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SECTION A

Answer all the questions.

You should spend a maximum of 30 minutes on this section.

Write your answer to each question in the box provided.

1 The formula of ammonium carbonate is (NH4)2CO3.

What is the relative formula mass of ammonium carbonate?
(Ar: C = 12, H = 1, N = 14, O = 16)

 A 78

 B 90

 C 96

 D 120

Your answer [1]

2 Which purification technique is used to separate ethanol and water from a mixture?

 A Chromatography

 B Distillation

 C Evaporation

 D Filtration

Your answer [1]

3 Magnesium reacts with chlorine. Magnesium chloride is made.

What is the balanced symbol equation for this reaction?

 A Mg + Cl  MgCl

 B Mg + Cl 2  MgCl 2

 C 2Mg + Cl 2  2MgCl 

 D 2Mg + Cl 2  Mg2Cl 2

Your answer [1]
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4 Which Period 3 element is in Group 2?

 A Aluminium

 B Boron

 C Calcium

 D Magnesium

Your answer [1]

5 Carbon-12 and carbon-14 are isotopes.

Which statement describes isotopes?

 A Atoms with the same number of protons but a different number of electrons.

 B Atoms with the same number of electrons but a different number of protons.

 C Atoms with the same number of protons but a different number of neutrons.

 D Atoms with the same number of neutrons but a different number of protons.

Your answer [1]
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6 The diagram shows an atom of an element.

E lectro n

N eutro n

Pro to n

 What is the name of the element?

 A Boron

 B Beryllium

 C Fluorine

 D Neon

Your answer [1]

7 The charge on an electron is −1.6 × 10−19 C.

What is the charge on a proton?

 A −1.6 × 1019 C

 B −1.6 × 10−19 C

 C 1.6 × 10−19 C

 D 1.6 × 1019 C

Your answer [1]
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8 Ammonia has a simple molecular structure.

Which statement explains why ammonia has a low melting point and a low boiling point?

 A The covalent bonds between the atoms are strong.

 B The covalent bonds between the atoms are weak.

 C The intermolecular forces between the molecules are strong.

 D The intermolecular forces between the molecules are weak.

Your answer [1]

9 Graphite is a form of carbon. Graphite can conduct electricity.

Why can graphite conduct electricity?

 A Delocalised electrons are between layers.

 B The ions can move.

 C Layers have weak intermolecular forces.

 D Strong covalent bonds are between the carbon atoms.

Your answer [1]

10 Avogadro’s constant has a value of 6.02 × 1023.

What is the number of atoms in 0.5 mol of water?

 A 2.00 × 1023

 B 3.01 × 1023

 C 6.02 × 1023

 D 9.03 × 1023

Your answer [1]
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11 Magnesium powder reacts with copper(II) oxide. Magnesium oxide and copper are made.

Mg + CuO  MgO + Cu

Which substance is the reducing agent?

 A Magnesium

 B Copper oxide

 C Magnesium oxide

 D Copper

Your answer [1]

12 Sodium hydroxide reacts with hydrochloric acid. Sodium chloride and water are made.

NaOH + HCl  NaCl  + H2O

What mass of sodium hydroxide would be needed to make 46.8 g of sodium chloride?

 A 16 g

 B 32 g

 C 50 g

 D 64 g

Your answer [1]

13 Which equation shows the formation of a Group 2 metal ion?

M represents a Group 2 metal and e− represents an electron.

 A M + e−  M+

 B M + 2e−  M2+

 C M  M+ + e−

 D M  M2+ + 2e−

Your answer [1]
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14 The accurate relative atomic mass of aluminium is 26.9815385.

What is this number to 5 significant figures?

 A 26.98153

 B 26.981

 C 26.98154

 D 26.982

Your answer [1]

15 Phosphoric acid contains phosphate ions, PO4
3−.

Phosphoric acid is completely neutralised by sodium hydroxide.

What is the formula of the salt that is made?

 A Na2PO4

 B Na3PO4

 C Na(PO4)3

 D Na2(PO4)3

Your answer [1]
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SECTION B

Answer all the questions.

