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Answers written in the margins will not be marked.

PART 1

Answer ALL questions. Write your answers in the spaces provided.

1. Both calcium (Ca) and strontium (Sr) are elements in Group 11 of the Periodic Table.

(a) What is the name of Group 11 ?

(1 mark)
(b) Limewater is a saturated solution of calcium hydroxide.
@) Carbon dioxide gas is passed into limewater until the solution turns milky. Write the
chemical equation for the reaction involved.
(1 mark)
(ii) When excess carbon dioxide gas is passed into the milky solution in (b)(i), a colourless
solution is formed. What is the product of this reaction ?
(1 mark)
(c) The table below shows the abundance of each isotope in a sample of strontium :
Isotope 84Sy 86Sr 7Sy 88Sr
Abundance (%) 0.56 9.86 7.02 82.56
Calculate the relative atomic mass of strontium in the sample.
(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

1. (d) Strontium reacts with chlorine to form strontium chloride.

@)

(i)

(iii)

Draw the electron diagram for strontium chloride, showing ELECTRONS IN THE
OUTERMOST SHELLS only.

(1 mark)
Complete the following sentences :
(1) The bonding in solid strontium is the electrostatic attraction between

and

(2) The type of structure in solid strontium chloride is _
structure.
(2 marks)

State and explain the difference between the electrical conductivity of solid strontium and
that of solid strontium chloride.

Answers written in the margins will not be marked.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

2. The extraction of lead metal from lead(II) sulphide (PbS) involves two stages.

Stage I: PbS(s) and oxygen gas are strongly heated using the experimental set-up shown below.

Lead(Il) oxide and a gas X are formed in the combustion tube. Gas X is passed into acidified
K>Cr207(aq).
PbS(s) gas X
OXYygen gas  mmmd
combustion tube
acidified K.Cr,07(aq)
(a) Suggest a method to obtain oxygen from air.
(1 mark)
(b) Gas X turns acidified KoCr,07(aq) from orange to green.
@) What is gas X ?
(1 mark)
(ii) Write an ionic equation for the reaction between gas X and acidified K>Cr207(aq).
(1 mark)
(c) Write the chemical equation for the reaction that occurs in the combustion tube.
(1 mark)
(d) In view of laboratory safety, explain where the experiment should be performed.
(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

2. Stage I1 : The lead(II) oxide formed in the combustion tube is separated and placed on a charcoal block.
The oxide is then strongly heated as shown below.

lead(1I) oxide

Bunsen flame

charcoal block

(e) (i) A solid product is formed from the reaction in Stage II. Describe the appearance of the
solid product.

(1 mark)

(ii) In terms of oxidation number, explain whether the reaction in Stage II is a redox reaction.

(1 mark)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

3. The following table shows the results of some experiments carried out on three metals A, B and C.

Experiment

Reaction with water no observable change no observable change reacts vigorously

Reaction with dilute a colourless gas Y no observable change (This experiment is

hydrochloric acid evolves moderately dangerous and should

NOT be carried out.)
Strong heating in air | a white solid is obtained | no observable change burns with a lilac flame
after coolin
s |
(a) According to the above experimental results, arrange these three metals in descending order of
reactivity.
(1 mark)

(b) Suggest a test for gas Y.

(1 mark)

(c) @) State an expected observation when metal C reacts vigorously with water.

(1 mark)

(i) Explain why it is dangerous to carry out the reaction of metal C with dilute hydrochloric
acid.

(1 mark)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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3. (d) Using the following items ONLY, outline the experimental procedure and state an expected
observation to confirm the relative reactivities of metal A and metal B.

a strip of metal A, a strip of metal B, A(NOs)(aq), BNOs(aq), test tubes

(2 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

4, Tartronic acid (CsH4Os) is an organic acid found in cucumbers.

(a) 24.62 cm® of 0.207 M NaOH(aq) can completely neutralise 25.00 cm?® of 0.102 M tartronic acid.

(i) Calculate the basicity of tartronic acid.

(2 marks)

(i) A molecule of tartronic acid contains a hydroxyl group. Write the structural formula of
tartronic acid.

(1 mark)

(b) Under certain conditions, the pH of 0.102 M tartronic acid is 1.87. By calculation, show that
tartronic acid is NOT completely ionised in water.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

Please stick the barcode label here.

5. P, Q and R, each represents one of the following compounds :
CH5F CF4 HF

The following flowchart can be used to identify P, Q and R.

Any hydrogen

P,QandR |—p»
. bonds ?

() With the aid of a diagram, describe and explain the formation of hydrogen bonding between
P molecules.

Answers written in the margins will not be marked.

