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1. The diagram below represents a section of the line emission
spectrum for hydrogen.

(a) If the spectrum of hydrogen is viewed through a
spectroscope only one set of lines is seen.
(i) Why is this?  1
(ii) Which series is seen?  1

(b) Explain how any particular line in this spectrum is
produced. 3

(c) The last line or convergence limit of the Lyman series has a
wavenumber of approximately 11 × 106 m–1.   Using the data
on page 19 of the Data Booklet, calculate the energy
equivalent of this in kJ mol–1.   3

(d) What does the energy referred to in (c) correspond to? 1

SY/82
(9)

2. (a) The ions Na+, F–, Mg2+ and O2– are isoelectronic.
(i) Write in full orbital notation the electron configuration

of these ions.  1
(ii) Identify another chemical species with this electron

configuration. 1
(b) (i) State Hund’s rule of maximum multiplicity. 1

(ii) The first ionisation energies of carbon, nitrogen and
oxygen are listed on page 10 of the Data Booklet.
Explain how these provide evidence that Hund’s
rule applies to the electron configuration of these
elements.   2

SY/80
(5)

10 × 106 8 × 106 6 × 106 4 × 106 2 × 106

wavenumber/m–1
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3. (a) State what is meant by:
(i) the principle quantum number of an electron
(ii) degenerate orbitals.          2

(b) The electron configurations of magnesium and phosphorus
are:

In a magnesium atom the two electrons in the third level
occupy the same orbital, whereas in a phosphorus atom the
three electrons in the 3p orbitals occupy separate orbitals.
Account for this difference.            2

SY/82
(4)

4. (a) The electron configuration of an aluminium atom may be
written:

1s22s22p63s23p1

Write the corresponding electron configuration for the
Ti3+ ion. 1

(b) The graphs below show the first four ionisation energies for
aluminium and titanium.

Why is there a sharp increase in the graph for aluminium
but only gradual increases in the graph for titanium?          2

SY/94
(3)

Io
ni

sa
ti

on
 e

ne
rg

y/
kJ

 m
ol

–1

Io
ni

sa
ti

on
 e

ne
rg

y/
kJ

 m
ol

–1

1s2 2s2 2p6 3s2 3p 6

1s2 2s2 2p6 3s2 3p 6



ADDITIONAL QUESTIONS (AH CHEMISTRY) 7 9

EXTRA QUESTIONS

5. Wafers of silicon are used to make semiconductors.  Precise areas
on the surface of a wafer have their electrical characteristics
changed by bombarding the spot with ions. Give the type of
semiconductor that would be created:
(a) when gallium has been implanted 1
(b) when antimony has been implanted. 1

(2)

6. At the present time only a tiny fraction of our energy use comes
from solar cells.  Two major sources of fuel for producing electrical
energy are fossil fuels and nuclear fuels.

(a) Give one disadvantage of each of the energy sources
mentioned compared to solar cells.          2

(b) Name four elements used in the manufacture of solar cells. 2
(c) (i) Describe how these elements can be used to create a

p–n junction. 3
(ii) Describe the effect of sunlight on a p–n junction. 2
(iii) What name is given to this effect?          1

(10)

7. Crystals of caesium chloride and sodium chloride have different
structures.  The unit cell for sodium chloride is shown below.

(a) Draw a sketch of the unit cell of caesium chloride. 1
(b) The sodium chloride structure is said to have a

co-ordination of 6:6.
(i) What is the co-ordination of caesium chloride?  1
(ii) Explain how these numbers are derived. 1

Cl–
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(c) Why does caesium chloride not take up the same structure as
sodium chloride?          1

(d) Use suitable data from the Data Booklet to predict which of
these two structures potassium fluoride is most likely to take
up.   Explain your choice.  2

(6)

8. Consider the following data concerning the compounds aluminium
chloride and magnesium chloride.

Aluminium Magnesium
chloride chloride

Action of heat Sublimes at 453K Melts at 1690K

Relative molecular
mass (vapour phase) 267 95

Action with water Reacts (hydrolysed) Dissolves

(a) Use the above data to deduce the type of bonding in
(i) aluminium chloride
(ii) magnesium chloride.           2

(b) Give the formula for aluminium chloride in the vapour
phase. 1

(c) Write a balanced equation for the reaction between
aluminium chloride and water.          2

H/81
(5)

9. (a) Copy and complete the following table.

