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SECTION A

Read carefully

	 1	 Check that the answer sheet provided is for Chemistry Advanced Higher (Revised)
(Section A).

	 2	 For this section of the examination you must use an HB pencil and, where necessary, an eraser.

	 3	 Check that the answer sheet you have been given has your name, date of birth, SCN (Scottish 
Candidate Number) and Centre Name printed on it.  

		  Do not change any of these details.

	 4	 If any of this information is wrong, tell the Invigilator immediately.

	 5	 If this information is correct, print your name and seat number in the boxes provided.

	 6	 The answer to each question is either A, B, C or D.  Decide what your answer is, then, using 
your pencil, put a horizontal line in the space provided (see sample question below).

	 7	 There is only one correct answer to each question.

	 8	 Any rough working should be done on the question paper or the rough working sheet, not on 
your answer sheet.

	 9	 At the end of the exam, put the answer sheet for Section A inside the front cover of your 
answer book.

Sample Question

To show that the ink in a ball-pen consists of a mixture of dyes, the method of separation would be

A	 chromatography 

B	 fractional distillation

C	 fractional crystallisation

D	 filtration.

The correct answer is A—chromatography.  The answer A has been clearly marked in pencil with a 
horizontal line (see below).

Changing an answer

If you decide to change your answer, carefully erase your first answer and using your pencil, fill in the 
answer you want.  The answer below has been changed to D.

A

A

B

B

C

C

D

D
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	 1.	 “No two electrons can have the same four 
quantum numbers” is a statement of

		  A	 Hund’s rule

		  B	 the aufbau principle

		  C	 the Pauli exclusion principle

		  D	 the dual nature of radiation theory.

	 2.	 The second ionisation energies of six 
consecutive elements in the Periodic table are 
shown below. 

		  Element X is

		  A	 a halogen 

		  B	 a noble gas

		  C	 an alkali metal

		  D	 a group 2 metal.

	 3.	 Consider the complex ion shown below.

		  Which of the following statements about it is 
true?

		  A	 The coordination number is 2.

		  B	 The complex ion has no overall charge.

		  C	 The arrangement of ligands is triangular.

		  D	 The ligands attach through electron 
pairs.

	 4.	 A tunable laser emits blue light.  If the 
wavelength is increased

		  A	 the velocity increases

		  B  	 the frequency increases

		  C  	 the wavenumber increases

		  D 	 the colour changes towards red.

	 5.	 Sodium vapour street lamps emit yellow light 
because

		  A  	 sodium vapour is burning and giving out 
a yellow glow

		  B  	 sodium vapour filters out all the light 
from the filament except yellow

		  C  	 energy corresponding to yellow light is 
given out as electrons in sodium move to 
lower energies

		  D  	 energy corresponding to yellow light is 
given out as electrons in sodium move to 
higher energies.

	 6.	 The diagram represents

		

		  A	 any p orbital

		  B	 a specific p orbital	

		  C	 any d orbital

		  D	 a specific d orbital.

	 7.	 What is the change in the three dimensional 
arrangement of the bonds round the O atom in 
the following reaction?

			   H2O  +  H+  →  H3O
+

		  A	 Non-linear to pyramidal

		  B	 Linear to pyramidal

		  C	 Linear to tetrahedral

		  D	 Non-linear to tetrahedral.

X

Atomic number

NH3

H3N

Zn2+

NH3

NH3
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	 8.	 For a certain reaction:

		  DH° = +7·3 kJ mol–1 and DS° = –200 J K mol–1.

		  This reaction will

		  A	 never be thermodynamically feasible

		  B  	 be thermodynamically feasible at all 
temperatures. 	

		  C  	 be thermodynamically feasible above a 
certain temperature

		  D 	 be thermodynamically feasible below a 
certain temperature 	

	 9.	

		  What is the standard free energy change, in  
kJ mol–1, for the conversion of nitrogen 
dioxide to one mole of dinitrogen tetroxide?

		  A	 – 5·9

		  B    	 + 5·9	

		  C  	 – 45·9

		  D   	 + 45·9	

	10.	 The pH of 0·002 mol l–1 calcium hydroxide 
solution is

		  A	 2·4

		  B   	 2·7

		  C  	 11·3

		  D  	 11·6.

