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Methanoic acid is used to remove the oxide coating from magnesium before the metal
is used to make alloys.

(a)  Write an equation for the reaction of methanoic acid and magnesium oxide to form
magnesium methanoate and water.

(1 mark)
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(b)  Suggest one reason why methanoic acid is used in preference to the cheaper sulfuric
acid.

(1 mark)
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The tables below contain some data about aqueous solutions.

Na* Mgt AP cl
Enthalpy of hydration, AHig,y/kJ mol | —406 1920 4690 364
NaCl___ MgCl,
Enthalpy of solution, AHg,/kJmol " 39 155

(a) Use these data to calculate the lattice enthalpy of dissociation of sodium chioride and
of magnesium chloride.
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(b) Explain why the lattice enthalpy of dissociation of sodium chloride is less than that of
‘magnesium chloride.
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(c) Suggest why the enthalpy of hydration of aluminium ions is much more exothermic
than that for magnesium ions
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(d) Aqueous solutions of AICI; are acidic.
[AIH0)61™(aq) == [AI(H0)sOH)I*(aq) + H*(aq)

The acid dissociation constant for this reaction, K, = 1.26 x 10~ moldm .
Calculate the pH of a 2.0 mol dm solution of AICI;
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(a) () Write an expression for the term pH.

(1 mark)

(a) (i) AS.0cm’® sample of 0.135mol dm > hydrochloric acid is added to 995 cm® of
water. Calculate the pH of the solution formed.

(2 marks)
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(b)

(b)

(b)

AL298K, the value of the dissociation constant for the weak acid 2-chloropropanoic
acid (CH;CHCICOOH), K, = 1.48 x 10~ mol dm ™.

(i) Write an expression for the dissociation constant, K, for 2-chloropropanoic acid.

(1'mark)

(ii) Calculate a value for the pH of a 0.350 mol dm solution of 2-chloropropanoic
acid at this temperature.
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©

‘The dissociation of 2-chloropropanoic acid in aqueous solution is an endothermic
reaction. Predict how the pH of an aqueous solution of 2-chloropropanoic acid would
change, if at all, when the temperature of the solution is increased. Explain your
prediction.

Effect on pH

Explanation ..

(3 marks)
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(d) A buffer solution has a pH of 4.69 and contains 0.15 mol of propanoic acid and
0.10mol of sodium propanoate. Use these data to calculate a value of K, for
propanoic acid.

(3 marks)
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(a) Explain why the melting point of magnesium chloride is much higher than the melting
point of silicon tetrachloride.
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(b) 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 cach case
describe what happens. Wite equations for any reactions which occur and state the
approximate pH of any solution formed.
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(d) Write equations for two reactions which together show the amphoteric character of
aluminium hydroxide.
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(a) State the meaning of each of the terms ligand and co-ordination number as they apply
to transition metal complex ion:
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(b) Explain why transition metal ions are usually coloured.
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(c) The colour of an aqueous solution containing pink [Co(H,0)s]**(aq) ions can be
changed by

(i) changing the ligand but keeping the co-ordination number the same

(ii) changing both the co-ordination number and the ligand

In each case, identify the reagent or reagents required to bring about the change, give
the formula of the cobalt-containing ion formed and state its colour.
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(a) State what is observed when aqueous ammonia is added dropwise, until present in
excess, to a solution of cobalt(II) chloride
Give the formula of each cobalt-containing species formed.
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(b) Explain why separate solutions of iron(Il) sulphate and iron(Ill) sulphate of equal
concentration have different pH valucs.
State what is observed when sodium carbonate is added separately to solutions of
these two compounds. Give the formula of each iron-containing species formed.
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A 1.27g sample of impure iron obtained from the Blast Furnace was reacted with an
excess of dilute sulphuric acid. All of the iron in the sample was converted into aqueous
iron(ll) sulphate, and hydrogen was evolved. The solution formed was made up to
250cm’. A 25.0¢m” sample of this solution reacted completely with exactly 19.6cm” of
20.0220moldm ™ solution of potassium manganate(VII).

() Calculate the percentage by mass of iron in the sample.
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‘Write an equation for the reaction between iron and dilute sulphuric acid.
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Calculate the volume of hydrogen evolved, measured in cm”, at 205K and 98kPa.
(If you have been unable to complete the caleulation in part () above assume that
the sample contained 1.82 x 102 mol of iron. This is not the correct value.)
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One characteristic property of transition metals is variable oxidation state.

For each of the following processes, write two equations to show how the transition
metal catalyst reacts and is reformed. Identify the different oxidation states shown by
the transition metal catalyst in cach process.

(i) the Contact Process catalysed by vanadium(V) oxide
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tion of ethanedioate ions by acidified potassium manganate(VII),
autocatalysed by Mn**(aq) ions.
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Use the information given below to calculate the minimum temperature at which the
following carbon reduction process is feasible.

ALOs(s) + 3C(s) — 2Al(s) + 3CO(g)

ALO(s) Al(s) CO(g) Cls)

AHFTKY mol™ -1676 0 ~111 0

SK  mol ! s 2 108 6
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(i) State why fluorine cannot be prepared by displacement from one of its compounds.
by another halogen.
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(i) Identify a fluorine-containing product formed when solid sodium fluoride reacts
with concentrated sulphuric acid. Write an equation for the reaction which occurs.
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A 4.54g sample of PCl; was heated in a sealed flask at 525 K. Partial decomposition occurred
as shown by the equation below.

PCle) == PClyg) + Che)

At equilibrium, 45.0% of the PCls had dissociated and the total pressure in the flask was
91.9kPa.

Calculate a value for the equilibrium constant K,, of this reaction at 525K.




