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Q1.
The diagram shows one way of producing iron.

Iron oxide reacts with aluminium to produce iron.

The symbol equation for the reaction is:

Fe2O3 + 2 Al 2 Fe + Al2O3

(a) (i) Complete the word equation for this reaction.

iron oxide + aluminium iron + _______________________
(1)

(ii) The magnesium ribbon is lit to start the reaction.

Why does the burning magnesium ribbon start the reaction?

______________________________________________________________

______________________________________________________________
(1)

(b) In industry, iron is produced in the blast furnace when iron oxide is heated with
carbon.

The iron from the blast furnace is called cast iron.

Cast iron contains carbon.

The diagrams show the structure of pure iron and cast iron.

Pure iron Cast iron

Use the diagrams to help you answer the questions.

(i) Draw a ring around the correct answer to complete the sentence.
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Pure iron is an element because pure iron
contains only one sort of atom.
is magnetic.
is a metal.

(1)

(ii) Suggest why cast iron is harder than pure iron.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(c) Aluminium is extracted by electrolysis using the ionic compound aluminium oxide.

Molten aluminium

(i) Aluminium cannot be extracted by heating aluminium oxide with carbon.

Suggest why.

______________________________________________________________

______________________________________________________________
(1)

(ii) Why is aluminium oxide dissolved in molten cryolite?

______________________________________________________________

______________________________________________________________
(1)

(iii) Aluminium metal is produced at the negative electrode (cathode).

Complete the half equation for the process.
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Al3+ + _____ e– Al
(1)

(iv) Use the half equation to state why Al3+ ions are reduced.

______________________________________________________________

______________________________________________________________
(1)

(v) Explain why the positive electrodes (anodes) burn away.

Use your knowledge of the products of electrolysis to help you.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(4)

(Total 13 marks)

Q2.
(a) Which sub-atomic particles are present in the nucleus of an atom?

________________________________ and _______________________________
(2)

(b) There are two isotopes of the element chlorine:

Describe, in terms of sub-atomic particles, one similarity and one difference
between atoms of the two isotopes of chlorine.

Similarity ___________________________________________________________

___________________________________________________________________

Difference __________________________________________________________
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___________________________________________________________________
(2)

(c) Chlorine reacts with hydrogen to produce hydrogen chloride.

(i) The table shows the values of some bond dissociation energies.

Bond H—H Cl—Cl H—Cl

Dissociation
energy in kJ per
mole

436 242 431

Use the values in the table to calculate the enthalpy change (∆H ) for the
reaction.

H2(g) + Cl2(g) 2 HCl(g)

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Enthalpy change (∆H ) = _____________ kJ per mole
(3)

(ii) Hydrogen also reacts with fluorine.

H2(g) + F2(g) 2 HF(g) ∆H = –538 kJ per mole

Draw an energy level diagram for this reaction.

Include on your diagram labels to show:

• the reactants and the products
• the overall enthalpy change (∆H )
• the activation energy.
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(3)
(Total 10 marks)

Q3.
When ammonium chloride is dissolved in water, there is a temperature change.

A student investigated how the temperature of water changed when different masses of
ammonium chloride were added to the same volume of water.

The water used was at room temperature.

The student’s results are shown in the table.

Mass of ammonium
chloride in g

Final temperature
of solution in °C

10 14.5

20 8.5

25 5.5

30 2.5

35 1.0

40 1.0

45 1.0

(a) (i) Use the correct word from the box to complete the sentence.

endothermic exothermic reduction

When ammonium chloride dissolves in water, the change can be

described as ___________________________ .
(1)

(ii) Give a reason for your answer to part (a) (i). Refer to the table of results in
your answer.

______________________________________________________________

______________________________________________________________
(1)

(b) The student added the ammonium chloride to water and stirred the mixture.

The water was in a glass beaker.
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His teacher said that using a glass beaker could cause inaccurate results.

What could the student have used instead of a glass beaker to improve the
accuracy?

Give a reason why this would improve the accuracy of his results.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(c) The student made sure his investigation was a fair test.

State two control variables the student should keep the same.

Give a reason why changing each of these two control variables would affect the
temperature change.

Control variable 1 ____________________________________________________

Reason ____________________________________________________________

___________________________________________________________________

___________________________________________________________________

Control variable 2 ____________________________________________________

Reason ____________________________________________________________

___________________________________________________________________

___________________________________________________________________
(4)

(d) (i) The student’s results table has been repeated below.

Mass of ammonium
chloride in g

Final temperature
of solution in °C

10 14.5

20 8.5

25 5.5

30 2.5

35 1.0
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40 1.0

45 1.0

Plot the results on the grid.

Mass of ammonium chloride in g
(2)

(ii) Complete the graph by drawing two straight lines of best fit through the points.
(2)

(iii) Use the graph to estimate the temperature of the room.

Show your working on the graph.

Temperature of room = __________________ °C
(2)

(e) Explain why the final temperature was the same for all masses of 35 g and greater.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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(2)

(f) A second student also did one of the experiments.

This student recorded a final temperature of 14.5 °C.

Both students dissolved 20 g of ammonium chloride in water.

Use the graph to explain the difference in the two final temperatures.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(Total 18 marks)

Q4.
(a) Some students did an experiment to find the temperature change when hydrochloric

acid reacts with sodium hydrogencarbonate.

The results are in the table.

Number of spatula
measures of sodium
hydrogencarbonate

Start
temperature

in °C

Final
temperature

in °C

Change in
temperature

in °C

2 20 16 4

4 20 14 6

6 19 11 8

8 20 10 10

10 19 9 10
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12 20 10 10

(i) Describe, as fully as you can, the trends shown in the students’ results.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(3)

(ii) State the type of energy transfer for this reaction.

