A-LEVEL CHEMISTRY

PAPER 1
PRACTICE PAPER 11
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7.          The value of the acid dissociation constant, Ka, for ethanoic acid is 1.74 × 10–5 mol dm–3 at 298 K.
(a)     (i)      Write an expression for Ka for ethanoic acid.
.............................................................................................................
(ii)     Calculate the pH at 298 K of a 0.220 mol dm–3 solution of ethanoic acid.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(5)


(b)     A sample of the 0.220 mol dm–3 solution of ethanoic acid was titrated against sodium hydroxide solution.
(i)      Calculate the volume of a 0.150 mol dm–3 solution of sodium hydroxide required to neutralise 25.0 cm3 of the ethanoic acid solution.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(ii)     From the list below, select the best indicator for this titration and explain your choice.
Name of indicator       pH range
bromophenol blue         3.0 – 4.6
methyl red                     4.2 – 6.3
bromothymol blue         6.0 – 7.6
thymol blue                    8.0 – 9.6
Indicator ..............................................................................................
Explanation .........................................................................................
.............................................................................................................
.............................................................................................................
(5)
(c)     A buffer solution is formed when 2.00 g of sodium hydroxide are added to 1.00 dm3 of a 0.220 mol dm–3 solution of ethanoic acid.
Calculate the pH at 298 K of this buffer solution.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(6)
(Total 16 marks)



8.	Copper, in the form of nanoparticles of copper(II) hexacyanoferrate(II), has recently been investigated as an efficient method of storing electrical energy in a rechargeable cell.
(a)     Solar cells generate an electric current from sunlight. These cells are often used to provide electrical energy for illuminated road signs.
Explain why rechargeable cells are connected to these solar cells.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(b)     Suggest one reason why many waste disposal centres contain a separate section for cells and batteries.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)
(Total 3 marks)
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10.       (a)     State what is meant by the term homogeneous as applied to a catalyst.
......................................................................................................................
(1)
(b)     (i)      State what is meant by the term autocatalysis.
.............................................................................................................
.............................................................................................................
(ii)     Identify the species which acts as an autocatalyst in the reaction between ethanedioate ions and manganate(VII) ions in acidic solution.
.............................................................................................................
(2)


(c)     When petrol is burned in a car engine, carbon monoxide, carbon dioxide, oxides of nitrogen and water are produced. Catalytic converters are used as part of car exhaust systems so that the emission of toxic gases is greatly reduced.
(i)      Write an equation for a reaction which occurs in a catalytic converter between two of the toxic gases. Identify the reducing agent in this reaction.
Equation ..............................................................................................
.............................................................................................................
Reducing agent ...................................................................................
(ii)     Identify a transition metal used in catalytic converters and state how the converter is constructed to maximise the effect of the catalyst.
Transition metal ...................................................................................
How effect is maximised ......................................................................
.............................................................................................................
(5)
(Total 8 marks)

11.	A student carried out an experiment to find the mass of FeSO4.7H2O in an impure sample, X.
The student recorded the mass of X. This sample was dissolved in water and made up to 250 cm3 of solution.
The student found that, after an excess of acid had been added, 25.0 cm3 of this solution reacted with 21.3 cm3 of a 0.0150 mol dm–3 solution of K2Cr2O7
(a)    Use this information to calculate a value for the mass of FeSO4.7H2O in the sample of X.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(5)

(b)    The student found that the calculated mass of FeSO4.7H2O was greater than the actual mass of the sample that had been weighed out. The student realised that this could be due to the nature of the impurity.
Suggest one property of an impurity that would cause the calculated mass of FeSO4.7H2O in X to be greater than the actual mass of X.
Explain your answer.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(Total 7 marks)
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Use the following enthalpy data to answer the question.

AH®/KI mol™!
Mg(s) —> Me(e) +150
Mg(e) — Meg'(e) +e +736
Mg'() — Mg™(@+e |  +1450
30x(8) — Ofe) +248
O(g)+e —> O () —142
O@+e — 0 () +844
Me(s) +502(2) —> MgO(s) - 602

(a) Define the term standard enthalpy of formation.

(3 marks)
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(b) Suggest why the enthalpy change for the process represented by the equation below is
endothermic.

O@+e — O' (@

(1 mark)
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(¢) Use the data from the table and the incomplete Born-Haber cycle below to calculate
the standard enthalpy of lattice formation for magnesium oxide.

Mg(g) + O (2)
Mg?'(2) + O(g) + 26~
. MP@rO@re
Mg™'() +30(g) + 26~
Meg'(®) + 0a(e) + €
Me(e) + $0x(g)

Mg(s) + 302(2)

MgO(s)
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(d) The enthalpies of lattice formation for calcium oxide and for barium oxide are
~3513kJ mol " and ~3152kJ mol ! respectively. Suggest why the lattice enthalpy for
Ca0 is more negative than that for BaO

(2 marks)
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(a) Give the equation that relates the free-energy change for a reaction to the enthalpy
change and the entropy change.

