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Section B 
 

Answer all six questions in this section 
 
Q11 Barium chloride is formed from its elements as follows: 
 

 Ba(s)   +   Cl2(g)   →   BaCl2(s)   -855 kJ mol-1 

 
The following enthalpy changes can be used to calculate the lattice enthalpy 
of barium chloride: 

 
 I  Ba(s)   →   Ba(g)     +175 kJ mol-1 

 
 II  Ba(g)   →   Ba2+(g) + 2e-    +1500 kJ mol-1 

 
 III  Cl2(g)   →   2Cl(g)     +242 kJ mol-1 

 
 IV  Cl(g)   +   e- → Cl-(g)    −364 kJ mol-1 

 
Q11a What name is given to each of the enthalpy changes I–IV? [4] 
 
 
Student’s response 

I Enthapy of atomisation of Barium 

II 1st and 2nd ionisation energy of Barium 

III Ethapy of atomisation of Chlorine 

IV 1st election affinity of Chlorine 

Examiner’s comments 

Most Grade A candidates gained three or four marks in this question.  The most 
common errors were on part II and, as in this case, part III. 
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Q11b Explain what is meant by the term lattice enthalpy. [2] 
 
 
Student’s response 

The enthalpy change when 1 mole of an ionic compound is converted into its 
gaseous ions under standard conditions 

Examiner’s comments 

This was very well answered by Grade A candidates with most gaining both marks, 
as in this case. 
 
 
Q11c Calculate, to four significant figures, the lattice enthalpy of barium chloride. 

[2] 
 
 
Student’s response 

-(-855) + 175 + 1500 + 2(242) -2 (364) = 2286kJmol-1 

Examiner’s comments 

Most A Grade candidates gained both marks in this question.  In this case the 
candidate incorrectly multiplied the bond enthalpy of chlorine by two. 
 
 
Q11d What name is given to the cycle used to calculate lattice enthalpy? [1] 
 
 
Student’s response 

Born Harber 

Examiner’s comments 

This was very well answered by the vast majority of candidates.  Very few errors by A 
Grade candidates. 
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Q11e Given 
 
 Ba2+(g)   →   Ba2+(aq)     −1309 kJ mol-1 
 
 Cl-(g)   →   Cl-(aq)      −378 kJ mol-1 
 

 calculate, to an appropriate number of significant figures, the enthalpy of  
 solution of barium chloride and use it to explain why barium chloride is  
 soluble in water. [3] 

 
 
Student’s response 

2286 -1309  -2(378) = 221kJmol-1 

It is an ionic compound so can form permanent dipoles between the ions and the 
dipoles on the water Ba2+ with Hδ -and CI- with Oδ+ 

Examiner’s comments 

This calculation was very well done by A Grade candidates.  In this case the error 
has been carried through from part (d) and gained two marks.  Most candidates with 
the correct calculation were able to give the correct explanation to gain the third 
mark. 
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Q12 Malic acid is found in some apples, giving them a sour taste. 
 
 
 
 
 
 
 
 
 
 
 
Q12a(i) Draw the structure of malic acid showing all the bonds present. [1] 
 
 
Student’s response 

 

 

 

 

 

Examiner’s comments 

Most A grade candidates gained this mark.  The most common error, as in this case, 
was the omission of the bond in the alcohol group. 
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Q12a(ii) Suggest the IUPAC name for malic acid. [2] 
 
 
Student’s response 

2-hydroxybutandioic acid 

Examiner’s comments 

The name was generally given correctly by the A Grade candidates, as in this case. 
 

Q12b(i) Show the organic products for the reaction of malic acid with an excess 
of each of the following: PCI5, LiAlH4 and CH3CHOHCH3. [4] 

 
 
 
 
 
 
 
 

 
Student’s response 

 

 
 
 
 
 
 
 
 
 

Examiner’s comments 

A Grade candidates gained at least three marks and many gained all four marks.  
This candidate failed to replace the alcohol group on the left with a chlorine atom, a 
common error.  
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Q12b(ii) Name the organic product formed from the reaction with LiAlH4. [1] 
 
 
Student’s response 

butan – 1, 2, 4 - triol 

Examiner’s comments 

The name was generally given correctly by A Grade candidates. 
 

Q12c  Malic acid melts at 130 °C and has a solubility of 0.558 kg dm-3  
at 20 °C. 

 
Q12c(i) Explain why malic acid has a relatively high melting point. [2] 
 
 
Student’s response 

It can form H-bonds and van der waals.  H-bonds can form between the δ+ 
Hydrogen of the –OH and the lone pair of electrons on the δ- Oxygen of C=O.  H 
bonds are strong and take more energy to break. 

Examiner’s comments 

Most A grade candidates recognised the role of H-bonds but often did not explain 
what this involved and the intermolecular nature.  This candidate lost the second 
mark for not explaining that the H-bonds are between molecules. 
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Q12c(ii) Calculate, to three significant figures, the molarity of a saturated 
solution of malic acid at 20 °C. [2] 

 
 
Student’s response 

 

 

 

Examiner’s comments 

Most A Grade candidates gained both marks, as in this case. 
 

Q12d Malic acid is produced industrially by the double hydration of maleic 
anhydride. Although malic acid contains an asymmetric centre, the 
product of this reaction is not optically active. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q12d(i) Explain what is meant by the term optically active. [2] 
 
 
Student’s response 

The sample rotates the plane of plane polarised light 

Examiner’s comments 

The definition of optical activity was very well answered by all candidates.  
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Q12d(ii) On the above diagram circle the asymmetric centre on the malic acid. 
[1] 

 
 
Student’s response 

 

 

 

 

 

Examiner’s comments 

This was correctly answered by the vast majority of candidates. 

 
Q12d(iii) What name is given to this type of optically inactive product? [1] 

 
 

Student’s response 

racemic mixture 

Examiner’s comments 

The mark scheme required racemic mixture or racemate.  Some candidates lost a 
mark for omitting the word mixture.  Most A Grade candidates, as in this case, gained 
the mark. 
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Q12d(iv) Explain why the product in this reaction is not optically active. [1] 
 
 
Student’s response 

The optical isomers are in equimolar amounts so the net rotation is zero 

Examiner’s comments 

Most A Grade candidates, as in this case, recognised that equimolar amounts of 
each isomer would be formed. 
 

Q13 Ethyl ethanoate is hydrolysed in alkaline conditions as follows: 
 

CH3COOC2H5   +   OH-   →   CH3COO-   +   C2H5OH 
 
Q13a  Explain, giving experimental details, how you would follow the rate of this 

reaction with respect to hydroxide ions using pH and how you would use 
your results to find the order of the reaction with respect to hydroxide ions. 

 
In this question you will be assessed on using your written 
communication skills including the use of specialist scientific terms. 
[6] 

 
 
The following question could not be exemplified as the candidate’s permission 
could not be obtained. 
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Q13b  The following results were obtained for the reaction. 
 

[CH3COOC2H5] 
/mol dm-3 

[OH-] 
/mol dm-3 

initial rate of the reaction 
/mol dm-3 s-1 

0.152 0.038 1.13 x 10-2 
0.038 0.076 5.65 x 10-3 
0.019 0.152 5.65 x 10-3 

 
Q13b(i)  Deduce the rate equation for the reaction. [2] 
 
 
Student’s response 

rate = k[CH3COOC2H5] [OH-] 

Examiner’s comments 

This was a difficult rate equation to deduce.  Most A Grade candidates gained two 
marks, as in this case. 
 

Q13b(ii) Calculate, to three significant figures, the value of the rate constant and 
state its units. [2] 

 
 
Student’s response 

                   1.13  x  10-2       0    
K  =          0.152  x  0.038     =  1.96  mol-1  dm3  s-1 

                        Mold m-3 5-1       0      
Units  =            mol2 dm-6               = mol-1 dm3 5-1 

(mololm-3)2  =  mol2  dm-6 

Examiner’s comments 

Error carried forward allowed most candidates to gain at least one mark and often 
both marks.  This candidate has correctly calculated the value of the rate constant 
and given the correct units.  
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Q13b(iii) State and explain the effect of increasing the temperature on the value 
of the rate constant. [2] 

 
Student’s response 

Increasing temperature will increase the value of the rate constant as the reacting 
particles have more energy so more collisions occur and therefore more successful 
collisions occur which increases the rate. 

Examiner’s comments 

Most A Grade candidates recognised the connection between the increased rate and 
the resultant increase in the rate constant, as in this case. 
 
 
Q13c Ethanoic acid reacts with butan-1-ol to form the ester butyl ethanoate as 

follows: 
 

 
 
Q13c(i)  What mass of butan-1-ol is required to produce 58 g of butyl ethanoate 

when reacted with 45 g of ethanoic acid in 50 cm3 of water? Give your 
answer to two significant figures. 