______________________________________________________________

______________________________________________________________
(1)

(b) Sodium hydrogencarbonate is used as baking powder for making cakes.

When the cake mixture is baked the sodium hydrogencarbonate decomposes.

The equation for the reaction is:

(i) The cake mixture rises when baked.

© Michael Valdez/iStock

Use the equation to suggest why.
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______________________________________________________________

______________________________________________________________
(1)

(ii) The same reaction can be reversed to produce sodium hydrogencarbonate
from sodium carbonate.

Na2CO3 + H2O + CO2 2NaHCO3

Do the reactants need to be heated?

Give a reason for your answer.

______________________________________________________________

______________________________________________________________
(1)

(c) (i) Calculate the relative formula mass of sodium hydrogencarbonate (NaHCO3).

Relative atomic masses (Ar): H=1; C=12; O=16; Na=23

______________________________________________________________

______________________________________________________________

______________________________________________________________

Relative formula mass (Mr) = ______________________
(2)

(ii) Calculate the percentage by mass of carbon in sodium hydrogencarbonate.

______________________________________________________________

______________________________________________________________

Percentage of carbon = _________________________ %
(1)

(Total 9 marks)

Q5.
A camping stove uses propane gas.
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(a) A student did an experiment to find the energy released when propane is burned.

The student:

• put 500 g water into a beaker

• measured the temperature of the water

• heated the water by burning propane for 1 minute

• measured the temperature of the water again.

The student found the temperature change was 20 °C.

The student can calculate the energy released, in joules (J), using the equation:

energy released (J) = mass of water (g) × 4.2 × temperature change (°C)

(i) Use the student’s result to calculate the energy released in joules (J).

______________________________________________________________

______________________________________________________________

Energy released = _________________________ J
(2)

(ii) State two safety precautions that the student should take during the
experiment.

1. ____________________________________________________________

______________________________________________________________

2. ____________________________________________________________
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______________________________________________________________
(2)

(iii) Tick ( ) two boxes which describe how the student could make his result
more accurate.

Tick ( )

Stir the water before measuring the temperature.

Heat the water until it boils.

Place a lid on the beaker.

Use a larger beaker for the water.
(2)

(b) The change in energy when propane is burned can be shown in an energy level
diagram.

Draw one line from each description to the correct letter.

Description Letter

P

products

Q

activation energy

R

energy released by
the reaction

S
(3)
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(c) Propane and hydrogen are both used as fuels.

Some information about propane and hydrogen is given in the table.

Fuel Resource Products formed when fuel burned

propane crude oil carbon dioxide and water

hydrogen water water

Use the information in the table to suggest two disadvantages that propane has as
a fuel compared to hydrogen.

1. _________________________________________________________________

___________________________________________________________________

2. _________________________________________________________________

___________________________________________________________________
(2)

(Total 11 marks)

Q6.
The flow diagram shows the Haber process. In the Haber process, ammonia (NH3) is
produced from nitrogen (N2) and hydrogen (H2).

(a) Which raw material is nitrogen obtained from?

___________________________________________________________________
(1)

(b) What is the purpose of Pipe X?

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________
(2)

(c) Balance the chemical equation below for the production of ammonia.

N2 + _____H2 _____NH3

(1)

(d) A temperature of 450°C is used in the reactor.
The reaction of nitrogen with hydrogen is reversible.
The forward reaction is exothermic.

Explain why a temperature of 450°C is the optimum temperature for the Haber
process.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(e) An energy level diagram for the reaction between nitrogen and hydrogen is shown
below.

(i) How does the energy level diagram show this reaction is exothermic?

______________________________________________________________

______________________________________________________________
(1)

(ii) In the Haber process iron is used as a catalyst.
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Draw a line on the energy level diagram to show the effect of adding a
catalyst.

(1)
(Total 8 marks)

Q7.
A camping stove uses propane gas.

(a) A student did an experiment to find the energy released when propane is burned.

The student:

• put 750 g water into a beaker

• measured the temperature of the water, which was 17 °C

• heated the water by burning propane

• measured the temperature of the water again, which was then 64 °C.

The student calculated the energy released using the equation

Q = m × 4.2 × ΔT

Where:

Q = energy released (J)

m = mass of water (g)

ΔT = temperature change (°C)

(i) Use the student's results to calculate the energy released in joules (J).

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
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______________________________________________________________

Energy released = ____________________
(3)

(ii) To find how much propane had been used the student weighed the camping
stove before and after the experiment. The mass of the camping stove
decreased by 6.0 g.

Using this information and your answer to part (a)(i), calculate the energy in kJ
released when 1 mole of propane burns.

(If you have no answer for part (a)(i), assume the energy released during the
experiment is 144 000 J. This is not the answer to part (a)(i).)

Relative formula mass (Mr) of propane = 44.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Energy released = ____________________ kJ
(2)

(iii) Suggest two things the student could do to make his results more accurate.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(iv) The student’s method does not give accurate results.

However, this method is suitable for comparing the energy released by
different fuels.

Suggest why.

______________________________________________________________

______________________________________________________________
(1)

(b) The student used bond energies to calculate the energy released when propane is
burned.

The equation for the combustion of propane is:
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Some bond energies are given in the table

Bond Bond Energy in kJ
per mole

830

464

The displayed structures of the products are:

carbon dioxide

water

(i) Calculate the energy released by bond making when the products are formed.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Energy released = ____________________ kJ per mole
(3)

(ii) The energy used for bond breaking of the reactants in the equation is 6481 kJ
per mole.

Calculate the overall energy change of this reaction.

______________________________________________________________

______________________________________________________________

Overall energy change = ____________________ kJ per mole
(1)

(Total 12 marks)

Q8.
Read the information.

