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ADDITIONAL MATERIALS

In addition to this examination paper you will need
a calculator and a ruler.

INSTRUCTIONS TO CANDIDATES

Use black ink or black ball-point pen. Do not use gel pen or correction fluid.

You may use pencil for graphs and diagrams only.

Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.

Write your answers in the spaces provided in this booklet. If you run out of space, use the
additional page at the back of the booklet, taking care to number the question(s) correctly.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets at the end of each question or part-question.

Question 4(c) is a quality of extended response (QER) question where your writing skills will be
assessed.

The Periodic Table is printed on the back cover of this paper and the formulae for some common
ions on the inside of the back cover.
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Answer all questions.

1. (@) Crude oil can be separated into simpler mixtures called fractions. The table shows
information about some of the main fractions obtained from crude oil by fractional

distillation.
Fraction Boiling point range (°C) Ngggg;ﬁ;ﬁiﬁ’grk::ggs
petroleum gases <20 C,—C,
petrol 30-75 C5—Cyq
naphtha 70-180 Co—Cy5
kerosene 180-250 Ci3—Cyg
diesel oil 250-340 Ci17—Cy
lubricating oil 340-500 Cy0—Co4 g
fuel ol 490-580 Cy5—Cog B

(i) Decane has a boiling point of 174 °C. Give the name of the fraction which
contains decane. [1]

(i)  One alkane is found in both diesel oil and lubricating oil. Give the number of
carbon atoms in this alkane. [1]

03
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(b) The bar chart shows the supply and demand for some of the fractions obtained from o

crude oil.

40

35

30

25

20

15

10

Percentage of each fraction

. | |

C—C,4 Cs—Csg CoCiy Cy3Cyg Cy77Cy  CypCyy  Cy5Cyg
Fraction
B supply

| | demand

(i) Give the fraction where the demand is 100 % greater than the supply. 1]

(i) Putatick (V) in the box next to the statement that best describes how the supply
and demand of the fractions change as the chain length increases. [1]

supply is greater than demand for all fractions

supply is greater than demand up to C,4 after which
demand is greater than supply

demand is greater than supply up to C,4 after which
supply is greater than demand

the difference between supply and demand increases up to Cyg
after which it decreases

04
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(i)

Oil companies have solved the problem of over-supply of some fractions using a
process called cracking.

The alkane C,yH,, can be cracked forming propene, nonene and one molecule
of hydrocarbon A.

I.  Complete the equation for the cracking of C,oH .. (1]
C20H42 —_— C3H6 + C9H18 F s
propene nonene hydrocarbon A

II.  Propene is an important raw material in the production of polypropene.

Give the name of the process used to make polypropene from propene. [1]

Examiner
only
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(c) Every year thousands of acres of forests are destroyed by wildfires. Fire-fighters use o

several different methods to put out this type of fire.

State three methods that are used to put out forest fires.
Give the part of the fire triangle being removed in each method.

Each method should refer to a different part of the fire triangle. [3]

1Y =31 T Yo [ OO

Part of the fire triangle being remMoved ...

1Y 1231 T Yo 2O TSSO

Part of the fire triangle being remMoved ...

1Y 1231 T Yo JRC TSSO

Part of the fire triangle being remMoved ...
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(@) Sulfuric acid is produced by the contact process. The flow diagram shows the main o
stages in the process.
Stage 1 Stage 2 Stage 3 Stage 4
Pass sulfur Dissol If Add atsrpall
Burn raw dioxide over '?S.O V.g suttur amoutn 'OI rBaw
material A in air vanadium(V) coggélnt(realtr:ad n,::(;gim
to produce sulfur oxide at 450°C sulfuric acid to to produce
dioxide to pr?r(?gfigesulfur produce oleum concentrated
sulfuric acid
(i) Give the name of raw materials A and B. [2]
A e
B e
(i) State the purpose of vanadium(V) oxide in stage 2. [1] .
(i) Complete and balance the equation for the reaction in stage 2. 2]
.............................. + 0o, S 2S04
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(iv)  The graph shows how the percentage yield of sulfur trioxide changes with o

temperature between 300 °C and 800 °C.

