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All Candidates' performance across questions

Question Title N Mean S D Max Mark F F Attempt %

1 1987 1.3 0.8 2 64.9 99.7

2 1980 0.8 0.4 1 75.7 99.3

3 1939 1.5 0.8 2 74.8 97.3

4 1989 1.5 1.1 3 49.3 99.8

5 1925 0.6 0.7 2 30.2 96.6

6a 1991 2.8 1.2 4 70.8 99.9

6b 1942 1.4 1.1 3 46.3 97.4

6c 1970 1.4 0.7 2 71.9 98.8

6d 1943 1.2 0.7 2 57.8 97.5

6e 1985 1.9 1 3 63.8 99.6

7a 1989 1.8 1 3 61.4 99.8

7b 1947 0.6 0.5 1 59.1 97.7

7c 1978 1.2 0.6 2 59.9 99.3

7d 1898 2.6 1.8 5 51.3 95.2

7e 1955 2.2 0.9 3 74.5 98.1

8a 1938 0.3 0.5 1 31.5 97.2

8b 1975 1.8 1 3 59.9 99.1

8ci 1979 0.7 0.5 1 69.4 99.3

8cii 1979 0.7 0.5 1 70.7 99.3

8ciii 1925 0.9 0.5 2 43.7 96.6

8di 1980 0.5 0.5 1 50.9 99.3

8dii 1978 0.7 0.7 2 32.5 99.3

8diii 1956 1.2 0.9 2 59.5 98.1

8div 1908 0.5 0.5 1 51.4 95.7

9a 1931 3.1 1.4 6 52.1 96.9

9bi 1893 0.3 0.5 1 28.9 95

9bii 1971 2 0.9 3 66.2 98.9

9biii 1943 1.1 0.5 2 56.3 97.5

9biv 1938 0.3 0.5 1 30.5 97.2

9bv 1619 0.3 0.5 1 29.1 81.2

10a 1803 1.2 1.2 3 39.6 90.5

10b 1863 0.7 0.7 2 33.3 93.5

10c 1764 0.2 0.4 1 16.6 88.5

10d 1827 1.9 1.8 4 48.2 91.7

10e 1897 1.6 1.4 4 39.9 95.2
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WJEC A level Chemistry Unit 4 - 1410U40-1

Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question


Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.
However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.


Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.


Sticky Note
This is the maximum mark for a particular question


Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.


Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


4. (a)    
 
 
 
 
 


 


  
 
 


1 


  
 
 


1 


  


 (b)   2-aminopropanoic acid exists as zwitterions / CH3CHNH3
+COO‒  (1)  


 
it has strong ionic character therefore much stronger forces between 
molecules than the other acids  (1) 
 


  
 
 


2 


  
 
 


2 


  


5.    275.4 dm3 gaseous material from 222 g RDX    (1) 
 
therefore 1 m3 from 222 × 1000 / 275.4 = 806 
 
 answer must be given to 3 sig figs  (1) 
 


 1  
 
 
 


1 


 
 
 
 


2 


 
 
 
 


2 


 


    Section A total 1 7 2 10 3 0 












4a: 1


4b: 2


1


1


1



Sticky Note

The candidate identifies correctly the presence of the zwitterion (1), which leads to strong ionic bonds which are stronger than any other intermolecular force present between the other molecules in the table (1). Very detailed answer for both marks.



Sticky Note

Correct answer - awarded 1 mark












4a: 1


4b: 2


1


1


1



Sticky Note

The candidate identifies correctly the presence of the zwitterion (1), which leads to strong ionic bonds and the other molecules ONLY contain hydrogen bonding which is just enough to suggest these are weaker than the ionic bonds (1).  Some 'benefit of doubt' has been applied here.




Sticky Note

A correct structural formula showing all the bonds is perfectly acceptable - 1 mark awarded.












4a: 0


4b: 1


1



Sticky Note

The candidate identifies correctly the presence of the zwitterion (1), but does not elaborate on the comparison between the strength of ionic and intermolecular forces - so does not gain the second mark. 



