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Answer all the questions.

1 (a) Gas/liquid chromatography, GLC, can be used to separate the components in a mixture.

  (i) Identify the mobile and the stationary phase in GLC.

mobile phase  .....................................................................................................................

stationary phase  .........................................................................................................  [2]

  (ii) Explain the term retention time.

 ...........................................................................................................................................

 ....................................................................................................................................  [1]

 (b) GLC was used to separate a mixture of the hydrocarbons shown below.

  CH3(CH2)5CH3 CH3(CH2)4CH3 CH3CH(CH3)(CH2)3CH3 CH3(CH2)3CH3

  heptane hexane  2-methylhexane pentane

  The chromatogram obtained is shown below.

1

2

detector signal
(arbitrary units)

time from injection of sample/min

  Suggest the identity of the hydrocarbon responsible for each of peaks 1 and 2.

peak 1  .......................................................................................................................................

peak 2  ................................................................................................................................  [2]
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 (c) A piece of clothing with a curry stain was analysed by a forensic scientist. The curry stain was 
found to contain a mixture of three compounds, shown below.

OCH3

HO

zingerone

OCH3

O OHO

HO

gingerol

OCH3 OCH3

O OH

HO OH

curcumin

  The yellow colour of the curry powder is largely due to curcumin because it contains 
chromophores.

  (i) What is meant by the term chromophore?

 ...........................................................................................................................................

 ....................................................................................................................................  [1]

  (ii) Explain why curcumin is more likely to be responsible for the colour than zingerone.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ....................................................................................................................................  [3]

[Total: 9]
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2 Atomic emission spectra consist of several series of lines.

 (a) Why do emission spectra consist of lines?

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [2]

 (b) The lines within a series in an emission spectrum converge.

  (i) Explain why the lines converge.

 ...........................................................................................................................................

 ....................................................................................................................................  [1]

  (ii) Sketch an emission spectrum to show how lines converge in an emission spectrum. 
Label the convergence limit, C. Show a minimum of six lines.

[2]
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 (c) One line in the emission spectrum of sodium corresponds to an energy transition of 
3.38 × 10–22 kJ.

  Calculate the wavelength, λ, in nm, of this line.

  Give your answer to three significant figures.

  1 nm = 1 × 10–9 m;  c = 3.00 × 108 m s–1;  h = 6.63 × 10–34 J s

 answer =  ................................................... nm [4]

 (d) Describe how flame emission spectroscopy could be used to determine the amount of sodium 
ions in blood serum.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [3]

[Total: 12]



6

© OCR 2009

3 Compound A contains carbon and hydrogen only. The mass spectrum of A is shown below.

0
20 40

20

40

60

80

100

60 80 120 1401000

relative
abundance

m /e

X

 (a) The ratio of the M : (M + 1) peaks is 29.1 : 3.2.

  (i) What is responsible for the M + 1 peak?

 ....................................................................................................................................  [1]

  (ii) Determine the number of carbon atoms in compound A.

[2]

  (iii) Deduce the molecular formula for compound A. Show your working.

[3]

  (iv) Suggest the ion responsible for peak X.

[1]
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 (b) The n.m.r. spectrum of compound A is shown below.

10 9 8 7 6 5 4 3 2 1 0

absorption
of energy

chemical shift,    / ppm

  (i) The peak at δ = 1.3 ppm is a singlet. What does this tell you about A?

 ...........................................................................................................................................

 ....................................................................................................................................  [1]

  (ii) What type of proton is responsible for the peak at δ = 7.3 ppm?

 ....................................................................................................................................  [1]

 (c) Use your answers from (a) and (b) to identify compound A.

[2]

[Total: 11]
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4 In this question, one mark is available for the quality of spelling, punctuation and grammar.

 Compounds B, C and D are all isomers, each with the molecular formula C4H8O2.

C

B

CH

O

H3C CH3 CH2 CH2

OHO

C

H3C C

OH

CH2 CH2

D

H3C O

O

C

H

 (a) In the mass spectra of the three compounds, identify:

  (i) an ion which could cause a peak in all three spectra,

 ....................................................................................................................................  [1]

  (ii) an ion which could cause a peak in the mass spectra of C and D but not of B.

 ....................................................................................................................................  [1]

 (b) Infra-red spectroscopy could be used to distinguish between compounds B, C and D.

  The infra-red spectrum of one of the three isomers is shown below.

100

50

0

transmittance
(%)

4000 3000 2000 1500 1000 500

wavenumber / cm–1

  Identify the isomer. Explain your reasoning.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [2]
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 (c) The different types of proton in isomer B are labelled in the diagram below.

C C CCHb Hd

Hb Hc Hd

OHb OHa Hd

  The n.m.r. spectrum of isomer B is shown below. The peak at δ = 3.6 ppm has been labelled 
Ha to show the proton responsible for the absorption.

absorption
of energy

91011 78 56 34 2 01

chemical shift, � / ppm

Ha

  On the n.m.r. spectrum above, label the other peaks with the appropriate label: Hb, Hc or Hd.

[2]

TURN OVER FOR QUESTION 4(d)
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 (d) Describe and explain the similarities and differences between the n.m.r. spectra of isomers C 
and D.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ............................................................................................................................................  [6]

Quality of Written Communication [1]

[Total: 13]

END OF QUESTION PAPER
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