1001~

/

7/
p4

60

40

Percentage yield

20

300 400 500 600 700 800

Temperature (°C)

Use the graph to answer parts | and Il

I. State the trend in the percentage yield of sulfur trioxide as the temperature
increases. (1]

Il.  Give the temperature range to be used to obtain a yield of sulfur trioxide
greater than 80 %. [1]

(v) One molecule of sulfur trioxide reacts with one molecule of sulfuric acid to form
one molecule of oleum as the only product.

Complete the equation for this reaction by giving the formula of oleum. [1]

08
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(b)

The photograph shows the exothermic reaction between concentrated sulfuric acid
and sugar, C;,H»,04.

(i) Name the two products formed.

(i) State the type of reaction taking place.

[2]

(1]

Examiner
only
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3. (@ A, B, CandD are equations for reactions used to make salts.
(i) Complete the equation for each reaction. [4]
A Mg(s) + 2HClag) ——= MgCly(aq) + (9)
B AgNOjaq) + NaCl(aq) —— AgCI(S) + s (aq)
C ZnO(s) + 2HNOz(@Q) — (aq) + HYO(l)
D CuCOs5(S) + (aq) — CuSO4(agq) + H,O(l) + CO,(Qg)
(i) Outline the three steps you would carry out to get a pure sample of silver
chloride, AgClI, from the reaction mixture in equation B. [2]
11 © WJEC CBAC Ltd. (3410UDO-1) Turn over.
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(b)  Sodium chloride is made when sodium hydroxide reacts with hydrochloric acid. o

sodium hydroxide + hydrochloric acid —— sodium chloride + water

(i) Write a balanced equation for the reaction. 2]

(i) A student was asked to prepare pure sodium chloride crystals using 25.0cm? of
sodium hydroxide solution.

The flow diagram shows the student’s plan.

Stage 1 Stage 2 Stage 3
Carry out a titration
to find the exact Make a pure Obtain
volume of acid > sodium chloride > sodium chloride
needed to neutralise solution crystals

all of the alkali

12
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I.  The student sets up the apparatus below to carry out stage 1. o

—— hydrochloric acid

T

3410UDO1

13

25.0cm? of sodium hydroxide solution

Describe how the student will find the exact volume of acid needed to
neutralise all of the alkali. [2]

[I.  The neutral solution obtained in stage 1 is not pure.

Describe what the student must do in stage 2 to make a pure sodium
chloride solution. [2]

[ll. State what the student must do in stage 3 to obtain sodium chloride
crystals. 1]

13
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4. (a) Calcium reacts with chlorine to form the ionic compound calcium chloride.

Complete the dot and cross diagram to show the electronic changes that take place
when calcium reacts with chlorine to form calcium chloride.

Show the charge on each ion. [3]
o0
oCle
% ' 1)
Cax — Ca Cl Cl
[ 1)
oCle
' 1)

(b) Complete the dot and cross diagram to show the bonding in a molecule of
chloromethane. [2]

hydrogen 1 carbon 2,4 chlorine 2,8,7

14

© WJEC CBAC Ltd. (3410UD0-1)

Examiner
only




15

(c) Calcium and calcium chloride have different bonding and structures.
Explain how each substance conducts electricity.

You may include diagrams in your answer. [6 QER]

15
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5. (@) The flow chart shows the stages involved in the extraction of aluminium from bauxite.
Bauxite is a mixture of mainly aluminium oxide and a compound of iron.

bauxite

Stage 1: purification

red-mud waste
+ containing the iron
compound Fe,04

pure
aluminium oxide

Stage 2: aluminium oxide
is dissolved in molten cryolite

molten electrolyte

Stage 3: electrolysis using
graphite electrodes

molten aluminium
formed at the +
cathode

oxygen gas formed
at the anode

16
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(i)  Underline the chemical name for the iron compound, Fe,O5, found in the red-mud o
waste. (]
iron(V) oxide iron(ll) oxide iron(lll) oxide iron(l) oxide

(i) Give one reason why aluminium oxide is dissolved in molten cryolite in stage 2.