 
(Kc = 3.0 at 20 °C; the density of water is 1 g cm-3) [4] 

 
Student’s response 

Moles acid  =  0.7515  moles  ester  =  0.510                     5cm  =  0.05 

Moles water  =  2.77 554      [0.5] [2.77]           0    
                         3  =             [0.75] [x] 

                 277  x  0.75  =  [x] 

                600 

              0.34625  =  [x] 

         Moles  =  0.37625  x  50  =  0.0173125 
                                  1000                ↓ 

                                      Mass  =  x rfm 

                                                    = 1.28g 

Examiner’s comments 

This was a difficult calculation and was answered poorly by most candidates.  Many, 
as in this case, gained no marks.    
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Q13c(ii) Suggest and explain the effect of increasing the temperature to 40 °C 
on the position of the equilibrium. [2] 

 
 
Student’s response 

Equilibrium will moves to the left hand side because the forward reaction is 
exothermic.  Equilibrium moves to the left hand side to oppose the change in 
temperature. 

Examiner’s comments 

This was very well answered by A Grade candidates with most, as in this case, 
gaining both marks. 
 

Q13c(iii) Explain why the equilibrium constant has no units. [1] 
 
 
Student’s response 

(moldm-3) (moldm-3) 

(moldm-3) (moldm-3) 

The units are cancelled out. 

Examiner’s comments 

This was very well answered by A Grade candidates with most, as in this case, 
gaining the mark. 
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Q13d  The ester tallow is an animal fat which is formed from two molecules 
of stearic acid, CH3(CH2)16COOH, and one molecule of oleic acid, 
CH3(CH2)7CHCH(CH2)7COOH. 

 
Q13d(i) Tallow exists as two isomers. Draw the structure of one isomer of 

tallow. [2] 
 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

This structure proved difficult for weaker candidates.  A Grade candidates generally 
gained both marks, as in this case. 
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Q13d(ii) Tallow can undergo transesterification. Explain what is meant by the 
term transesterification. [2] 

 
 
Student’s response 

A reaction in which the alkyl group of an ester is exchanged with the alkyl group of 
an alcohol. 

Examiner’s comments 

This is a new definition and is in the CCEA Clarification of Terms support document.  
However the question was poorly answered.  Whilst many recognised that alkyl 
groups are involved they often omitted the ester and/or alcohol.  This candidate 
gained both marks. 
 

Q13d(iii) State two uses of transesterification reactions. [2] 
 
 
Student’s response 

To produce biodisel, which can then be used to produce fuel.  To form glycerol that 
can be used for many things. 

Examiner’s comments 

This is new on the specification and the uses are limited to biodiesel and margarine.  
This candidate gained one mark for biodiesel. 
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Q14 The buttery flavour of butterscotch is due to the presence of diacetyl, 
CH3COCOCH3. 

 
Q14a  Suggest the IUPAC name for diacetyl. [1] 
 
 
Student’s response 

butan-2,3-dione 

(butandione) 

Examiner’s comments 

This was generally answered correctly by A Grade candidates, as in this case. 
 

Q14b  Diacetyl can be made from the corresponding alcohol. 
  
Q14b(i) Write an equation for the reaction, using [O] to represent the oxidising 

agent. [2] 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

This was generally answered correctly by A Grade candidates, as in this case.  The 
most common error was omitting the 2 in front of the [O]. 
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Q14b(ii) State the reagent and the condition required for this reaction. [2] 
 
 
Student’s response 

Acidified potassium dichromate solution.  Heat under reflux. 

Examiner’s comments 

Most candidates, as in this case, gained the mark for heat.  Very few candidates 
gave potassium dichromate(VI) and so most candidates only gained one mark.  This 
candidate gained one mark. 
 

Q14b(iii) Diacetyl is a liquid at room temperature with a melting point of −3 °C 
and a boiling point of 88 °C. The diacetyl obtained in this reaction 
contains water. Explain how you would use fractional distillation to purify 
the diacetyl. Describe how you would dry the diacetyl. State how you 
would use infrared spectroscopy to confirm the diacetyl is pure. 

 
In this question you will be assessed on using your written 
communication skills including the use of specialist scientific 
terms. [6] 

 
 
Student’s response 

Fractional distillation can be used to distill off the diacetyl at a particular boiling point.  
This ensures that no other impurities will also be distilled as they will have a different 
boiling point.  To dry the diacetyl you could place it in a desiccator.  Infrared 
spectroscopy could be used to confirm it is pure because all the molecules in a bond 
are vibrating.  The molecules will absorb energy of a certain frequency based on 
their mass and they will then produce a peak.  To confirm it is pure, you can 
compare the peak produced with a table of known results. 

Examiner’s comments 

This question was not well answered, even by A Grade candidates.  In this case 
marks were lost for: collecting the distillate over a temperature range; no suitable 
container; the liquid not going clear on drying; no comparison with IR spectrum of the 
pure substance e.g. compare with spectrum of pure sample and both should be the 
same.  The sodium carbonate was also ignored.  The candidate gained one mark.  
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Q14c Diacetyl may react with one or two molecules of  
2,4-dinitrophenylhydrazine. 

 
Q14c(i) Write the equation for the reaction of diacetyl with one molecule of 

2,4-dinitrophenylhydrazine. [2] 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

This reaction is familiar from previous years and most A Grade candidates gained 
both marks, as in this case. 
 

Q14c(ii) Describe the appearance of the product. [1] 
 
 
Student’s response 

Yellow solid 

Examiner’s comments 

The appearance of the product was very well known by most candidates, the mark 
scheme required an orange/yellow solid/precipitate.  This candidate gained both 
marks. 
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Q14c(iii) Explain why the melting point of the product formed with one molecule 
of 2,4-dinitrophenylhydrazine would differ from that formed from the 
reaction with two molecules of 2,4-dinitrophenylhydrazine. [2] 

 
 
Student’s response 

When the diacetyl reacts with two molecules there will be more electrons in the 
molecule produced and therefore a greater number of Van der Waals forces which 
require a greater amount of energy to break.  This causes it to have a greater 
melting point. 

Examiner’s comments 

Most A Grade candidates recognised that the product of two molecules would have 
greater intermolecular forces and therefore a higher melting point.  In this case the 
candidate answered in terms of one molecule and gained both marks. 
 

Q15 Phenylethanone, C6H5COCH3, used in making resins and 
pharmaceuticals can be made by reacting benzene with ethanoyl chloride. 

 
Q15a The reaction is described as electrophilic substitution. 

 
Q15a(i) Explain what is meant by the term electrophile. [2] 
 
 
Student’s response 

An ion or molecule which attracts a region of high electron density. 

Examiner’s comments 

This definition is in the CCEA Clarification of Terms support document and was well 
known by the A Grade candidates, as in this case. 
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Q15a(ii) Explain why the reaction is described as a substitution. [1] 
 
 
Student’s response 

The H on benzene is replaced with CH3CO.  One atom or group is replaced by a 
different atom or group. 

Examiner’s comments 

This question caused problems for many candidates as they did not refer to the 
reaction.  Generally A Grade candidates, as in this case, recognised this was 
required and gave the correct answer. 
 

Q15b(i) Write the equation for the formation of ethanoyl chloride from ethanoic 
acid. [1] 

 
 
Student’s response 

 

 

 

Examiner’s comments 

This equation was very well answered by A Grade candidates, with most, as in this 
case, gaining the mark. 
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Q15b(ii) Why is this reaction carried out under anhydrous conditions? [1] 
 
 
Student’s response 

To allow it to go to completion 

Examiner’s comments 

This question proved difficult for many candidates, including those at the A Grade 
boundary.  Most, as in this case, failed to recognise that the ethanoyl chloride and 
the PCl5 would react violently with any water present. 
 

Q15c(i) Write an equation for the formation of the electrophile when benzene 
reacts with ethanoyl chloride using a catalyst. [1] 

 
 
Student’s response 

                                        AICI3 

CH3COCI  +  AICI3  →  CH3CO+  +  AIC14- 

Examiner’s comments 

This was a new question and was very well answered by A Grade candidates, with 
most gaining the mark, as in this case. 
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Q15c(ii) Draw the mechanism for the catalysed reaction using curly arrows. [4] 
 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

This was follow-on from the previous part and was well answered by A Grade 
candidates, with most gaining three marks and many gaining all four marks.  This 
candidate lost a mark for the first curly arrow. 
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Q16 Ammonium perchlorate, NH4ClO4, is used in solid rocket fuels. It can be 
formed by reacting ammonia with the strong acid perchloric acid as 
follows: 

 
NH3   +   HClO4   →   NH4ClO4 

 
Q16a(i) What is the oxidation number of chlorine in ammonium perchlorate? [1] 
 
 
Student’s response 

                                                       +1 +7 -2          +2 +4     -2 
NH3   +   HClO4   →   NH4ClO4 

                                                                            -3 

-2 

Examiner’s comments 

This was poorly answered, even by the A Grade candidates with many failing to gain 
the mark, unlike this case. 
 

