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Examiner

i only
Answer all questions.

1. (@) Hydrochloric acid, HCI, reacts with sodium hydroxide solution to form sodium chloride
and water only.

Write a balanced symbol equation for this reaction. [2]

(b) A group of students was asked to find the volume of hydrochloric acid solution needed to
neutralise 25.0 cm? of sodium hydroxide solution. They decided to titrate sodium hydroxide
with hydrochloric acid.

Apparatus

sodium
hydroxide

E solution

. hydrochloric acid

1111“1111111111[1

X
25.0cm? of sodium hydroxide
solution and indicator
Results
Titre 1 2 3
Volume of
hydrochloric acid needed (cm?) 18.2 7.8 18.0
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(iv)

v)

Name the piece of apparatus X. 1]
Explain the purpose of the indicator. [1]
Calculate the mean volume of hydrochloric acid needed to neutralise 25.0cm? of
the sodium hydroxide solution. 1]
Mean VoluUMme = ... cm?3
The change in temperature during the reaction can be monitored using a temperature
Sensor.
Sketch a graph on the axes below to show how the temperature changes as more
and more acid up to a total of 30cm? is added. 2]
A
Temperature
A
starting
temperature
0 10 20 30
Volume of hydrochloric acid (cm?3)
The experiment was repeated using hydrochloric acid of half the original

concentration.

State the volume of hydrochloric acid that would be needed to change the indicator
colour. 1]

VOIUME = .o, cm

Examiner
only
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2. (@) When a mixture of iron(lll) oxide and aluminium powder (Thermit mixture) is heated, there
is a violent reaction. The reaction is carried out in a tube surrounded by a mound of sand
because the temperature reaches 2500°C. A bead of iron is recovered from the sand.
The picture below shows the reaction taking place in a darkened room.

(i) (1]

(i) Complete and balance the symbol equation for this reaction. [2]
Fe,0;3 + 2Al > Fe

(i)  State which of the substances is oxidised. Give the reason for your choice. 11

(iv)  When a mixture of magnesium oxide and aluminium powder is heated, there is no
reaction.

List iron, magnesium and aluminium in order of reactivity. 1]

Most reactive ..o,

Least reactive ..o,

04
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(b) Some metals are more reactive than others. A more reactive metal displaces a less
reactive metal from its compounds.

A student was given tin, iron, copper and zinc and solutions of the metal sulfates. Using a
dropping pipette, she put a little of one of the sulfate solutions in four of the depressions
of the dropping tile. She did this for each solution in turn. She then put a piece of metal
foil in each of the solutions, as shown below.

copper tin iron zinc

~

copper(ll) sulfate solution

tin(ll) sulfate solution

iron(ll) sulfate solution

OO OO
OOOOT
OO

zinc sulfate solution

DO

7 ———dropping tile

(i) Putatick (/) next to the question which best describes the investigation the student
is carrying out. 1]

Which displacement is the most exothermic?

Which metal can displace copper from solution?

What is meant by the reactivity series?

What are the positions of the four metals in the reactivity series?

05
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(ii)

copper(ll) sulfate
solution

tin(ll) sulfate
solution

iron(ll) sulfate
solution

zinc sulfate
solution

The student recorded the results by putting a tick (/) next to a mixture which showed
signs of a reaction and a cross (X) next to a mixture which showed no signs of a
reaction.

The student concluded that:
tin displaces copper
iron displaces tin
iron displaces copper
zinc displaces iron

Give the letter of the tile below which shows the results she recorded.