(1 mark)




image10.png
(b) Consider the following equation that represents the first step in the extraction of
titanium.

TiOy(s) + 2C(s) + 2Cly(g) —> 2CO(g) + TiCly(2) AH =-30kJ mol !

() Deduce the sign of the entropy change for this reaction and explain your answer.

Sign of entropy change

Explanation ...

(3 marks)

(ii)  Use your answers to part (a) and part (b) (i) to explain why this reaction will be
feasible at all temperatures.

(2 marks)
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(i) Give one reason why, despite being feasible at all temperatures, the reaction is
carried out at 900 °C.

(1 mark)
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(c) The following data refer to the second step in the extraction of titanium.

TiCly(g)| Na() |NaCl(s) | Ti(s)
Standard enthalpy of formation, AH/kImol”!| 720 | 3 | —411 0
Standard entropy, S°/J K" mol™! 39 | S8 7 30

(i) Use the data from the table to calculate values for the enthalpy change and the

entropy change for the following reaction.

TiCly(g) + 4Na(l) —> 4NaCl(s) + Ti(s)

Value of AH ...

Value of AS

(5 marks)
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(ii)

Use your answers to part () (i) to calculate the temperature above which this
reaction is not feasible.

(If you have been unable to calculate answers 1o part (¢) (i) you may assume that
the enthalpy change has the value ~812kJ mol ' and the entropy change has the
value -312J K" mol ™. These are not the correct values.)

(3 marks)




image14.png
The equation for the catalytic decomposition of hydrazine into its elements is shown below.
NaoHa(®) == Na(g) + 2Ha(2)
(2) A sample of hydrazine and a catalyst were placed in a container and heated to a given

temperature. In the equilibrium mixture of gases produced at a total pressure of
150 kPa, the mole fraction of hydrazine was 0.22
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(i) Calculate the partial pressure of hydrazine under these conditions.

(ii) Hence, calculate the partial pressure of nitrogen and the partial pressure of
hydrogen in the mixture.

Partial pressure of nitrogen

Partial pressure of hydrogen ..

(5 marks)
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(b) A different mixture of hydrazine, nitrogen and hydrogen was prepared and allowed to
reach equilibrium in the presence of a catalyst at a temperature 7. In this new
equilibrium mixture, the partial pressure of hydrazine was 75.0 kPa, the partial
pressure of nitrogen was 27.0 kPa and the partial pressure of hydrogen was 48.0 kPa.

(i) Write an expression for the equilibrium constant, K, for the decomposition of
hydrazine.

(ii) Calculate the value of K, at this temperature and deduce its units.

Calculation

Units

(4 marks)
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(¢) The gas mixture from part (b) was transferred to a different container of half the
original volume. When equilibrium was re-established at temperature 7, the partial
pressure of hydrazine had more than doubled. Explain why halving the volume has
not simply doubled the partial pressure of hydrazine.

(2 marks)




image18.png
(i) Write an expression for the term pH.

(ii) Calculate the concentration of hydrochloric acid which has a pH value of 0.36

(2 marks)
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(a) At high temperatures, aluminium chloride exists in the vapour phase as the molecule
AICI;. On cooling, two molccules of AICI; combine by co-ordinate bonding to form
molecules of ALCl.

(i) State the shape of the AICI; molecule and give the bond angle.

Shape

Bond angle

(ii) Sketch the structure of ALCls and mark on your sketch the value of one of the
bond angles.

(i) Explain how two AICl; molecules are able to bond together.

(6 marks)
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(b)

(i) Describe what is observed when anhydrous AICl; is added to an excess of water.
Identify the major aluminium-containing species formed and predict the pH of the
final solution.

Observation.

Major aluminium-containing species

Pl of final solution ..

(ii) Describe what you would observe when aqueous sodium carbonate is added to
aqueous aluminium chloride. Write an equation for the reaction.

Observations ..

Equation ..

(7 marks)
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You are required to plan an experiment to determine the percentage by mass of sulphate ions
in some solid waste made up of the three compounds silicon dioxide, sodium carbonate and
magnesium sulphate.

You are provided with dilute hydrochloric acid, a solution of barium chloride and simple
laboratory cquipment. (Hydrochlorie acid reacts with carbonate jons and prevents the
precipitafion of barium and magnesium carbonates.)

(a) Outline how you would extract the sulphate ions from the solid waste and convert the
extracted sulphate ions into a precipitate of barium sulphate.
Write equations for the reactions which occur.
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(b) Describe how you would separate pure barium sulphate from other reaction products
and how you would determine s mass.

Hence, explain how the percentage by mass of sulphate ions in the solid waste would be
caleulated.
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State the trend in the reducing power of the halide ions C1 to I
Identify all the reduction products formed when solid sodium iodide reacts with
concentrated sulphuric acid. Write an overall equation for one of these redox reactions.