(1]
(i)  Explain why the anode is regularly replaced in stage 3. 2]
(iv) Complete and balance the equation for the electrolysis of aluminium oxide [2]
2AI,0; — Al + 3
(b) The recycling rate for aluminium drinks cans in the UK reached 72 % in 2017.
Suggest why most aluminium waste is recycled. [2]

17
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(¢) The diagram shows a model of a membrane cell used to manufacture sodium hydroxide
solution, chlorine and hydrogen by the electrolysis of aqueous sodium chloride.

The membrane cell is designed so that chlorine is kept separate from hydrogen and
aqueous sodium hydroxide.

The polymer membrane only allows positive ions to pass through it. Sodium ions
and hydrogen ions pass through from the left-hand side to the right-hand side of the

cell.
chlorine gas hydrogen gas
left-hand side ‘ T ‘ ‘ T ‘ right-hand side
concentrated
sodium chloride 0
solution — J = o — _
- =~ water in
J B
_— J P o ——  sodium hydroxide
ouT — i ———  solution out
used

sodium chloride |
solution é
titanium anode

polymer membrane

nickel cathode

Chlorine is an extremely corrosive substance which reacts with most metals. Titanium
reacts quickly with chlorine gas but it resists attack by chlorine in aqueous conditions.

18
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(i)

(i)

Put a tick (/) in the box next to the correct list of ions found on either side of the

membrane during the process.

Left-hand side of the Right-hand side of the
membrane membrane
Nat* CI- H* OH- Cl- H* OH-
H* OH~ CI- Na* H* OH-
Nat CI- H* OH- Na* H* OH-
Na* CI- Na* OH-

Put a tick (V) in the box next to the correct statement.

titanium burns in chlorine in aqueous conditions

titanium doesn’t react with chlorine under any conditions

aqueous conditions prevent chlorine from reacting with titanium

aqueous conditions prevent chlorine from reacting with

sodium chloride

[1]

[1]

Put a tick (V) in the box next to the two substances formed on the right-hand
side of the membrane if the sodium chloride solution were contaminated with

magnesium bromide.

sodium hydroxide and magnesium hydroxide

sodium hydroxide and sodium bromide

sodium hydroxide and magnesium bromide

magnesium chloride and sodium

[1]

Examiner
only
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6.

(@) The table shows the formulae of the first four members of the alcohol family.

Alcohols

CH4OH
C,HsOH
C,4H,OH
C,HgOH

Give the general formula for the alcohol family. [1]

(b) The following word equation represents the formation of ethanol by fermentation.

east
glucose solution —————»  ethanol solution + carbon dioxide gas

(i) Complete and balance the equation for the production of ethanol and carbon
dioxide from glucose.

Include the state symboils for the reactant and the products. [3]

(i)  Yeast contains a substance which catalyses the breakdown of glucose.

Give the general name of this type of catalyst. [1]

20
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[
() (i) C4HyOH has four isomers. The diagram below shows the structure of one of the o
isomers.
H
|
H—C—H
H H
H—C—C—C—0O—H
o
H H H
Put a tick (/) in the box next to the name of this isomer. [1]
butan-1-ol
2-methylpropan-1-ol
butan-2-ol
2-methylpropan-2-ol
(i) Pentan-3-ol is one of the isomers of C5H,,OH.
Draw the structure of pentan-3-ol. [1]
7

21
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7. (a) A studentinvestigated the mass of copper formed when magnesium powder was added o

to excess copper(ll) sulfate solution.

excess copper(ll) sulfate solution
x - ()

magnesium powder

The student added four different masses of magnesium powder to separate 50cm?
samples of copper(ll) sulfate solution.

