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Section A
Answer all questions in this section in the spaces provided.
The total mark for this section is 50.
Al The diagram below shows part of the Periodic Table.

H
Li Be B C N 0 F
Na Mg Al Si P S o)
K Ca Zn Ga Ge As Se Br
o s | :

Answer the following questions using only the elements shown in the diagram above. Each
element can be used once, more than once or not at all.

(a) Which two elements react together to give the most vigorous reaction?

[1]

(b) (i) Which two elements in Period 3 form an ionic compound with a formula of the
type Y2Z7?

[1]

(i) Draw a dot and cross diagram to represent the bonding in Y»Z.
Show only outer electrons.

[2]

(c) Which elements react with oxygen to give an oxide that dissolves in both agueous
sodium hydroxide and dilute hydrochloric acid?

[1]

(d) Describe the trends in melting point and reactivity for Group | and Group VII.

[2]

(e) Construct a balanced chemical equation when a piece of calcium is added to water.

[1]
[Total: 8]
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A2 In a particular factory, ammonia generated in a small-scale ammonia generator is used to
treat waste gases containing nitrogen oxides. This treatment converts nitrogen monoxide to

nitrogen and water.
N2(g), H20(g), CO2(g)

sl
b ¥

A
feed solution containing urea ammonia ] Waste gases
and water in a 1:1 ratio —1 generator containing
by mass NH,(g), CO,(g) | nitrogen oxides
T
heat o l,[]\l\]\

I
(@) (i) Write an equation to show the reaction between nitrogen monoxide and ammonia.

[1]

RS = 5 )

(i) Explain, in terms of oxidation state, why the reaction in (a)(i) is a redox reaction.

[2]

(b) Explain how waste gases released by the factory affects the environment if they are not
treated by reacting with ammonia.

[2]

(c) Suggest one advantage, other than cost, of producing ammonia on-site by this method
rather than having ammonia delivered from a plant at another location.

[1]

(d) Interms of colliding particles, explain why increasing the temperature of the ammonia
generator is necessary.

[2]
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(e) Ammonia has a boiling point of -33.3°C. Explain, in terms of structure and bonding,
why ammonia has a low boiling point.

[2]
[Total: 10]

A3 The diagram below shows the structure of some polymers A, B, C and D.

0 0
| |
~OCCH=CHC-OCH, CHOCH, CHy~ |
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CH,
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CHs,
“+H,C—C—
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CHs

(a) A sample of C contains molecules with an average relative molecular mass of 14 000.
How many carbon atoms are there in an average molecule of the polymer?

[1]

(b) Describe a test to distinguish between polymer A and C.

[2]




(c) Which of these statements would you predict to be true and which to be false?

Put a tick (\) in one box in each row.

true

false

D is a polyester.

Water is formed as a by-product when monomers react to
form A and B.

The empirical formula of C is the same as its monomer.

One of the monomers that react to form B must be an
alcohol.

(d) Draw the displayed formulae of the monomers that react to form A.

(e) (i) Draw the structural formula of the monomer that react to form D.

[2]

[2]

[1]

(i) The monomer in (e)(i) can be formed by reacting an acid and an alcohol under
suitable conditions. State the name and formula of the alcohol.

[1]

(iii) A student states that the acid in (e)(ii) is butanoic acid.
Do you agree with his statement? Explain your reasoning.

[1]

(f) Some polymers are non-biodegradable.

Explain why being non-biodegradable is both an advantage and a disadvantage.

[2]

[Total: 12]



A student carried out a series of experiments according to the following procedure:

e She added excess magnesium powder to 25.0 cm? of various aqueous salt solutions with
the same concentration.

¢ She calculated the maximum temperature rise in each experiment.

She tabulated the results obtained in the table below.

. i maximum temperature
experiment solution )
rise / °C
1 copper(ll) sulfate 42.0
2 lead(ll) nitrate 32.0
3 calcium chloride 0.0
4 sodium nitrate 0.0
5 sulfuric acid 38.0
6 zinc sulfate 14.0

(a) Explain why there is no rise in temperature for experiments 3 and 4.