Lithium hydride Hydrogen bromide
Type of bonding

Effect on moist
pH paper

                                                                                                                      2

(b) Write the ion–electron equation for the reaction at the
positive electrode when each of the following is electrolysed:
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(i) molten lithium hydride
(ii) a molar aqueous solution of hydrogen bromide.   2

H/80
(4)

10.

The electron configuration of an oxygen atom may be represented
as shown above.
(a) Explain how this structural representation agrees with:

(i) the Pauli exclusion principle
(ii) Hund’s rule of maximum multiplicity.  2

(b) The 2p orbitals are degenerate.
(i) What does this mean?  1
(ii) How do the 2p orbitals differ from each other? 1

(c) The electron configuration of oxygen may also be
represented as:

1s22s22p4

Write the electron configuration of the Mn2+ ion in this
way. 1

SY/86
(5)

11. (a) The d orbitals in an isolated ion or atom of a transition metal
are degenerate.  As soon as an ion is surrounded by ligands,
these orbitals are no longer degenerate but are split into two
groups having different energies.  In complex ions with an
octahedral arrangement of ligands, [MX6]

n, the relative
energies of the d orbitals are as shown below (M = transition
metal, X = ligand, n = charge on the complex ion).

The energy difference, ∆, between the two groups of d
orbitals depends on the ligand X.  The splitting ability of
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some ligands has been observed to be as follows:

H2O < NH3 < CN–

The colour of many transition metal complex ions can be
explained by electronic transitions between the two sets of d
orbitals.
(i) Explain why [Fe(H2O)6]

2+ is green. 2
(ii) Predict the colour of [Fe(CN)6]

4–, giving reasons for
your answer.                3

(b) Substances that are weakly attracted by a magnetic field are
called paramagnetic substances.  Paramagnetism is caused by
the presence of unpaired electrons, as there is a small
magnetic field created by a single spinning electron.  Fe(II),
which is present in both [Fe(H2O)6]

2+ and [Fe(CN)6]
4–, has six

d electrons.  Of these two complex ions, only [Fe(H
2
O)

6
]2+ is

paramagnetic.  Using d orbital diagrams, similar to the one
above, show the d electron arrangements of Fe(II) in each of
these two complex ions and suggest why one complex ion is
paramagnetic while the other is not.                 4

SY/93
(9)

12. Iodine can have a number of oxidation states in different
compounds.  Iodine monochloride, ICl, can be obtained as a dark
red oily liquid by passing dry chlorine gas over solid iodine:

I2(s) + Cl2(g) → 2ICl(l) (reaction A)

If excess chlorine gas is used, the iodine monochloride is
converted into iodine trichloride, ICl3.  This is formed as a yellow
crystalline solid:

ICl(l) + Cl2(g) → ICl3(s) (reaction B)

The iodine trichloride reacts with water as shown in the equation:

2ICl(s) + 3H2O(l) → 5HCl(g) + ICl(l) + HIO3(aq) (reaction C)

Iodine trichloride also reacts with anhydrous sodium chloride to
form the compound NaICl4:

NaCl(s) + ICl3(s) → NaICl4(s) (reaction D)
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(a) Calculate the oxidation states of the iodine in:
(i) ICl3

(ii) HIO3.  2
(b) (i) Which one of the four reactions A, B, C, D is not a

redox reaction? 1
(ii) Give another name for the reaction between ICl3 and

water.  1
(c) The ion ICl4

– is formed in reaction D:
(i) Name this ion. 1
(ii) Draw the shape of this ion. 1

SY/99
(6)

13. The following diagram shows the simplified visible spectra of two
complex ions.  The complex ions are in aqueous solutions of equal
concentration.

