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Section A (50 marks)
Answer ALL questions from this Section.

1. The diagram below shows the structure of three solids A, B, C, D and E.

A B C D E

(@) Name a substance, which has the same structure as
A:

C
D:
E (4]

(b) Name the type of particles present in each of the following:
B:

C
D:
E (4]

2. (a) Butane (C4H10) is commonly used as a fuel for portable cookers during outdoor
camping activities. If the cooker were used in a closed tent, incomplete
combustion occurs and carbon monoxide is produced.

(i)  What causes incomplete combustion? [1]

(i)  Construct an equation to show that incomplete combustion of butane
produces carbon monoxide and water only. [1]

(iii)  State why carbon monoxide is hazardous. [1]

(b) Combustion of fuel in power stations also produces pollutants.
Name two acidic pollutants produced in power stations. [2]
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3. Car bodies are made of steel contains mainly iron. The car body is dipped in dilute
sulphuric acid to remove rust (iron (lll) oxide) before being painted. The graph below
shows how the mass of a car body varies with time when completely immersed in
dilute sulphuric acid.

A

1510——

—
N
(]
T

mass of car body / kg

s
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 time/s

(a) Write a balanced chemical equation for the reaction between the rust and
the sulphuric acid. [2]

(b) (i) Explain why the mass of the car body decreases rapidly in the first 25s and
then slows down to a constant but more gradual decrease as it reacts with
the acid? Assuming that the concentration of the excess acid does not
change significantly during the 150s reaction with the car body. [2]

(i)  Use the graph to explain why it is important that the car body is only left in
the acid for less than 30s. [1]
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(c) After the reaction, any excess acid on the car body is removed by dipping the car
body in dilute aqueous sodium hydroxide.
(i)  What is the name given to this type of reaction. [1]

(i)  Write a chemical equation, with state symbols, for the reaction that
happens between sulphuric acid and sodium hydroxide. [1]

(iii)  Write an ionic equation for the reaction in c(ii). [1]

4. The table below shows some bond energies, measured in kilojoules per mole. Bond
energy is the energy (AH, +ve) required to break the bonds between pairs of atoms.

Bond | Bond energy in kd/mol | Bond | Bond energy in kd/mol
H-H 436 0=0 496
H-CI 421 C—H 410
C=C 610 H-O 460
N=N 410 N-N 160
C=0 740 0o-0 150
(@) Use the information given to calculate

(i)  total energy required to break 1 mole of methane(CHy) into atoms. [2]

(ii) total energy required to break 1 mole of oxygen (O) into atoms. [1]
(i)  total energy released when 1 mole of carbon dioxide is formed. [1]
(iv) total energy released when 1 mole of water is formed. [1]
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(b) Methane burns in oxygen to produce carbon dioxide and water. Write a

chemical equation for the combustion reaction. [1]
(c) Calculate the enthalpy change for the reaction in (b). [3]
(d) Define exothermic reaction. [1]

(e) Explain, in terms of bond breaking and bond formation, why combustion of
methane is an exothermic reaction. [2]

5. Manganese, atomic number 25, is one of the transition elements.
(@) What is the oxidation state of manganese in each of the following compounds

of manganese? (3]
(i)  MnCl

(i)  KMnO4

(i)  MnO,
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(b) Aqueous iron(ll) ions react with acidified potassium manganate(VIl) according to
the equation below.

___Fe®aq+ __MnOsaq + __H'@g — __Fe* g + _HoOp + _Mn*q
(i)  Balance the above equation. [2]

(i)  Explain, in terms of change in oxidation state, why the above reaction
is a redox reaction. [3]

6. This diagram shows a fractionating column for the separation of crude oil.

fractions

— ;»A
R
|~ — B
T

— —C
-] L__E
_!’_(’_‘—__’D

crude oil —= |HEATER

(@) Name the fractions that leave the column at each of the points A, B, C and D?
[4]
A:

B
C:
D
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(b) Octane, CgHys, is a hydrocarbon in petrol. Hexadecane, CgHs4, is one of the
hydrocarbons in ship fuel.
(i)  Show by calculation that hexadecane contains a higher percentage of
carbon by mass than octane. [2]

This is the equation for the complete combustion of octane.
208H18(I) + 2502(9) — 16002(9) + 18H20(g)

(i)  Write an equation for the complete combustion of hexadecane. [1]

(i)  Use the equations to explain why hexadecane burns with a smokier
flame than octane. [2]
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Section B (30 marks)
Answer ALL THREE questions from this Section.
The last question is in the form either/or and only one of the alternatives should be attempted.

7. Two naturally occurring ores of copper are cuprite, Cu20, and tenorite, CuO. Copper
can be extracted from tenorite by heating the ore with a reducing agent. When copper
is extracted from its ore, it contains carbon impurities.

