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1 Solution J contains a mixture of two salts with the same anion. One of the cations in J is the 
ammonium ion. Solid L is an element. 

 You are going to carry out some experiments to identify the anion, the other cation in J and the 
element L.

 (a) Carry out tests in test-tubes to identify the other cation and the anion in solution J, choosing 
only from the following reagents.

     barium nitrate solution
     dilute nitric acid
     silver nitrate solution
     sodium hydroxide solution

  Use only small amounts of solution J for each test.

  Record the tests, observations and conclusions which identify the other cation and the anion 
in J.

  cation

test  ............................................................................................................................................

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

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

observations  .............................................................................................................................

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

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

conclusion  .................................................................................................................................

  anion

test  ............................................................................................................................................

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

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

observations  .............................................................................................................................

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

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

conclusion  .................................................................................................................................
 [4]
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 (b) (i) •  Place a spatula-full of solid L in a test-tube. Add dilute hydrochloric acid until the 
test-tube is half-full. 

   • Warm the test-tube gently for a short time to increase the rate of reaction.

   • Test the gas produced.

   • Stir carefully and allow the mixture to react for a further three minutes.

   •  Record your observations, the gas test and result of the gas test and the name of 
the gas produced. 

   • Keep the mixture for (b)(ii).

observations .......................................................................................................................

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

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

gas test and result ..............................................................................................................

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

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

gas produced .....................................................................................................................
 [4]

  (ii) Filter the mixture from (b)(i) into a large test-tube. 

   Slowly add sodium hydroxide solution to the filtrate in the large test-tube until there are 
no further changes.

   Record your observations and identify the element L.

observations  ......................................................................................................................

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

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

element L is  .......................................................................................................................
 [2]
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2 You are going to investigate the movement of molecules through a membrane.

 (a) Read through the whole of the question and then complete the headings in Table 2.1. [2]

  • Take a piece of dialysis tubing. It is closed at one end with a knot. 

  • Rub gently at the open end to separate the sides and open the end without the knot. 

•  Using a syringe, add 2 cm3 of starch solution to the inside of the dialysis tubing. Take 
care not to spill any on the outside of the dialysis tubing. Tie the open end with a knot to 
enclose the starch solution inside and make a soft tubing bag, as shown in Fig. 2.1.

bag of 
starch solution

Fig. 2.1

•  Rinse the outside of the bag with water and dry the outside with a paper towel, ensuring 
that there is no starch solution on the outside, particularly in the creases by the knots. 
Place the bag on a clean paper towel.

•  Repeat the procedure to make another bag of starch solution with the second piece of 
dialysis tubing.

 (b) (i) In Table 2.1, record the colour of the starch solution inside the tubing bags for time = 0.
 [1]

   • Half fill beaker A with water.

   •  Place one bag into beaker A as shown in Fig. 2.2. Push gently with the stirring rod 
to submerge the centre of the bag if necessary.

bag of
starch

solution

beaker A

water

Fig. 2.2
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   •  Beaker B contains iodine solution. Place the second bag into beaker B as shown in 
Fig. 2.3. Use the stirring rod to gently submerge the centre of the bag if necessary. 

   • Take care, as iodine solution can stain skin and clothing.

bag of
starch

solution

beaker B

iodine
solution

Fig. 2.3

  (ii) Start the stopwatch and record in Table 2.1 the colour of the solution inside the tubing 
bags every 2 minutes for 10 minutes. [3]

Table 2.1

..................... / ..................... .............................................. ..............................................

0

2

4

6

8

10
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 (c) Dialysis tubing allows some molecules to pass through it, but starch molecules are too large 
to pass through. 

  Use this information and your results for beaker B to explain your observations. 

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

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

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

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

 (d) Amylase is an enzyme that breaks down starch into reducing sugar.

  Predict what you would observe if you now add amylase to the contents of the bag in beaker B 
and leave it in a warm place for a few minutes. Do not carry out this procedure.

