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X813/75/02 Chemistry
Section 1 — Questions
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Instructions for the completion of Section 1 are given on page 02 of your question and answer
booklet X813/75/01.

Record your answers on the answer grid on page 03 of your question and answer booklet.
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SECTION 1 — 25 marks
Attempt ALL questions

Identify the element with similar chemical properties to fluorine.

A Neon

B  Chlorine
C Nitrogen
D Hydrogen

An atom has an atomic number of 15 and a mass number of 31.

The atom has

15 protons and 15 electrons
15 protons and 16 electrons

16 protons and 15 electrons

o N W >

16 protons and 16 electrons.

Which of the following molecules has a trigonal pyramidal shape?

A HCl
B CO,
C NCL
D CHCl

When sulfur dioxide gas dissolves in water, a solution containing hydrogen ions and sulfite
ions is formed.

In which of the following equations are all of the state symbols correctly shown?

A SO,s) + H,0(0) — 2H"(®) + SO0,%(®)

B SOug + H,0(0) — 2H'(aq) + S0’ (aq)
C SO,g) + H,0(ag) — 2H'(aq) + SO, (aq)
D SO,8) + H,0(ag) — 2H'(aq) + SO, (aq)
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5.

0-2 mol of potassium hydroxide was dissolved in water and the solution made up to

250 cm?.

What is the concentration, in moll™, of the potassium hydroxide solution?

A 0-0008
B 0-05

c 08

D 50

Which substance exists as diatomic molecules?

Nitrogen monoxide
Nitrogen dioxide

Dinitrogen monoxide

O N W >

Dinitrogen tetraoxide

Which of the following compounds is a base?

Magnesium nitrate
Magnesium sulfate

Magnesium chloride

o 0O W >

Magnesium carbonate

Which line in the table correctly describes what happens to a dilute solution of hydrochloric

acid when water is added to it?

pH H* (aq) concentration
A increases increases
B decreases decreases
C increases decreases
D decreases increases

page 03
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Questions 9 and 10 refer to the diagrams below.

experiment 1

cotton 20°C

i

dye solution pH 4

experiment 2

nylon 20 °C

i

dye solution pH 11

experiment 3

cotton 30°C

i

dye solution pH 7

experiment 4

nylon 20 °C

i

dye solution pH 4

Which of the following statements correctly describes the dye solution in experiment 2?

It contains

A only hydrogen ions

B  only hydroxide ions

C more hydrogen ions than hydroxide ions
D more hydroxide ions than hydrogen ions.

Identify the two experiments that should be used to compare the effect of pH on the dyeing
of cloth.

Experiments 1 and 4
Experiments 2 and 4

Experiments 1 and 3

o N W™ >

Experiments 3 and 4
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A straight chain molecule has the chemical formula C,¢H,s and contains only single or double
bonds between carbon atoms.

How many carbon to carbon double bonds must the molecule contain?

1
2
3
4

O N W >

Which of the following compounds does not belong to a family with the general formula
CnH2n+20?

" T T 7
/
H—C—C—C/
N
H H H
’ T (|)H T
H—C—C—C—H
]
H H H
) T T T
H_?_T_T_OH
H H H
D

[Turn over
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13.

14.

H
H H—l—H H H
P S S
bl b
H—é—H
L

The shortened structural formula for this compound is

A CH,CH,CH,CH,CH,CH,CH,
B CH,CH,CH(CH,)CH,CH,CH,
C  CH4CH,C(CH,),CH,CH,
D  CH,C(CHs),CH,CH,CH,

1,2-dichloroethene has two possible structures known as cis and trans.
The cis structure has the chlorine atoms on the same side of the double bond.
The trans structure has the chlorine atoms on the opposite side of the double bond.

Which of the following is the cis structure of 1,2-dichloroethene?

A cl cl
\ /
c=C
/ 0\
H H
B cl H
\ /
c=C
/ 0\
H H
C cl H
N\ /
c=C
/ 0\
H cl
D cl H
\ /
c=C
/\
cl H
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15. The structure shown is a member of a family of compounds known as esters.

ST
H—?—C—T—?—H
H H H
R
/
H—C—C—C—C/
N
H H H H
C H H 0O H
| I
H—?—(lz—o—c—T—H
H H H
D H O H H
L |
H—?—c—c|—o—$—H
H H H

[Turn over
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16. The correct structural formula for 2,4-dimethylhex-2-ene is

I

II—0O—xI

H|c
.
S S -

S ——

I TT—ou—I

T

II—OO——OO—I
S

T—O————0U—I
= bzt
S
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17.

18.