Q16a(ii) Explain whether a solution of ammonium perchlorate is acidic, alkaline 
or neutral. [2] 

 
 
Student’s response 

Acidic because a strong acid (HClO4 ) is reacting with a weak base (NH3 ) 

Examiner’s comments 

This was very well answered by A Grade candidates with most gaining both marks, 
as in this case. 
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Q16b Ammonium perchlorate decomposes, when heated, to produce a 
mixture of hydrogen chloride, nitrogen, oxygen and water. 

 
Q16b(i) Write the equation for the thermal decomposition of ammonium 

perchlorate. [2] 
 
 
Student’s response 

6NH4CIO4  →  6HCI  +  3N2  +  7 ½O2  +  9H20  
  6                     6              3                       07 

Examiner’s comments 

This was a difficult equation to balance, however most A Grade candidates gained 
both marks.  This candidate lost a mark for incorrect balancing of the equation. 
 

Q16b(ii) Calculate, to two significant figures, the volume of gas produced by the 
complete decomposition of 11.75 g of ammonium perchlorate at 250 °C 
and one atmosphere pressure. 

 
(1 mole of a gas occupies 42 dm3 at 250 °C and one atmosphere 
pressure) [3] 

 
 
Student’s response 

Moles  NH4CIO4  =  0.1 

Moles HCI  =  0.1              Moles Na  =  0.05       Moles  O2  =  0.125 

Vol  =  4.2dm3                                2.1dm3               5.25 

                 4.2  +  2.1  +  5.25  =  11.55 dm3 

                                                =  12dm3 

Examiner’s comments 

Many candidates failed to include HCl or H2O in their volume calculation, as in this 
case.  In this case the error was carried through from part (i) but the candidate failed 
to include the water in the calculation and so gained two marks.  
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Q16c Ammonia solution can be used to make buffers by adding ammonium 
chloride. 

 
Q16c(i) Explain what is meant by the term buffer solution. [2] 
 
 
Student’s response 

A solution which resists changes in pH upon addition of small amounts of acid or 
alkali. 

Examiner’s comments 

The definition of a buffer was very well known by A Grade candidates with most, as 
in this case, gaining both marks. 
 

Q16c(ii) Explain, including equations, how a mixture of ammonia and ammonium 
chloride solutions acts as a buffer. [4] 

 
 
Student’s response 

On addition of small amounts of acid (H+ ions), NH3 reacts to form NH4
+ ions. 

 

On addition of small amounts of alkali (OH- ions), NH4
+ ions from the fully ionised salt 

react to remove OH- ions. 

 

Examiner’s comments 

This question was very poorly answered by all candidates.  A Grade candidates 
generally gained marks for the reaction of the hydrogen ion with the ammonia 
molecule, giving the correct explanation and equation and so gained two marks.  In 
this case the candidate gained no marks.  
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Q16d  Ammonia is produced by the Haber process as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q16d(i)           [1] 
 
Student’s response 

(2 x 193) – ((3 x 131) + 192) = -199Jmol-1K-1 

Examiner’s comments 

This question was very well answered, as in this case, by A Grade candidates. 
 

Q16d(ii)           
 [2] 

 
Student’s response 

ΔG  =  ΔH – TΔS                   -46.2  =  46200 

ΔG  =  46200  - (298 x -199)  =  13102J 

                                               =  13.10KJ 

Examiner’s comments 

This was generally answered correctly by A Grade candidates.  In this case the 
candidate has scored out the correct answer.  The two marks were lost due to the 
use of -46.2 instead of -92.6 and failing to give the answer to three significant 
figures.  
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Q16d(iii) At what temperature does the reaction become feasible? Give your 
answer to three significant figures. [2] 

 
 
Student’s response 

 

 

 

 

Examiner’s comments 

Most A Grade candidates gained both marks and they answered this question very 
well.  In this case the error of using -46.2 is carried forward and both marks are 
awarded. 
 

Q16d(iv) State one factor which may prevent the reaction from occurring at the 
temperature calculated in part (iii). [1] 

 
 
Student’s response 

Pressure 

Examiner’s comments 

This was poorly answered by all candidates with few recognising the connection to 
the activation energy.  This candidate did not gain the mark. 
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 GCE:  A2 Chemistry 
  

 

Grade:  A Exemplar

ACH22:  Analytical, Transition Metals, 
Electrochemistry and Further  

Organic Chemistry 
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Section B 
 

Answer all eight questions in the spaces provided 
 
Q11 Transition metal complexes are often coloured. 
 
Q11a  State the colour of the following aqueous complexes: [5] 
 

aqueous complex colour 

[Mn(H2O)6]
2+  

[Ni(H2O)6]
2+  

[Co(H2O)6]
2+  

[V(H2O)6]
3+  

[Ni(NH3)6]
2+  

 
 
Student’s response 

aqueous complex colour 

[Mn(H2O)6]
2+ pink 

[Ni(H2O)6]
2+ Green 

[Co(H2O)6]
2+ pink 

[V(H2O)6]
3+ Green 

[Ni(NH3)6]
2+ Blue 

 
 
Examiner’s comments 

The colours of the aqueous solutions are provided in the Acceptable Colour changes 
and Observations document.  A typical Grade A answer identified all the colours, as 
observed here.  
Marks awarded 5  
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Q11b  Aqueous hexaaquacopper(II) ions can undergo ligand replacement with 
concentrated hydrochloric acid to form tetrachlorocuprate(II) ions. 

 
Q11b(i) Write the electronic configuration of the copper ion in 

hexaaquacopper(II) ions and use this to explain why copper can be 
described as a transition metal. [2] 

 
 
Student’s response 

1s2 2s2 2p6 3s2 3p6 3d9 – a transition metal is a d-block element which forms at least 
one stable ion with a partially filled d subshell – 3d9 is partially filled 

Examiner’s comments 

Almost all candidates were able to give a correct configuration for the copper ion and 
almost all Grade A answers were able to correctly identify that it is the ion which has 
the partially filled d subshell.  
Marks awarded 2 

 

Q11b(ii) Define the term ligand. [1] 
 
 
Student’s response 

An ion or molecule with a lone pair of electrons which forms a coordinate bond with 
the central metal atom or ion in a complex 

Examiner’s comments 

The ligand definition is available in the clarification of terms document and is typically 
well known. 
Marks awarded 1 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q11b(iii)  Suggest why the co-ordination number changes when 
hexaaquacopper(II) ions react with concentrated hydrochloric acid. [1] 

 
 
Student’s response 

6 H2O ligands are replaced by 4 Cl- ligands, and the coordination number is the 
number of coordinate bonds that a central metal ion forms with its ligands in a 
complex. 

Examiner’s comments 

This question challenged even Grade A students and this candidate did not indicate 
that the chloride ion is bigger, causing the co-ordination number change. 
Marks awarded 0 

 

Q11b(iv) Write the equation for the ligand substitution reaction which occurs 
when hexaaquacopper(II) ions form tetrachlorocuprate(II) ions. [2] 

 
 
Student’s response 

 

 

Examiner’s comments 

Although this equation was well known even Grade A candidates lost marks due to 
errors.  In this case the candidate has incorrectly placed brackets around the 
chlorine ligands in the complex which resulted in the penalisation of one of the 
marks.  
Marks awarded 1 
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Q11b(v) Write the colour change observed when this reaction occurs. [1] 
 
 
Student’s response 

blue to yellow 

Examiner’s comments 

The colour change was very well known and often stated correctly as can be seen 
here. 
Marks awarded 1 

 

Q11b(vi) Explain why this ligand replacement is thermodynamically feasible. [2] 
 
 
Student’s response 

there is an increase in entropy as there are 7 moles of products and 5 moles of 
reactants – the reaction is spontaneous 

Examiner’s comments 

The reasons for feasibility were often asked for in the previous specification and they 
were well known and understood by the candidates of this exam.  The answer shown 
is typical of a Grade A response.  
Marks awarded 2 
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Q11c Copper can form complexes with ammonia or ethylamine. State and 
explain which of these would be the stronger ligand. [2] 

 
 
Student’s response 

ethylamine is stronger as the ethyl groups have an ‘electron donating’ effect on the 
nitrogen atom, so the electron density on the nitrogen atom increases and it forms a 
stronger coordinate bond than ammonia 

Examiner’s comments 

Most candidates correctly identified ethylamine as the stronger ligand and the reason 
for it being so was often correctly given.  
Marks awarded 2 

Q12 Two standard electrode potentials are given below: 
 

Q12a 
 
 
 
 

 
Q12a(i) Define standard electrode potential. [2] 
 
 
Student’s response 

the potential difference recorded when a half cell is connected to a standard 
hydrogen electrode under standard conditions 

Examiner’s comments 

As with Q11(b)(ii), the definition is available in the Clarification of Terms document 
and was stated correctly by most Grade A candidates. 
Marks awarded 2  
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Q12a(ii) When the two half-cells are connected zinc will reduce Cu2+ ions to 
Cu atoms. Write the equation for the reaction. [2] 

 
 
Student’s response 

 

 

Examiner’s comments 

Almost all Grade A candidates gave this equation correctly as is evidenced by this 
response.  
Marks awarded 2 

 

Q12a(iii) Calculate the emf for this cell. [1] 
 
 
Student’s response 

+ 0.34 + 0.76 = 1.1V 

Examiner’s comments 

This calculation was performed correctly by almost every Grade A candidate, as it 
was here.  
Marks awarded 1 
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CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q12b Describe how you would set up a standard hydrogen electrode and use it 
to measure the electrode potential for a half-cell. 