	11.	 Which of the following statements is not 
always true for aqueous solutions at 298 K?

		  A	 Kw = 10–14

		  B  	 pH = –log10[H
+]

		  C  	 [H+] [OH–] = 10–14

		  D  	 [H+] = [OH–] = 10–7 mol l–1

	12.	 1·00 mol of an ionic compound was added to 
1·00 litre of water.  The mixture was stirred 
and the solid dissolved with no heating.  
Which of the following statements must be 
true?

		  A 	 The resulting solution is 1·00 mol l–1.

		  B  	 The dissolving resulted in an increase in 
entropy.

		  C  	 There was no change in enthalpy as the 
solid dissolved. 

		  D  There was a decrease in free energy in 
forming the solution.

	13.	 In which of the following changes will there 
be an increase in entropy?

		  A  	 H2O(l)  →  H2O(s)

		  B  	 CO2(s)  →   CO2(g)

		  C  	 Ethene  →  poly(ethene)

		  D  	 H2(g)  +  Cl2(g)  →  2HCl(g)

	14.	 500 cm3 of 0·022 mol l–1 hydrochloric acid 
is added to 500 cm3 of 0·020 mol l–1 sodium 
hydroxide solution.  The pH of the resulting 
solution will be

		  A	 2

		  B	 3

		  C	 4

		  D	 5.

	15.	 P + 2Q  →   R + S  DG° = +10 kJ mol–1

		  Which of the following can not be deduced 
from the above information?

		  A  	 Order of the reaction 	

		  B  	 Position of equilibrium

		  C  	 Feasibility of the reaction

		  D 	 Stoichiometry of the reaction

½N2(g) + O2(g) → NO2(g) DG° = +51·8 kJ mol–1

N2(g) +
 
2O2(g) → N2O4(g)  DG° = +97·7 kJ mol–1
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	16.	 A racemic mixture contains equal amounts of 

		  A 	 two optical isomers and is optically active

		  B  	 two optical isomers and is optically 
inactive

		  C	 two geometric isomers and is optically 
active

		  D	 two geometric isomers and is optically 
inactive.

	17.	 Alcohols are less volatile than their isomeric 
ethers because

		  A  	 ethers contain less oxygen

		  B  	 alcohols have hydrogen bonding 	

		  C  	 ethers have lower molecular masses

		  D  	 alcohols have stronger covalent bonding.

	18.	 A  compound, X, has empirical formula 
C2H4O and molecular mass 88.  Its  
infra-red spectrum shows a broad band at 
approximately 3000 cm-1 and a sharp peak at 
1710 cm-1.

		  X is likely to be 

		  A	 ethanol

		  B	 butanoic acid

		  C	 ethyl ethanoate

		  D	 methyl propanoate.

	19.	 Ethanal reacts with an alkaline solution of 
iodine to form a yellow solid called iodoform, 
CHI3.  This reaction can be repeated with any 
compound containing the CH3  C  group

		  or one which can be readily oxidised to form 
this group.  

		  Iodoform will not be produced when an 
alkaline solution of iodine reacts with

		  A  	 ethanol

		  B  	 propanone

		  C  	 butan-2-ol

		  D  	 pentan-3-one.

		

O
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	Questions 20 and 21 refer to the following.	

	20.	 In which of the above does the organic 
compound undergo substitution by an 
electrophilic species?

	21.	 Which of the above involves homolytic 
fission?

A

B

C

D
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	22.	 Which of the following will reduce the 
silver(I) ion in Tollens’ reagent to metallic 
silver?

		  A  	 CH3OH

		  B  	 CH3CHO

		  C 	 CH3OCH3

		  D  	 CH3COCH3

	23.	

		  is the skeletal formula for 

		  A  	 3,4,4-trimethylbutan-1-ol 

		  B  	 2,3-dimethylpentan-5-ol 

		  C  	 3,4-dimethylpentan-1-ol

		  D 	 4,5-dimethylhexan-1-ol.
		