The [CoCl4]
2– solution has an intense (deep) blue colour while the

[Co(H2O)6]
2+ solution has a much less intense (pale) pink colour.

The hexaaquacobalt(II) ion can be converted into [Co(NH
3
)

6
]2+ by

the addition of excess ammonia solution.  A solution of this new
ion has an intense (deep) red colour.

In answering the following questions, you are advised to consult
the data on page 15 of the Data Booklet.

(a) Why can chloride ions, water and ammonia molecules act as
ligands? 1

(b) Name the ions:
(i) [CoCl4]

2–

(ii) [Co(NH3)6]
2+.            2

Wavelength/nm

[CoCl
4
]2–

[Co(H
2
O)

6
]2+
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(c) Copy the diagram above (no graph paper needed) and add a
curve to show where a [Co(NH3)6]

2+ ion solution of the same
concentration will absorb in the visible region.  2

SY/94
(5)

14. A textbook has the following two short paragraphs as part of a
description of the Haber process:

Molecules of H2 and of N2 stick to the surface of the iron catalyst.
Here they split up into atoms (of H and N), which then recombine
as NH

3
.

The catalyst is made by reducing an oxide of iron with synthesis gas
in such a way that the final product has a porous surface consisting
of tiny crystals.  Promoters are included before the reduction to
prevent larger crystals of iron forming.

(a) Which word do chemists use to mean ‘stick to the
surface’? 1

(b) (i) What is the electronic configuration of iron? 1
(ii) With reference to a specific group of orbitals, explain

the way iron works as a catalyst. 2
(c) (i) What advantage is gained by the catalyst having a

porous surface?  1
(ii) Why would larger crystals of iron be a disadvantage? 1

(6)

15. Among simple compounds, the oxides probably show most regular
trends as we move across a row in the Periodic Table. In what
sense can aluminium oxide be said to be intermediate in
properties between the oxides of sodium and sulphur? (2)

16. Excess iron(III) nitrate was added to 40.0 cm3 of 0.10 mol l–1

potassium iodide solution and the iodine formed was titrated with
sodium thiosulphate solution.  The volume required for complete
reaction was 15.0 cm3.  The reaction can be represented by the
equation:

2S2O3
2–(aq) + I2(aq) → S4O6

2–(aq) + 2I–(aq)

(a) Write the redox equation for the reaction between iron(III)
ions and iodide ions.          1
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(b) Calculate the number of moles of iodine produced from the
potassium iodide.          2

(c) Calculate the concentration of the sodium thiosulphate
solution. 2

(d) State how you could detect the end-point of the titration. 1

SY/97
(6)

17. In an experiment to find the percentage of iron ore, 2.650 g of ore
was dissolved in hydrochloric acid.  A powerful oxidising agent was
then added and the solution diluted to 250 cm3 in a standard flask.
25.0 cm3 of this solution was then transferred to a conical flask and
when a few drops of ammonium thiocyanate solution were added,
a red colour appeared.  The solution was titrated with 0.10 mol l–1

titanium(III) sulphate solution until the red colour just
disappeared.  The titration results were as follows.

Titre/cm3

1 24

2 22.65

3 22.60

4 22.65

Note:  titanium(III) is a powerful reducing agent, itself being
oxidised to titanium(IV).