 
In this question you will be assessed on using your written 
communication skills including the use of specialist scientific terms. 
[6] 

 
 
Student’s response 

To set up a standard hydrogen electrode you must pass hydrogen gas over solid 
platinum under standard conditions.  The temperature should be 298K, pressure 
needs to be 1 atm and the H+ concentration should be 1 mol dm-3.  A standard 
hydrogen electrode has an emf value of 0.00V.  This can then be used to measure 
the electrode potential of a half cell.  The half cell should be connected to the 
hydrogen electrode by a salt bridge and the electrode potential is measured using a 
high resistance voltmeter. 

Examiner’s comments 

This question, which included assessment of written communication was very well 
answered by virtually every Grade A candidate.  To achieve full marks, 5 marking 
points were required and Grade A candidates typically were able to give five or six 
points.  The quality of written communication rarely resulted in the loss of a mark. 
Marks awarded 6 
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Q13 A method of synthesising aspirin is given below using the following 
steps: 

 
1. Add 7.5 cm3 (an excess) of ethanoic anhydride to 3.0 g of salicylic  

acid in a conical flask 
2.  Add eight drops of concentrated phosphoric acid 
3.  Heat, with stirring, for 20 minutes in a water bath 
4.  Add 3 cm3 of deionised water to the flask 
5.  Add 30 cm3 of deionised water and cool to room temperature,  
 allowing the aspirin to crystallise 
6.  Filter the crystals by Buchner filtration; continue to suck air through 

the Buchner funnel for five minutes after completion of the filtration 
 

Q13a(i) Suggest two reasons why ethanoic anhydride is used in this reaction in 
preference to ethanoic acid. [2] 

 
 
Student’s response 

More aspirin can be obtained.  The reaction happens more quickly. 

Examiner’s comments 

Many candidates had problems with this question and even Grade A candidates 
provided a range of unexpected responses.  The answer selected is one of the better 
answers.  The reaction happens more quickly was accepted as being equivalent to 
ethanoic anhydride being more reactive and more aspirin obtained was accepted as 
an equivalent to the reaction for ethanoic acid being incomplete. 
Marks awarded 2 
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Q13a(ii) Write the equation for the reaction in step 1. [2] 
 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

This equation was well answered by most Grade A candidates, but some errors were 
made.  This is evidenced in the response shown where an incorrect reactant 
(ethanoic acid) and incorrect product (water) were given.   
Marks awarded 0 
 

Q13a(iii) Why is concentrated phosphoric acid added? [1] 
 
 
Student’s response 

To catalyse the reaction. 

Examiner’s comments 

The use of phosphoric acid as a catalyst was given correctly by almost all Grade A 
candidates.   
Marks awarded 1 
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Q13a(iv) Suggest why water is added in step 4. [1] 
 
 
Student’s response 

To hydrolyse any unreacted ethanoic anhydride to ethanoic acid. 

Examiner’s comments 

The reason for adding water was understood by most candidates and the answer 
shown is typical of the response from a Grade A candidate.  
Marks awarded 1 

 

Q13a(v)  Explain why air is sucked through the apparatus for five minutes. [1] 
 

Student’s response 

To dry the aspirin crystals. 

Examiner’s comments 

The simple reason for sucking air through the apparatus was well expressed, as can 
be seen in this response, by almost every Grade A candidate. 
Marks awarded 1 

  



41 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q13a(vi) Describe, giving full experimental detail, the TLC method which can be 
used to determine whether the reaction is complete after step 3. The 
solvent is ethyl ethanoate. 

 
In this question you will be assessed on using your written 
communication skills including the use of specialist scientific 
terms. [6] 

 
 
Student’s response 

Draw a base line using a pencil close to the bottom of the thin-layer plate.  Spot a 
sample of the aspirin on to the base line using a capillary tube.  Allow the spot to dry.  
Repeat to make the spot concentrated.  Place the thin-layer plate in the tank 
containing a shallow amount of the ethyl ethanoate solvent, cover with a lid, and 
allow the ethyl ethanoate to run up over the spot until the ethyl ethanoate almost 
reaches the top of the thin layer plate.  Mark the solvent front and allow the plate to 
dry.  If the substances to be separated are colourless, a locating agent is used to 
make the spots visible.  Calculate Rf value by: Rf = distance moved by spot 
                                                                            distance moved by solvent front 

Compare obtained retardation factor with known value in databook.  If they are the 
same the process is complete. 

Examiner’s comments 

This, the second question on the paper to include marks for communication proved 
problematic.  Although the CCEA Practical Support document provides guidance on 
areas such as these, candidates often forget about the context of the question being 
asked.  In this case very few candidates realised that if the reaction was incomplete, 
salicylic acid would remain in the mixture and that this would need to be checked for 
specifically.  Even Grade A candidates were rarely getting above four marks for this 
question, because not spotting or checking for salicylic acid removed two marking 
points which made the top band inaccessible. 
Marks awarded 4 
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Q13b Calculate the percentage yield if 2.3 g of aspirin is obtained (answer to one 
decimal place). [3] 

 
 
Student’s response 

 

 

 

Examiner’s comments 

The percentage yield question was typically performed correctly.  A typical Grade A 
candidate rounded their numbers up or down correctly and gave the answer to the 
correct number of decimal places.  This can be seen in the response shown.  
Marks awarded 3 

 

Q13c Salicylic acid is a bifunctional molecule with a carboxylic acid group and 
a hydroxyl group attached to the benzene ring. The hydroxyl group 
displays acidic behaviour. 

 
Q13c(i) Suggest why the hydroxyl group attached to a benzene ring is more 

acidic than the hydroxyl group in aliphatic alcohols. [2] 
 
 
Student’s response 

The electrons become delocalised into the π-delocalised system.  This stabilises the 
hydroxyl group meaning protons are less likely to be donated. 

Examiner’s comments 

The concept of the hydroxyl groups on benzene rings being acidic required 
application of knowledge from the specification and is a new question.  It elicited a 
variety of responses; most Grade A candidates were able to express that the proton 
would be more easily released but did not often express why to a sufficient degree.  
In the response shown the candidate stated that the proton is less likely to be 
donated which is the reverse of what was expected.   
Marks awarded 0  
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Q13c(ii) Write an equation for the reaction of salicylic acid with excess aqueous 
sodium hydroxide. [2] 

 
 
Student’s response 

 

 

 

 
Examiner’s comments 

This equation proved to be discriminating, the majority of candidates obtained one 
mark as they showed the sodium hydroxide reacting with the carboxylic acid group, 
however only a minority of the candidates also showed that it would react with the 
hydroxyl group.  This candidate’s response got both marks as everything given is 
correct, including the charges.  
Marks awarded 2 

 

Q13c(iii) State why it is preferable to use the sodium salt of aspirin. [1] 
 
 
Student’s response 

It is more soluble in water 

Examiner’s comments 

The reason for using the sodium salt was answered correctly by the vast majority of 
Grade A candidates, and is answered correctly in the answer displayed.   
Marks awarded 1 

  



44 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q13d Bromine will give an electrophilic substitution reaction with salicylic acid 
as shown below: 

 
 
 
 
 
 
 
 
 
 

Salicylic acid will react with bromine without a catalyst being present. 
This differs from benzene, which requires a metal halide catalyst. 
 
Name a catalyst which is used in the bromination of benzene. [1] 

 
 
Student’s response 

Iron (III) Bromide 

Examiner’s comments 

A variety of catalysts were seen and also accepted.  This candidate has given the 
exact catalyst mentioned in the mark scheme.  
Marks awarded 1 
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Q14 Mesalazine, an anti-inflammatory drug which is used to treat bowel 
disease, can be synthesised from 2-hydroxybenzoic acid using the flow 
scheme below.  

 
 
 
 
 
 
 
 
 
 
 
 
Q14a(i) State the reagents that could be used for Step 1 and Step 2. 

