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(c) A different equilibrium mixture of CO, Hp and CH;OH was prepared at a given
temperature and a total pressure of 500kPa. In this mixture, the partial pressure of CO
was 75.0kPa and the partial pressure of Hy was 300 kPa.

(i) Caleulate the partial pressure of CH;OH in this mixture.
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(i) Write an expression for the equilibrium constant, Ky, for this reaction.

(iii) Calculate a value for the equilibrium constant, K, at this temperature and give its
units.

Calculation

Units ..

(5 marks)
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(if)

State the effect, if any, at a constant temperature of an increase in total pressure
on the mole fraction of CH;OH and on the value of the equilibrium constant K.

Effect on mole fraction of CH;OH

Effect on K,

State the effect, if any, at a constant pressure of an increase in temperature on the
mole fraction of CH;OH and on the value of the equilibrium constant K

Effect on mole fraction of CH;OH

Effect on K, .
(4 marks)
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An aqueous solution contained both sodium carbonate and sodium hydrogencarbonate.

A25.0¢m? sample of the solution was transferred into a conical flask. After the addition of

a few drops of phenolphthalein, 0.150 mol dm " hydrochloric acid was then added from a
burette.

The indicator changed colour when exactly 20.80 cm? of the 0.150 mol dm > hydrochloric
acid had been added to the conical flask. This end-point showed that the reaction in Stage 1
had been completed.

Stage 1 COs> + HY —> HCO;~

A few drops of methyl orange were then added to the conical flask. A further 33.25 cm® of
0.150 mol dm> hydrochloric acid were required before this second indicator changed colour.
"This end-point showed that the reaction in Stage 2 had been completed.

Stage 2 HCO;™ + H' —> COp + Hy0

(1) Use the data about Stage 1 to calculate the concentration of sodium carbonate in the
original solution. (3 marks)
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(b)  State why the volume of hydrochloric acid used in Stage 2 is greater than that used in
Stage 1. Hence calculate the concentration of sodium hydrogencarbonate in the
original solution. (4 marks)
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In this question, give all pH and pKj values to 2 decimal places.
(2) Hydrochloric acid is described as a strong Brgnsted-Lowry acid.

(i) State what is meant by the term Bronsted-Lowry acid.

(i)~ State why hydrochloric acid is described as strong.

(2 marks)
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(b) A sample of hydrochloric acid contains 7.05 x 10~* mol of hydrogen chloride in
50cm’ of solution.

(i) Calculate the concentration, in mol dm>, of this hydrochloric acid.

(if)  Write an expression for the term pH.

(iif) Calculate the pH of this hydrochloric acid.

(iv) When water is added to this 50.cm” sample of acid the pH increases. Calculate
the total volume of the solution when the pH becomes exactly 1.00

(6 marks)
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(¢) The value of the acid dissociation constant, Ky, for the weak acid HX is
6.10x 10" mol dm > at 25°C.

(i) Write an expression for the acid dissociation constant, K, for the acid HX.

(ii) Calculate the pH of a 0.255 mol dm™ solution of HX at 25°C.

(4 marks)
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(d) A given volume of a buffer solution contains 6.85 x 10~* mol of the weak acid HY and
2.98 x 10 mol of the salt NaY. The pH of the buffer solution is 3.78

(i) Calculate the value of pKi for the acid HY at this temperature.
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(i) State and explain the effect on the pH of the buffer solution when a small amount
of hydrochloric acid is added.

Effect on pH ..

Explanation

(7 marks)
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In this question give all values of pH to 2 decimal places.
(a) The dissociation of water can be represented by the following equilibrium.
Hy0() == H'(aq) + OH (aq)

(i) Write an expression for the fonic product of water, Ky

(ii) The pH of a sample of pure water is 6.63 at 50°C.

Calculate the concentration in mol dm> of H* fons in this sample of pure water.

(i) Deduce the concentration in mol dm* of OH ™ ions in this sample of pure water.

(iv) Calculate the value of K at this temperature.

(4 marks)
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(b)  At25°C the value of Ky is 1.00 x 107" mol®dm*.

Calculate the pH of 2 0.136 mol dm ™ solution of KOH at 25°C.

(2 marks)
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(a) By a consideration of the structure of and the bonding in cach compound, explain why
magnesium chloride has a high melting point and why silicon(IV) chloride has a low
boiling point.




image20.png
(b) State what is observed when separate samples of sodium oxide and phosphorus(V)
oxide are added to water. Write equations for the reactions which occur and, in cach
case, state the approximate pH of the solution formed.
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Use the data below, where appropriate, to answer the following questions.

