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Answer all the questions.

1 This question concerns the separation techniques of chromatography and electrophoresis.

(a) Amino acids may be separated using paper chromatography.  When this is carried out,
the Rf values of the amino acids can vary, depending on the pH of the solvent.

(i) Outline the principles of paper chromatography.

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

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

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

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

(ii) State what is meant by the Rf value.

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

(b) The diagrams below show the paper chromatograms of a mixture of amino acids.

Diagram 2.1 shows the chromatogram after using solvent 1 alone.
Diagram 2.2 shows the two-way chromatogram obtained by using solvent 1 followed by
solvent 2.

(i) Amino acids are colourless in solution. Suggest a chemical that you could use to
make the spots visible on a chromatogram.

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

(ii) How many different amino acids were present in the sample? .............................[1]
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(iii) Complete the diagram below to show the chromatogram that would have been
obtained using solvent 2 alone.

[2]

(c) In this question, one mark is available for quality of spelling, punctuation and grammar.

The composition of a mixture of amino acids may also be determined by
electrophoresis.

(i) Outline the principle of electrophoresis and explain, with reference to the structures
of amino acids, why it is essential to control the pH during analysis of amino acids.

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

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

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

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

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

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

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

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

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

...............................................................................................................................[5]

(ii) How is pH controlled during electrophoresis?

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

Quality of Written Communication [1]

[Total: 15]
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2 This question is about the use of atomic emission spectroscopy.

(a) The hydrogen atom contains one electron only. Explain why the atomic emission
spectrum of hydrogen consists of lines and why there are many of them.

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

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

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

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

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

(b) In the emission spectrum of atomic hydrogen, one line corresponds to radiation of
wavelength 568 nm.

(i) Calculate the frequency of this radiation.
c = 3.00 x108 m s-1

frequency ............................... Hz  [1]

(ii) Calculate the energy of a quantum of this radiation.
h = 6.63 x 10–34 J s

energy ............................... J  [1]

(c) Name an element that was first discovered in the Sun, before it was found on Earth.

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

(d) Explain how flame ionisation spectroscopy may be used to determine the concentration
of sodium in blood serum.

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

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

[Total: 8]
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3 Indicators, such as methyl orange, absorb energy and appear coloured.

Methyl orange (in alkaline solution)

(a) Identify three structural features that lead to methyl orange being coloured.

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

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

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

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

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

(b) Methyl orange is yellow in alkaline solution. The colour changes to red in acid, because
of a decrease in conjugation.

(i) What do you undersand by the term conjugation?

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

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

(ii) Explain why a decrease in conjugation causes the colour change from yellow to
red.

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

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

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

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

[Total :7]
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4 This question is about the use of spectrometry in helping to gain information about the
structure of organic molecules.

(a) The major peaks in the mass spectra of two hydrocarbons A and B are shown below.
Compounds A and B have the same empirical formula.

(i) Deduce the molecular formula of each compound.

Compound A ……………………  

Compound B …………………… [2]

(ii) Draw the structural formula of compound A.

[1]

0 5 10 15 20 25 30 35 40 45 50

m / e

compound A

relative
abundance

10 15 20 25 30 35 40 45 50 55 60
m / e

compound B

relative
abundance
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(iii) Suggest the species responsible for the peak at m/e 41 in the spectrum of
compound B.

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

(b) Each of the compounds A and B can be reacted with hydrogen chloride to form a
monochloro compound with two molecular ion peaks, M and M+2. State the ratio of the
M and M+2 peaks.

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

[Total: 6]
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5 In this question, you will need to use data from the spectra given below to identify the
compound G that produced them.

(a) Compound G has the formula CxHyO, and its relative molecular mass is 120. In the
mass spectrum of G, the M : M+1 peak height ratio is 4.5 : 0.4. Use this information to
deduce the values of x and y, showing how you arrive at your answer.

[3]

11 10 9 8 7 6 5 4 3 2 1 0
chemical shift / δ
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absorbed
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(b) Use as i.r. and n.m.r. spectra to identify structural features present in G. Hence, suggest
a structural formula for the compound.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[Total : 9]
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