Alumina is a white solid. In 1800, scientists thought that alumina contained an
undiscovered metal. We now call this metal aluminium. At that time, scientists
could not extract the aluminium from alumina.

In 1825, Christian Oersted, a Danish scientist, did experiments with alumina.
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Step 1 He reacted a mixture of hot alumina and carbon with chlorine to form
aluminium chloride. The reaction is very endothermic.

Step 2 The aluminium chloride was reacted with potassium. He was left with
potassium chloride and tiny particles of aluminium metal.

Other scientists were not able to obtain the same results using his experiment and
his work was not accepted at that time.

In 1827, Friedrich Wöhler, a German chemist, made some changes to Oersted’s
experiment. He obtained a lump of aluminium. He tested the aluminium and
recorded its properties.

(a) Suggest why scientists in 1800 could not extract aluminium from alumina.

___________________________________________________________________

___________________________________________________________________
(1)

(b) Oersted’s experiment in 1825 was not thought to be reliable.

Explain why

___________________________________________________________________

___________________________________________________________________
(1)

(c) Why must the reaction in Step 1 be heated to make it work?

___________________________________________________________________

___________________________________________________________________
(1)

(d) Complete the word equation for the reaction in Step 2.

aluminium
chloride + potassium → ______________ + ______________

(1)

(e) Suggest how Wöhler was able to prove that he had made a new metal.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(Total 6 marks)
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Q9.
Hand warmers use chemical reactions.

(a) The table shows temperature changes for chemical reactions A, B and C.

Reaction Starting
temperature in °C

Final temperature
in °C

Change in
temperature in °C

A 18 25 + 7

B 17 ___________ + 5

C 18 27 + 9

What is the final temperature for reaction B? Write your answer in the table.
(1)

(b) (i) What name is given to reactions that heat the surroundings?

______________
(1)

(ii) Which reaction, A, B or C, would be best to use in a hand warmer?

Reaction

Give a reason why you chose this reaction.

______________________________________________________________

______________________________________________________________
(2)

(c) A student added water to some anhydrous copper sulfate.
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The equation for the reaction is shown.

anhydrous copper sulfate + water hydrated copper sulfate

CuSO4 + 5 H2O CuSO4.5H2O

The student measured the temperature before and after the reaction.

(i) The measurements showed that this reaction can be used for a hand warmer.

Draw a ring around the correct answer to complete the sentence.

When water is added to anhydrous copper sulfate the temperature

increases.

of the mixture decreases.

stays the same.
(1)

(ii) Anhydrous copper sulfate is white.

What colour is seen after water is added to the anhydrous copper sulfate?

________________________________________
(1)

(iii) What does the symbol mean?

______________________________________________________________
(1)

(iv) The student heated a tube containing hydrated copper sulfate.

Name the solid substance produced.

______________________________________________________________
(1)
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(Total 8 marks)

Q10.
The symbol equation for the decomposition of hydrogen peroxide is:

2H2O2 → 2H2O + O2

(a) This reaction is exothermic.

What is an exothermic reaction?

___________________________________________________________________

___________________________________________________________________
(1)

(b) A student measured the volume of oxygen produced by 50 cm3 of hydrogen
peroxide.

The graph shows the results.

(i) Use the graph to describe the changes in the rate of the reaction from 0 to 35
seconds.

______________________________________________________________
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______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(3)

(ii) What was the total volume of oxygen gas collected?

________________________ cm3

(1)

(iii) The student had calculated that the hydrogen peroxide used should
produce 25 cm3 of oxygen.

Calculate the percentage yield of oxygen.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Answer = ________________ %
(2)

(c) An increase in the temperature of the hydrogen peroxide increases the rate of the
reaction.

Use your knowledge of particles to explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

(Total 10 marks)

Q11.
A student investigated the reaction of magnesium with hydrochloric acid.

(a) A piece of magnesium was dropped into the hydrochloric acid.
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Bubbles of gas were produced and the magnesium disappeared.

The reaction is exothermic.

(i) What measurements would the student make to show that the reaction is
exothermic?

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(ii) How would these measurements show that the reaction is exothermic?

______________________________________________________________
(1)

The student investigated how changing the concentration of the hydrochloric acid affects
this reaction.

Each test tube contained a different concentration of hydrochloric acid.
The diagrams show the results of this experiment.
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(b) Suggest one control variable in this investigation.

___________________________________________________________________

___________________________________________________________________
(1)

(c) (i) Which test tube, A, B, C or D, contained the greatest concentration of
hydrochloric acid?

Test tube
(1)

(ii) Why did you choose this test tube?

______________________________________________________________

______________________________________________________________
(1)

(d) The student predicted that if the temperature of the acid was increased the reaction
would take place faster.

Tick ( ) two statements in the table which explain why.

Statement Tick ( )

The particles move faster

The particles collide with less energy

The particles collide more often

The particles are bigger
(2)

(Total 8 marks)
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Q12.
A student investigated the amount of energy released when four different makes of plain
salted crisps were burned.

The following method was used for each make of plain salted crisp. The pieces of crisp
were all the same size.

• The starting temperature of the water was measured.

• The piece of crisp was burned underneath the test tube.

• The final temperature of the water was measured.

(a) The results of the investigation are shown in the table.

Make 1 Make 2 Make 3 Make 4

Final temperature of
the water in °C 26 25 29 25

Starting temperature
of the water in °C 19 20 20 21

Temperature rise of
the water in °C 7 5 9

(i) Calculate the temperature rise for make 4.

______________________________________________________________

Temperature rise = ______________________ °C
(1)

(ii) Which make of crisp, 1, 2, 3 or 4, releases the most energy?
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Make __________________________

Give a reason for your answer.

______________________________________________________________

______________________________________________________________
(2)

(b) The energy needed by a student is about 9000 kJ each day.