(1]
Letter

copper tin iron zinc tin iron zinc

o
@]
| T
o
]
=

copper(ll) sulfate
solution ——

tin(ll) sulfate
solution ——

iron(ll) sulfate
— solution ——

zinc sulfate
solution ——

oo
DODD

DD D)

DOOP

iron zinc iron zinc

Q
O
o
©
®
=
=
S

copper(ll) sulfate

/
solution ——|

tin(Il) sulfate
solution —

iron(ll) sulfate

zinc sulfate
solution ——|

IS/
solution —@
&

copper(ll) sulfate
solution ——

tin(ll) sulfate
solution ——

iron(ll) sulfate
solution ——

zinc sulfate

~

solution —

WDDD|

LODD)

T DD D

(i)

Another student said that not all of the tests were necessary. Give one example of

a test not needed. Explain your choice. [2]
Example

Explanation

06
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(c)

Copper displaces silver from a solution of silver nitrate, AQNO,, to form copper(ll) nitrate
solution.

(i) Describe one change the student would see during this displacement reaction. [1]

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

07
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3. (a) The bar chart shows the relative supply and demand for some fractions obtained from
crude oil.

025' CZ8

C21 -C24

o |

Fraction C..C | [] demand
137 VY16

_ B supply

C9'C12

Cs-Cs
C1 'C4
! ! ! ! | !

Percentage of fraction in crude oil (%)

o
()]
BN
o
—
()]
N
o
N
()]
w
o
w
()]

(i) Use the bar chart to describe how the difference between supply and demand of
the fractions changes as chain length increases. [2]

08
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Examiner
[
(i)  Oil companies have solved the problem of the over-supply of some fractions by o
using a process called cracking.
C,4H5, can be cracked forming hexene, ethene and hydrocarbon A.
I.  Complete the equation for the cracking of C;4Hs. [1]
CiHao —— CeHyp + * 2C,H,
hexene hydrocarbon A ethene
II.  Name hydrocarbon A. ..., 1]
[ll. State why ethene is considered an important raw material. 1]
(i) One hydrocarbon found in the C,-C, fraction is propane. Propane burns in air
forming carbon dioxide and water.
Balance the symbol equation that represents this reaction. [1] §
Cng + 02 —> C02 + H2O

09

© WJEC CBAC Ltd. (3410UBO-1) Turn over.



10

(b) Shale gas is natural gas trapped in rocks deep underground. Like oil and coal, shale
gas has, essentially, formed from the remains of plants, animals and micro-organisms
that lived millions of years ago. It can be extracted using a process known as hydraulic
fracturing — or “fracking” — which involves drilling long horizontal wells into the rocks more
than a kilometre below the surface. Massive quantities of water, sand and chemicals are
pumped into the wells at high pressure. This opens up cracks in the shale, which are held
open by the sand, enabling the trapped gas to escape to the surface for collection.

storage tanks

3. Waste water and shale gas are
pumped to the surface.

1. Chemicals,
water and
sand are

injected at

high pressure.

2. The pressure causes the rock surrounding the
pipe to crack. The sand holds the cracks open
allowing the shale gas to escape.

Supporters of fracking argue that extracting shale gas deposits will help keep energy
affordable and cut consumption of dirtier coal. But opponents claim fracking is dangerous
and polluting, and that tapping into extra shale gas supplies will increase carbon dioxide
emissions. The main controversy surrounding shale gas is the potential of fracking to
contaminate drinking water supplies with shale gas or drilling chemicals. Other issues
include the huge quantities of water and chemicals used in the extraction process, the
waste water generated and possible earthquake tremors.

10
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Examiner
|
(i) Put a tick (¥/) in the box next to the statement that identifies the substance(s) o

recovered during the fracking process. 1]

only shale gas

shale gas and contaminated water

shale gas and sand

shale gas, sand and toxic chemicals

(i) Putatick (/) in the box next to the statement which is true. 1]

burning shale gas does not cause global warming

chemicals used in fracking are contaminating our drinking water

3410UBO1

11

fracking produces vast quantities of contaminated water

shale gas is a renewable energy source

shale gas is cheaper than other fossil fuels

11
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Examiner
. ; . . only
4. (a) Calcium and oxygen react forming calcium oxide.

