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1.

SECTION A
Answer ALL the questions in this section.

There is useful data on the front cover and a Periodic Table is printed on the back
cover of this question paper.

(a) When manganese(IV) oxide is added to concentrated hydrochloric acid, chlorine is
formed.

When manganese(IV) oxide is added to aqueous hydrogen peroxide, oxygen is
formed.

State the role of manganese(IV) oxide

(1) in the formation of chlorine,

(b) Give a test to identify
(1) chlorine,

(c) A different oxide of manganese has the following composition by mass:
Mn =69.6% O =30.4%

Calculate the empirical formula of the oxide of manganese.

(&)

Leave )
blank
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(d) Manganese is a transition metal. Give three chemical characteristics of a typical
transition metal that would distinguish it from a non-transition metal.

(Total 10 marks)
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blank
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. (a) Methane is the first member of the homologous series of alkanes.

(1) Write the general formula for an alkane.

(i1)) Draw a diagram to show the shape of a methane molecule, using lines to represent
covalent bonds. Name the shape that a methane molecule adopts.

Diagram:

NAME OF SHAPE: ..ot ettt e

(®))

(ii1) State how the chemical properties and a named physical property of members of
a homologous series change, if at all, as the molecular mass increases.

Chemical PrOPEITIES: ......eevuieiieeiieeie ettt ettt ettt et eestee e e st e sneeeeeesaeeas
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blank
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blank
(b) The formula C,H4Cl, can represent two isomers.
(1) Explain what is meant by isomers.
1)
(i) Draw the displayed formulae for the two isomers of C,H4Cl,
(2)
(ii1) Write the empirical formula for C,H,Cl,
1) Q2

(Total 10 marks)
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3. A student performed a series of titrations using aqueous sulphuric acid of concentration
0.0500 mol dm™ and a solution of sodium hydroxide of unknown concentration. In each
titration, 25.00 cm® of sodium hydroxide solution was placed in a conical flask and the
volumes of sulphuric acid used are shown in the table.
Titration 1 2 3 4
Volume of sulphuric 26.80 25.70 25.60 25.65
acid used / cm
The equation for the reaction is
HzSO4 + 2NaOH — Na2SO4 + 2H20
(a) Name the piece of apparatus that would be used to add the sulphuric acid.
1)
(b) Name a suitable indicator for the titration and state the colour change during the
neutralisation process.
INAICALOT: ..ttt ettt et e et e e et e e bt e s at e et e eaeeenne
COlOUT CRANGE: ......cociiieeiieeeiee ettt et e et e et e e st e e s beeeenseeesnseeennseesnnseeens
(2)
(c) State two precautions that should be taken during the addition of sulphuric acid in
order to achieve an accurate result.
(2)
J
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(d) (i) Suggest a reason why the first titration value is higher than the other values. e
............................................................................................................................ (1)
(ii) Calculate the mean volume of 0.0500 mol dm™ sulphuric acid used in titrations
2,3 and 4.
ey
(iii) Use the mean value to calculate the concentration in mol dm™ of the sodium
hydroxide solution.
@ | Q.
(Total 10 marks)
J
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4. (a)

(b)

(©)

The first stage in the manufacture of nitric acid is the catalytic oxidation of ammonia
to form nitrogen oxide, NO.

(i) Complete the equation for the reaction.

4ANH; + 505 = e, T,
1)
(i1) Identify the catalyst used.
1)
(ii1) State the temperature used for the reaction.
1)

(iv) Explain why no further heating is required once the correct temperature has been
reached.

0.150 g of nitrogen oxide gas, NO, has a volume of 112 cm? at 0 °C and 1 atmosphere
pressure. Calculate the volume of one mole of the gas under these conditions.

3
The reaction between nitrogen oxide and oxygen is represented by the equation
2NO(g) + O(g) — 2NOx(g)
If 200 cm? of nitrogen oxide is reacted with excess oxygen, what volume of nitrogen

dioxide will be formed, all measurements being taken at the same temperature and
pressure?

Leave )
blank
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Leave\
blank
(d) (i) State what is meant by the Avogadro constant.
1)
(i1)) The Avogadro constant is represented as L. Calculate, in terms of L, the number
of molecules in 480 cm? of nitrogen oxide at room temperature and pressure.
M | Q4
(Total 10 marks)
J
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(a) The following is a description of the preparation of a pure sample of hydrated

cobalt(Il) chloride crystals, starting from cobalt(Il) oxide and dilute hydrochloric
acid.

Some dilute hydrochloric acid was placed in a beaker and heated. Spatula measures
of cobalt(IT) oxide were added and stirred until there was a small excess of cobalt(I)
oxide remaining at the bottom of the beaker. The mixture was filtered and the filtrate
was placed in an evaporating basin. The basin was heated until about half the solution
had evaporated. The solution was allowed to cool slowly and crystals appeared.

(1) Write the equation for the reaction of cobalt(Il) oxide, CoO, and dilute
hydrochloric acid.

1)
(i1)) Why was the mixture warmed?

1)
(ii1)) Why was cobalt(II) oxide added until in excess?

1)
(iv) Why was the mixture filtered?

1)
(v) Why was the solution evaporated until only half remained?

1)
(vi) What was the effect of cooling slowly on the size of the crystals?

1)

Leave )
blank
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Leave\
blank
(vii)What would have happened if the solution had been evaporated until no more
water was evolved?
1)
(b) The M, of CoCl,.xH,O is 238. Calculate the value of x.
3) Qs

(Total 10 marks) jr

TOTAL FOR SECTION A: 50 MARKS
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6.