	24.	 Which of the following is the formula of a 
tertiary haloalkane?

		  A	 CHBr3

		  B	 (CH3)3CBr

		  C	 (CH2Br)3CH

		  D	 (CH3)3CCH2Br

	25.	 Which of these compounds would not yield 
a primary alcohol when reacted with lithium 
aluminium hydride?

		  A	 CH3COCH3

		  B	 C6H5COOH

		  C	 CH3CH2COOH

		  D	 CH3CH2CH2CHO

	26.	 The reaction

		  C2H5Br + KOH  →  C2H4 + H2O + K+Br–

		  is an example of

		  A  addition

		  B  elimination

		  C  condensation

		  D  electrophilic substitution.

	27.	 Some aldehydes can undergo the Cannizzaro 
reaction which can be represented by the 
following equation.

		

		  An aldehyde will react in this way provided 
that X does not contain a –CH2– group 
attached to the functional group.  

		  Which of the following aldehydes is capable of 
undergoing the Cannizzaro reaction?

		  A	 Butanal 

		  B  	 Pentanal

		  C  	 2-Methylbutanal

		  D  	 3-Methylbutanal

	

OH

2X–CHO + H2O → X–COOH + X–CH2OH
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	28.	 Which of the following molecules is not 
chiral?

		  A

		  B

		  C

		  D

	

	29.	 Which of the following compounds will have a 
cis isomer?

		  A	

		  B	

		  C

	

		  D	

	

NH2

OH
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Cl

OHO

O
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B

C

D

C

H H

H3C CH3
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	30.	 A drug containing a carboxyl group can bind to an amino group on a receptor site in three different ways.	
	

		  The drug with the following structure

		  could bind to the same site

		  A	 only by ionic interaction

		  B	 only as a hydrogen-bond donor

		  C	 only as a hydrogen-bond acceptor

		  D	 both as a hydrogen-bond donor and acceptor.

C

H H H

N

O

O

CC

H

NH2

O

O O

CC

NH2

O

Hydrogen-bond acceptor Hydrogen-bond donor Ionic interaction

binding site binding site binding site

O
CH2

[END OF SECTION A]

Candidates are reminded that the answer sheet for Section A MUST be placed INSIDE the front 
cover of your answer book.



SECTION B

70 marks are available in this section of the paper.

All answers must be written clearly and legibly in ink.

	 1.	 Will-o’-the-wisp is a ghostly flickering flame that appears over marshes.  According to folklore, it 
lured travellers from well-trodden paths into treacherous marshes.  It is now known to be caused 
by the spontaneous combustion of a mixture of methane and phosphorus(III) hydride formed from 
rotting vegetation in the depths of marshes.

		  (a)	 What will be the shape of a phosphorus(III) hydride molecule?

		  (b)	 Phosphorus(III) hydride contains the element phosphorus and the electronic configuration of 
a phosphorus atom in its ground state can be represented as:

			   (i)	 State the values of the four quantum numbers (n, l, m and s) for one of the electrons in 
the 3s orbital.

	 (ii)	 In what respect is the 1s orbital similar to and how does it differ from the 2s orbital?

	(iii)	 Explain how the above representation of the phosphorus atom conforms to Hund’s rule.

	(iv)	 In an excited state of a phosphorus atom, one of its electrons has the quantum numbers 
n = 4 and l = 2.

		  In what type of orbital is this electron located?

Marks

1

2

1

1

1

(6)
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	 2.	 X, Y and Z are three different compounds that contain octahedral complex ions of chromium and 
have the general formula CrCl3.6H2O.

		  When treated with a dehydrating agent compound X loses two moles of water per mole of 
compound.  This implies that compound X has the formula [Cr(H2O)4Cl2]

+Cl–.2H2O.

		  (a)	 Name the complex ion [Cr(H2O)4Cl2]
+.

		  (b)	 What is the coordination number of chromium in [Cr(H2O)4Cl2]
+?

		  (c)	 When treated with a dehydrating agent compound Y loses one mole of water per mole of 
compound and compound Z loses no water.

Write the formula for the complex ion in compound Y.

		  (d)	 100 cm3 of a solution containing 1·34 g of compound Z was prepared.  20·0 cm3 samples of this 
solution were titrated against 0·201 mol l-1 silver(I) nitrate giving the following results.