Sticky Note

The formula is incorrect - no marks awarded.
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4.	 (a)	 In acid solution the formula of the ion formed from phenylalanine is
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C


NH3


C


H


H


H


COOH


 +


		  Give the formula of the ion formed from phenylalanine in basic solution.	 [1]


	 (b)	 The melting temperatures of four compounds are shown in the table.


Compound Melting temperature / °C


CH3CH2COOH –21


CH3CH(OH)COOH 18


CH3CHBrCOOH 26


CH3CH(NH2)COOH 289


		  Explain why the melting temperature of 2-aminopropanoic acid is very much higher than 
the other acids in the table.	 [2]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


7. (a) (i)    
 
 
 
 
       
 
 
both curly arrows needed  (1) 
correct structure of intermediate  (1)                                 


 


 
 
 
 
 
 
 
 
 


1 


 
 
 
 
 
 
 
 
 
 


1 


  
 
 
 
 
 
 
 
 
 


2 


  


  (ii)  electrophilic substitution 
 


1   1   


 (b)   lone pair of electrons on the nitrogen atom(s) 
 


1   1   


 (c) (i)  orange / red solid 
 


1   1   


  (ii)  the derivatives formed using 2,4-DNPH have suitable melting 
temperatures for identification / precise melting temperatures 
 


  1 1 
 


 1 


 (d)   dissolve the (impure) oxime in a minimum volume  (1) 
 
hot methanol / warm methanol  (1) 
 
water bath / electrical heater  (1)  
 
allow to cool  (1) 
 
filter off oxime and dry  (1) 
 


 
 
 
 
 
 


1 
 


1 


1 
 


1 


 
 
 
 


1 


 
 
 
 
 
 
 
 


5 


  
 
 
 
 
 
 
 


5 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


 (e)   (broad) peak at 3200-3550 cm‒1 due to O—H bond present in the 
oxime and not in the amide  (1) 
 


peak at 1650-1750 cm‒1 due C=O bond present in the amide and not 
in the oxime  (1) 
 


peak at 3300-3500 cm‒1 due to N—H bond present in the amide and 
not in the oxime  (1) 
 
   


  
 
 
 
 
 
 


3 


  
 
 
 
 
 
 


3 


  


    Question 7 total 6 6 2 14 0 6 


 
  












7ai: 2


7aii: 0


7b: 1


1


1


1



Sticky Note

Both arrows on the reactant and intermediate are in the correct direction and from within the benzene ring and the C-H bond respectively for the first mark (1). The intermediate has the correct charge, incomplete circle and the NO2 and H on the correct carbon atom in the ring (1). A very clear mechanism gains both marks.







7ci: 1


7cii: 0


7d: 5


1


1


1


1


1


1



Sticky Note

The candidate identifies a safe heating method (1) of the minimum (1) of hot solvent (1). Then the mixture is cooled (1) and filtered (1). Altogether, the candidate has named the correct safety apparatus and four accurate practical steps so 5 marks are awarded. 












7ai: 1


7aii: 1


7b: 1


1


1


1



Sticky Note

Both arrows on the reactant and intermediate are in the correct direction and from within the benzene ring and the C-H bond respectively for the first mark (1). Even though the intermediate has the correct charge and the NO2 and H on the correct carbon atom in the ring, the second mark is not awarded because the 'partial circle' only extends half way around the ring.








7ci: 1


7cii: 0


7d: 4


1


1


1


1


1



Sticky Note

The candidate warms in the minimum (1) of hot solvent (1). Then the mixture is cooled (1) and then oven dried (1). Altogether the student has named four accurate practical steps but no safety apparatus so 4 marks are awarded. 













7ai: 2


7aii: 1


7b: 0


2


1



Sticky Note

Both arrows on the reactant and intermediate are in the correct direction and from within the benzene ring and the C-H bond respectively for the first mark (1). The intermediate has the correct charge, incomplete circle (even though dotted) and the NO2 and H on the correct carbon atom in the ring (1).








7ci: 1


7cii: 0


7d: 0


1



Sticky Note

The candidate has made no reference to a safe method of heating the solvent and not written a coherent description of a method of re-crystallisation that could possibly lead to a purified sample. Although the candidate includes attempts at relevant practical steps, the order is incorrect.  Use of goggles is not credited.  No marks awarded.
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7.	 (a)	 2,4-Dinitrophenylhydrazine (2,4-DNPH) can be made by the following route.