(a) In what oxidation state is the iron when the thiocyanate
complex is red?          1

(b) Write the ion–electron half-equations for the reactions that
occur during the titration.          2

(c) (i) What volume of titanium(III) sulphate solution should
be used for any calculation?  Explain your answer. 2

(ii) Calculate the percentage of iron in the ore.        3

SY/91
(8)

18. The Haber process is represented by the equation:

N2(g)    +    3H2(g)         2NH3(g)     ∆Hθ  = –92 kJ mol–1

2.0 mol of each reactant were allowed to react and come to
equilibrium in a 1 litre container at 400K.  At equilibrium, 0.4 mol
of ammonia was formed.
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(a) Write the expression for the equilibrium constant, K, for this
reaction. 1

(b) Calculate:
(i) the equilibrium concentrations of both nitrogen and

hydrogen 2
(ii) the value of the equilibrium constant at this

temperature. 1
(c) Explain what will happen to the value of K, if the temperature

is now raised to 600K.          2

SY/97
(6)

19. Consider the equilibrium:

2HI(g)        H2(g)    +    I2(g)    ∆Hθ  = +12.5 kJ (left → right)

When 1 mol of hydrogen iodide is put into a litre container at
713K, 0.78 mol of hydrogen iodide is present at equilibrium.
(a) Write an expression for the equilibrium constant, K. 1
(b) Calculate the value of the equilibrium constant at 713K. 3
(c) State the effect on the value of the equilibrium constant of:

(i) increasing the temperature at constant pressure 1
(ii) increasing the pressure at constant temperature. 1

(d) At the same temperature, the standard free energy change,
∆Gθ, for the dissociation of hydrogen bromide is more
positive than that for the dissociation of hydrogen iodide.
What does this information allow you to say about the
equilibrium constant at this temperature for the equilibrium
below?

2HBr(g)        H2(g)    +    Br2(g)     1

SY/95
(7)

20. (a) What is meant by the term ‘partition coefficient’? 1
(b) Will a change in temperature alter this relative

concentration? 1
(c) The following results were obtained in an experiment to

measure the partition coefficient of ammonia between water
and cyclohexane.
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NH
3
(aq)/mol l–1 0.081 0.11 0.16 0.31

NH
3
(cyclohexane)/mol l–1 0.00026 0.00035 0.00052 0.001

(i) Calculate the partition coefficient for the system. 2
(ii) Suggest how the experimental data could have been

obtained. 2

(d) The partition coefficient for the distribution of ammonia
between water and ether was found to be 29, i.e.:

K = [NH
3 
(aq)]/[NH

3
(ether)] = 29

(i) Which of the two named solvents is the better solvent
for ammonia? 1

(ii) In terms of structure and bond type explain your
answer. 2

(e) What value will a partition coefficient have if a solute is
equally soluble in both solvents?        1

(f) Explain why water and ethanol cannot have a partition
coefficient quoted for sodium chloride, despite the fact that
salt is soluble in water and slightly soluble in ethanol.  1

(11)
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21.

Two samples (duplicates) of the colouring from a soft drink were
investigated using paper chromatography. The sketch shows the
chromatogram produced. The colouring appears to be composed
of two dyes.

(a) Why is pencil, rather than pen, a good choice for drawing the
base line?          1

(b) Calculate the Rf value of both the coloured species. 1
(c) State two changes the operator might apply, each of which

might improve the separation of the component spots
while still using the same type of paper.  2

(d) Can you be certain that the original sample only contains
two dyes?  Explain your answer.  1

(e) Suggest a reason why the spots from sample 2 are fainter
than those from sample 1.          1

(6)
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22. (a) Give a definition of a base, according to the Brønsted–Lowry
theory.          1

(b) (i) Identify the base in the following reaction, according to
the Brønsted–Lowry theory:

HNO3(aq) + CH3COOH(aq) CH3COOH2
+(aq) + NO3

–(aq)   1

(ii) Identify the conjugate base in the above reaction. 1

(3)

23. When a pH electrode and ammeter are used to follow the titration
between solutions of sodium hydroxide and methanoic acid, the
following pH graph is obtained.

