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Gas constant R = 8.31 J K–1 mol–1 

 
 
 

Table 1 
Proton n.m.r chemical shift data 

 
Type of proton   δ/ppm 

 
RCH3     0.7–1.2 

R2CH2     1.2–1.4 

R3CH     1.4–1.6 

RCOCH3    2.1–2.6 

ROCH3    3.1–3.9 

RCOOCH3    3.7–4.1 

ROH     0.5–5.0 

 
 
 
 

Table 2 
Infra-red absorption data 

 
Bond     Wavenumber/cm–1 

 
C—H     2850–3300 

C—C     750–1100 

C    C     1620–1680 

C    O     1680–1750 

C—O     1000–1300 

O—H (alcohols)   3230–3550 

O—H (acids)    2500–3000 

 
 
 
 
 
 
 
 
 
 
 

 



 
GCE CHEMISTRY UNIT 3 EMPA SPECIMEN/VERSION 1.0 

4

SECTION A 
 

These questions are about the task, an investigation of a varnish remover 
You should use your task sheet, your own results and the data given to answer them.  

Full marks can only be scored in calculations if you show all of your working. 
 

Answer all questions in the space provided. 
________________________________________________________________________________ 
 
ANALYSING 
 
1      The aqueous solutions used in Stage 1 of the Task Sheet were as follows. 
 
  Solution A was magnesium chloride 
  Solution B was calcium chloride 
  Solution C was barium chloride 
  Solution D was aluminium chloride 
 
  State which metal ion is most likely to be present in the varnish remover. State two 

observations to support your answer. 
 
  Metal ion     ................................................................................................................................ 
          
  Observation 1............................................................................................................................. 
 
  ..................................................................................................................................................... 
 
  Observation 2............................................................................................................................. 
 
  ..................................................................................................................................................... 

(3 marks) 
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2  Using your results from Step 2 plot a graph of temperature (y axis) against time on  
 the graph paper provided. Draw a line of best fit for the points before the fourth 
minute. Draw a second line of best fit for the points after the fourth minute.   
Extrapolate both lines to the fourth minute. Hence determine an accurate value for 
the temperature rise at the fourth minute. 

 
  Accurate value for the temperature rise    ........................... °C 
 

           
 

(7 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
__  
10
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SECTION B   
 

Answer all questions in the space provided. 
________________________________________________________________________________ 
 
ANALYSING  
 
INTRODUCTION 
 
A solution containing sodium hydroxide, with a small amount of barium hydroxide, can be 
used as a varnish remover. Safe disposal of the varnish remover after use involves 
neutralising the excess alkali and removal of paint and varnish residues.   
 
Neutralisation with hydrochloric acid forms a solution containing sodium chloride and barium 
chloride. Barium chloride can be obtained as a hydrated salt by crystallisation.  
 
The water of crystallisation in barium chloride crystals can be removed as water vapour by heating 
as shown in the following equation: 
 

            BaCl2.xH2O(s)              →       BaCl2 (s)            +            xH2O(g) 
           hydrated barium              anhydrous barium 

    chloride                        chloride 
 
A student weighed a clean dry crucible. The student transferred 0.25 g of hydrated barium chloride 
to the crucible. The crucible was then heated.  When the crucible and its contents had reached 
constant mass the mass was recorded.  
 
The experiment was repeated using different masses of hydrated barium chloride. 
 
For each experiment the student recorded the original mass of hydrated barium chloride and the 
mass of anhydrous barium chloride left after heating. The student’s results are shown on the graph 
below. 
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3  Draw a straight line of best fit on your graph. 

 (2 marks) 
 
4  Use the graph to determine the mass of hydrated barium chloride which would have formed  
    1.00 g of anhydrous barium chloride. 
 
  Mass of hydrated barium chloride ...............................................................................................  
  

(1 mark) 
 
5  Calculate the number of moles of BaCl2 present in 1.00 g of anhydrous barium chloride. 
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  

(1 mark) 
 
 
 

BaCl2.xH2O /g 

m
as

s o
f B

aC
l 2 

/g
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6  Use your answers to Questions 4 and 5 to calculate the Mr of hydrated barium chloride. Give 
your answer to the appropriate precision. 

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

(2 marks) 
 
7  Use your answer to question 6 to calculate the value of x in BaCl2.xH2O 
 
  ......................................................................................................................................................  
  
  ......................................................................................................................................................  
   
  ......................................................................................................................................................  

(1 mark) 
 
8  The maximum total error in weighing 0.25 g on the balance was 0.01 g. This error takes into 

account multiple measurements. Estimate the maximum percentage error in using the balance. 
 