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

 ...............................................................................................................................................[1]
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3 You are going to investigate the period of a simple pendulum and determine a value for the 
acceleration due to gravity. 

 The period of a pendulum is the time for one complete swing (oscillation) of the pendulum. This is 
shown in Fig. 3.1, where the period is the time taken for the bob to swing from P to Q and back to 
P again.

P Q

point of support

pendulum bob

Fig. 3.1

 The pendulum has been set up for you as shown in Fig. 3.2.

pendulum bob

bench

clamp

l

Fig. 3.2

 The length l of the pendulum is the distance from the point of support to the centre of the pendulum 
bob.

 The pendulum has been set up for you with a length l of 60.0 cm.
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 (a) (i) Give the pendulum bob a small sideways displacement (between 5 cm and 10 cm) and 
release it so that it oscillates.

   Measure and record in Table 3.1 the time taken for 20 oscillations. 

   Record this time to one decimal place. [1]

  (ii) Adjust the length l of the pendulum until it is 50.0 cm. 

   Repeat the procedure described in (a)(i). [1]

  (iii) Repeat the procedure in (a)(i) for lengths l of 40.0 cm, 30.0 cm and 20.0 cm. [1]

Table 3.1

l  / cm time for 20 
oscillations / s period T / s T 2 / s2

60.0

50.0

40.0

30.0

20.0

 (b) (i) Use your results in Table 3.1 to calculate the period T of the pendulum for each set of 
readings. Remember that the period is the time for one oscillation.

   Record your values in Table 3.1. [1]

  (ii) Calculate the value of T 2 for each set of readings and record in Table 3.1 your values to 
one decimal place. [1]
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 (c) (i) On the grid provided, plot a graph of T 2 (vertical axis) against l (horizontal axis). Start 
both axes of your graph from the origin (0, 0). Draw the best-fit straight line. 

T  2 / s2 

l / cm 

0
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

5 10 15 20 25 30 35 40 45 50 55 60 65 70

    [2]

  (ii) Calculate the gradient of your line. Show all working and indicate on your graph the 
values you chose to enable the gradient to be calculated.

 gradient of line = ……….. ............................................................[2]
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 (d) The acceleration due to gravity g is given by the equation shown.

g = 0.395
gradient

  Use this equation to calculate a value for g.

 g =  ..................................................m / s2 [1]
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NOTES FOR USE IN QUALITATIVE ANALYSIS

Tests for anions

anion test test result

carbonate (CO3
2–) add dilute acid effervescence, carbon dioxide 

produced

chloride (Cl –)
[in solution]

acidify with dilute nitric acid, then  
add aqueous silver nitrate

white ppt.

nitrate (NO3
–)

[in solution]
add aqueous sodium hydroxide,  
then aluminium foil; warm carefully

ammonia produced

sulfate (SO4
2–)

[in solution]
acidify with dilute nitric acid, then add 
aqueous barium nitrate

white ppt.

Tests for aqueous cations

cation effect of aqueous sodium hydroxide effect of aqueous ammonia

ammonium (NH4
+) ammonia produced on warming –

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess, 
giving a dark blue solution

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess

zinc (Zn2+) white ppt., soluble in excess, giving  
a colourless solution

white ppt., soluble in excess, 
giving a colourless solution

Tests for gases

gas test and test result

ammonia (NH3) turns damp red litmus paper blue

carbon dioxide (CO2) turns limewater milky

chlorine (Cl 2) bleaches damp litmus paper

hydrogen (H2) ‘pops’ with a lighted splint

oxygen (O2) relights a glowing splint
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1 You are going to test a procedure to investigate an enzyme-catalysed reaction.

 Hydrogen peroxide is broken down by catalase, an enzyme found in living cells such as celery 
cells. Oxygen gas is released during the reaction.

 Read through the procedure below.

  •  Use the syringe to place 2 cm3 of hydrogen peroxide solution in the test-tube. Add a drop 
of detergent and use the stirring rod to mix well.

  • Cut a 1.5 cm length from the middle of the celery stick.

