St Mary’s School
CAMBRIDGE

Lower Sixth Chemistry

Sample Entrance Examination

Time allowed: 60 minutes

Name:

Total : 60 Marks

INSTRUCTIONS :

e Answer all questions
e Answers should be written in the spaces provided
e Dictionaries or reference materials are forbidden
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Use this information to answer Questions 1, 2 and 3

Emily added the same sized marble chips to different concentrations of hydrochloric acid in four

test tubes.
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1. Which of these would not speed up the reaction?
A warming the tubes
B adding more concentrated acid
C using the same mass of smaller marble chips
D adding water to the tubes
ANSWETI: oo eeeiens [1]
2. Emily wonders if she could add a catalyst to the reaction.
Which row of the table below describes a catalyst and its effect?
mass of catalyst changes the rate
after reaction of reaction
has decreased no
has stayed the same yes
has stayed the same no
has decreased yes
ANSWETI:  oiiieiiicireeeeeee e, [1]
3. Explain which tube contained the most concentrated acid.



Ammonia is made by the Haber process.
The equation is

Ny(g) + 3Hy(g) = 2NHsi(g)

4, If the process reaches equilibrium, which of these statements is correct?
A only ammonia is present
B reactions continue to take place
C only nitrogen and hydrogen are present
D the reverse reaction starts
ANSWETI:  iiviiiiciieeeeee e [1]
5. The graph shows how the equilibrium yield of ammonia changes with temperature and
different pressures.
100 +
percentage
equilibrium
yield of
ammonia
50 + 1000 atm
300 atm
I I
200 400 600

temperature °C

Use the graph to decide which of these conditions would produce the highest percentage
equilibrium yield of ammonia?

200°C and 1000 atmospheres
600°C and 300 atmospheres
200°C and 300 atmospheres
400°C and 1000 atmospheres

OO w >

ANSWEI: oo eecenaans [1]



Use the following information to answer questions 6 and 7.

Magnesium sulfate is formed when magnesium reacts with dilute sulfuric acid.

Jane investigated the rate of this reaction by adding magnesium to excess dilute sulfuric acid (25 cm?)
Every 30 seconds she recorded the total volume of hydrogen produced until the reaction was
complete. She plotted a graph of her results.

6. Which is the correct graph?
volume of volume of
hydrogen hydrogen
D - D -
0 time 0 time
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M
1-'011.11115.' Crf ‘\-'OI'LIIHE of
hydrogen hydrogen
0 0
0 time 0 time
C D
ANSWETI: oo eeeiens [1]
7. She repeated the experiment using the same mass of magnesium but 50cm? of the same

acid. She found that

the final volume of hydrogen was larger

the rate of reaction was the same

it took longer to produce the same volume of hydrogen
the rate of reaction was greater

OO w >

ANSWETI:  oiiieiiicireeeeeee e, [1]



In four separate experiments, 1, 2, 3, and 4, nitric acid was added to excess marble chips and the
volume of carbon dioxide formed was measured.

In all the experiments the same volume of acid was used each time but its concentration and/or
temperature were changed.

The results of the experiments are shown on the graph:s.

volume of 200 -

carbon dioxide

in cm®

1 ;
100 - 2
4
1 2 3 4 5 6 7
time in minutes
8. Which of these statements is correct?

A the temperature of the acid was the same in experiments 1 and 2.
B the acid used in experiment 2 was at a higher temperature than in experiment 1
C experiment 4 was faster than experiment 3
D a lower concentration of acid was used in experiment 3 than in experiment 1
ANSWEI: oo, [1]
9. The reaction can be speeded up by increasing the surface area of the marble chips.

If the surface area of the marble chips is increased and all other conditions remain the
same, the particle collisions are

more frequent and of the same energy

more frequent and of higher energy

of the same frequency and of the same energy
of the same frequency and of higher energy

OO w >

ANSWEI: oo, [1]



10. Hydrogen peroxide, H,0O,, decomposes to form water and oxygen gas.

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

(i)  Plan an experiment to find the effect of temperature on the rate of decomposition
of a given hydrogen peroxide solution.

Use 50 cm® samples of the hydrogen peroxide solution in the apparatus shown and
describe what you would do and what readings you would take.

[note: you are not expected to have carried out this experiment before, the question is
testing your ability to plan experiments to collect reliable and valid results]

50 cm?® hydrogen / \ .
peroxide solution / \ gas syringe



(b)

Emma investigated a reaction between a solid and a liquid. The reaction produced a gas.

She wanted to know if any of the substances X, Y or Z were catalysts for the reaction.

She carried out the reaction without any X, Y or Z.
She then repeated the reaction three more times under exactly the same conditions but

she added a small amount of X, Y or Z.
In each case she timed how long it took for the reaction to finish.

The results are shown in the table.

substance added time (s)
none 167
X 156
Y 169
VA 8

State if each of X, Y and Z acted as a catalyst and give reasons for your answers.



11. Ethene gas (C,Ha4) reacts with steam at 300°C and 65 atm to form ethanol gas (C,HsOH).
C:Hy(g) + H;0(g) = C;H:OH(g)
The forward reaction is exothermic.
(a) How would the yield of ethanol at equilibrium change if the temperature was

increased?
Explain you answer.