19.

Ethanoic acid has a higher boiling point than methanoic acid because

o N W >

Questions 18 and 19 refer to the reaction below.

P

Kl (aq) Pb(NO,), (aq)

The spectator ions in the reaction above are

A Pb? and NO;~
B K" and NO;~
C KandI”

D Pb*andlI”

The type of reaction shown above is

A oxidation
B  reduction
C neutralisation
D

precipitation.

page 09

the covalent bonds are stronger in methanoic acid
the intermolecular forces of attraction are stronger in methanoic acid
the covalent bonds are stronger in ethanoic acid

the intermolecular forces of attraction are stronger in ethanoic acid.

—1— KNO; (aq)

@l

Pbl, (s)
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20. The table shows the names of some common ions and their colours in solution.

lon Colour in solution
copper blue
potassium colourless
chromate yellow
sulfate colourless

Which of the following compounds would be colourless in solution?

Potassium sulfate
Potassium chromate

Copper sulfate

o N W™ >

Copper chromate

21. In which of the following reactions is a positive ion oxidised?

jodide ion jodine

nickel(ll) ion nickel(lll) ion

cobalt(lll) ion cobalt(ll) ion

Lol

o N W >

sulfate ion sulfite ion

22. Which line in the table is correct for this cell.

You may wish to use the data booklet.

om
D

zZinc— —— tin

NacCl (aq) —

Change in mass of zinc Direction of electron flow
A decrease tin to zinc
B decrease zinc to tin
C increase tin to zinc
D increase zinc to tin
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23. Which line in the table shows the materials that will stop a, B and y radiation?

Material that will stop

a radiation

B radiation

vy radiation

thick concrete

thin metal foil

sheet of paper

thin metal foil

sheet of paper

thick concrete

sheet of paper

thin metal foil

thick concrete

O 0| W | >

sheet of paper

thick concrete

thin metal foil

reaction shown?

N, + 3H, = 2NH,
Name of process Catalyst used
A Ostwald iron
B Haber platinum
C Ostwald platinum
D Haber iron

page 11

24, Which line in the table shows the correct name for the process and catalyst used for the
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25.

The graph shows the solubility of compounds at various temperatures.

/ Key

= 140 / potassium
% / nitrate
z 120 / ----- potassium
S / chloride
& 100 /‘
S /
o
S 80
N //
Q
; 60 / —
> / _—---—-_--
2 40 e
'_5 _-—--—-f
>
o 20 r

0

0 20 40 60 80 100

temperature (°C)

A student added different compounds to beakers each containing 100 cm?® of water at 40 °C.

The student added 50 g of potassium nitrate to one beaker and 50 g of potassium chloride
to another beaker.

From the information in the graph which of the following statements is correct?

Both compounds completely dissolved at 40 °C.
Neither compound completely dissolved at 40 °C.

Only potassium chloride completely dissolved at 40 °C.

o N W >

Only potassium nitrate completely dissolved 40 °C.

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2 OF
YOUR QUESTION AND ANSWER BOOKLET]
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SECTION 2 — 75 marks
Attempt ALL questions

The element tin has the chemical symbol Sn.

(@) A sample of tin contains three different isotopes. The nuclide notation
for each is shown.

116 118 120
559N 509N 55N

(i) State what is meant by the term isotope.

(i) This sample of tin has an average atomic mass of 119-4.

State the mass number of the most common type of atom in the
sample of tin.

(b) Another isotope of tin exists with 74 neutrons.

Write the nuclide notation for this isotope of tin.

(c) Tin(lV) chloride can be formed by reacting tin with chlorine.

Some properties of tin(IV) chloride are shown in the table.

Melting point -33°C
Boiling point 114 °C
Electrical conductivity as a solid Does not conduct
Electrical conductivity as a liquid Does not conduct

Using the information in the table, state the type of bonding present in
tin(lV) chloride.

[Turn over
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A student carried out an investigation into reaction rates using dilute
hydrochloric acid and indigestion tablets which contain calcium carbonate.

2HCl(agq) + CaCO4(s) — CaCl,(ag) + H,0(8) + COL9)

(@) Complete the diagram to show the apparatus required to collect and
measure the volume of gas produced.

(An additional diagram, if required, can be found on page 29.)

50 cm?® of
1-0 mol ™’
hydrochloric
acid

indigestion
tablet

________________________________

(b) The student recorded the volume of gas produced over a period of time.
A graph of the results of this experiment is shown.

A

volume of gas
collected (cm?)

time (s)

(i) Add a curve to the graph to show the results that would be
expected if the experiment was repeated using a crushed
indigestion tablet.

