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A student uses acidified aqueous potassium manganate(VII) to oxidise ethanol to ethanoic acid.
bung
water in

A

water out

ethanol and acidified aqueous
potassium manganate(VII)
heat
(a) (i)

Name apparatus A.
...................................................................................................................................... [1]

(ii)

What is the purpose of apparatus A?
...................................................................................................................................... [1]

(b) Identify two errors in the student’s apparatus.
1. ..............................................................................................................................................
2. ..............................................................................................................................................
[2]
The errors are corrected before the student begins heating.
(c) (i)

State why a Bunsen burner should not be used to heat the mixture of ethanol and
potassium manganate(VII).
...................................................................................................................................... [1]

(ii)

What should be used instead of a Bunsen burner?
...................................................................................................................................... [1]
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(d) Name the process that the student uses to separate ethanoic acid from the mixture after
heating.
.............................................................................................................................................. [1]
(e) The ethanoic acid is heated with another sample of ethanol and a catalyst of sulfuric acid.
Name the organic product.
.............................................................................................................................................. [1]
[Total: 8]
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2

The apparatus shown is used to electrolyse dilute sulfuric acid.

carbon anode

carbon cathode
dilute
sulfuric acid
+

–

(a) Name the gas that collects at the anode. Give a test and observation to identify this gas.
name of gas ..............................................................................................................................
test and observation .................................................................................................................
[2]
(b) Name the gas that collects at the cathode. Give a test and observation to identify this gas.
name of gas ..............................................................................................................................
test and observation .................................................................................................................
[2]
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(c) The student does three more experiments with different electrolytes, using the apparatus
shown.

–

+
carbon anode

carbon cathode

electrolyte
Complete the table.
electrolyte

name of product
at the anode

observations at
the anode

name of product
at the cathode

observations at
the cathode

concentrated
aqueous sodium
iodide

black solid
/ brown solution

bubbles of
colourless gas

concentrated
aqueous
copper(II)
sulfate

bubbles of
colourless gas

pink solid

concentrated
aqueous sodium
chloride

chlorine

hydrogen
[6]
[Total: 10]
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In questions 3 to 6 inclusive, place a tick (✓) in the box against the correct answer.
3

A student burns 4.8 g of an element X in excess oxygen. The mass of the oxide produced is 8.0 g.
What is the empirical formula of the oxide of X?
[Ar: X, 24; O, 16]
(a) XO
(b) X2O
(c) X2O2
(d) X3O5
[Total: 1]

4

The chromatogram shows the results of chromatography using mixture Z as well as individual
dyes labelled 1, 2, 3 and 4.

solvent
flow

starting line
Z

1

2

3

4

Which of the dyes does Z contain?
(a) 1 only
(b) 2 and 3
(c) 1 and 4
(d) 4 only
[Total: 1]

© UCLES 2016

5070/42/O/N/16

7
5

A student adds excess zinc to hydrochloric acid and measures the volume of hydrogen gas given
off at regular time intervals. This is experiment 1.
The student makes a change to one of the conditions and then repeats the experiment. This is
experiment 2.
The volume of hydrochloric acid is the same in both experiments.
Graphs for both experiments 1 and 2 are shown.

experiment 2

experiment 1

volume
of
hydrogen

0

0

time

What is the different condition used in experiment 2?
(a) A catalyst is added.
(b) A higher temperature is used.
(c) A greater mass of zinc is used.
(d) A higher concentration of hydrochloric acid is used.
[Total: 1]
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6

A student passes air backwards and forwards over heated copper using the apparatus shown.
The original volume of air in the apparatus is 50.0 cm3.
copper

gas syringe

heat

gas syringe

The experiment continues until the volume of gas stops changing. Some unreacted copper
remains.
What is the final volume of gas in the apparatus?
[All volumes are measured at room temperature and pressure.]
(a) 10 cm3
(b) 30 cm3
(c) 40 cm3
(d) 60 cm3
[Total: 1]
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Vinegar contains dilute ethanoic acid. Different brands of vinegar contain different concentrations
of ethanoic acid.
You are provided with two different brands of colourless vinegar as well as the apparatus and
chemicals normally found in a laboratory.
Describe how you would carry out experiments to find out which of the two brands contains the
higher concentration of ethanoic acid.
You should give experimental details and the observations occurring at each stage of the
procedure.
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
..........................................................................................................................................................
[Total: 5]
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A student does an experiment to determine the percentage by mass of copper in a sample of
impure copper. The sample of impure copper is placed in a previously weighed container and
reweighed.
mass of container + impure copper = 7.45 g
mass of empty container

= 5.72 g

(a) Calculate the mass of impure copper used in the experiment.
....................................................... g [1]
The student transfers the sample of impure copper to a beaker, adds excess concentrated nitric
acid and stirs until all the solid has dissolved. The copper reacts with the nitric acid producing
aqueous copper nitrate as shown in equation 1.
equation 1

Cu(NO3)2 + 2NO2 + 2H2O

Cu + 4HNO3

An excess of aqueous potassium iodide and an excess of dilute hydrochloric acid are then added
to the beaker. A further reaction occurs as shown in equation 2.
equation 2

2Cu(NO3)2 + 4KI + 4HCl

4KCl + 2CuI + 4HNO3 + I2

The contents of the beaker are transferred to a suitable container and made up to 250 cm3 with
distilled water. This is solution J.
(b) Name the container in which solution J should be made.
.............................................................................................................................................. [1]
The student transfers 25.0 cm3 of J to a conical flask and adds a few drops of a suitable indicator.
An aqueous solution of 0.100 mol / dm3 sodium thiosulfate, Na2S2O3, is put into a burette and run
into the conical flask until the end-point is reached. The reaction between sodium thiosulfate,
Na2S2O3, and iodine, I2, is shown in equation 3.
equation 3