  ......................................................................................................................................................  
  
  ......................................................................................................................................................  

  (1 mark) 
 

9  Explain why it was unnecessary to use a more precise balance. 
 
  ......................................................................................................................................................  
  
  ......................................................................................................................................................  

(1 mark) 
 

10  To remove old varnish a table-top is immersed in hot alkali solution for several hours. Apart 
from the use of eye protection, suggest one appropriate safety precaution. 

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

(1 mark) 
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EVALUATION 
 
11  Consider your graph on page 5 and comment on the results obtained by the student. Is your 

line of best fit good enough for you to use it with confidence? Identify any anomalous results. 
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  

(2 marks) 
 
12  Explain why it was necessary for the student to heat the crucible to constant mass. 
 
  ......................................................................................................................................................  

(1 mark) 
 

13  Pure hydrated barium chloride has the formula BaCl2.2H2O   
 
  (a) Calculate the Mr of BaCl2.2H2O 
   
  ......................................................................................................................................................  

 
(b) Calculate the difference between the Mr of BaCl2.2H2O and the Mr determined in  

question 6 of the Analysis. Express this as a percentage of the Mr of the literature 
value. 

 
If you could not complete question 6 of the Analysis section, you should assume that the Mr 
determined from the graph is 253.2. This is not the correct value. 

 
  Difference ....................................................................................................................................  
    
  Percentage  ...................................................................................................................................  

(2 marks) 
 

14  Suggest one reason in each case why  
 
  (a) small amounts of hydrated barium chloride, such as 0.100 g, should not be used in 

this experiment. 
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  
 
  (b) large amounts of hydrated barium chloride, such as 50 g, should not be used in this 

experiment 
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  

(2 marks) 
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15  Barium chloride solution is used to detect the presence of the sulphate ion in a solution. 
Describe what you would see if the test was positive. 

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

(1 mark) 
 
16  Barium compounds are toxic but barium sulphate is sometimes given to a patient before an   

x-ray is taken in hospital. Explain why the patient is not poisoned by the barium sulphate. 
  
  ......................................................................................................................................................  

(1 mark) 
 
17  Anhydrous barium chloride can also be made by reaction of barium and chlorine. Calculate 

the atom economy of this reaction.  
 
  ......................................................................................................................................................  
  
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  

(1 mark) 
 
18  Use the results of this experiment, shown on the graph, to explain why the student was wise 

to repeat the experiment using different masses of hydrated barium chloride. 
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  
 
  ......................................................................................................................................................  

(2 marks) 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
__ 
22 
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These questions test your understanding of the skills and techniques you have acquired 
performing a range of experiments during your AS course. 

________________________________________________________________________________ 
 

19  The first two steps in the preparation of a standard solution involve weighing the appropriate 
mass of solute and dissolving this mass of solute in a small volume of deionised water. 
Describe the remaining steps you would take to prepare 250 cm3 of the standard solution. 

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

(4 marks) 
 
20  In an experiment to measure an enthalpy change, two reagents in aqueous solution were 

mixed and the temperature rise was recorded. 
 

 (a) Other than temperature, state one other measurement that must be recorded. 
 
  ......................................................................................................................................................   
 
  ......................................................................................................................................................  
 

(b) State one precaution which might be taken to minimise heat loss during the 
experiment. 

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

(2 marks) 
 
21  Identify a reagent you could use in a simple chemical test to confirm the presence of an alkene 

in a mixture of hydrocarbons. State what you would observe when this reagent is added to the 
alkene.  

 
  Reagent .........................................................................................................................................  
 
  Observation ..................................................................................................................................  
 
  ......................................................................................................................................................  

(2 marks) 
 

END OF QUESTIONS 
 

Copyright © 2008 AQA and its licensors.  All rights reserved 

 

 
__ 
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GCE CHEMISTRY 1421/2421 
 
SPECIMEN PAPER  EMPA: CHM3X  
  
_____________________________________________________________________ 
 
TASK SHEET 
 
An investigation of a varnish remover  
 
Introduction 
 
Varnish removers are used to remove paint and varnish from wooden objects such as tables 
and doors. A solution containing sodium hydroxide, with small amounts of another metal 
hydroxide, can be used as a varnish remover. Safe disposal of the varnish remover after use 
involves the identification of the unknown metal hydroxide, followed by the neutralisation 
of the excess alkali and the removal of paint and varnish residues. The neutralisation process 
is exothermic.  
 
In this two-stage practical assessment you will identify a metal ion which is present in a varnish 
remover.  
 
In Stage 1 you will complete a series of observational exercises. The results of these exercises 
will allow you to identify the metal ion which is present in the varnish remover.  
 