	 (i)	 Complete the mechanism for this reaction, which shows the nitration of 
chlorobenzene. You should use curly arrows and also show the structure of the 
intermediate.	 [2]


	 (ii)	 State the type of mechanism occurring in this nitration.	 [1]


	


	 (b)	 State the feature of 2,4-DNPH that enables it to react as a base.	 [1]


	


ClCl N


H NH2


NO2 NO2


NO2 NO2


Cl


Cl
NO2


 +NO2


+ H+
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	 (c)	 2,4-DNPH can be used as a reagent to identify aldehydes and ketones.


	 (i)	 State what is seen when 2,4-DNPH is used to identify an aldehyde or a ketone.	[1]


	


	 (ii)	 Explain why 2,4-DNPH is an appropriate reagent to use in their identification.	 [1]


	


	


	


	 (d)	 Alternative reagents can be used for this identification. One of them is hydroxylamine, 
NH2OH, which produces a white crystalline solid when it reacts with an aldehyde or 
ketone.


		  For example with diphenylmethanone


10


+C
 C6H5


 NH2OH H2O +   C  O  N OH


C6H5


 C6H5


C6H5
                


diphenylmethanone oxime
melting temperature 143 °C


		  In an experiment, impure diphenylmethanone oxime was recrystallised from flammable 
methanol (boiling temperature 65 °C).


		  Outline a safe procedure to obtain pure dry crystals of diphenylmethanone oxime using 
methanol as the solvent. You should assume that all the material present in the crude 
oxime is soluble in methanol.	 [5]
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


9. (a)   Indicative content 


 percentage of chlorine in this compound is 32.1% which is 
consistent with that of 2,4-D 


 colourless gas with NaHCO3 indicates compound is a carboxylic 
acid 


 n(NaOH) is 1.85 × 10‒3 mol 


 mole ratio is 1:1 therefore only one COOH group 


 number of moles of compound in 25.0 cm3 is also 1.85 × 10‒3 mol 
therefore 1.85 × 10‒2  in 250 cm3    


 Mr of compound is 221 which is consistent with that of 2,4-D    
 
test results consistent with structure of 2,4-D 


 no chloride ions on reflux with NaOH therefore chlorine atoms are 
bonded directly to the ring, not in alkyl side-chains 


 no white precipitate with aqueous bromine therefore not a phenol 


 aqueous bromine not decolourised therefore no C=C double bonds 
  
spectral data consistent with that of 2,4-D 


 1H NMR spectrum of this compound would show three peaks; 
aromatic (area of 3), —CH2— (area 2), O—H (area 1) 


 13C NMR of this compound would show eight peaks as it has 
8 different carbon environments 


 
 


 take its melting temperature and compare to a book value 


 mix a sample with some actual 2,4-D, and take its melting 
temperature – see if the value is unchanged 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


2 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


2 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


2 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


6 


 
 
 
 
 
 
 
 
 


2 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


4 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


    


5-6 marks 
All information has been used and interpreted correctly, good account of 
melting temperature determination 
The candidate constructs a relevant, coherent and logically structured account 
including key elements of the indicative content.  A sustained and 
substantiated line of reasoning is evident and scientific conventions and 
vocabulary is used accurately throughout. 
 
3-4 marks 
Most of the information has been used and interpreted correctly 
The candidate constructs a coherent account including many of the key 
elements of the indicative content.  Some reasoning is evident in the linking of 
key points and use of scientific conventions and vocabulary is generally sound. 
 
1-2 marks 
Some of the information has been used correctly 
The candidate attempts to link relevant points from the indicative content.  
Coherence is limited by omission and/or inclusion of irrelevant material.  There 
is some evidence of appropriate use of scientific conventions and vocabulary. 
 