2Na2S2O3 + I2

2NaI + Na2S4O6

(c) Three titrations are done. The diagrams show parts of the burette with the liquid levels at the
beginning and end of each titration.
titration 1

titration 2

titration 3

0

20

24

47

10

32

1

21

25

48

11

33

2

22

26

49

12

34

© UCLES 2016

5070/42/O/N/16

11
Use the diagrams to complete the results table.
titration number

1

2

3

final burette
reading / cm3
initial burette
reading / cm3
volume of
0.100 mol / dm3
Na2S2O3 / cm3
best titration results
(✓)
Summary
Tick (✓) the best titration results.
Using these results, the average volume of 0.100 mol / dm3 Na2S2O3 is
........................................................ cm3.
[4]
(d) Calculate the number of moles of Na2S2O3 in the average volume of 0.100 mol / dm3 Na2S2O3.

............................................... moles [1]
(e) Use your answer to (d) and equation 3 to calculate the number of moles of I2 in 25.0 cm3
of J.
equation 3

2Na2S2O3 + I2

2NaI + Na2S4O6

............................................... moles [1]
(f)

Use your answer to (e) to calculate the number of moles of I2 in 250 cm3 of J.

............................................... moles [1]
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(g) Use your answer to (f) and equation 2 to calculate the number of moles of Cu(NO3)2 that
produce the number of moles of I2 calculated in (f).
equation 2

2Cu(NO3)2 + 4KI + 4HCl

4KCl + 2CuI + 4HNO3 + I2

............................................... moles [1]
(h) Use your answer to (g) and equation 1 to deduce the number of moles of Cu that produce
the number of moles of Cu(NO3)2 calculated in (g).
equation 1

Cu + 4HNO3

Cu(NO3)2 + 2NO2 + 2H2O

............................................... moles [1]
(i)

Use your answer to (h) to calculate the mass of copper in the sample of impure copper.
[Ar: Cu, 63.5]

....................................................... g [1]
(j)

Use your answers to (i) and (a) to calculate the percentage by mass of copper in the sample
of impure copper.

.......................................................% [1]
[Total: 13]
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The following table shows the tests a student does on a mixture L, which contains two compounds.
L contains three different ions.
Complete the table by adding the conclusion for (a), the observations for (b) (i), (ii) and (iii), the
conclusions for tests (c) (i) and (ii), and both the test and observation which lead to the conclusion
for test (d). Any gases produced should be identified by test, result and name.
test
(a) L is dissolved in water
and the solution divided
into three parts for tests
(b), (c) and (d).

observation

conclusion

A colourless solution is
formed.
[1]

(b) (i)

To the first part,
aqueous sodium
hydroxide is added
until a change is
seen.

L contains Al 3+, Zn2+ or
Ca2+ ions.

(ii)

An excess of
aqueous sodium
hydroxide is added
to the mixture
from (i).

L contains Al 3+ or Zn2+ ions.

(iii)

This mixture is then
heated.

L contains NH4+ ions.
[4]

(c) (i)

To the second part,
aqueous ammonia
is added until a
change is seen.

A white precipitate forms.

(ii)

An excess of
aqueous ammonia
is added to the
mixture from (i).

The precipitate is insoluble
in excess.
[1]
L contains SO42− ions.

(d)

[3]
(e) Give the formulae of the two compounds which are present in mixture L.
.............................................................. and ..............................................................

[2]

[Total: 11]
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10 When metal M is added to aqueous copper(II) sulfate the temperature rises.
(a) What type of reaction does the temperature rise indicate?
.......................................................... [1]
The equation for the reaction is shown.
M + CuSO4

MSO4 + Cu

A student transfers 25.0 cm3 of 2.7 mol / dm3 of aqueous copper(II) sulfate to a glass beaker.
A 0.4 g sample of metal M is added to the beaker and the mixture is stirred. The student records
the maximum temperature rise with a thermometer.

thermometer

M

25.0 cm3 2.7 mol / dm3
copper(II) sulfate
The student repeats the experiment using different masses of metal M and in each case calculates
and records the maximum temperature rise.
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mass of M / g

maximum temperature rise / °C

0.4

2.2

0.8

4.4

1.2

6.6

1.6

8.8

2.0

8.8

2.4

8.8
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(b) Plot the maximum temperature rise against the mass of M on the grid and draw two
intersecting straight lines through the points.
10

8

6
maximum
temperature rise
/ °C

4

2

0

0.0

0.4

0.8

1.2

1.6

2.0

2.4

mass of M / g
[3]
(c) (i)

Use your graph to determine the mass of M required to produce a maximum temperature
rise of 5.0 °C.
....................................................... g [1]

(ii)

Use your graph to determine the maximum temperature rise which would occur if 1.5 g of
M is used in the experiment.
..................................................... °C [1]

(d) (i)

Calculate the number of moles of copper(II) sulfate in 25.0 cm3 of 2.7 mol / dm3 aqueous
copper(II) sulfate.

............................................... moles [1]
(ii)

Use your graph to deduce the mass of M that reacts completely with 25.0 cm3 of
2.7 mol / dm3 aqueous copper(II) sulfate.
....................................................... g [1]
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(iii)

Use the equation
M + CuSO4

MSO4 + Cu

and your answers to (d)(i) and (d)(ii) to calculate the relative atomic mass of metal M.

........................................................... [1]
[Total: 9]
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