In Stage 2 you will measure the enthalpy change of neutralisation of the main constituent of the 
varnish remover. 
 
TASK 1 Observational Exercise (Implementing) 
 
Identification of the unknown metal ion 
 
You are provided with an aqueous solution of the varnish remover which has been neutralised 
with hydrochloric acid. You are also provided with aqueous solutions A, B, C and D of some 
metal salts.  
 
Use a separate sample of each solution in each of the following tests. 
 
Perform the tests described below on each solution in turn, recording what you observe in a 
table of your own design on the Candidate Results Sheet. 
 
Where no visible change is observed, write "no visible change". 
 
You are not required to identify the solutions or any of the reaction products in this part of 
the exercise. 
Wear safety glasses at all times. 
Assume that the varnish remover and all of the reagents and liquids are toxic, corrosive and 
flammable. 
 

abc 
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Test 1  Tests with dilute sulphuric acid   
 
Place about 10 drops of A in a labelled test tube. Add 10 drops of dilute sulphuric acid and shake 
the mixture. 
Allow the mixture to stand for ten minutes.   
Repeat this test in separate clean test tubes with B, then C, then D and then with the solution of the 
varnish remover. 
 
While you are waiting, begin the tests below. 
 
 
Test 2     Tests with sodium hydroxide solution 
 
Place about 10 drops of A in a labelled test tube. Add sodium hydroxide solution, dropwise 
with shaking, until in excess.  
Repeat this test in separate clean test tubes with B, then C, then D and then with the solution of the 
varnish remover. 
 
 
Test 3   Tests with ammonia solution 
 
Place about 10 drops of A in a labelled test tube. Add 10 drops of ammonia solution and shake the 
mixture.  
Repeat this test in separate clean test tubes with B, then C, then D and then with the solution of the 
varnish remover. 
 
 
Test 4  Tests with sodium carbonate solution 
 
Place about 10 drops of A in a labelled test tube. Add 10 drops of sodium carbonate solution and 
shake the mixture. 
Repeat this test in separate clean test tubes with B, then C, then D and then with the solution of the 
varnish remover. 
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GCE CHEMISTRY 1421/2421 
 
SPECIMEN  EMPA: CHM3X 
 
Candidate Results Sheet TASK 1 
 
 
Centre Number   
 
 
 
Candidate Name.....................................................................................................................................  
 
Candidate number   
 
 
Results 
 
Present your results in an appropriate form in the space below. 
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TASK 2  Determination of the enthalpy change of neutralisation of a varnish remover  
(Implementing) 
 
Wear eye protection at all times. 
Assume that all solutions are toxic and corrosive. 
 
 1 Rinse a burette with the hydrochloric acid provided. Set up the burette and, using a 

funnel, fill it with the hydrochloric acid provided. 
 

 2 Using the burette, transfer 25.0 cm3 of the hydrochloric acid to a clean, dry plastic 

cup. 

 

 3 Measure the temperature of the hydrochloric acid in the cup to one decimal place. Record 
your result. 

 
Temperature of the hydrochloric acid/ °C  

 
 4 Wash the thermometer with distilled or de-ionised water and dry the thermometer. 
 
 5 Using a pipette filler, rinse a pipette with the varnish remover solution provided. Using 

this pipette and the filler, transfer 25.0 cm3 of the varnish remover solution to a second 
clean, dry plastic cup.   

 
 6 Place the plastic cup containing the varnish remover solution in a beaker to provide 

support and additional insulation. Mount the thermometer in the cup using a clamp 
and stand. The bulb of the thermometer must be fully immersed in the solution. Place 
a stirrer in the cup. 

  
 7 Stir the varnish remover solution in the cup and measure the temperature to one 

decimal place.  Record your result in table of your own design on the Candidate 
Results Sheet. 

    
  Every minute for a further three minutes stir the solution, measure the temperature and 

record each result in your table. 
 
 8 At the fourth minute add the 25.0 cm3 of hydrochloric acid from the plastic cup. Stir the 

mixture but do not record the temperature.  
 
 9 Continue to stir the mixture, and measure the temperature at the fifth minute, and then every 

subsequent minute for a further five minutes. Record the results for each temperature in a 
table on Candidates Results Sheet TASK 2. 
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GCE CHEMISTRY 1421/2421 
 
SPECIMEN  EMPA: CHM3X 
 
Candidate Results Sheet TASK 2 
 
 
Centre Number   
 
 
 
Candidate Name.....................................................................................................................................  
 
Candidate number   
 
 
Results 
 
Present your results in an appropriate form in the space below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     

    