 
Step 1: 

 
Step 2: [2] 

 
 
Student’s response 

Step 1:  Conc. nitric acid and conc. sulfuric acid 

Step 2:  Tin and concentrate hydrochloric acid 

Examiner’s comments 

The reagents for the nitration and the reduction of benzene rings were well known 
and a typical Grade A candidate included the information that the acids were 
concentrated in both steps. 
Marks awarded 2 
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Q14a(ii) Mesalazine can be converted into azo dyes through reaction with 
naphth-1-ol or resorcinol: 

 
 
 
 
 
 
 
 
 
 
 

Draw the structure of the ion mesalazine must be converted into before 
the azo dye can be formed. [2] 

 
 
Student’s response 

 

 

 

 

 

Examiner’s comments 

The structure was given correctly by almost every Grade A candidate.  
Marks awarded 2 
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Q14a(iii) Draw the structure of the azo dye produced by the reaction with 
resorcinol. [2] 

 
 
Student’s response 

 

 

 

Examiner’s comments 

The structure of the azo dye was given correctly by most candidates.  Grade A 
candidates typically got both marks.  
Marks awarded 2  

 

Q14a(iv) Explain why azo dyes are coloured and suggest why the azo dyes 
produced by resorcinol and naphth-1-ol have slightly different colours. 
[4] 

 
 
Student’s response 

Azo dyes have a π delocalised system of electrons which extends across the entire 
molecule.  This brings the energy levels of electrons closer together.  As a result 
electrons can move to a higher energy level by absorbing energy from the visible 
region of the electromagnetic spectrum.  The slight differences in colour are due to 
the compounds absorbing different wavelengths of light 

Examiner’s comments 

The reason for colour in azo dyes was asked many times in the previous 
specification and the mechanism was well understood.  This meant typical Grade A 
candidates achieved at least three marks.  The fourth mark, however, proved to be 
more discriminating and only a minority of candidates explained how a difference in 
delocalisation would change the colour absorbed.  This can be observed in the 
answer displayed.   
Marks awarded 3  
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Q14b 2-hydroxybenzoic acid can be converted into an ester by reacting with an 
equimolar amount of ethane-1,2-diol. Write an equation for this reaction. 
[2] 

 
 
Student’s response 

 

 

 

 

Examiner’s comments 

The equation is one for an esterification and was given correctly by most Grade A 
candidates.  The common mistake of omitting the water molecule was not as often 
seen in the responses of Grade A candidates. 
Marks awarded 2 

 

Q14c  Polyethylene terephthalate can be produced from ethane-1,2-diol. 
 
Q14c(i) State a use for polyethylene terephthalate. [1] 
 
 
Student’s response 

Make plastic bottles 

Examiner’s comments 

The uses of polyethylene terephthalate were very well known. 
Marks awarded 1 
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Q14c(ii) Explain why polyethylene terephthalate is biodegradable. [1] 
 
 
Student’s response 

It can be hydrolysed by the action of microorganisms.  (Ester linkage hydrolysed) 

Examiner’s comments 

The fact that the ester link in polyethylene terephthalate can be hydrolysed was 
provided by almost all Grade A candidates and this question did not pose many 
problems. 
Marks awarded 1 

 

Q15 An ester, with the molecular formula C7H14O2, produced three signals 
when analysed by proton nmr. The data is provided in the table below: 

 
signal a b c 

chemical shift 4.1 1.2 1.1 

integration ratio 2 3 9 

splitting pattern quartet triplet singlet 
 
Q15a(i) Explain why solvents which contain hydrogen atoms should not be 

used in nmr spectroscopy. Suggest a suitable solvent which could be 
used. [2] 

 
 
Student’s response 

The hydrogens in the solvent would interfer with the spectra and produce peaks 

Examiner’s comments 

This question posed problems even amongst Grade A candidates.  Most, like this 
candidate, were able to explain that the solvent would produce peaks, but very few 
candidates were able to suggest a suitable solvent.  Some like this candidate did not 
suggest any solvent. 
Marks awarded 1 
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Q15a(ii) Give the name and formula of the molecule used in nmr spectroscopy 
as a standard. [2] 

 
 
Student’s response 

Tetramethylsilane 

Examiner’s comments 

The name and the formula of tetramethylsilane was known by almost all Grade A 
candidates.  However, a small minority like this candidate only answered part of the 
question, in this case the candidate has not provided a formula. 
Marks awarded 1 

 

Q15a(iii) State two reasons why the molecule identified in part (ii) is used. [2] 
 
 
Student’s response 

It produces a singlet peak and is very well separated from other results in chemical 
shift. 

Examiner’s comments 

The reasons for using tetramethylsilane as a standard were well known and most 
Grade A candidates were able to give two acceptable reasons.  
Marks awarded 2 
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Q15b(i) Explain which alkyl group in the ester produces signals a and b making 
reference to the spin-spin splitting pattern and the integration ratios. [3] 

 
 
Student’s response 

The signal a is a quartet as the carbon next door to the atom being investigated has 
3 hydrogens attached.  This signal is produced by the CH2 as the integration trace 
shows there are 2 H in this environment.  The signal b is a triplet as the carbon next 
door has 2 hydrogens attached.  By following the n+1 rule this peak was produced 
by CH3.  The integration trace shows there are 3 hydrogens in this chemical 
environment. 

Examiner’s comments 

The identification of the ethyl group was something Grade A candidates could 
typically express well.  This is demonstrated in the response shown, where a and b 
are correctly identified, and the splitting pattern stated. 
Marks awarded 3 

 

Q15b(ii) Draw the alkyl group that would give rise to signal c. [1] 
 
 
Student’s response 

 

 

 

Examiner’s comments 

The alkyl group caused problems for many candidates, including Grade A 
candidates.  Only a minority realised that a singlet with an integration ratio of nine 
could only be three methyl groups all attached to a single carbon.  In the response 
shown the candidate has misinterpreted the question and not shown the correct alkyl 
group, replacing it with an R.  
Marks awarded 0  
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Q15c Draw the possible structure of the ester based upon the nmr data given. [2] 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

The question asked that candidates give a structure based upon the nmr data given, 
but problems in identifying the trimethyl group meant that only a minority of 
candidates were able to do this.  Even when candidates did have the correct alkyl 
groups, they often did not connect them to the correct parts of the ester link. In the 
displayed answer the structure is correctly given. 
Marks awarded 2 

 
Q16 The bromate(V) ion, BrO3

-, is an oxidising agent produced by the 
reaction of bromine with a hot concentrated solution of sodium 
hydroxide. 

 
Q16a(i) Write the ionic equation for the reaction of bromine with sodium 

hydroxide. [2] 
 
 
Student’s response 

 

Examiner’s comments 

The ionic equation for the reaction of bromine with sodium hydroxide was a synoptic 
element from AS1 and was not known by most of the candidature and only a small 
number of Grade A candidates gave a correct response.  In the answer displayed 
the candidate has misinterpreted the question and attempted to give a half equation. 
Marks awarded 0  
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Q16a(ii) State the colour change observed for the above reaction. [1] 
 
 
Student’s response 

Brown to colourless 

Examiner’s comments 

The colour change was rarely answered correctly as very few candidates gave a 
correct colour for bromine.  The Acceptable Colour Changes and Observations 
document states that bromine is red-brown.  This candidate did not achieve the mark 
as the colour was given incorrectly.  
Marks awarded 0 

 

Q16b  Acidified bromate(V) ions will oxidise iodide ions to iodine. 
 
Q16b(i) Write a half-equation for the reduction of bromate(V) ions to bromide. 

[1] 
 
 
Student’s response 

 

 

Examiner’s comments 

This half-equation was not answered correctly by the majority of candidates and 
even Grade A candidates made mistakes.  The most common error was to give an 
incorrect number of electrons.  In the displayed answer, the candidate has given a 
half-equation for the formation of bromine rather than bromide.  
Marks awarded 0 
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Q16b(ii) Write a half-equation for the oxidation of iodide ions to iodine. [1] 
 
 
Student’s response 

 

 

Examiner’s comments 

The half-equation for the formation of iodine was correctly answered by almost all A 
grade candidates.  
Marks awarded 1 

 

Q16b(iii) Write the overall equation for this reaction. [1] 
 

Student’s response 

 

 

Examiner’s comments 

The errors produced in Q16(b)(i) were carried through here, this allowed most 
candidates to get the mark for the overall equation.  This can be observed in the 
displayed answer where the mark is given as the two half-equations were combined 
correctly.  
Marks awarded 1 
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Q16c The iodine produced can then be reduced by thiosulfate ions. Titrations 
of the liberated iodine with sodium thiosulfate solution can be used to 
determine the concentration of bromate(V) ions. A 20.0 cm3 solution 
containing acidified bromate(V) ions was added to a solution containing 
excess iodide ions and the resulting mixture made up to 1.0 dm3.  
A 25.0 cm3 aliquot was titrated against 0.10 M sodium thiosulfate, 
adding starch indicator just before the end point. The titre was found to 
be 23.8 cm3. 

