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It is necessary to respond on the answer sheets provided alongside this question paper.
Additionally, you must have a soft pencil (preferably of type B or HB),a clean eraser and a
dark blue or black pen.

INSTRUCTIONS:

e You must write your name, candidate number, centre name and centre number on the
answer sheets in the designated spaces.

e Attempt all the questions from using a dark blue or black pen.

e Itisimportant to follow the instructions provided on the answer sheets.

e Do not use correction fluid.

e Avoid writing on any bar codes.

INFORMATION:
The number of marks assigned for every question or its parts is indicated within brackets [ ]
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Instructions: Answer all the questions in the space provided.

Question 1

Gallium is a metal in Group 13 of the Periodic Table.
(a) There are two stable isotopes of gallium, ssGa and nGa.

State, with reference to subatomic particles, how the isotopes «sGa and .Ga differ from
each other.

(b) Gallium and its compounds show similar properties to aluminium and its
compounds. Gallium reacts with excess chlorine to form gallium trichloride.

At 500 °C, gallium trichloride is a gas.
Suggest the type of attraction that exists at 500 °C

e between atoms within a gallium trichloride molecule

(i) When gallium trichloride is cooled a solid, Ga2Cl s, forms.

Suggest the name of the attraction formed between two gallium trichloride molecules to
form GazCle.

(c) Gallium metal reacts rapidly when exposed to air. A white solid layer is formed on its surface.

(1) Suggest an equation to describe the reaction occurring when gallium metal is exposed to
air.
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(i) The table gives the formula of each gallium-containing product formed when gallium oxide
reacts separately with hot aqueous hydrochloric acid and hot aqueous sodium hydroxide.

formula of
gallium-containing product
hot aqueous hydrochloric acid GaCl3
hot agueous sodium hydroxide NaGa(OH)s

Give the name of the type of behaviour shown by gallium oxide in these reactions.

[Total: 8]

Question 2

(a) The equation shown in (a)(i) describes the reaction which occurs when aqueous potassium iodide
is added to aqueous copper(ll) sulfate. A white precipitate of copper(l) iodide forms in a brown
solution of iodine and potassium sulfate.

Balance the equation and include state symbols.

...... CuSOq4(.....) + ...... KI(.....)—> ...... Cul(.....)+ ..I2(.....) +...... KzSOq«.....)
[2]
The table gives the oxidation numbers of iodine in the different species in the equation.
iodine-containing species | oxidation number of iodine
KI -1
Cul -1
I
2 0
(i) Deduce the oxidation number of copper in CuSO4 and Cul.
e oxidation number of copper in CuSO4 .......cccoeeveeiviinnnnnn.
e oxidation number of copperin Cul ..........ccooeiiiiiininnninnns
[1]
(b) Describe the type of reaction shown by the equation in (a)(i). Explain your answer in
terms of electron transfer.
....................................................................................................................................... [2]
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(iii) In the reaction described in (a)(i), a student uses 17.43 g of CuSO4°yH20. By further titration
of the reaction products the student concludes that the total amount of CuSOy in the sample
is 0.0982 mol.

Use the periodic table to complete the table to calculate the value of y, where y is an
integer. Show your working.

mass of
0.0982 mol CuSO4 .
amount of H20 in
17430t CuSOuyH0 1 mol H.O
value of y
Y T e
[4]
[Total: 9]
Question 3
Nitric acid, HNO3, can be made by reacting nitrogen dioxide with water.
The enthalpy change for the reaction can be measured indirectly using a Hess’ cycle.
AH;
3NO2(g) + H20(l) ——— 2HNO3(I) + NO(qg)
(@) Explain what is meant by the term enthalpy change of formation.
.............................................................................................................................................. [2]
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(b) Complete the Hess’ cycle using the values given in the table and hence calculate the

enthalpy change, AH;, for this reaction.

Show your working.

substance AHi/ kJ mol™
NO2(g) 34.0
H2O(1) —286
HNO3(l) ~173
NO(g) 91.1
3NO2(g) + H20() LN 2HNOs(l) + NO(g)

(c) Nitrogen and oxygen do not react at normal atmospheric temperatures.

Explain why.
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Nitrogen oxides can be formed naturally in the Earth’s atmosphere from nitrogen and oxygen in
the air.

(d) State one way that nitrogen oxides are produced naturally.

(e) Nitrogen dioxide, NO,, acts as a homogeneous catalyst in the oxidation of atmospheric sulfur
dioxide.

() Explain why NO: is described as a homogeneous catalyst.

(ii) Write equations which describe the two reactions occurring when NO; acts as a catalyst
in the formation of sulfur trioxide from sulfur dioxide.

[Total: 13]

Question 4

Calcium nitrate, Ca(NOs),, reacts with ammonia, carbon dioxide and water to form a mixture of
ammonium nitrate and calcium carbonate.

Ca(N03)2 + 2NH3; + CO,; + H,O — 2NH4sNO3 + CaCOs3

(@) Explain why ammonia is described as a Brgnsted-Lowry base in this reaction.