1st titre 2nd titre 3rd titre

Initial burette reading /cm3 	 0·5 15·8 30·8

Final burette reading /cm3 15·8 30·8 45·8

Volume of AgNO3 added / cm3 15·3 15·0 15·0

			   Calculate the formula for the complex ion in compound Z.

		  (e)	 Chromium is a transition metal.  A student stated that “All catalysts are either transition 
metals or transition metal compounds”.

			   Using your knowledge of chemistry, comment on the truth of the above statement and on 
how substances act as catalysts.

Marks

1

1

1

3

3

(9)
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	 3.	 The electronic spectra of molecules can be described in terms of the wavelength of maximum 
absorbance, lmax.

		  The table below shows a number of compounds with their corresponding lmax values.

Compound lmax/nm

1.

2.

3.

4.

217

227

263

352

		  (a)	 Compound 1 is buta-1,3-diene.  

			   Name compound 2.

		  (b)	 Draw the most likely structure for the compound with lmax = 291 nm.

		  (c)	 The compounds shown have a system of alternating single and double bonds.		

			   What word is used to describe this type of system?

		  (d)	 From the information shown in the table draw a conclusion relating the energy difference 
between the HOMO and the LUMO as the number of alternating single and double bonds 
increases.

		  (e)	 b-carotene, lmax = 452 nm gives the orange colour to carrots and has the structure

			   whereas a-carotene, lmax = 434 nm is found in oranges and has the structure:

			   Explain why there is a difference in the lmax values for these two structures.

		  (f)	 The pink colour of cooked salmon and lobster is due to astaxanthin which has the structure:

			   This molecule is optically active.

			   Draw part of the molecule and circle one of the asymmetric carbon atoms responsible for this 
optical activity.
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Marks

1

1

1

1

1

1

(6)
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O
O
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	 4.	 Caffeine is a stimulant found in tea and coffee.  Some people prefer de-caffeinated drinks.  Solvent 
extraction can be used to extract the caffeine. 

		  50 cm3 of a tea infusion was prepared.  The tea infusion was added to a separating funnel together 
with 50 cm3 of the solvent ethyl ethanoate

		  The liquids were shaken together for some time.  The layers were left to settle and then separated. 
The solvent layer containing the crude caffeine extract was transferred to a weighed container.  
This was warmed in a fume cupboard until the ethyl ethanoate had evaporated, leaving a solid 
residue. The container was then reweighed.

		  (a)	 Suggest an improvement to the solvent extraction procedure.

		  (b)	 Thin layer chromatography was then used to determine the purity of the crude caffeine 
sample.  A trial was carried out to find the best solvent to use for the mobile phase. 

			   Pure caffeine was used as the control. 

			   The results from the trial are shown below.

Solvent used
Distance to solvent  

front/cm
Distance to centre of  

spot/cm

methyl ethanoate 6·5 0·8

ethanol 5·7 2·3

			   (i)	 Calculate the Rf value for caffeine in each solvent.

			   (ii)	 Which solvent should be used for the chromatography?

		  (c)	 How would the thin layer chromatogram obtained be used to

	 (i)	 identify the presence of caffeine in the residue;

	 (ii)	 decide whether the sample is pure?

			 

Marks

1

1

1

1

1

(5)
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	 5.	 Solid benzoic acid can be prepared by the hydrolysis of ethyl benzoate.  The ester is heated under 
reflux with sodium hydroxide solution for a minimum of 30 minutes.

				    C9H10O2(l) + Na+OH–(aq) → C6H5COO–Na+(aq) + C2H5OH(l)
				    gfm = 150 g

		  Benzoic acid is precipitated from the solution by the addition of hydrochloric acid.  It is then 
separated from the reaction mixture using vacuum filtration.

				    C6H5COO–Na+(aq) + HCl(aq) → C6H5COOH(s) + Na+Cl–(aq)

						                 		    gfm = 122 g

		  After being purified by recrystallisation, the solid benzoic acid is dried and weighed and the melting 
point determined.

		  (a)	 (i)	 Draw a labelled diagram of the assembled apparatus used for the hydrolysis of  
ethyl benzoate.

	 (ii)	 Explain why refluxing was used in the hydrolysis step.

		  (b)	 Describe how the recrystallisation should be carried out. 

