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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 Objective section consists of 25 questions, and it is essential that you attempt all of
them.

e Each question has four options labelled A, B, C, and D. Select the option that you
think is correct. Mark it on the multiple choice answer sheet using a soft pencil.

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

e |tis important to follow the instructions provided on the answer sheets.

¢ Do not use correction fluid.

¢ Avoid writing on any bar codes.

INFORMATION:

e This paper has a total of 110 marks.

¢ In objective section there are 25 questions, each carries one mark. There is no
negative marking for incorrect responses.

¢ In subjective section, 45 marks are for extended theory and 30 marks for practical
component.

e 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

Iron and cobalt are adjacent elements in the Periodic Table. Iron has three main naturally occurring
isotopes, cobalt has one.

(a) Explain the meaning of the term isotope.

56
(b) gge most common isotope of ironis ~ Fe; the only naturally occurring isotope of cobalt is

Co.
o . 56
gge the periodic table to complete the table below to show the atomic structure of ~ Fe and of
Co.
number of
isotope protons neutrons electrons
56Fe
59Co
3]
(c) A sample of iron has the following isotopic composition by mass.
isotope mass 54 56 57
% by mass 5.84 91.68 217
(i) Define the term relative atomic mass.
(ii) By using the data above, calculate the relative atomic mass of iron to three significant
figures.
[5]

[Total: 10]
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Question 2

Sulphur and its compounds are found in volcanoes, in organic matter and in minerals.

Hydrogen sulphide, H2S, is a foul-smelling compound found in the gases from volcanoes.
Hydrogen sulphide is covalent, melting at -85 °C and boiling at —60 °C.

(a) (i) Draw a ‘dot-and-cross’ diagram to show the structure of the H2S molecule.

(ii) Predict the shape of the H2S molecule.

(iii) Oxygen and sulphur are both in Group VI of the Periodic Table.

Suggest why the melting and boiling points of water, H2O, are much higher than those of
H2S.

(b) Hydrogen sulphide burns with a blue flame in an excess of oxygen to form sulphur dioxide and
water.

(i) Write a balanced equation for the complete combustion of H2S.

(iii) What volume of oxygen, measured at room temperature and pressure, is required for the
complete combustion of 8.65 g of HoS? Give your answer to two decimal places.

[5]
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(c) H¥9rogen sulphide is a weak diprotic (dibasic) acid. Its solution in water contains HS and a few
S ions.

(i) What is meant by the term weak acid?

[Total: 12]
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Question 3
Magnesium is the eighth most common element in the Earth’s crust.
The metal is widely used in alloys which are light and strong.

Some reactions of magnesium and its compounds are shown in the reaction scheme

below.
Ha(0) + | Aaq) dil. H2SO4 Mg(s) dil. HC/ B(aq) | + Ho(g)
NapCO3(aq) heat in air NaOH(aq)
C(s) heat _ D(s) heat E(s)
\
heat dil. HNO3

F(s) evaporate F(aq)

(a) Identify, by name or formula, compounds A to F.

[6]
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(b) (i) Construct balanced equations for the following reactions.

magnesium to compound A

............................................................................................................................ [4]
(c) i) Complete the electronic configuration of the magnesium atom.
[1]
ii) Complete the electronic configuration of the chlorine atom.
[1]
i) Write the equation, including state symbols, for the reaction between chlorine and magnesium.
[2]
(iv) Name the kind of bonding that is present in magnesium chloride.
........................................................................................................................................ [1]

(v) Draw a diagram (using either crosses or dots) to show the bonding in magnesium chloride.
Include ALL the electrons in each species and the charges that are present.

[3]

[Total: 18]
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Question 4

The graph below shows the boiling temperature of various group 7 (halide) hydrides.

300 4
260 -
Bailing Temperature / K
220 4 HI
HEr
180
HCI
140 : :
0 20 40 60

Mumbers of electrons

(a) i) Identify the type of intermolecular force that results in an unusually high boiling temperature
of hydrogen fluoride.

ii) State and explain whether the electronegativity of fluorine is less than, similar to, or greater than,
that of bromine.

Using this information, explain why hydrogen fluoride can form the type of intermolecular force
identified in (a) i) but hydrogen bromide is unable to do so.

(2]

(iii) Predict what the boiling temperature of hydrogen fluoride would be, if there was the absence
of the type of intermolecular force named in (a)(i).
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Propanone, CH3;COCHS;, is a useful solvent for removing organic substances from glassware in
laboratories.

(iv) Why is propanone an ideal solvent to dissolve a wide range of substances?

(v) Propanone specifically has the ability to remove both octane and water from glassware.

For each of these two substances, identify the strongest intermolecular force produced with
propanone and the part of the propanone molecule that is involved.

[2]
[Total: 8]
Question 5
Calcium oxide, otherwise known as quicklime, is produced from calcium carbonate, using thermal

decomposition.

(a) (i) Explain what is meant by the term thermal decomposition.

ii) Writg e}n equation for the thermal decomposition of calcium carbonate, including state
symbols.
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iii}) Other Group 2 carbonates are also known to undergo thermal decomposition. Provide a
description and explanation for the trend in the thermal stability of carbonates down Group 2.

[3]
b) A student conducts an experiment and measures 0.121 g of an impure sample of quicklime. They
then dissolve the sample in 50.0 cm® of hydrochloric acid (which has a concentration of 0.100 mol dm"
®). The excess hydrochloric acid is titrated against sodium hydroxide solution (which also has a
concentration of 0.100 mol dm™, and 18.0 cm® was exactly needed to neutralise all of the acid. The
indicator used in the experiment methyl orange.

i) What colour would you expect the indicator to be at the end-point of this titration?

ii) Calculate the number of moles of hydrochloric acid that reacted overall with the sodium
hydroxide solution.