 
Q16c(i) Explain why it is necessary to add the starch indicator just before the 

end point. [1] 
 
 
Student’s response 

It will form a blue-black solution, showing a clearly visible colour change at the end 
point. 

Examiner’s comments 

This question was intended to yield a very simple response, but very few candidates 
gave the answer on the mark scheme.  It was rare to see this mark obtained.  The 
displayed answer obtains the mark for saying that there is a clearly visible colour 
change. 
Marks awarded 1 
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Q16c(ii)  Calculate, to two significant figures, the concentration of the original 
bromate(V) solution. [4] 

 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

The calculation of the concentration of bromate(V) caused several problems.  This 
unstructured calculation provided many places where errors could be made.  The 
most common errors were to give the answer to the wrong number of significant 
figures, to round numbers incorrectly or to omit the calculation of moles of iodine 
from the thiosulfate.  Grade A candidates typically made less of these errors and 
often gave the final answer to the correct number of significant figures.  In the 
displayed answer, all mathematical calculations have been performed correctly and 
the error made in Q16(b)(i) has been carried through and the calculation was carried 
out for the equation given in Q16(b)(iii). 
Marks awarded 4   
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Q17 Aspartame is used as a sweetener in many food products. It is a methyl 
ester of the dipeptide produced in the condensation reaction between 
aspartic acid and phenylalanine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q17a  Use the structure of aspartame to suggest structures for aspartic acid 

and phenylalanine. 
 

aspartic acid                     phenylalanine [2] 
 
Student’s response 

 

 

 

 

 

 

Examiner’s comments 

The structure of aspartic acid posed few problems for the majority of Grade A 
candidates.  The structure of phenylalanine was more problematic as many 
candidates at this, and all, levels gave the structure of the methyl ester of 
phenylalanine.  The displayed answer correctly removed the methyl group. 
Marks awarded 2  
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Q17b Another amino acid derivative that is used as a food additive is 
monosodium glutamate which can be synthesised from glutamic acid. 

 
 
 
 
 
 
 
 
 
 
 
Q17b(i) Circle on the structure above any chiral centre present in monosodium 

glutamate. [1] 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

The circling of the chiral centre was answered very well and this is a skill that Grade 
A candidates appeared to have mastered in this paper.  
Marks awarded 1 
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Q17b(ii) Draw the structure of the zwitterion formed by glutamic acid. [1] 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

The structure of the zwitterion was challenging with many candidates removing both 
protons.  Grade A candidates typically made this error less frequently and often gave 
a correct structure, or in the case of the displayed answer a correct skeletal 
structure.  
Marks awarded 1 

 

Q17b(iii) Write an equation for the reaction of glutamic acid with sodium 
carbonate to form monosodium glutamate. [2] 

 
 
Student’s response 

 

 

 

Examiner’s comments 

The equation was very well answered, and most candidates handled the glutamic 
acid structure correctly.  The most common error was to incorrectly balance the 
equation, but this mistake was much less common from Grade A candidates.  
Marks awarded 2  
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Q18 Cisplatin was first described by Peyrone in 1845 and was approved for use 
in the treatment of testicular and ovarian cancers in the USA in 1978. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Q18a  Explain why cisplatin is effective in acting as an anticancer drug. [1] 
 
 
Student’s response 

The Cl ligands bind to quanine in DNA and prevent DNA replication of cancer cells 

Examiner’s comments 

The means by which cisplatin acts as an anticancer drug was very well known, and 
the answer displayed was typical of a response from a Grade A candidate. 
Marks awarded 1 
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Q18b Cisplatin has a number of undesired side-effects which are believed to 
be caused by the drug activating before it reaches the targeted tumour. 
Attempts to reduce these side-effects have included modifying the 
structure to give derivatives such as carboplatin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Give the molecular formula of carboplatin. [1] 
 
 
Student’s response 

C6O4N2PtH12 

Examiner’s comments 

The molecular formula of carboplatin was very well answered by Grade A 
candidates, this suggested they were able to handle the skeletal nature of the 
carboplatin structure without many problems. 
Marks awarded 1 
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Q18c Another method of developing more targetable platinum-based 
anticancer drugs has been through the development of photoactivable 
drugs which are activated through photoreduction by light. Early 
examples of these were diiodo complexes. 

 
 
 
 
 
 
 
 
 
 
 
Q18c(i) Explain, using oxidation states, why converting A into B is regarded as 

a reduction. [2] 
 
 
Student’s response 

The oxidation state of Pt in A is +4 and it is +2 in B – a decreased oxidation state is 
reduction 

Examiner’s comments 

Although this question about oxidation states posed problems it was answered 
correctly by the majority of Grade A candidates who avoided the most common 
mistake of giving +6 and +4.  
Marks awarded 2 
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Q18c(ii) Describe the change in both shape and co-ordination number in 
converting A into B. [4] 

 
 
Student’s response 

A is in an octahedral shape and has a coordination number of 6, and B is in a square 
planar shape as 2 ligands have been removed and has an coordination number of 4 
as there are 4 coordinate bonds to the central ion 

Examiner’s comments 

The change in co-ordination number and shape posed very few problems to the 
candidates.  Typically, a Grade A candidate achieved all 4 marks, and this can be 
observed in the displayed answer.  
Marks awarded 4 
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Q1 You are required to measure the temperature change when sodium 
hydroxide solution reacts with dilute sulfuric acid. 

 
You are provided with: 
 
• 1 mol dm-3 sodium hydroxide solution 
• 1 mol dm-3 sulfuric acid 
• a burette 
• a 25 cm3 measuring cylinder 
• a thermometer 
• a polystyrene cup 
• a beaker 

 
You should: 
 
1.  Fill the burette with the sulfuric acid. 
2.  Use the measuring cylinder to place 25 cm3 of the sodium hydroxide 

solution in a polystyrene cup placed in the beaker. 
3.  Record the temperature of the sodium hydroxide solution. 
4.  Add 5 cm3 of sulfuric acid to the sodium hydroxide solution, stir using 

the thermometer and record the highest temperature. 
5.  Rinse out the cup with deionised water. 
6.  Repeat steps 2–5 adding 10, 15, 20 and 25 cm3 of sulfuric acid to 

different 25 cm3 samples of sodium hydroxide solution. 
 

Q1a  Record your results in a table. [2] 
 
Student’s response 

Volume of sulfuric 
acid added / cm3 

Temperature 
change / °C 

Initial temperature 
/ °C 

Final temperature 
 / °C 

5 5 22 27 
10 9 22 31 

15 9 22 31 
20 8 22 30 
25 7 22 29 

 

Examiner’s comments 

The candidate included units for each measurement.  The temperature before 
addition of the acid was recorded.  Only a small number of grade A candidates failed 
to include the initial temperature.  It was not necessary to record the temperature 
change but, if it was recorded, each value had to be correct.  The table was boxed 
with an outer boundary. The response scored both marks.  
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Q1b How would you determine the uncertainty when two burette readings are 
used to calculate the volume of acid delivered from the burette? [2] 

 
 
Student’s response 

The uncertainty is half of the smallest division on the burette.  For two readings you 
times the uncertainty by two 

Examiner’s comments 

It was not necessary to give values for the uncertainties but it had to be clear that the 
two uncertainties were added together or the uncertainty for one reading was 
doubled.  The response scored both marks. 
 

Q1c  Plot a graph of temperature change against the volume of sulfuric acid. [4] 
 
 
Student’s response 
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Examiner’s comments 

The axes are labelled and the units included.  The temperature change was plotted. 
Even at grade A, some candidates plotted the temperature rather than the 
temperature change.  The points were all in the correct positions and an appropriate 
curve of best fit was used.  The curve goes through (0,0).  The response scored full 
marks. 
 
 
Q2 You are supplied with substances A and B and are required to carry out the 

following tests. 
 
Q2a   Place all of sample A in a boiling tube and add 10 cm3 of dilute sulfuric 

acid. Gently heat the boiling tube and describe what you see. [1] 
 
 
Student’s response 

Black solution forms a blue solution with a black precipitate. 

Examiner’s comments 

Even at grade A some candidates failed to score this mark.  Any indication that there 
was a black solution was penalised.  There were also references to black 
precipitates.  The response did not score the one mark. 
 
 
Q2b Pour the solution from (a) into a small beaker leaving any solid, if 

present, behind. 
Divide the solution equally into three test tubes and carry out the 
following tests. 

 
Q2b(i) Test tube 1: Add an equal volume of dilute sodium hydroxide solution. 

Describe what you see. [1] 
 
 
Student’s response 

Blue precipitate forms 

Examiner’s comments 

The response scored the one mark. 
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Q2b(ii) Test tube 2: Add a spatula measure of iron filings and gently shake the 
test tube. 
Give four observations. [4] 

 
 
Student’s response 

effervescence 

Iron filings turn pink 

A gas is produced 

Heat given off 

Blue solution turns colourless 

Examiner’s comments 

Although, in theory, there should be no effervescence/bubbles, the reality was 
different and this was accepted.  Pink was accepted as a colour for copper.  “gas is 
produced” is not an observation but the effervescence mark had been scored 
elsewhere.  The response scored full marks. 
 