(An additional diagram, if required, can be found on page 29.)

(i1)) As these reactions proceed the rate of reaction decreases.

Suggest a reason why the rate of reaction decreases.

* X8 13750106 =*
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I MARKS | DO NOT I

. WRITE IN
2. (continued) THs

(c) The student carried out another three experiments, recording the time
taken for 50 cm? of gas to be collected at different temperatures.

The results are shown.

Time taken for 50 cm? of

Experiment | Temperature of acid (°C) gas to be collected (s)

1 15 230
2 25 145
3 35 76
(i) Calculate the average rate of reaction, in cm3s™!, for experiment 1. 2

(i) State the relationship between temperature of acid and time taken
to collect 50 cm? of gas. 1

(ii)) Experiment 1 was repeated using 1-0 mol ™" sulfuric acid,
H,S0,(aq), instead of 1-0 mol ™" hydrochloric acid, HCl(aq).

The time taken to collect 50 cm? of gas decreased.

Explain why the time taken decreased. 1

[Turn over
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Ammonia is a starting material for the commercial production of nitric acid.

(a) A catalyst is used in the production of nitric acid.

State what is meant by the term catalyst.

(b) Ammonia and nitric acid react together to form ammonium nitrate.

Ammonium nitrate is commonly used as a fertiliser because it contains
the element nitrogen, which is essential for healthy plant growth.

(i) Name another element essential for healthy plant growth.

(i) Describe another property of ammonium nitrate that makes it
suitable for use as a fertiliser.

You may wish to use the data booklet to help you.

() Another common fertiliser is urea, (NH,),CO.

(i) Calculate the percentage by mass of nitrogen in urea, (NH,),CO.

Show your working clearly.

(i) Urea dissolving in water is an endothermic process.

Suggest a piece of apparatus that could be used to confirm this
process is endothermic.

* X8 13750108 =*
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I MARKS | DO NOT I

4. Read the passage below and answer the questions that follow. R

MARGIN

Air Fresheners

There are three ways an air freshener can remove an unpleasant smell.
These are:

* Overpower it with a stronger smell
» Disguise it by mixing it with molecules to create a pleasant smell
* Absorb it

The following molecules are often found in unpleasant toilet smells.

H H
H H ./
| | C\H
H—C—H H N/
—C
H H 0 ¢ ‘TN
| |y I (|: c—H
s, e
H H H OH | \H
H
3-methylbutanoic acid skatole

Some other molecules that make up these bad smells can contain sulfur

atoms. For example, hydrogen sulfide (H,S) is the gas associated with the
smell of rotten eggs.

Air fresheners can contain molecules such as cyclodextrins that can absorb
bad smells. Another molecule which is added for the same purpose is
triethylene glycol.

triethylene glycol

Adapted from an article by John Emsley
in Education in Chemistry, September 2007

(@) Cyclodextrin molecules absorb bad smells.

Name another molecule added to air fresheners to absorb bad smells. 1

L AR L T -
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. (continued)

(b) Draw a diagram, showing all outer electrons, of the molecule associated
with the smell of rotten eggs.

(c) Calculate the mass, in grams, of one mole of skatole.

(d) Name the functional group circled on the triethylene glycol molecule.

[Turn over
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. (continued)

(e) Two branched carboxylic acid molecules are shown.

|
T H—C—H
H H 0
H—C—H
= R
0 H—C—C—C—C
S S R
S il
H H H  OH H_T_H
H
3-methylbutanoic acid 2,3-dimethylbutanoic acid

(i) Draw the structure of 2,4-dimethylpentanoic acid.

*X813750112 *
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I_ 4. (e) (continued) MARKS DONOT_I

WRITE IN
THIS
MARGIN

(i) Carboxylic acids can be used to produce alkanes by a reaction that
involves the loss of carbon dioxide.

H H o H H

1 7 |

H—C—C—C ——» H—C—C—H + (O,

A |

H H OH H H
3-methylbutanoic acid produces alkane X as shown.

H

|
H—C—H
H H

0
| | 7

H—C—C—C—C — X + CO,
N
OH

H H H

3-methylbutanoic acid

Draw the structure of alkane X. 1

(f) The molecule shown is associated with the smell of wet dogs. It will
decolourise bromine solution quickly.

State the term used to describe molecules that decolourise bromine
solution quickly. 1

[Turn over
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WRITE IN
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5. Metal elements make up over three-quarters of the periodic table.

Using your knowledge of chemistry, comment on the chemical reactions and
properties of metals. 3

L AR AL -
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. Poly(propene) is an addition polymer with many uses.

