Rate of reactions
1.

Different chemical reactions happen at different speeds.
(a) Give an example of a reaction in the lab that
(i) is almost instantaneous,
(ii) takes a few minutes to finish.
(b) List the following in order of rate of reaction, fastest first:
milk turning sour,
an egg frying,
a motor car rusting,
a match igniting

2.

The rate of a reaction depends on the reaction conditions.
Explain the way in which each of the following affects the speed of a
reaction.
(a) particle size of the reactants
(b) concentration of the reactants
(c) temperature of the reactants

3.

Natural gas burns in a bunsen burner.
(a) What happens to the temperature of the flame when the air hole is
opened.
(b) Explain your answer.

4.

A jet of petrol is sprayed into the cylinders of a car engine.
Explain why the spray of petrol burns faster than the petrol in the bowl.

petrol spray

petrol in a bowl
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5.

Explain each of the following.
(a)
(b)
(c)
(d)
(e)
(f)

6.

Small sticks of wood burn faster than logs.
When air is blown on to a fire, the fire burns brighter.
Food is preserved longer when stored in a fridge.
Plants grow faster in a green-house than in the open-air.
Large potatoes take longer to cook than small potatoes.
An oxy-acetylene flame is hot enough to cut through metal.
The flame obtained by burning acetylene in air is not.

Three experiments are set up as shown. Each experiment is carried out at
room temperature and the mass of magnesium is the same in each case.
A

B

C

10 cm3
dilute
acid

10 cm3
dilute
acid

5 cm3 dilute acid
+
5 cm3 water

magnesium
ribbon

magnesium
powder

magnesium
ribbon

(a) Explain any difference that would be observed between
(i) A and B,
(ii) A and C.
(b) Explain any difference that would be observed if experiment A was
repeated at 50 oC.
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7.

A student set up the three experiments shown.
dilute hydrochloric
acid, 1 mol 1-1
magnesium carbonate
powder

dilute hydrochloric
acid, 2 mol 1-1
magnesium carbonate
powder

Experiment A

Experiment B

dilute hydrochloric
acid, 1 mol 1-1
magnesium carbonate
lump

Experiment C

In each experiment, some magnesium carbonate remained unreacted.
(a) Place the experiments in order of increasing reaction rate.
(b) At the end of all the experiments, the readings showed a decrease in
mass.
Why was the decrease in mass twice as much in Experiment B as in
Experiment A?
8.

A company produced sweets in the form of a powder that fizzed in water.
Three different experiments were carried out to check the fizziness of the
sweets .
Experiment

Mass of powder added
to 1 litre of water / g

Temperature / oC

40
40
20

25
37
25

1
2
3

For each experiment, a graph Volume
was plotted of the volume of of gas
gas produced against time.

Experiment 1

The graph for Experiment 1
is shown.

Time

Copy the graph and draw curves to represent Experiment 2 and
Experiment 3.
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9.

The graph shows the volume of carbon dioxide produced in a reaction of
calcium carbonate powder with dilute hydrochloric acid.
Volume of
carbon dioxide / cm3

B

A
Time / s

(a) (i) Is the rate of reaction faster at A or B?
(ii) Give a reason for your answer.
The experiment was repeated under two different conditions. For both
reactions, the volume and concentration of the hydrochloric acid remained
the same.
(b) (i) What would have happened to the volume of gas produced in the
first 20 s when the temperature was increased?
(ii) What would have been the final volume of gas produced when
the same mass of calcium carbonate lumps was used?
10. The graph shows the volume of hydrogen produced in the reaction of zinc
powder and zinc granules with excess dilute sulphuric acid.
Volume of
hydrogen

X
Y

Time

(a)

(i) Which curve, X or Y, shows the results using zinc powder?
(ii) Explain your answer.
(b) State three variables that must be kept the same when comparing the
rates of the reactions.
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11.

The graph shows the volume of gas produced in the reaction of marble
chips with excess dilute sulphuric acid in two experiments.
Volume of
gas / cm3

Experiment 1

Experiment 2

Time / s

(a) What volume of gas was produced in Experiment 1 during the first 90 s?
(b) In the initial stages, the reaction in Experiment 2 was slower than in
Experiment 1.
(i) How can this be concluded from the graph?
(ii) Suggest two changes in conditions that could have resulted in the
slower reaction.
(c) The same mass of marble chips was used in each experiment.
How can this be concluded from the graph?
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12.

The graph shows the volume of hydrogen produced in the reaction of 10 g
of magnesium powder with excess 1 mol l-1 hydrochloric acid.
Volume of
hydrogen / cm3

Time / s

(a)
(b)
(c)
(d)

6

State the volume of hydrogen that was produced after 10 s.
State the time required to produce 20 cm3 of hydrogen.
State the total volume of hydrogen produced.
Copy the graph and add a curve to show the results that you would
expect to obtain
(i) if the same mass of magnesium powder was added to excess of
2 mol l-1 hydrochloric acid (label X),
(ii) if the same mass of magnesium ribbon was added to excess of
1 mol l-1 hydrochloric acid (label Y),
(iii) if 5 g of magnesium powder was added to excess of
1 mol l-1 hydrochloric acid (label Z).
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Average rate of reaction
1.