  •  Cut this 1.5 cm length into approximately 1 mm slices. Now cut these slices in half as 
shown in Fig. 1.1.

1 mm
slice

approximately
1 mm slice

1.5 cm

Fig. 1.1 (not to scale)

  • Add these pieces to the hydrogen peroxide solution in the test-tube.

  •  Use the stirring rod to push the pieces into the solution and immediately start the 
stopwatch.

 (a) In Table 1.1, record the height of the liquid and bubbles, to the nearest 0.1 cm, in the 
test-tube every 2 minutes for 10 minutes. [3]

Table 1.1

time / minutes height / cm

2

4

6

8

10
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 (b) On the grid provided, plot a graph of liquid and bubble height (vertical axis) against time 
(horizontal axis).

  Draw a best-fit curve. [4]

 (c) A student uses this method to investigate the effect of temperature on this enzyme-catalysed 
reaction.

  (i) State two variables that the student should keep constant.

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

2.  .......................................................................................................................................
 [1]

  (ii) Suggest which temperatures the student should use.

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

 .......................................................................................................................................[2]
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2 You are going to investigate the reaction between magnesium and copper sulfate solution. You 
will also find out how the reaction depends on the concentration of the copper sulfate solution.

 You are provided with copper sulfate of concentration 1.00 X where X is a unit of concentration.

 (a) (i) Using the thermometer, measure the initial temperature Ti of the copper sulfate solution 
and record to the nearest half degree in Table 2.1 the initial temperature Ti for 
concentration 1.00 X. [1]

Table 2.1

concentration 
of copper 

sulfate

initial 
temperature 

Ti / °C

highest 
temperature 

Th / °C

temperature 
change  
ΔT / °C

1.00 X

0.75 X

0.50 X

0.25 X

  (ii) • Transfer one of the samples of magnesium into the plastic cup.

   • Measure 24 cm3 of copper sulfate solution using the 25 cm3 measuring cylinder.

   • Add this quickly to the magnesium in the plastic cup.

   • Stir the mixture thoroughly and measure the highest temperature Th reached.

   •  Record to the nearest half degree in Table 2.1 the highest temperature Th for 
concentration 1.00 X. [1]

  (iii) Pour the contents of the plastic cup into the large beaker labelled waste and thoroughly 
rinse out the plastic cup with water.

   Make a copper sulfate solution of lower concentration, 0.75 X, using the following 
method.

   •  Measure 6 cm3 of water using the 10 cm3 measuring cylinder and add this to the 
small beaker.

   •  Measure 18 cm3 of copper sulfate solution using the 25 cm3 measuring cylinder and 
add this to the water in the small beaker.

   • Stir the mixture to ensure an even solution.

   •  Measure the initial temperature Ti of this 0.75 X copper sulfate solution and record 
to the nearest half degree in Table 2.1 the initial temperature Ti for concentration 
0.75 X. [1]

   • Keep this solution for (iv).

   The volumes used are shown in Table 2.2.



5

0653/52/O/N/16© UCLES 2016 [Turn over

Table 2.2

concentration 
of copper 

sulfate

volume of 
copper sulfate 

/ cm3

volume of 
water  
/ cm3

1.00 X 24  0

0.75 X 18  6

0.50 X 12 12

0.25 X  6 18

  (iv) • Transfer another of the samples of magnesium into the plastic cup.

   •  Add the 0.75 X copper sulfate solution, made in (iii), from the small beaker quickly 
to the magnesium in the plastic cup.

   • Stir the mixture thoroughly and measure the highest temperature Th reached.

   •  Record to the nearest half degree in Table 2.1, the highest temperature Th for 
concentration 0.75 X. [1]

  (v) Repeat (a)(iii) and (a)(iv) using the volumes of water and copper sulfate for 0.50 X 
copper sulfate solution and then 0.25 X copper sulfate solution as shown in Table 2.2.

   Record to the nearest half degree in Table 2.1, the initial temperatures Ti and the 
highest temperatures Th. [2]

 (b) (i) Calculate the temperature change ΔT during the reaction for each concentration of 
copper sulfate.