16 This question is about structure and bonding.

 (a) Look at the two structures, A and B, in Fig. 16.1.

A nio n A to m

Catio n

BA

+

+

+

+

++

–

–

–

––

–
–

–

–

–

+

+ +

Fig. 16.1

  (i) Identify the bonding in structure A.

   Explain your answer.

Bonding  .............................................................................................................................

Explanation  .......................................................................................................................

 ...........................................................................................................................................
[2]

  (ii) Explain why structure B has a high melting point.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (iii) Explain why structure B does not conduct electricity.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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 (b)  Look at the structure of a metal in Fig. 16.2. Metals are malleable, which means they can be 
hammered or pressed into shape without breaking or cracking.

  
+++++

+++++

++++

Catio n

E lectro n

    Fig. 16.2

  Explain why metals are malleable.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]
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17 Dmitri Mendeleev produced a Periodic Table of elements which is the basis for our modern 
Periodic Table. He left gaps for elements that had not been discovered yet as shown in Fig. 17.1.

I
H
Li
Na
K

Cu
Rb
Ag

Ce
Au

I I

Be
Mg
Ca
Z n
Sr
Cd

Ba
Hg

I I I

B
Al

Y
In

La
Ti

I V

C
Si
Ti

Z r
Sn

Pb

V

N
P
V

As
Nb
Sb

Ta
Bi

V I

O
S
Cr
Se
Mo
Te

W

V I I

F
Cl
Mn
Br

I

    Fig. 17.1

 (a) Describe two ways Mendeleev arranged the elements in his Periodic Table.

1  ................................................................................................................................................

 ...................................................................................................................................................

2  ................................................................................................................................................

 ...................................................................................................................................................
 [2]

 (b) Describe how the elements are arranged in the modern Periodic Table.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]
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 (c) Mendeleev left gaps in his Periodic Table for undiscovered elements. He predicted properties 
of these elements.

  Table 17.1 shows the predicted properties for one of these elements in one of the gaps.

  Mendeleev called this element ‘eka-silicon’.

Appearance Grey metal

Melting point (°C) Over 800

Relative atomic mass 72

Density (g / cm3) 5.5

    Table 17.1

  Table 17.2 shows some of the elements that were discovered after Mendeleev published his 
Periodic Table.

Scandium 
(Sc)

Gallium 
(Ga)

Germanium 
(Ge)

Technetium 
(Tc)

Appearance Silver-white 
metal

Silver-blue 
metal

Grey-white 
metal Grey metal

Melting point (°C) 1541 30 947 2157

Relative atomic mass 45.0 69.7 72.6 98.0

Density (g / cm3) 3.0 5.9 5.35 11.0

    Table 17.2

  (i) Which element matches Mendeleev’s predictions for ‘eka-silicon’?

   Tick (3) one box.

   Scandium 

   Gallium 

   Germanium 

   Technetium 
[1]
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  (ii)  Give two reasons for your answer to (c)(i).

1 ........................................................................................................................................

 ...........................................................................................................................................

2 ........................................................................................................................................

 ...........................................................................................................................................
[2]

 (d) (i) Mendeleev did not predict the existence of argon, neon, krypton or xenon.

   The electron arrangement of argon is 2,8,8.

   What does this tell you about the reactivity of argon?

   Explain your answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii)  Neon is an element that has isotopes. Two of the isotopes are shown below.

   2
1
0
0 Ne   2

1
2
0 Ne

   Complete Table 17.3 to show the number of protons, neutrons and electrons in each 
neon isotope.

2
1

0
0 Ne 2

1
2
0 Ne

Proton

Neutron

Electron

   Table 17.3 [3]
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18 A student is investigating chemical reactions that produce heat.

 (a) She adds zinc to hydrochloric acid, HCl .

  Zinc chloride, ZnCl 2, and hydrogen gas are made.

  (i) Write the balanced symbol equation for this reaction.

 ...................................................................................................................................... [2]

  (ii) What term is used to describe a reaction that produces heat?