[1]

(b) (i) Predict the temperature rise when she added excess magnesium powder to
25.0 cm? of iron(ll) sulfate of the same concentration.

[1]

(i) Write an ionic equation for the reaction in (b)(i).

[1]

(iii) Suggest the temperature rise when she added excess magnesium powder to
25.0 cm? of ethanoic acid of the same concentration.
Explain your answer.

[3]




(c) Complete the energy profile diagram for experiment 1.

Your diagram should include

. formulae of reactants and products
. enthalpy change of reaction
. activation energy

energy/kJ

4

= .
progress of reaction

[2]
[Total: 8]
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A5 The following figure shows an electrolytic setup.
Electrodes P and Q are made of metal M.
Electrodes R and S are made of graphite.

X and Y are terminals of a battery.

aqueous dilute magnesium chloride

M(NO3)2

cell 1 cell 2

When the switch is closed and electrolysis is allowed to run for some time, the ratio of the
volume of gases produced at R and S is 2:1 respectively.

(@) (i) Deduce the polarity of terminals X and Y of the battery.

[1]

(i)  Write an overall equation for the reaction occurring in cell 2.

[1]

(iii) In cell 2, concentrated agueous magnesium chloride is used instead of dilute
magnesium chloride. Give one similarity and one difference between the products
of the electrolysis of dilute and concentrated aqueous magnesium chloride.

[2]

(b) (i) Construct the ionic equations, including state symbols for the reactions occurring
at electrode P and Q respectively.

electrode P:

electrode Q: [2]

(if)  If the relative atomic mass of M is 64, describe the observation at electrode P.

[1]
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(iii) 1f 150 cm?® of gas is produced at S, calculate the change in mass of electrode Q.

[2]

(c) Describe and explain the results you would expect when the pH of the electrolyte in
cell 1 and cell 2 is tested separately.

[3]
[Total: 12]
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Section B
Answer all three questions in this section.
The last question is in the form of an either/or and only one of the alternatives should be attempted.

B6 Bronsted-Lowry Theory
The definition of acids and bases you have learnt so far is the Arrhenius theory and is limited
to acid and base reactions occurring in aqueous solutions. However, acid and base reactions
can occur in the absence of aqueous solutions. Hence, other theories like Bronsted-Lowry
and Lewis theories extend to these reactions.

The Bronsted-Lowry theory defines acid as a substance which donates a H* ion or a proton
and forms its conjugate base while the base is a substance which accepts a H* ion or a
proton and forms its conjugate acid.

For example, consider a reaction in which ammonia (base) is dissolved in water (acid).
Ammonia accepts a proton from water and the reaction is as follows,

H.O() + NHs(aq) = OH (ag) +  NHs* (aqg)

acid base conjugate base conjugate acid

In this example, H2O is the acid that donates a proton and it forms the conjugate base OH".
On the other hand, NHs is the base that accepts a proton and it forms the conjugate acid

NH4*. In the reverse reaction, NH4*(aq) is the acid and OH" is the base.

Strength of acids
The strength of an acid is indicated by the dissociation constant, Ka.

For any acid, HA, we can write the dissociation process as
HA(aq) = H'(aq) + A"(aq)

If the value of K, is large, this means the acid is mostly dissociated, hence the acid is strong.
If Kais small, little dissociation has occurred, hence the acid is weak.

Table B6.1 gives the K, of some common acids.

Table B6.1

acid Ka/ molL?
HI 3.2x10°
HBr 1.0 x 10°
HCI 1.3 x10°
HF 6.4x10*
H.CO3 45x 10”7
HNO3 2.8 x 101
HNO: 45x10*
HsPO, 7.1x10°3
H.SO4 1.0x 103
H2SO3 1.4x107?
HCIO, 1.0 x101°
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Electronegativity

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 pair
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 B6.2 shows the electronegativity values of some elements in the Periodic Table.