(i) One large bag of crisps states that the energy released by the crisps is 240
kcal.

Calculate the energy of this bag of crisps in kJ.

1 kcal = 4.2 kJ

______________________________________________________________

______________________________________________________________

Answer = ______________________________ kJ
(2)

(ii) Eating too many crisps is thought to be bad for your health.

Use the information above and your knowledge to explain why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(Total 7 marks)

Q13.
A Bunsen burner releases heat energy by burning methane in air.
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(a) Methane (CH4) reacts with oxygen from the air to produce carbon dioxide and water.

(i) Use the equation and the bond energies to calculate a value for the energy
change in this reaction.

Bond Bond energy in kJ per mole

C — H 414

O ═ O 498

C ═ O 803

O–H 464

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Energy change = ________________ kJ per mole
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(3)

(ii) This reaction releases heat energy.

Explain why, in terms of bond energies.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(b) If the gas tap to the Bunsen burner is turned on, the methane does not start burning
until it is lit with a match.

Why is heat from the match needed to start the methane burning?

___________________________________________________________________

___________________________________________________________________
(1)

(Total 6 marks)

Q14.
Read the information about car engines.

Burning petrol in air is an exothermic reaction. This reaction is used in car engines.

When petrol burns it produces harmful substances such as nitrogen oxides and
carbon monoxide.

A catalytic converter stops these harmful substances being released into the air.

(a) Draw a ring around the correct answer to complete each sentence.

(i) The exothermic reaction makes the temperature

decrease.
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of the engine increase.

stay the same.
(1)

(ii) This is because during

energy is taken in from the surroundings.

exothermic reactions energy is given out to the surroundings.

there is no energy change.
(1)

(b) The diagram shows a catalytic converter which removes harmful substances.
The catalytic converter has two parts, A and B, which contain different catalysts.

(i) The equation for the reaction that takes place in part A is:

2NO → N2 + O2

Which one of the substances shown in the equation is a compound?

Give the formula of this compound.

______________________________________________________________
(1)

(ii) The equation for the reaction that takes place in part B is:

2CO + O2 → 2CO2

Why is it important to stop carbon monoxide (CO) from being released into the
air?

______________________________________________________________

______________________________________________________________
(1)

(c) The table lists some statements about catalysts. Only two statements are correct.

Tick ( ) the two correct statements.

S T E M U P . C O . U K

https://stemup.co.uk


Page 30 of 89

Statement Tick ( )

A catalyst can speed up a chemical reaction.

A catalyst is used up in a chemical reaction.

Different reactions need different catalysts.

A catalyst does not change the rate of a chemical
reaction.

(2)

(d) Modern catalytic converters contain nanosized particles of catalyst.
Less catalyst is needed when nanosized catalyst particles are used.

(i) Complete the sentence.

The size of nanosized particles is ____________________ than normal sized
particles.

(1)

(ii) The catalysts contain platinum.

Suggest why a manufacturer of catalytic converters would want to use less
catalyst.

______________________________________________________________

______________________________________________________________
(1)

(Total 8 marks)

Q15.
Read the information about car engines.

Burning petrol in air is an exothermic reaction. This reaction is used in car engines.

When petrol burns it produces harmful substances such as nitrogen oxides and
carbon monoxide.

A catalytic converter stops these harmful substances being released into the air.
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(a) The reaction is exothermic. What is the meaning of exothermic?

___________________________________________________________________

___________________________________________________________________
(1)

(b) The catalytic converter has two parts shown as A and B in the diagram.

Part A contains a catalyst made from platinum and rhodium.

Part B contains a catalyst made from platinum and palladium.

(i) Why are catalysts used in chemical reactions?

______________________________________________________________

______________________________________________________________
(1)

(ii) One reaction in part A is shown by this equation.

2NO → N2 + O2

Suggest why this reaction helps the environment.

______________________________________________________________

______________________________________________________________
(1)

(iii) The equation for one of the reactions in part B is shown below.
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Balance this equation.

____ CO + O2 → ____ CO2

(1)

(iv) The catalytic converter works for many years without replacing the catalyst.

Explain why the catalyst does not need to be replaced.

______________________________________________________________

______________________________________________________________
(1)

(v) Suggest why different catalysts are used in parts A and B.

______________________________________________________________

______________________________________________________________
(1)

(c) Modern catalytic converters contain nanosized particles of catalyst. Using nanosized
particles reduces the cost of the catalytic converter.

Suggest and explain why the use of nanosized catalyst particles reduces the cost of
the catalytic converter.

Your answer should include information about the size and surface area of the
particles.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(3)

(Total 9 marks)

Q16.
V2 rockets were used during the Second World War.
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By aronsson [CC BY-SA 2.0], via Flickr

V2 rockets were powered by liquid oxygen and ethanol. Oxygen and ethanol react to
produce carbon dioxide and water.

The energy level diagram represents the energy changes during this reaction.

(a) On the energy level diagram what is represented by the letter:

A _________________________________________________________________

B _________________________________________________________________

C _________________________________________________________________
(3)
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(b) What type of reaction is represented by this energy level diagram?

___________________________________________________________________

___________________________________________________________________
(1)

(Total 4 marks)

Q17.
Hydrogen peroxide is often used to bleach or lighten hair.

Hydrogen peroxide slowly decomposes to produce water and oxygen.

(a) The equation for the reaction can be represented using structural formulae.

2 H – O – O – H 2 H – O – H + O = O

Use the bond energies in the table to help you to calculate the energy change for
this reaction.

Bond Bond energy in kJ per mole

H – O 464

O – O 146

O = O 498

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Energy change = ____________________ kJ
(3)

(b) Explain, in terms of bond making and bond breaking, why the reaction is
exothermic.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(1)

(Total 4 marks)

Q18.
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Read the information in the box.