 ...................................................................................................................................... [1]

 (b) The student draws the reaction profile for this reaction, as shown in Fig. 18.1.

  

E nerg y

R eactants

Pro g ress o f  reactio n

Pro ducts

A ctiva tio n
energ y

Fig. 18.1

  Explain what is meant by the term activation energy.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]
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 (c)  Combustion reactions produce a lot of heat energy. 

  Bond energies can be used to calculate the energy change in combustion reactions.

Bond Bond energy 
(kJ / mol)

C–H 413

O=O 498

C=O 805

O–H 464

  Methane is a common fuel used in combustion reactions.

  Methane reacts with oxygen. Carbon dioxide and water are made, as shown in Fig. 18.2.

  

O OC
O O

O O
HH

O
HH

O

C H + +

H

H

H

Fig. 18.2

  (i) The reaction of methane with oxygen produces heat.

   Explain why.

   Use ideas about bond breaking and bond making in your answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

  (ii) Calculate the total energy transferred to break the bonds in the reactants in Fig. 18.2.

Total energy transferred = ............................................... kJ / mol [1]

DELL
Stamp
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  (iii) Calculate the total energy transferred to make the bonds in the products in Fig. 18.2.

Total energy transferred = ............................................... kJ / mol [1]

  (iv) Use your answers to parts (ii) and (iii) to calculate the energy change for the reaction 
in Fig. 18.2.

Energy change = ............................................... kJ / mol [1]
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19  A farmer wants to test the pH of soil samples. He researches information about different pH test 
kits.

Look at the information he finds.

pH test kit Price
pH of soil sample

pH 2 pH 4 pH 7 pH 9 pH 14

A £4.95 Red Yellow Green Blue Purple

B £10.99 Yellow Yellow Pink Pink Pink

C £11.50 Pink Orange Yellow Blue Blue

D £2.99 Colourless Colourless Colourless Pink Pink

E £12.75 Red Orange Yellow Yellow Yellow

 (a)* Evaluate the advantages and disadvantages of the pH test kits and suggest which pH test kit 
the farmer should use.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]
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 (b) After testing the soil samples, the farmer finds that the soil in one of his fields is acidic.

  Acidic soil can be neutralised by spreading magnesium carbonate, MgCO3, onto the soil.

  The farmer uses 25.0 kg of magnesium carbonate.

  Calculate the number of moles of magnesium carbonate the farmer uses.
  (Ar: C = 12.0; Mg = 24.3; O = 16.0)

  Give your answer to 3 significant figures.

Number of moles of magnesium carbonate =  .......................................................... [3]
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20 A student analyses a sample of tomato sauce using thin-layer chromatography.

The tomato sauce was compared to four known food additives, A, B, C and D, as shown in the 
chromatogram.

A B C D T om ato
sau ce S tart line

S o lve nt f ro nt

 (a) (i) Calculate the Rf value for C.

   Give your answer to 2 significant figures.

 Rf value = ........................................................... [3]

  (ii) Which additives are shown to be in the tomato sauce?

   Tick (3) all the correct boxes.

   A

   B

   C

   D
[1]
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  (iii) Suggest why D has not travelled as far up the plate as C.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) Gas chromatography is another type of chromatography.

  The diagram shows the equipment used for gas chromatography.

G as f lo w
reg ulato r

S amp le

Carrier g as

O ve n

Co lumn

I nj ecto r
p o rt

D etecto r

W aste

Co mp uter/
D ata analysis

  (i) State one similarity and one difference between gas chromatography and thin-layer 
chromatography.

Similarity  ............................................................................................................................

 ...........................................................................................................................................

Difference  ..........................................................................................................................

 ...........................................................................................................................................
[2]

  (ii) Explain why thin-layer chromatography is used instead of gas chromatography to 
analyse the tomato sauce.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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21 Sodium oxide, Na2O, is a white solid.

 (a) Draw a dot and cross diagram to show the ions in sodium oxide.

[2]

 (b) (i) Sodium oxide reacts with water.

   An aqueous solution of sodium hydroxide is made.

   Write the balanced symbol equation for this reaction, including state symbols.