0 marks 
The candidate does not make any attempt or give an answer worthy of credit. 
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


 (b) (i)   
 
 
 
 


  
 


1 


  
 


1 


  


  (ii) I 88 
 


 1  1 1  


   II  
 
       (1) 
 
 
 
 
 
ester must contain                        group for it to reduce 
Tollens reagent  (1) 
 


  
 


1 


 
 
 
 
 
 
 
 
 


1 


 
 
 
 
 
 
 
 
 


2 


  


  (iii) I 60 
                                                                                                    


 1  1 1  


   II if relative molecular masses are different, the number of moles 
present in the chromatogram is not directly related to the mass of 
each component 
 


   
 


1 


 
 


1 


  


  (iv)  A has weaker intermolecular forces therefore (less energy is needed 
to overcome these forces and) it has a lower boiling temperature 
 


   
1 


 
1 


  


  (v)  2-methylbut-1-ene 
 


  1 1   


    Question 9 total 2 6 6 14 4 4 
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9a: 4



Sticky Note

This candidate has used the numerical data effectively to prove the % Cl and number of acid groups. Also, the qualitative tests have been appropriately assigned to the respective functional groups. However, the NMR descriptions were rushed and there was no mention of any additional test such as the melting point to further support the identification. A good middle band answer - awarded 4 marks.  







9biv: 1


9bv: 1


1


1



Sticky Note

Identifying that "A has weaker van der Waals forces" leading to a lower melting (BOD) point is sufficient for the mark. The candidate has to compare forces and link to the values in the table - so using the terms "weaker" and "lower" is critical in this question.












Sticky Note

A good answer that has a full and correct calculation of the empirical and molecular formulae leading to the correct final displayed structure.  This candidate clearly deserves a higher band mark.  However, there is a lack of detail in linking all deductions to the information given.  There is no clear indication that the candidate is aware that the structure is in fact the E-isomer.  The examiner felt that this was not quite worthy of 6 marks.













9a: 4



Sticky Note

The candidate has used the numerical data effectively to prove the % Cl and molar mass. Also, the qualitative tests have been appropriately assigned to the respective functional groups. However, the NMR descriptions were omitted and the additional test was incorrect. A fairly good middle band answer - awarded 4 marks.  








9biv: 0


9bv: -



Sticky Note

Although the candidate refers to intermolecular forces comparatively, this is not linked to boiling points so the mark is not awarded.
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9.	 (a)	 A solid compound is believed to be the herbicide 2,4-dichlorophenoxyethanoic acid  
(2,4-D).


© WJEC CBAC Ltd.18


O
CH2


Cl
OH  


C
O


Cl


		  The following results were obtained when this compound was analysed.


	 •	 The percentage by mass of chlorine present was 32.1
	 •	 A solution of the compound reacted with sodium hydrogencarbonate to give a 


colourless gas
	 •	 4.09 g of the compound was dissolved in a suitable solvent and the solution made 


up to 250 cm3. A 25.0 cm3 sample of this solution reacted with 24.70 cm3 of aqueous 
sodium hydroxide of concentration 0.0750 mol dm–3


	 •	 Refluxing a sample of the compound with aqueous sodium hydroxide did not show 
the presence of chloride ions in the resulting mixture


	 •	 The compound did not react with aqueous bromine to give a white precipitate or to 
decolourise the bromine


	 •	 The simplified 1H NMR spectrum of the compound showed three separate peaks 
having the area ratio 1 : 2 : 3


	 •	 The 13C NMR spectrum of the compound showed eight peaks
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		  Use all the information to confirm that the compound is likely to be 2,4-D and suggest a 


simple laboratory method that would help to confirm that it is 2,4-D.	 [6 QER]
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14


	 (iv)	 The boiling temperatures of compounds A, B and C in part (iii) are shown in the 
table.


Compound Name
Boiling 


temperature
/ °C


A 2-methylbutyl ethanoate 134


B 3-methylbutyl ethanoate 142


C pentyl ethanoate 147CH2CH2CH2CH2CH3


CH3


CH2CHCH2CH3


CH3


CH2CH2CHCH3


O  
C


O
R in CH3


R


		  Suggest a reason for the difference in boiling temperatures between compounds A 
and C.	 [1]


	


	


	


	


	 (v)	 Compound A is made by heating 2-methylbutan-1-ol and ethanoic acid in the 
presence of concentrated sulfuric acid.


