A-LEVEL CHEMISTRY
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Under suitable conditions the equilibrium represented below was established.
2CH,(g) == 3Hy(p) + CHy(g)  AH°=+377kImol!

(2) Write an expression for the equilibrium constant, K, for this reaction.





image8.png
(b) Ata given temperature and pressure, the equilibrium mixture contained 0.44 mol of
methane, 0.28 mol of hydrogen and 0.12mol of ethyne (CoHy) in a container of
volume 0.25 dm’.

Calculate the value of K. under these conditions and deduce its units.

Calculation

Units

(4 marks)
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(c) State the effect of an increase in temperature on the position of this equilibrium and on
the value of K, for this reaction.

Effect on position of equilibrium

Effect on the value of K.
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(d) State the effect of an increase in pressure on the position of this equilibrium and on the
value of K. for this reaction.

Effect on position of equilibrium

Effect on the value of K.

(2 marks)
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(e) Calculate the mole fraction of ethyne (CzHy) in this equilibrium mixture.

(2 marks)
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(f) Calculate the partial pressure of ethyne in this mixture, given that the total pressure is
278 x 10*kPa.





image13.png
(2) A different equilibrium mixture was produced starting from methane alone.

2CH4(2) == 3Hy(2) + CoHa(g)

When 3.0mol of methane were used, the equilibrium mixture formed contained
1.6mol of methane. Calculate the number of moles of hydrogen and the number of
moles of ethyne present in this equilibrium mixture.

Moles of hydrogen ..

Moles of ethyne ..

(2 marks)
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) Write an equation for the reaction of ammonia with water. Explain how, in this
reaction, ammonia behaves as a Bronsted-Lowry base. Draw the shape of the
species formed from ammonia.
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(ii) Write an equation for the reaction of ammonia with boron trifluoride. Draw the
shape of the species formed.
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(b)  When ammonia reacts with potassium metal, a redox reaction occurs. Hydrogen and
NH ions are produced.

Write a half-cquation for the formation of hydrogen and NHy ions from ammonia. Use
this to deduce an overall equation for the reaction between potassium and ammonia.
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(a) Barium oxide reacts with water to form aqueous barium hydroxide.

(i) Write an equation for this reaction.

(1 mark)

(ii) Calculate the pH of the solution formed by reacting 2.00g of BaO with water
and making up to 100 e’ of solution at 298 K. Give your answer (o two

decimal places.
(K = 1.00 x 10" mol® dm© at 298 K)

(5 marks)
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(b) State why the pH of a solution formed by adding an excess of magnesium hydroxide to
water is lower than the pH of the solution formed in part (a) (i)

(1 mark)
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(a) State what is meant by the term buffer solution. 1dentify a reagent that could be added
10 a solution of ammonia in order to form a buffer solution.

Buffer solution

Reagent

(3 marks)
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(b)  An acidic buffer solution is obtained when sodium ethanoate is dissolved in aqueous
ethanoic acid.

(i) Calculate the pH of the buffer solution formed at 298K when 0.160 mol of
sodium ethanoate is dissolved in 250cm® of a 1.00mol dm solution of ethanoic

acid.
‘The acid dissociation constant, K, for ethanoic acid is 1.74 x 10~ moldm* at
298K.

(i) Write an fonic equation for the reaction that occurs when a small volume of
dilute hydrochloric acid is added to this buffer solution.

(5 marks)
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(@) A solution with a pH of 3.25 was formed when 4.2 of aluminium chloride, AIC;, were
dissolved in water to make 1.00dm’ of solution.

(i) Calculate the concentration, in moldm ", of aluminium chloride in this solution.

(i) Caleulate the concentration of hydrogen ions in this solution.

(iii) Identify the major aluminium-containing species present in this solution.

(iv) Write an cquation for the hydrolysis reaction which causes this solution to be
acidic.
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(v)  Use your answers from parts (i) and (i) to calculate the percentage of aluminium
ions which have been hydrolysed.

(8 marks)
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(b) State what is observed when sodium carbonate is added to an aqueous solution of
aluminium chloride.

Observation 1

Observation 2

(2 marks)
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(¢) Aqueous silver nitrate, followed by an excess of aqueous ammonia, can be used to
identify halide ions in solution.

() State what is observed when aqueous silver nitrate is added to a solution of
aluminium chloride. Write an equation for the reaction which occurs.

Observation

Equation

Explain why the addition of aqueous ammonia cannot be used to confirm the
presence of chloride ions when the solution also contains aluminium ions.