 ...................................................................................................................................... [3]

  (ii) Sodium hydroxide neutralises acids. It is an alkali.

   Which ion do solutions of alkalis contain?

 ...................................................................................................................................... [1]

  (iii) A salt is made when sodium hydroxide neutralises sulfuric acid.

   Name this salt.

 ...................................................................................................................................... [1]

  (iv)  A sample of hydrochloric acid has a pH of 1.04.

   A student adds water to the hydrochloric acid until the pH is 3.04.

   The concentration of hydrogen ions decreases.

   Calculate the factor by which the hydrogen ion concentration has decreased.

Decrease in hydrogen ion concentration =  .......................................................... [2]
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22 A student investigates the thermal decomposition of copper carbonate.

copper carbonate  copper oxide + carbon dioxide

Here is the set-up of the apparatus she uses.

Co p p er
carbo nate

B unsen
burner

D elive ry tube

T est tube

L imewater

The student measures the mass of copper carbonate at the start of the experiment. She then 
measures the mass of copper oxide made.

She does the experiment five times using a different mass of copper carbonate each time.

 Look at her results.

Mass of copper carbonate 
(g)

Mass of copper oxide
(g)

1.00 0.70

2.00 1.35

3.00 1.95

4.00 2.65

5.00 3.30
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 (a) (i) Plot a graph of the student’s results and draw a line of best fit.

[4]

  (ii) What is the mass of copper carbonate that needs to be heated to produce 2.50 g of 
copper oxide?

   Use your graph in your answer.

Mass of copper carbonate =  ....................................................... g [1]
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  (iii) The mass of copper oxide made in the reaction is less than the mass of the copper 
carbonate heated.

   Suggest why.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) Calcium carbonate thermally decomposes to make calcium oxide and carbon dioxide.

  CaCO3  CaO + CO2

  Calculate the mass of calcium carbonate needed to make 209 g of calcium oxide.
  (Ar: Ca = 40.1, C = 12.0, O = 16.0)

  Give your answer to 3 significant figures.

Mass of calcium carbonate = ........................................................ g [4]
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23 A student investigates the electrolysis of aqueous solutions of ionic compounds.

Aqueous solution Product at cathode Product at anode

Copper sulfate Copper Oxygen

Zinc bromide Hydrogen Bromine

Copper chloride Copper Chlorine

Sulfuric acid Hydrogen Oxygen

 (a) Write the formulae of the ions that are present in aqueous copper sulfate solution.

 .............................................................................................................................................. [2]

 (b)  Why is it important that the investigation is done with inert electrodes?

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (c) Electroplating is used to cover a metal with another metal.

  (i) Which aqueous solution would you use to electroplate a metal spoon with copper using 
a safe method?

   Tick (3) one box.

   Copper sulfate 

   Zinc bromide 

   Copper chloride 

   Sulfuric acid 
[1]

  (ii) Give two reasons for your answer to (c)(i).

1 ........................................................................................................................................

 ...........................................................................................................................................

2 ........................................................................................................................................

 ...........................................................................................................................................
[2]
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 (d)  (i)  Predict the product made at the anode when sodium sulfate solution is electrolysed.

 ...................................................................................................................................... [1]

  (ii) Hydrogen gas is made at the cathode instead of sodium metal.

   Explain why.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (iii)  Write the balanced half equation for the formation of hydrogen gas.

   Use e− to represent an electron.

 ...................................................................................................................................... [2]

 (e) The electrolysis products of ionic compounds can be different in the molten or aqueous 
states.

  Suggest why.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

END OF QUESTION PAPER



30

© OCR 2020

ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) 
must be clearly shown in the margin(s).

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................



31

© OCR 2020

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................



32

© OCR 2020

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials.  OCR has attempted to identify and contact all copyright holders 
whose work is used in this paper.  To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright 
Acknowledgements Booklet.  This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible 
opportunity.

For queries or further information please contact The OCR Copyright Team, The Triangle Building, Shaftesbury Road, Cambridge CB2 8EA.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a 
department of the University of Cambridge.

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

DELL
Stamp