(a) Which one of the letters A to F corresponds to the point
where the alkali is completely neutralised?          1

(b) Which of the following indicators could be used to detect
the neutral point? 1

Indicator pH range

Methyl orange 3.0–4.4

Methyl red 4.2–6.3

Phenol red 6.8–8.4

Alizarin yellow 10.0–12.0

(c) If the titration is stopped between E and F, the resulting
solution acts as a buffer.
(i) Why can this solution act as a buffer? 1
(ii) Explain how the pH of the buffer solution remains

constant when a little more acid is added.         2

SY/97
(5)

Volume of methanoic acid/cm3
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24. A technician read the following information on a bottle of
concentrated ammonia.

Density = 0.88 g cm–3

Percentage of pure ammonia by mass = 28

(a) Calculate the concentration of the ammonia solution, in
mol l–1. 3

(b) Why is concentrated ammonia solution not suitable for
use as a primary standard?          1

(c) The table below shows the pKa values for some acid–alkali
indicators.

Indicator pK
a

Bromocresol green 4.7

Bromothymol blue 7.0

Phenolphthalein 9.3

Choose the indicator most suitable for use in the titration of
hydrochloric acid against ammonia solution. Explain the
reason for your choice.  2

SY/92
(6)

25. A 12 V car battery has six electrochemical cells, consisting of lead
electrodes in sulphuric acid, connected in series.  The reactions
that occur at the electrodes in each cell are:

Pb(s) → Pb2+(aq) + 2e–                                     Eo = +0.13 V
PbO

2
 + 4H+(aq) + 2e– → Pb2+(aq) + 2H

2
O(l) Eo = +1.47 V

(a) When a cell is operating under standard conditions,
determine:
(i) the potential difference (emf) expected from the cell 1
(ii) the standard free energy change for the cell reaction.   3

(b) Suggest why, in practice, the potential difference (emf)
obtained from each cell in the battery is different from your
answer to (a)(i).          1

(c) If the battery is discharged for too long, a white precipitate
forms around each electrode.  Name the white precipitate. 1

SY/97
(6)
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26. (a) Although magnesium ores are very abundant in the earth’s
crust, the very high reactivity of magnesium makes it difficult
to extractl.  During the Second World War, magnesium was
manufactured by reduction of its oxide by carbon:

MgO    +    C          CO    +    Mg

Examine the Ellingham diagram below and answer the
questions that follow.

(i) In what temperature range is the above process
thermodynamically feasible? 1

(ii) Describe two problems that the operation of the
process at this temperature would present. 2

(iii) Use the Ellingham diagram to calculate ∆Gθ for the
production of magnesium in the following reaction:
2MgO  +  Si        SiO2   +   2Mg    at 1500K          2

(b) In industry, the extraction of magnesium from magnesium
oxide using silicon involves two modifications:
• a mixture of calcium oxide and magnesium oxide is used,

and the calcium oxide reacts with the silicon oxide
produced.
CaO  +  SiO

2
   →    CaSiO

3
  (∆Gθ = –92kJ mol–1 at 1500K)

• the gaseous magnesium formed is continually removed
from the reaction mixture.

Temperature/K

∆G
θ /

kJ
 m

ol
–1

–200

–400

–600

–800

–1000

–1200

2C + O
2  → 2CO

Si + O 2
 → SiO 2

2M
g +

 O 2
 →

 2
M

gO
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Use this information to answer the questions below.
i) Calculate ∆Gθ for the reaction:

CaO + 2MgO + Si → CaSiO3 + 2Mg at 1500K 1
ii) Explain why the removal of magnesium from the reaction

mixture helps the process.        1

SY/95
(7)

27. The data shown in the table below apply at 298K.

Substance ∆∆∆∆∆H
f 
/kJ mol–1 Sθθθθθ /J K–1 mol–1

NH
4
Cl(s) –315.0 94.6

NH3(g) –46.2 193.0

HCl(g) –92.3 187.0

The thermal decomposition of ammonium chloride is represented
by the equation:

NH4Cl(s)        NH3(g)    +   HCl(g)

Use the data to predict the minimum temperature at which
this decomposition becomes thermodynamically feasible. (4)

28. (a) The mechanism for the reaction:

RCl + F– → RF + Cl–

is thought to be:

RCl R+ + Cl–

R+ + F RF

when R+ is:

and the solvent is liquid sulphur dioxide. What is the
overall initial rate expression for this reaction?          1

slow

fast
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(b) The mechanism of a similar reaction:

R3CCl    +    I–   →    R3CI    +   Cl–

 is thought to be:

when R is CH
3
 and the solvent is propanone.