		  (c)	 The results of the experiment are shown below.

			   Mass of flask	 = 54·67 g
			   Mass of flask + ethyl benzoate	 = 50·82 g

			   Mass of clock glass	 = 12·34 g
			   Mass of clock glass + dried solid	 = 14·82 g 

			   Calculate the percentage yield of benzoic acid

	

Marks

1

1

2

2

(6)
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	 6.	 The salt sodium propanoate, C2H5COO–Na+, is produced when sodium hydroxide reacts with 
propanoic acid.  When sodium propanoate is dissolved in water an alkaline solution is formed.

		  (a)	 (i)	 Write the formula for the conjugate base of propanoic acid.

	 (ii)	 Explain why a solution of sodium propanoate is alkaline.

		  (b)	 The titration of propanoic acid with sodium hydroxide can be followed using a pH meter.

			   The graph below was obtained when 40·0 cm3 of an aqueous solution of propanoic acid was 
titrated with 0·200 mol l–1 sodium hydroxide. 

	 (i)	 The initial pH was recorded as 2·93.  

		  Calculate the initial concentration of the propanoic acid.

	 (ii)	 The table shows four indicators which could be used to detect the end-point of a 
titration.

Indicator pH range

Phenolphthalein 8·3 – 10·0

Bromophenol red 5·2 – 6·8

Methyl orange 3·1 – 4·4

Methyl red 4·2 – 6·3

		  Why is phenolphthalein the most suitable indicator for this titration?

Marks

1

2

3

1
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	 6.	 (continued)	

		  (c)	 Phenolphthalein is a weak acid.  The equation shows how phenolphthalein dissociates.

			   With reference to the above equilibrium, explain why the colour changes from colourless to 
pink at the end-point.

	 7.	 Mass spectrometry can be used to determine the accurate molecular mass of and structural features 
of an organic compound.  A mass spectroscopy analysis carried out on a compound containing 
carbon, hydrogen and possibly oxygen produced a parent ion with a relative molecular mass of 156. 

		  Using your knowledge of chemistry, suggest the possible molecular formula or formulae 
for the parent ion and how the actual structure of the organic compound could be determined by 
spectroscopy and/or other chemical techniques.

Marks

	 1

	    (8)

	

	

	    (3)
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	 8.	 The reaction of bromine with propanone in the presence of sodium hydroxide is believed to occur                         
in two steps.

		  (a)	 Write the overall equation for the reaction.

		  (b)	 Write the rate equation for the reaction.

		  (c)	 What is the overall order of the reaction?

		  (d)	 The rate equation for the reaction can be deduced by varying the initial concentrations of the 
reactants and determining the initial rate of the reaction.

				    One such experiment produced the results shown in the table.

Relative concentrations Relative initial 
rate of reactionBromine Propanone Sodium hydroxide

1 1 1 	 2

1 X 1 	 6

2 3 1 	 6

2 3 Y 12

			   Calculate values for X and Y.

		  (e)	 The rate constant, k, of a reaction is only constant at a particular temperature.  As temperature 
increases more molecules will possess the energy of activation, EA.  The Arrenhius equation 
shows the relationship between activation energy, the gas constant, R, the rate constant and 
temperature,T.

			   The logarithmic (ln) form of the Arrenhius equation is

						      ln k =           + a constant

			   Given values of k at different temperatures, what graph could be plotted to help determine the 
activation energy EA?

Marks

1

1

1

2

1

(6)
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	 9.	 Benzene and its derivitives are all aromatic compounds.

		  (a)	 The bonding in benzene involves sp2 hybridisation, leading to sigma and pi bonds.

			   (i)	 Explain what is meant by sp2 hybridisation.

	 (ii)	 Describe how a pi bond is formed.

	(iii) 	 Explain why benzene is stable.

		  (b)	 Benzene resists addition reactions due to its stability

	 (i)	 What type of chemical reaction takes place in the conversion of benzene to 
methylbenzene?

	 (ii)	 Methylbenzene has the structural formula:

				    Write the molecular formula for methylbenzene.

		  (c)	 There are three dimethylbenzene isomers.

	 (i)	 Draw a structural formula for 1,2-dimethylbenzene.