Q2b(iii) Test tube 3: Add 3 cm3 of concentrated hydrochloric acid and gently mix 
the contents. Describe what you see. [1] 

 
 
Student’s response 

Clear blue solution turns to a clear green solution. 

Examiner’s comments 

The response scored the one mark. 
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Q2c  Place a spatula measure of B in a test tube. 
 
Q2c(i) Heat the test tube and describe the colour change that takes place. [1] 
 
 
Student’s response 

White powder solid turns to a yellow solid 

 
Q2c(ii) Allow the test tube to cool to room temperature and describe what you 

see. [1] 
 
 
Student’s response 

Yellow solid turns back to a white solid 

Examiner’s comments 

The responses for Q2(c)(i) and Q2(c)(ii) scored full marks. 
 
 
Q2d(i) Add half a spatula measure of B to a boiling tube followed by 10 cm3 of 

dilute nitric acid. Shake the boiling tube and describe what you see. 
Keep the mixture for part (ii). [1] 

 
Student’s response 

White solid dissolves to form a colourless, clear solution. 
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Q2d(ii) Add 2 cm3 of dilute sodium hydroxide solution to the mixture from  
part (i) followed by a further 5 cm3. Shake the boiling tube and 
describe what you see. [2] 

 
 
Student’s response 

A gelatinous white precipitate forms 

Examiner’s comments 

For Q2(d)(i) and Q2(d)(ii) “dissolves” was accepted.  In (d)(ii), there were variations 
in the observations based on the quantities used.  All variations involved the 
formation of a white precipitate.  The responses scored the full marks. 
 

Q3 You are supplied with three organic liquids labelled X, Y and Z. You are 
required to carry out the following tests on the liquids and complete the table 
giving your observations. [10] 
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Student’s response 

Test Observations 
X Y Z 

Place 2 cm3 of the 
liquid in a test tube 
and add 2-3cm3 of 
dilute sulphuric acid 
followed 2 cm3 of 
potassium 
manganite(VII) 
solution.  Leave the 
test tube for 5 minutes. 

Purple solution 
remains 

Purple solution 
changes to brown 
solution on 
standing 

Purple solution 
remains 

Test each liquid with 
Universal Indicator 
paper. Record the pH 
of the liquid in the test 
tube. 

pH 5 pH 5 pH 3 

Place a few drops of 
the liquid on a watch 
glass and carefully 
touch the liquid with a 
lighted splint. 

Yellow sooty flame Clean blue flame No flame 

Place 2cm3 of the 
liquid in a test tube 
and add 1cm of 
magnesium ribbon. 

No effervescence 
Solution remains 
colourless  
Solid remains 

No effervescence 
Solution remains 
Colourless solid 
remains 

Effervescence 
solid disappears 
clear solution to 
cloudy solution 

 

Examiner’s comments 

In this question each error resulted in the loss of one mark.  The formation of a 
brown solution/solid was the most common observation in the first test with Y.  This 
was accepted.  There was flexibility with the pH values based on how the second 
test was carried out and the colour obtained with the Universal Indicator.  The 
colours of the flames were correct for X and Y.  The response was considered to 
have no errors and scored full marks.
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Grade:  A Exemplar

ACH32:  Further Practical Chemistry 
Practical Theory Booklet B 
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Q1 Complete the table giving the observations and the name of the metal ion. 
[6] 

 

metal ion colour of 
solution 

addition of a 
few drops of 

dilute 
ammonia 
solution 

addition of 
excess dilute 

ammonia 
solution 

iron(II) green   

 pink blue precipitate  

nickel(II)  green 
precipitate  

 
 
Student’s response 

metal ion colour of solution 
addition of a few 
drops of dilute 

ammonia 
solution 

addition of 
excess dilute 

ammonia 
solution 

iron(II) green green precipitate 
insoluble in excess 

green precipitate 
insoluble in excess 

colbalt(II) pink blue precipitate 

blue precipitate 
which is soluble in 
excess to give a 

yellow solution that 
turns to brown on 

 

nickel(II) green green precipitate 

green precipitate 
which is soluble in 
excess to give a 

blue solution 
 

Examiner’s comments 

This candidate knew the relevant material very well.  The candidate included the “II” 
for cobalt.  The colours were correct and the word “redissolves” was not used.  The 
response scored full marks.  
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Q2 Two-way paper chromatography can be used to separate a mixture of 
amino acids. The Rf values of the amino acids, in two different solvents, 
are shown in the table below. 

 

amino acid abbreviated 
name 

Rf value 
solvent 1 solvent 2 

glycine Gly 0.26 0.20 

leucine leu 0.73 0.58 

tyrosine tyr 0.45 0.42 
 
Q2a(i) Explain what is meant by the term Rf value. [1] 
 
 
Student’s response 

Rf is the retardation factor calculated using  

Rf =           distance travelled by spot  
            distance travelled by solvent front 

Examiner’s comments 

The response scored one mark. 
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Q2a(ii) On the chromatograms below mark: 
 

the position of each solvent front at 5 cm, and 
the position of each amino acid labelled with the abbreviated name for 
the 2-way chromatography of a mixture containing the three amino 
acids above. 

 
 
 
 
 
 
 
 
 
 
                                                                                                               [3] 
 
 
The above question could not be exemplified as the candidate’s permission 
could not be obtained. 
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Q2b Amino acids can also be identified using infrared spectroscopy. The 
structures of glycine and tyrosine are shown below. 

 
 
 
 
 
 
 
 
Q2b(i) Using your data sheet identify the characteristic absorption ranges 

which will be seen on the infrared spectra of both glycine and tyrosine. 
[2] 

 
 
Student’s response 

3300 – 3500 cm-1  N-H 

1650 – 1800 cm-1 C=O 

1000 - 1300  C-O 

2500 – 3200  O-H 

Examiner’s comments 

Three absorptions which would be common to both were included with no incorrect 
absorptions.  The response scored both marks. 
 

Q2b(ii) Using your data sheet identify the characteristic absorption range and 
the associated bond which will be seen on the infrared spectra of 
tyrosine but not glycine. [1] 

 
Student’s response 

O-H of alcohol = 3200 – 3600 cm-1 

Examiner’s comments 

The alcohol absorption range was more popular than the range for the arenes C=C.  
The response scored one mark.  



81 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q2c Amino acids react with nitrous acid and sodium carbonate. 
 
Q2c(i) Name the reagents and the conditions necessary to form nitrous acid. 

[2] 
 
 
Student’s response 

Sodium nitrite – Hydrochloric acid.  Temperature kept low ie below 10°C 

Examiner’s comments 

The response scored both marks. 
 

Q2c(ii) Describe what is observed when a solution of glycine is reacted 
separately with nitrous acid and with sodium carbonate solution. [1] 

 
 
Student’s response 

bubbles of a colourless gas are produced. 

Examiner’s comments 

The observation applies in both cases and there is no incorrect additional 
information.  The response scored one mark. 
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Q3 The formula of a metal hydroxide, M(OH)x, can be determined using a 
thermometric titration. Different volumes of a solution of the metal nitrate 
and sodium hydroxide solution were mixed and the temperatures recorded. 
The following results were obtained. 

 
volume of 

metal nitrate 
solution 

/cm3 

volume of 
sodium 

hydroxide 
solution 

/cm3 

initial 
temperature 

/°C 

final 
temperature 

/°C 

temperature 
rise 
/°C 

20 80 18.6 21.1 2.5 
30 70 18.3 22.2 3.9 
40 60 18.8  5.2 
60 40 19.0 25.0  
70 30 18.2  4.7 
80 20 19.0 22.8  

 

Q3a  Complete the table. [1] 

Student’s response 

volume of 
metal nitrate 

solution 
/cm3 

volume of 
sodium 

hydroxide 
solution 

/cm3 

initial 
temperature 

/°C 

final 
temperature 

/°C 

temperature 
rise 
/°C 

20 80 18.6 21.1 2.5 
30 70 18.3 22.2 3.9 
40 60 18.8 24 5.2 
60 40 19.0 25.0 6 

70 30 18.2 22.9 4.7 
80 20 19.0 22.8 3.8 

 

Examiner’s comments 

Even at grade A some candidates did not quote both final temperatures and both 
temperature rises to the same number of decimal places that the other values had 
been quoted to.  The response did not score the mark.  
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Q3b The graph showing the temperature rise against the volume of the metal 
nitrate solution is shown below. 

 
What is the temperature rise and the volume of metal nitrate solution at X? 
 