(@ (i) Draw the monomer used to make poly(propene).

(i) Poly(propene) is one of the most widely used polymers.

Uses of poly(propene)

21%
textiles

28%
rigid
packaging

20%
technical

products

Draw a graph showing the information in the pie chart.
(Additional graph paper, if required, can be found on page 30.)

*X813750115=*
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. (continued)

(b) Co-polymers are polymers made using more than one type of monomer.
Poly(ethylene-vinyl acetate) is a co-polymer used to make shower
curtains and football studs. The monomers used to make it are shown.

I

O=T

H H H O
| |
C=cC C=cC
| |
H H H H
monomer A monomer B

(i) These monomer units join together by addition polymerisation.

State why these monomers can take part in addition
polymerisation.

(i) Draw the repeating unit formed when one molecule of monomer A
joins with one molecule of monomer B.

* X8 13750116 =*
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I MARKS | DO NOT I

WRITE IN
THIS
MARGIN

7. When an acid and a base react together, water and a salt are formed.

(a) Acids and bases can be classified as strong or weak.
The salts formed, if soluble, will have a pH that depends on the strength
of the acid and base used.
strong acid + strong base — neutralsalt + water
strongacid + weakbase — acidicsalt + water

weak acid + strong base — alkalinesalt + water

Examples of strong and weak acids and bases are shown in the tables.

Acids Bases
Strong acid Weak acid Strong base Weak base
hydrochloric methanoic sodium ammonium
acid acid hydroxide hydroxide

(i) Methanoic acid reacts with sodium hydroxide.

Name the salt formed. 1

(ii) Predict the pH of the salt solution formed when hydrochloric acid
reacts with ammonium hydroxide. 1

[Turn over
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7. (continued)

(b) (i) The volume of an acid required to neutralise an accurately
measured volume of a base can be measured as follows.

1. Pipette 10 cm? of a base into a conical flask
2. Add 3 drops of indicator solution

3. Add 0-1 moll™ of an acid from a burette until the indicator
changes colour

State the name of this technique. 1

(i) To determine the concentration of a base, the titre volumes must
be concordant.

State what is meant by the term concordant. 1

(c) Salts have a wide variety of uses.

(i) The salt strontium chloride is used in fireworks.

State the colour of the flame that would be seen when a firework
containing the salt strontium chloride is burned. 1

You may wish to use the data booklet to help you.

(i) Another salt, barium sulfate, is used in some medical procedures.

Write the formula, showing the charge on each ion, for barium
sulfate. 1

L AAHN AR TR Lo -
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8. Camping gas contains a mixture of the hydrocarbons propane and butane. s

When propane and butane are burned, carbon dioxide and water are HARGH
produced.

@) (i) Name the chemical used to confirm that carbon dioxide has been
produced. 1

(i) Propane and butane are members of the alkane homologous series.

State what is meant by the term homologous series. 1

(i) Balance the equation for the combustion of butane. 1

CHy + 0, - co, + H,0

(b) During a camping trip a can of baked beans was heated by burning
camping gas.

Specific heat capacity of baked beans 3:-6 kJkg'°C™!

Energy absorbed by the baked beans 76-32 kJ

Temperature of baked beans before being heated | 17 °C

Mass of baked beans 400 g

Calculate the final temperature, in °C, of the baked beans using the
information in the table. 4

L AR AL -
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9. Aluminium is a metal that cannot be extracted from its ore by heat alone.

@

The first step in the extraction of aluminium is to obtain aluminium
oxide from the ore bauxite.

The ore is reacted with sodium hydroxide solution under pressure. This
produces a mixture of sodium aluminate solution and the impurity
iron(lll) oxide which is removed by filtration.

A small amount of aluminium hydroxide is added to the filtrate to
produce larger amounts of aluminium hydroxide in a process called
‘seeding’. Sodium hydroxide solution is also formed.

The aluminium hydroxide then passes to a rotary kiln where it is roasted
to form aluminium oxide.

(i) Complete the flow diagram, to summarise the production of
aluminium oxide.

(An additional diagram, if required, can be found on page 31.)

Key
represents
Q a stage in
the process
sodium
pressure hydroxide
represents
a chemical

mixture of sodium aluminate
solution and iron(lll) oxide

@ iron(lll) oxide

sodium aluminate

seedin sodium
g hydroxide

aluminium
hydroxide

roasted in
rotary kiln

* X8 13750120 =*
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9.

(@) (continued)
(ii) On the flow diagram, draw an arrow to show how the process

could be made more economical.

(b) Aluminium can be extracted from aluminium oxide by electrolysis.