		  State the name of another organic compound that could be formed if concentrated 
sulfuric acid reacted with 2-methylbutan-1-ol.	 [1]


	












roberm

Sticky Note

Even though the candidate correctly recognises that two regions will be observed in the NMR spectrum, no mark can be awarded as there is clearly no mention of the same area/ratio/number of H atoms.  The second and third marks both require reference to singlets/no splitting. 


























Sticky Note

The candidate has explained the results of the qualitative tests appropriately and used the NMR information effectively. However, the numerical data has been effectively overlooked and no additional tests have been provided that would further support the identification. A weak middle band answer - awarded 3 marks.  








9biv: 0


9bv: 0



Sticky Note

The candidate talks of branching but not of van der Waals forces.  No credit awarded.





























10d: 4


2


2



Sticky Note

Correct molar mass calculated for the first 2 marks. Even though the candidate hasn't shown that the alkyl chain has a molar mass of 57, the fact that the full structure has been correctly drawn means that they must have calculated the value somewhere.  All 4 marks awarded. 





















10d: 3


2


1



Sticky Note

The correct molar mass calculated for the first 2 marks. The candidate has shown that the alkyl chain has a molar mass of 57, but structure lacks a hydrogen atom.  One mark dropped and a total of 3 awarded. 
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Sticky Note

This candidate has incorrectly deduced that both M and N should have TWO singlets each.  This and a reference to a "pentlet" shows a lack of understanding.  Unfortunately, this has led to the incorrect identification of the structure as L.  No marks are awarded.  Close inspection should have alerted the candidate that L would in fact have four rather than three environments.






















10d: 1


1


ecf



Sticky Note

The molar mass has been incorrectly calculated, and the final structure has a carbon with three bonds and a nitrogen with four (which of course are incorrect). However, as the alkyl side group is linked to the initially incorrect molar mass of 103, then a side group of molar mass 29 is appropriate and C2H5 is credited 1 mark using the error carried forward principle.
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Question Marking details 
Marks available 


AO1 AO2 AO3 Total Maths  Prac  


 (d)   7.87 g of the amino acid gives 1470 cm3 of N2 gas  (1) 
 


n(N2) = 1470 / 24.5 × 1000 = 0.060 
 


therefore 0.060 mol of the amino acid 
 


molar mass of the amino acid = 7.87 / 0.060 = 131    (1) 
 


R—CH(NH2)COOH → 131  and  CH(NH2)COOH → 74 
 


therefore  R →  131 ‒ 74  =  57    (1) 
 


it is a straight chain compound so R is CH3CH2CH2CH2  
 


therefore amino acid must be  CH3(CH2)3CH(NH2)COOH    (1) 
 


  
 
 
 
 
 


2 


 
 
 
 
 
 
 
 
 
 
 
 
 


2 


 
 
 
 
 
 
 
 
 
 
 
 
 


4 


 
 
 
 
 
 


2 


 


 (e) (i)  2-methylpropane-1,3-dioic acid 
 
accept 2-methylpropanedioic acid 
 


1   1   


  (ii)   


Protons Splitting pattern Relative peak area 


‒CH2‒CH2‒ singlet / no splitting 4 


‒C‒H‒ quartet 1 


‒CH3 doublet 3 


 
award (1) for each correct row 
 


  
 
 
 
 
 
 


3 


  
 
 
 
 
 
 


3 


  
 
 
 
 
 
 
 


    Question 10 total 3 8 3 14 2 1 
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	 (d)	 A straight chain α-amino acid of general formula R—CH(NH2)COOH reacts with nitric(III) 
acid to give nitrogen gas.


		  R—CH(NH2)COOH          R—CH(OH)COOH    +    N2    +    H2O


		  In an experiment 7.87 g of the amino acid was dissolved in water and the solution made 
up to 500 cm3. A 25.0 cm3 sample of this solution was reacted with an excess of nitric(III) 
acid and gave 73.5 cm3 of nitrogen measured at 298 K and 1 atm pressure.


		  Calculate the molar mass of the amino acid and hence its structural formula.	 [4]


Molar mass = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


		  Structural formula 


HNO2


Turn over.












roberm

Sticky Note

The candidate gets no marks for this answer.  The paragraph is a repetition of the facts found in the question and discusses separation and layers, rather than equilibrium.





