Flash powder is used to produce special effects at pop concerts.

Flash powder contains aluminium. The powder burns with a bright white flame
and gives out lots of heat and light. It also produces white smoke.

The flash powder is placed on stage in a special container. At the bottom of
the container there is a thin piece of wire. When the flash is needed, electricity
is passed through the wire. The wire gets hot and starts the aluminium
burning.

By russelljsmith [CC BY 2.0], via Flickr

(a) When aluminium burns the reaction is exothermic.

Give one piece of information from the box which shows that the reaction is
exothermic.

___________________________________________________________________
(1)

(b) The hot wire provides energy to start the aluminium burning.

Draw a ring around the name given to the energy needed to start a chemical
reaction.

activation energy potential energy solar energy

(1)

(c) When aluminium burns it reacts with oxygen to make aluminium oxide.

Complete the word equation for this reaction.

aluminium + ______________ → ______________
(1)
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(d) An aluminium atom has 13 electrons.

Which diagram, A, B or C, represents the electronic structure of an aluminium
atom?

The electronic structure of an aluminium atom is diagram

(1)

(e) The white smoke produced is aluminium oxide.

Aluminium oxide contains aluminium ions (Al3+) and oxide ions (O2–).

Draw a ring around the correct word in each box to complete each sentence.

a negative

(i) Electrons have no charge.

a positive
(1)

(ii) When an aluminium atom (Al) turns into an aluminium ion (Al3+)

gains

it loses three electrons.

shares
(1)

(iii) When an oxygen atom (O) turns into an oxide ion (O2–)

gains one

it loses two electrons.

shares three
(2)

(Total 8 marks)

S T E M U P . C O . U K

https://stemup.co.uk


Page 37 of 89

Q19.
Read the information in the box.

Flash powder is used to produce special effects at pop concerts.

Flash powder contains aluminium. The powder burns with a bright white flame
and gives out lots of heat and light. It also produces white smoke.

The flash powder is placed on stage in a special container. At the bottom of
the container there is a thin piece of wire. When the flash is needed, electricity
is passed through the wire. The wire gets hot and starts the aluminium
burning.

By russelljsmith [CC BY 2.0], via Flickr

(a) When aluminium burns the reaction is exothermic.

What is the meaning of exothermic?

___________________________________________________________________

___________________________________________________________________
(1)

(b) The hot wire provides energy to start the aluminium burning.

What is the name given to the heat energy needed to start a chemical reaction?

______________________________ energy
(1)

(c) The white smoke produced is aluminium oxide.

Aluminium oxide contains aluminium ions (Al3+) and oxide ions (O2–).

(i) Complete the diagram to show the electronic structure of an oxide ion.

The atomic number of oxygen = 8
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Use crosses (x) to represent the electrons.

(1)

(ii) The bonding in aluminium oxide is ionic.

What causes the aluminium ions and oxide ions to be held together strongly?

______________________________________________________________

______________________________________________________________
(1)

(Total 4 marks)

Q20.
Hydrogen peroxide decomposes slowly to give water and oxygen.

The reaction is exothermic.

2H2O2 → 2H2O + O2

(a) In an exothermic reaction, energy is given out.

Draw a ring around the correct answer to complete the sentence.

goes down.

In an exothermic reaction, the temperature goes up.

stays the same.
(1)

(b) The energy level diagram for this reaction is shown below.
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The energy changes, A, B and C, are shown on the diagram.

Use the diagram to help you answer these questions.

(i) Which energy change, A, B or C, is the activation energy?

(1)

(ii) Which energy change, A, B or C, shows that this reaction is exothermic?

(1)

(iii) Hydrogen peroxide decomposes quickly when a small amount of
manganese(IV) oxide is added.

Draw a ring around the correct answer to complete each sentence.

Hydrogen peroxide decomposes quickly because

a catalyst.

manganese(IV) oxide is an element.

a solid.

activation energy.

The manganese(IV) oxide has lowered the boiling point.

temperature.
(2)

(c) A student did an experiment to find the amount of energy produced when hydrogen
peroxide solution is decomposed using manganese(IV) oxide.
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The apparatus the student used is shown in the diagram.

The student first measured the temperature of the hydrogen peroxide. Then the
student added the manganese(IV) oxide, stirred the mixture and recorded the
highest temperature.

(i) Suggest why the student stirred the mixture before recording the highest
temperature.

______________________________________________________________

______________________________________________________________
(1)

(ii) The biggest error in this experiment is heat loss.

Suggest how the student could change the apparatus so that less heat is lost.

______________________________________________________________

______________________________________________________________
(1)

(Total 7 marks)

Q21.
Hydrogen peroxide decomposes to give water and oxygen.

2H2O2 → 2H2O + O2

The reaction is exothermic.

(a) Explain, in terms of bond breaking and bond making, why the decomposition of
hydrogen peroxide is exothermic.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(1)

(b) The energy level diagram for this reaction is shown below.
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The energy changes, A, B and C, are shown on the diagram.

Use the diagram to help you answer these questions.

(i) How do you know that this reaction is exothermic?

______________________________________________________________

______________________________________________________________

______________________________________________________________
(1)

(ii) The decomposition of hydrogen peroxide is slow.
What does this suggest about energy change B?

______________________________________________________________

______________________________________________________________

______________________________________________________________
(1)

(iii) Hydrogen peroxide decomposes quickly when a small amount of
manganese(IV) oxide is added.

Explain why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(c) A student did an experiment to find the amount of energy produced when hydrogen
peroxide solution is decomposed using manganese(IV) oxide.
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The apparatus the student used is shown in the diagram.

The student first measured the temperature of the hydrogen peroxide. Then the
student added the manganese(IV) oxide and recorded the highest temperature.

The temperature rise was smaller than expected.

