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Answer all the questions.

(a) In the mass spectrum of an organic compound, there is usually a small peak with an
m/e value one unit greater than that of the molecular ion, M.

What is responsible for this peak?

............................................................ [1]
(b) Inthe mass spectrum of bromoethane, there is an additional peak at (M +2).
(i) What is responsible for the (M + 2) peak?
.......................................................... [1]
(ii) What will be the approximate ratio for the heights of the M and (M+2) peaks in
bromoethane?
......................................................... [1]

(c) The molecules carbon monoxide, CO, and ethane, C,H,, both have M, values of 28.
However, the two molecular ions can be distinguished using a high resolution mass
spectrometer. Suggest why this is the case.
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(d) The mass spectrum shown below was obtained from a compound of formula CxHyO.

relative
I m/e abundance
? M 46 14.6
M+1 47 0.32
relative
abundance
L L
Il[llfl|llll|1"llI]IIIITIIIT!I"ITIII_I_IIII_IIIj_I'IIII
10 20 30 40 50 60 70 80 90

m/e

(i) Suggest the identity of the ions responsible for the labelled peaks in the spectrum.

2]

(ii) Use any other data from the spectrum to determine the values of x and y, and

hence the formula of the compound.

(2]

[Total: 9]

For
Examiner's
Use

2815/04 Jun03 [Turn over



Downloaded from http://www.thepaperbank.co.uk

4 For
Examiner's

2 Under certain conditions, atoms of many elements emit energy in the ultraviolet and visible %

regions of the spectrum. The spectrum below was obtained from the energy emitted by a
star.

Na
H He H He Mg Fe He

(a) Explain the process which brings about the formation of one of the emission lines in the
spectrum.

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

Explain how a single series of lines is produced.

(c) In the spectrum, the line labelled Mg occurs in the visible region of the spectrum at a
wavelength of 564 nm. It shows the presence of the element magnesium in the star.

[c, the velocity of light, = 3.00 x 108 ms~"; h, the Planck constant, = 6.63 x 10734J 5]

(i) Convert the wavelength of this line to a frequency.

[1]

(i) Calculate the energy of the quantum of electromagnetic radiation which produced
this line.

(1]
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(d) Molecules absorb energy in the ultraviolet/visible region of the spectrum, and this can
result in some organic compounds appearing coloured.

State the features of an organic compound necessary for it to absorb energy in the
ultraviolet/visible region of the spectrum.

(e) The diagram shows a simplified ultraviolet/visible spectrum of an indicator in acid and
alkaline solutions.

violet blue yellow red
1.0
0.8+
0.6 - A i i
absorbance . ’ acid _solutlon .
04- /.~ - - -- alkaline solution
02/
T I T
400 500 600
wavelength/nm

Predict the colour of the indicator in each solution.
acidsolution .........ccccevviiiiiiiiinnnn, alkaline solution ..........ccvvcviiiiiiiinecnnians {21

(f) A different indicator has two forms, X and Y.
X absorbs at longer wavelength than Y. Suggest why X absorbs at longer wavelength.

[Total: 12]
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6

Thin-layer chromatography can rely either on partition or on adsorption depending on
the conditions.
Explain each of these processes in terms of thin-layer chromatography.

=T (1o o D RSP UPR N

Write an expression for the term R, value.

[1]

The diagram shows a two-way chromatogram produced from a mixture of amino acids.

[ 4
solvent ® ¢
2 [ 4
[ ]
starting | —X ®
point

solvent 1 —»

(i) How many amino acids were present in the original sample?

............................................................................................................................... [1]
(ii) What reagent could be used to make the amino acids visible?

............................................................................................................................... [1]
(iii) Circle the amino acid that travelled fastest in both solvents. [1]
(iv) Label with an S the amino acid that did not move in solvent 2. [1]
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(d) Mixtures of amino acids may also be separated by electrophoresis. The diagram shows e

the result of electrophoresis on such a mixture.

+| @ o ] 9 @ —
A B U cC D
starting point
(i) Label with P an amino acid with a positive charge. [1]
(i) Which amino acid, A, B, C or D, has the lowest M,? [1]

(iif) The amino acid labelled U has no overall charge at the pH of the buffer used. The
experiment was repeated with a buffer of higher pH.

Explain what would happen to the amino acid labelled U.

(e) A modification of simple electrophoresis is used in DNA profiling, which may be used in
criminal investigations.

(i) How are the DNA fragments detected?

[Total: 13]
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4 In this question, one mark is available for the quality of written communication.

(a) Spectroscopic analysis relies on various atomic and molecular processes occurring at
different energies. State the regions of the electromagnetic spectrum in which

(i) electroniC transitions OCCUN .......ccccviivieriireiiiieer et sv e s s e [1]
(ii) n.m.r. spectra are produced .........cccccicveiinirimriini e s (1]

(b) The following spectra were obtained for compound R, CxHyO.

absorbance

Vo
: /. |

rrryv|ryryrrrrgprrrrprrrvprrvrryvr et 6 v 1T v 61— 1T /—°F

4000 3000 2000 1500 1000

wavelength/cm™!

3
peak at 6 = 4.8
? not present in D,O
energy
absorbed
4
A 1
)i -
1 F 1 [ I ] I ] ] T ] [ I | 1 | 1 | | | 1 j
11 10 9 8 7 6 5 4 3 2 1 0

chemical shift,
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The mass spectrum of compound R shows a molecular ion peak at m/e = 108
and a peak at m/e = 91.

Use this spectral information to identify the functional group(s) present in compound R and
to deduce a possible structure for R. You should identify all relevant data by which you arrive
at your answer.

(c) Give one other peak that you would expect to see in the mass spectrum of compound R.

EXPlain YOUr 8NSWEL. ......coovviiriiiiiiiiiiiieniiiininenie i se s e e s e s e s sasae s sans s nenssanannans

Quality of Written Communication [1]

[Total: 11]
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