Table B6.2
element electronegativity
N 3.0
H 2.2
F 4.0
Cl 3.2
Br 3.0
I 2.7
Ar undefined

The difference in electronegativity between two elements involved in a chemical bond, Z,
can be calculated by the following equation

2 = larger electronegativity value — smaller electronegativity value
An example is the H-F bond, where
2=40-22=138

2 gives an indication of the polarity of a covalent bond formed between two non-metallic
elements. It is said that if X is greater, then the covalent bond is more polar.

Bond Energy
The strength of a bond can be measured by its bond energy. Bond energy is the amount of
energy taken in to break one mole of a particular bond. It is a measure of the strength of a
chemical bond.

Table B6.3 shows the bond energies of some bonds.

Table B6.3
bond bond energy in kJ/mol
H-F 566
H-CI 431
H-Br 366
H- 298
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(& (i) Explain why H* ion is known as a proton.

[1]

(i)  Two reactions are shown below. For each reaction, based on the Bronsted-
Lowry theory, state in the boxes provided, whether the substance is acting as a

acid base conjugate base conjugate acid

you may use each word once, more than once or not at all.

HNO3 + H2SO04 = H:NO3z* + HSOs

CHsNH2  + H20 = CHsNHs*  + OH-

[2]

(b) For the halogen halide acids, HX (X is the halide), two students made the following
comments.

Student 1: The more polar the H-X bond, the more easily the acid will ionise in aqueous
solution and hence the stronger the acid.

Student 2: The less energy taken in to break the H-X bond, the stronger the acid.

Do you agree with the students?
Use evidence from the information to explain your reasoning.

[4]



(c)
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For the oxoacids Hn,YOm, m is the number of oxygen atoms and n is the number of
hydrogen atoms in the acids. Y is a non-metallic element.

Identify two factors that affect the strength of the oxoacids.

Using the information provided, explain your reasoning.

[4]

[Total: 11]
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A student conducted an experiment using 2.00 g of impure lead(ll) carbonate and excess
nitric acid of concentration 0.150 mol/dm? in a conical flask.
r*“’\i// cotton wool

nitric acid

| .
i}/ electronic halance

She measured the mass of the setup at fixed time intervals and obtained the following graph,
experiment |, as shown in Figure B7.1.

mass of setup / g

A

126.00

12575 +— experiment |

[

time taken { min

Figure B7.1

(a) Calculate the percentage purity of the lead (IlI) carbonate sample.

[2]

(b) The student conducted a second experiment using sulfuric acid of the same
concentration and volume. All other variables are kept constant.

(1) On the same axes in Figure B7.1, draw the graph that he would obtain for the
experiment using sulfuric acid. Label it as experiment I1. [1]

(i) Explain the difference between the graphs drawn for experiment | and II.

[1]
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(c) The student conducted a third experiment using ethanoic acid of the same
concentration and volume. All other variables are kept constant. Lead(ll) ethanoate is

soluble in water.
(i) On the same axes in Figure B7.1, draw the graph that he would obtain for the

experiment using ethanoic acid. Label it as experiment .
[1]

(i) Explain your reasoning for the graph obtained for (c)(i).

[2]

(d) Describe how you would prepare lead(ll) carbonate in the laboratory.

[2]

[Total: 9]
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Either
B8
(a) The diagram below gives the reaction scheme of organic compound A.

process Z: vaporised A reacts with Clz in
A passatd TI\"E[F solid presence of UV
catalys light
B methane CH:CHCICH:zCH:
reacts wilh steam
”’:;‘:j;f;:;al after exposure
to air over a_
CH:CH:CH:OH  |—Periodoflime D

(i) Name the process Z and state the solid catalyst used.

[1]

(i) Construct a balanced chemical equation for process Z.

[1]

(iii) Describe a test to confirm that CH;CH>CH,OH has been completely converted to
D.