Suggest why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(Total 7 marks)

Q22.
Firework rockets contain fuel and potassium nitrate.

The potassium nitrate provides oxygen for the fuel to react.

(a) The table shows how a student worked out the relative formula mass (Mr) of
potassium nitrate.

Some of the numbers are missing.

Relative atomic masses (Ar): N = 14; O = 16; K = 39.
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Name of atom
(symbol)

Number
of
atoms

Ar Mass

potassium (K) 1 39 39

nitrogen (N) 1 14 14

oxygen (O) 16

The Mr of potassium nitrate = 101

(i) The mass of oxygen is not shown in the table.

Draw a ring around the correct mass of oxygen.

16 32 48
(1)

(ii) Draw a ring around the number of oxygen atoms in the formula of potassium
nitrate.

1 2 3
(1)

(b) When the fuel reacts with the oxygen an exothermic reaction takes place.

What does exothermic mean?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(c) The fuel contains carbon. Carbon reacts with oxygen to make carbon dioxide.

Which two statements in the table explain why carbon dioxide is a gas at room
temperature?

Tick ( ) the two statements.

Statement Tick
( )

It has a giant structure

It has a low boiling point.
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It is made of small molecules.

It is made of ions.
(2)

(Total 6 marks)

Q23.
During a thunderstorm lightning strikes the Eiffel Tower.

By M. G. Loppé [Public domain], via Wikimedia Commons

In lightning the temperature can reach 30 000 °C. This causes nitrogen and oxygen in the
air to react, producing nitrogen oxide. This reaction has a high activation energy and is
endothermic.

(a) Nitrogen and oxygen in the air do not react easily.

What makes nitrogen and oxygen react during thunderstorms?

___________________________________________________________________
(1)

(b) Complete the word equation for the reaction of nitrogen with oxygen.

nitrogen + ____________ → ______________________
(1)

(c) In an endothermic reaction, energy is taken in from the surroundings.

Draw a ring around the correct answer to complete the sentence.
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less than

In an endothermic reaction, the energy needed to break existing bonds is more than

the same as

the energy released from forming new bonds.
(1)

(d) The energy level diagram for this reaction is shown.

Use the energy level diagram to help you to answer these questions.

(i) Which energy change, A, B or C, represents the activation energy?

(1)

(ii) Which energy change, A, B or C, shows that this reaction is endothermic?

(1)
(Total 5 marks)

Q24.
During a thunderstorm lightning strikes the Eiffel Tower.
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By M. G. Loppé [Public domain], via Wikimedia Commons

In lightning the temperature can reach 30 000 °C. This causes nitrogen and oxygen in the
air to react, producing nitrogen oxide. This reaction has a high activation energy and is
endothermic.

An equation that represents this endothermic reaction is:

N2 + O2 → 2NO

The energy level diagram for this reaction is given below.
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(a) The energy level diagram shows that this reaction is endothermic.

Explain how.

___________________________________________________________________

___________________________________________________________________
(1)

(b) What is meant by the term activation energy?

___________________________________________________________________

___________________________________________________________________
(1)

(c) The equation showing the structural formulae of the reactants and products is

N ≡ N + O = O → 2 N = O

Bond Bond energy in kJ

N ≡ N 945

O = O 498

N = O 630

(i) Use the bond energies in the table to calculate the energy change for this
reaction.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

Energy change = _________________________ kJ
(3)

(ii) In terms of bond energies, explain why this reaction is endothermic.

______________________________________________________________

______________________________________________________________

______________________________________________________________
(1)

(Total 6 marks)

Q25.
(a) Read the article about the mineral strontianite.
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Strontianite is a mineral that was discovered near the village of Strontian in Scotland.
At first some scientists thought that strontianite was barium carbonate.

Strontianite

In 1790, Professor Adair Crawford and William Cruikshank were both lecturers in
chemistry and doctors of medicine. They investigated the properties of strontianite.
They found that strontianite had different properties from barium carbonate. They
concluded that strontianite contained a new element.

After this, other scientists also showed that strontianite and barium carbonate had
different properties. Strontianite is now known to be strontium carbonate.

Rob Lavinsky, iRocks.com – CC-BY-SA-3.0 [CC-BY-SA-3.0], via Wikimedia Commons

(i) What evidence did Crawford and Cruikshank use to prove that strontianite was
not barium carbonate?

______________________________________________________________

______________________________________________________________
(1)

(ii) Crawford and Cruikshank’s conclusion was immediately accepted by other
scientists. Suggest why.

______________________________________________________________

______________________________________________________________
(1)

(iii) How was the reliability of the work of Crawford and Cruikshank confirmed?

______________________________________________________________

______________________________________________________________
(1)

(b) One of Crawford and Cruikshank’s experiments was repeated in a school
laboratory.
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Samples of strontianite and barium carbonate were reacted with hydrochloric acid to
produce strontium chloride and barium chloride.

Solid strontium chloride and solid barium chloride were separately added to water.
The change in temperature of the water was measured.

The results of the experiments are shown below.

Experiment 1
Strontium chloride
dissolved in water

Experiment 2
Barium chloride
dissolved in water

Temperature of water before adding
the chloride in °C

19.5 19.6

Temperature of water after adding the
chloride in °C

21.2 17.5

(i) State one variable that should be controlled to make it a fair test.

______________________________________________________________

______________________________________________________________
(1)

(ii) Which experiment, 1 or 2, is endothermic?

Explain how you know.

Experiment because ______________________________________

______________________________________________________________
(1)

(iii) The results prove that strontium chloride and barium chloride must be different
even if all of the variables had not been controlled when they were dissolved.
Explain why.

______________________________________________________________

______________________________________________________________
(1)

(c) In 1808, Humphry Davy was the first person to extract strontium. He did this by the
electrolysis of molten strontium chloride. Strontium formed at the negative electrode.

