Surname: First Name:

Current School:

SHREWSBURY SCHOOL

SIXTH FORM ENTRANCE
EXAMINATION 2021

CHEMISTRY
(Time: 1 hour)

Instructions to candidates:

Answer ALL THIRTY questions from SECTION A on the grid provided and
Answer TWO of the THREE questions from SECTION B in the spaces provided
Section A is worth 30 marks and Section B 20 marks.

50 marks in total.

You may use a calculator.

You are provided with a copy of the Periodic table
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SECTION A

Answer all questions — circle the correct letter for each question

below.
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Answer ALL questions from SECTION A on the grid provided.

Question 1

Which row about a change of state is commect?

change of state energy change process
A solid — liguid heat given out melting
B gas — liquid heat taken in evaporation
C solid — gas heat taken in sublimation
D liquid — solid heat given out condensing
Question 2

(zases are separated from liquid air by fractional distillation.
The boiling points of four gases are shown.

Which gas is both monoatomic and a liquid at —200=C?

%5 | pomtrec
A angon —186
B helium —269
C neon —246
] nitrogen —106
Question 3

Which statement about the atoms of all the isotopes of carbon is comect?
A They are all radioactive.

B They have the same mass.

C  They have the same number of neutrons.

D

They have the same number of electrons in the outer shell.



Question 4
Two different food colourings, X and Y, are tested using chromatography.
Three pure dyes, 1, 2 and 3, are also tested.
The chromatogram is shown.
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Which statements are comrect?

1 X andY both contain two or more dyes.
2  [Dwes Z2and 3 are present in bath X and Y.
3 The Rrofdye 1is 0.625.

A l1landZonly B t1and3only C 1,2and3 D 2and 3 only
Question 5

Lithium and fluorine react to form ithium fluoride.
A student writes three statements about the reaction.
1 Lithium atoms lose an electron when they react.

2 Each fluoride ion has one more electron than a fluorine atom.

3 Lithium flucride is a mixiure of elements.

Which statements are comect?
A 1andZonly B 1and3only C Z2and3only D 1,2and3



Question 6

Which diagram represents the structure of silicon(IV) oxide?

A B

Question 7
Magnesium oxide has a high melting point.
Carbon dioxide has a low melting point.

Which row identifies the attractive forces that are broken when these compounds are melied?

magnesium oxide carbon dioxide
A strong attractions hetween molecules weak attractions between atoms
B strong attractions hetwesn molecules weak attractions betwesn molecules
C strong attractions between ions weak attractions between atoms
D strong attractions between ions weak attractions between molecules
Question 8

Which gas has the slowest rate of diffusion?
A H: B MNH: C CHs D CO:



Question 9

Which diagram represents a mixture of compounds?
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Question 10
Which process is a physical change?
A buming a piece of magnesium
B dissolving calcium carbonate in hydrochloric acid
C  meliing an ice cube
D the rusting of an iron nail
Question 11
Which diagram shows a burette?
A B c D
H H :
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o
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Question 12
A student carries out an experiment to prepare pure magnesium sulfate crystals.

The diagram shows the first stage of the preparation.

__——gtirrer

magnesium i
carbonate

L ] , , ,
— dilute sulfuric acid

He adds magnesium carbonate until no more reacts.

Which process should he use for the next stage?

A crystallisation

B evaporation

C  filtration

D neufralisation
Question 13

The graph shows the results of two experiments investigating the rate of reaction between
excess calcium carbonate and dilute hydrochloric acid.

In each experiment the volume of carbon dioxide produced is measured at fixed time intervals.

"
experiment 1
AN __
wvolume
of CO, experiment 2
0 -
0 time

VWhich statement describes the difference in conditions between experiments 1 and 27
A Inexperiment 2 a higher concentration of dilute hydrochloric acid is used.

B Inexperment 2 a higher temperature is used.

C  Inexperment 2 the mass of calcium carbonate is greater.

D

In experiment 2 the pariicle size of calcium carbonate is greater.



Question 14

In which molecule are all the outer shell electrons from each atom used to form covalent bonds?

A CHa B Ci: C H2O D NHsz

Question 15

The apparatus used to separate a mixture of sand, methanol and ethanol is shown.

Q

Which row identifies the labels on the diagrams?

P Q R s
A filtrate residue condenser fractionating column
B filtrate residue fractionating column condenser
C residues filtlrate condenser fractionating column
D residue fillrate fractionating column condenser
Question 16

The formula of a hydrocarbon is CH,y.
The equation for its complete combustion is shown.
CiHy + 802 — 5C0: + 6H20

What are the values of x and y?