	 (ii)	 Name one of the other two isomers of dimethylbenzene.

		  (e)	 When the compound 1-phenyl-2-chloropropane is heated with an ethanolic solution of 
potassium hydroxide, the reaction shown by the following equation takes place.

			   1-Phenylpropene is the major product although another isomer, 3-phenylpropene, is 
sometimes formed as a minor product.

	 (i)	 Draw a structural formula for 3-phenylpropene.

	 (ii)	 Suggest why 1-phenylpropene is the major product.

Marks

1

1

1

1

1

1

1

1

1

(9)
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	10.	 The nickel content of a compound can be determined by the three methods listed below.

•	 Volumetric
•	 Colorimetric
•	 Gravimetric

		  (a)	 In the volumetric method, a complexometric titration can be carried out.  

      			  1·33 g of hydrated nickel(II) sulfate, NiSO4.6H2O, was weighed out accurately and made up to 
100·0 cm3 in a standard flask using distilled water.

			   25·0 cm3 portions were titrated against 0·110 mol l–1 EDTA solution using murexide indicator. 

      			  The results of the complexometric titrations are shown in the table below.

Rough titration 1st titration 2nd titration

Initial burette reading/cm3 	 0·0 12·0 23·7

Final burette reading/cm3 12·0 23·7 35·5

Volume of EDTA added/cm3 12·0 11·7 11·8

			   (i)	 From the experimental results, calculate the percentage of nickel, by mass, in the 
hydrated nickel(II) sulfate sample.

			   (ii)	 At the end-point, the colour of the solution changes from yellow to violet.

				    Copy the axes below and sketch the absorption curve for the violet solution.

		  (b)	 A solution of nickel(II) sulfate is green in colour and so a pure sample of it can be used in a 
colorimetric method to determine the percentage of nickel in a solution whose concentration is 
not accurately known.

			   In the gravimetric method, a solution of nickel(II) sulfate reacts with dimethylglyoxime to 
produce a red solid.  This can be filtered off, washed, dried and weighed to constant mass in 
order to determine the percentage of nickel by mass.

			   Considering all three methods involved, state one major factor in each method which could 
contribute to uncertainty in the final result.

Marks

3

1

3

(7)
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	11.	 When 2-bromobutane is heated under reflux with a solution of potassium hydroxide, a variety of 
different products can be formed depending on the solvent used.

		  (a)	 Reaction A proceeds via an SN1 mechanism.

	 (i)	 Use curly arrow notation to show the first step of this SN1 reaction. 

	 (ii)	 Give two reasons to explain why this reaction is more likely to take place via an SN1 
mechanism rather than an SN2 mechanism.

	(iii)	 Suggest why two optical isomers are formed as products in reaction A.

		  (b)	 Name one of the stereoisomers formed in reaction B.

Marks

1

2

1

1

(5)

Page nineteen[C273/SQP366]  19

[END OF SPECIMEN QUESTION PAPER]
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Chemistry (Revised) Advanced Higher

Specimen Paper

Marking Scheme

Section A

	 1	 C 	 11	 D	 21	 B

	 2	 C	 12	 D	 22	 B

	 3	 D	 13	 B	 23	 C

	 4	 D	 14	 B	 24	 B

	 5	 C	 15	 A	 25	 A

	 6	 D	 16	 B	 26	 B

	 7	 A	 17	 B	 27	 C

	 8	 A	 18	 B	 28	 C

	 9	 A	 19	 D	 29	 B

	 10	 D	 20	 D	 30	 C



Question Acceptable answer Mark Unacceptable answer

1(a)

or
trigonal pyramidal	

1

1(b)(i) n = 3,    l = 0,     m = 0,    s = + ½  or –½ 2

1(b)(ii) The 1s orbital has the same shape as the 2s orbital 
but is smaller or has a lower energy than the 2s orbital.

1

1(b)(iii) The 3 electrons occupy the degenerate 3p orbitals singly and with parallel 
spins.