Suggest why strontium ions are attracted to the negative electrode.

___________________________________________________________________

___________________________________________________________________
(1)

(Total 7 marks)
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Q26.
The following steps show how to use a type of glue.

Step 1 Measure out equal amounts of the liquids from tubes A and B.

Step 2 Mix the liquids to make the glue.
Put a thin layer of the glue onto each of the surfaces to be joined.

Step 3 Assemble the pieces to be joined and then hold them together with tape.

Step 4 Leave the glue to set.

(a) When liquids A and B are mixed a chemical reaction takes place.

(i) This reaction is exothermic.

Complete the sentence below using a word or phrase from the box.

decrease increase stay the same

During the reaction the temperature of the mixture will __________________ .

(1)

(ii) When the glue sets it forms a giant covalent structure.

Draw a ring around one property that you would expect the set glue to have.

good conductor of electricity low melting point high melting point
(1)

(b) The time taken for the glue to set at different temperatures is given in the table
below.
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Temperature in °C Time taken for the glue to set

20 3 days

60 6 hours

90 1 hour

(i) Complete the sentences below using words or phrases from the box.

decrease increase stay the same

When the temperature is increased the time taken for the glue to set

______________________________________________________________

When the temperature is increased the rate of the setting reaction

______________________________________________________________
(2)

(ii) Put a tick ( ) next to the two reasons why an increase in temperature affects
the rate of reaction.

Reason ( )

It gives the particles more energy.

It increases the concentration of the particles.

It increases the surface area of the particles.

It makes the particles move faster.
(2)

(Total 6 marks)

Q27.
Read the information about energy changes and then answer the questions.

A student did an experiment to find the energy change when hydrochloric acid
reacts with sodium hydroxide. The equation which represents the reaction is:
HCl + NaOH → NaCl + H2O
The student used the apparatus shown in the diagram.
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The student placed 50 cm3 of hydrochloric acid in a glass beaker and measured
the temperature.
The student then quickly added 50 cm3 of sodium hydroxide solution and stirred
the mixture with the thermometer. The highest temperature was recorded.
The student repeated the experiment, and calculated the temperature change
each time.

(a) The biggest error in this experiment is heat loss.

Suggest how the apparatus could be modified to reduce heat loss.

___________________________________________________________________

___________________________________________________________________
(1)

(b) Suggest why it is important to stir the chemicals thoroughly.

___________________________________________________________________
(1)

(c) Which one of these experiments was probably carried out on a different day to the
others?

Explain your answer.

___________________________________________________________________

___________________________________________________________________
(1)

(d) Suggest why experiment 4 should not be used to calculate the average temperature
change.

___________________________________________________________________
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___________________________________________________________________
(1)

(e) Calculate the average temperature change from the first three experiments.

___________________________________________________________________

Answer = _______________ °C
(1)

(f) Use the following equation to calculate the energy change for this reaction.

energy change in joules = 100 × 4.2 × average temperature change

___________________________________________________________________

Answer = _______________ J
(1)

(g) Which one of these energy level diagrams, A or B, represents the energy change
for this reaction?

Explain why.

___________________________________________________________________

___________________________________________________________________
(1)

(Total 7 marks)

Q28.
An indigestion tablet contains sodium hydrogencarbonate and citric acid.

When the tablet is added to cold water a chemical reaction takes place and there is a lot
of fizzing.
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(a) The formula of the gas that causes the fizzing is CO2

Name this gas _____________________________________ .
(1)

(b) This chemical reaction is endothermic.

(i) Tick ( ) the statement which describes what happens to the temperature of
the solution.

Statement Tick ( )

The temperature of the solution will increase.

The temperature of the solution will decrease.

The temperature of the solution will stay the same.
(1)

(ii) Tick ( ) the statement which describes what happens to the energy during the
reaction.

Statement Tick ( )

Energy is given out to the surroundings.

Energy is taken in from the surroundings.

No energy is given out to or taken from the
surroundings.

(1)
(Total 3 marks)

Q29.
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An airship caught fire when it was coming in to land in 1937. The airship was filled with
hydrogen. A spark or flame ignited the hydrogen. The hydrogen reacted with oxygen in
the air to produce water.

(a) Write a word equation for the reaction of hydrogen with oxygen.

___________________________________________________________________
(1)

(b) Draw a ring around the correct answer in each box to complete this sentence.

When reactions take place, energy is
released
supplied

to break the existing bonds

and energy is
released
supplied

when new bonds form.

(1)

(c) An energy level diagram for the reaction of hydrogen and oxygen is shown below.

Use the energy level diagram above to help you to answer these questions.

(i) Which energy change, A, B or C, represents the activation energy?

(1)

(ii) Which energy change, A, B or C, shows that the reaction is exothermic?

(1)

(iii) Explain why the hydrogen and oxygen needed a spark or flame to start the
reaction.

______________________________________________________________
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______________________________________________________________
(1)

(Total 5 marks)

Q30.

An airship caught fire when it was coming in to land in 1937. The airship was filled with
hydrogen. A spark or flame ignited the hydrogen. The hydrogen reacted with oxygen in
the air to produce water.

(a) The equation for the reaction can be represented using structural formulae for the
chemicals.

2 H – H + O = O → 2 H – O – H

Use the bond energies given in the table to help you to calculate the energy change
for this reaction.

Bond Bond energy in kJ per mole

H – H 436

O = O 498

O – H 464

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Energy change = __________________ kJ
(3)

(b) Explain, in terms of making and breaking bonds, why this reaction is exothermic.

___________________________________________________________________

___________________________________________________________________
(1)
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(c) Use the energy level diagram for this reaction to help you to answer these
questions.

