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Answer all the questions.

1 Mass spectrometry is an important analytical technique. It can be used to help to distinguish 
between isomers such as 1-chloropropane, CH3CH2CH2Cl , and 2-chloropropane, CH3CHCl CH3.

 (a) (i) What are the formulae of the molecular ions of 1-chloropropane which give rise to the 
following peaks?

M peak  ..............................................................................................................................

M + 2 peak  ..................................................................................................................  [2]

  (ii) In the mass spectrum of 1-chloropropane what are the relative heights of the M and 
M + 2 peaks?

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

 (b) Fragment ions can be used to distinguish between 1-chloropropane and 2-chloropropane.

  Give the formula of a fragment ion that would be formed from 1-chloropropane but not from 
2-chloropropane.

 .............................................................................................................................................  [1]
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 (c) Compounds of similar relative molecular mass can be distinguished by using high resolution 
mass spectrometry. 

  (i) Compounds X and Y are gases with a relative molecular mass of approximately 44. High 
resolution mass spectrometry revealed the molecular ion peaks at m /e 43.9898 and 
44.0624 respectively.

   Use the table of relative isotopic masses below to identify each of the gases. Show your 
working.

   X and Y each contain only two of the elements carbon, hydrogen and oxygen.

isotope relative isotopic mass

hydrogen, 1H  1.0078

carbon, 12C 12.0000

oxygen, 16O 15.9949

   Compound X, molecular ion peak at m /e 43.9898.

   Compound Y, molecular ion peak at m /e 44.0624.

[2]

  (ii) Explain why high resolution mass spectrometry of the molecular ion cannot be used to 
distinguish between 1-chloropropane and 2-chloropropane.

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

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

[Total: 7]
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2 (a) Thin-layer chromatography, tlc, can be used to separate the amino acids in a mixture.

  (i) Identify the mobile and the stationary phases in tlc.

mobile phase  ...............................................................................................................  [1]

stationary phase  ..........................................................................................................  [1]

  (ii) Explain how tlc separates the amino acids.

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

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

  (iii) The amino acids in the mixture are colourless.

   How are the amino acids made visible in the final chromatogram?

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

 (b) The mixture of amino acids was analysed using two-way chromatography.

  Describe how two-way chromatography is carried out and explain why it is more effective than 
one-way chromatography.

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

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

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

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

 (c) The two-way chromatogram of the mixture of amino acids is shown below.

distance moved by solvent 2

solvent 2

solvent 1

starting
point

x

A

  (i) How many different amino acid spots would have been separated by solvent 1?

 .....................................................................................................................................  [1]
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  (ii) Estimate the Rf value of amino acid A in solvent 2.

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

 (d) Amino acids can also be separated by electrophoresis. The separation depends on the mass 
of, and the charge on, the amino acid ion as well as the pH of the mixture.

  At a pH of 5.8 glycine forms a zwitterion.

C

H3N

H

COO–

H

+

  Draw the ion formed by glycine at pH 2.

[1]

 (e) At a pH of 6.0 the four amino acids in a mixture exist in the forms B–E shown below.

C 

H3N

H 

COO– 

CH3 

C 

H2N 

H 

COO– 

(CH2)2COO– 

C 

H2N 

H 

COO– 

CH2C6H5 

C 

H3N

H 

COOH
(CH2)4NH3

 

B                                        C                                        D                                      E 

 + +
+

  The diagram below shows the result of the electrophoresis of the mixture of the four amino 
acids at pH 6.0.

+ –

starting
point

  Label the spots B, C, D and E appropriately. [3]

[Total: 14]
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3 This question is about the use of spectroscopy in analysing radiation from space.

 Analysis of light from a star in the constellation Andromeda produced the line emission spectrum 
shown below.

 The lines provide evidence for the existence of various elements, some of which are shown on the 
spectrum below.

K                  He                                                  Hg                    Ba

400                   450                    500                        550                       600

wavelength / nm

(1 nm = 1 × 10–9 m)

 (a) Explain the process which brings about the formation of a single emission line in the spectrum 
above.

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

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

 (b) For each element present in the star, several series of lines are seen.

  (i) Explain how a single series of lines is produced.

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

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

  (ii) Explain why several series of lines are produced by each element.

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

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

 (c) In the spectrum, the line at 590 nm shows the presence of sodium in the star.

  c = 3.00 × 108 m s–1; h = 6.63 × 10–34 J s; L = 6.02 × 1023 mol–1.

  (i) Calculate the frequency of the line at 590 nm. State the units.

 frequency =  .............................. units  .................  [2]

  (ii) Calculate the energy, in J mol–1, that produced the line at 590 nm. Quote your answer to 
three significant figures.

 energy =  ............................................. J mol–1 [3]
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 (d) Too many sodium ions, Na+, in the diet may raise blood pressure and a diet high in Na+ may 
increase the risk of heart disease, stroke, and kidney damage.

  By measuring the intensity of a single emission line it is possible to use a calibration graph to 
determine the Na+ content in a sample of food.
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  A 1.00 g sample of food was dissolved in hydrochloric acid. The solution was neutralised and 
then made up to 100 cm3.

  1 cm3 of this solution gave a relative intensity of 35.

  Use the calibration graph to calculate the percentage, by mass, of Na+ in the food sample.

[3]

[Total: 11]
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4 Compound F is a pale yellow liquid formed in the fermentation of glucose by certain bacteria. It is 
used as an aroma carrier in the preparation of flavours and essences.

 (a) Compound F has the following percentage composition by mass: C = 54.5; H = 9.1; O = 36.4.

  Use the percentage composition and the mass spectrum shown below, to deduce the 
empirical formula and to show that the molecular formula of compound F is C4H8O2. Show all 
of your working.
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 (b) In this question, one mark is available for the quality of use and organisation of scientific 
terms.

  The infra-red and n.m.r. spectra of compound F are shown below.
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  Use as much data as possible from the infra-red and n.m.r. spectra to identify structural 
features present in compound F. Hence suggest a structural formula for compound F.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  The structural formula of compound F is  [9]

Quality of Written Communication [1]

[Total: 13]

END OF QUESTION PAPER
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