1

1(b)(iv) 4d

1
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Question Acceptable answer Mark Unacceptable answer

2(a)  Tetraaquadichlorochromium(III) 1

2(b) 6 1

2(c) [Cr(H2O)5Cl]2+ 1

2(d) number of moles of Ag+ = 0·201 x 0·0150 = 3·015 x 10-3

mole ratio of Ag+:Cl– = 1:1
number of moles of Cl– ions in 20 cm3 of Z solution = 3·015 × 10-3

number of moles of Cl– ions in 100 cm3 of Z solution = 1·508 × 10-2

GFM of Z = 266·5 g
number of moles of Z = 	   = 5·028 × 10-3

                                                = 3

Hence all the chloride ions in compound Z are free and 
so the formula of the complex ion in compound Z is 
[Cr(H2O)6]

3+

1

1

1
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Question Acceptable answer Mark Unacceptable answer

2(e) This is an open ended question
1 mark:  The student has demonstrated a limited understanding of the 
chemistry involved.  The student has made some statement(s) which 
is/are relevant to the situation, showing that at least a little of the 
chemistry within the problem is understood.

2 marks:  The student has demonstrated a reasonable understanding 
of the chemistry involved.  The student makes some statements which 
are relevant to the situation, showing that the problem is understood.

3 marks:  The maximum available mark would be awarded to a 
student who has demonstrated a good understanding of the chemistry 
involved.  The student shows a good comprehension of the chemistry 
of the situation and has provided a logically correct answer to the 
question posed.  This type of response might include a statement 
of the principles involved, a relationship or an equation, and the 
application of these to respond to the problem.  This does not mean 
the answer has to be what might be termed an “excellent” answer or a 
“complete” one. 3

The student has demonstrated no understanding 
of the chemistry involved.  There is no evidence 
that the student has recognised the area of 
chemistry involved or has given any statement of 
a relevant chemistry principle.  This mark would 
also be given when the student merely restates the 
chemistry given in the question.
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Question Acceptable answer Mark Unacceptable answer

3(a) Hexa-2,4-diene 1

3(b) Any correct structure for deca-2,4,6,8-tetraene  such as
 

1

3(c) Conjugated/conjugation 1

3(d) As the number of alternating single and double bonds increases the 
energy difference between the HOMO and the LUMO decreases.

1

3(e) a-carotene has a shorter conjugated system or similar 1

3(f)

Either of the two carbons connected to an OH group
Or section with one of the asymmetric carbon atoms circled

1
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Question Acceptable answer Mark Unacceptable answer

4(a) Carry out several extractions with smaller volumes of solvent 1

4(b)(i) In methyl ethanoate, Rf = 0·8/6·5 =   0·12               
In ethanol, Rf =2·3/5·7 =  0·40       both correct for 1 mark

1

4(b)(ii) ethanol 1

4(c)(i) If the chromatogram shows a spot with the same Rf value as the pure 
caffeine or a spot that travels the same distance relative to the solvent 
front as pure caffeine (or similar correct answer)

1

4(c)(ii) If there is only one spot then the caffeine extract is a single substance 
or if there is more than one spot then the caffeine extract is a mixture 
of compounds (or similar correct answer)

1
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Question Acceptable answer Mark Unacceptable answer

5(a)(i) Diagram to show, as a minimum, a condenser and round bottom flask 
correctly assembled with the condenser, ethyl benzoate and sodium 
hydroxide labelled.    Cooling water must be going in from lower inlet 
and leaving from upper outlet.

1 Untidy diagram, unworkable system.
Cooling water travelling in wrong direction.

5(a)(ii) To prevent volatile compounds escaping 
or so that the reaction mixture can be boiled without it being lost by 
evaporation 
or any similar correct answer

1

5(b) Dissolve in (appropriate) solvent, heat (to dissolve target compound 
and impurities)
filter to remove solid impurities, leave to cool. 
Or all 4 points covered = 2 marks, 2 or 3 points = 1 mark

1

1

5(c)  	 C9 H10 O2	 :	 C6 H5 COOH 
                  	 1 mol	 :	 1 mol
 	 150	 :	 122

  		  :	
                                   
                                      = 3·13 g expected mass

  Yield =  			    = 79·2%                                                                           
                                      

1

1
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Question Acceptable answer Mark Unacceptable answer

6(a)(i) C2H5COO–(aq)    or  CH3CH2COO–(aq)    or  C3H5O2
–(aq)	      

(aq) can be omitted
1

6(a)(ii) Conjugate base removes hydrogen ions
Water equilibrium shifts right and hydroxide ions are in excess 
Could also use equations to explain.