Temperature rise: 
 
Volume of metal nitrate solution: [1] 

 

 

 

 

 

 

 

 

 

 

 

 

Student’s response 

Temperature rise:  6.8 °C 

Volume of metal nitrate solution:  52.5 cm3 

Examiner’s comments 

The response scored one mark.  
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Q3c Point X is used to determine the formula of the metal hydroxide. 
 

The concentration of the metal nitrate solution is 1.0 mol dm−3 and the 
concentration of sodium hydroxide is 3.25 mol dm−3. 
 
Calculate the ratio of moles of the metal nitrate to sodium hydroxide at 
point X and use this to deduce the formula of the metal hydroxide, M(OH)x. 
[3] 

 
 
Student’s response 

Metal nitrate  n  =  c x v            =  1  x  51.5     =  0.0515 
                                                        1000  

Nao4  =  vol  =  1-- -525  =  47.5 
         n =  47.5  x  3.25  =  0.1543      0.1543  =  2.99 
                    1000                               0.0515  =  MC04)3 

Examiner’s comments 

Although the correct answer was obtained, the candidate used 51.5 instead of 52.5.  
The response scored two marks. 
 
 
Q3d What differences would there be to the graph if 2.0 mol dm−3 sodium 

hydroxide solution had been used instead of the 3.25 mol dm−3 solution? 
[2] 

 
 
Student’s response 

X would be further to the right 

X would be lower. 

Examiner’s comments 

The idea that there would be a smaller temperature rise was correct.  However, the 
mark for the idea that the peak would move to the left was not obtained.  The 
response scored one mark.  
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Q4 Electrode potentials are measured using a standard hydrogen half-cell. 
 
Q4a  State the conditions required for a standard hydrogen half-cell. [2] 
 
Student’s response 

25°C temperature, 1 atmospheric pressure and 1M concentration of ion solution 

Examiner’s comments 

The hydrogen ions were not included in the reference to concentration.  The 
response scored one mark. 
 

Q4b Complete and label the diagram below to show a cell in which the standard 
electrode potential of a zinc half-cell can be determined using a standard 
hydrogen half-cell. [4] 

 
 
 
 
 
 
 
 
 
Student’s response 

 

 

 

 

Examiner’s comments 

The salt bridge is only just touching each solution and so it only just scores the mark.  
The correct concentration has not been included for the zinc ions in solution.  The 
response scored three marks.  
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Q4c Ammonium metavanadate may be reduced using zinc. 
 
Q4c(i) Describe how the reduction may be carried out in the laboratory. [2] 
 
 
Student’s response 

Dissolve some ammonium metavanadate in concentrated hydrochloric acid in a test 
tube.  Add two spatula measures of zinc as the reducing agent and observe the 
colour changes. 

Examiner’s comments 

The method is in the CCEA Practical Support document.  Concentrated hydrochloric 
acid was allowed since the concentration of the acid is not specified in this 
document.  The use of a test tube without cotton wool was accepted.  The response 
scored both marks. 
  



87 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q4c(ii) Complete the table below giving the formula and colour of each of the 
four ions containing vanadium present during the reduction. [4] 

 
ion colour 

  

  

  

  
 
 
Student’s response 

 

 

 

 

 

 

 

Examiner’s comments 

Ions and colours correct. The response scored full marks. 
 
  



88 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q5 Standard potassium manganate(VII) solution is reduced in the absence 
of acid to form an insoluble oxide. 

 
MnO4

- + 2H2O + 3e- → MnO2 + 4OH- 
 
Q5a(i) State the systematic name and suggest the colour of the MnO2  

formed. [2] 
 
 
Student’s response 

Manganate (IV) oxide and colourless 

Examiner’s comments 

The systematic name was incorrect as was colourless.  The response scored no 
marks. 
 

Q5a(ii) What mass of potassium manganate(VII), given to two significant 
figures, is required to make 250 cm3 of 0.0050 mol dm−3 potassium 
manganate(VII) solution? [2] 

 
 
Student’s response 

n  =  c  x  v 

            moles  =  250  x  0.005  =  1.25  x  10-3 
                                  1000 

n  =  M/RFM                           Mass  =  1.25  x  10-3  x  158 

RFM                                                 =  0.1975g 

Examiner’s comments 

The answer was given to four significant figures.  The response scored one mark. 
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Q5b Iron tablets used as a dietary supplement contain hydrated iron(II) 
sulfate, FeSO4.7H2O. The percentage of hydrated iron(II) sulfate in the 
tablets can be found by titration with acidified potassium 
manganate(VII). 

 
Five iron tablets were weighed, dissolved in water and the solution 
made up to 250.0 cm3 in a volumetric flask. 25.0 cm3 aliquots of this 
solution were titrated against 0.0050 mol dm−3 acidified potassium 
manganate(VII) solution and the following results were obtained. 
 
Mass of five iron tablets = 1.85 g 

 

titration 
initial burette 

reading 
/cm3 

final burette 
reading 

/cm3 
rough 0.0 15.2 

1 15.2 29.8 
2 29.8 44.6 

 
Q5b(i) What is the colour change at the end point? [2] 
 
 
Student’s response 

pink to colourless 

Examiner’s comments 

The colour change is the wrong way round. The response scored one mark. 
 

Q5b(ii) Calculate the average titre. [1] 
 
 
Student’s response 

(14.6 + 14.8) = 14.7 cm3 
         2 

Examiner’s comments 

The response scored one mark.  
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Q5c  The half-equations for the reactions taking place are: 
 

Fe2+ → Fe3+ + e- 
 

MnO4
- + 8H+ + 5e- → Mn2+ + 4H2O 

 
Write the overall ionic equation for the reaction. [1] 

 
 
Student’s response 

 

 

Q5d Calculate the percentage mass, to two decimal places, of hydrated iron(II) 
sulfate in a tablet. [4] 

 
Student’s response 

 

 

 

 

 

 

 

 

 

Examiner’s comments 

Full marks were obtained for Q5(c) and Q5(d).  
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Q6 The relative formula mass of a volatile dihalogenoalkane, Z, can be 
determined by the following method. 

 
Two gas syringes are heated in an oven to 120 °C. A small amount of 
propanone and Z were injected, separately, from hypodermic syringes, into 
each of the gas syringes.  The following results were obtained: 
 
Initial mass of propanone and hypodermic syringe = 17.26 g 
Final mass of propanone and hypodermic syringe = 17.16 g 
Volume of propanone in gas syringe = 51 cm3 
 
Initial mass of Z and hypodermic syringe = 20.04 g 
Final mass of Z and hypodermic syringe = 19.87 g 
Volume of Z in gas syringe = 51 cm3 
 

Q6a  Suggest why the temperature and pressure of the oven are not required. [1] 
 
 
Student’s response 

Both syringes are in the same area so temperature and pressure are the same for 
both. 

Examiner’s comments 

One of the rare correct responses for this question.  
 

Q6b(i) Calculate the mass of propanone and the mass of Z added to the gas 
syringes. 

 
Propanone: 

 
Z: [1] 

 
 
Student’s response 

Propanone:  0.10 g 

Z:  0.17 g 
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Q6b(ii) Calculate the density of propanone and Z. 
 

Propanone: 
 
Z: [2] 

 
 
Student’s response 

Propanone:  1.96 x 10-3 g cm-3 

Z:  0.0033 g cm-3 

 

Q6b(iii) The relative formula mass of propanone is 58. Calculate the relative 
formula mass of Z. [2] 

 
 
Student’s response 

 

 

 

 

 

Examiner’s comments 

For Q6(b), Grade A candidates coped very well with this question and typically 
scored full marks.  
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Q6c(i) What is meant by the term dihalogenoalkane? [1] 
 
 
Student’s response 

A molecule containing two halogens 

Q6c(ii) Use your answer to (b)(iii) to deduce the molecular formula of Z. [1] 
 
 
Student’s response 

 

 

Examiner’s comments 

For Q6(c), the explanation of the term was not considered adequate for the mark.  
The molecular formula was given and it was consistent with the relative formula 
mass given in Part (b)(iii).   
 

Q6d(i) Explain how you could obtain the halide ion from the dihalogenoalkane. 
[2] 

 
 
Student’s response 

Add a small amount of silver nitrate and dilute nitric acid to the dihalogenoalkane, a 
white, cream or yellow precipitate will form which can then be filtered off by suction 
filtration which gives a drier product and is faster. 
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Q6d(ii) Describe a chemical test to confirm the identity of the anion. [3] 
 
 
Student’s response 

Add a small amount (2 cm3) of silver nitrate solution and dilute nitric acid to a 
solution of the dihalogenoalkane.  If a white precipitate forms it is CI-, if a cream 
precipitate forms it is Br - and if a yellow precipitate forms it is I- present. 

Examiner’s comments 

For Q6(d), there was no mention of heat or alkali. No marks for Part (i).  One mark 
was obtained for the reagents in Part (ii) but the fact that the answer in Part (c)(ii) 
was a dichloro compound and should have produced a white precipitate was ignored 
in favour of a more general answer. 
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