(b) A higher pressure would increase the yield of ethanol at equilibrium.
Suggest why a higher pressure is not used.

(c) Interms of the bonds broken and formed during the reaction, explain why the forward
reaction is exothermic.



12. When hydrogen peroxide solution is added to a solution of iron(ll) chloride, iron(lll) chloride
is formed. The hydrogen peroxide causes the following change to take place:

Fe’* (aq) > Fe’*(aq)+e

(a) Explain why this is described as an oxidation reaction.

........................................................................................................................................... [1]
(b)  When sodium hydroxide solution is added to iron(lll) chloride solution, iron(lIl)

hydroxide is formed.

(i) Describe what would be seen in this reaction.

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

(ii) Write the ionic equation for this reaction.

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

13. The industrial production of sodium carbonate is a complicated process involving many
stages.

(@) The equation for the overall reaction is
CaCOs(s) + 2NaCl(ag) - Na,COs(aqg) + CaCly(s)

Calculate the minimum mass of calcium carbonate required to produce 1 million tonnes
of sodium carbonate.

(Relative atomic masses: C=12.0, 0 = 16.0, Na = 23.0, Ca = 40.0)

ANSWEI = i tonnes

(b)  When the sodium carbonate solution crystallises, washing soda crystals are formed.
These can be used to neutralise acids.
Write the balanced chemical equation for the reaction that takes place when sodium
carbonate is used to neutralise sulphuric acid.



14.

In an experiment to determine the solubility of calcium hydroxide in water Julia shook
excess calcium hydroxide with water in a large, stoppered flask. She allowed the mixture
to stand for 24 hours. She then filtered the mixture to remove excess solid.

Julia took 100 cm? of the solution for analysis.

She titrated 10.0 cm® portions of the solution with 0.0500 mol dm™ hydrochloric acid, HCI, to
determine how much calcium hydroxide had been dissolved.

She used methyl orange as the indicator.

Here are her results.

volume of calcium hydroxide solution used for each titration = 10.0 cm?®
volume of hydrochloric acid added trial titration = 9.30 cm®
1" titration =  8.90 cm’
2" titration =  8.80cm®
Average = 8.85 cm’®

(a) Why is universal indicator not suitable for this titration?

(b) The equation for the reaction is
Ca(OH), (aq) + 2HCI (aq) = CaCl, (aq) + 2H,0 (1)

Calculate the number of moles of calcium hydroxide, Ca(OH),, present in the original
100cm? of the solution

ANSWEI = i

Using information from the periodic table calculate the relative formula mass of calcium
hydroxide?



(d) Use your answer to (b) and your answer to (c) to calculate the mass of calcium
hydroxide dissolved in the original 100cm? solution.

Note: if you have been unable to calculate an answer to (b) use the number 0.003

moles
if you have been unable to calculate an answer to (c) use the number 70.

15. Sodium and potassium are reactive metals in the same group of the periodic table.
(@) The sodium atom contains electrons, neutrons and protons.
(i)  Describe the position of these particles in the sodium atom.

........................................................................................................................................... [2]
(ii) A sodium atom has an atomic number of 11 and a mass number of 23.
State the number of each type of particle in this sodium atom.
......................... protons
......................... electrons
......................... neutrons
[2]

(b)  When sodium is heated and put into a gas jar of oxygen, a reaction takes place.

The product is sodium oxide.
The sodium oxide contains sodium ions, Na*, and oxide ions, o

(i)  Write the formula of sodium oxide.



(ii)  Sodium oxide has a high melting point. Explain why.

........................................................................................................................................... [1]
(iii)  Sodium oxide conducts electricity when it is molten. Explain why.
........................................................................................................................................... [1]

()  The electronic configuration of sodium is 2.8.1.

Potassium has 19 electrons.
(i)  What s the electronic configuration of potassium?
........................................................................................................................................... [1]
(ii)  Potassium is more reactive than sodium.
Use the electronic configurations of their atoms to explain why.
........................................................................................................................................... [2]

16. This question is about chlorine gas.
The electronic configuration of the chlorine atom is 2.8.7.

(a) Draw a dot and cross diagram to show a chlorine molecule (Cl,).
Show only the outer shell electrons.

[2]



(b) There are two isotopes of chlorine.

isotope mass number abundance
chlorine-35 (3*Cl) 35 75%
chlorine-37 (*’cl) 37 25%

(i)  Interms of the structure of their atoms, describe the differences and similarities
between these two isotopes.

(ii)  Use the information in the table to calculate the relative atomic mass of chlorine.
Show your working.

(c) Chlorine reacts with sodium to form the ionic compound, sodium chloride, NaCl.
2 Na (s) + Cl; (g) = 2 NaCl (s)
(i)  Explain how sodium and chlorine atoms react to form sodium and chloride ions.

(d) Inan experiment 1.15g of sodium reacts with excess chlorine to produce 1.75g of
sodium chloride. Calculate the percentage yield of sodium chloride in this experiment.

End of Examination
[Total: 60 marks]