What is the overall initial rate expression for this reaction? 1

SY/95
(2)

29. Mercury(II) chloride is reduced by oxalate ions (C2O4
2–) according

to the equation:

2HgCl2(aq) + C2O4
2–(aq) → 2Cl–(aq) + 2CO2(g) + 2HgCl(s)

The following data were obtained in a series of four experiments at
the same temperature.  The rate is measured by the decrease in
concentration of HgCl

2
(aq) per minute.

Initial concentration of Initial rate

Experiment HgCl
2
(aq)/ C

2
O

4
2–(aq) /mol l–1 min–1

/mol l–1 /mol l–1

1 0.128 0.304 1.82 × 10–4

2 0.064 0.608 3.66 × 10–4

3 0.128 0.608 7.31 × 10–4

4 0.064 0.304 0.90 × 10–4

(a) From the date given above, deduce the overall rate equation
for the reaction.          2

R
3
Cl  +  Cl–

–

–

I–
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(b) Using the results for Experiment 1 and your answer to (a),
calculate the rate constant at the given temperature, giving
the correct units.   2

(c) Calculate the initial rate of the reaction when the initial
concentration of each reactant is 0.1 mol l–1.          1

(d) (i) Draw a graph, which need not be to scale, to show how
the concentration of HgCl

2
(aq) changes as the reaction

proceeds (graph paper not required). 1
(ii) Draw a line on your graph to represent the initial

rate of the reaction. 1

SY/94
(7)

30. All life forms on earth incorporate about 20 amino acids in a vast
variety of protein structures. These amino acids can be
represented by the formula H

2
NCHRCOOH where R represents a

hydrogen atom or an alkyl group or some other group of atoms.

(a) Draw the full structural formula for an amino acid that
does not have a chiral centre.  Explain your choice.  2

(b) (i) Draw an amino acid that does have a chiral centre
and label the chiral carbon atom with a *.          1

(ii) What property will this molecule have as a result of
having this chiral centre?          1

(4)

31. Oils from plant sources contain only cis-fatty acids. When the oil is
hydrogenated for margarine production some of  the unsaturated
fatty acids are converted to saturated molecules, but unfortunately
some rearrangement of the remaining double bonds also occurs
and the (allegedly) less healthy structural isomer is formed.

(a) (i) State how margarine manufacturers partially
hydrogenate natural oils. 1

(ii) Explain why they change the molecules in this way.      1
(b) Linoleic acid (octadec-9,12-dienoic acid) is present in some

triglycerides.  Its formula is CH3(CH2)4(CHCHCH2)2(CH2)6

COOH.
(i) Show this as a structural formula, showing clearly the

structural arrangement at each double bond. 2



ADDITIONAL QUESTIONS (AH CHEMISTRY) 9 5

EXTRA QUESTIONS

(ii) Assume the double bond on carbon 12 is lost during
the hydrogenation reaction.  Show the structural
formula of the new fatty acid formed if
‘rearrangement’ occurs at the remaining double bond. 1

(iii) Give this molecule a name that distinguishes it from
its isomer. 1

(iv) Explain whether or not linoleic acid is optically active. 1

(7)

32. A sample of an alkanoic acid (0.507 g) was roasted at a high
temperature and was found to produce carbon dioxide (0.905 g)
and water (0.369 g).

(a) Calculate the empirical formula for this acid. 4
(b) Assuming that the acid is monoprotic, what is the molecular

formula for the acid?          1

(5)

33. Two isomeric alcohols (A and B), both having a molecular mass of
60, give the following peaks in the mass spectrum. (The values in
brackets give an indication of the relative intensity of each peak.)