The table shows the results obtained.

Mass of magnesium added (g) Mass of copper formed (g)
0.00 0.00
0.05 0.13
0.10 0.26
0.15 0.39
0.20 0.52

(i) Give one observation that would show that copper(ll) sulfate is always in excess
in this investigation. 1]

22
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(ii)  Plot the results from the table on the grid and draw a suitable line. [3] o
The point (0,0) has been plotted for you.

0.60

0.50
T 040
°©
()
£
o
g 030
Q.
o
(&]
©
2
= 0.20

0.10

0.00%

0.00 0.05 0.10 0.15 0.20
Mass of magnesium added (g)
(iii) [.  Use the graph to find the mass of magnesium needed to form 0.18 g of
copper. (1]
....................................................... g
II.  The student stated that 0.78 g of copper would be formed when 0.30g of

magnesium is used. Suggest how she arrived at this value. 1]

23
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(b) To ensure that the copper(ll) sulfate solution was always in excess the technician o
dissolved 3.19g of CuSO, in 500 cm? of water.
(i) Calculate the number of moles of copper(ll) sulfate in 3.19g. 2]
A(O) =16 A(S) =32 A/(Cu)=63.5
Numberof moles = ... mol
(i) Use the equation below to calculate the concentration of the copper(ll) sulfate
solution in mol/dm3. [2]
_ number of moles
concentration (mol/dm?3) =
volume (dm?)
Concentration = ..., mol/dm?3
10

24
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8. Ammonia is manufactured from hydrogen and nitrogen in the Haber process.

(@) The equation shows the bonds which are broken and the bonds which are formed in the
production of ammonia.

- N
H—H /|\
H H
H—H + N=N - =
N
- 71\
H—H H | H
H
hydrogen nitrogen ammonia

The bond energy of a H—H bond is 436 kJ. The energy needed to break all the bonds
in the reactants is 2253 kJ.

(i) Calculate the energy needed to break a N=N bond. 2]

Energy = . kJ

(i) The diagram below is the energy profile for the reaction.

A

Energy

Reaction pathway

Calculate the energy released when all the bonds in the ammonia molecules are
formed. (]

26
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(b) The table below shows the percentage yield of ammonia under different pressure and
temperature conditions.
Temperature (°C)
Pressure
(atm) 200 300 400 500
Percentage yield of ammonia
100 81.7 52.5 25.2 10.6
200 89.0 66.7 18.3
400 94.6 79.7 55.4 31.9
1000 98.3 92.6 79.8 57.5
(i) Describe the relationship between the percentage yield of ammonia and the
temperature. 1]
(i) Circle the most likely percentage yield of ammonia if the process were carried out

at 200 atm and 400 °C.

20% 30% 40% 50 %

[1]

Examiner
only
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(c) A student carries out a series of chemical tests on solutions of three unknown

compounds, A, B and C. Her results are recorded in the table.

Compound | Flame test Add Add Add Add
NaOH(aq) HCl(aq) BaCl,(aq) | AgNO;(aq)
pungent gas white
given off turns . : -
A no colour damp red litmus no reaction | no reaction pri:mpltate
orms
paper blue
blue precipitate . whi’ge .
B green flame f no reaction | precipitate | no reaction
orms forms
gas given
. . off turns . .
C lilac flame no reaction limewater no reaction | no reaction
milky
Use the information provided to identify compounds A, B and C. [3]
A
B e
e

END OF PAPER
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula
aluminium APt bromide Br-
ammonium NH,* carbonate co32-
barium Ba? chloride cI-
calcium ca®* fluoride F-
copper(ll) cu? hydroxide OH"
hydrogen H* iodide -
iron(ll) Fe?* nitrate NO,"
iron(lll) Fe3* oxide o
lithium Li* sulfate s0,%"
magnesium Mg?*
nickel Ni2*
potassium K*
silver Ag*
sodium Na*
zinc Zn?

31
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