X ¥
A 5
B 5 12
C 6 2
D 12 2




Question 17
A compound has the formula XF- and has a relative mass of 70.

What is element X?
A gallium

B gemanium
C  sulfur

D vyiterbium

Question 18
The diagram shows a section of an overhead power cable.

steel

aluminium

Which statement explains why a particular substance is used?

A Aluminium has a low density and is a good conductor of electricity.
B Ceramicis a good conductor of elecinicity.

C  Steel can rust in damp air.
D

Steel is more dense than aluminium.

Question 19
Part of the Periodic Table is shown.

Which element forms an acidic oxide?

10



Question 20

Which row describes an endothermic reaction?

energy level diagram energy transfer
f 1 _
f'/ .."'.IIII
energy is transfemed
A =neray \ from the suroundings
| to the reaction
|
progress of reaction }
f _
/ \‘x_ .

ener ,.-’ energy is transfemed

B ay from the sumoundings
J.' to the reaction
progress of reaction -
1 B
/ \1

energy is transfemed

C =negy from the reaction
| io the surmoundings

b
progress of reaction i
[ ]
/ ’_\\H_ _
erer ,.-“ energy is transfemed
D 9y from the reaction
J-' io the surmoundings
progress of reaction i
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Question 21

Which process does not produce carbon dioxide?
combustion of a hydrocarbon
photosynthesis

reaction between an acid and a metal carbonate

=2 & m =

respiration

Question 22

Metal X reacts with non-metal ¥ to form an ionic compound with the formula XY
Which statements are comect?

1 Xisin Group | of the Periodic Table.
2 Xis in Group Il of the Periodic Tahle.
3 Yisin Group VI of the Periodic Table.
4 Y is in Group VIl of the Periodic Table.

A T1and 3 BE t1and4 C 2and3 D Zandd4

Question 23

The table gives some properties of Group I'V elements.

I d;l:%’f:f bnili?gcpﬂint
carbon 22 4827
silicon
germanium 5.3 2830
tin 5.8 2270
lead 113 1755

Which row describes the properties of silicon?

density boiling point
g/cm? f°C

A 23 3265

B 3.1 1997

C 62 2920

D 246 11682

12



Question 24
The metal berylium does not react with cold water.
It reacts with hydrochloric acid but cannot be extracted from its ore by using carbon.

Where is bendlium placed in the reactivity series?

magnesium

A

Zinc
B

iron
C

copper

]

Question 25
FPetrol bums in a car engine to produce waste gases which leave through the car exhaust.
One of these waste gases is an oxide of nitrogen.

Which statement describes how this oxide of nitrogen is formed?
A Carbon dioxide reacts with nitrogen in the catalytic converier.
B Nitrogen reacts with oxygen in the car engine.

C Nitrogen reacts with oxyigen in the catalytic converter.

D

Petrol combines with nitrogen in the car engine.
Question 26
Propane reacts with chlorine.

Which row shows a condition required for this reaction and idenfifies the type of reaction?

condition type of reaction
A phosphoric acid catalyst addition
B phosphoric acid catalyst substitution
C ultraviolet light addition
D ultraviolet light substitution

13



Question 27

The structures of four crganic molecules are shown.

1 2
H H H H H H H
et dy et 4Ly
[ ] ]
H—C—H H—C—H
. )
)
3 4
H H H H
P o
Lol L]
H—C—H H—C—H H_T_E_?—H
U .
H—C—H
!
Which molecules are structural isomers of structure 17
A Zand4 B 2only C 3Jand4d D 3only

Question 28

What is the balanced chemical equation for the reaction between calcium and water?
A Ca+ HO — CaDH + H;
H.O — Ca{0OH): + Hs

+

2HzO — Ca0OH + Hz
2H:0 — Ca(OHk + H:

§ 8 8

+

B
C
D
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Question 29

Which diagram shows the outer shell electron arrangement in a molecule of methanol, CHaOH?

Question 30

Which equation represents the formation of poly(propene) from propene?

A B
SIS ([
nc—C —= —|—r:—r:~|~ nc—C —= —|—r:—r:~|~
r r

c D
e [
I T T U
H H \H H/, H H I\H H H/,
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Section B [Answer TWO of the THREE questions]

Question 1
Ethane is an alkane.

