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1	 A mixture of amino acids was analysed using two-way paper chromatography. The first 
“solvent” used was a solution of butan-1-ol in ethanoic acid. The second “solvent” was 
a solution of phenol in water. The chromatogram obtained is shown below.

initial position of amino acids
base line 1

base line 2

solvent front 1
solvent front 2

amino acid  X

	 (a)	 A spot of the mixture was placed on base line 1 using a capillary tube. Describe, 
giving experimental details, how this chromatogram would be obtained.

[4]
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	 (b)	 Calculate the Rf values for the amino acid, X, in solvents 1 and 2. Measure to 
the middle of the spot.

		  Solvent 1	

Solvent 2	 [1]

	 (c)	 Without access to Rf data, how would you show that the amino acid leucine was 
present and the amino acid serine was absent from the mixture?

[2]

	 (d)	 Why is two-way paper chromatography a better method for separating amino 
acids than one-way paper chromatography?

[1]

	 (e)	 GLC MS can be used to identify drugs and determine their purity.

		  (i)	 How would GLC indicate that a drug was pure?

[1]

		  (ii)	 Give two ways in which the identity of a drug can be established using 
GLC MS.

[2]
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2	 The standard electrode potentials of two half-cells are given below.

		  Zn2+(aq)	 +	 2e−	 ⇌	 Zn(s)	 EO— = −0.76 V

		  Ag+(aq)	 +	 e−	 ⇌ 	 Ag(s)	 EO— = +0.80 V

	 (a)	 Define the term standard electrode potential.

[2]

	 (b)	 (i)	 Draw a labelled diagram to show the cell which you would use to measure 
the potential difference between these two half-cells under standard 
conditions. Your diagram should include the concentrations of any ions in 
solution and the temperature at which the measurement would be made.

[4]
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		  (ii)	 Calculate the emf of this cell.

[1]

	 (c)	 Magnesium is a stronger reducing agent than zinc. The standard electrode 
potential of the magnesium half-cell can be determined by setting up the 
following cell:

Mg(s)  Mg2+(aq)   Zn2+(aq)  Zn(s)

		  This cell has an emf of +1.61 V. Calculate the standard electrode potential of the 
magnesium half-cell.

[1]
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3	 A series of tests was carried out on two organic liquids, A and B.

	 (a)	 Liquid A produced an orange solid when reacted with 2,4-dinitrophenylhydrazine 
and a silver mirror when heated with Tollens’ reagent. The mass spectrum of A 
showed a molecular ion peak at 58.

		  (i)	 To which homologous series does A belong? Explain how the results of the 
chemical tests are consistent with your conclusion.

[3]

		  (ii)	 Name A and identify the molecular ion.

[1]

	 (b)	 Liquid B reacted vigorously with phosphorus pentachloride, and an aqueous 
solution of B gave effervescence on addition of sodium carbonate. The high 
resolution nmr spectrum of B contains a singlet, a quartet and a triplet.

		  (i)	 To which homologous series does B belong? Explain how the results of the 
chemical tests are consistent with your conclusion.

[3]
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		  (ii)	 Give the structure of B and circle the hydrogen(s) responsible for the singlet. 
Suggest a chemical shift value for the position of the singlet. 

[2]

		  (iii)	Explain how the spin-spin splitting in the nmr spectrum is consistent with the 
structure given in (ii).

[2]
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4	 In the presence of concentrated phosphoric acid, salicylic acid reacts with ethanoic 
anhydride to form aspirin and ethanoic acid.

OH

COOH
OO

+    CH3—C—O—C—CH3    → C

O

COOH

O CH3
O

+    CH3—C—OH

	 Addition of cold water causes the crude product to precipitate as a white solid which 
is filtered off and recrystallised. The purity of the final product is confirmed by 
carrying out a melting point determination.

	 (a)	 Assuming a 40% yield, calculate the minimum mass of salicylic acid required to 
form 18.0 g of aspirin.

[3]
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	 (b)	 Describe the purification of aspirin by recrystallisation.

[4]

	 (c)	 Describe the melting point determination and explain how the result can be used 
to confirm the purity of the product.

[5]

	 (d)	 Volumetric analysis of a solution containing aspirin can be carried out by adding 
an excess of sodium hydroxide solution, warming the mixture to hydrolyse the 
ester group and then titrating the excess sodium hydroxide with a standard 
solution of hydrochloric acid.

		  Write an equation for the reaction of aspirin with excess sodium hydroxide.

[1]
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5	 Iodine reacts with propanone, in the presence of an acid catalyst, according to the 
following equation:

	 	 H+

	 CH3COCH3  +  I2  →  CH2ICOCH3  +  HI

	 The order of reaction with respect to iodine can be determined by mixing iodine with 
a large excess of both propanone and hydrochloric acid, starting a stopclock and 
then monitoring how the concentration of iodine changes with respect to time.

	 (a)	 How could you determine the concentration of iodine at regular time intervals 
using colorimetry?

[4]

	 (b)	 A graph of iodine concentration against time can be used to show that the 
reaction is zero order with respect to iodine. 

	 	 (i)	 Sketch the graph and label the axes.

			 

[2]
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		  (ii)	 How can the graph be used to determine the rate of the reaction?

[1]

	 (c)	 Suggest why a large excess of propanone and hydrochloric acid is used.

[1]
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6	 A solution containing iron(II) ions was left exposed to the air for several days. Some 
of the iron(II) ions were oxidised to iron(III) ions. 

	 (a)	 The number of moles of iron(II) ions present in the solution can be determined 
by titrating with acidified manganate(VII) solution. 

		  5Fe2+  +  MnO4
−  +  8H+   →   5Fe3+  +  Mn2+  +  4H2O

		  (i)	 Why is no indicator required in this titration?

[1]

		  (ii)	 Give the colour change at the end point.

[2]

	 (b)	 A 25.0 cm3 aliquot of the solution, which had been partially oxidised, was 
transferred into a conical flask. The solution was acidified and then titrated with 
0.020 mol dm−3 potassium manganate(VII). 18.0 cm3 was required. Calculate the 
number of moles of iron(II) ions present in this aliquot.

[2]
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	 (c)	 Another portion of the solution, which had been partially oxidised, was treated 
with an excess of zinc. The unreacted zinc was then removed by filtration and 
25.0 cm3 of the filtrate was transferred into a conical flask. The solution was 
acidified and then titrated with 0.020 mol dm−3 potassium manganate(VII) of 
which 30.0 cm3 was required. 

		  (i)	 Use an equation to explain the purpose of the zinc.

[2]

		  (ii)	 Calculate the percentage of the iron(II) ions which had been oxidised in  
this solution.

[2]
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General Information
1 tonne = 106 g
1 metre = 109nm
One mole of any gas at 293K and a pressure of 1 atmosphere (105Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1
Planck Constant = 6.63 × 10–34 Js
Specific Heat Capacity of water = 4.2 J g–1K–1

Speed of Light = 3 × 108 ms–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorglykla,senaklAC–C0011–057

sdicacilyxobrac,sretse,slohoclAO–C0031–0001
1450–1650 C ̿ senerAC
1600–1700 C ̿ seneklAC
1650–1800 C ̿ ,sedyhedla,sretse,sdicacilyxobraCO

sedirolhclyca,sedima,senotek
2200–2300 C selirtiNN

sdicacilyxobraCH–O0023–0052
sedyhedlAH–C0582–0572

senera,senekla,spuorglykla,senaklAH–C0003–0582
slohoclAH–O0063–0023

sedima,senimAH–N0053–0033

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

Structure

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

C–N– H Amines
C6H5–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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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)