In a chemical reaction, 150 cm3 of gas is produced in 20 s.
Calculate the average rate of reaction over this period of time.

2.

In a chemical reaction, the change in mass of the reactants is 0.36 g
in 40 minutes.
Calculate the average rate of reaction over this period of time.

3.

The table shows how the volume of gas produced varies with time in a
chemical reaction.
Time /s

Volume of gas / cm3

0

0

10

28

20

40

30

50

40

56

50

59

60

61

Calculate the average rate of reaction over the period
(a) 0 s to 20 s,
(b) 20 s to 40 s,
(c) 40 s to 60 s.
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4.

The table shows how the total mass of reactants varies with time in a
chemical reaction.
Time /min Mass of reactants /g
0

246.24

2

245.98

4

245.82

6

245.72

8

245.64

10

245.64

12

245.51

Calculate the average rate of reaction over the period
(a) 0 to 6 min,
(b) 6 to 12 min.
5.

The graph shows how the volume of
gas produced varies with time in a
chemical reaction.
Volume of gas
produced / cm3

80
60
40
20

30

Calculate the average rate of reaction over the period
(a)
0 to 30 s,
(b)
30 s to 60 s.
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60

90

120

Time / s

6.

The graph shows how the mass of
reactants changes with time in a
chemical reaction.

257.2

257.0
Mass of
reactants / g
256.8
256.6
256.4
2

Calculate the average rate of reaction over the period
(a)
0 to 2 minutes,
(b)
2 to 6 minutes.
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8

10

Time / min
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Catalysts
1.

(a) What is meant by a catalyst?
(b) (i) Does a catalyst take part in a reaction?
(ii) Is the catalyst chemically changed in the reaction?
(iii) Can the catalyst be recovered at the end of the reaction?

2.

(a) What is meant by an enzyme?
(b) Give an example of the use of an enzyme in everyday life.

3.

Catalytic converters are fitted to the exhaust systems of cars.
!

harmless
gases

ceramic material
covered with catalyst

harmful
gases !

(a) Why do manufacturers fit a catalytic converter to car exhaust
systems?
(b) Suggest why the catalyst is spread over a large surface area.
4.

Reactions take place on the surface of a catalyst.
A catalyst can be produced in pellets of different shapes.

A

B

C

D

Explain which of the shapes A, B, C or D would be best for use as a
catalyst.

10
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5.

Catalysts are used in many industrial reactions.
(a) Explain why catalysts are used in many industrial reactions.
(b) In the chemical industry, give an example of the use of a catalyst.

6.

Hydrogen peroxide solution decomposes to produce oxygen. The graph
shows the volume of oxygen produced with time in one experiment.
Volume of
oxygen

Time

The experiment was repeated with the only change being the addition of
1 g of manganese dioxide, a catalyst for the reaction.
(a) What mass of manganese dioxide will be left at the end of the second
experiment?
(b) Copy the graph and add a second curve to show the results that you
would expect in the second experiment (label X).
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Elements and compounds
1.

(a) Approximately how many elements are listed in the Periodic Table?
(b) Name two naturally occurring elements that are
(i)
metallic,
(ii)
non-metallic.
(c) Name two elements that are
(i)
solid at room temperature,
(ii)
liquid at room temperature,
(iii) gas at room temperature,
(iv) made by scientists.

2.

Find the name and symbol for an element that is
(a) stored under oil,
(c) used as ‘lead’ in pencils,
(e) used as the metal in
domestic lightbulbs,
(g) used to kill germs in
swimming baths,
(i) called after a planet,
(k) called after an American state,
(m) called after a continent,
(o) called after the man who
discovered dynamite,

(b) stored under water,
(d) once used to fill airships
(f) used as the gas in domestic
lightbulbs,
(h) now used in lighter than air
balloons,
(j) called after Dimitri Mendeleev,
(l) called after Albert Einstein,
(n) called after a village in Scotland,
(p) called after the woman who
discovered radium.

3.

The elements are arranged in the Periodic Table.
Explain what is meant by
(a) a group,
(b) a period.

4.

(a) Name the elements with each of the following atomic numbers.
(i) 23
(ii) 3
(iii) 18
(iv) 28
(b) Give the atomic number of each of the following elements.
(i) chlorine
(ii) helium
(iii) uranium
(iv) iron

12
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5.

There is a special scale to measure the mass of something as light as an
atom.
(a) (i) Name this scale.
(ii) Why does the scale not have units?
(b) Give the mass on this scale for an atom of
(i) oxygen
(ii) carbon
(iii) sulphur
(iv) magnesium.