(3 marks)
(b) @) What is Q ?
(1 mark)
(ii) Explain, from molecular level, why Q is polar.
(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

6. Hexane (CsHi4) is a liquid fuel. Under certain experimental conditions, the enthalpy change of combustion
of hexane was determined using the following set-up. The combustion of 0.120 g of hexane increased the
temperature of 100.0 g of water by 13.4 °C.

thermometer

aluminium can

water

hexane

(a) Calculate the enthalpy change of combustion of hexane, in kJ mol™, under these experimental
conditions.
(Assume that the heat capacity of the aluminium can is negligible and the specific heat capacity of
water is 4.20 J g1 K1)
(Relative atomic masses : H= 1.0, C = 12.0)

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

6 (b) (i) Write the chemical equation for the complete combustion of hexane, showing all state
symbols.
(1 mark)
(ii) The following standard enthalpy changes of formation are given :
CsHia(l) = ~167.2 kJ mol™, H0(1) = -285.9 kJ mol™!, COx(g) = —393.5 kJ mol!
Calculate the standard enthalpy change of combustion of hexane.
(2 marks)
(c) Besides heat loss, suggest one reason why the answers obtained from (a) and (b)(ii) are different.
(1 mark)
Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

7. X and Y are hydrocarbons. Their structural formulae are shown below :

X:

(@)

(®)

(©)

(@

Y:
CH,
H H
H;C—C—CH;
H;C—C=—C—CH,CH;
CH;,4

Write the systematic name of X.

Suggest one difference between the burning characteristics of X and Y.

Besides burning, suggest a chemical test to distinguish between Xand Y.

Y can form a polymer. Draw the repeating unit of this polymer.

(1 mark)

(1 mark)

(2 marks)

(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

(a)

(®)

©

(D

(e)

8. Using the following items ONLY, design an experiment to electroplate nickel (Ni) on an iron rod.

d.c. power supply, a nickel strip, an iron rod, nickel(II) sulphate solution, connecting wires, a beaker

Draw a labelled diagram to show the experimental set-up.

(2 marks)
State one function of nickel(II) sulphate solution in this experiment.
(1 mark)
Write the half equation for the formation of nickel on the iron rod.
(1 mark)

Ni(s) is a stronger reducing agent than OH(aq) ions and SO4?(aq) ions. Nickel(II) sulphate solution
is green in colour. Would there be any expected observable change in the solution in this
experiment ? Explain your answer.

(2 marks)

State one purpose of electroplating nickel on iron objects.

(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

*9. Outline the steps in preparing magnesium sulphate crystals from solid magnesium carbonate and dilute
sulphuric acid. You do NOT need to mention the apparatus involved.
(5 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

PART I
Answer ALL questions. Write your answers in the spaces provided.

10. Consider the reaction represented by the equation below :

2A(aq) 2B(ag) + C(aq) AH>0

In an experiment, a certain volume of 0.40 mol dm= A(aq) was initially placed in a container, and this
system was allowed to attain chemical equilibrium at constant temperature T1. The following graph shows
the variation of the concentrations of A(aq) and C(aq) with time.

+HHH 0 0
% e 8 1 TH
S N T T
g 030 \\_.__.. N . - J
~ - - " : T_ FEH Sl [t 18
g N A ARRMASaED
£ 020 4 PTGy, T
§ TN | ‘,__l_’__ T
g 0.10 94T HH ——
S 1T i i A(aq) nE
AR e T e
0 L R R T T
0 10 20 30 40 50 60 time / minute
(a) According to the above graph, give one reason to support the following statement :

“The system just attained chemical equilibrium at the 30® minute.’

(1 mark)
(b) Draw a curve on the graph to show the variation of the concentration of B(aq) with time. (1 mark)
(c) Calculate the equilibrium constant K for the reaction at temperature Ti.

(2 marks)
(d) When the temperature of the equilibrium mixture changed from Ti to T2, a new chemical

equilibrium was attained. The concentration of A(aq) was found to be 0.14 mol dm™= in the new
chemical equilibrium. Deduce whether T1 or T is the higher temperature.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

11. Compounds X and Y are cis-trans isomers with the same molecular formula C4Hs.
(a) X is polar but Y is non-polar.

(i) Give the systematic name of X.

(1 mark)

(ii) Write the structural formula of Y.

(1 mark)
(b) A mixture of X and Y can be formed from the dehydration of an optically active alcohol Z.

) Suggest a reagent and a reaction condition needed for this reaction.

(1 mark)
(ii) Write the structural formula of Z.
(1 mark)
(iii) Draw the three-dimensional diagrams for the structures of the pair of enantiomers of Z.
(2 marks)

(iv) Describe the difference in the optical activity between the pair of enantiomers of Z.

(1 mark)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

12.

Outline a synthetic route, with NO MORE THAN THREE STEPS, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

CH3CH2CH2CH20H ———> CH3 CHzCHzCONHz

(3 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

13. (a) In terms of bonding and structure, account for the difference in the melting points of the following
oxides.

SiO: P4O1o SO:
| Melting point (°C) 1710 340 )

(3 marks)
(b) Fe?*(aq) reacts with HOx(aq) in an acidic medium to form Fe**(aq) and HO()).
6))] Write the chemical equation for the reaction.
(1 mark)
(ii) State how this reaction can demonstrate that iron exhibits TWO characteristics of
transition metals.
(2 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

*14.  Consider the following reaction :
Brz(aq) + HCOOH(aq) — 2HBr(aq) + CO2(g)

Describe and explain how to follow the progress of the above reaction by measuring the colour intensity of
the reaction mixture. Experimental details are NOT required. Sketch a labelled graph to show the expected

results and explain the shape of the graph.
(6 marks)

END OF SECTION B
END OF PAPER

Answers written in the margins will not be marked.
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