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1  In recent years there has been worldwide interest in the possible extraction of ‘shale gas’ (a form 
of natural gas) as an important energy source.

(a)  One of the problems associated with using shale gas is its variable composition.
Table 1  shows the percentage composition of shale gas from four different sources J, K, L and M.

source CH4 C2Hx C3Hy CO2 N2

J 80.3 8.1 2.3 1.4 7.9

K 82.1 14.0 3.5 0.1 0.3

L 88.0 0.8 0.7 10.4 0.1

M 77.5 4.0 0.9 3.3 14.3

In the formulae above, x and y are variables.

Table 1

(i)  Draw the structures of three possible compounds with the formula C3Hy.

[2]

(ii)  Which source of shale gas, J, K, L or M, will provide the most energy when burned?
Explain your answer.

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

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

(iii)  Suggest two methods by which carbon dioxide can be removed from shale gas.

1  ..........................................................................................................................................

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

2  ..........................................................................................................................................

 .............................................................................................................................................
[2]
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(b) T able 2 shows a comparison of the relative amounts of pollutants produced when shale gas,
fuel oil and coal are burned to produce the same amount of energy.

air pollutant shale gas fuel oil coal

CO2 117 164 208

CO 0.040 0.033 0.208

NO2 0.092 0.548 0.457

SO2 0.001 1.12 2.59

particulates 0.007 0.84 2.74

Table 2

(i)  Suggest why shale gas produces the smallest amount of CO2.

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

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

(ii)  Explain which of the three fuels, shale gas, fuel oil or coal, is the largest contributor to
‘acid rain’.

fuel .................

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

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

(iii)  Suggest a reason why fuel oil and coal produce more NO2 than shale gas.

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

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

(iv)  State one environmental consequence of raised levels of

● CO,  ..............................................................................................................................

● CO2.  .............................................................................................................................
[2]

[Total: 10]
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2  A sample of a fertiliser was known to contain ammonium sulfate, (NH4)2SO4, and sand only.

 A  2.96 g sample of the solid fertiliser was heated with 40.0 cm3 of NaOH(aq), an excess, and 
all of the ammonia produced was boiled away.

  After cooling, the remaining NaOH(aq) was exactly neutralised by 29.5 cm3 of 2.00 mol dm–3 
HCl.

  In a separate experiment, 40.0 cm3 of the original NaOH(aq) was exactly neutralised by 
39.2 cm3 of the 2.00 mol dm–3 HCl.

(a) (i)  Write balanced equations for the following reactions.

NaOH with HCl

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

(NH4)2SO4 with NaOH

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

(ii)  Calculate the amount, in moles, of NaOH present in the 40.0 cm3 of the original
NaOH(aq) that was neutralised by 39.2 cm3 of 2.00 mol dm–3 HCl.

(iii)  Calculate the amount, in moles, of NaOH present in the 40.0 cm3 of NaOH(aq) that
remained after boiling the (NH4)2SO4.

(iv)  Use your answers to (ii) and (iii) to calculate the amount, in moles, of NaOH that
reacted with the (NH4)2SO4.
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(v)  Use your answers to (i) and (iv) to calculate the amount, in moles, of (NH4)2SO4 that
reacted with the NaOH.

(vi)  Hence calculate the mass of (NH4)2SO4 that reacted.

(vii)  Use your answer to (vi) to calculate the percentage, by mass, of (NH4)2SO4 present
in the fertiliser.
W rite your answer to a suitable number of signifi cant fi gures.

[9]

(b)  The uncontrolled use of nitrogenous fertilisers can cause environmental damage to lakes
and streams. This is known as eutrophication.

 What are the processes that occur when excessive amounts of nitrogenous fertilisers get
into lakes and streams?

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

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

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

(c)  Large quantities of ammonia are manufactured by the Haber process.
 Not all of this ammonia is used to make fertilisers.
State  one large-scale use for ammonia, other than in the production of nitrogenous
fertilisers.

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

[Total: 12]
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3  Because of the lack of reactivity of the nitrogen molecule, extreme conditions need to be used 
to synthesise ammonia from nitrogen in the Haber process.

(a)  Suggest an explanation for the lack of reactivity of the nitrogen molecule, N2.

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

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

(b)  Under conditions of high temperature, nitrogen and oxygen react together to give oxides
of nitrogen.

(i)  Write an equation for a possible reaction between nitrogen and oxygen.

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

(ii)  State two situations, one natural and one as a result of human activities, in which
nitrogen and oxygen react together.

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

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

(iii)  What is the main environmental effect of the presence of nitrogen oxides in the
atmosphere?

 ....................................................................................................................................
[4]

(c)  Describe and explain how the basicities of ethylamine and phenylamine compare to that
of ammonia.

