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Section A

Answer all questions.
Write your answers in the spaces provided on the question paper.

Choose from the following substances to answer the questions below.
Each of these substances can be used once, more than once or not at all.

Al;O3 Ar
CaO CH4
CO, Ba(NOs),
TiO> Pb(NO3).

(@) Which substance forms approximately 1 % of clean, dry air?

(b)  Which substance is the main constituent of natural gas?

(c) Which substance dissolves in water to form an aqueous solution which gives a white
precipitate on addition of aqueous sodium chloride?

(d)  Which substance reacts with both acids and alkalis?

(e) Which substance is most likely to be coloured and can be used as a catalyst?

(f)  Which two substances are the products of thermal decomposition of limestone?

[1]

[1]

[1]

[1]

[1]

[1]

[Total: 6]



A2

A student sets up a tube as shown in the diagram.

\ 2z
e 3 7~
r ’ h)
A B C
cotton wool cotton wool
soaked in soaked in
hydrobromic acid agueous ammonia

Concentrated hydrobromic acid produces fumes of hydrogen bromide.
Concentrated aqueous ammonia produces fumes of ammonia.

After sometime, solid ammonium bromide appeared on the walls of the tubes.

(@ (i) Calculate the relative molecular mass of hydrogen bromide and ammonia.

[1]

(i)  Hence, state the position (A, B or C) of where the solid ammonium bromide
may appear in the tube above.

[1]

(iii)  Explain your answer to (a)(ii).

[2]

(b) Draw a ‘dot-and-cross’ diagram for ammonia.
Show only the outer electrons.

[2]
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(c) Explain why ammonium bromide exists as a solid at room temperature and pressure.

[3]

[Total: 9]




A3

The analysis of compound Y shows that it has the following composition.

(@)

(b)

(c)

element percentage by mass (%)
nitrogen 11.1
hydrogen 3.2
chromium 41.3
oxygen 44.4

Show that Y has the empirical formula N2HgCr207.

An aqueous solution of Y is orange.

[3]

Deduce, with a simple reason, which element in Y is responsible for the orange

colour.

[1]

An acidified aqueous solution of Y reacts with aqueous potassium iodide to form

agueous iodine.

(1) Write an ionic half-equation to show the formation of iodine from iodide ion.

[1]

(i) Using your answer in (i), state and explain what you can conclude about

the chemical nature of Y.

[2]
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(d)

(€)

When aqueous sodium hydroxide is added to solid Y and warmed, ammonia gas
is evolved.

Suggest the cation present in Y that gave the above observation.

[1]

Solid Y is a compound with the molecular formula, N2HgCr,Ox.

When solid Y is heated strongly, it decomposes to only chromium(lll) oxide, water
and nitrogen gas.

Write a balanced chemical equation to show this decomposition.
State symbols are not required.

[2]

[Total: 10]



A4 Iron(ll) sulfide is a compound that can be made by heating iron filings with sulfur powder.

(@) For each of the statements below, put a tick (v') in one box in each row that
corresponds with a mixture of iron and sulfur or a compound of iron and sulfur.

statement mixture | compound

(i) | Chemical properties are the same as those of
its components.

(ii) | During its formation, energy change is
involved.

(iif) | Has fixed composition.

(iv) | Components can be separated by magnetism.

[2]

(b) The enthalpy change of the reaction between iron and sulfur to form iron(ll) sulfide
is -100 kJ/mol.

Complete the energy profile diagram for this reaction.

You should include
¢ the formula of the product,
¢ alabel for the activation energy,
e alabel for the enthalpy change of reaction.

energy
A

Fe(s) + S(s)

» progress of reaction [3]

(c) Iron(ll) sulfide reacts with hydrochloric acid to form hydrogen sulfide.
An aqueous solution of hydrogen sulfide behaves as a weak acid.

Explain what is meant by the term weak acid.

[1]
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(d)

Iron(Il) sulfate can be prepared by reacting iron with dilute sulfuric acid.
Fe(s) + H.SO4(aq) — FeSOa4(aq) + Hz(g)

(1) Write an ionic equation for this reaction.

[2]

(i) A student claimed that she could obtain pure, dry iron(ll) sulfate by adding
an equal volume of aqueous sodium hydroxide into iron(ll) sulfate solution
before filtering to obtain its residue.

State the observation upon addition of aqueous sodium hydroxide and
explain why the student is incorrect.

[2]

(iii) Describe how you would obtain crystals of pure, dry iron(ll) sulfate from
iron(1l) sulfate solution.