SECTION B

Answer TWO questions in this section.

Where appropriate, equations and diagrams should be given to clarify your answer.

If you answer Question 6, put a cross in this box []

(a) The boiling points and melting points for some gases present in the air are given in the
table. This information can be used to separate the components of air in industry.

Gases Melting point / °C Boiling point / °C
water vapour 0 100
oxygen 218 -183
nitrogen -210 —-196
neon —248 —246

Use the values in the table to answer the following questions.

(1) State what happens to water vapour when the temperature is lowered from room
temperature to —10 °C.

(i) In the industrial process, the gases are passed through a series of pipes until the
temperature reaches —200 °C.

Why must water vapour be removed before this takes place?

Leave )
blank
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(ii1) State what happens to the remaining gases when the temperature is lowered to
—200 °C. Describe how the gases can then be separated so as to obtain a pure
sample of each one.

(b) You are given two 100 cm® gas syringes that can be connected by a piece of glass
tubing, some small pieces of copper and a Bunsen burner.

Describe an experiment to find the percentage by volume of oxygen in the air. State

and explain what you would see during the experiment and write an equation for the
reaction that occurs.

Leave )
blank
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Leave\
blank
(¢) The carbon dioxide content of the atmosphere is increasing as more fossil fuels are
burnt.
(i) State what is meant by the term fuel.
1)
(i1)) Write an equation for the complete combustion of octane, CgH g, in air. Give the
name of another gas that would be produced when the burning takes place in a
limited supply of air.
3
(ii1) A higher amount of carbon dioxide in the atmosphere results in a decrease in the
pH of the oceans. Explain how this can happen and write an equation for any
reaction that occurs.
3)
(iv) Give one other environmental problem caused by an increase in the carbon
dioxide content of the atmosphere.
M 1 Q6
(Total 25 marks)
J
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If you answer Question 7, put a cross in this box []
7. (a) Electrolysis is used in industry to obtain many important elements and compounds.
(i) When brine is electrolysed, the products are hydrogen, chlorine and sodium

hydroxide. Write equations for the reactions that occur at the electrodes and state
why sodium hydroxide is a product of the electrolysis process.

(i1)) Magnesium is extracted from molten magnesium chloride by electrolysis. Write
an equation for the reaction at the cathode and explain why this is a reduction
process. Give a reason why magnesium chloride is electrolysed when molten
rather than in aqueous solution.

Leave )
blank
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(ii1) After extraction from its ore, impure copper requires further refining by
electrolysis. Describe how this is carried out and write equations for the reactions
that occur. Do not draw a diagram.

(b) Name the gaseous product, give a condition and write an equation for the reaction
of hydrogen with chlorine. State the conditions under which the product has acidic
properties; explain your answer.

Leave )
blank
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(¢) (i) Describe how sodium hydroxide is used in the manufacture of soap from a
naturally-occurring ester.

(i1) The ester methyl ethanoate has the molecular formula C;HgO,. Give the displayed
formula of the ester and identify by name the two organic compounds used in the
preparation of the ester.

(Total 25 marks)

Leave )
blank
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8.

If you answer Question 8, put a cross in this box []
Elements can be broadly classified as ‘metals’ and ‘non-metals’.

(a) (i) Give two typical physical properties of zinc and two typical physical properties
of sulphur to illustrate the difference between a metal and a non-metal.

(i1) Describe the reaction, if any, of zinc and of sulphur with aqueous hydrochloric
acid. Write an equation for any reaction that occurs.

(b) (i) Magnesium has an electron configuration of 2,8,2 and oxygen has an electron
configuration of 2,6. Explain in terms of electron transfer how magnesium oxide
is formed.

Leave )
blank

N 3 5§ 9 2 0 A 01 9 2 4

19

Turn over



(i) Explain how two atoms of oxygen can combine to form a molecule. Draw a
diagram to show the electron arrangement in the outer shell of the molecule.

)
(ii1) Explain why two metals do not combine to form a compound.
Oy
(c) Explain why the reactivity of metals increases as a group is descended.
3

(d) State which group of non-metals in the Periodic Table is unreactive and explain why
this is so.

(Total 25 marks)

Leave )
blank
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9.

If you answer Question 9, put a cross in this box []
(a) (i) Describe how you would test for the presence of iron(Il) ions and sulphate ions

in a solution suspected to contain iron(Il) sulphate. Write ionic equations for the
reactions.

(i) Describe how you would test for the presence of ammonium ions and carbonate
ions in a solution suspected to contain ammonium carbonate. Write ionic
equations for the reactions.

Leave )
blank
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(b) (i) Compound P gave a brick-red colour in a Bunsen flame. Addition of dilute
nitric acid followed by aqueous silver nitrate to a solution of P gave a yellow
precipitate. Give the formulae of the ions present in P.

(i1) Compound R gave alilac colour in a Bunsen flame. Addition of dilute hydrochloric
acid to R gave a gas which turned acidified potassium dichromate(VI) from
orange to green. Give the formulae of the ions present in R.

(ii1)) Compound T reacted with magnesium to form a gas which exploded when
ignited. Addition of dilute nitric acid followed by aqueous silver nitrate to T
gave a white precipitate. Give the formulae of the ions present in T and write an
equation for the reaction between T and magnesium.

Leave )
blank
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(¢) An alkane X containing eight carbon atoms was cracked at high temperature to form
a compound Y containing three carbon atoms and one other compound Z.

Compound Y decolourised bromine water. Identify X, Y and Z and write an equation
for the reaction between Y and bromine water.

(Total 25 marks)

Leave )
blank

Q9
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