.............................................................................................................................................. [1]

The product mixture can then be added to soil.

(b) State two reasons why this mixture of products is added to some soails.
PP TP TPPPP
PSPPI

[2]
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(c) Complete the table to name the shape and give the bond angle of each species.

name of shape

bond angle/°

CO;

H20

NH3
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Total: [6 marks]
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Question 5

(a) Below is a list of species which can react with organic compounds.

CN™ HCl Cl H2O COz*

i) From the list, identify a species which can react with ethane.
....................................................................................................................................... [1]
ii) From the list, identify two species which can attack the 1 bond in ethene.
....................................................................................................................................... [1]
iii) From the list, identify a species which can be used to distinguish between solutions of
propanoic acid and propan-1-ol. Describe any relevant observations.
....................................................................................................................................... [2]
(iv) Cl(g) can be made from Cl2(q).
Describe the conditions required for this process.
....................................................................................................................................... [1]
(v) Name this process.
....................................................................................................................................... [1]

(b) But-1-ene reacts with steam in the presence of concentrated phosphoric acid to form two isomers
of molecular formula C4H100.

Each reaction occurs via a different intermediate ion.

(i) Draw the structure of both intermediate ions.
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[2]
(it) Circle the more stable intermediate ion drawn in (d)(i). Explain your answer.

[Total: 10]

Question 6
Nitrogen, N2, is the most abundant gas in the Earth’s atmosphere and is very unreactive.

(i) State why N2 is very unreactive.

(i)  Magnesium and lithium both form nitrides with N2. These compounds both contain the Ns- ion.

a.Write an equation for the reaction of magnesium with N2 to form magnesium nitride.

....................................................................................................................................... [1]
b. Solid lithium nitride, LiaN, reacts with water according to the following equation.
LisN(s) + 3H20(l) — 3LiOH(aq) + NHz(aq)
State one observation you would make during this reaction.
....................................................................................................................................... [1]
(ii) State the industrial importance of ammonia.
....................................................................................................................................... [1]
(iv) One method of producing NHz is by heating ammonium chloride, NH4C{, with CaO.
2NH4Cl + CaO — 2NH3 + CaCl2 + H20
Explain why the reaction of NH4CI with CaO produces ammonia.
....................................................................................................................................... [2]
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(v) Three oxides of nitrogen, NO, NO2 and N20O, can be formed under different conditions.

Complete the table to give the oxidation numbers of nitrogen in NO and NOa.

compound NO NO2

oxidation number of N

[1]
(vi) NOz2 can be formed by different chemical reactions.
Write equations for the formation of NO2 by:
(i) the reaction of N2 with O2
(d) the thermal decomposition of magnesium nitrate.
[2]

[Total: 9 marks]

Question 7

The elements in Group 17 of the Periodic Table are called the halogens. They form stable compounds
with both metals and non-metals.

The table gives some data about F2, HCl and CaF..

F2 HCl CaF2
boiling point/K 85 188 2773
relative formula mass 38.0 36.5 78.1

(@) (i) State what is meant by the term relative formula mass.

(i) F2 and HC! are both covalent molecules.

Suggest why the boiling point of HCl is higher than that of F».
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(iii) Explain why CaF2 has a very high boiling point.

(iv) CaF2(aq) can be made by the reaction of calcium carbonate with hydrofluoric acid, HF(aq).

Write an equation for this reaction. Include state symbols.

(ii) When Cl; is passed over hot iron, FeCl 3 is formed.
However, when I>(g) is passed over hot iron, the following reaction occurs.
Fe(s) + I2(g) — Felx(s)

State what you would observe during the reaction between Fe and I>. Explain why
Felz(s) is formed rather than Fels(s).

(o] 11T V2= 1110 o [T

(iii) Felzis soluble in water.

A student carries out a chemical test to confirm that a solution of Fel, contains aqueous
iodide ions, I-(aqg). The student adds a single reagent and a precipitate forms.

Identify the reagent the student uses. State the colour of the precipitate that forms.
(=T Vo= o | ORI TRTPRPI

(o0] (o]0 | g o] il o] (=Tod] o] v= L (OO PPPPPPPIN
(c) Compounds containing I- are often contaminated by bromide ions, Br-.

Identify a further reagent that the student could use to show that the precipitate formed in
(iii) contained iodide ions.
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(d) HOF is the only known molecule that contains only the elements hydrogen, oxygen and fluorine.
) Draw a ‘dot-and-cross’ diagram to represent the bonding in a molecule of HOF. Show

the outer shell electrons only.

[2]

i) HOF can be made by the reaction of F2 with ice at —40 °C. The reaction is similar to the
reaction of Cl 2 with cold water.

Suggest an equation for the reaction of F2 with ice.

iii) HOF is an unstable compound and decomposes to form HF and Ox.

