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SECTION A

Answer all questions in the spaces provided.

1. Chromium and aluminium both form amphoteric compounds.

(a)  State what is meant by the term amphoteric. (1]
(b)  Use arrows in boxes to show the electronic structures of the chromium atom and the
Cr3* ion. (2]
Chromium atom, Cr
Is 2s 2p 3s 3p 3d 4s
Chromium(III) ion, Cr3*
Is 2s 2p 3s 3p 3d 4s
(¢) When sodium hydroxide solution is added to a solution of potassium dichromate(VI),

K,Cr,0, the following reaction occurs.
Cr,0, + 20H —— 2CrO0,> + H,O

(i) State the colour change that is seen. [1]

(i)  Use the oxidation states of chromium to show that this is not a redox reaction. [2]
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(d)  Aluminium chloride is a compound of the amphoteric element aluminium, whilst
magnesium chloride contains the non-amphoteric element magnesium. Explain how
sodium hydroxide can be used to distinguish between solutions of these two compounds.

[3]

(e)  Aluminium chloride, AICl;, commonly exists as the dimer Al,Cl,.

(1) Draw the structure of the dimer formed, and explain why the two AICl; monomers
join together. [3]

(i1)  Aluminium chloride monomer may combine with another chloride ion to form
tetrachloroaluminate(III) ions, AICl, . Using valence shell electron pair repulsion
theory (VSEPR), state and explain the shape of this anion. [2]

Total [14]
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2. Fuelcells have been proposed as an alternative method of providing energy for vehicles. These only

use chemical reactions within electrochemical systems to generate electricity.

(a) A typical fuel cell uses hydrogen as a fuel and reacts this with oxygen. The two half-
equations for the processes occurring at the electrodes are given in the table below.

Half-equation E®/V

2H" + 2¢ = H, 0.00

50, + 2H" + 2¢~ = H,0 1.23

(1) Write an equation for the overall reaction occurring. [1]

(i))  Give one benefit of the use of fuel cells as a replacement for traditional vehicle
energy sources. [1]

(i1) The same reaction as above can be undertaken in a traditional electrochemical
cell, such as the one below. Name the parts labelled A-C. [3]

T T
hydrogen, 1 atm ——___ \ - oxygen, | atm

1 moldm™ H*(aq) —t+—— +~———1mol dm™ H*(aq)
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(b)

A different fuel for use in fuel cells is methanol, CH;OH, which would undergo the
following reaction with oxygen.

CH,OH() + 1%0,(g) —> CO,(g) + 2H,O(l)

Compound Standard enthalpy change of formation, AH;/kJ mol ™!
CH,OH -239
CO, -394
H,O 286
(1) Calculate the standard enthalpy change of combustion for methanol. [2]

(i)) The entropy change of this reaction is calculated as follows.
AS = (Sum of all entropies for products) — (Sum of all entropies for reactants)
AS =354 -435
AS=-81JK " mol
The reaction was repeated using gaseous methanol, CH;OH(g), in place of the

liquid methanol, CH,OH(l), used above. What effect, if any, would this have on
the value of the entropy change AS given above? Explain your answer. [2]

(ii1)  Use the values in parts (i) and (ii) of this question to calculate the value of the
Gibbs free energy, AG, for this reaction at 298K and state what information this
gives about the feasibility of the reaction. 2]

Total [11]
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Read the passage below and then answer questions (a) to (c) in the spaces provided.
The oxides of nitrogen
The atmosphere around us consists principally of two elements — nitrogen gas, N,, and oxygen

gas, O,. The relative stability of this mixture of two elements hides the fact that the elements
can combine to form a number of oxides of nitrogen. Their original names are shown below.

Dinitrogen monoxide N,O
Nitrogen monoxide NO
Dinitrogen trioxide N,O;
Nitrogen dioxide NO,
Dinitrogen tetroxide N,O,
Dinitrogen pentoxide N,O;
Nitrogen trioxide NO;,

Many of these oxides are useful but several can also cause environmental problems.