Standard electrode potentials E%IV
$,0% (aq) + 2¢ —> 2805 (aq) +2.01

MnOj(aq) + 8H'(a0) + Se” —> Mn?*(aq) + 4H,0(1) +151
Cla(ag) + 2¢” —> 2C1 (aq) +1.36

Cr0% (aq) + 14H'ag) + 6e” —> 2Cr**(aq) + TH0() +133
NO3(aq) + 3H'(aq) + 2e” —> HNO(aq) + H,0() +0.94
Fe¥'(aq) + ¢ —> Fe(aq) +0.77

(2) From the table above, s s that is the most powerful reducing agent.

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

(i) chromium in Cr,03"

(i) nitrogen in HNO,

(2 marks)
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(¢) 'The concentration of iron(ll) fons in aqueous solution can be determined by titrating
the solution, after acidification, with a standard solution of potassium manganate(VIl).

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

(ii) Explain, by reference to the data given in the table opposite, why nitric acid
should nof be used to acidify the solution containing iron(II) ions.
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(i)

Calculate the e.m.f. of the cell represented by

Pt Mn*"(aq)MnO;(a0) 1,03 (aa),SO% (aq) [P

Deduce an equation for the reaction that occurs when an excess of $;07 (aq) fons
is added to an aqueous solution containing Mn*"(aq) ions.

(3 marks)
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‘The following compounds can be distinguished by observing what happens in test-tube
reactions.

For each pair, suggest a suitable reagent that could be added separately to cach compound.
Describe what you would observe in each case. Write an equation or equations where
required.

(2) MgCly(ag) and BaCly(aq)

Reagent

Observation with MgClyag) ..

Observation with BaClyag)

(3 marks)
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(b) KF(aq) and KCl(aq)

Reagent

Observation with KF(aq)

Observation with KCl(agq,

(3 marks)
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(¢)  AICl(aq) and MgCly(aq)

Reagent

Observation with AlCl3(aq) ...

Observation with MgCly(aq)

Equation(s) with AICl(ag)
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(a) State what is meant by the term homogeneous as applied (o a catalyst.

(1 mark)




image29.png
(b) (i) State what is meant by the term autocatalysis.

(i) Identify the species that acts as an autocatalyst in the reaction between
ethanedioate ions and manganate(VI1) ons in acidic solution.

(2 marks)
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(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 decreased.

(@

(i)

Write an equation for a reaction that ocurs in a catalytic converter between two
of the toxic gases. Identify the reducing agent in this reaction.

Equation

Reducing agent

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 marks)
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(a) Complete the electronic arrangement of the Co?" jon.

[Ar]

(1 mark)
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@)

he following reaction occurs in the high-temperature preparation of
titanium(IV) chloride.

TiO,s) + C(s) +2CL(®) — TiCl() + CO,()

(i) Use the data given below to caleulate the standard enthalpy change and the
standard entropy change for this reaction.

Substance TiO,(s) C(s) Cly(g) Tl CO,e)

AHIkI mol ! 940 0 0 804 304

STK" mot ! 299 51 23 252 214
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(b) Give the formula of the cobalt complex present in an aqueous solution of cobalt(IT)
sulphate and state its colour.

Formula of cobalt complex

Colour of cobalt complex .
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(c) (i) When a large excess of concentrated aqueous ammonia is added to an aqueous
solution of cobalt(I1) sulphate, a new cobalt(II) complex is formed. Give the
formula of the new cobalt(IT) complex and state its colour.

Formula of new cobali(11) comples ...

Colour of new cobali(11) complesx ..

(ii)  Write an cquation for the formation of this new complex.

(3 marks)
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Standard enthalpy change

Standard entropy change .
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(ii) Calculate the temperature at which this reaction ceases to be feasible.

(9 marks)
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(b) In the industrial extraction of titanium, TiCl, is reduced to titanium in an inert

aimosphere.

(i) Write an equation for this reduction process.

(i) Explain why it is essential to exclude air when this reduction takes place.

(3 marks)
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Ata given temperature, in a closed container, a mixture of 0.360 mol of CO and 0.640 mol of
Hy was left o reach equilibrium according to the following equation.

90.0kI mol™*

CO(®) + 2Hy(e) == CH;OH(g)  AH
At equilibrium, 0.120 mol of CH;OH was present in the gaseous mixture.
(@ (i) Calculate the number of moles of CO and of Hy in this equilibrium mixture.

Moles of CO

Moles of H ..

(ii) Calculate the mole fraction of CO in the equilibrium mixture.

(4 marks)
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(i)

Write a general expression to show how the partial pressure of a gas is related to
its mole fraction.

“The total pressure of the gases in the equilibrium mixture formed in part (a) was
268kPa. Calculate the partial pressure of CO in this mixture.

(2 marks)




