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1	 Glucose, C6H12O6, and other simple sugars are the monomers which form 
carbohydrates such as starch. The structure of glucose is shown below.
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glucose

	 (a)	 Explain why glucose is soluble in water but insoluble in hexane.

[2]

	 (b)	 On heating in a boiling tube, glucose decomposes to form a black solid and 
droplets of a colourless liquid which are visible on the sides of the boiling tube.

		  (i)	 Suggest a name for the colourless liquid.

[1]

		  (ii)	 Suggest a name for the black solid.

[1]
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	 (c)	 Two experiments were carried out using an aqueous solution of glucose.  
The methods and observations for the two experiments are shown in the  
table below.

Experiment Method Observations

1
Add glucose solution to acidified 
potassium dichromate(VI) solution and 
heat the reaction mixture under reflux

orange solution 
changes to green

2

Add Tollens’ reagent to glucose 
solution in a boiling tube and warm 
the contents of the boiling tube in a 
water bath

colourless solution 
changes to form a 
silver mirror

		  (i)	 Draw a labelled diagram of the assembled apparatus required to heat the 
reaction mixture under reflux in Experiment 1.

� [3]
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		  (ii)	 The half-equation below represents one of the possible oxidation reactions 
of glucose in Experiment 1.

C6H12O6  +  2H2O  →  C6H10O8  +  6H+  +  6e-

			   Using the half-equation above, write a redox equation for the reaction 
occurring when glucose reacts with acidified dichromate(VI) ions.

[2]

		  (iii)	Draw the structure of the oxidation product, C6H10O8, formed in (c)(ii).

� [2]

		  (iv)	Which functional group in glucose causes it to react with Tollens’ reagent in 
Experiment 2?

[1]
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		  (v)	 What would be observed if the glucose solution was mixed with Fehling’s 
solution and warmed in a water bath?

[2]

	 (d)	 Starch solution is used as an indicator in iodine-thiosulfate titrations.

		  (i)	 State the colour change observed at the end point when starch indicator is 
used in an iodine-thiosulfate titration.

From                                to                                [1]

		  (ii)	 Write an equation for the reaction of sodium thiosulfate with iodine.

[2]
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2	 Phenylamine (density 1.02 g cm-3) reacts with ethanoyl chloride  
(density 1.10 g cm-3) to form the solid N-phenylethanamide. The equation for the 
reaction is given below.

2C6H5NH2  +  CH3COCl  →  CH3CONHC6H5  +  C6H5NH3Cl
	 N-phenylethanamide

	 (a)	 Draw the skeletal formula of N-phenylethanamide.

� [1]

	 (b)	 A 3.5 cm3 sample of phenylamine was mixed with a 1.5 cm3 sample of ethanoyl 
chloride.

		  (i)	 Calculate the number of moles of phenylamine in the 3.5 cm3 sample.

Answer                       [2]

		  (ii)	 Calculate the number of moles of ethanoyl chloride present in the  
1.5 cm3 sample.

Answer                       [2]
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		  (iii)	Calculate the maximum mass of solid N-phenylethanamide which may  
be formed from 3.5 cm3 of phenylamine and 1.5 cm3 of ethanoyl chloride. 
Give your answer to 2 significant figures.

Answer                         [2]

	 (c)	 (i)	 Describe, giving practical details, how the solid N-phenylethanamide could 
be separated from the reaction mixture and purified.

[5]
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		  (ii)	 Describe, giving practical details, how the melting point of the solid 
N-phenylethanamide could be determined.

[3]

		  (iii)	State two ways in which the melting point of an impure sample of 
N-phenylethanamide would differ from the melting point of a pure sample.

1.	

2.	

[2]
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3	 Solid X is a hydrated iron(III) compound.

	 (a)	 Solid X dissolves in water to form a yellow solution. Write the formula of the 
hexaaqua complex ion present in the yellow solution.

[1]

	 (b)	 On addition of sodium hydroxide solution to an aqueous solution of X, a brown 
precipitate is formed. Write an equation for the reaction that occurs representing 
the brown precipitate as [Fe(OH)3(H2O)3].