(4 marks)
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@

@

(i)

State what is observed when concentrated sulphuric acid reacts with solid sodium

chloride.

Write an equation for the reaction occurring and state the role of sulphuric acid in
this reaction.

Equation

Role of concentrated sulphuric acid

(3 marks)
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Use the data below, where appropriate, to answer the following questions.

Standard electrode potentials £V
$,0% (aq) + 2¢= — 2S0% (aq) 4201

MnOj(aq) + 8H'(aq) + Se= —> Mn**(aq) + 4H,0(1) +151
Chaq) + 2 —> 2Cl(aq) +1.36

Cr0% (aq) + 14H'(aq) + 6 — 2Cr**(aq) + TH0(l) +133
NOj(aq) + 3H*(aq) + 2¢~ — HNOx(aq) + H0(1) +0.94
Fe¥(aq) + ¢ — Fe¥(aq) +0.77

(a) State the colours of the following specics in aqueous solution.
) Cr07 (aq)
@) Cr'(aq)

(iii) MnOj(aq) ..
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(b) From the table above, select the species which is the most powerful reducing agent.

(1 mark)
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(¢) Deduce the oxidation state of

(i) chromium in Cr,0%

(i) nitrogen in HNO,

(2 marks)
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(d) The concentration of iron(II) ions in aqueous solution can be determined by titrating the
solution, after acidification, with a standard solution of potassium manganate(VI1).

(i) Explain, by reference to the data given in the table opposite, why hydrochloric acid
should ot be used to acidify the solution containing iron(I1) ions.

Explain, by reference to the data given in the table opposite, why nitric acid should
not be used to acidify the solution containing iron(11) ions.

(4 marks)
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(&) () Calculate the e.m.f. of the cell represented by

PtIMn?*(ag), MnOj(aq) S0 (aq), SOF (aq) | Pt

Deduce an equation for the reaction which oceurs when an excess of $,0 (aq) is
added to an aqueous solution of Mn?'(ag) ions.

(3 marks)
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‘The simplified diagram below shows how the entropy of ammonia varies with temperature at
apressure of 100kPa. In this diagram, ammonia is a solid at point A and a gas at point F.

S%IK " mol!

D

0

0 T Temperature/K

(2) State why the entropy value for ammonia is equal to zero at 0K.

(1 mark)
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Explain why the melting point of magnesium chloride is much higher than the melting
point of silicon tetrachloride.
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Suggest why the melting point of magnesium oxide is much higher than the melting.
point of magnesium chloride.
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Magnesium oxide and sulphur dioxide are added separately to water. In each case
describe what happens. Wite equations for any reactions that occur and state the
approximate pH of any solution formed.
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‘Write equations for two reactions which together show the amphoteric character of
aluminium hydroxide.
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(a) Explain why the reaction between sodium ethanedioate, NayC,O4, and potassium
‘manganate(VII) in acidified aqueous solution is initially slow but gradually increases
in rate. Write equations to illustrate your answer.
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(b) State what is meant by the term active site as applied to a heterogencous catalyst.
Explain how the number of active sites can be increased for a given mass of catalyst.
‘The efficiency of a heterogencous catalyst ofien decreases during use. Explain, using a
specific example, why this happens.
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(b) Explain, in terms of the movement of particles, why the entropy value increases
between points A and B on the diagram.

(1 mark)
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(c) Temperature T is marked on the diagram. What does the value of this temperature
represent?

(1 mark)
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(d) Explain why there is a large entropy change between points D and E on the diagram.

(2 marks)
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(¢) An equation for the reaction in the Haber Process is shown below, together with some
entropy data.

i) + SHx®) == NHa(g) AH® = -462KI mol !

No) Ha(g) NHi(g)

$%1K" mol™ 192 131 193

(i) Calculate a value for the entropy change, AS®, for the formation of one mole of
ammonia.

(2 marks)
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(ii) Give the equation that relates free-energy change, AG®, to enthalpy change,
AH®, and entropy change, AS®.

Use this equation to calculate the temperature at which the value of AG® =0 for
the formation of ammonia in the Haber Process.

(If you have been unable to calculate an answer to part (¢) (i), you may assume
that AS® = —81.4 J K mol™! but this is not the correct value.)

Equation

Calculation ..

(4 marks)

(Extra space) .

(ili)  What can you deduce about the formation of ammonia if the reaction mixture is
heated o a temperature above the value that you have calculated in part (¢) (ii)?

(1 mark)