   Record these values in the last column of Table 2.1. [1]

  (ii) A student states that the temperature change ΔT for this experiment depends directly on 
the concentration of the copper sulfate solution used.

   Suggest whether this is supported by your data in Table 2.1 and justify your answer.

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

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

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

  (iii) Suggest how the data in Table 2.1 could be presented to show the relationship between 
concentration and change in temperature.

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

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

 (c) Suggest one change to this procedure to improve the accuracy of the results.

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

 ...............................................................................................................................................[1]
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3 You are going to find the mass of a piece of modelling clay using a balancing method.

 You are provided with a metre rule, a pivot and a piece of modelling clay.

 (a) Mould the piece of modelling clay until it is roughly cube-shaped. Place the modelling clay on 
the metre rule so that its centre is 15.0 cm from the zero end of the rule, as shown in Fig. 3.1.

0.0 cm 50.0 cm 100.0 cm

15.0 cm a b

modelling clay
pivot

metre rule

bench

Fig. 3.1 (not to scale)

  (i) Adjust the position of the pivot so that the rule balances on it. Record to the nearest 
0.1 cm the distance a from the centre of the modelling clay to the pivot as shown in 
Fig. 3.1.

 a =  ........................  cm [1]

  (ii) Record to the nearest 0.1 cm the distance b from the pivot to the 50.0 cm mark, as shown 
in Fig. 3.1.

 b =  ........................  cm [1]

  (iii) Describe how you ensured that the centre of the modelling clay was directly above the 
15.0 cm mark on the metre rule. You may draw a diagram, if you wish.

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

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

 (b) Use the balance provided to measure the mass M of the metre rule to the nearest gram.

 M =  ........................... g [1]
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 (c) Calculate the mass m of the piece of modelling clay using the equation shown.

m = M × ba

  Give your answer to an appropriate number of significant figures.

 m =  ........................... g [2]

 (d) Use the balance provided to measure the mass of the piece of modelling clay.

 mass of modelling clay =  ........................... g [1]

 (e) Even if you have carried out the experiment very carefully, your measured mass of the piece 
of modelling clay may not be equal to your value of m.

  Suggest two reasons why this might be so. Assume that the balance is accurate.

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

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

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

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

 (f) The experiment is repeated with a heavier piece of modelling clay.

  State how the distances a and b will change.

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

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



8

0653/52/O/N/16© UCLES 2016

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.

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

NOTES FOR USE IN QUALITATIVE ANALYSIS

Tests for anions

anion test test result

carbonate (CO3
2–) add dilute acid effervescence, carbon dioxide 

produced

chloride (Cl –)
[in solution]

acidify with dilute nitric acid, then  
add aqueous silver nitrate

white ppt.

nitrate (NO3
–)

[in solution]
add aqueous sodium hydroxide,  
then aluminium foil; warm carefully

ammonia produced

sulfate (SO4
2–)

[in solution]
acidify with dilute nitric acid then add 
aqueous barium nitrate

white ppt.

Tests for aqueous cations

cation effect of aqueous sodium hydroxide effect of aqueous ammonia

ammonium (NH4
+) ammonia produced on warming –

copper(II) (Cu2+) light blue ppt., insoluble in excess light blue ppt., soluble in excess, 
giving a dark blue solution

iron(II) (Fe2+) green ppt., insoluble in excess green ppt., insoluble in excess

iron(III) (Fe3+) red-brown ppt., insoluble in excess red-brown ppt., insoluble in excess

zinc (Zn2+) white ppt., soluble in excess, giving  
a colourless solution

white ppt., soluble in excess, 
giving a colourless solution

Tests for gases

gas test and test result

ammonia (NH3) turns damp, red litmus paper blue

carbon dioxide (CO2) turns limewater milky

chlorine (Cl 2) bleaches damp litmus paper

hydrogen (H2) ‘pops’ with a lighted splint

oxygen (O2) relights a glowing splint