[2]

[Total: 12]




A5

The table below shows some information about the extraction of metals from molten
electrolytes using electrolysis.

metal electrolyte amount of electrons needed to
extracted extract 10 g of the metal/ mol
sodium molten sodium chloride 0.435
calcium molten calcium chloride
magnesium molten magnesium chloride 0.833

(@) In the space below, construct a simple diagram to represent the set up for an
electrolytic cell using molten sodium chloride as the electrolyte.

Include on the diagram suitable electrodes that can be used for this cell, as well
as the direction of electron flow.

[2]

[Turn over



(b)

(c)

10

(1) State the electrode where calcium metal is formed at.

[1]

(i) With the help of a suitable ionic half-equation, calculate the amount of
electrons needed to form 10 g of calcium metal.

amount of electrons = [2]

A student suggested using aqueous magnesium chloride as an electrolyte to
extract magnesium metal.

With reference to the ions present, explain why the student would not be able to
obtain any magnesium metal.

[2]

[Total: 7]
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A6  The diagram below shows how plants undergo photosynthesis, one of the main
processes in the carbon cycle. Water containing the radioactive isotope 20 is fed to a
plant.

oxygen, 0,

\\ D 4

“———____ glucose,
CsH1206

B ) [ & B

7 water, H,80 ~
.._._._....-___.._.__.....H_u

® ° d »

(@) Define isotope.

[1]

(b) The resulting radioactivity in the products of photosynthesis is shown in the
equation below.

6CO, + 6H2180 — CgH1206 + 61802

Complete the table below to state the source of the oxygen in each of the products.

products source

glucose, CeH1206

oxygen, 20, [1]

(c)  Which other process in the carbon cycle is not shown above?

[1]

[Turn over
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(d) Land cover class is a term that classifies land according to the amount of trees
covering the area.

A comparison of surface temperatures for each land cover class is shown in the

table below.
land cover class surface temperature / °C
bare earth 29.1t0 32.4
moderately-densed forests 25.2t0 25.5
highly-densed forests 24.51t0 24.9
() Describe the trend shown in the data above.

[1]

(i) Suggest how planting more trees on Earth could potentially reduce the
effects of global warming.

[2]

[Total: 6]
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Section B

Answer all three questions in this section.
The last question is in the form of either/or and only one of the alternatives should be attempted.

The Nature of a Chemical Bond

The formulae and the type of bonding of the oxides and chlorides of the elements across
Period 3 are shown in Table 7.1 below.

Table 7.1
element | metal/non- | formula of | bonding in | formula in | bonding in
metal main oxide | oxide chloride chloride
Na metal Na2O ionic NacCl ionic
Mg metal MgO ionic MgCl. ionic
Al metal Al;O3 ionic AICl; covalent
Si non-metal SiO; covalent SiCla4 covalent
P non-metal P4O10 covalent PCl3 covalent
S non-metal SOs covalent S2Cl, covalent
Cl non-metal Cl,0O7 covalent Cly covalent

Electronegativity is a measurement of the tendency of an atom to attract a bonding pair of
electrons. A bonding pair of electrons is the pair of electrons shared in a chemical bond.
The higher the electronegativity, the greater the tendency of an atom to attract the bonding
pairs of electrons towards itself.

The Pauling scale is used to measure the electronegativity of elements. It ranges from 0.7
to 4.0, with a higher value representing greater electronegativity. Table 7.2 shows the
electronegativity values of some elements in the Periodic Table.

Table 7.2
proton number element ;?éltlrr(!)?]esgstli?/i?;
8 @] 3.4
9 F 4.0
10 Ne undefined
11 Na 0.9
12 Mg 1.3
13 Al 1.6
14 Si 1.9
15 P 2.2
16 S 2.6
17 Cl 3.2
18 Ar undefined

[Turn over
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The difference in electronegativity between two elements involved in a chemical bond, X,
can be calculated by the following equation:

X = larger electronegativity value — smaller electronegativity value
For example, the electronegativity between sodium and oxygen in Na;O is calculated as
X=34-09=25

X gives an indication of whether a chemical bond formed between two elements is ionic
or covalent. It is said that if the X is greater than 2.0, the chemical bond formed between
two elements is ionic.

The Pauling scale is also closely related to the strength of a bond, which can be measured
by its bond energy. Bond energy is the amount of energy needed to break a mole of a
particular bond. It is a measure of the strength of a chemical bond. Bond lengths are the
distances between the nuclei of bonded atoms.

Table 7.3 shows the bond lengths and bond energies of some bonds.