[2]

(b) Used cooking oil being processed to produce biodiesel has gained a significant amount
of consideration within the world of fuel production.
During the conversion process, fatty acid triglycerides in vegetable oil react with
methanol, in presence of an alkali catalyst, to produce biodiesel. Biodiesels are fatty
acid methyl esters (FAME), which has similar properties to petrol diesel. The by-product
of this reaction is glycerol, a tri-ol, which is extracted and used for other products
including soaps and cosmetics.

The structure of triglycerides and FAME are

o

I
CH, —0-C-R

0 O
Il I
CH-0-C-R CH;-0-C-R
0
I
CH, —0—-C-R
fatty acid triglycerides FAME

where R is a hydrocarbon chain



(i)

17

One mole of fatty acid triglyceride reacts with 3 moles of methanol to produce
FAME and glycerol.

Construct a chemical equation for this reaction. Show the structural formulae of
the organic molecules.

[2]

(i) Suggest why glycerol is known as a tri-ol.

(iii)

(iv)

[1]

Most often methanol is used due to its accessibility and low cost. However, other
alcohols such as ethanol and propanol can also be used in the conversion
process.

Draw the structure of FAME if propanol is used in place of methanol.

[1]

Flashpoint is the lowest temperature at which a fuel vaporises and causes ignition.
Fuels with lower flashpoints burn more easily at lower temperatures and usually
burn more smoothly in the car engine.

The average flashpoint of biodiesel fuel is 150°C while petrol diesel ranges from
55 to 66°C.

State one advantage and disadvantage that biodiesel have over petrol diesel.

[2]

[Total: 10]
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OR

B8 (a) Inthe stratosphere, chlorofluorocarbons (CFCs) can cause the destruction of the ozone
layer. CFCl; is an example of chlorofluorocarbons (CFCs). The series of reactions
below show how the ozone layer is being destroyed by CFCls.

Step 1 (slow): CFCIl; — CFCl; + ClI
Step 2 (fast): Cl + O3 — CIO + O,
Step 3 (fast): CIO + O3 — Cl + 20,

The table shows the bond energies for some of the bonds in CFCs.

bond bond energy in kJ/mol
C-F 485
C-ClI 327

(i) A website states that ‘a single CFC molecule can destroy up to 100 000 ozone
molecules’.

Using the above equations, comment on whether this statement is true.

[2]

(i) The first step happens when energy from sunlight breaks a bond in a CFC to
produce a chlorine atom. Use the data in the table to explain why the ozone layer
contains many more chlorine atoms than fluorine atoms.

[2]
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(b) Zinc blende is an ore containing compounds of zinc. One of the compounds in the ore
is zinc sulfide, ZnS.
The first step in the extraction of zinc is roasting. Zinc sulfide is heated in air, producing
zinc oxide and sulfur dioxide.
The second step is heating zinc oxide in a smelting furnace with coke and limestone at
1400°C. Coke burns in oxygen to form carbon monoxide, which reduces zinc oxide to
zinc as shown:

ZnO + CO — Zn + CO,

Since the boiling point of zinc is 907°C, the zinc is produced in the gaseous state. Zinc
vapour passes out of the furnace and is cooled and condensed in a tray placed at the
top of the furnace. The slag and other impurities such as lead and cadmium form two
layers which can be tapped off at the base of the furnace.

(i) Describe one similarity and one difference between the extraction of zinc and iron.

[2]

(i) Explain, with the help of equations, why calcium carbonate is essential in the
process of extracting zinc from zinc blende.

[2]

(iii) One important application of zinc is galvanising. In an experiment to investigate
the rate of rusting of steel, two pieces of steel were used. One piece of steel was
completely coated with copper, another piece completely coated with zinc. The
coatings on both pieces were scratched, exposing the steel.

exposed steel  thin layer exposed steel thin layer
rusts \ of copper does not rust of zinc
! )
steel steel

The piece of steel coated with zinc did not rust but the copper-coated piece of
steel rusted very rapidly.
Explain these observations in terms of the transfer of electrons.

[2]
[Total: 10]

— End of Paper —
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