe**(aq)|Pt(s) half-

cell is replaced with the Mg?*(aq)|Mg(s) half-cell.

(a) Draw a labelled diagram to show the electrochemical purification of copper.
By reference to electrode potentials in the Data Booklet, explain how the
impurities of silver and zinc are removed. 4]

(b) A salt known to contain platinum and chloride ions only was electrolysed in
aqueous solution until 300 C had passed through the solution. The cathode
was then removed, dried, and weighed. The gain in mass due to the deposit
of platinum was 0.152 g.

Use the data to determine the formula of the sait. 2]

{c) In an analytical determination of arsenic, a solution containing arsenious
acid, HazAs0Q3, and potassium iodide, with an indicator is electrolysed. The
electrolysis produces free iodine from iodide ion, and the iodine immediately
oxidises the arsenious acid to hydrogenarsenate ion, HAsO4>

During a particular run, it took 65.4 s for a current of 0.0105 A to give an
endpoint.

(i) Construct a balanced equation for the reaction between |; and H3aAsOa.

{ii) Suggest a suitable indicator for detection of the end-point and state the
end-point colour.

(iii) Calculate the mass of arsenic present in the solution. [4]

(a) A cell set up between acidified Cr.0;*(aq)/Cr**(aq) system and an
unknown metal electrode M?*(aq)/M(s) has the following cell notation:

M(s) IM?*(aq) | | Cr,0O7%(aq).Cr**(aq) | Pt(s)
The standard cell potential was found to be +1.77V.

{i) Use the data booklet to calculate the standard electrode potential
of the M®" {aq)M(s) system and identify M.

{ii) Explain the effect, if any, on the emf of the cell on adding dilute
sulphuric acid to the Cr,0O;%(aq)/Cr**(aq) half cell.

(iii) Describe what you might observe when the identified metal rod, M
is dipped into a solution of acidified KoCr,O5.

(4]

(b) An element Y has two isotopes of masses, 69 and 70, in the ratio 1:2.
When a current of 2.5 A was passed through for 50 minutes, 1.81 g of the
metal was deposited. Using the results of the experiment, calculate the
value of x in the electrolyte, YCI,. [3]

(c) Unlike iron, aluminium is resistant to atmospheric oxidation because of
the oxide layer on the surface. Draw a fully labelled diagram and with the
aid of equation(s), explain how this oxide layer can be thickened by
electrolysis. [3]

[Total: 10]
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Or

(a) Cadmium is an environmental poison, so ils concentration in rivers and
other aqueous solutions is frequently measured. To do this, the standard
electrode potential for the cadmium half-cell is needed.

A student determined this half-cell potential by setting up a standard cell
which is represented by the conventional cell diagram as shown.

Cd(s)ICd?(aq) Il Ag*(aq)lAg(s)

(i) Construct the overall redox equation representing this cell, which the
student labelled as Cell 1. [1]

(i)  Draw a labelled diagram of Cell 1, showing the polarity of the
electrodes and the direction of the electron flow in the external
circuit. 3]

(i)  The student measured the standard cell potential of Cell 1 as
+1.2 V. Calculate the standard electrode potential of the cadmium
half-cell. [1]

(iv)  The student made Cell 2 from the standard cadmium half-cell and a

standard chromium half-cell of -0.74V. Calculate the E%. of
Cell 2. (1]

(b) Thallium exists in more than one oxidation state. Thallium(lll) is strongly
oxidising and it will oxidise iodide ions to iodine.

25.0 cm® of a 0.0480 mol dm solution of T** ions was added to excess
potassium iodide solution and the liberated iodine titrated against

0.106 mol dm™ sodium thiosulphate solution. 22.60 cm® of sodium
thiosulphate solution was required to react with the iodine.

(i)  Calculate the amount, in moles, of TP used.

(i) Calculate the amount, in moles, of sodium lhinsulpha{e used in the
titration, and hence the amount of iodide ions, I', oxidized by the
Ti* ions.

(ili) Hence deduce the change in oxidation number of thallium. (4]

Using relevant data from the Data Booklet and the following information, explain the following
observations with relevant equations.

[Fe(H:0)]* + e = [Fe(H0)]* E=+077V
[Fe(CN)J~ + e &= [Fe(CN)]*  E=+0.36V
(i) Aqueous potassium iodide turns brown when aqueous iron(lll) sulphate is added to it.

(ii) When a few drops of aqueous KCN is added to aqueous iron(lll) sulphate, the solution turns
orange-red. The solution remains as orange-red on addition of aqueous potassium iodide.
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8 2 A fuel cell is very similar to a battery, in that it makes use of the energy stored
in the chemical substances. The best known type of fuel cell is the hydrogen-
oxygen cell which is used extensively in spacecraft.

{a) (i) If the electrolyte is aqueous potassium hydroxide, write balanced half
equations to denote the processes happening at the anode and
cathode of the hydrogen-oxygen fuel cell and the overall reaction.

(i) Calculate the cell e.m.f. if the reactions take place under standard
conditions.

(iii)  State the direction of electron flow in the external circuit. {3]
{b) Use the data booklet to predict the outcome of mixing the following solutions.

(i) Aqueous iron (11} sulphate and acidified hydrogen peroxide

(i)  Aqueous lead (ll) chloride and acidified potassium manganate (VIl) (5]

Calculate the EZ.; for the reactions that occur and write balanced overall
equations for them. Your answer should include any observations made.

(c) A current of 50.0 mA is used to plate copper in an aqueous solution of copper
() sulphate. Copper metal is deposited at the cathode. The efficiency of the
process with respect to the formation of copper is 80%

What is the thickness of the plating (on each surface) if the cathode is a cube .
of surface area 4.0cm? is allowed to be coated for 4 hours?
[Density of Cu = 8.96 g cm™] (2]

ftotal : 10)

9 (c) The following equations show some standard electrode potentials of the vanadium
ions in different oxidation states.

Reactions E°/V
VO,  +2H + e VO* + H0 +1.00
yellow blue '

2+ + [ I+

VO +2H +e = V7 +H,0 +0.34
blue green
VAEETNES 026
green purple )

Using the information above, and from the Data Booklet, state and explain the
colours of the solutions when a sample of VO, (aq) is reacted separately with
excess silver and excess magnesium metal. [5]
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