Dinitrogen monoxide, N,O

This gas was one of the first gaseous compounds to be identified and is probably one of the
best known of the oxides of nitrogen. Commonly called ‘laughing gas’, due to the behaviour of
those exposed to the gas, this oxide has since been used as an anaesthetic. It was initially used
for the relief of pain during dental treatment and it remained one of the dentist’s most useful
aids for over a century. It was also commonly used to relieve the pain of childbirth due to the
rarity of any adverse reactions to the gas.

Nitrogen dioxide, NO,

Nitrogen dioxide is a brown gas with a notable sharp odour. It can prove toxic by inhalation.
The properties of the pure material are difficult to identify due to the existence of the following
equilibrium, which leads to the presence of N,O, in any sample of NO,.

2NO,(g) = N,04(g)

Nitrogen dioxide is a key intermediate in the production of nitric acid. The nitrogen
dioxide is produced by the oxidation of ammonia and this is then combined with water in a
disproportionation reaction.

3NO,(g) + H,0() —> 2HNO,(aq) + NO(g)

Nitrogen dioxide, NO,, along with nitrogen monoxide, NO, is considered to be a key air
pollutant and these two oxides are grouped together as NO, when air quality measurements
are undertaken. Both gases are produced during combustion using air as a source of oxygen,
such as in the combustion of fuel in vehicle engines. They contribute to the production of
atmospheric nitric acid, a key component of acid rain.

(1095-01)
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Dinitrogen pentoxide, N,O5

Dinitrogen pentoxide is a colourless solid at temperatures around 0 °C, however when warmed
to 32°C the oxide sublimes to form N,Os(g). In the gas phase the dinitrogen pentoxide is
unstable and decomposes, producing nitrogen dioxide.

2N,O5(g)  —>  4NOy(g) + O

colourless gas brown gas colourless gas

Solutions of dinitrogen pentoxide dissolved in trichloromethane, CHCl;, have been used as
nitration agents to introduce the —NO, grouping into organic compounds. The use of this
reagent requires a great deal of care as it is a strong oxidising agent and forms explosive
mixtures with a range of organic materials.

— End of passage —
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Dinitrogen pentoxide, N,Os, decomposes in the gas phase according to the equation shown in
line 38.

(a) Suggest two methods of studying the kinetics of this reaction. [2]

(b)  The initial rates of this reaction for different concentrations of N,O5 were measured and
are given in the table below.

Concentration of N,O; / moldm-3 Initial rate / mol dm3s-!
4.00 x 103 3.00 x 103
6.00 x 103 4.50 x 103
8.00 x 103 6.00 x 103

The rate equation for this reaction is:
Rate = k[N,O,]'

(1) Show that the rate equation is consistent with the data above. [2]

(i) Calculate the value of the rate constant under these conditions. Give your answer
to three significant figures and state its units. [3]
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(ili)  Two possible mechanisms have been suggested for this reaction. These are shown

below.
Mechanism A Mechanism B
N,O; — NO, + NOjy 2N,O; — 2NO;" + N,0O,
NO; — NO' + O, NO; + N,O, = NO" + 2NO, + O,
NO" + N,0; - 3NO, NO" + NO;" — 2NO,

Giving your reasons, state which of the mechanisms is compatible with the rate
equation. 2]

(¢c)  Thenitrogen dioxide, NO,, produced in this reaction exists in dynamic equilibrium with
dinitrogen tetroxide, N,O,. (line 24)

2NO,(2) = N,O,(g) AH =-572%kJmol !

(i)  Write an expression for the equilibrium constant, K, for this reaction. [1]

(i) State and explain the effect of increasing the temperature on the value of K,.  [2]

(111) At a temperature of 373 K, the partial pressure of a pure sample of NO, was
3.00 x 10° Pa. When the mixture was allowed to reach equilibrium, the partial
pressure of the remaining NO, was 2.81 x 10° Pa.

Calculate the value of K, stating its units. [3]

Total [15]
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SECTION B

Answer both questions in the separate answer book provided.