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

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

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

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

 ...........................................................................................................................................
[4]
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(d)  Compound X is a useful intermediate in the synthesis of pharmaceuticals.
 X  can be synthesised from chloromethylbenzene according to the following scheme.

T W

step 1

step 3 step 4

step 5

X

CH2Cl CH2CN step 2

CH2CH2NH CH2

CH2CO2H

O

C

(i)  What type of reaction is each of the following?

step 1  .........................................................................................................................

step 2  .........................................................................................................................

(ii)  Suggest reagents and conditions for

step 1,  ........................................................................................................................

step 2.  ........................................................................................................................

(iii)  Draw the structures of the intermediates T and W in the boxes above.
[6]

[Total: 15]
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4  In a world with a rapidly increasing population, access to clean drinking water is critical. For 
many countries, groundwater sources, rather than stored rainwater or river-water, are vital. 
Groundwater is water that exists in the pore spaces and fractures in rock and sediment 
beneath the Earth's surface. The World Health Organisation (WHO) provides maximum 
recommended concentrations for different ions present in drinking water.

(a)  The geological nature of the soil determines the chemical composition of the groundwater.
The table shows some ions which may contaminate groundwater.

ion present WHO maximum permitted
concentration / mg dm–3

Ba2+ 0.30

Cl – 250.00

NO3
– 50.00

Pb2+ 0.01

Na+ 20.00

SO4
2– 500.00

(i)  Nitrate, NO3
–, ions are diffi cult to remove from groundwater.

What is the reason for this?

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

(ii)  State which ions in the table above are likely to be removed from the water by
treatment with powdered limestone, CaCO3, giving reasons for each of your answers.

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

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

 ....................................................................................................................................
[4]

(b)  Nitrates and phosphates can enter water courses such as rivers or streams as a result
of human activity. Both of these ions are nutrients for algae.

(i)  What is the origin of these nitrates?

 ....................................................................................................................................
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(ii)  Suggest an origin for the phosphates found in water courses.

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

(iii)  What effect do nitrates and phosphates have on water courses?

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

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

(c)  Acid rain can have a major impact on natural waters, particularly lakes. In recent years
there has been a worldwide effort to reduce the amount of acid rain produced.

(i)  Write equations to show the production of acid rain from sulfur dioxide, SO2.

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

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

(ii)  The use of fossil fuels is one major source of sulfur dioxide.
Name another major industrial source.

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

[Total: 9]
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5  Ammonium sulfate, (NH4)2SO4, is widely used as a fertiliser.

  In order to determine its percentage purity, a sample of ammonium sulfate fertiliser was 
analysed by reacting a known amount with an excess of NaOH(aq) and then titrating the 
unreacted NaOH with dilute HCl.

(a)  Ammonium sulfate reacts with NaOH in a 1 : 2 ratio.
 Complete and balance the equation for this reaction.

(NH4)2SO4  +  2NaOH  →  .......NH3  +  ................  +  ................
[2]

(b)  A 5.00 g sample of a fertiliser containing (NH4)2SO4 was warmed with 50.0 cm3 (an excess)
of 2.00 mol dm–3 NaOH.

 When all of the ammonia had been driven off, the solution was cooled.

 The remaining NaOH was then titrated with 1.00 mol dm–3 HCl and 31.2 cm3 were required
for neutralisation.

(i)  Write a balanced equation for the reaction between NaOH and HCl.

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

(ii)  Calculate the amount, in moles, of HCl in 31.2 cm3 of 1.00 mol dm–3 HCl.

(iii)  Calculate the amount, in moles, of NaOH in 50.0 cm3 of 2.00 mol dm–3 NaOH.

(iv)  Use your answers to (i), (ii) and (iii) to calculate the amount, in moles, of NaOH
used up in the reaction with (NH4)2SO4.
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(v)  Use your answer to (iv) and the equation in (a) to calculate the amount, in moles, of
(NH4)2SO4 that reacted with NaOH.

(vi)  Use your answer to (v) to calculate the mass of (NH4)2SO4 that reacted with NaOH.

(vii)  Hence, calculate the percentage purity of the ammonium sulfate fertiliser.

[7]

[Total: 9]
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6  Nitrogen oxides in the atmosphere are homogeneous catalysts in the formation of acid rain.

(a)  What is meant by the following terms?

catalyst

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

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

homogeneous

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

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

(b) (i)  State a major source of nitrogen oxides in the atmosphere, explaining how they are
formed.

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

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

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

(ii)  Use equations to describe the chemical role played by nitrogen oxides in the
formation of acid rain.

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

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

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

 ....................................................................................................................................
[5]
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(c)  Use the following axes to draw a fully labelled reaction pathway diagram showing the
effect of a catalyst on an exothermic reaction. Label the ∆H and Ea values.

energy

extent of reaction

reactants

[3]

[Total: 10]