(a) Draw the structure of ethane to show all of the atoms and all of the bonds.

[1]

(b) Alkanes and alkenes are hydrocarbons.

State the meaning of the term hydrocarbon.

[l

(c) Carbonyl fluoride, COF,, is a covalent compound. The structure of a molecule of COF, is
shown.

F F

~Na

C

O

Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
carbonyl fluoride. Show outer shell electrons only.

OR9

<>

[2]
16



(d) Butyne, C4He, is a different hydrocarbon molecule with one carbon-carbon triple bond.

Draw a structure of this molecule.

(1]
(e) The formula of a carbide ion is C2?%".
What is the formula of compound sodium carbide?
........................................................................................................................... [1]
(f) The table shows the minimum temperature for the reduction of four metal oxides by carbon.
. minimum temperature
metal oxide for reduction by carbon
calcium oxide not reduced at 1530°C
iron(II) oxide reduced at 650°C
titanium oxide reduced at 1530°C
zinc oxide reduced at 720°C
Put the four metals in order of their reactivity.
Put the least reactive metal first.
least reactive » most reactive
[1]
(g} Anhydrous copper(Il) sulfate, CuSO,, is used to test for water.
(i) Describe the change in colour when water is added to anhydrous copper(II) sulfate.
L0 1. R (o .
[2]
(ii) This reaction is reversible.
Describe how this reaction can be reversed.
....................................................................................................................................... [1]
[Total: 10]

17



Question 2

Acids have characteristic properties.
(a) Hydrochloric acid reacts with magnesium.

Name the products of this reaction and give the observations.

-4

(b) The rate of reaction of iron(II) carbonate with hydrochloric acid can be determined by measuring
the time taken to produce 20 cm? of carbon dioxide.

A student measured the time taken to produce 20 cm?® of carbon dioxide at three different
temperatures.

In each experiment the student used:

¢ g of large pieces of iron(II) carbonate
¢ dilute hydrochloric acid of the same concentration and volume.

The results are shown in the table.

temperature time
/°C /s
20 38
25 30
30 19

18



(i) Explain, in terms of particles, what happens to the rate of this reaction when the temperature
IS increased.

(ii)

- [3]

Describe the effect of each of the following on the rate of this reaction at constant

temperature.

e Smaller pieces of iron(Il) carbonate are used.

All other conditions stay the same.

e The concentration of hydrochloric acid is decreased.

All other conditions stay the same.

19
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(c) The table shows some data for the production of ammonia.

pressure temperature percentage yield
fatm /°C of ammonia
250 350 58
100 450 28
400 450 42
250 550 20

Deduce the effect on the percentage yield of ammonia of:

e increasing the pressure of the reaction

e Increasing the temperature of the reaction.

20

[1]
[Total: 10]



Question 3

Soluble salts can be made by adding a metal carbonate to a dilute acid.

(a) Give the formula of the dilute acid which reacts with a metal carbonate to form a nitrate salt.

- 1]

(b) Zinc reacts with dilute sulfuric acid to produce aqueous zinc sulfate.
Zn(s) + H,SO,(aq) — ZnSO,(aq) + H,(q)
Hydrated zinc sulfate crystals are made from aqueous zinc sulfate.
Step 1 Solid zinc is added to dilute sulfuric acid until zinc is in excess.
Step 2 Excess zinc is separated from aqueous zinc sulfate by filtration.
Step 3 Agueous zinc sulfate is heated until the solution is saturated.
Step4 The saturated solution is allowed to cool and crystallise.
Step 5 The crystals are removed and dried.
(i) MName the residue in step 2.
-1
(ii) In step 3, a saturated solution is produced.

Describe what a saturated solution is.

2]

(iii)) Name two compounds each of which react with dilute sulfuric acid to produce aqueous
zinc sulfate.

(2]

21



(c) Ammonia, NHs, is used to produce nitric acid, HNO,. This happens in a three-stage process.
The equation for the reaction in stage 3 is shown.
4NO, + 2H,0 + O, — 4HNO,
Calculate the volume of O, gas, at room temperature and pressure (rt.p.), needed to
produce 12609 of HNO,.

Use the following steps.

¢ Calculate the number of moles of HNO,.

moles of HNO; = ..

e Deduce the number of moles of O, that reacted.

moles of O, = ...

e Calculate the volume of O, gas that reacts at room temperature and pressure (r.t.p.).

volumeof O,gas= ... dm?
[4]
[Total: 10]

END OF QUESTIONS

22
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