(1) State what is meant by the term transition element. [1]

(1) Explain why both iron and copper are classed as transition elements, whilst zinc is
not. [1]

Transition elements such as copper frequently form coloured complexes. Copper(II)
complexes are usually blue, but the exact colour can vary, with [Cu(H20)6]2Jr being
pale blue and [Cu(NH3)4(H20)2]2+ being royal blue. Copper(I) complexes are usually
colourless.

Explain why transition metal complexes are usually coloured. Your answer should
include details of:

* The origin of colour in transition metal complexes;

* Why the copper(II) species above are coloured blue;

* Why the colours seen in different copper(Il) complexes are different;

* Why copper(I) complexes do not form coloured compounds. [6]
(OwWe) [2]

Iron is usually extracted from iron(IlI) oxide, Fe,O;, in a blast furnace using carbon
monoxide, CO, as a reducing agent, releasing metallic iron and the gas carbon dioxide.

(i)  Write the overall equation for this reaction. [1]

(i)) Explain in terms of oxidation states why carbon monoxide is considered to be the
reducing agent in this reaction. [2]

(i) Explain why carbon monoxide, CO, can be used as a reducing agent but the
corresponding oxide of lead, PbO, cannot. 2]

(1095-01)
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(d) The iron content of an alloy can be determined by a redox titration using acidified
potassium dichromate(VI) solution, K,Cr,0, A piece of alloy of mass 1.870g was
dissolved completely in acid to form Fe** ions, and the solution made up to 250.0 cm®. A
25.00 cm? sample of this solution was titrated against acidified K,Cr,0,. This required
23.80 cm® of K,Cr,0, solution of concentration 0.0200 mol dm for complete reaction.

(1) The half-equations for the processes occurring are:
Cr,0> + 14H" + 6e- — 2Cr’" +7H,0
Fe’* + ¢ — Fe*

Write an ionic equation for the reaction between Fe®* ions and Cr,0,* ions in acid
solution. [1]

(i) Calculate the number of moles of Fe?* ions present in the 25.00 cm® sample used

in the titration. [2]
(i)  Calculate the percentage of iron in the original alloy sample. 2]
Total [20]
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Give a current use for a named compound of chlorine. (1]

Chlorine gas, Cl,, is used in the industrial preparation of bromine, Br,. Sea water
contains small amounts of bromide ions and by bubbling chlorine gas through the sea
water these can be converted to Br,.

(1)  Write an ionic equation for the reaction occurring. [1]
(i) Use the standard electrode potentials, £, listed below to explain why chlorine
can react with bromide ions but iodine cannot react with bromide ions. [3]
Half-equation E®IV
I, + 2 = 21" +0.54
Br, + 2¢” = 2Br~ +1.09
Cl, + 2¢e = 2Cl~ +1.36

Sodium chloride and sodium iodide are both compounds which contain halide ions.

(1)  Silver nitrate solution may be used to differentiate between solutions of sodium
chloride and sodium iodide. Give the observations that would be expected in both
cases. [1]

(i) Both sodium chloride and sodium iodide react with concentrated sulfuric acid.
The observations made during both reactions are very different. Discuss the
reactions occurring. Your answer should include

* the observations made during both reactions,
* the identities of any products,
* the reasons for any differences in the reactions that occur. [5]

(Owe) 1

Chlorine produces a range of oxoacids, including chloric(I) acid, HOCI, and chloric(VII)
acid, HCIO,. Chloric(I) acid is considered to be a weak acid whilst chloric(VII) acid is
considered to be a strong acid.

(i) What is meant by the term strong acid? [1]
(11) Write an expression for the acid dissociation constant, K, of chloric(I) acid,
HOCI. [1]

(iii) The pH of a solution of chloric(I) acid of concentration 0.100 mol dm > was found
to be 4.23. Calculate the concentration of hydrogen ions in this solution. [2]

(iv)  Using the information from part (iii), calculate the value of the acid dissociation
constant, K, for chloric(I) acid. 2]

(v)  When the weak acid HOCI reacts with the strong base sodium hydroxide it forms
the salt sodium chlorate(I), NaOCI. Suggest a pH value for a solution of NaOClI,
giving a reason for your answer. [2]

Total [20]
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