(i) The hydrogen did not burn until ignited by a spark or flame.

Explain why.

______________________________________________________________

______________________________________________________________
(1)

(ii) Platinum, a transition metal, causes hydrogen to ignite without using a spark
or flame.

Explain why.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
(2)

(Total 7 marks)

Q31.
Distress flares are used to attract attention in an emergency.

Flares often contain magnesium. Magnesium burns to form magnesium oxide.

(a) The distress flare burns with a bright flame because the reaction is very exothermic.
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Complete the following sentence using the correct words from the box.

gives out heat stores heat takes in heat

An exothermic reaction is one which ____________________________________ .
(1)

(b) The diagram shows the electronic structure of a magnesium atom.
The atomic (proton) number of magnesium is 12.

Magnesium atom

The atomic (proton) number of oxygen is 8.

Which diagram, A, B, C or D, shows the electronic structure of an oxygen atom?

Diagram _______________
(1)

(c) Magnesium ions and oxide ions are formed when magnesium reacts with oxygen.
The diagram shows the electronic structure of an oxide ion.

Oxide ion

Which diagram, J, K, L or M, shows the electronic structure of a magnesium ion?
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Diagram _______________
(1)

(d) Indigestion tablets can be made from magnesium oxide. The magnesium oxide
neutralises some of the hydrochloric acid in the stomach.

Draw a ring around the name of the salt formed when magnesium oxide reacts with
hydrochloric acid.

magnesium chloride magnesium hydroxide magnesium sulfate
(1)

(Total 4 marks)

Q32.
A student burned four fuels and compared the amounts of energy they produced.

The student set up the apparatus as shown in the diagram.

The heat produced when each fuel was burned was used to raise the temperature of 100 g
of water. The student noted the mass of fuel burned, the increase in temperature and
whether the flame was smoky.

The results are shown in the table.

Fuel Mass of fuel
burned (g)

Temperature
increase (°C)

Type of
flame

Ethanol 4 24 Not smoky

Methanol 3 9 Not smoky

Peanut oil 2 20 Smoky

Vegetable oil 1 15 Smoky

(a) The student suggested that the vegetable oil was the best fuel for producing heat.

Explain why.

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(b) Suggest an environmental problem that could be caused when large amounts of
vegetable oil are burned. Suggest how the problem could be overcome.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
(2)

(c) An energy level diagram for the burning of vegetable oil is shown below.

Which of the energy changes A, B or C:

(i) represents the activation energy

________________
(1)

(ii) shows the amount of energy given out during the reaction?

________________
(1)

(Total 6 marks)

S T E M U P . C O . U K

https://stemup.co.uk


Page 61 of 89

Q33.
Instant cold packs are used to treat sports injuries.

One type of cold pack has a plastic bag containing water. Inside this bag is a smaller bag
containing ammonium nitrate.

The outer bag is squeezed so that the inner bag bursts. The pack is shaken and quickly
gets very cold as the ammonium nitrate dissolves in the water.

(a) One of the statements in the table is correct.

Put a tick ( ) next to the correct statement.

Statement ( )

The bag gets cold because heat energy is given out to the surroundings.

The bag gets cold because heat energy is taken in from the surroundings.

The bag gets cold because plastic is a good insulator.

(1)

(b) Draw a ring around the word that best describes the change when ammonium
nitrate dissolves in water.

electrolysis endothermic exothermic
(1)

(c) Suggest and explain why the pack is shaken after the inner bag has burst.

___________________________________________________________________

___________________________________________________________________
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___________________________________________________________________

___________________________________________________________________
(2)

(Total 4 marks)

Q34.
(a) Read a student’s report about the reaction between sodium and water.

The reaction between sodium and water

A small piece of sodium was added to some water in a trough.

The sodium floated and started to react.

The sodium moved along the surface of the water and melted to
give a ball of molten metal.

The ball became smaller and smaller until it had all gone.

A gas was given off and a colourless solution was left.

The word equation for this reaction is:

sodium + water→ sodium hydroxide + hydrogen

Use the information from the student’s report to answer these questions.

(i) Which information shows that sodium has a low density?

______________________________________________________________
(1)

(ii) Which information shows that the reaction is exothermic?

______________________________________________________________
(1)

(iii) Name the gas given off.

______________________________________________________________
(1)

(b) The periodic table on the Data Sheet may help you to answer these questions.

(i) Sodium is in Group 1.

Name a Group 1 element that is more reactive than sodium.

______________________________________________________________
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(1)

(ii) Here are some statements about Group 1 elements.

Only two of these statements are correct.

Put a tick ( ) next to the two correct statements.

Statement ( )

They are halogens

They are metals

They form covalent compounds

They form ions with a +1 charge
(2)

(c) Dimitri Mendeleev put forward his periodic table in 1869.

Complete these sentences by drawing a ring around the correct answer.

(i) Mendeleev arranged the elements in order of their

atomic weight
density
reactivity

(1)

(ii) The table is called a periodic table because elements with
identical
the same
similar

properties occur at regular intervals.
(1)

(iii) The vertical columns are known as

groups

periods

rows
(1)

(d) How did Mendeleev overcome the problem of undiscovered elements when he
designed his table?

___________________________________________________________________
(1)

(Total 10 marks)
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Q35.
A student heated some blue copper sulphate crystals. The crystals turned into white
copper sulphate.

(a) The blue copper sulphate had to be heated to change it into white copper sulphate.

State whether the reaction was exothermic or endothermic. __________________

Explain your answer.

______________________________________________________________

______________________________________________________________
(1)

(b) The word equation for this reaction is shown below.

(i) What does the symbol tell you about this reaction?

______________________________________________________________
(1)

(ii) How could the student turn the white powder back to blue?

______________________________________________________________
(1)

(Total 3 marks)
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