Alcohol A 60 (5%) 45 (100%) 27 (12%) 15 (5%)

Alcohol B 60 (10%) 59 (15%) 31 (100%) 27 (10%)

(a) Suggest structures for isomers A and B. 2
(b) Give the structures of the eight ions found in the mass

spectra of A and B.          4
(c) Which isomer is B?   Explain your choice.          2

(8)
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34. Two structural isomers of molecular formula C
2
H

6
O were

investigated using 1H NMR spectroscopy.  The spectrum of one of
these isomers is shown below.

(a) Draw the two possible structural formulae for the isomers. 2
(b) (i) Which of these isomers gave the spectrum shown? 1

(ii) Explain why there are four  peaks in the spectrum. 2
(c) (i) What is the name given to the lines A, B and C ? 1

(ii) What information do these lines give?  1
(d) Sketch the NMR spectrum of the other isomer. 1

(8)

35. Suggest a structure for compound G, which has the empirical
formula CH3O, from the 1H NMR spectrum shown below.

(a) Why does the peak for tetramethylsilane (TMS) always
appear at 0.0 δ? 1

Chemical shift (δ)/ppm

Chemical shift (δ)/ppm
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OH H
H
H
H

H
OHH

H
H
H

H

(b) What can be concluded from the fact that there are only two
peaks in the spectrum?          1

(c) Suggest a structural formula for compound G, giving reasons
for your choice.          3

(d) What major peak would you expect to see in the infra-red
spectrum of G?          1

(6)

36. (a) Draw structural formulae for the four isomeric alcohols
having the molecular formula C4H10O and name them.          2

(b) How many peaks would you expect in the 1H NMR spectrum
of each of these molecules?  Explain your answer in each
case. 4

(6)

37. A structure for cyclohexane-1,4-diol is shown below.

(a) Draw a structure for cyclohexane. 1
(b) (i) How many peaks would you expect in the 1H NMR

spectrum of each of these molecules? 2
(ii) Explain your answer in detail.       3

(6)

38. The approximate values and integrals for the 1H NMR spectrum for
one of the isomers of C4H10O is given in the table below.

Isomer Group Approximate δδδδδ value Integral

CH3CH2CH2OCH3 CH3 0.8–1.3 3

CH2 1.2–1.8 2

CH2O 3.5–4.0 2

OCH3 3.0–4.0 3
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EXTRA QUESTIONS

N

S
CH3

CH3

HO

RCONH
H H

COOH

1
2

3
47

56

(a) Using the information in the table, draw the 1H NMR
spectrum for this isomer.          2

(b) Draw a structural formula for:
(i) an alcohol with molecular formula C

2
H

6
O

(ii) an ether with molecular formula C2H6O.  1
(c) Construct a table (as above) for each of the isomers in (b). 4
(d) Draw the 1H NMR spectrum for the ether. 2

(9)

39. An organic compound (X) was analysed and found to contain C
70.59% and H 5.88%.  Mass spectral analysis indicated a molecular
mass of 136.  The infra-red spectrum of X showed a large peak
(along with others) at 1710 cm–1.  The proton NMR spectrum
consisted of a broad peak between 6 and 7δ (integral 5) and a
sharp peak about 2δ (integral 3).

(a) Calculate the empirical formula for X. 2
(b) Use the mass spectral data to suggest a molecular formula

for X. 1
(c) Use IR and NMR data to propose two possible structures

for X and explain why one fits the data better than the
other.           5

(8)

40. (a) Define:
(i) an agonist
(ii) an antagonist.   2

(b) Explain in terms of a car-key analogy the difference between
an agonist and an antagonist.          3

(c) The structure of a penicillin is drawn and numbered below.

Indicate which, if any, of the numbered carbon atoms are
chiral centres.          2

(7)