Table 7.3
bond | bond length (pm) | bond energy (kJ / mol)
Cc-C 154 348
Cc=C 134 614
c=C 120 839
Si—ClI 202 381
P—CI 203 326
S—CI 207 253
CI-ClI 199 243

Note: pm = picometers (101> m)

Source: http://www.science.uwaterloo.ca/~cchieh/cact/c120/bondel.html

(@) Use the data to describe the trend in the electronegativity values of the Period 3
elements.

[1]

(b) Suggest areason why the electronegativity values of argon and neon are ‘undefined’.

[2]
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(c) The following statement is extracted from the information given.

“It is said that if the X is greater than 2.0, the chemical bond formed between two
elements is ionic.”

A student commented that this statement is true for most oxides and chlorides but
there are exceptions to the statement.

Use data from Table 7.1 and 7.2 to support your ideas for the following questions.
(1) Select one oxide or chloride that supports that the statement is true.

Calculate the value of X for this compound and use it to explain your answer.
Show your working clearly.

[2]

(i) Select one oxide or chloride that is an exception to the statement.

Calculate the value of X for this compound and use it to explain your answer.
Show your working clearly.

[2]

(d) Describe the general relationship between bond length and bond energy.

[1]

(e) How is the strength of a bond affected by the number of bonds between atoms?

Use data from Table 7.3 to explain your answer.

[2]

[Total: 10]
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B8 Lead(ll) carbonate reacts with dilute nitric acid as shown by the equation below:
PbCOs(s) + 2HNOs(aq) — CO2(g) + Pb(NOs)2(aq) + H20(I)

Two experiments are carried out at 30 °C and 40 °C using excess dilute nitric acid. All other
experimental conditions were kept constant. The results are shown in the graphs below.

loss in
mass/ g

0.5

Tl
X
—

0.4 /

0.3

——

0.2 ;

0.1

time/ min

0 2 4 6 8 10

(&) With reference to the shape of the graph, state which experiment was carried out at
40 °C. Explain your answer in terms of collisions between patrticles.

[4]
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(b) Explain why there was a loss in mass over time.

[1]

(c) Calculate the mass of lead(ll) carbonate used in each experiment.

mass of lead(Il) carbonate = [3]

(d) If temperature was kept constant at 30 °C for both experiments A and B, what other
conditions could have resulted in the results shown in the graphs?

[1]

(e) Experiment B is repeated using half the mass of lead(ll) carbonate. All other
conditions are kept constant.

On the graph, draw a graph to show the results you would expect to obtain. Label
this graph as Experiment C. [1]

[Total: 10]

[Turn over
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B9 Organic compound Y was heated under reflux with acidified potassium
Either manganate(VII) solution to form compound Z. The reaction is show below.

@]
KMnO4 / H* L | |
compound Y » H—CTZC C O H
heat under
reflux | |
H H
compound Z
(a) (1) Name the reaction above.

Describe the observation seen.

[2]

(i) Hence, draw the full structural formula of compound Y.

[1]

(b) A few drops of liquid bromine were added to compound Z.

(1) Name the reaction and describe the observation seen.

[2]

(i) Hence, draw the full structural formula of the product formed.

[1]
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(c) On warming Z with ethanol and a few drops of concentrated sulfuric acid, a sweet
smelling substance was formed.

Draw the full structural formula and circle the functional group that gave the
compound the sweet smell.

[2]
(d) Under suitable conditions, compound Z undergoes addition polymerisation.

() State the conditions necessary for compound Z to undergo addition
polymerisation.

[1]

(i) Draw the structural formula of the polymer formed, showing three
repeating units.

[1]

[Total: 10]
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B9 The World Cup soccer ball's innermost layer is a spherical bladder formed from butyl
Or rubber. Butyl rubber is composed mostly of isobutylene. The structure of isobutylene is
shown below.

H

H
H—C=—C C H

CH, H
isobutylene
(@) (1) Name the homologous series that isobutylene belongs to and state its

general formula.

(i) Draw an isomer of isobutylene.

[2]

[1]
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(b) The following shows a reaction scheme to obtain the final product, compound X.

H H H

H H
H—C—=C—C—H-—3H—C—C—C—H_—3HO—C—C—C—H
CH, H

CH, H OH O CH, H

isobutylene compound X

(1) State the reagent and conditions necessary for reaction 1.

[2]

(i) Describe a test to differentiate between isobutylene and compound X.

[2]

[Turn over
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(c) Once the bladder has been formed into a sphere, it is wound with several
thousand metres of nylon thread.

(i) Draw the structural formula of the linkage present in nylon in the space
below and state its name.

[2]

(i) Describe one environmental problem associated with using plastics like
nylon.

[1]

[Total: 10]

END OF PAPER
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