A simple electrolysis set up is shown.

@ d.c. supply @

carbon
electrodes

molten
aluminium

T oxide

heat

(i) State what is meant by the term electrolysis.

(i) Explain why a d.c. supply must be used.

[Turn over
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. (b) (continued)

(iii) State why ionic compounds, like aluminium oxide, conduct
electricity when molten.

(iv) During electrolysis, the following reactions take place.

AB + 3¢ — Al
200 — 0, + 4e

Write the redox equation for the overall reaction.

*X813750122 *
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I MARKS | DO NOT I

10. Read the passage and answer the questions that follow. VRITE IN

MARGIN

Tungsten carbide

Tungsten has the chemical symbol W. It can be traced back to the
18™ century when it was first extracted from the ore wolframite. Tungsten
has a very high melting point of 3422 °C.

Tungsten carbide, a compound of tungsten, was accidentally made by
chemist Henri Moissan in 1896. In an attempt to make artificial diamond,
he heated sugar and tungsten(lll) oxide in a furnace. The sugar reacted
with the tungsten oxide to produce liquid tungsten carbide.

Tungsten carbide has a melting point of 2870 °C and a boiling point of
6000 °C and is three and a half times as dense as titanium.

Adapted from
https://eic.rsc.org/magnificent-molecules/tungsten-carbide/3008556.article

(a) State the name of the ore from which tungsten was first extracted. 1

(b) Write the formula for the compound that was heated with sugar, in a
furnace, to produce tungsten carbide. 1

(c) Suggest a temperature, in °C, that Henri Moissan’s furnace could have
been operating at when tungsten carbide was accidentally made. 1

(d) Calculate the density of tungsten carbide, in gcm™. 2

You may wish to use the data booklet to help you.

[Turn over
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11. Carbon-14 is an isotope of carbon that can be used to determine the age of s

. MARGIN
materials.

(@) When a neutron is absorbed by a nitrogen-14 nucleus, a carbon-14
isotope is produced along with one other particle, X.

An equation for this is shown
UN+ Jn > iC + X

Name particle X. 1

(b) The graph shows how the percentage of carbon-14 in a sample changes
over a period of time.

100 X |
\ |
90 |

I
[
\ |
|
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L]
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I
\
|
|
|

40

I
\
|
30 |
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\
!
|

20 ]

A
I'

I
N

NG

10 |

[
| s
I

0

0 5000 10000 15000 20000 25000 30000 35000 40000 45000

time (years)

(i) Use the graph to calculate the half-life, in years, of carbon-14. 1

L AAHN AR TR R -
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11.

(b) (continued)

(i) Use your answer to part (b) (i) to calculate the age, in years, of a
bone found to contain % of the original carbon-14 content.

(iii) Another bone, believed to be over 100000 years old, cannot be
dated using levels of carbon-14.

Suggest why carbon-14 is unsuitable for dating this bone.

[Turn over
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12.

Cycloalkanes are an important family of hydrocarbons found in jet fuels.

(a) State what is meant by the term hydrocarbon.

(b) Cycloalkanes can be made in a number of ways. One method is shown.

H H H H
H \C/ H \C/ H
\ - \C/H \ - \C/
I T
H—c C H—c c—H
/> N / >N\
H /X H N\ H
H H H H
cyclohexene compound Y

(i) Name the type of addition reaction taking place when cyclohexene
reacts with Z.

(ii) Draw an isomer of compound Y that belongs to a different
homologous series to compound Y.

* X8 13750126 =*
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12. (continued) MARKS | 2o NOT_I

WRITE IN
THIS
MARGIN

(c) Another method for making cycloalkanes is shown.

CsH,0Br, + 2Na — CsHyq + 2NaBr
1,5-dibromopentane sodium cyclopentane  sodium bromide

Calculate the mass, in grams, of sodium required to produce 175 g of
cyclopentane. 3

(d) Cycloalkanes can experience ring strain within their rings. The ring strain
of some cycloalkanes is shown.

Cycloalkane Total ring strain (kJ)
cyclopropane 132
cyclopentane 25
cycloheptane 28

total ring strain

Ring strain per carbon =
g P number of carbons in the cycloalkane

Calculate the ring strain per carbon, in kJ, for cycloheptane. 1

[Turn over
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13.

Vinegar is a solution of ethanoic acid in water. Different types of vinegar can
contain different concentrations of ethanoic acid.

Using your knowledge of chemistry, suggest how a student could determine
which type of vinegar had the highest concentration of ethanoic acid.

[END OF QUESTION PAPER]
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