HOF - HF + 12 O; AH = —139 kJ mol™t

Draw a fully labelled reaction pathway diagram on the axes provided to show the
decomposition of HOF into HF and Ox.

enthalpy

progress of reaction

[2]
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(e) Pure HF is a colourless liquid at 273 K. The liquid contains HF molecules that have
strong hydrogen bonds between them.

Draw a fully labelled diagram to suggest how a hydrogen bond can form between two HF
molecules.

[3]

() Interhalogen compounds, such as BrClor IFs, contain two or more different halogen atoms
that are covalently bonded.

D is an interhalogen compound that contains only chlorine and fluorine.

At 0 °C and 101325 Pa, 1dm3of D has a mass of 4.13 g.

i) Use the general gas equation to calculate the relative molecular mass, My, of D.

(ii) Use your answer to (i) to determine the molecular formula of D.

If you were unable to calculate the My in (i), assume that the M is 130.5. This is not the
correct value.

molecular formulaof D= ......cccovivviieeiiieean,

[Total: 25]
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Question 8

(a) Explain what is meant by the term relative isotopic mass.

(b) A sample of copper contains two isotopes, 83Cu and ®°Cu. The relative atomic mass of the copper
in this sample is 63.55.

Calculate the percentage abundance of each of these isotopes. Show your working.

percentage abundance of6sCU = .........ccevvvvvvrivenennnn. %
percentage abundance ofssCU = .........coevvvevvvivieennnnn. %
(2]

(c) (i) Name the type of bonding within a sample of solid copper.

....................................................................................................................................... [1]
(ii) Draw a labelled diagram to show the bonding within a sample of solid copper.
[2]
(iii) State the electronic configuration of a copper atom.
182 ettt ettt ettt ettt a et et et et et e e et te et te e et ereeteneenens [1]
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(d) A student is provided with a sample of hydrated copper(ll) sulfate, CuSO4*xH20, and is
asked to determine the value of x.
The student dissolves a sample of the hydrated copper(ll) sulfate in water and adds it to an
excess of aqueous potassium iodide to make a total volume of 250.0 cm? of solution.

2CuS0O4 +4KI — 2Cul + I> + K2S0Oq4

The amount of iodine produced during this reaction is found by titrating a sample of this
solution with sodium thiosulfate solution.

25.0cm? of the iodine-containing solution requires 20.0 cm? of 0.10 mol dm=2 sodium
thiosulfate solution.

Io + 25,032 — S406% + 21

(1) Calculate the amount, in mol, of copper(ll) sulfate present in the original sample of
hydrated copper(ll) sulfate.

Show your working.

amount of copper(ll) sulfate = ............ccc..eeenn. mol [2]

(iv) A total of 7.98 g of CuSOys is present in 10.68 g of CuSOsxH20.
Complete each row of the table to calculate the value of x, where x is an integer.

[Mr: CuS0O4,159.6]

amount of CuSOg in
10.68 g of CuSO4°xH20
.............................. mol
amount of H20 in
10.68 g of CuSO4°xH20
.............................. mol
value of x
X S e
[3]
[Total: 13]
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Question 9

A sample of barium is heated in oxygen.

(a) Describe two observations for this reaction.
....................................................................................................................................... [2]
(b) Write an equation for this reaction. Include state symbols.
....................................................................................................................................... [1]
(c) Calcium carbonate can be converted into calcium hydroxide in a two-step process.
calcium step 1 calcium step 2 calcium
—_— . —_—l .
carbonate oxide hydroxide
(i) Describe how the two-step process is carried out to convert calcium carbonate into
calcium hydroxide. Include relevant equations.
....................................................................................................................................... [3]
(i) Name the type of reaction occurring when calcium carbonate is converted into calcium
oxide.
....................................................................................................................................... [1]
(iii) State one common use for both calcium carbonate and calcium hydroxide.
....................................................................................................................................... [1]
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(d) Gallium is a silver-grey solid. Aluminium and gallium share many similar chemical properties.

i) Construct an equation for the reaction of gallium when heated in oxygen to form
gallium oxide, Gaz0s.

(e) Complete the table by predicting the formula of each gallium-containing product formed
when gallium oxide reacts separately with hot agueous hydrochloric acid and with hot
concentrated sodium hydroxide.

reagents and conditions formula of gallium-containing product

gallium oxide + hot HCI(aq)

gallium oxide +
hot concentrated NaOH(aq)

[2]

[Total: 12]
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Question 10

(a) The rate of chemical reactions is affected by changes in temperature and pressure.

(i) Draw a curve on the axes to show the Boltzmann distribution of energy of particles in
a sample of gaseous krypton atoms at a given temperature.

Label the curve T1 and label the axes.

A
[2]
]
(i) On the diagram in (a)(i), draw a second curve to show the distribution of energies
of the krypton atoms at a higher temperature.
Label the second curve T2. [1]
[1]
The Boltzmann distribution assumes that the particles behave as an ideal gas.
(a) State two assumptions of the kinetic theory as applied to an ideal gas.
1
2
[
2
]
[2]

[Total: 5]

End of Paper
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