(i) Explain, using dot and cross diagrams, how bonding takes place during the formation

of calcium oxide. 2]
(ii) : s
Substance Melting point (°C)
calcium oxide 2613
sodium chloride 801

Explain why both of these compounds have high melting points and why the melting
point of calcium oxide is higher. [2]

12
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(i)  Carbon nanotubes can be formed by rolling up graphene sheets.

nanotube
diameter

A sheet of graphene 11 unit cells in width was rolled up to form a nanotube. Use the
information below to calculate the diameter, in metres, of the nanotube formed.
Write your answer in standard form. [3]

circumference =t x diameter
n=314

1nm=1x10""m

[DTE= 10 1<) (<] SN m

14
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5. (a) Sulfuric acid is manufactured using the Contact Process. The equation represents one
stage of the process.

2802(9) + Og(g) = 2803(9)

Describe and explain all the stages in the process, including the one given above, from
raw materials to the final product, sulfuric acid. [6 QER]

16
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Examiner
|
(b) The equation shows the bonds which are broken and the bonds which are formed in the o

production of sulfur trioxide.

7 N\ O o)

> %, o ] ]
+ _— _—

S 7\ 7 N\

o/\o o/\o o/\o

The bond energy of an S— O bond is 523 kJ.

(i) The total energy needed to break the bonds in the reactants is 2587 kJ. Calculate

the energy needed to break an O — O bond. [2]
Energy = . kJ
(i) Calculate the overall energy change for the reaction. [2]
Overall energy change =..........occcccc kJ
(i) Complete the energy profile for the reaction. 1]
A
reactants
Energy

|

Reaction pathway

1

17
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6. (a) Fertilisers usually contain compounds of three essential elements required for healthy
and productive plant growth. The table shows the properties of two nitrogenous fertilisers.

Property Ammonium nitrate Urea
% nitrogen 34 46
Mass of fertiliser absorbed
by plants per 2000 litre 690 560
spreader (kg)
Solubility very soluble very soluble
Cost (£/tonne) 360 350

Loss of ammonia due to

evaporation low high

effectiveness dependent
Weather dependency effective in all conditions on specific temperature
and rainfall conditions

(i) Which fertiliser leads to the absorption of more nitrogen from a full 2000 litre
spreader? Show your working. [2]

FEIrUIISEI ...

(ii)  Urea is the most widely used fertiliser in the world. However, many British farmers
prefer to use ammonium nitrate.

Put a tick (/) in the box next to the statement which suggests the main reason for
this. (1]

ammonium nitrate contains less nitrogen than urea

ammonium nitrate is better suited to British weather conditions
than urea

more ammonium nitrate is absorbed by plants than urea

ammonium nitrate is more expensive than urea

18
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(b) The flow chart shows the chemical tests for the identification of the ions present in
ammonium sulfate, (NH,),SO,.

ammonium
sulfate
solution
add barium add sodium hydroxide,
chloride solution NaOH, and warm
white precipitate and sodium sulfate, water and a gas which
a colourless solution turns damp red litmus paper blue

(i)

Write a balanced symbol equation for the reaction between ammonium sulfate and
sodium hydroxide. 2]

The symbol equation below represents the reaction occurring between ammonium
sulfate solution and barium chloride solution.

BaCly(agq) + (NH,),SO4(@q) —— 2NH,Cl(aq) + BaSO,(s)

Write the ionic equation for the reaction. Include the state symbols. [2]

Examiner
only
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7. (a) The table shows the first four members of the alkane family.

Alkanes

methane, CH,

ethane, C,Hg

propane, C;Hg

butane, C,H,,

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

(b) C,H,, has two isomers. The diagram below shows the structure of one of the isomers,

butane.
H H H H
b
H—C—C—C—C—H
[
H H H H
Draw and name the other isomer. [2]

Isomer structure

Name of isomer

20
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Examiner

|
(c) The flow diagram shows two reactions of propene. o

Draw the structural formula for compound A and the repeating unit in polymer B. 2]

bromine, Br,

LT .
Cc=¢C
I
H H
polymerisation
B

(d) A student was given a colourless liquid. He suspects the liquid is ethanol.