[1]

	 (c)	 When acidified silver nitrate solution is added to an aqueous solution of X,  
a white precipitate is formed. The white precipitate dissolves on addition of 
concentrated ammonia solution.

		  (i)	 Name the anion present in the aqueous solution of X.

[1]

		  (ii)	 The silver ions in the white precipitate react with ammonia solution to form  
a soluble complex which has a linear shape. Suggest the formula of this 
complex.

[1]

	 (d)	 When a spatula-measure of sodium carbonate is added to an aqueous solution 
of X, bubbles of gas are observed.

		  Identify the gas produced and suggest what the formation of this gas indicates 
about the aqueous solution of X.

[2]
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	 (e)	 The addition of a solution containing thiocyanate ions (SCN-) to an aqueous 
solution of X resulted in the formation of a blood red solution. This is a ligand 
replacement reaction in which one thiocyanate ion replaces one molecule of 
water in the hexaaquairon(III) ion. Suggest an equation for the reaction that 
occurs.

[1]

	 (f)	 1 mole of the hydrated iron(III) compound contains 6 moles of water  
of crystallisation. The percentage of water of crystallisation in the compound  
is 39.93%.

		  (i)	 Calculate the relative formula mass of the hydrated iron(III) compound. 
Give your answer to 1 decimal place.

Answer                       [2]

		  (ii)	 Based on your calculation in (f)(i) and the information in (a) to (e), write the 
formula of the hydrated iron(III) compound.

[1]
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4	 A method for a back titration is outlined below.

	 Step 1:	� Weigh out approximately 2.5 g of a Group II metal oxide in a beaker.
	 Step 2:	� Add 50.0 cm3 of 2.00 mol dm-3 hydrochloric acid to the Group II 

metal oxide in the beaker.
	 Step 3:	� Make up the reaction mixture from Step 2 to form a 250 cm3 

aqueous solution in a volumetric flask.
	 Step 4:	� Titrate 25.0 cm3 samples of the solution from Step 3 against 

0.100 mol dm-3 sodium hydroxide solution using a suitable 
indicator.

	 (a)	 (i)	 Define the term back titration.

[2]

		  (ii)	 Describe the practical procedure carried out in Step 3 of the method.

[4]

		  (iii)	Name a suitable indicator for the titration in Step 4. State the colour change 
at the end point of this titration.

[2]
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	 (b)	 2.44 g of a Group II metal oxide were used in the back titration and the results 
obtained are shown in the table below.

Titration Initial burette 
reading /cm3

Final burette 
reading /cm3 Titre /cm3

1 0.0 13.3 13.3

2 13.3 26.2 12.9

3 26.2 39.0 12.8

		  (i)	 Explain why the titre value from Titration 1 should not be used in the 
calculation of the mean titre.

[1]

		  (ii)	 Calculate the number of moles of hydrochloric acid added to the Group II 
metal oxide in Step 2.

Answer                       [1]

		  (iii)	Calculate the number of moles of hydrochloric acid neutralised by the  
0.100 mol dm-3 sodium hydroxide solution in Step 4.

Answer                       [2]

		  (iv)	Using MO to represent the Group II metal oxide, write an equation for the 
reaction of the metal oxide with hydrochloric acid.

[1]
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		  (v)	 Calculate the relative formula mass of the Group II metal oxide, MO.  
Give your answer to the nearest whole number.

Answer                       [3]

THIS IS THE END OF THE QUESTION PAPER
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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89   

39

91   
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103   
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37

88   

38

93   

41

96   
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98   
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101   

44

106   
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48

131   

54
222   

86

210   

85

210   

84
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84   

36

79   

34

73   
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20

39    

19
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48   
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56   
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59   
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29

65   
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5
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6
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7
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8

19   

9
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40  

18

35.5   

17

32   

16

31   

15

28   

14

27   

13
70   

31

75   

33

80   

35
115   

49

119   

50

122   

51

128   

52

127   

53

23    

11

24    

12

7    

3

9    

4

 

THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)
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