(a) Suggest how the carbon impurities get into the copper. [1]
(b) Pure copper is made by electrolysis, using aqueous copper(ll) sulphate
as an electrolyte.

Impure copper \

(i)  Give the formula of the ions present in aqueous copper (Il) sulphate. [1]
(i)  Write ionic equations, including state symbols, for the reactions at the

Pure copper

Aqueous copper (ll) sulphate

electrodes A and B. [2]
(i)  What happens to the concentration of the aqueous copper(ll) sulphate
during the electrolysis? Explain your reasoning. [2]

(c) A student made a small mistake while setting up the apparatus to purify copper.
He accidentally connected the battery in the wrong direction. The figure below
shows how he sets up the experiment.

Impure copper \

(i)  Write ionic equations, including state symbols, for the reactions at the

Pure copper

Aqueous copper (ll) sulphate

electrodes A and B. [2]
(i)  Would the student be able to obtain pure copper metal at the end of the
experiment? Explain your reasoning. [2]
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8. Copper (ll) carbonate reacts with dilute hydrochloric acid according to the following
equation.

CUCOg(S) + 2HC|(aq) — CUClg(aq) + COg(g) + HgO(l)

The speed of this reaction can be followed by adding excess dilute hydrochloric acid
to powdered copper (ll) carbonate and measuring the total volume of gas given off at
certain intervals.

The following graph was obtained from such an experiment carried out at room
temperature and pressure.

4

1201

100—f—======== ===

B0—= === =T

60— ===

Volume of CO, / cm?®

40— —f =

20— —f - - -

| I N R (N I R N B N T
T T 1T T 1 >time/s

0 10 20 30 40 50 60 70 80 90 100

(@) (i) Draw adiagram of the experimental setup you would use to follow the

speed of the reaction by this method. [2]
(i)  Suggest one other method by which the speed of this reaction might be
followed. (1]
(b) (i) Using the results from the graph, calculate the mass of copper (II)
carbonate used. (3]

(i)  Deduce the volume of carbon dioxide given off if the same mass of
powdered copper (Il) carbonate had been used while the acid is
changed into sulphuric acid of the same temperature, concentration and
volume as dilute hydrochloric acid in (a). [1]
(c) A fresh sample of the hydrochloric acid was heated to 70°C and the experiment
was repeated using the same mass of powdered copper (II) carbonate as before.
(i)  Explain, in terms of particle theory, why the reaction is faster at this

temperature. [2]
(i)  Explain why the final volume of carbon dioxide collected (measured at
r.t.p.) is greater in this experiment. [1]
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9. Either
Zinc can be extracted from calamine, ZnCQOg, in a two-stage process.
Stage1 2ZnCO3; — ZnO + CO,
Stage2 2ZnO +C — Zn+ CO

(@) The gas produced in stage 2 must be removed immediately as it is harmful
to the workers. Explain its effect on the health of the workers. [1]
(b) (i) A student tried to extract calcium from calcium carbonate using the two-
stage process similar to the extraction of zinc. He managed to carry out
stage 1 and obtained calcium oxide and carbon dioxide. Write a chemical
equation for the decomposition of calcium carbonate into calcium oxide and
carbon dioxide. [1]
(i)  However, he has problem carrying out stage 2. Explain why stage 2
process cannot be used to extract calcium from calcium oxide, CaO. [2]
(c) Inthe laboratory, three experiments were set up using zinc metal.

zinc zinc ] zinc ]
metal meta| metal
agqueous aqueous dilute
copper (I1) sodium sulphuric
sulphate sulphate acid
P Y P z

For each experiment, describe what you would observe and how you would test
any gases evolved. Write an equation for the reaction you observe in each
beaker. [6]

9. Or
25.0g of impure sodium hydrogen carbonate powder (NaHCO3) was dissolved in pure
distilled water and the volume made up to 1000cm?®. 25.0cm?® of this solution was
titrated with 0.100 mol/dm? dilute sulphuric acid. 30cm?® of dilute sulphuric acid was
needed to completely neutralize the 25.0cm® of aqueous sodium hydrogen carbonate.
(show all your workings clearly)

(a) Write a balanced chemical equation for the reaction between aqueous sodium

hydrogen carbonate and dilute sulphuric acid. [2]
(b) Calculate the number of moles of sulphuric acid used. [2]
(c) Find the number of moles of aqueous sodium hydrogen carbonate used.  [1]
(d) Calculate the number of moles of sodium hydrogen carbonate in 1000cm?®

of the solution. [1]
(e) Calculate the mass of pure sodium hydrogen carbonate powder dissolved
in 1000cm® of the solution. 2]
(f)  What is the percentage purity of the sodium hydrogen carbonate? [2]
~ The End ~
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