Describe a chemical test that he could carry out to positively identify the liquid as ethanol.
Include the observation he would make. [2]

21
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() Organic compounds can also be identified using infrared spectroscopy.

H O

|l
H—C—C—O0—H

H H H
ethanol ethanoic acid
Bond Wavenumber (cm™)
=0 1650 to 1750
C—H 2800 to 3100
O—H 2500 to 3550

The infrared spectra of ethanol, ethanoic acid and one other compound are shown on the

opposite page.

Use the information in the table to identify the spectra belonging to ethanol and ethanoic

acid.

Ethanol

Ethanoic acid

[2]

22
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Examiner
[
8. A student used the apparatus shown to investigate how changing current affects the mass of o

copper deposited on the cathode.

copper cathode
copper anode \? /

copper(ll) sulfate
solution

| )

Equal volumes and concentrations of copper(ll) sulfate solution were used each time. Each
experiment was run for 10 minutes. All the readings were obtained at room temperature. The
following procedure was followed before the mass of copper could be found.

* the electrode was carefully removed from the electrolyte

» the copper deposit was washed

* the electrode and copper deposit were dried

Her results are shown in the following table.

Current (A) Mass of copper deposited (g)
0.0 0.00
0.5 0.16
1.0 0.30
1.5 0.43
2.0 0.60

24
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Examiner
|
(@ Choose suitable scales for the axes below and plot the current against the mass of copper o

deposited. Draw a suitable line. [4]

A

Mass of
copper
deposited

(9)

Current (A)

(b) Use your graph to predict the mass of copper deposited using a current of 3.5A. 1]

Mass of copper deposited = ... g

25
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Examiner
|
(c) Explain why the electrolyte keeps its blue colour during the electrolysis process. Include o

electrode equations to support your answer. [4]

26
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9.

Indigestion is caused by excess hydrochloric acid in the stomach. The calcium carbonate in an
antacid tablet neutralises the excess acid.

Calcium carbonate reacts with hydrochloric acid according to the equation below.

CaCO, + 2HCI — » CaCl, + H,0 + CO,

ANTACID

TABLETS

For Calcium Carbonate
effective

relief
of

indigestion 24 chelWable tablets

To determine how much calcium carbonate is present, a crushed indigestion tablet was mixed
with water and titrated with dilute hydrochloric acid of concentration 1.0 mol/dm3. The end-point
was determined using the indicator phenolphthalein. The procedure was repeated three times
and the mesgn volume of hydrochloric acid solution needed to neutralise one tablet was found to
be 15.2cm?”.

(a) Calculate the number of moles of hydrochloric acid in 15.2cm? of the 1.0mol/dm?3

solution. [2]
Numberof moles = ... mol

(b)  Calculate the number of moles of calcium carbonate in one tablet. 1]
Numberof moles = ... mol

Examiner
only
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(c) Calculate the mass of calcium carbonate in one tablet. Give your answer in milligrams,
mg. (3]

A.(Ca) = 40 A(C) =12 AO) = 16

Mass of calcium carbonate = ..., mg

(d) The diagram shows the labelling on the packet of indigestion tablets.

Each tablet contains:

calcium carbonate 680 mg
magnesium carbonate 80mg
sucrose and glucose 250mg
flavouring

talc

saccharin

sodium and magnesium stearate

Suggest an explanation for the difference between your answer in part (¢) and the
information given on the packet. [1]

END OF PAPER

Examiner
only
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Write the question number(s) in the left-hand margin.
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula
aluminium AR bromide Br-
ammonium NH," carbonate CO32'
barium BaZ* chloride cr
calcium ca* fluoride F-
copper(ll) cu® hydroxide OH"
hydrogen H* iodide -
iron(ll) Fe2* nitrate NO,"
iron(lll) Fe®* oxide 0%
lithium Li* sulfate s0,%
magnesium Mg**
nickel NiZ*
potassium K*
silver Ag*
sodium Na*
zinc Zn**

31
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