6.

Look at the following list of elements:
sodium,
iron,
argon,
copper,
bromine,
helium,
rubidium,
iodine,
xenon,

chlorine,
potassium,
nickel,

magnesium
sulphur,
carbon

(a) Name the elements that are members of each of the following
families.
(i) the halogens
(ii) the alkali metals
(iii) the transition metals
(iv) the noble gases
(b) State a chemical property of
(i) the alkali metals,
(ii) the noble gases.
7.

Germanium is so similar to silicon that it was once called "eka silicon".
Why are germanium and silicon similar to each other?

8.

Dimitri Mendeleev used the properties of the elements to help arrange
them in his Periodic Table. He left gaps in the table if no known element
fitted and then made predictions about the properties of the elements that
should occupy these gaps.
(a) Predict whether astatine (atomic number 85) is likely to be a solid, a
liquid or a gas at room temperature.
(b) Predict a chemical property of caesium (atomic number 55).
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9.

Some trends in the reactions of elements and their compounds can be
shown on the Periodic Table. Here is one example that deals with the
extraction of metals.
1

2

3

4

5

6

7

0

Key
Source of metal

Extraction method

Soluble compounds

Using electricity

Insoluble compounds

Using electricity

Free metals

Not required

Insoluble oxides /
sulphides

Heating with carbon or
carbon monoxide

(a) Using the above information and a Periodic Table in the Data
Booklet, suggest an extraction method for strontium
(atomic number 38).
(b) What general statement can be made about the position of a metal in
the Periodic Table and its ease of extraction?

10. Refer to page 8 of the Data Booklet. For each of the following two
compounds (not shown in the Data Booklet), predict the letter(s) that
would be used in the table to indicate its solubility. Choose from
vs – very soluble, s – soluble or i – insoluble.
(a) rubidium chloride
(b) radium sulphate

14
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11. Certain chemicals used to be added to petrol to prevent ‘pinking' in car
engines.
Pinking means that the petrol-air mixture explodes too soon.
It is found that iodine compounds are more effective in preventing pinking
than bromine or chlorine compounds.
Compounds of selenium (atomic number 34) and tellurium
(atomic number 52) are both more effective than iodine compounds, with
tellurium compounds better than selenium compounds.
Use this information to explain why the lead compound, tetraethyl lead,
was added to some petrols to prevent pinking.
12. The halogens are the elements in Group 7 of the Periodic Table.
Their compounds are known as halides.
A student was investigating the reactions between solutions of certain
halogens and halides.
bromine

bromine

chloride
compound

iodide
compound

iodine formed
in a reaction

no reaction

The results of his investigations are summarised in the following table.

Halogen

Halide
chlorine

iodide
!

bromide chloride
!
"

bromine

!

"

"

iodine

"

"

"

! = reaction
" = no reaction

(a) Use this information to write a general statement about reactions
between halogens and halides.
(b) Predict what would happen if chlorine was added to a fluoride.
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13.

The graph shows the ionisation energy for the first 20 elements.
Ionisation energy / kJ mol-1

Atomic number

(a) Describe the general trend in ionisation energy going across the
period from lithium to neon.
(b) Describe the trend in ionisation energy going down a group.

14. (a) What is the difference between an element and a compound?
(b) Divide the following list of substances into elements and compounds.
carbon,
petrol,
sodium chloride, zinc,
oxygen,
sugar,
gold,
copper sulphate, nitrogen, aluminium,
silver oxide, alcohol
15. (a) Name the compound that is formed when each of the following pairs
of elements join up.
(i) magnesium and chlorine
(ii) lead and sulphur
(iii) sodium and oxygen
(iv) hydrogen and iodine
(b) Name two possible compounds containing potassium, sulphur and
oxygen.

16
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16. Copy the list of substances and complete all the columns.
(One example is already done for you.)
Formula of
substance
CaSO4

Element

Compound

"

!

Atoms present
calcium, sulphur, oxygen

He
NaBr
LiCl
ZnI2
Fe
KNO3
Xe
I2

17.

Read the passage below carefully.
Oxygen is involved in many everyday reactions.
Glucose is a compound containing carbon, hydrogen and
oxygen. It is built up in plants from carbon dioxide and water
in a process called photosynthesis. Oxygen is released in the
reaction.
The starch in our food is broken down to form glucose. During
respiration, glucose and oxygen react and energy is produced
in the process.
The reaction of oxygen with methane releases energy that can
be used as a source of heat in our houses. In a car engine,
petrol combines with oxygen in another energy-producing
reaction.
Oxygen, as well as water, is involved in the rusting of iron - a
reaction that costs this country many millions of pounds each
year. The iron can be protected by coating the surface with
zinc, copper or gold.
Make a table to show all the elements and compounds mentioned in the
passage.
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