[1]

iii) Calculate the number of moles of hydrochloric acid originally added to the quicklime. Use your
answer and the one from (b) ii) to calculate the number of moles of quicklime that has
reacted with the hydrochloric acid.
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iv) Calculate the percentage purity of the sample of quicklime. Provide your answer to three
significant figures.

(2]

c) i) Describe how to carry out a flame test on the impure sample of quicklime to confirm that the
sample contains calcium ions.

ii) If the flame test gave a green colour, as well as an expected brick red flame colour, which
Group 2 metal is also likely to be present as well?

[1]
[Total: 16 marks]
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Question 6
This question is about the reactions and properties of some halogenoalkanes.
(a) List the reagents and conditions that are required to convert the following halogenoalkanes into

the named product.

(i) 1-bromobutane converted into butan-1-ol

[2]
(i) 1-iodobutane converted into butylamine

[2]
(iii) 2-chloropropane converted into propene

[2]

(b) Chloroethane can be prepared by reacting ethanol with potassium chloride in the presence
of concentrated sulfuric acid.

Explain why a similar reaction which uses concentrated sulfuric acid and potassium iodide should not
be used to prepare iodoethane.

[2]
(c) Two gaseous halogenoalkanes that are commonly used to extinguish fires have the
structural formulae CF,CIBr and CF;CHF,.
(i) State the systematic name of CF,CIBr.
[1]
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(i) Draw the skeletal formula of CF;CHF..

iv) Explain why fire retardants containing halogenoalkanes are being phased out.

Suggest a reason why the scientific community still supports the use of compounds containing
CF3;CHF,,

[3]

[Total: 15 marks]
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Question 7
Group 2 elements share numerous common chemical properties.

1) a) Calcium reacts in cold water more quickly than magnesium because more energy is
required to remove the outer electrons in magnesium. However, this occurs even though
calcium atoms have a greater nuclear charge.

Explain why more energy is required to remove the outer electrons in magnesium than in
calcium.

b)  0.001 mol of strontium reacts with an excess of cold water. When the reaction is
complete a colourless solution is seen.

Construct the equation for the reaction of strontium with cold water. You must include
state symbols.

c)  0.005 mol of calcium and 0.005 mol of strontium are added separately to two beakers.
Each beaker contains 100 cm® of cold water.
At the end of each reaction a white solid and a colourless solution are seen in both beakers.

Predict which element, calcium or strontium, produces the solution that is more alkaline.
Explain your answer.

2) Element X is a known metal. X reacts with oxygen to form a black solid oxide. The

oxidation state of X in this oxide is +2. The carbonate of X, XCOs3, is a green solid. It
decomposes on heating to form the oxide and a colourless gas.

(a) From the information given, state two similarities and one difference that metal X and its
compounds have with Group 2 metals and their compounds.

Y1411 =Ty Y SRS
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(b) Write the expected formula of the oxide of X.

[Total: 11 marks]

Question 8

The feasibility of a chemical reaction depends on the standard Gibbs free energy change, AG®. This
is dependent on the standard enthalpy and entropy changes, and the temperature.

a) i) State and explain whether the following processes will lead to an increase or decrease in
entropy.

the reaction of magnesium with hydrochloric acid entropy change .............cc..........

EXPIANALION ... et e e ae e e e e e aannaees [1]

i) the dissolving of solid potassium chloride in water entropy change .............ccccccveeeenn.

EXPIANALION ... e e e ae e e e e e enneas [1]

iii) the condensing of water from steam entropy change ............ccccociieeiiiiiiiiiee e

EXPIANALION ... et e e ae e e e e e aannees [1]

iv) Magnesium carbonate can be decomposed on heating.

-1
MgCO; (s) — MgO(s) + CO, (g) AH° = +117 kJ mol

Standard entropies are shown in Table 1.

Table 1
substance MgCO3(s) MgO(s) CO2(9)
S IUK Tmol | 4657 +26.9 +214
Calculate AG® for this reaction at 298 K.
Show your working.
AG® = e kdmol ™ [3]
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(b) Explain why this reaction is feasible only at high temperatures.

(c) Table 2 lists values of solubility products, Ksp, of some Group 2 carbonates.

Table 2

solubility product inzwateé at
298K, K, / mol dm

MgCOs 10x 107>
CaCo, 50%x107
SrCO, 11%107"7

Deduce the trend in the solubility of the Group 2 carbonates down the group. Justify your
answer using the data given.

.............................................................................................................................................. [1]
d)(i) Write an equation to show the equilibrium for the solubility product of MgCOa. Include
state symbols.
e [1]
ii) With reference to your equation in (d)(i), suggest what is observed when a few cm3 of
concentrated NapxCO3z(aq) are added to a saturated solution of MgCO3. Explain your
answer.
....................................................................................................................................... [2]
iii) Use the data in Table 2 to calculate the solubility of MgCO3 in water at 298 K, in g dm_3.
Show your working.
- -3
solubility of MgCO 5 = oo gdm  [2]
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e) Describe and explain the variation in the thermal stabilities of the carbonates of the Group
2 elements.

[Total: 16 marks]

Question 9

Compare and explain the relative acidities of butanoic acid, ethanol, ethanoic acid and water.

[Total: 4 marks]

End of Paper
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