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2
Answer all the questions.

Mass spectrometry and n.m.r. spectroscopy are important analytical techniques. They can be
used to distinguish between the isomers 1-bromopropane, CH,CH,CH,Br, and 2-bromopropane,
CH;CHBrCHj.
(a) The relative molecular mass of 2-bromopropane is 123.
The mass spectrum of 2-bromopropane contains peaks at m/e 122 and 124.
(i) Identify the ion responsible for the peaks at:
= =2 PSPPSR
0 I 2 [2]

(ii) What are the relative heights of the peaks at m/e 122 and 1247

(b) Mass spectra can be used to distinguish between 1-bromopropane and 2-bromopropane.

Deduce the m/e value of a peak that would be found in the mass spectrum of 1-bromopropane
but not in the mass spectrum of 2-bromopropane.

© OCR 2009
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(c¢) 1-Bromopropane and 2-bromopropane can be distinguished using n.m.r. spectroscopy.

In the 'H n.m.r. spectrum of 1-bromopropane, shown below, there are peaks labelled
a,bandc.

\}

absorption
of energy

chemical shift, o/ppm

(i) Write a, b or ¢ next to the appropriate hydrogen atoms in the diagram below to identify
which hydrogen atoms cause each peak.

H H H

I
H—C—C—C—Br

H H H
[2]

(ii) Explain why peak c is a triplet.

(iii) How many peaks will be present in the 'H n.m.r. spectrum of 2-bromopropane, and what
will the relative peak areas be?

number of peaks ...
relative peak areas .........cccccccoviiinnneen. [2]

[Total: 9]
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The diagram below shows part of the emission spectrum of atomic hydrogen. Two series of lines
are shown.

- Sseries 2 ——» - series 1 ——»
~—A ~—B —C
visible ultraviolet

(@) Describe the process which produces a line in the spectrum.

............................................................................................................................................ [2]
(b) Why is there more than one series of lines in the spectrum?
............................................................................................................................................ [1]
(c) The diagram below shows the transition responsible for line C.
Draw and label the transitions responsible for lines A and B.
A
energy levels
in the
hydrogen atom
n=2
C
n=1 Y
[2]
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(d) The wavelength of line Cis 9.12 x 1078 m.

Calculate the energy, in kJmol™, for the transition represented by line C.

c=3.00x108ms™"; h=6.63x1034Js; L=6.02x 102mol".

1o =Y S kdmol~' [4]

[Total: 9]
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Separation of the components in mixtures can be achieved by both chromatography and
electrophoresis.

(@) A sample of urine was found to contain a mixture of caffeine, theophylline and theobromine
all of which are found naturally in the cocoa plant. The separation of these three components
was attempted using paper chromatography.

The results are shown below.

(ii)

(iif)

(iv)

© OCR 2009
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X
starting point

Define the term R, value.

Suggest how you might separate all three components in the mixture using paper
chromatography. State your reasoning.

Paper chromatography works by partition.

Explain what is meant by partition in paper chromatography.
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(b) In this question, one mark is available for the quality of spelling, punctuation and grammar.

The composition of a mixture of amino acids can be determined by electrophoresis.
e Outline how electrophoresis separates amino acids.

e  Explain the importance of pH in the separation of amino acids by electrophoresis.

Quality of Written Communication [1]

[Total: 12]
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4 A large number of organic compounds absorb energy in the ultraviolet/visible region of the
spectrum. This results in electronic transitions between energy levels in the molecules.

(@) The formulae of four molecules are given below. For each molecule state whether or not it
would absorb in the ultraviolet/visible region. Explain your answers.

CHGOHLNH, oot eeeeeeeeessss s
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(b) Compounds X and Y both absorb energy in the ultraviolet/visible region. Compound X is
colourless but compound Y is coloured.

compound X

(i) Explain why only compound Y is coloured.

[Total: 8]
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5 A food scientist was analysing compound Z, empirical formula C;H,O, which is used as a
preservative in fruit juices.

The mass spectrum, infra-red spectrum and the 'H n.m.r. spectrum of compound Z are shown

below.
mass spectrum of compound Z
100+
80
relative €07
intensity
(%) 40+
” ‘ “
Q et ul!, b ,,,'!',l,'] ,,,,, l]: ,,,,,, PRSP || N ' I% ,,,,,,,,, Y LR RS 5] DAY |
LRRRR L R R L) LR L LR L LR LR L L Ly R L R LR L L) L) L) AL LR LA AR LA AR LR LA LLRLS
25 50 75 100 125 150
m/e
infra-red spectrum of compound Z
100
transmittance 50;
(%)
O T T T
4000 3000 2000 1500 1000 500
wavenumber/cm™"
"H n.m.r. spectrum of compound Z
A 6
absorption
of energy

5 1
il " L
T T T T T T T T T T T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0
chemical shift, o/ppm
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(@) Use the spectra opposite to determine the molecular formula of compound Z. Explain your
reasoning.

compound Z is

[5]

[Total: 7]

END OF QUESTION PAPER
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