1
1

Salt of a strong base/weak acid

6(b)(i) pH = ½ pKa – ½ log c		
			 
2·93 = ½ (4·87) – ½ log c
 				  
c =  0·1 mol l–1		 (lose mark if no unit)

1

1

1

6(b)(ii) pH range is best match for equivalence point or end-point
or pH range of phenolphthalein fits into “vertical” part of graph

1

6(c) At the end-point the excess OH– ions react with the H+ ions at 
the right of the equilibrium equation  thus shifting the position of 
equilibrium to the right.

1
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Question Acceptable answer Mark Unacceptable answer

7 This is an open ended question
1 mark:  The student has demonstrated a limited understanding of the 
chemistry involved.  The student has made some statement(s) which 
is/are relevant to the situation, showing that at least a little of the 
chemistry within the problem is understood.

2 marks:  The student has demonstrated a reasonable understanding 
of the chemistry involved.  The student makes some statements which 
are relevant to the situation, showing that the problem is understood.

3 marks:  The maximum available mark would be awarded to a 
student who has demonstrated a good understanding of the chemistry 
involved.  The student shows a good comprehension of the chemistry 
of the situation and has provided a logically correct answer to the 
question posed.  This type of response might include a statement 
of the principles involved, a relationship or an equation, and the 
application of these to respond to the problem.  This does not mean 
the answer has to be what might be termed an “excellent” answer or a 
“complete” one. 3

The student has demonstrated no understanding 
of the chemistry involved.  There is no evidence 
that the student has recognised the area of 
chemistry involved or has given any statement of 
a relevant chemistry principle.  This mark would 
also be given when the student merely restates the 
chemistry given in the question.

8(a) CH3COCH3  +  Br2  +  OH–   →  CH3COCH2Br   +   Br–  + H2O 1

8(b) Rate = k[CH3COCH3 ][OH–] 1

8(c) 2nd order 1

8(d) X = 3 and Y = 2   (1) mark for each correct answer 2

8(e) Plot  ln k against 1/T 1
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Question Acceptable answer Mark Unacceptable answer

9(a)(i) It is a mixing or combining of one s orbital and two p orbitals to form 
three molecular orbitals

1

9(a)(ii) A pi bond is made by “sideways” overlap of orbitals. 1

9(a)(iii) The delocalisation of the electrons within the ring gives stability. 1

9(b)(i) Electrophilic substitution/alkylation 1 Nucleophilic substitution

9(b)(ii) C7H8 1

9(c)(i) 1

9(c)(ii) 1,3-dimethylbenzene or 1,4-dimethylbenzene. 1

9(d)(i) 1

9(d)(ii) Conjugation of the C=C and benzene ring delocalised electrons gives 
much greater stability of 1-phenylpropene.

1
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Question Acceptable answer Mark Unacceptable answer

10(a)(i) n(EDTA) = c × V = 0·11 × 0·01175 = 1·29 × 10–3

n(Ni) = 4 × 1·29 × 10–3  = 5·16 × 10–3

mass Ni = 5·16 × 10–3 × 58·7 g    = 0·303 g

% = (0·303/1·33) × 100 = 22·8 %

1

1

1

10(a)(ii)

Absorption

400 500 600 700
Wavelength / nm

1

10(b) Acceptable answers include:
Titration: end-point uncertainty                    

Colorimetric: reliability of calibration graph or
                       dilute solution giving low absorbance

Gravimetric: small mass of sample giving large uncertainty in balance 
readings/mass transfer or mechanical losses

1

1

1
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Question Acceptable answer Mark Unacceptable answer

11(a)(i)

1

11(a)(ii) Steric hindrance from CH3 and C2H5 group preventing  5 membered 
intermediate forming in SN2 mechanism

The carbocation intermediate of SN1 reaction is stabilised by the 
inductive effect from the two alkyl groups in the intermediate

1

1

11(a)(iii) The OH– can attack from either side of carbocation making both the 
optical isomers (of butan-2-ol)

1

11(b) Cis but-2-ene or trans but-2-ene 1
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